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Introduction to this Manual

This manual, and associated videos, introduce users of ArcGIS to image analysis
capabilities, now available in ESRI’s ArcGIS 10.X versions. The user does not need prior
knowledge of ArcGIS as we provide a review ArcMap and ArcCatalog basics, although prior
knowledge of ArcGIS is helpful. This manual is an introduction; it is not a comprehensive user’s
manual for image analysis or for use of ArcGIS. It expands student access to remote sensing
analysis by introducing students to use of ArcGIS’ image analysis capabilities, thereby
facilitating access to software with the ability to extract information from remotely sensed
imagery. This manual does not cover remote sensing fundamentals and users of the manual
should refer to remote sensing textbooks, such as suggested in the list of potential references
below. Further, users of this manual should remain aware of the distinctions between GIS
analysis and the practice of remote sensing, which often use similar software, but require mastery
of much different knowledge bases.

These tutorials are designed to be completed in sequence as each tutorial builds on
knowledge acquired from preceding tutorials. The first six tutorials introduce the user to
ArcGIS, and later tutorials assume that readers have knowledge of these basics. These six
introductory tutorials do not include information on how to download and unzip basic GIS files
but users may use any point, line or polygon vector files and any elevation raster file to complete
these tutorials.

We downloaded files from the U.S. Census Bureau’s Tigerline data base
- http://www.census.gov/geo/maps-data/data/tiger-line.html for the mid-Atlantic States. You can
also access the 2000 Tigerline files from ESRI’s website
- http://arcdata.esri.com/data/tiger2000/tiger _download.cfm.

Point, line and polygons files can be downloaded from many U.S. municipalities, such as
Roanoke, Virginia (ftp://ftp.roanokeva.gov/GIS/Shapefiles/), Richmond, Virginia
(ftp://ftp.ci.richmond.va.us/GIS), or Chicago, Illinois
(https://data.cityofchicago.org/browse?tags=qis). You can locate and access many other
municipalities” GIS files from the web by using the search terms:

e downloadable GIS files for name of municipality, or
e name of municipality FTP site.

Most GIS files are downloaded as .zip files. The raster files used in the first six tutorials
were downloaded from the U.S.G.S. Seamless Server at http://viewer.nationalmap.qgov/viewer/.

If you have a working knowledge of ArcGIS, you can start with Tutorial 7. However, if
your knowledge of ArcGIS does not include at least version 10.0, you will need to review these
first six tutorials.

If you are familiar with Landsat scenes, GloVis and EarthExplorer, you can skip tutorials
7-9. Even if you are familiar with Landsat scenes and downloading the scenes from the web,
you will need to complete Tutorial 11 — Displaying Landsat Imagery — so, you will have an
understanding of using Landsat Imagery in ArcMap.

Tutorials 7 — 16, and 18 — 20 use a single Landsat scene which covers part of central and
western Virginia. Tutorial 17 - Change Detection --uses Landsat scenes from Pakistan, so can be
completed independently if you already know how to use GloVis or EarthExplorer.
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Tutorials 11 - 13 must be completed before doing Tutorials 18 — 20. Additionally, we
highly recommend that you complete Tutorials 14 — 16 before doing Tutorials 17 — 20, as we
discuss the different tools used in the ArcMap image analysis window and these tools will be
extremely valuable when performing change detection and image classification. You must
complete Tutorials 18 and/or 19 before Tutorial 20 Accuracy Assessment.

While our main purpose is to focus upon use of Landsat imagery in ArcGIS, these
tutorials do introduce techniques that prepare you to complete similar analyses using images
from other sources, including IKONOS, Geoeye, AVHRR, PALSAR, Quickbird, and SPOT,
(For a complete listing, see ArcGIS 10.x help). Landsat imagery is used here because it is free,
and readily available for most of the earth’s land surface area.

These tutorials, and associated videos, merely serve as an introduction to using ArcGIS
10.X in remote sensing analyses. These tutorials do not cover all the tools and methods available
within ArcGIS. ArcGIS on-line help provides additional information on other tools and
functions available. These tutorials should not substitute for remote sensing textbooks, which
present the concepts and context that support application of the techniques covered here. Here
we introduce some of the basic remote sensing concepts to assist students in their understanding
of tools within ArcMap and their effects on the Landsat scene. We encourage students to use
these tutorials in the context of a more complete program to cover the information and concepts
that support the applications presented here.

Additional On-line Resources:
http://landsat.usqgs.gov/

http://resources.arcgis.com/en/help/main/10.1/index.html#/

Additional Printed Resources for ArcGIS:

Getting to Know ArcGIS Desktop, Third Edition, for ArcGIS 10.1, ESRI Press.
GIS Tutorial 1: Basic Workbook, 4™ Edition 10.1, ESRI Press.

GIS Tutorial 2: Spatial Analysis Workbook. 2™ Edition for ArcGIS 10, ESRI Press.
GIS Tutorial 3: Advanced Workbook for ArcGIS 10, ESRI Press.

Additional Printed Resources for Remote Sensing:

Campbell, James B. and Randolph H. Wynne. 2011. Introduction to Remote Sensing - 5™
Edition. The Guilford Press. New York, NY. 677 p.

Jensen, John R. 2004. Introductory Digital Image Processing: A Remote Sensing Perspective —
3" Edition. Pearson. Upper Saddle River, NJ. 379 p.

Keranen, Kathryn and Robert Kolvoord. 2013. Making Spatial Decisions Using Remote Sensing.
In Press

Shellito, Bradley. 2011. Introduction to Geospatial Technologies. W. H. Freeman. New York.
452 p.
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Remote Sensing in an ArcMap Environment
1. Opening an Existing Map Document/Creating a New Map Document

The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

This is the first of a set of tutorials related to image analysis using ESRI’s ArcMap 10.X. You
do not need to know ArcMap prior to starting these tutorials. Tutorial 1 — 6 are ArcMap basics.

Opening a Map Document

When you open ArcMap, you get this window.

@ Untitled - ArcMap -10] x|
= = ri .
2 a[Fe x5 X @ B2 :
& - el B 2 ¢ editor- ¥
File it Bookmarks Insert Selection Geoprocessing Customize Windows  Help
| =l 500 - Classification = 2
: fu B
Table Of Contents Z| E\‘]
=
£
2
g

To open an already existing map document, click on the Open file folder. Navigate to the

area on your hard drive where you have saved the map document & highlight the map you want.
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Remote Sensing in an ArcMap Environment
1. Opening an Existing Map Document/Creating a New Map Document

-1

File name: I

Files of type: IﬁrcMap Documents
[™ Open as read-orly

2 Click Open

SN

If the existing map document is blank after you open it, look at your Table of Contents.

Avre there red exclamation points next to the data layer names?

N | Table Of Contents o x

%8S 8 H

L

LA

If so, you need to repair the data address — see the tutorial on repairing data address.
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Remote Sensing in an ArcMap Environment
1. Opening an Existing Map Document/Creating a New Map Document

Creating a New Map Document

Click on New file.

QUntitIe ArcMap _.—_.LQ_JA?S.J
= T ) M3 TR,

N

= N &b | =l B Editor - ';'
Fi Edit View Bookmarks Insert Selection Geoprocessing  Customize Win.-.:i-:ws Help
! 2 T | ~ld [500 ;’: - : Classification » ';'
it -] LRl
Table Of Contents 1 x E

EEEX N

=] Layers

[xogooany .J synsay B |

You get the following window. Highlight Blank Map.

€ New Document _)ﬂ
Choose a template for your new map EEI ag
Bl Mew Maps My Templates =]
MvTa'rmlates
£ Templates

Bl Standard Page Sizes )
- Architectural Pag |

- 150 (A) Page Siz

- Marth American | L

E| Traditional Layouts
Industry Blank Map

L World
- Browse for more...

[ — . F]

] C:\Users\parecete \AppData'\Roaming \ESRI\Desktop 10. 1\ArcMapiTemplatesMormal. mxt

Default geodatabase for this map: What is this?

1 C:\Users\parecete\Documents\ArcGIS \Default.gdb Lj @J

OK | Cancel ]

Click OK and you will have a blank map document.

You are ready to proceed to the next tutorial.
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Remote Sensing in an ArcMap Environment
1. Opening an Existing Map Document/Creating a New Map Document

Notes:
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Remote Sensing in an ArcMap Environment
2. Adding Data to a Map Document

The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

This Tutorial covers how to add data to a map document and briefly discusses the differences
between vector and raster data files.

Introduction: Types of Data Files

You can add different types of data to a map document in GIS. The two basic types are
vector and raster files. GIS provides different tools in its toolbox which can be used to perform
many different analyses using vector and raster files. You can also add JPEG, BMP,
spreadsheets, word processing documents, PDFs and other file types to the map layout view --
but only for display — you cannot use perform GIS analyses with these file types.

Vector files represent discrete data and are displayed as points, lines or polygons. Points
represent a specific latitude and longitude. Points do not have any length nor do they have area.
When displayed in ArcMap, they can be displayed at any size but in actuality, they are just a
point. Lines have length but no width, and represent things such as transects or roads. (Note —
when a road is represented as a line, it has no area so it does not accurately represent the area on
the ground covered by the actual road.) Polygons are anything with area — buildings, municipal
boundaries, or water bodies.

Table Of Contents v
-3 G &|[F
Bl = layers

&
=] citystreets
= buildings
|

— il

Pointsjines and polygon files listed in the Table of Contents and displayed in a map document
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Remote Sensing in an ArcMap Environment
2. Adding Data to a Map Document

Raster files represent data as it appears across the surface of the earth. Raster data can
be elevation data found in digital elevation models or weather data such as temperature
gradients. Raster data can also be aerial photos or satellite images. Raster data is displayed in
ArcMap as grids. Each grid file is made up of many columns and rows of pixels. Pixels are
normally square and their size is dependent upon the source of the data. For instance, each pixel
of Landsat imagery (with the exception of the thermal channel) is 30 meters by 30 meters. For
the aerial photography of the Virginia Base Mapping Program, the pixel size ranges from % foot
by Y2 foot to 1 foot by 1 foot (depending on the municipality).

Portion of a Landsat image - you can see individual pixels. Each pixel represents
an area 30 meters by 30 meters on the surface of the earth
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Remote Sensing in an ArcMap Environment
2. Adding Data to a Map Document

Aerial Photo from Virginia Base Mapping Program. Each pixel represents
an area 1 foot by 1 foot on the surface of the earth.

Adding Data to a Map Document
On the tool bar, click on the plus sign (add data) and navigate to the drive and the folder
containing your data files. (If you don’t see the drive on the drop down arrow list, then you will

need to connect to that drive. See the tutorial on connecting to a drive in ArcMap.

ed
File Edit View Bookmarks Ins Selecti Geoprocessing  Customize  Windows  Help
DEH% i IE x 'w-¢'.| "’I: m é Editor
BNl ®S[§ —_' O /7/BHIELINE ST @ﬁ
Table Of Contents o=
%[0S 8| =
= layers
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Remote Sensing in an ArcMap Environment
2. Adding Data to a Map Document

Click on the files that you wish to add to the map. If you want to add more than one file,
you can hold down the control button and click on as many files as you want. You can add both
vector and raster files at the same time. Vector files have icons next to the name which show if
the file is a point, line or polygon file (red oval). Raster files show a grid next to their name

(blue circle). Once you have chosen your files, click the Add button.

Add Data x|
P

_ Lookin: |E3 uses any(ds X{ & far E=Ral-HE~" Y
163810959 \El Export_Output_3.s is.1_m i ismayd_f
5 DEM_May_14 () Extract_Agg30.shp Y &8 is10 Elicmays £
£ n38wia0 (%) Bxtract_Agg30a.shpf \ & is25 # ismayd_F
£ n3gw0a1 () Estract_ NLCD1.shgl  \Eis30 & nlcdis_cit
Hiagg 130 [ Etract NLCD2shd |8 is35

I 8 agghalf_30 B FISHMET shp #1540

. 1 Capture PG () FISHNET label.shp\ [ B is45
=] Compare.tit [EIDENTITY.shp B is50

—

[El Identity_ISMayd.sh is75

[ .

N i\

Mame: i T Add |
Show of type: iDaEsets, Layers and Results :j Cancel |

If you add multiple files at the same time, they will all appear highlighted in the Table of

Contents. To clear the highlights, just click (right or left) anywhere in the Table of Contents.

Table Of Contents q

Eloss

= Extract Agg30a

L]

= 1 EEEN
L

= v EXEER
L

o o
L]

= v EEEE

When adding a raster file for the first time, you may receive the following message:
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Remote Sensing in an ArcMap Environment
2. Adding Data to a Map Document

Create pyramids for Indsr.L5017034_03420110313.hdf (8001 x 7111) EJ

This raster data source does not have pyramids or contains insufficient pyramids.
Pyramids allow for rapid display at varying resolutions.

Pyramid building may take a few moments.
Would you like to create pyramids?

About pyramids Yes Mo Cancel |
Pyramid resampling technigue | Mearest Meighbor ﬂ
Pyramid compression type | Default Lj
Compression quality | 75

[ Use my choice and do not show this dialog in the future.

Creating pyramids allows for faster loading of the raster dataset next time you add it to a
map document. The default resampling technique is nearest neighbor, but optional resamplings
are bilinear and cubic convolution (see ArcGIS Help for additional information on resampling).

You can add data from different file folders on your computer. You add them separately,
navigating to the individual file folder housing the data file to add each one.

When adding data separately, the Data Frame’s geographic coordinate system is set to the
same geographic coordinate system as the first data set added. Any additional data sets added

with a different geographic coordinate system, ArcMap will display a warning message:
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Remote Sensing in an ArcMap Environment
2. Adding Data to a Map Document

Geographic Coordinate Systerns Warning ﬁ

The following data sources use a geographic coordinate system that is different from
the one used by the data frame you are adding the data into:

Data Source Geographic Coordinate System
L5017034 03420110313 B10.TIF GCS_WGES5_1984

Alignment and accuracy problems may arise unless there is a correct transformation
between geographic coordinate systems.

You can use this button to spedfy or modify the

Transformations. ..
transformation(s) used by this data frame:

The Transformations dialog can also be accessed from the Data Frame Properties
dialog's Coordinate Systems tab after you have added the data.

| Don't warn me again in this session
[ Don't warn me again ever

About the geographic coordinate
gystems warning Close

T = T T g T T T

You can do analyses with data files using different geographic coordinate systems, but
your results may vary from analyses with data sets using the same geographic coordinate
systems. If you change the geographic coordinate system on a dataset, this may also affect the
results from your analyses. You must make an informed decision as to whether or not to close
and work with the different geographic coordinate systems or change the datasets to the same
geographic coordinate system.

We will discuss how ArcMap displays data in the tutorial on displaying data.

You are ready to proceed to the next tutorial.
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Remote Sensing in an ArcMap Environment
3. Connecting to a Drive in ArcMap and ArcCatalog
Connecting to a GIS Server

The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Introduction:

This tutorial covers two different topics. With the issuance of ArcGIS 10.0, you are not
automatically connected to all drives on or connected to your computer. ESRI recognized that
many different drive names exist and the names varied within businesses or even on personal
computers. As such, you need to take steps to connect to your various drives. The first part of
this tutorial explains how to connect to any drive to which your computer is connected with a
hardware connection using both ArcMap and ArcCatalog.

Large amounts of data have become freely available to use in GIS programs. However,
some of this data is still proprietary or are extremely large files and not readily/easily
downloaded. To make the data available for display, many entities, such as the U.S.D.A and the
Commonwealth of Virginia make the data available via an on-line server connection. ESRI’s
ArcGIS has the ability to connect to these servers. The second part of this tutorial covers how to
connect to such a server.

Connecting to a Drive in ArcMap

Add Data | =
When you click on the Add Lookin: {5 Home -Doaumentslwresls | & W @ | B v |21 &1 O @
=] authorize.tit
; [0 CBDStreets_ExportCADL.DWG
Data button in ArcMap, you may = T
| Default.gdb
see this window. You will need to ELayer Packages
= AddIns
connect to the drive where your
data is located.
Mame: | Add
Show of type: | patasets and Layers '| I Cancel
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Remote Sensing in an ArcMap Environment
3. Connecting to a Drive in ArcMap and ArcCatalog
Connecting to a GIS Server

On the Add Data window tool bar, click on the Connect To Folder button.

Lookin: | (5] Home - Documents\ArcGIS - & W 3 E

D authorize bt onnect To Folder

CBDStreets_ExpertCADL.DWG

-

This will take you to the Connect To Folder window:

( |

Connect to Folder

Choose the folder to which you want to connect:

B Desktop

W I [ Libraries

W b ¥ Homegroup
I B parecete

b 8 Computer
B "! Network

Falder:

Make New Folder oK | Cancel

Navigate to the drive where your

Add Data

data is located. Once the folder is listed

in the window, click okay. (You are

B Y,
£ C:\ESRIPress\GIST 1\Data\AlleghenyCounty. gdb
& Default £ C:\ESRIPress\GIST 1\MyExerdses\Chapter2
BllayerP = C:\PhD
£ Addins £ C:\PhD\Spring 2012 duties

£ C:\PhDYTA GIS in Nat Res FOR 5494

£5] C:\PhDYTA GIS in Mat Res FOR 5494\FOR5264\Lab9

£ C:\Reedy February 2011

£ C:'\Richmond February 2011

£ C:\Roanoke

£ C:\WT_BSE_CEE 5244
MName: = Fi\ L 4

ﬁ Toolboxes

Show of
ERIRED f{J Database Servers
EE‘ Database Connections -

not connected yet!) You next need to

click on the down arrow in the Look in

m

window and click on the drive and then

your folder. Your chosen folder should

now show in the Look in: window.

You are connected!

Connecting to a Folder in ArcCatalog
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Remote Sensing in an ArcMap Environment
3. Connecting to a Drive in ArcMap and ArcCatalog
Connecting to a GIS Server

You connect to a drive in ArcCatalog in the same way. Open ArcCatalog, click on the

Connect To Folder button and follow the same steps as above.

__Catah:rg il e
e -eba Efla)eld
Location: I Home - Dnmmentsw

&% Home - Documents\ArcGIS
= E& Felder Connections

b1

Connecting to a GIS Server in ArcCatalog and Displaying the Connection in ArcMap

To connect to an ArcGIS Server online, open ArcCatalog while in ArcMap. You do this by

clicking on the ArcCatalog icon on the tool bar.

@ Untitled - ArcMap.

CRCYTL- T8 -5 @ T
DRE& L R x ‘|- LR S ) e
File Edit View Bookmarks Insert Selection Geoprocessing Customize W|nd1
Catalog
Table Of Contents 1 x IR s
oy ey pen the Catalog window to
B &2 ‘QE,L &3 access and manage your data.
=1 Layers _
&) Press F1 for more help.

Once you click on this,

ArcCatalog opens as another

window within ArcMap =17 E
500 & . : Classification - = K e
window. To dock it to the \ i ol
. . _“:_ Catalog @ ----- }
ArcMap window, click on the PR
Location: Home—DoﬁJments‘l,E\;cGIS ” - |

pushpin (red circle).

(EX] Home - Documentsi ArcGIS

£3 Folder Connections
e
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Remote Sensing in an ArcMap Environment
3. Connecting to a Drive in ArcMap and ArcCatalog
Connecting to a GIS Server

In the ArcCatalog window, under GIS Servers, double click on Add ArcGIS Server.

.\,
4

=
500 :' _  Classification = E2
| Catalog

ey @ E-e| s

Location: ﬁ Home - DocumentsYarcGIS

..E

Home - DocumentshArcGIs
& Folder Connections
= @ Toolboxes

& My Toolboxes

[ System Toolboxes
= 7 Database Servers

"'q_-ﬂ Add Database Server

= B3l Database Connections

= @ GI5 Servers
5| Add ArcGIS Server

Add WMMTS Server

m
&: ain|[omn |

| saInjea 4 8jeaID) ﬂ| [xuqmm_:w qi gynsay @i
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You will get this
dialog box. You
want Use GIS

services, click Next.

Remote Sensing in an ArcMap Environment
3. Connecting to a Drive in ArcMap and ArcCatalog

Connecting to a GIS Server

Add ArcGIS Server x|

This wizard guides you through the process of
making & connection to an ArcGIS Server. You can
create a connection to use, publish, or administer
GIS services,

|:> = I What would you like to do?

¥ Uge GIS services
™ Publish GIS services

™ Administer GIS server

| MNext = | Cancel

In the Server URL box, type the URL for the ArcGIS Server to which you want to

connect (Note — the
URL address will
depend on the server —
you can get this
information by going to
the website for the
specific server.) Click

Finish.

LS

=

— — = e
General _)i]
Server URL: 1 http:/f
ArcGIS Server: http: /fmyserver:6080/arcais/services
Spatial Data Server: http: //myserver:8080/arcgis/rest/services
[~ Authentication (Optional)
User Mame: J
Password: J

v save Username,Password

About ArcGIS Server connections

About Spatial Data Server connections

< Back | Finish | Cancel ]
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Remote Sensing in an ArcMap Environment
3. Connecting to a Drive in ArcMap and ArcCatalog

Connecting to a GIS Server

Now your GIS Servers in the ArcCatalog window, you will see your server connection

listed. Click the + sign (red oval) next to the server and it displays all the connections for that

particular server. For this particular demonstration, we are looking for the Virginia Base

Mapping Program Aerial Photos for 2011 -- clicking the + sign next to VBMP 2011 lists all

available data under that connection (green oval). We want VBMP2011 WGS.

=l B3 GIS Servers
5 Add ArcGIS Server
*5 Add ArcIMS Server
5 Add WCS Server
5 Add WMS Server
3 Add WMTS Server
wlF arcgis on geocode.arcgis.com_443 (user)
wiZ| arcgis on geocode.arcgis.com_443 {user) (2)
|5 arcgis on geocode.arcgis.com_443 (user) (3]
wiZ| arcgis on geocode.arcgis.com_443 (user) (4)

=

LE R RN LTS e T e e

4 arcgis on gismaps.vita.virginia.gu@

= Ll
L rgrroTrer

E3 DMV_TREDS

2 Geocoding

£ MostRecentimagery

B2 MaIp

E3 UsES Quads

£ Utilities

E3 vA_Base layers

T VEMP2009

B E3J VBMP2011
[E] vBMP2011_Infrared_WGS
B vBMP2011_WGS

£ VBMP2012

E3 vPDC

To display the data from this server connection, you left click on the layer name. While

holding down the mouse button, drag the mouse and file over into the Table of Contents in

ArcMap.

It will show as a layer and the data displayed in the map document window.
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Connecting to a GIS Server

Table Of Contents I X
eg® =
H = Layers

-

VBEMP 2011 WG5S

You must always have an internet connection to maintain this data within your map
display. You do not have access to the data to make changes or conduct analyses. It is for

display purposes only. You can create your own data files using these displays as guides.

You are ready to proceed to the next tutorial.
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Notes:
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Remote Sensing in an ArcMap Environment
4. Saving and Exporting Map Documents

The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Introduction:

There are several things to save while working in GIS. You want to save changes while
editing shapefiles or raster datasets, when you create new shapefiles or raster datasets, when you
are creating map documents, and to create map documents in a form that is usable in other
media. This tutorial covers saving your map document and exporting your map document as a

form that is usable in other media.
Saving your Map Document

ArcMap does not automatically save map documents, so if you close your map document
or ArcMap goes down, you will lose any work not saved up to that point. To save your work,

left click on File in the upper left hand corner, then Save As.

'@ Map - ArcMap - Arcinfo TR

)l File| Edit View Bookmarks Insert Sele
[7 New.. Curl+N  f
B Open.. Cirl+0
@ Save Cirl+5
> Save As...

Save A Copy...
AAA Niata .

Navigate to your working directory and name your map document. Once you have done

Lis sy,

the Save As once, you can then just hit Q Untitled - ArcMap

the Save button in the upper left corner of
& -

ArcMap.
Bookmarks Insert Selection
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You are saving the map displayed on your screen — the symbology, the location of the

files listed in the Table of Contents, and the extent. (Note: this tutorial only applies to the map

document itself. When you are working with shapefiles and raster data sets, many times the

changes are automatically saved.)

Saving your Map Document to use as a Figure in Another Document

Type of file:  ArcGlS ArcMap Document (moed) <

Openswith: @ ArcGIS File Handler Change... ‘ ‘

If you look at the file icons using Windows, they look like this:

GI5_Classification

Food Deserts Food Stores

But, GIS is the only program that can read .mXd cecoccooeeiiiiio.

3 Untitled - ArcMap

files. So if you want to use your map document in CRETEYIL TR

‘ Map documents are saved as .mXxd files.

O d & 2 +
another document such as a presentation or a poster, you File: R BRt Wicss Bonlonarks: Inseit Sele
[ Mew.. CtisN [
will need to save it as another type of file. To do this, B Open.. Cti+0 [
ﬁ Save Ctrl+5 -
Left click on File and then Export Map. o
Save A Copy...
Share As 3
Add Data 3

09 Sign Out - tammyep
BE  ArcGIS Online...
Page and Print Setup...
Print Preview...

Print...

Export Map...

1 K ED

[ DA BRASER KT
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4. Saving and Exporting Map Documents

You get this window and you can save the map document in any of the listed formats.

- S— 'ﬂEI
Q Export Map

Savein: ., Removable Disk (E) - ofr@E-a
I= Mame . Date medified Type
che fseventsd 3/3/20119:30 AM  File folder
Recent Places Spotlight-V100 3/3/2011930 AM  File folder
- Jemporaryltems 2/3/2011 10:49 AM File folder
: Trashes 12/3/2009 7:09 PM File folder
Desktop . 1959 9/26/2011 11:55 AM  File folder
- j BSE 11/7/2011 10:08 PM  File folder |
@;!J .. BSE Class 8/30/2011 9:26 PM File folder l
Libraries .. FOR5264 8/18/2011 7:09 PM File folder
./ Ford Fellowship 10/31/2011 2:44 PM  File folder
[',5-& .. GIS Tutorial Images 1/21/2012 9:23 AM  File folder 1
Computer J International Journal of Sustainability in Hig.. 1/14/201210:24 AM  File folder
- , Mid_Atlantic Shapefiles 1/6/2012 5:30 PM File folder
(uw 1| i | b I
Metwork
File name: Map emf -
Save as type: EMF - Cancel
= thians EPsS »
Al
General |Forma I PDF
5ViG
Resolution: 300 EMP 1
JPEG
Qutput Image Quality (Resample RBa PNG
- TIFF
“GIF
Fast Mormal i
Ratio: 1: 11
I
L
L -

If you make changes to the map document, you will need to export the map each time to

save the changes in the alternative file format. Hitting the save button in ArcMap, only saves the
.mxd file.
You are ready to proceed to the next tutorial.
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Notes:
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Remote Sensing in an ArcMap Environment
5. Repairing a Data Address

The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Introduction:

ArcMap is a display mechanism. When you add data, you are only displaying the data in
the map document window. The actual data file is still located in the file folder on your
computer’s hard drive or USB. When you save a map document, it says the data as displayed but
also records the location of your data files. If you move the data files, ArcMap will not know
where to find them, and when you open a specific map document, your display will be empty.
You can fix this (repair the address) without rebuilding your map document.

Repairing the Data Address
Again, the files shown in the Table of Contents of your map document are not in your
map file. They are still located in the file folder where you saved them on your computer. If

you look at the address under Layers in the Table of Contents, it shows the reference link as to

where your files are located. You can have files

Table Of Contents I ox

located in several different locations all in the same

/ M\Roancke GIS\GIS
= R

map document. ArcMap only saved the location of

= B CAPhDASpring 2012 duties\Mid_Atlantic

=] Mid_Atlantic_Cities /

>your files, not the data within the map document.

] Mid_Atlantic_Annual_Weather Data

#*
=l Mid_Atlantic_States

O
=l Mid_Atlantic_Counties

23 |Page



Remote Sensing in an ArcMap Environment
5. Repairing a Data Address

If you see red exclamation points next to your layer names when you open your map

document, this means that ArcMap cannot find your data layers. This can happen with both

vector and raster files.

You will need to repair the data location’s address.

Q Map - ArcMap - ArcInfo

File Edit View Bookmarks Insert Selection
D& Es 0 o[-
MO II = |- K
M | Table Of Contents qx
T U & | [
=T oy
1 = [0 Mid_atlantic_Annual_Weather_Data

L ]
= [0 Mid_stlantic_Cities

*

= [0 Mid_Atlantic_States

[
= [0 Mid_atlantic_Counties

[

L

Table Of Contents

&8 G 8 =

== I.a'_r,rers
= [ Diff_2over5_LTS0170342011072GMC01_B2.TIF

Walue
High : 206

Low : -255

@ [P LT50170342011072GMC01_B2.TIF

F [0 LT50170342011072GMC01_B5.TIF

F [P NDVILTS0170342011072GMC01_B3.TIF

F [0 LT50170342011072GMC01_B3.TIF

[P LT50170342011072GMC01_B4.TIF

@ [(? Composite¥ LT50170342011072GMNC01_B11 tif
@ [P CompositeM_LT50170342011072GMNC01_B12.tif
F [0 Composite LT50170342011072GNC01_B1.TIF
B [P LT50170342011072GMC01_B1.TIF

B [0 LT50170342011072GMC01_B6.TIF

@ [P LT50170342011072GMC01_BT.TIF
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5. Repairing a Data Address

Table Of Contents o x

%[0S 8| E

= = layers

BN i iaic Annual Weatie Dot
e [ Copy

= [2F Mid_Atlantic_Cities | % Remove
-

= [B Mid_Atlantic_States T g
= Joins and Relates

= [ Mid_Atlantic_Count

O

E weather_data N o
Visible Scale Range

Use Symbol Levels

To repair the
R address, right click on
any of the layers in

the Table of

™ Properties...

Selection 3
Contents, go to Data
Edit Features >
and Repair Date
| Data 4 ||¢5€ Repair Data Source... | Source.
> Saveds Layer File... Export Dat
L;) Create Layer Package... Export to CAD..,

This will take you to the Browse
for Folder window, so you can navigate to
the folder where your data is currently
located. Click on the file that corresponds
to the layer that you clicked on in the
Table of Contents (note — if you click on
the wrong file, it alters the file that is in the
map document and you will have to rebuild
your map document!!). If all of your data

is located all in the same place, all layer

e

Select Mew Path...

Bl Desktop
[> Gh Metwork
I+ [ Libraries
A parecete
b iy Homegroup
4 {8 Computer |
' &, Local Disk (C:)
b g RECOVERY (D:)
b iy DVD RW Drive (E:)
[» @ CD Drive {(H:) VZAccess Manager

K Cancel
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5. Repairing a Data Address

connections should be repaired. If your data is located in multiple places, you will need to do the

repair this for each location.

~

If the file is a

raster file, when you

Paths List

click on Repair Data Old path

c:\phd\2013 virginiaviewYandsat_downloads

Source, you will get

this dialog box. Click

on the button at the end

MNew Path

of the row for your file

name and you will get

the Browse for Folder window and can then navigate to the file folder where your data is

located. Click on the file that corresponds to the file in the Table of Contents and click OK.

Once you have repaired all the addresses,
SAVE your map document. Your map should now

display correctly. But you are not yet finished!
One final step. Left click on File, and then

click on Map Document Properties.

File

O
=)
&

®HEMQ e -
O da B x <
Edit View Bookmarks Insert 5el

Mew... Ctri+M
Open... Ctrl+ O
Save Ctrl+5
Save As...
Save A Copy...
Share As 3
Add Data »

&k B} 3 BB 55

R &

Sign Out - tammyep
ArcGls Online..,

Page and Print Setup...
Print Preview...

Print...
Export Map...

Analyze Map...

Map Document Properties...
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5. Repairing a Data Address

Click on the box next to Store relative pathnames to data sources. Click OK.

General

i e i
vt RN e

File:
Title:

Summary:

Description:

Author:
Credits:

Tags:

Last Saved:
Last Printed:
Last Exported:
Default

Pathnames:

Hyperlink base:

C:\Roanoke GISYMaps\757_2010_georeferenced.mxd

4/7/2012 12:24:24PM

4/7/2012 10:50:06 AM

=

Store relative pathnames to data sources

Thumbnail:

[ Make Thumbnail ] | Delete Thumbnail |

| ok || cameel || Apply

)

You are ready to proceed to the next tutorial.
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Notes:
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Remote Sensing in an ArcMap Environment
6. Displaying Data

The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Introduction

With the power of GIS, you have the ability to change how the data is displayed in the
map document. This allows you to display multiple layers all at the same time — multiple files of
the same type — for example many point files, or files of many different types — several points,
several lines, and several polgyons -- and be able to visually distinguish between the different

features.

Default Settings

When you add vector or raster datasets to a map document, GIS selects colors to display
the data. Points are always displayed as a dot, lines as a line, and polygons as a solid color

outlined with a different color.

Table Of Contents o =
E 5.-:' -?.:-V,E; -'El.: :..‘
=l = Layers -
=Wl gps_control_monuments
o

= citystreets

= buildings
]

PN e I |

Points, lines and polygons displayed with random colors by GIS
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6. Displaying Data

Raster datasets such as digital elevation models are usually displayed as a stretched

grayscale.

5O O | Y
Table Of Contents
EEELYE

E < Layers

=Wl ordn3awos0 13

Value
High :1293.38

Low : 118,006

Aerial photos, such as those from the Virginia Base Mapping Program, use Red, Green,

and Blue bands to display natural colors.

Table Of Contents 1 x

308 5

=] avers]

= VARQANOS-SID-TILES-12INCH.sid
RGE

M Red: Band_1

I Green: Band_2

M Blue: Band_3

All of these types of display symbology can be changed.

30| Page




Remote Sensing in an ArcMap Environment
6. Displaying Data

Changing Symbology on Vector Files

Left click on the symbol for the layer in the Table of Contents you want to change and it

brings up the Symbol Selector. For polygons, you can change the color, make it hollow (only

outlines are
displayed),
eliminate the
outline, or change
the width of the
outline. Use the
slide bar on the
right side of the
colored squares
and you can see
all the different
colorizations

available.

File Edit View Bookmarks Insert Selection

Geoprocessing

Customize Windows Help

= Mid_Atlantic_Cities
&

*

= Mid_Atlantic_States
O

= Mid_Atlantic_Counties
] |

= EJ C\PhDMSpring 2012 duties\Mid_Atlantic

= Mid_Atlantic_fAnnual_Weather_Data

ORES L SR x| 9 o b 127622 - E@E g et
® e QI SIS R o el

Table Of Contents I x

@{f &8 |[=

B £ layers

Symboal Selector L® ___EZ =
Type here to search v @ %% »  Current Symbol
Search: @ All Styles (7 Referenced Styles
ESRI -
Green Blue sun E
Fill Color:
I:‘ I:‘ I:‘ G il

]

Green

]

Outline Color:

Edit Symbal...

[ Style References. .. ]

- [ oK I [ Cancel ]

For point files, you can change the color, the size of the dot, and the type of symbol. Left

click on the point symbol and it also brings up a Symbol Selector.
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Edit

6. Displaying Data

Srlantic_Annual_Weather_Data

= Search: @ All Styles () Referenced Styles
o B Mid_Atlantic_States ESRI - &
(]
=@ M Mid_Atlantic Counties & il A E
= Circle 1 Square 1 Triangle 1
Color: @
& Y . Size: 4.00 : \
Pentagon 1 Hexagon 1 Octagon 1 Angle: 0.00 :
. ’ - Edit Symbal...
[ Save As... ] [ Reset ]
Rnd Square 1 Circle 2 Square 2 |
A L L |
Triangle 2 Pentagon 2 Hexagon 2 |
|
QOctagon 2 Rnd Square 2 Circle 3 l
[ Style References... l )
- A ® - o [ |
- e e e —— — 5 ]

File View Bookmarks Insert Selection Geoprocessing Customize Windows Help

D2 @& B x| o o | b | 12762286 EEE e o
®E M@ Akl - e @ BILEASS Bl L
Table Of Contents 1 x

%:Ols 8 H

B = layers p |

= B3 CAPhD\Spring 2012 duties\Mid_Atlantic Symbol Selector [#] = ]
= lantic_Cities
Type here to search ~ @ @ g8~ Current Symbol

You can choose a different color, a different shape and the size of the shape. You can use

the slide bar (the red arrow points to the slide bar) and see a whole variety of shapes that can be

used to display points. You can also click on the Style References button (orange oval) to get

many different categories of shapes.
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6. Displaying Data

For changes to line symbology, you access the Symbol Selector in the same manner.

You can change
the line color, the
line width, and
also the symbol
itself to represent

specific features.

Your
ultimate display
in the map

document needs

467%, =
: CEREECY T B
- A o
[Table Of C:crnterlts Symbal Selector ‘ ‘ M
%8 &8I 3
= = Layers Type here to search * @ EE ~  Current Symbal
=] greenways Search: (@) All Styles () Referenced Styles
ESRI z
|E
!
Highway Highway Ramp  Expressway - ol E
olor:
Width: 100 =
Expressway Major Road  Arterial Street z
Ramp Edit Symbol...
[ Save As... ] I Reset ]
Collector Street  Residential Railroad
Street
River Boundary, Boundary,
Mational State
[ Style References. .. ]
- [ OK ] [ Cancel ]
V'—— _ E
— —

to take in account the multiple layers and the visual representation of each on the map document.

In this particular display, the counties are light yellow with light gray outlines, the states are

hollow with black outlines, the cities are small black circles and the other data points are red

asterisks.
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= A
= v CEm 1 ARE
m |3 Cony
= rivers_p # Remove
. Open Attribute Table
= SW_L
= DD i loins and Relates
=] parks_p ’_;.f‘ Zoom To Layer
1 _
- ;_Leaf Visible Scale Range
= [0 ME_Lea Use Symbol Levels
O Selection
= INW_L
o DD o= Label Features
= O neighb Edit Features
O
= leaf -
a DI:EIE s 45 Convert Features to Graphics...
= [ historic Convert Symbology to Representation...
O Data
= f d -
=0 |:E|m ! <. Save As Layer File...
=] airport | ‘.3’ Create Layer Package...
- [“f" Properties...
— | ' P 5 | i
[
Layer Properties

You can also change the symbology by
left clicking on the layer name, and then
double clicking on Properties. This
method brings up the Layer Properties
dialog box. Click on the Symbology tab.
This method of changing symbology
allows you to use some of the attributes
within the layer’s attribute table when

displaying your data.

B T

| General I Source I Selection

5

how: =

Features

B Single symbol
Categories
Quantities
Charts
Muiltiple Attributes

Symbal

Legend

Additional description appearing next to the symbol in your map's legend

I Displayl Symbology | Fields | Definition Clueny | Labels | Joins & Helatesl Time | HTML Popup|

iDlaw all features using the same symbol.

Label appearing next to the symbol in table of contents:

|
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Changing Symbology on Raster Datasets

Changing the symbology on a raster dataset (such as a digital elevation model) is
accomplished using the Layer Properties dialog box. Changing symbology on aerial photos and
satellite imagery is more complex (see tutorials on displaying your Landsat Imagery, creating
composite images and band combinations using Landsat Imagery).

Left click on the layer name and then double click on Properties.

Table Of Contents o x

Joins and Relates 3

% Zoom To Layer

'!@ Zoom To Raster Resolution

Visible Scale Range 3
Data 3
Edit Features 3

< Save As Layer File...
_, Create Layer Package...

}&f Properties...

1

This gives you the Layer Properties dialog box. Click on the Symbology tab. The
Symbology tab for a raster dataset looks slightly different than it does for a vector file. You see
the types of symbology in the Show: window — Unique Values, Classified, Stretch, and Discrete
Color (red circle). Stretch is the default because, in most instances, raster datasets represent
gradients of values, not distinctive values. You can change the color from grayscale by clicking

on the down arrow next to the color ramp (yellow circle)
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-

Layer Properties l
¢ General [ Sourc®N Key Metadata | Extent | Display | Symbology |
Show: \
T IStretch values along a color ramp E]
Classified

Discrete Color

Color Value Label

{ S e i : 1793.33

m

118.096 Low : 118.095

cor e .
[7] Digplay Background value: [ o] as(| v| | &
[ | Use hillshade effect Z[1 ! Display NoData as
Stretch -
Type: [Smr:ldard Deviations T] | Histograms i
m 2.3 [ 1rwvert
About symbology ("] Apply Gamma Stretch: [ 1 | =

You get a large list of different colors from which to R —
B
.
display your data. You should choose a color ramp _

appropriate for the theme of your data.  For this particular R
-

dataset, we have chosen elevation colorization, with the

white representing higher elevations (where one might find

snow) and blue for lower elevations (which might represent
water). Again, these are not distinct divisions but a range

of values with a range of color gradients.
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Table Of Contents

o8 d

DEm W G ) O
o = 6V O 1

[ grdn38wos0_13

il AT = i
B | ERaRg

Zo#E

1 x

F

Bl = layers

2 grdn3Bw080 13

Value
. High:1293.38
-

Low : 118.096

the Symbology tab of
Layer Properties dialog
box, click to highlight
Classified. GIS will set
some default values for
each classification, but
these can be changed.
Click on the Classify

button (green circle)

| General | Source | Key Metadata | Btert | Display | Symboloay |

Show:
Unigue Values

Stretched
Discrete Calor

Fields
Value

Classification
Matural Breaks (Jenks)

Calor Ramp

‘Draw raster grouping values into classes

[cyae=  +| Mormalization

! <MNone >

mms[ﬁ(_\ rera—

Symbol  Range

[ ]118.0959702 - 302.4542693

B :02. 4542593 - 440.7229936

B -0 7229936 - 611.2544203

;112544203 - 823. 2664642

[ |se3.255942 - 1,293.380127

Label

118.0959702 - 302, 4542693
302.4542694 - 440, 7229936
440.7229537 - 511.2544203
6112544204 - 823, 2664642
823.2604643 - 1,293.380127

[ show dass breaks using cell values

[T use hillshade effect
About symbology

z[t ]

Display NoData as |+

ok | [ Concsl ||
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This brings up the Classification window and you can change the classification methods
and matrix in many different ways.
For this particular demonstration, we have manually changed the Break Values (red oval)

to 250, 500, 750 -- leaving the final value as the maximum value for the dataset.

I

Classification Classification Statistics

Method: | Manual Count: 116893344
Mirimum: 118.0958702
T Maximum: 1,293.380127
Fite e sum: 45,878,744,300

Standard Deviation: 190.6187755

Classes: 4

Columns: = [ show 5td. Dev. [T show Mean

2000000+

T
o
=k
o
@©
L
]
=]
N.
i

6000000+ 1,293.380127

4000000+

2000000+

0 I I I i
118.0959702 4119170094 7057380486 9995590878 1,293.38012

[7]Snap breaks to data values 7341586 Elements in Class

Click okay, which brings us back to the main Symbology tab. Within the main
Symbology dialog box, you can see that GIS has assigned distinct colors to the four categories of

elevation that we manually designated (green oval).
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| General | Source | Key Metadata | Extent | Display | Symbology

==

Shaow:
|| Unigue Values

|Draw raster grouping values into classes

Stretched Fields
Discrete Color f
Value | <VALUE>
Classification
Manual

- | Mormalization . <Maone =

(&) (@]

) |

Flasses[4

Classify... |

V4
Symbol  Range

118.0955702 - 250
250 - 500

500 - 750
[ |7s0-1,293.380127

N\

Label

115.0955702 - 250
250,0000001 - 500
500.0000001 - 750
750.0000001 - 1,293.350127

About symbology

[T] show da using cell values Display NoDataas |— |-
[7] Use hillshade effect A E !

| ok || Cancel

J [ omty |

Clicking okay, you can see the results displayed within the map document window and

the changes in the Table of Contents.

elevation values.

We have assigned an individual color to a range of
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G Mlas i o B L e

5 W o B

Table Of Contents
so8 o
5 £ Layers
(=] grdn38w(80_13
<VALUE=

[1118.0959702 - 250
[1250.0000001 - 500
I 500.0000001 - 750
[]750.0000001 - 1,293.380127

Caution!

Be careful when changing the symbology on raster datasets. Know what you want to
communicate to your audience. Do you want the display to show distinct differences in colors
because of distinct breaks in the data? Or is it more appropriate to display the raster as stretched
because there are no distinct borders between values (i.e. elevations changes gradually on the
ground). For more information on symbology in raster datasets — please see your GIS Help
windows.

After completing these first six tutorials, you should have a working knowledge of

ArcGIS basics. You are now ready to learn about Landsat Imagery and Image Analysis.
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

This activity introduces you to procedures for using the GloVis utility to select and download
Landsat imagery to your computer as a preliminary step for analysis to extract information for
specific application tasks. For this exercise, you will require a computer with an internet
connection.

Introduction

Landsat images are frequently used for land remote sensing analyses. The first Landsat
Satellite was launched in 1972. The Landsat mission continues to this date with the most recent
Landsat Data Continuity Mission satellite (now Landsat 8) launched in February, 2013. For
more information and specific details on Landsat satellites, sensors and potential analyses using
Landsat images go to: http://landsat.usgs.gov/

Landsat images are free and downloadable from the internet from http://glovis.usgs.gov/.
This tutorial provides step by step instructions to download images via the internet. Decisions
on exactly which specific images you need for your specific analyses cannot be answered from
this tutorial.

You must have the most recent version of
Java (http://www.java.com/en/) to access GloVis.
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Navigating to your scene

Go to http://glovis.usgs.qgov/. The screen looks like this:

.-JiG‘: Global Visuahzation Viewer +
L] usg.gov B Ple &
& Most Visited | | Getting Started [ Blacksburg Vieginia (2. | | Free AOL & Unlimited _. | | Free Hotmail [ iGoogle | | RealPlayer | | Studies in Intelligence .. Suggested Stes » [ Bockmarks

USGS Home
Contact USGS

Search USGS
Earth

USGS Global Visualization Viewer

Collection Resolution MapLlayers Jools File Help

Dovinloadabl e

VRS2
Fath Row: ™ 5
Lat
43 2 g Go
Long:
Max Cloud;

Scene Information:

Prev Scens Next Scene

Landsat 4 - Present List

[ seromee T wmatewew |

Quick Start Guide

[ oo | usoswowe | commtems Clenat snd Land Use Change [ Geobay | e |

U5 Depanment of Ine Intenior | U5 _Geological Survey

LESTW o - =
URL: hitp figlovis. usgs. gov/inoe: shimi 9. -
Contact information: custserv@usgs gov | ASTER and MODIS questions. |pdaacidusgs goy Tuag Pegy
Page Last Modified. 29 May 2013

A
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Click on Collection and you will find the images that are available for downloading from
this site. We are interested in the Landsat Archive. When clicking on the down arrow for the
Landsat Archive, you get a list of all sensors that are available for downloading. (For specifics

on the different sensors, go to http://landsat.usgs.gov/.) You need to place a check next to the

specific collection you want.

! gule[:hun| Resolution Map L 5 Dl Descrgtione
] r

Aerial b

[ AsTER =t | [ L7 SLC off (2003>)
i = | T L7 SLC-on (1899-2003)
/| Landsat Archive » —< | ElLandsat 4-5 TM

7 Global Land Survey b 1 [ Nandsat 4-5 M5 S

'| Landsat MRLC Collections » | [0 LaRdsat 1-3 MSS
Landsat Legacy Collections # '_

MODIS Agua 3 —

MODIS Terra L

é MODIS Combined b

Terralook P '

For this particular exercise, we are going to choose the Landsat 4-5 TM.

The red square on the map of the USA shows you which Landsat scene is the current
selection. The scene is highlighted in the larger window on the right. You can use the scroll
bars on the right side of the map window or underneath to move the map display to other parts of

the world. This does not change the scene in the window on the right.
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For this exercise, we want the scene which includes Roanoke, Virginia. You can move
the red square to your area of interest in a number of
ways: (a) double click on the area of interest in the map
window, (b) enter the Path/Row numbers of the Landsat
scene, or (c) the Latitude/Longitude (red rectanlge). If
you enter the Path/Row or Lat/Long, you must click on

Go so the appropriate scene will be located. As you can

see from the map, the red square moved to the scene

Path /Row:
1375

covering Roanoke, Virginia.

Selecting the Image Date
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GloVis has located a scene dated October 23, 2011 (2011/10/23 - green rectangle), we
were lucky because this scene has cloud cover (CC) of 0%. But if we want to ensure that the
scene(s) GloVis has chosen has less than 10% cloud cover, then we should change the Max

Cloud percentage (yellow oval). To accomplish this, click on the down arrow and click on 10%.

Then click Go.
Max Cloud: ‘ﬁ
100% |- & @ =
CCene Information:

ID: LTR0170342011296EDCO0
CC: 0% Date: 201110023
Qity: 9 Product: TM LT

Landsat 4-5 TM Scene List

What if we discover that the scene that has been highlighted in the window on the right is
actually not the correct scene? Say we want the one above, below, right, or left of the

highlighted scene, we can easily chose one of these by clicking on one of the arrows next to Max
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Cloud. We click on the right arrow and it moves to the scene to the east but you can see some

over lapping of the scenes does occur - the lake is represented in both scenes (red ovals).

Once you are sure you have the correct scene and the appropriate level of cloud cover

(CC), you need to decide if the date listed is the one
you want. You can see other dates that are available
by either clicking Prev Scene or Next Scene, or
choosing a specific date from the down arrows next to

the month and year below the Scene Information.

Scene Information:

ID: LTE0170342011296EDCO0
CC: 0% Date: 201110023
Qty: 9 Product TM LAT

Gm)v

2011 1, <

Prev Scene

Hext Scene

Landsat 4-5 TM Scene List

¢ Scene Information

E Scene Information:
Scene Information: '|ID: LT50160342011145EDC0O0
ID:; LT50160342011145EDCO0 'CC: 3% Date: 2011/5/25
CC: 3% Date: 20115425 HQity: 8 Product: TMLAT
Qity: 9 Product TM LT May - 2011
= - Go ) E Brey St:»?:matg':”:“jr :.ene
Mar - : 2005
2 = Next Scene : Landsat{2006 t
Apr | | .
ay 4-5TM Scene List : Os
: 2008
- = : 2009 —
s ! 2010 =
| | - || Add 42011 ~

Once you have chosen the date you want, hit Go (red oval). (Note: often, the date you

choose may be determined by whether you want images collected ““leaf-on”” (when leaves are on

the trees or (““leaf off”) (after leaves have fallen in the autumn) to meet specific objectives of

your project, or to match with other imagery. This is a decision that you must make depending

upon the reasons for your analysis.) For this exercise, we have chosen CC: 0% and a date of

March 13, 2011. We chose this date because Virginia Base Mapping Program aerial
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photos of Roanoke were taken during this same week in 2011. To order this scene, click on the
Add button and it lists the scene identification number in the Landsat 4-5 TM Scene List. If

you want other scenes, search for them and click

Scene Information:

Add (green oval) to put them in the Scene List. ID: LT50170342011072GNCO1
CC: 0% Date: 2011/313
Once you have chosen all the scenes you need, Qity: 9 Product: TM LT
click on Send to Cart (red oval). Mar v 12011 v | Go

Prev Scene Next Scene

Landsat 4-5 TM Scene List
LT50170342011072GNCD 1

S
Add ) Delete Send to Cart

PeeenT” Mo Limits Set N

Logging in to your account and submitting your order

When you get to your cart, you will need to login. If you do not have a login, click on

Register on the menu as shown here:

- ; | \ 3 USGS Home
ﬁ i PN N - Contact USGS
p = ~ T . { g b -

; . Search USGS
science for a changing world

EarthExplorer

Home Log#®™ Register Feedback Help

You must sign in as a registered user to download data or place orders for USGS EROS products.

Sign in using your USGS registered username and password

Username: |

Password:
Remember Me |

Cancel

Forgot your password?

Paolicies and Notices Google Maps API Disclaimer

Page Contact Information: lta@usas.qov
Page Last Modified: 02/28/2013 FAMERICA
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Registering online with USGS - fill in the blanks and follow the instructions and you

click Continue.

- ) | e A - USGS Home
= e e s : Contact USGS

science for a changing world A = — T PR Search USGS
USGS Registration

Home Login Register Feedback Help

1. Login 2 User Affiliation 3. Address 4. Confirmation

The USGS registration service allows you to register and save information that can be used to access a
specific USGS site or fo place orders for USGS products. Additional features, such as the ability to save search
information, may also be available to registered users depending on the site accessed.

To register, please create a user name and password. The information you provide will be secure and not
shared with others. Review our privacy policy.

Login Information

Password must be between & and 16 characters long, and contain at least one alphabetic and numeric
character.

Username: | ‘You may wish fo use your email

address for your user name.
Password:
Confirm

Password:

Captcha
Validation

Cancel

Note: All fields are required.

Accessibility Privacy Policies and Notices Google Maps API Disclaimer

Once you have registered, it will allow you to proceed to the shopping cart for your order.

No scenes were automatically added to your item basket. Please select the appropriate order type for each scene and click "Apply’.

Pending Scenes

Entity Id Collection Order Bulk Download Available Products

Order Products
L4-5 TM L1T/L1G ON-DEMAND

LT50170342011072GNCO1 L4-5TM | C Bulk Products 7 4
LandsatLook "Natural Color” Image (6 MB JPEG)

L andsatl ook Thermal Image (5 MB JPEG)

LandsatLook Images with Geographic Reference (11 MB JPEG)

Toggle All Bulk Download [l Toggle All Orderable:

Accessibility Privacy Policies and Notices Google Maps API Disclaimer

U.S. Department of the Interior U.S. Geological S < +
S. Departmen he In r Qi urvey ’Em'gm m

URL: https://earthexplorar.usgs.gov S Sl ety ooy —‘h

Page Contact Information: ltaf@usgs.qov R i

Page Last Modified: 02/28/2013

HAMERICA

If you click on bulk download, you will get the following screen showing 6.2 MB of

information. Before you actually hit Submit Order — please review the next few screen shots.
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This type of order will only give you jpegs of the scene. If you only wish to have the scenes for

display purposes only, proceed. If you want more than jpegs, skip to page 49.

| Please Note: This page will expire at 9:39:37 AM CDT. Once expired, you will be logged out and your order may be lost.

Bulk Download

Nate: File sizes are approximate. Final file size may vary slightly.

Data Set aty. Products File Size
L4-5TM 1 1 6.2 MB
‘Total Size: B.2ME

Return To Item Basket Submit Order

Accessibility Privacy Policies and Notices Google Maps API Disclaimer

U.S. Department of the Interior U.S. Geological Survey ‘tfsigw E
URL: https://earthexplorer.usgs.gov = L] T.‘\\_‘
Page Contact Information: lta@usas.gov TaxE PrioE

Page Last Medified: 02/28/2013

If you have clicked Submit Order, you will get the following notice. You can
immediately click Bulk Download Application to download the program you will need for bulk

downloading OR you can wait for the confirming email.

Bulk Download
Your Bulk Download order number 155164 has been received. A notification has also been sent to the email provided in your USG S Registration profile. To begin

the download process, the Bulik Download Application (BDA) is required. First time users: please download, install and open the BDA. Returning users:
please open the BDA installed on your system. You will be required fo login using the EarthExplorer username and password used to complete your downioad

request. Information and installation links can also be found at hitps./earthexplorer usgs.gowbulkdhelp/

If your order is Available, highlight the order number and click Select Order. On the next page, navigate to the download destination, make changes as you see fit for
your system, highlight the first item in the list, and click Begin Download. When all items are downloaded you can select another order or ciose the window. The
system wiil also keep track of failed downloads and retry them.

Bulk download orders are available for two weeks, after which the they are removed. You will need fo piace a new order fo obtain data products if you do not
download them from original order.

L4-5 T™M

Entity ID Product Description
LT50170342011072GNCD1 LandsatLook "Natural Color” Image (6 MB JPEG)
Total File Size: 6.2 MB

Retun To EarthExplorer

You will receive an Order Confirmation email from USGS. You can also click the Bulk

Download Application link here to obtain the program you need for bulk downloading
capability. (Note this is not downloading the information, just accessing the program you need

to do the download.)
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USGS Online Bulk Download Order Confirmation — 155164

To begin the download process, the Bulk Download Application (BDA) is required. First time users: please download, install and open the BDA. Returning
users: please open the BDA installed on your system. You will be required to login using the EarthExplorer username and password used to complete your download

request. Information and installation links can also be found at https-//earthexplorer usgs. gowbulk/help/

If your order is Available, highlight the order number and click Select Order. COn the next page. navigate to the download destination, make changes as you see fit for your
system, highlight the first item in the list, and click Begin Download. When all items are downloaded you can select ancther order or close the window. The system will also

keep track of failed downloads and retry them.

Bulk download orders are available for two weeks. after which the they are removed. You will need to place a new order to obtain data products if you do not download them

from original order.

L4-5TM
Entity 1D Product Description File Size
LT50170342011072GNC01 LandsatLook "Natural Color” Image (6 MB JPEG) 6.2 MB
Totals

Total File Size: 6.2 MB

Contact Information

Customer Senices

U.S. Geological Survey

Earth Resources Observation & Science Center (EROS)
47914 252nd Street

Sioux Falls, 3D 57198-0001

Tel: 605-594-6151
Email: custserv@usgs.gov

Business Hours: Monday through Friday, 8:00 2. m. to 4:00 p.m_, central time

Clicking on Bulk Download Application will give you the following two screens. Click

on Download For Windows.

2USGS

science for a changing world

EarthExplorer

Home Profile

Bulk Download Application 1.0.4
. ) 1.74 MB

The Bulk Download Application is an easy-to-use tool for downloading large quantities of satellite
imagery and geospatial data.

Once scenes are added fo a Bulk Order via Earth Explorer, the Bulk Download Application can be
used to automatically retrieve them with little to no user interaction. The application will automatically
iterate through the scene list and download each until all have been processed. It allows the user to
re-arrange, pause, skip, and resume downloads at will.

To learn more about the application, take the tour

Pilease note, you must install the application to a directory for which you have read/write permissions.

Do you have a different operating system?

Get help Provide feedback Take a tour

Stay up to date with the latest  Whether you are experiencing  Take a tour of the Bulk

news regarding the Bulk problems or happily Download Application to leam
Download Application downloading, we'd like to know! all its features

Visit Bulk Documentation Give Feedback Take The Tour

System Requirements
Windows

Operating Systems
* Windows XP
* Windows Vista
» Windows 7
Recommended Hardware
* Pentium 4 or newer processor
* 1GB of RAM
» 4MB of hard drive space

Mac

Operating Systems
* Mac OS X 10.5.8 or later
Recommended Hardware
« Intel based x86 processor
* 1GB of RAM
* 4MB of hard drive space

Linux

Operating Systems

= Ubuntu 10.04+

* Debian 6+

* OpenSuSE 11.3+

* Fedora Linux 14+
Recommended Hardware

» Pentium 4 of newer processor
* 512MB of RAM
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Open File - Security Warning _)'_2_1

The publisher could not be verified. Are you sure you want to
- mum this software?

i m Mame: ..s\parecete'Downloads\bda_windows 1 0 4.exe
— Fublisher: Unknown Publisher
Type: Application
. From: ChUsers\parecete'\Downloads\bda_windows_1_...

Run ‘ Cancel |

v Always ask before opening this file

| "-I This file does not have a valid digital signature that verfies its
@, publisher. You should onby run software from publishers you trust.
= How can | decide what software to un?

Click on Run to download the program.
Once the application has been downloaded, you go back to your email and click on the

Entity ID (red oval). This will give you a screenshot of the scene and metadata about the scene.

USGS Online Bulk Download Order Confirmation — 155164

To begin the download process, the Bulk Download Application (BDA) is required. First time users: please download, install and open the BDA. Returning
users: please open the BDA installed on your system. You will be required to login using the EarthExplorer username and password used to complete your download
request. Information and installation links can also be found at https://earthexplorer usgs.gow/bulk/help/

If your order is Available, highlight the order number and click Select Order. On the next page, navigate to the download destination, make changes as you see fit for your
system. highlight the first item in the list, and click Begin Download. When all items are downloaded you can select another order or close the window. The system will also
keep track of failed downloads and retry them.

Bulk download orders are available for two weeks, after which the they are removed. You will need to place a new order to obtain data products if you do not download them
from original order.

Entity ID
LT50170342011072GNC01 LandsatLoo
Totals

Product Description File Size
"Matural Color” Image (6 MB JPEG) 6.2 MB

Total Fi

Contact Information

Customer Senices

U.S. Geological Survey

Earth Resources Obsernvation & Science Center (EROS)
47914 252nd Street

Sioux Falls, 3D 57198-0001

Tel: 605-594-6151
Email: custserv@usgs.gov

Business Hours: Monday through Friday, 8:00 2. m. to 4:00 p.m_, central time
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- USGS Home
a Contact USGS

Search USGS
science for a changing world

EarthExplorer

LandsatLook "Natural Color" Previg

Full Display of LT50170342011072GNCO01
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Attribute Value

7. Downloading Landsat Imagery Using GloVis

D ata Set Attribute

Attribute Value

Landsat Scene |dentifier

LTS0170342011072GNC01

Spacecraft Identifier

LANDSAT_S

Cloud Cover 06
Cloud Cover Quad Upper Left .04
Clond Cover Quad Upper Right 0

Cloud Cover Quad Lower Left iyl
Cloud Cover Quad Lower Right 17

Sensor Mode BUWMPER

Station Identifier GNC

DayMiaht DAY

WRS Path 017

WRS Row 034

WRS Tupe 2

Date Acguired 2011/0313

Start Time 2011:072:15.48:53.19331
Stop Time 2011:072:15:49:19.80625

Sensor Anomalies

Sun Elev ation 4319207936
Sun AzZimuth 143.81480711
Brovge Exists Yos

Data Catedgaty MO MIMAL
Map Prajection LORa

Data Type LORp PR

Drata Type Level 1

PROCESSING REQUIRED

Corner UL Latitude Product

30.44254 (38°26'32. 14" M)

Acquisition Quality

Corner UL Longitude Product

-81.77234 (M1

"46'20.42"3)

Quality Band 1

Corner LR Latitude Product

3042840 (38°25'4 2 24"N)

Corner LR Longitude Product

-79.02264 (79°01'21.50"3)

Quality Band 2

Corner LR Longitude Product

-79.07 263 (79°04'21.47"3)

Quality Band 2

Corner LL Latitude Product

Quality Band 4

Cluality Band 5

Quality Band 8

Quality Band 7

LI |w|lw | ©|lo | ]|Z

Again, this process will provide only jpegs,

the data necessary for analysis.

which will represent your area, but will not provide

analyses, you need the Level 1 Product, which is not

available for immediate direct download. If you click

3652009 (36°31'1 2.32"N)

Corner LL Longitude Product

-81.75280 (31

=45' 008"

For images to use in

on Download, you get the below scrm

on Order, you can order the Level 1 Product.

wc

Cormer LB Latifude Product 36.50689 (36°30'24.80"M)

Center Latitude A7°29'01 868"

Center Lonafude 80°24'21 GO

MW Corner Lat 38°25'09.08' M

LI Corner Long 8171234 70"

ME Corner Lat 35°06'59 36" M

ME Caorner Long TA07'51.1 W

SE Corner Lat 36°3232.068"' M

SE Corner Long TO®37'24. 56"

SWW Corner Lat 36750 961" M

SW Corner Long 817393823

Center Latiude dec 37.48385

Center Longitude dec -80.406

LI Corner L at dec 341949

MW Corner Long dec -81.20964

ME Corner Lat dec 38.11649

ME Commer Long dec -79.13087

SE Corner Lat dec 36.54224

SE Corper Long dec -79.62349

S Corner Lat dec 36.583878
-81.66062

Download Order

EGDC Format Dismiss Window

LandsatLook Thermal Image (5 MB JPEG)

m LandsatLook "Natural Color" Image (6 MB JPEG)

Landsatlook Images with Geographic Reference (11 MB JPEG)

Level 1 Product - Processing Required (submit order for data processing)
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When you click on Order, you get the following screen - click on the box below Order

and then click Apply.

No scenes were automatically added to your item basket. Please select the appropriate order type for each scene and click "Apply”.

Pending Scenes
Entity Id CollectionfOrdel Bulk Download Available Products

Order Products
L4-5TM L1T/L1G ON-DEMAND

LT50170342011072GNCO1 L4-5TM r r Bulk Products LR
LandsatlLook "Natural Color" Image (6 MB JPEG)

LandsatLook Thermal Image (5 MB JPEG)

LandsatLook Images with Geographic Reference (11 MB JPEG)

Toggle All Bulk Download Toggle All Orderable
g

Your will get a confirmation message with an order number.

Order #0101305266256

Nt This Geoer Summary page mil expire af 949 AM COT. Once expied, @ wil N0 longer De avalkadie f0r vewng. Af Smar has Been Senl 1o your conlac! eman aidress conlaming & copy of IS summary

W you requested Landsat on-demand products. 3n mail noSfcation will e 32180 your Shipping email adaress once INe Bntire orosr is ready 1o download. Ifincidual scenes show 3 stahss of Camaplete, you may go b GloVis (Apoioiods ysos qov) of EaMn Explorer
{be e aihenplones uigs oov) bo search for and download Be scenes divectly Bom those sites.

Piasee Nt - Processsmg Levss: Mot La

a1 SCRNIS are DIOCESSEO 0% Loved 1T (Drecinion and 1B CORSCIY Roweanr, cerain SCones o mol Mave gound-conyol of elpvalion (31 necossar 1of pracision of letain coMCion In s cass Do bosd levol of conodtion is

spphied (Level 1G-3ystemalic or Leved 161 ot lemam}

The processing bl of & downloaded acene s Tound In B metadita (MTL Bt or Broce55ing Rision (WG B Rles Which are bllverod wil T Gata Band Bles aad otner ancllary data. Mor Setals can be found at hiloMandsat e sh
Piease Hote - Deirvery Times: Lancs.al are generally processed in 1 to 3 days: however, f here is 3Jarge quewe for processing, walt times may e longer If ycu Niave any questions. p Senices 904 Thank you
5 20 L4-5 TUL1TAL1G ON-DEMAND Hone Hang oW

You will also get an Online Order Confirmation email (note the processing time of 1 — 3 days):

USGS Online Order Confirmation — 0101305266256

Your order number 0101305266256 has been received.
Order Tracking

Use the following link to check on the status of your order: hitps://earthexplorer usgs.gov/order/track?orderMum=0101305266256

Note: Scenes displaying a "Duplicate” status indicate the scenes have been submitted for processing by another order. When the data is processed,
anyone who ordered it will receive download nofification. If scenes display a "Complete” status, you may return to GloVis or EarthExplorer to download the
data.

Order Details

L4-5 TM
If you requested Landsat on-demand products, an email notification will be sent to your shipping email address once the entire order is ready to download. If

individual scenes show a status of Complete, you may go to GloVis (http://glovis usgs gov) or Earth Explorer (http-//earthexplorer usgs gov) to search for and
download the scenes directly from those sites.

Please Note - Processing Levels: Most Landsat scenes are processed as Level 1T (precision and terrain corrected); however. certain scenes do not have
ground-control or elevation data necessary for precision or terrain correction. In these cases the best level of correction is applied (Level 1G-systematic or
Level 1Gt-systematic terrain).

The processing level of a downloaded scene is found in the metadata (MTL.txt) or processing history (WO txt) files which are delivered with the data band
files and other ancillary data. More details can be found at http://landsat. usgs.gov/products_productinformation. php

Please Note - Delivery Times: Landsat are generally processed in 1to 3 days; however, if there is a large queue for processing, wait times may be longer.
If you have any questions, please contact Customer Services at custsenvi@usgs.gov. Thank you.

54| Page



Remote Sensing in an ArcMap Environment
7. Downloading Landsat Imagery Using GloVis

You will get another email when the scene is ready for download. Click on the link within the

email.

Greetings,
Thank you for your Landsat request.

The scenes listed below have been processed successfully and added to the on-line archive.

NEW: The Order Confirmation page for this order now includes an option to download a text file of these scenes:
https:/fearthexplorer.usgs.gov/orderftrack?orderNum=0101305266256

This file can be uploaded into the Bulk File List (http://earthexplorer.usgs.govffilelist) to easily download all scenes.

To download each scene individually, click the link for each, login in if prompted, and then download the data.
(You may need to override or disable your pop-up blocker before clicking on the link.)

LT60170342011072GNC01 - https://earthexplorerusgs. goviorder/process ?node=EE&ordered=LT50170342011072GNC01&dataset_name=LANDSAT TM_T

**A Landsat 7 lifetime gain update was implemented on April 1, 2013. For more information on this update, please visit: http.//landsat.usgs.gow
science_|L7_Cal_Motices.php

This will take you to the EarthExplorer site where you will need to Login. Once logged
in, you will get the following screen. (Note - if you did not do the Bulk Download Application
(red oval), you will need to do those steps before downloading your Landsat scenes - see pages
45-47). Once you have completed the Bulk Download Application, you can click on the Entity

ID (yellow oval).

Bulk Download

required, First time users: please download, (nstall and open the BDA. Returning users: please open the BDA (nstalied on your system. You wil De required fo login using the Cart
GONmEte your request ion and Wnks can s be found & Hips: LSS e

It your arder s Avallabie, Rghight e arder numBer and click Select Order 0N [ fert page, Navigale fo he downioad desination, make changes as you see it for your system, higight the: fies? dem in e 18 and chok Begin
Download When all #ems are downinaded you ¢an select anciher order or ciose the window  The system will 380 keep Irack of faled downloads and relry them

Bulk down'oad arders are avaladie for wo weeks, affer which the they are removed. You Wil need o pYace @ new order to ODtain dala products If you do nol download them from onginal order

| Entity 10} Product Descngtion File Size

501034301107 FENT Lowal 1 Product {155 MB (a08MT) 1550 WA

You will get the following screens (yes again) — click Bulk Download and Apply.
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No scenes were automatically added to your item basket. Please select the appropriate order type for each scene and click ‘Apply’.

Pending Scenes

Entity Id Collection Order Bulk Download Available Products
Order Products
L4-5 TM L1T/L1G ON-DEMAND
LT50170342011072GNCO1 L4-5TM r r Bulk Products &P

LandsatLook "Natural Color" Image {6 MB JPEG)
LandsatLook Thermal Image (5 MB JPEG
Landsatl ook Images with Geographlc Reference (11 MB JPEG)

Toggle All Bulk Download Toggle All Orderable

Accessibility FOIA Privacy Policies and Notices Google Maps API Disclaimer

U.S. Department of the Interior U.S. Geological Survey "U'qA aov m;
i !

URL: hitps://earthexplorar.usgs.gov e =~

Page Contact Information; lta@usas.gov P e

Page Last Madified: 02/28/2012 MAMERICA

You will get another email with a link to the download, click on the Entity 1D number

within the email (red oval) — note the file type (Geotiff) and file size (155.0 MB).

USGS Online Bulk Download Order Confirmation — 155378

To begin the download process, the Bulk Download Application (BDA) is required. First time users: please download, install and open the
BDA. Returning users: please open the BDA installed on your system. You will be required to login using the EarthExplorer username and password
used to complete your download request. Information and installation links can also be found at https://earthexplorer usgs.gow/bulk/help/

If your order is Available, highlight the order number and click Select Order. On the next page, navigate to the download destination. make changes as you
see fit for your system. highlight the first item in the list, and click Begin Download. When all items are downloaded you can select another order or close
the window. The system will also keep track of failled downloads and retry them.

Bulk download orders are available for two weeks, after which the they are removed. You will need to place a new order to obtain data products if you do not
download them from original order.

L4-5TM Privj

Entity ID Product Description File Size
LT50170342011072GNCO1 Level 1 Product (155 MB Geatiff) 155.0 MB

Total File Size: 155.0 MB

You will get the screens as you did on pages 48 and 49. (Note — we will discuss the

metadata in another tutorial.) Go to the bottom and click on Download (red oval).
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Geometric RMSE Model X 3296

Geometric EMSE Model Y 3.506

Ground Control Points Verify 2577

Geometric RMSE Verify 288

Map Projection Level 1 UTM

Datum WGSB4

Ellipsoid WGES84

UTH Zone 17

Grid Cell Size Reflective 30

Grid Cell Size Thermal 30

Drientation MORTH_UP

Resampling Option CUBIC_COMNVOLUTION

< Download >

FGDC Format Dismiss Window

You will get the following screen. Again, you have access to the jpegs (as you did in the
steps above), but now you have access to the Level 1 Product (155MB Geotiff) — geotiffs are

images upon which you can perform analyses. Click on Download next to the Level 1 Product.

Bl bER e Landsatlook "Matural Color” Image (6 MB JPEG)
et LandsatLook Thermal Image (5 MB JPEG)
=t Landsatl ook Images with Geographic Reference (11 MB JPEG)

T BERE L evel 1 Product (155 MB Geofiff)

Opening LT501?03420110?ZGNCOLW.91‘ [

You have chosen to open:
1) LT50170342011072GNC01.tar.gz

which is @ Compressed (zipped] Folder (155 ME)
from: http://edclpdsftp.crusgs.gov

You get the download window.

What should Firefox do with this file?

Save It and Wa.lt ) Openwith | Windows Explorer (default)

@ Save File

[T] Do this autematically for files like this from now on.

| (oo |
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This is a very large file and will take L TS0170342011072GNCOL tar gz

a few minutes or more (depending on | —
' 1 minute, 42 seconds remaining — 140 of 155 MEB
your WiFi speed) to save.
Once it has finished downloading, right click on the file and click on Open Containing
Folder. This will take you to the area on your computer where the file downloaded. Right click

on the file name and extract it (unzipping it). Clicking on this button, you can navigate to the

folder where you want to save the file.

TECS

BExdract to:

SUsers\parecete \Downloads L T501 7034201 1072GNCOT tary -

Path mode: Password

[ Full pathnames - ]

Chverwrite mode: [] Show Password
[.ﬁsk before ovenwrite

Once it has unzipped, navigate to the folder where you unzipped it. You will find another
zipped file (.tar). (Note, because of the file size, these are double zipped, so you have to extract

(unzip) them twice.)

|| LT50170342011072GMNCOL tar 5/26/2013 9:14 AM TARFile 390,340 KB

Right click and extract to here (unzip). Once it is finished, you will have the following

files in your folder:
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|| LT50170242011072GNCOL tar 5/26/20139:14 AM  TAR File 390,340 KE
& LT50170342011072GNCO1_B1 5/26/20139:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_B2 5/26/20139:13 AM  TIFF image 55,618 KB
& LT50170342011072GNCOL_B3 5/26/20139:13 AM  TIFF image 55,618 KB
[ LT50170342011072GNC0L_B4 5/26/2013913 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_BS 5/26/20139:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_B6 5/26/20139:13 AM  TIFF image 55,618 KB
[#] LT50170242011072GNCO1_B7 5/26/20138:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_GCP 5/26/20139:13 AM  Text Document 16 KB
| LT50170342011072GNCO1_MTL 5/26/20139:13 AM  Text Document 64 KB
= LT50170342011072GNCOL_VER 5/26/20139:14 AM  JPEG image 735 KB
| LT50170342011072GNCOL_VER 5/26/20139:14 AM  Text Document 180 KB
|| README.GTF 5/26/2013 914 AM  GTF File 9 KB

You have successfully downloaded the Landsat scene that includes Roanoke, Virginia
dated March 13, 2011. We will discuss the files in the tutorial on Information about your

Downloaded Landsat Imagery and Band Combinations.

You will need to determine if your downloaded imagery needs further processing beyond
that completed by the USGS. For more information about the level and type of USGS

processing of Landsat scenes, go to http://landsat.usgs.gov/Landsat_Processing_Details.php. See

also Masek, J.G., et al., A Landsat surface reflectance data set for North America, 1990-2000.

Geoscience and Remote Sensing Letters, 2006. 3: p. 68-72.

This exercise, in combination with the companion EarthExplorer tutorial prepares you
with the skills to download Landsat imagery. Subsequent tutorials will introduce techniques to

analyze this imagery to extract information to support your research objectives.
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Notes:
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

This activity introduces you to procedures for using the EarthExplorer utility to select and
download Landsat imagery to your computer as a preliminary step for analysis to extract
information for specific application tasks. For this exercise, you will require a computer
with an internet connection.

Introduction:

Landsat images are frequently used for land remote sensing analyses. The first Landsat
Satellite was launched in 1972. The Landsat mission continues to this date with the most recent
Landsat Data Continuity Mission satellite (now Landsat 8) launched in February, 2013. For
more information and specific details on Landsat satellites, sensors, and potential analyses using
Landsat images go to: http://landsat.usgs.gov/

Landsat images are free and downloadable from the internet from
http://earthexplorer.usgs.gov/. This tutorial provides step by step instructions to download
images via the internet.  Decisions on exactly which specific images you need for your specific
analyses cannot be answered from this tutorial.
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Navigating to your desired scene

Go to http://earthexplorer.usgs.qov/. The screen looks like this:

£E EsethEoplorer |L
Tamss EEETESTICTNCIC ey Frofie  Save Critenin | cad Tavorie Mosage

Tageat fammyep

ST vatazets | AddtonaiCitedia | Resuts

1. Enter Search Criteria 3 ¥ s TR Iiap | Satellite
To narrow your search area’ type in an address or place &2 | L - : ¥ A

nama,_anter coordinates or click the map to defina your
search area (for advanced map tools, view the help
documentation), and/or choose a date range.

PalhRow  Feshure

Search Criteria Summary (Show) Clear Criteria

I3
Predefned feea | Shapefe KM
1. Lat 37" 18' 15" N, Lo 079" 58" 20" W IR
R Optns
Search from W o W =

Search months. March -

Graz

You can actually put in an address, city, or country, etc. and the map will place a red

balloon on the map for your selection. For this

DataSets | Additional Criteria | Results
example, we are using Roanoke, Virginia. As 1. Enter Search Criteria

To narrow your search area: type in an address or place

you can see in the next screenshot EarthEprorer 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/iRow || Feature

parameters. We clicked on Roanoke, VA, USA. [Roanoke. VA

identified a couple of options for my search

il insci

Click on an Address/Place to show the location on the map and
add coordinates to the Area of Interest Control.

Num | Addr

jtude
1| Roanoke. VA USA [a72710 | 790414

2 Roanoke. USA 373008 |-80.0088
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After choosing your area of interest, the next item to choose is the Data Sets.

Search Criteria Additional Criteria

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.

_ Data Sets | Results

™ Use Data Set Prefilter What's This?)

Data Set Search: ]

EI-Aerial Imagery =
FH-AVHRR

#-Cal/Val Reference Sites
#-Commercial
*-Declassified Data
-Digital Elevation [J
[#-Digital Line Graphs L)
-Digital Maps (.

H-EOQ-1

E-Forest Carbon Sites
*-Global Fiducials
#-Global Land Survey
FH-HCMM

#-JECAM Sites
#-Land Cover
E-Landsat Archive [J

- @ L7 ETM+ SLC-off (2003
- @L7ETM+ SLCon
™ @ L7 ETM+ Intl
¥ @L45TM

und Stations (Search Only) —

- @115 MSS

By clicking on the Data Sets tab,
you will get a list of all sensors and
satellites available for downloading from
EarthExplorer. We are interested in the

Landsat Archive and L4-5 TM sensor, so

have placed a check mark here.
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Selecting the image date & related criteria

Search Criteria Data Sets

1. Enter Search Criteria

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.

Address/Place |BicGHGE M| Feature
— Polygon |

Go back to the Search
Criteria tab.
Go to Date Range and enter the time
period for which you wish to have

Landsat scenes. (Note: often, the

Type: |WRS2[~]| Path: Row:

date you choose may be determined

oo ] o

by whether you want images

Fredefined Area

Decimal |

collected ““leaf-on” (when leaves are

on the trees) or “leaf off”” (after

1. Lat: 37° 16" 15" N, Lon: 079" 56' 29" W 7R

leaves have fallen in the autumn) to

use Map J Add Coorumai~ § Clear Coordinates

meet specific objectives of your

Fesult Cptions

Search from: 01/01/1920

= to: 05272013 [E
(all)

“ [ (al

s

Search months:

-

February
tarch

project, or to match with other

imagery. This is a decision that you

must make depending upon the

reasons for your analysis.)

For this particular exercise, we want spring
and leaf-off, so I have unclicked (all) on the Search

months area and only clicked March.

W R | Result Options

Search from: 01/01/1920 [ Zto: 05272013 &

Search months: March -
[ am

= [ January

iy -

|am,|

[Tl February
March
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Search Criteria Data Sets |GGG Criteria Results

3. Additional Criteria (Optional)

If you have more than one data set selected, use the

Next, click on the

dropdown to select the additional criteria for each data Additional Criteria tab at the

top.

Note any additional

sets.
Data Sets:
L4-5 TM[~]
to
WRS Row
to

Cloud Cover
All -

Less than 10% |5
Less than 20%
Less than 30%
Less than 40% ~

Station Identifier

Alice Springs, Australia
Chetumal, Mexico
EROS (Sioux Falls, SD, US)

Gatineau, Canada -

Data e Lavel 1

Processing Required
TMLIG
TMLAT

o
-

Day Night
D

ke

Browse Exists

-

Yes (=]
B~ A

~| parameters you wish. In this
case, we want scenes with Less
than 10% Cloud Cover. We
want all Stations and all Data
Types. (Note - Landsat scenes

are only daytime scenes.)

Finally, click on the

Results button at the bottom

m
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Interpreting the search results

We get the following Results.

for the month of March beginning in 1984 through 2012.

on the shopping cart icon (red oval).

We have received a list of all Landsat scenes available

For each scene that you want, click

For this exercise, we are only going to order one scene —

March 13, 2011 (green oval). We chose this date because Virginia Base Mapping Program

aerial photos of Roanoke were taken during this same week in 2011.

[4. Search Results
If you selected more than one data set fo search, use
the dropdown to see the search results for each specific
data set.

Show Result Controls -

|L4~—5 ™ 'l
NOTE: A maximum of five hundred Landsat scenes can be requested =

for download processing at a time. Landsat scenes added over that
amount will have to be remaved from the ltem Basket before
submitting the request.

Frevious !1 v! Hext: Last»
Displaying 1 - 10 of 91 @
Entity ID: LT5017034198407 230003
Acquisition Date: 12-MAR-84
Path: 17

Rowr: 34
Wﬂd¢(;;%

Entity ID: LTS0170 MM\ il

Acquisition Date: 05-MAR-85
Path: 17
Row: 34

Ydd /L AWO

Entity ID: LT50160341985073AA003
Acquisition Date: 14-MAR-85

Path: 16

Row: 34

YeduL a0

Entity ID: LTS0170341985080X0X(03
Acquisition Date: 21-MAR-85

Path: 17

Rowr: 34

Data Set:
L4-5TM ~

Export Metadata

Path: 16 a
Row: 34

$ddqyLAVE

Entity ID: LT50170342010085GMNC02
Acquisition Date; 26-MAR-10

Path: 17

Row: 34

$odd/HO

Entity I0: LT50160342011065GNC01
Acquisition Date; 06-MAR-11

y Path: 16

Y  Row:34

$edd /HO

g ————

Entity ID: LT501702342011072GNC01
Acquisition Date: 13-MAR-11

Path: 17

- Rowr: 34

\ YddZLANO

Ty 1B-LF5e16034a04406TENC0T

Acquisition Date; 22-MAR-11
Path: 16
Row: 34

$edd /L EFO

« First « Previous |9  ~| Next: Lasts =l

S = T N W . Y
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Logging in to your account and submitting your order
Once you have selected the scene, you will be taken to the Login page. If you already

have a Login Username and Password, enter them now. If not, then click on Register (red

oval).

Search USGS

- i . « \ e A USGS Home
: i, . . o : Contact USGS
1 g X 5

science for a changing world

EarthExplorer

Home Login Register Febdback Help

You must sign in as a registered user to download data or place orders for USGS EROS products. v

Sign in using your USGS registered username and password

Username: |

Password:
Remember Me |

Cancel

Forgot your password?

Privacy Paolicies and Notices Google Maps API Disclaimer
U.S. Dspartrjnsr't of the Interior U.5. Geolagical Survey TJ};AQOV ﬁ:_;
URL: https://earthexplorer,usgs.gov 2As 1L
Page Contact Information: lta@usas.gov gl
Page Last Modified: 02/28/2013 TAMERICA

This takes you to the USGS Registration Page. Complete the registration.

' it USGS Home
f.; e a7l . : Contact USGS

Search USGS

science for a changing world

USGS Registration
Home Login Register Feedback Help

1. Login 2 User Affiliation 3. Address 4. Confirmation

The USGS registration service allows you to register and save information that can be used to access a
specific USGS site or to place orders for USGS products. Additional features, such as the ability to save search
information, may also be available to registered users depending on the site accessed.

To register, please create a user name and password. The information you provide will be secure and not
shared with others. Review our privacy policy.

Login Information

Password must be between & and 16 characters long, and contain at ieast one alphabetic and numeric
character.
Username: You may wish 1o use your email
address for your user name
Password:
Confirm
Password:

Captcha
Validation

Cancel

Note: All fields are required.

ies and Notices Google Maps API Disclaimer
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After you have registered, you will be taken to the next screen and it shows which image
you have ordered. Click on Proceed to Checkout.

Order

Mote: Dafa sels may confiain dema with mulishe produd opdons. Expand & dats 38f fo view your i34 of ordeaned scenes intioding metedals and produc oplions.
| = Land Surtace Renectance - La-5 TM (1)

Proceed To Checkout =

You will get the following screen. Click on Submit Order.

Order
Data ot

| Please Note. This page will expire at 7.44:33 PM CDT. Once expired, you will be logged out and your order may be lost. |

Land Surface ReSectance - L4-5 TM

You will then get the following message (please note the delivery time information — red oval).

Order #0101305266264

Nole: This order surmmary page will expire af 10.02 AM CDT. Onoe expired, i will no fonger be availabie for wewng. An ema has been senl (o your corfact email adovess confaining @ copy of this summary.

It you requested Landsat on-demand products, an email e sentto your Shipping
Explorer (i L5 35 9oy} b search for and

anes directly from hose shes.

address cnce e entire order s feady to download. Ifindscual scenes show 3 status of Complete, you may go fo GloVis MERUGlos uSGs. ooy} of Earth
Please Hole - Processing Levats: Most Landsat scenes are pro
of con apolied iLevel 1G-synb

5 Level TT (precisson and terrain Coreciad) however, Cerain $Canes 4o nélhave ¢
of Levnl 1G1sysien ]

nirol o alevanon
The processing ievel of 3 downioaced sceng is &
I

o6

TBITAIN COMTRCHON, IN NeSE C3565 Me Dest level

A0 0% found 3 itpandsslys s, ooy
Please Mot - Delivery Times: Landsat are generally processed in 110 3 days, howewe if thore is

large queowe for processing, wall Bmes may be longes I you hane any questions. please contad Customes Serdces o custsena@usas. oy Thank you
ity I — Product Descripton
CE iaaTah0

You will get an Online Order Confirmation email with your order number, and, again, a
notation on the Delivery Times.

68| Page




Remote Sensing in an ArcMap Environment
8. Downloading Landsat Imagery Using EarthExplorer

USGS Online Order Confirmation — 0101305266259

Your order number 0101305266259 has been received.

Order Tracking

Use the following link to check on the status of your order: https://earthexplorer.usgs.gow/order/track?orderNum=0101305266259

Note: Scenes displaying & "Duplicate” status indicate the scenes have been submitted for processing by another order. When the data is processed,
anyone who ordered it will receive download notification. If scenes display a "Complete” status, you may retum to GloVis or EarthExplorer to download the
data.

Order Details

L4-5TM
If you requested Landsat on-demand products, an email notification will be sent to your shipping email address once the entire order is ready to download. If

individual scenes show a status of Complete, you may go to GloVis (http://glovis usgs.gov) or Earth Explorer (http:/fearthexplorer usgs.gov) to search for and
download the scenes directly from those sites.

Please Mote - Processing Levels: Most Landsat scenes are processed as Level 1T (precision and terrain corrected); however, certain scenes do not have
ground-control or elevation data necessary for precision or terrain correction. In these cases the best level of correction is applied (Level 1G-systematic or
Level 1Gt-systematic terrain)

The processing level of a downloaded scene is found in the metadata (MTL txt} or processing history (WO txt) files which are delivered with the data band
files and other ancjllan ound at http.//landsat.usgs gov/products_productintormation-pg

Please Note - Delivery Times: Landsat are generally processed in 1to 3 days; however, if there is a large queue for processing, wait times may be longer.

D

If you have any questions, please contact Customer Senvices at custseni@usgs gov. Thank you. L

You will get another email when your order is ready for downloading and you will need

to click on the link (red oval):

Greetings,

Thank you for your Landsat request.

The scenes listed below have been processed successfully and added to the on-line archive.

NEW: The Order Confirmation page for this order now includes an option to download a text file of these scenes:

https://earthexplorer usgs.gowordertrack?orderum=0101305266253
This file can be uploaded into the Bulk File List (httpi//earthexplorer usgs. govffilelist) to easily download all scenes.

To download each scene individually, click the link for e ad the data.

(You aple your pop-up blocker before clicking on the link.)

< LT50170342011072GMC01 - https://earthexplorer. usgs.gov/order/process ?node=EE &ordered=LT50170342011072GNC01&dataset_name=LANDSAT _TM T
\ —

= Landsat 7 lifetime gain update was IMpIEmMeEnTer o R pT T 2o T O IO T O T TS Tpaate, please visit: http-//landsat usgs gov/

science_L7_Cal_Motices.php

This will take you back to the EarthExplorer screens (where you will need to login).
Following the steps on EarthExplorer to download the data — click in the Bulk Download area

and then click apply.
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USGS Home
Contact USGS

Search USGS

tammyep Feedback

‘No scenes were automatically added to your item basket. Please select the appropriate order type for each scene and click ‘Apply’. ‘

Pending Scenes m
Entity Id Collection On Bulk Downloa Available Products

rder Products
4-5 TM L1T/L1G ON-DEMAND
LT50170342011072GNCO1 L4-5TM r ulk Products &P
LandsatLook "Natural Color" Image (6 MB JPEG)
LandsatLook Thermal Image (5 MB JPEG)
Landsatl ook Images with Geographic Reference (11 MB JPEG)

Toggle All Bulk Download Toggle All Orderable

Accessibility FOIA Privacy Policies and Notices Google Maps API Disclaimer

U.5. Department of the Interior U.S. Geological Survey ‘l"J’SA.gQ! m;
URL: httpsi//earthexplorer.usgs.gov et

Page Contact Information: lta@usgs.gov e .
Page Last Modified: 02/28/2012 MAMERICA

You will get the following message:

Bulk Download

Your Bulk Download order number 155378 has been received, A nolification has also been sent o te email provided in your USGS Registralion profie. To begin the download process, the Bulk Download Application (BDA) is
required, First time users: please download, install and open the BDA. Returning users: please open the BDA Instalied on your system. You will De required 1o [ogin using e Camhixplorer Usemame and password used o
GONmEte your request ion and Wnks can s be found & Hips: LSS e

It youir arder is Availatie, MgGhight e order number and click Select Order 0N e next fage, navigale 1o Ihe downicad destinaton, make changes a8 you see it for your System, hightight the fiest lem i e I&h and cick Begin
Download When all #ems are downinaded you ¢an select anciher order or ciose the window  The system will 380 keep Irack of faled downloads and relry them

Bulk down'oad arders are avaladie for wo weeks, affer which the they are removed. You Wil need o pYace @ new order to ODtain dala products If you do nol download them from onginal order
L4-8 TM Privileged
Entity I Product Descrpton e Size

501034301107 FENT Lowal 1 Product {155 MB (a08MT) 1550 WA

You will also get the following email:

USGS Online Bulk Download Order Confirmation — 155382

To begin the download process, the Bulk Download Application (BDA) is required. First time users: please download, install and open the
BDA. Returning users: please open the BDA installed on your system. You will be required to login using the EarthExplorer username and password
used to complete your download request. Information and installation links can also be found at https://earthexplorer.usgs.gowbulk/help/

If your order is Available, highlight the order number and click Select Order. On the next page, navigate to the download destination, make changes as you
see fit for your system, highlight the first item in the list, and click Begin Download. When all items are downloaded you can select another order or close
the window. The system will also keep track of failed downloads and retry them.

Bulk download orders are available for two weeks, after which the they are removed. You will need to place a new order to obtain data products if you do not
download them from original order.

L4-5 TM Privileged

Entity 1D Product Description File Size
LT50170342011072GHC01 Level 1 Product (155 MB Geotiff) 155.0 MB
Totals

Total File Size: 155.0 MB
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You MUST click the Bulk Download Application link to obtain the program you need to
obtain bulk downloading capability. (Note this is not downloading the information, just

accessing the program you need to do the download.) Clicking on Bulk Download Application

will give you the following two screens. Click on the Download For Windows.

a USGS

science for a changing world

EarthExplorer

Home Profile

Bulk Download Application 1.0.4
3 1.74 MB

The Bulk Download Application is an easy-to-use tool for downloading large quantities of satellite
imagery and geospatial data.

Once scenes are added to a Bulk Order via Earth Explorer, the Bulk Download Application can be
used to automatically retrieve them with little to no user interaction. The application will automatically
iterate through the scene list and download each until all have been processed. It allows the user to
re-arrange, pause, skip, and resume downloads at will.

To learn more about the application, take the tour.

Please note, you must install the application to a directory for which you have read/write permissions.

Do you have a different operating system?

Get hel, Provide feedback Take a tour
P

Whether you are experiencing

problems or happily

downloading, we'd like to know!

Stay up to date with the latest
news regarding the Bulk
Download Application

Take a tour of the Bulk
Download Application to learn
all its features

Visit Bulk Documentation Give Feedback Take The Tour

System Requirements
Windows

Operating Systems
* Windows XP
* Windows Vista
* Windows 7
Recommended Hardware
* Pentium 4 or newer processor
* 1GB of RAM
* AMB of hard drive space

Mac

Operating Systems
* Mac OS X 10.5.8 or later
Recommended Hardware
* Intel based x86 processor
* 1GB of EAM
* 4MB of hard drive space

Linux

Operating Systems

* Ubuntu 10.04+

e Debian 6+

* OpenSuSE 11.3+
¢ Fedora Linux 14+

Recommended Hardware
* Pentium 4 or newer processor
* 512MB of RAM
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Open File - Security Warning _)S_]

The publisher could not be verified. Are you sure you want to
mun this software?

i i i Mame: ..s\parecete'\Downloads\bda_windows_1 0 _4.exe
— Publisher: Unknown Publisher

Type: Application
From: Ch\Users\parecete'\Downloads\bda_windows_1_...

Run ‘ Cancel |

v Aways ask before opening this file

publisher. You should only run software from publishers you trust.

l@' This file does net have a valid digital signature that verfies its
A How can | decide what software to un?

Click on Run to download the program.
Once the application has been downloaded, you go back to your email and click on the

Entity ID (red oval).

USGS Online Bulk Download Order Confirmation — 155382

To begin the download process, the Bulk Download Application (BDA) is required. First time users: please download, install and open the
BDA. Returning users: please open the BDA installed on your system. You will be required to login using the EarthExplorer username and password
used to complete your download request. Information and installation links can also be found at https://earthexplorer.usgs.gowbulk/help/

If your order is Available, highlight the order number and click Select Order. On the next page, navigate to the download destination, make changes as you
see fit for your system, highlight the first item in the list, and click Begin Download. When all items are downloaded you can select another order or close
the window. The system will also keep track of failed downloads and retry them.

Bulk download orders are available for two weeks, after which the they are removed. You will need to place a new order to obtain data products if you do not
download them from original order.

L4-5 e

Entity 1D Product Description File Size
wmcm Level 1 Product (155 MB Geotiff) 155.0 MB

Total File Size: 155.0 MB

This will give you a screenshot of the scene and metadata about the scene. We will

discuss the metadata in another tutorial.
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v_/ USGS Home
‘5 Contact USGS

Search USGS

science for a changing world

EarthExplorer

Full Display of LT50170342011072GNC01

LandsatLook "Natural Color" Previg

Data Set Attribute

Attribute Value

Landsat Scene |dentifier

LT501703420M1M072GNC01

Spacecraft [dentifier

LANDSAT_S

Sensor Mode BUMPER

Station Identifier GMNC

DayMight DAY

WES Path 017

WWRS Row 034

WRS Type 2

Date Acquired 201140313

Start Time 2011:072:15:48:53.18331
Stop Time 2011:072:15:49:10.80625

Sensor Anomalies

Acquisition Quality

Quality Band 1

Quality Band 2

Quality Band 3

Quality Band 4

Quality Band

Quality Band €

Quality Band 7

LOn T B (o 3 L () B o B0 T I Co ) O O O (o T
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Data Set Attribute Attribute Value
Cloud Cover il
Cloud Cover Guad Upper L eft 04
Cloud Cover Quad Upper Right 0
Cloud Cover Quad Lower Left Rl
Cloud Caover Quad Lower Right 17

Sun Eleyvation 4319207936
Sun Azirnuth 143.681480711
Browse Exists ‘fes

Data Cateqory PO R AL
Map Projection LORa

Data Type LORp FR

Data Type Level 1

PROCESSING REQUIRED

Corner UL Latitude Product

38.44254 (38°26'33.14"M)

Carner UL Langitude Praduct

-81.77234 (81°46'20.42"5)

Corner UR Latitude Product

38.42840 (38°25'42 24"N)

Corner R Longitude Product

-78.02264 (79°01'21.50"S)

Corner LR Longitude Product

-79.07263 (79°04'21.47"5)

Corner LL Latitude Product

36.52009 (36°31'12 32"N)

Corner LL Longitude Product

-81.75280 (817451 0.08")

Cormer LR | atityde Product 96.50689 (36°30°24. 80"M)
Certer Latitude 37280186 N
Center Longiude B0°24'21 BO'WY
MY Corner Lat 98°25'09.06" M
b Comer Long B1°12'34.T0W

ME Corner Lat

38°06'99.36" N

ME Carner Long

790791 1

SE Corner Lat

36°32'32.06"N

SE Corner Long

793724 58"

SW Corner Lat

36501 9.61"N

SV Corner Long

81739'38.23"W

Center Latifude dec 37.48385
Certer Langitude dec -80.406

M Corner Lat dec I|BA1NGY
M Corner Long dec -81.20954
ME Corner Lat dec 38.11649
ME Comer Long dec -T9.13087
SE Corner Lat dec 36.54224
SE Corper Long dec -7TH.62349
Sy Corner Lat dec 36.838748
S COmer Long 080 —  -51.66062

rivacy Policies and Notices

fegical Survey

rder

miss Yyindow

Google Maps AP Disclaimg

Go to the bottom and click on Download (red oval).
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You will see the following screen. You can just access the jpegs (the first 3 items in the
list), but if you want images upon which you can conduct analyses, you need the Level 1 Product
(155MB Geotiff). Geotiffs are images upon which you can perform analyses. Click on

Download next to the Level 1 Product.

ElbERES LandsatLook "Natural Color” Image (6 MB JPEG)

el LandsatLook Thermal Image (5 MB JPEG)

Bhlel s Landsatlook Images with Geographic Reference (11 MB JPEG)

LTLIGEGE | evel 1 Product (155 MB Geotiff)

You get the download window. Save it and wait.

-
{ opening LT501?ﬂ3420110?2{3Ncn1m,gl s

You have chosen to open:

i, LT50170342011072GNCOL.tar.qz

which is @ Compressed (zipped) Folder (155 MB]
from: http://edclpdsftp.cr.usgs.gov

What should Firefox do with this file?

(") Openwith | Windows Explorer (default)

@ SaveFile

[[] Dothis autormatically for files like this from now on.

This is a very large file and LT50170342011072GNCOL tar.gz

will take a few minutes or more ——————————————————— |
1 minute, 42 seconds remaining — 140 of 155 MEB

(depending on your WiFi speed) to

Save.
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Once it has finished downloading, right click on the file and click on Open Containing
Folder. This will take you to the area on your computer where the file downloaded. Right click
on the file name and click on Extract, getting the following window. Clicking on this button

will allow you to navigate to the folder where you want to save the file.

- A —
oo I
Bxtract to:
MUszers'parecete’\Downloads L TS0 7034201 1072GNCOT tary -
Path mode: Password
[Full pathnames v]

Chverwrite mode: [] Show Password
[.ﬁsk before overwrite ']

Once the file has been extracted (unzipped), navigate to the folder where you unzipped it.
You will find a .tar file. This is another zipped file. (Note - because of the file size, these are

double zipped, so you have to unzip them twice).

|| LT50170342011072GMNCOL tar 5/26/2013 9:14 AM TARFile 390,340 KB

Right click and unzip (extract to here) again. Once it is finished, you will have the

following files in your folder:
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|| LT50170242011072GNCOL tar 5/26/20139:14 AM  TAR File 390,340 KE
& LT50170342011072GNCO1_B1 5/26/20139:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_B2 5/26/20139:13 AM  TIFF image 55,618 KB
& LT50170342011072GNCOL_B3 5/26/20139:13 AM  TIFF image 55,618 KB
[ LT50170342011072GNC0L_B4 5/26/20139:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_BS 5/26/20139:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_B6 5/26/20139:13 AM  TIFF image 55,618 KB
[#] LT50170242011072GNCO1_B7 5/26/20138:13 AM  TIFF image 55,618 KB
| LT50170342011072GNCOL_GCP 5/26/20139:13 AM  Text Document 16 KB
| LT50170342011072GNCO1_MTL 5/26/20139:13 AM  Text Document 64 KB
= LT50170342011072GNCOL_VER 5/26/20139:14 AM  JPEG image 735 KB
| LT50170342011072GNCOL_VER 5/26/20139:14 AM  Text Document 180 KB
|| README.GTF 5/26/2013 914 AM  GTF File 9 KB

You have successfully downloaded the Landsat scene that includes Roanoke, Virginia
dated March 13, 2011. We will discuss the files in the tutorials on Information about your

Downloaded Landsat Imagery and Band Combinations.

You will need to determine if your downloaded imagery needs further processing beyond
that completed by the USGS. For more information about the level and type of USGS

processing of Landsat scenes, go to http://landsat.usgs.gov/Landsat_Processing_Details.php. See

also Masek, J.G., et al., A Landsat surface reflectance data set for North America, 1990-2000.

Geoscience and Remote Sensing Letters, 2006. 3: p. 68-72.

This exercise, in combination with the companion GloVIS tutorial prepares you with the
skills to download Landsat imagery. Subsequent tutorials will introduce techniques to analyze

this imagery to extract information to support your research objectives.
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Notes:
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Introduction:

Landsat images are frequently used for land remote sensing analyses. The first Landsat
Satellite was launched in 1972. The Landsat mission continues to this date with the most recent
Landsat Data Continuity Mission satellite (now Landsat 8) launched in February, 2013. For
more information and specific details on Landsat satellites, sensors, and potential analyses using
Landsat images go to: http://landsat.usgs.gov/

Landsat images are free and downloadable from the internet from http://glovis.usgs.gov/
or_http://earthexplorer.usgs.gov/. You have already downloaded at least one scene from the
USGS and this tutorial provides you with information to understand basics of your scene.
Decisions on exactly which specific images you need for your specific analyses cannot be
answered from this tutorial.

Jpeg of the Landsat scene you ordered from previous tutorials
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In the
22 USGS uses tome
pI’OCGSS Of Ol‘derlng science for a changing world Search USGS
EarthExplorer
and downloading Full Display of LT50170342011072GNCO1

your Landsat scene, .
LandsatL ook "Matural Color" Previg
you had access to
the following
information. This

gave you a screen

shot of a natural

color preview and some of the metadata.

Data Set Attribute Attribute Value
The metadata gives you Landsat Scene ldentifier LT501?034|20110?2¢NCU1
Spacecraft ldentifier LANDSAT_5
information about your Landsat Scene. S dl ot EUMPER
Station |dentifier GMC
We will not review each line as much of it Day/light Dy
WRS Path 017
is self-explanatory. The metadata D D34
WRS Type !
provides the scene identification number. e 2011705713
Start Time 2011:072:1548:53.19331
Stop Time 2011:072:15:49:19 80625

The scene identification number includes

Sensor Anomalies
Acguisition Quality
Quality Band 1
Quality Band 2
Quality Band 3

the Julian date the image was acquired.

For this image, it was acquired in 2011,

Quality Band 4
Quality Band §

Julian day 072 —+ which in 2011 is March

Quality Band &
Quality Band 7

|l ||l |l |w]lZ

13. You can use the Landsat Scene

Identification Number if you need to re-

order the exact same scene at a later date. This will also be the name of each one of the image files
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that we downloaded. Remember, we ordered Landsat 4-5, this data tells us, the scene is actually

from Landsat 5. The ground station was Gatineau, Canada. Landsat 5 imagery is always taken

during the day.

It provides the path and row numbers; this information will allow you to request

the same scene but using different dates. The sensor had no anomalies while active for this

particular scene.

Data Set Attribute

Attribute Value

Cloud Cover 06
Cloud Cover Quad Upper Left .04 R

Cloud Cover Quad Upper Right 0 N\

Cloud Cover Quad Lowerlett .01 AN

Cloud Cover Quad Lower Right 17 N\

2un Elevation 4319207936 AN
Sun Azimuth 14381480711 N
Brovyse Dists Yes

Data Categony BIOMIRAL

Map Projection LORS

Data Type LORD FR

Data Tvpe Level 1

PROCESEING REQUIRED

Carner UL Latitude Product

38.44254 (38°26'33.14"N)

Cormer UL Longitude Product

-81.77234 (81°46'20.42"5)

Corner UR Latitude Product

38.42840 (38°25'42.24"N)

Corner UR Longitude Product

-79.02264 (79°01'21.50"S)

Corner LR Longitude Product

-79.07263 (79°04'21.47"5)

Corner LL Latitude Product

3652009 (367311 2.32"M)

Corner LL Longitude Product

-81.75280 (81745 0.08"A)

Corner LR Latitude Product 9650659 (36°30'24. 80°N)
Certer Latitude 37U2801.86'N
Center Lonatude 80724'21 BI'WY
MUY Corner Lat 36°25'09.08'N
bl Corner Long 81°12'34.7 0

ME Corner Lat

38°06'69.36"M

ME Corner Long

T9°07'61.13"

SE Corner | at

36°32'32.08"M

SE Corner Long

793724 56"V

S Corner Lat

367501 9.61"N

W Corner Long

B1°739'38, 23"

Center Latifude dec 37.48385
Center Langitude dec -80.406

MW Corner Lat dec 3241919
B Corner Long dec -81.20964
MNE Corner Lat dec 38.11648
BE Corner Long dec -78.13087
SE Corner Lat dec 36.54224
SE Corner L ong dec -TH.E2349
S Corner Lat dec 36.83878
S Comer Long dec -81 BE0G2

The metadata continues here.
Remember the scene we requested was for
less than 10% cloud cover. This is the average
cloud cover for the entire scene. For this
particular one, the average was only 6% but as
you can see over the next 4 lines, the cloud
cover did vary across the scene. The
metadata also provide us with the sun’s
elevation and azimuth, which will assist us if
we want to include shadowing or solar
insolation in our analyses.

Many of the rows on this portion of the
metadata relate to latitudes and longitudes of

different areas of the scene.
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| | README.GTF

.‘_L LT50170342011072GMNC01) B1
& LT50170242011072GMNCOL B2
| LT50170342011072GMC01| B3
| LT50170342011072GMNC01| B4
| LT50170342011072GMNC01) BS
&) LT50170342011072GMC01 | BG
& LT50170242011072GMNC01| B7

|| LT50170342011072GNCOL tar

[ LT50170242011072GMCO1_GCP
[ LT50170342011072GMC01_MTL
|| LT50170242011072GMNCO1_VER
[ LT50170342011072GNCO1_VER

5/26/2013 9:14 AM

5/26/2013 9:13 AM
5/26/2013 9:13 AM
5/26/2013 9:13 AM
5/26/2013 9:13 AM
5/26/2013 9:13 AM
5/26/2013 9:13 AM
5/26/2013 9:13 AM
5/26/2013 9:13 A
5/26/2013 9:13 AM
5/26/2013 9:14 AM
5/26/2013 9:14 AM
5/26/2013 9:14 AM

TAR File

TIFF image
TIFF image
TIFF image
TIFF image
TIFF image
TIFF image
TIFF image
Text Document
Text Document
JPEG image
Text Document
GTF File

390,340 KB |

55,618 KB
55,618 KB
55,618 KB
55,618 KB
55,618 KB
55,618 KB
55,618 KE
16 KE

64 KB
135 KE
180 KB

9 KB

When we unzipped our bulk download, we ended up with the 12 files listed above. The

first 7 have the scene identification number and also the{band number] Landsat 5 had 7 bands,

thus we have one image for each of the seven bands. Each band represents a different region of

the electromagnetic spectrum. For Landsat 5 these are as follows:

+ Seven spectral banT:ls, including a thermal band:

Band 1 Visible (0.45 - 0.52 pym)}I30 m
Band 2 Visible (0.52 - 0.60 pm)}I30 m
Band 3 Visible (0.63 - 0.69 ym}]30 m
Band 4 Near-Infrared (0.76 - 0.90 pm)
Band 5 Near-Infrared (1.55 - 1.75 pm
Band 6 Thermal (10.40 - 12.50 pm){120 m
Band 7 Mid-Infrared (2.08 - 2.35 pmp) 30 m

(http://landsat.usgs.gov/about landsat5.php)

Size of the
pixel for the
band

30m
30 m

With the exception of the Thermal Channel (Band 6), the resolution (pixel size) is 30

meters by 30 meters. For Landsat 5, the Thermal Channel’s pixel size is 120 meters by 120

meters.
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|| LT50170342011072GNC0L_GCP

This file is a text file that provides information on the resultant residual error from the
ground control points (when the scene was geo-referenced to the ground). Yes, you do not have
to geo-reference the scene as this step has already been completed by the USGS. Sometimes it is
easier to read the .txt files if you import them into a spreadsheet. For instance for this specific

file, opening .txt looks like:

Fun. May. 26, 2013 LANDSAT 5 Time: 08:08
-79. 683833 213.8594 -5.322 6. 204 -6. 314 5.1820170340004 37.248738 -
340027 36.673791 -79.880214 227.905 -2.244 -2.293 -1.810 -2.64701703
4.329 -4,2250170340043 37.087054 -80.361913 636. 695 4. 064 -3.978 4
3.419 -3.673 -2.731 -4, 2020170340058 36.709015 -79.887428 217.064 2
069 253.765 1.467 -1.543 1.710 -1.2640170340076 37.274676 -79.B016
38.011727 -79.512629 404.635 -1.975 2.100 -2.306 1.7260170340092
-1.8110170340104 37.294317 -79.9209297 276.245 -5. 824 5.206 -6.634
0.2%6 -0.183 0.2680170340128 37.042038 -80.575496 604. 500 -3.146 0
353 -1.908 -1.677 -1. 587 -1.9800170340146 37.891062 -79.5061%90 467.3
2 -B0.73769%4 743,088 -5.617 2.178 -5.902 1.1670170340163 36. 658745
170340181 37.096578 -7G.705572 279.833 -1.367 1.794 -1.657 1.52901
6. 887 -3.5970170340154 37.497501 -80.105256 362. 837 0.921 1.188
1.568 4,203 0.815 4.4080170340211 37.306230 -B81.344512 689.134
5446 271.189 -2.162 2.502 -2.562 2.08B0170340229 37.015493 -80.200
37.317066 -80.208632 546. 377 -0.452 0.723 -0. 570 0.6330170340244
Importing the data intoa | 2 ' - e E £
L [sun. may. 26, 2013 lLanpsats Time: 08:08
P Image Assessment System
spreadsheet looks like: GCP Residual Report
s o i || e ey
b |WOID: L7340718 Path/Row: 017 / 034
P
F |LOR Reference Image: L 51GNC1011072150100 HDF.131 461302
B |Acguisition Date: Mar 13, 2011
B
0 Band Mumber: 5
1
2 GeoCover date for each WRS-2 path/row used:
3 Path Row Date
4 1017 034 2000-06-10
5
6
7 |Point_ID  Latitude Longitude Height Across  Along Residual Residual
8 Scan Scan Iny inx
. 9 Residual Residual  dir dir
MUCh easler to read and 0 | (deg) (deg) (meters) (meters) (meters) (meters) (meters)
1
understand 2 0170340001 37.093855 -79.608401 211.144 -5.799 6.398 -6.817 5.291
3 0170340002 37.905230 -79.799023 411.786 -3.481 -0.707 -3.304 -1.297
4101703400023 37.045772 -79.683833 213.894 -5.322 6.204 -6.314 5.182
|5 | 0170340004 37.248738 -80.143385 314.374 4,904 241 4.408 3.222
6 0170340005 36.887506 -79.947798 410.883 -3.467 3.151 -3.958 2.499
7 0170340006 37.134858 -B0.138591 779.854 -1.46 1.332 -1.666 1.057
2 0170340007 37,931282 -79.706092 414,710 2221 -5.389 6,102 -4,598
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& 1150170342011072GNCO1_MTL

Here is another text file. It is metadata. Yes, again. But this file actually has additional
data that was not listed when you explored the metadata from the email link. This metadata also
provides: sensor name — thematic mapper (TM), radiance information, DATUM = "WGS84",
ELLIPSOID ="WGS84", UTM_ZONE = 17, the number of ground control points and related
RMSE, and other information. You should always review the metadata on any file prior to

conducting analyses.

= LT50170342011072GMNCO1_VER
[ LT50170342011072GNC01_VER

These two files refer to the ground control points (GCP). One is a jpeg of the GCPs and
their visual location on the Landsat scene. If you open this file, note that the GCPs are different
colors. The.txt file gives you the residuals for each GCP and also ranks them by the color

coding.

Color mapping per rank

.Rank 1is Green: total residual ==0.5
‘Rank 2is Cyan: 0.5 <total residual <= 1
Rank 3is Blue: 1<total residual <= 2
‘Rank 4is Yellow: 2 <total residual <= 3
Rank 5is Red: 3 <total residual

.Percentage of residuals by rank

Rank 1--93.5%

Rank 2-- 6.5%
Rank 3-- 0.0%
Rank 4-- 0.0%
Rank 5-- 0.0%
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The final file is and is actually a file that has much of the

information that we have just reiterated in this tutorial. To open this file, first open a notepad or
another word processing program and then open the file within the program. Do not try to open
the file by double clicking on it, as that will take you to an internet window asking which

program you want to use to open it. If you have never worked with a Landsat image, we highly

recommend that you read this document and the other .txt files.

Is any other pre-processing needed before you start using your Landsat Scene? Scenes
downloaded from EarthExplorer and requesting the Landsat Surface Reflectance Data, the USGS
has already preprocessed it for surface reflectance. If you are working with any other scene
downloaded, you need to consider preprocessing for surface reflectance (see Masek, J.G., et al.,
A Landsat surface reflectance data set for North America, 1990-2000. Geoscience and Remote

Sensing Letters, 2006. 3: p. 68-72.)

For more information about the level and type of USGS processing of Landsat scenes, go

to http://landsat.usgs.gov/Landsat Processing Details.php.

Now you are ready to proceed to the next tutorial which prepares you to analyze your

Landsat data.
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

You have downloaded the Landsat 5 TM scene, which has given you 7 different images, one for
each band. Now what? In this tutorial, you will load the files into ArcMap and examine the
properties of each of these files. You will also be introduced to the Image Analysis Window.

Introduction

Landsat images are acquired in grayscale and when you add the different files each file is listed
separately in the Table of Contents in ArcMap. Familiarity with your Landsat scene is important
in order to do different types of analyses, such as unsupervised classifications, supervised
classifications, and different indices (ex: NDVI). Different types of analyses will be covered in
subsequent tutorials.

Remember, from prior tutorials, that the electromagnetic spectrum differs for each band. Each
one of these bands is useful for distinguishing different features:

Table 3. TM and ETM+ band designations.
Spectral bands ‘."u_'aueiength Rembding Use
{micrometers) (meters)
Band 1-blue-green 045052 30 Bathymetric mapping; distinguishes soil from vegetation; deciduous from coniferous
vegetation.
Band 2-green 0.52-0.61 30 Emphasizes peak vegetation. which 15 useful for assessing plant vigor.
Band 3-red 0.63-0.62 30 Emphasizes vegetation slopes.
Band 4-reflected IR 0.76-0.90 30 Emphasizes biomass content and shorelines.
Band 5—reflected IR 1.551.75 30 Discriminates moisture content of soil and vegetation; penetrates thin clouds.
Band 6-thermal 10.40-12.50 120 Useful for thermal mapping and estimated so1l moisture.
Band 7—reflected IR 208235 30 Useful for mapping hydrothermally altered rocks associated with mineral deposits.
Band 8—panchromatic 0.52-090 15 Useful in *sharpening” multispectral images.
(Landsat 7)
Instniment-specific relative spectral response functions may be viewed and compared using the Spectral Viewer tool: hitp:/landsat.usgs. gov'tools_spectralliewerphp.

If you download a different scene from a different sensor, each band will likely convey different
information. Please see: http://pubs.usgs.gov/fs/2012/3072/fs2012-3072.pdf for more
information.
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Adding your Landsat files to ArcMap

Remember, when you unzipped the files, you had 7 different images listed:

& LT50170342011072GNCO1_B1 5/26/20139:13 AM  TIFF image 55.618 KB
& LT50170342011072GNC01_B2 5/26/2013%13 AM  TIFF image Raplg KR
& LT50170342011072GNCO1_B3 5/26/20139:13 AM  TIFF image 55,618 KB
& LT50170342011072GNCOL_B4 5/26/20139:13 AM  TIFF image 55,618 KB
[ LT50170342011072GNCO1_BS 5/26/20139:13 AM  TIFF image 55.618 KB
& LT50170342011072GNCO1_B6 5/26/20139:13 AM  TIFF image 55.618 KB
& LT50170342011072GNC01_E7 5/26/2013913 AM  TIFF image 55,618 KB

Now, open ArcMap and open a new map document. Click on the Add Data button,

navigate to the folder where you unzipped your Landsat images. Click on all the images to

highlight them and Add them to your map document.

e

Add Data

| Lookin: |5 Landsat_Downioads : Er-aase

## L T50170342011072GNC01 jpg
LT50170342011072GNC01_B1.TIF
LT50170342011072GNC01_B2.TIF
LT50170342011072GNC01_B3.TIF
LT50170342011072GNCD1_B4.TIF
LT50170342011072GNCO1_B5.TIF
LT50170242011072GNCO1_B6.TIF
LT50170342011072GNCO1_B7.TIF

MName:

Show of type: | patasets, Layers and Resuits *]

Once you click Add, you will get the following message (7 times — once for each image).
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i

Create pyramids for LT50170342011072GNCO1_BLIF (8001 x 7111) (e

e e s s e Click Yes and use all default parameters
e g G e i within the dialog box. (For more

about pyramids ves J[ w | [ concel | information on Creating pyramids — see

Pyramid resampling technique Nearest Neighbar - the Adding Data to a Map Document

Pyramid compression type Default -

tutorial for more information.
Compression quality 75

[]Use my choice and do nat show this dialog in the future.

The following image will show in the display section of your ArcMap window:

This is actually multiple images, one stacked on top of another.
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Table Of Contents

1 =

LT50170342011072GMC01_B1.TIF

Value
High : 255

Low:0

LT50170342011072GMNC01_B2.TIF

Value
High : 206

Low:0

LT50170342011072GMNC01_B3.TIF

Value
High: 255

Low:0

LT50170342011072GMC0O1_B4.TIF

Value
High : 255

Low: 0

] LT50170342011072GMC0O1_B5.TIF

Value
High : 255

Low:0

LT50170342011072GMNC01_B6.TIF

Value
High : 180

Low:0

= LT50170342011072GMNC01_B7.TIF

Value
High : 255

Low:0

———

Each images will be listed in the Table of
Contents as separate layers, one for each band. You
see only the image for Band 1 in the map document

window because that is the layer that is on top in the

——Table of Contents. You can uncheck a layer so it is

no longer visible. You will then see the next layer in
the sequence.

As you can see, each band is displayed in
grayscale (see Displaying Data tutorial, if you have
questions.) The digital number (DN) next to the
grayscale tells you the brightness values within each
band. Landsat 5 scenes are recorded in 8 bits, so
you can have a total of 256 brightness values
(numbers 0 — 255). For Band 1, you have 256
different brightness values (but, for Band 6,
recording a portion of the thermal spectrum, only 180
different values). Brightness values refer to the
reflectivity of the specific feature, the higher the
number — the more reflective. (For more
information — see Introduction to Remote Sensing by

Campbell and Wynne, 2011.)
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Uncheck each layer, starting with Band 1 and down to Band 6, so you can subsequently
see each band displayed in the map document window. Do they look the same? No, each one
has a slightly different look because remember each band records a different region of the
electromagnetic spectrum, and each band serves a different purpose (see Landsat table above

and additional notes at the end of this tutorial). Which band looks most unlike the others?

(Answer- Band 6, because Band 6 records thermal radiation, is distant on the spectrum from the

other channels, and its pixel are larger in size than the other bands.)
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What information can we get from
the ArcMap display of a Landsat
scene? Right click on any of the
bands, and then click on

Properties.

m

Table Of Contents

B x
8 c8 H
= LT50170342011072GNC01 ] -
Yalue @ Copy
High : 206 Sl pei
Low:0
loins and Relates 3
[ LT50170342011072GM ,_J’:J Zoom To Layer
Yalue : X
High : 255
##  Zoom To Raster Resolution
Low:{ Visible Scale Range 3
Data b
[ LT50170342011072GM
Value Edit Features b
High: 255 > Saveds Layer File...
i ﬁ.-’ Create Layer Package...

i
i
i
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
i
|
i
i
i
i
i
i
i
1
1
1
1
1
1
u
1
1
1
1
1
1

& -

P —
M I TEA A4 WAANTWIRNY DR TIC

g

Properties...

4:_?’

This will give us the Layer Properties dialog box for that particular image. There are several

|Gene|al ISource I Key Metadata I Extert I Display| Symbology |

different tabs — the

SS::;;E —— istretcﬁal'ﬁﬁ along a color ramp @ Sym b0|Ogy tab was
Classified
=~ . .
Discrete Color B IntFOdUCEd In
Calor Value Label
06 [T | .
I Tutorial 6. Here,
0 ow 3 - .
it we are interested in
corrare: | — -
_ the Source tab.
|| Display Backaround Value: ':.l | &
[T use hillshade effect Zil 4 Display MoData as|[_~ Click on it
Stretch )
Type: [Percent Clip '] [ Histograms
: min: 0.5 mia: 0.5 [ trvert
A ' Apply Gamma Stretch: 18661 I\l

[ ok || cancel

PApply
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Colamns and Rows 001, F111
Musrber of Bands '
Cel Size (X, ¥) 30, X
Linsmpneasd Sips .2 M
Format TIFF
Sairoe Type GEmET
Pl Type uresgred integer
Piwosdl it & Bt
Colormap ahsent
Py imeds lEo8; 5, redasmping: Nearest hesghbor
e e RRon g
Mermurabon Capabdibes g
Grabe Dyt
Extent
Top $2E5215
Lefy 4385
Raghit 67615
Baktam 4041885
Spatial Reference WGS_1934_LTM_Zone_175
Linear Unit Meter {1.000000)
Angular Uit Begres (0.0 P45 3R525153438)
False esstng SO0000
Falen rorithing a
carviral_menidian &1
scale_Factor 0, 9995
attude_of origin Q
Dabum O_WGS 1984
Shatistics
Band_1 Shatisies have ol been calalsied,
Builsl Parnemsbery
M
M
Maan
Sadl b,
CRaSsER
Fie System Rasber
C:\PhD 2013 VirgindsView Landsat_Downloads),
LTS0103420 110 72GMN001_R2. TR
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This tab gives you information that has been gleaned from the metadata (note the prior
image shows a series of screen shots to show you all the information available under the Source
tab — your source tab will not display all this information at one time — you must use the scroll
bar on the right to see the various items of information). The number of columns and rows
refers to how many cells in a column and in a row for this scene. The number of bands is 1,
because this is only one of the 7 bands. The cell size is (30, 30) — what measurement unit? Look
under Spatial Reference to find— meter. What other information do you see?

Setting up Image Analysis in ArcMap
First you need to set your workspace. Left-click on Geoprocessing. Within the

Geoprocessing dialog box, left-click on Environments.

REQMQ i« @ N, EaFalell-
A & = =k % ) & - | 1:1.279.817 - s Gl
File Edit View Bookmarks Insert Selection | Geoprocessing | Customize  Windd
Table Of Contents #, Buffer |
Q S 8|E %, Clip
Low: 0 "r»\\ Intersect
"rm Union
= [0 LT50170242011072GMC01_EB2.TIF .{\\' Merge
Value a .
Search For Tools
Low: 0 By ArcToolbox
|’§,-§ Environments...
= [ LT50170342011072GMC01_B3.TIF
Nk E] Results
: Environm
High : 255 tba  ModelBuilder
Open th
e = Python Environi

Geoprocessing Optio
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@urkspa ce
Current Workspace

.

Scratch Workspace
C:\Landsat_workspace
¥ Qutput Coordinates

¥ Processing Extent

¥ XY Resolution and Tolerance
¥ M values

¥ Z Values

¥ Geodatabase

¥ Geodatabase Advanced

¥ Fields

¥ Random Numbers

<

Cartography

<

Coverage

<«

Raster Analysis

<«

Raster Storage

<«

Geostatistical Analysis

¥ Parallel Processing

¥ Terrain Dataset

¥ TIN

=

] [ Cancel

] [ <« Hide Help ]

click OK.

R Ervroment s N " "¢ "
nvironment Settings

Settings dialog box opens,
click on the down arrows (red
oval) next to Workspace.

\ Click on the file folder next to
Current Workspace and
navigate to the folder where
you want to save any work
that you do within ArcMap.
(Note — it is recommended
that you set up a file folder
for your work, separate from
the file folder where you have
the original Landsat images).

After you set this
workspace, then click on the
file folder next to Scratch

Workspace and navigate to

the same folder. Once your

Workspaces have been set,
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Next, left-click on Windows and then left-click on Image Analysis.

@ uniites -aeciop_— .

BEQAMQ@ e k@ B, R Aleit
s B ) b - | 1:1.279.817 - EEHEE D Pep
File Edit View Bookmarks Insert Selection Geoprocessing Customize | Windows | Help
Table Of Contents 3 x Cverview
TR YRS Magnifier
Low:0 o Viewer
Table Of Contents
=R LTS?IITUEdEDllU?EGNCUl_BE.TIF B Cataiog
alue g
High : 206 Search Ctrl+F
| | Image Analysis
I~ 1
g g The Image Analysis window opens on the right side of the
.E_|-<§>LT501m34m11n?zGNcm_51,T[F | map document window. You will be using this window in
Dgwsu 170342011072GNC0O1_B2.TIF |
O . . . -
S ~|| most of the following tutorials. As you can see, it lists the
: &I
_-Displav 5-" . . . .
. . layers at the top of this window as they are listed in the Table
of Contents. Please make sure that your layers are listed in
- S order — band 1, band 2, band 3, etc. If you left-click on any
Background L i i
= one of the layers within the Image Analysis window, some of
Mearest Neighbor . . .
= = the buttons under Display and Processing will be enabled. If
pm_eﬁi.,g | 2 you click on more than one image (by holding down the shift
£ & &% &l
key), additional buttons under Processing will be enabled.
L
ewe We will not discuss these buttons in this tutorial (see the
Sharpen
| Mensuration = | tutorial on Radiometric Enhancement of Landsat Imagery or
2 B ED @, . . .
Measure in 3D GIS help for more information on the Display buttons. Some
Processing buttons will also be discussed in subsequent

Tutorials).
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You are now ready to start using the Image Analysis window in ArcMap. We
recommend that you complete the tutorials on Creating a Composite Image, Band Combinations,

and Sub-setting before you start performing different analyses.
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Notes:
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No permission
is granted to use the materials for paid consulting or instruction where a fee is collected.
Reproduction or translation of any part of this document beyond that permitted in Section 107
or 108 of the 1976 United States Copyright Act without the permission of the copyright
owner(s) is unlawful.

Introduction to ESRI’s Landsat Community

The United States Geological Survey (USGS) has provided (and continues to provide) ESRI with
the complete Landsat Archives. ESRI has processed many of the Landsat images for various
purposes. You can find the complete list of proceesed images and descriptions at:
http://www.arcgis.com/home/group.html?owner=esri&title=L andsat%20Community.

Examples of processed images are:

False Color/Near Infrared (432) 1975-2010

This image's band combination (4 3 2) gives results similar to traditional
color infrared aerial photography and is useful for vegetation studies,
monitoring drainage, soil patterns, and various stages of crop growth.

Imagery by esri
Last Modified: February 26, 2014
(3 ratings, 2 comments, 194,531 views)

Landsat 8 Layers

This map features multiple image layers presenting different views of
Landsat 8 imagery of the world. ArcGIS Online subscription required.

|:] Web Map by esri
Last Modified: April 18, 2014

(5 ratings, 0 comments, 13,247 views)

Open ¥ Details

As you can see from the prior two figures, ESRI has provided brief descriptions of the processed
images. ESRI updates these on a daily basis, as the USGS provides new Landsat data. In some
instances, the existing image database is updated. In other instances a new image database may
be generated. For instance, when the flooding in the Balkans occurred in late May 2014, ESRI
processed a new database just for the purpose of showing the flooding and resultant changes.
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Accessing the ESRI Landsat Data

Underneath the Figure within each description, you have two options 4+ Open and Details. |

Landsat 8 Layers

This map features multiple image layers presenting different views of
Landsat 8 imagery of the world. ArcGIS Online subscription required.
|:| Web Map by esri

Last Modified: April 18, 2014

v v ¥ (5 ratings, 0 comments, 13,247 views)

Clicking on Details provides a more comprehensive description of Landsat and processing.

B This map features multiple image layers presenting different views of Landsat 8 imagery of the world. ArcGIS Online subscription required.

[EZ] Web Map by esri

Last Modified: April 18, 2074

de 4 He vk (5 ratings, 73,325 views)
Sign in to rate this item.

Ed rFacebook [ Twitter

This map contains a number of Dynamic Image Services providing access to various Landsat 8 scenes covering the landmass of the World for visual interpretation. Landsat 8 collects new
scenes for each path/row every 16days, assuming limited cloud coverage. Landsat 8 collects new scenes for each location on Earth every 16 days, assuming limited cloud coverage. The
service is updated on a daily basis to include the latest ‘Best’ scenes from the USGS.

Each scene is processed on-the-fly from the original Landsat8 12bit/channel scenes (with only lossless compression applied) to compute apparent. An appropriate renderer is then applied to
return an 8bit/channel image. A DRA (Dynamic Range Adjustment) version of the function is also included, which enables the full dynamic range of the images.

Currently ‘Best’ is defined as the latest 4 scenes for each path/row with a cloud coverage of <50, plus the scene closest to the corresponding GLS 2000 scene. Over time the older or cloudier
scenes will be removed from the service.

Each scene is attributed with properties such as the acquisition date and estimated cloud cover percentage. The service is time-enabled so applications can restrict the displayed scenes to
specific date range. Additionally filters can be set to restrict and order the scenes based on the attributes.

Overviews are created at 300m resolution meaning that at scales smaller than approximately 1:1Million overviews based on the ‘best’ scenes will be displayed. To work with an individual
scene(s) at all scales use the lock raster functionality - (Set display order to a list of images Web Maps). Note that ‘Lock Raster’ should not be used on the service except for short periods of
time, since each day a new service is created the Object IDs will change.

blota. The 4 this map are available for users with an ArcGIS Organizational subscription. To access this mapy you'll need to sign in with an account that is a member of an
organizational subscription. § you don't have an organizational subscription, you can create a new account and then sign up .

For more information on Landsat8 imagery, see http:/ /landsat.usgs.gov/landsat8.php.

These details also describe the level of ESRI access needed to use the data. There are two types
of access, a personal ArcGIS On-Line Subscription and an organizational subscription. With
either type of sign-on, you can view the data in ArcGIS On-Line or through the ESRI sign-in
through ArcGIS desktop.

For example, (in the above figure and in the green box), an ESRI organizational subscription is
required to access the Landsat 8 Layers images. Check with your organization to see if they
have an account and to obtain a log in identification number and password. Please be sure to
check with your organization on usage limitations' (K-12 educational institutions, please see
Page 20 of this tutorial for more information).
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If your organization does not have an organizational subscription, you can get a 30 day trial of

»

ArcGIS Online.

Important Note: The layers in this map are available for users with an ArcG!
organizational subscription. If you don't have an organizational subscription
beta and is subject to change.

Organizational subscription. To access this map, you'll need to sign in with an accou
you can create a new account and then sign up for a 30 day trial of ArcGIS Online.

Once you have decided which dataset you need, click Open (green circle) located underneath the
image, it will take you to ArcGIS On-Line and ask that you sign-in. Once you sign-in, ArcGIS

On-Line will be activated.

Accessing ESRI’s Landsat Imagery Dataset through ArcGIS Desktop

Open ArcMap.
B o e B B B S 0 S S L R 2 S
First, you need to sign into ESRI with your Q
organization account sign-in. e Es = b -
_ ; - __METY
Go to Flle E File | Edit View Bookmarks Insert Selection Geoprocessing l..’Cust
. : MNew... Ctrl+M
Sign In.... 5 g oy — s
E' @l Save Ctrl+5
: Save As..
i Save A Copy...
| Share As 3
i Add.Dats L4
“ % Sign In...
VEH  ArcGIS Online...
Fageonad-trmt aetup...
@ Print Preview...
& Print..
ArcGIS Sign In ﬂ
ArcGIS Desktop 102 wants to access your account
information
Sign In esri
You get the ArcGIS Sign In window, enter both your Username
Username and Password, then click SIGN IN (note: F' :
aSSWOT!

hitting enter won’t work, you have to actually use your

mouse and click on it).

CANCEL

Forgot Username or Password?

ArcGIS Desktop 10.2 developed by: v
[E—— it Mans and Afns
["] sign me in automatically
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How do you know that you successfully signed in? Go back to File, you will now see it says

Sign Out — Your-username

D& - x| o~
FIMEEEHEE5HE
File | Edit View Bookmarks |Insert Se
IO New.. Ctrl+N
|5 Open... Ctrl+0
1& Save Ctrl+S

Add Data gl

HH  Sign Out- Your-username
BE ArcGIS Online... <

3 Page and Print Setup...

L= N

Next, you must access the on-line services before you can add any personal layers to ArcMap.
Click on File and then ArcGIS Online.

You get the following window:

Search ArcGIS Online... P8 © Maps and Data @ Groups

Featured My Maps and Data My Groups ~
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In the search box, type Landsat and then click on the magnifying glass.
s

Landsat

Featured My Maps and Data My Groups =

You may only see those maps that have been saved by your organization. To access maps that
others outside of your organization have created, make sure that the box Only search in... is
unchecked.

Featured My Maps and Data My Groups ~

Search: Landsat pefanged by Relevance Results 1-100 of 1024

[] Gnly search in Virginia Tech

World Imagery [E: | | False Color/Near Infrared (432) 1975-2

(1Y This map service presents satellite imagery for This image's band combination {4 3 2) gives
X 8 the world and high-resolution imagery for the - results similar to traditional color infrared
I'ed  United States and other areas around the aerial photography and is useful for

world. ) vegetation studies, monitoring drainage, soil

Map Service by esri  5/16/2014 Details Add Image Service by esri 2/26/2014 Details Add

Landsat Time Enabled Imagery Vegetation Analysis (543) 1990-2010

This is a map of the time enabled Landsat ’ This image's band combination (5 4 3) is
services and can be used to explore change ZA g useful for vegetation studies. Healthy
over time in web browsers o vegetation is bright green and soils are

3 mauve.

12 345 Next

You will get all the results of map documents created by ESRI using Landsat imagery. There
were over 1024 maps were available when this tutorial was completed (red circle).

That is a lot of maps to page through, so, let’s refine the search and change the search type to
Landsat8. (If you have already identified the exact map — as identified in pages 1 and 2 of this
tutorial -- use the exact name of the map in the search window, including spaces if any).
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This time, we see only 34 results (red circle).

Londsais IS} © Maps and Data @ Groups

Featured My Maps and Data My Groups ~

Arranged by Relevance o 34 Results

Virginia Tech

Only search in Virginia Tech

rl_andsats Views rl_andsats Services

L Landsat8 imageservice for visualization All Landsat8 services
s

Web Map by rasterteam it 12/12/2013 Details Open Web Map by rasterteam_ivt  12/18/2013 Details Open
Landsat8 Services-FedGIS Landsat 8 Views

Landsat 8 OLI, 30m Multispectral 8 band
scenes with visual renderings and indices.
Updated daily. ArcGIS Online subscription
required.

All Landsat8 services

Web Map by FedGISContent  2/7/2014 Details Open Image Service by esri  4/18/2014 Details Add

As seen in the above window, the window on page 5, and below, the same listing of maps are
shown as we saw when we went straight to ESRI’s website (page 1). We can also get the details
from this window. Look for the map titled Landsat 8 Layers. As you can see we have both
= Details
CE] -~ - . and Open
as options.
Click on
Details.
Virginia Tech You will
see the
same
[] ©nly search in Virginia Tech details as

- you did
- I before

(page 2).

Featured My Maps and Data My Groups

Search: Landsat8 Arranged by Relevance i 34 Results

Image Service by rasterteam_ivt ~ 12/11/2013 Details Add Image Service by rasterteam vt 12/16/2013 Details Add

Landsat8 Analytic Map Landsat 8 Layers

Map containing Landsat 8 service for This map features multiple image layers

analytical purposes presenting different views of Landsat 8
imagery of the world. ArcGIS Online /
subscription required.

Web Map by rasterteam ivt ~ 12/10/2013 Details Open Web Map by esii 4/18/2014 Details Open

Ty | [sndcit e Rnatotin = |
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Now click on Open, here or here.

Featured My MapsandDva My Groups =

-

Search: Landsat8  Arranged by Reld 34 Results Landsat 8 Layers

o

Landsat8_Views Web Map

3 o Owner: esn
e R Date modified: 4/18/2014
= H e WO 5 Ratings

Image Service by rasterteam_ivt  12/16/2013 Details Add Description Properties | Comments (0)
\
Landsat8 Analytic Map This map contains a number of Dynamic Image Services
Map containing Landsat 8 servidg for providing access to various Landsat 8 scenes covering the
analytical purposes landmass of the World for visual interpretation. Landsat 8
collects new scenes for each path/row every 16days, assuming
limited cloud coverage. Landsat 8 collects new scenes for each
Web Map by rasterteam it 12/10/2013 Detalk Open location on Earth every 16 days, assuming limited cloud
\ coverage. The service is updated on a daily basis to include the
Landsat 8 Layers latest ‘Best’ scenes from the USGS.
i3 a This map features multiple image layel : s
presenting different views of Landsat 8 Each scene is processed on-the-fly from the original Landsat8
imagery of the world. ArcGIS Online 12bit/channel scenes (with only lossless compression applied)
* subscription required. to compute apparent. An appropriate renderer is then applied
to return an 8bit/channel image. A DRA (Dynamic Range
Adjustment) version of the function is also included, which
enables the full dynamic range of the images.

Web Map by esn 4/18/2014 Details Open

Landsat8 Pansharpened

HandsatiEanshalpened sene Currently ‘Best’ is defined as the latest 4 scenes for each path/

row with a cloud coverage of <50, plus the scene closest to the
corresponding GLS 2000 scene. Over time the older or cloudier
scenes will be removed from the service.

-

The on-line map document from ESRI will eventually open in your ArcMap window, just be
patient. You may see the following in the upper status bar. Don’t worry, be patient.

Q@ ile= -0 8@ 722N TRy
' Drawing~ K (=) %2 [ - A - 72| @) Avial v[io v|B

Once the map document is ready to open, you may
see the window on the right. Be sure to check with

your IT Department before clicking yes on this @ o i A ook s o e s oy

window. For now, just click No. performance of Basemap Layers and accelerated raster
layers on machines with compatible hardware.

Would you like to enable hardware acceleration?

The document will then open in ArcMap.

[ | pon't show this Dialog again
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Examing an ESRI Landsat 8 Map Document

<] Landsat 8 Layers - ArcMap - olEl
EEC D & - 11458687 Y EAERO R, QAo i T T T
3 oo aEL ) Desuirg~ O+ A~ [Bawm V0 VB g ASO e e e el e
Fle G Wiew imcbrais o ey Gooprosening Cusiiviee) Windiols. Holp
Table OF Contents nx '~ &

Easca|m
= Landsat 8 Layers
& B World Boundaries and Places
@ O Normalized Difference Moisture Ind
O NDVI Colarized
= O Short-wave Infrared with DRA

~TUNISIA E
- LEBANON
* Dam;

Bmmlﬁ .

1SRAEL / wra IHE
TelAviv-Yato by &
Alexandria Jerysdism

\ (JORDA

Cairo
.

= O Agriculture with DRA
RGE
M Red: Band_1
I Green: Band_2
mElus Band 3

High: 55000

Low: 5000

[ B PanSharpened
RGE

= @ Basemap
& Canvas/World Light Gray Base

|2 s[Eal e u ¢

I ] QA A A - g e

You have accessed Landsat 8 scenes for the entire world. It defaults to show Northern Africa,
You can navigate to your own region of interest in one of two ways.

1 - You can navigate by using the pan tool to go to the region.

2 - Or, the better option is to add your personal shapefile for your region and then zoom in to the
area. Yes, you can now add your personal shapefiles!
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In the map document window, below, I have added the boundary file for the City of Roanoke,
Virginia and then zoomed to the layer. | have altered the symbology for this polgyon file so it is
hollow with a cyan-colored border.

Landsat 8 Layers - AreMap - 5 IEH
I EEAERRE =, L8009 N * - k'@ BZMASL
Dimsing - I “ A ) Acia vl wim g p A Bl Bl

105 PM

i 573072014

Now let’s take a closer look at the Table of Contents in the window on the left side of ArcMap.
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You see the City of Roanoke, Virginia boundary layer on top since that is the last layer added.

For this particular ESRI Landsat 8 map document, it
has several different layers. ESRI just did not create
a map document with Landsat 8 images, they also
have World Boundaries and Places (top of the Table
of Contents) and an underlying Basemap (bottom of
the Table of Contents).

Also included in the Landsat 8 Layers map document
are several Landsat layers that have been processed by
ESRI for certain properties. The first one is
Normalized Difference Moisture Index Colorized,
Then NDVI Colorized. (You can refer back to
Tutorial 16 - Spectral Enhancement of Landsat
Imagery — for specific uses on NDVI, Color Infrared,

and other band ratios. Available from
http://virginiaview.cnre.vt.edu/education.html#RSinArcGIS10

or from the Virginia Geospatial Technology YouTube
channel.)

Remember the varying bands of Landsat do represent
different regions of the electromagnetic spectrum, so
please refer to earlier tutorials for more information.
Landsat 8 has additional bands not present on prior
Landsat satellites, and for specifics on the varying
bands of Landsat 8, you should consult the USGS
website on specific uses for the different Landsat
bands.

http://landsat.usgs.gov/band designations_landsat_satellites.php

Not all of the layers in the Table of Contents are
turned on. But you can turn on and off layers for
display purposes. It is better not to have them all
turned on at the same time. Remember you have a
map document with images for the entire world, so it
takes some time to load and unload.

Let’s look at one of these layers as an example.

0O =h] = % =) & - [1:105972
3 100% B
File Edit View Bookmarks Insert Selection Geoprocessing Cu
Table Of Contents 7
FRERCR AN

= = Landsat 8 Layers

[+ M World Boundaries and Places
[+ O Normalized Difference Moisture Index Colorized
& O NDVI Colorized
= O Short-wave Infrared with DRA
RGB
I Red: Band_1
M Green: Band_2
I Blue: Band_3
= O Color Infrared
RGB
I Red: Band_1
Green: Band_2
M Blue: Band_3
= O Agriculture with DRA
RGB
M Red: Band_1
[ Green: Band 2
W Blue: Band_3
= O Panchromatic

Value
High : 55000

Low : 5000

= M PanSharpened
RGB
M Red: Band_1
Green: Band_2
M Blue: Band_3
= Basemap
J&2] Canvas/World_Light_Gray_Base

Uncheck World Boundaries and Places in the Table of Contents, and check Normalized

Difference Moisture Index Colorized (red box).
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Your map display will now look like this (note again, this is for the Roanoke, Virginia area):

(] ’ Landsat 8 Layers - map — olEl
Dedd B x| | &-[[1105972 VEEAEEO R, RAGO0 M e (D @ E NS [
3 i - oo e Diawing= K 71 %0 [+ A~ | /@ Arial v B s gl A B oy e
Fle bt View Bookmaks imset Seecion Geoprocesing Customize Windows Help
Table Of Contents 9 x
EHoeosim
= = landsat 8 Layers
B C o Rouncic vigina

7 O World Boundaries
# @ Normalized Differs
& O NDVI Colarized
= O Short-wave Infrared with DRA
RGE

M Red: Band_1

@ Green: Band 2

M Blue: Band 3
E O Color Infrared

1 Green: Band 2
M Blue Band3
= O Agriculiure with DRA
RGE

Value
High : 55000

Low : 5000

= @ PanSharpened
RGE
M Red: Band_1
8 Green: Band_2
W Ble Band 3
= @ Basemap
& B Canvas/World_Light Gray_Base

ESRI has already processed the Landsat scene for this layer. It is a band ratio called Normalized

Difference Moisture Index (NDMI). The formula for this ratio will vary, depending on the

specific satellite system, so you should consult specific literature and the satellite system website

to determine which bands should be used to calculate this or any other band ratio.

You could download Landsat Imagery yourself directly from EarthExplorer (Tutorial 8 —
Downloading Landsat Imagery from EarthExplorer) and process it using ArcMap’s Image
Analysis or Spatial Analyst tools to develop the same index, but ESRI has saved you time and

provided you with the results.

Colorized means that ESRI chose a default color scheme for this display.

In the Table of

Contents, it does show RGB, but since ESRI has already processed these particular images,

these, again, are strictly colorization in the
three basic visible colors — red, green and
blue. You can change the symbology, if you
wish, for different color combinations. This
does not change the results.

ESRI has also already processed some of the
images for display as specific band
combinations (as discussed in Tutorial 12 —
Specific Band Combinations Using Landsat
Imagery). As an example, on the right —
ESRI has processed these map documents

False Color/ Near Infrared (432) 1975-2 =0

This image's band combination {4 3 2) gives
| results similar to traditional color infrared
aerial photography and is useful for
vegetation studies, monitoring drainage, soil

Image Service by esr 2/26/2014

Details Add

Vegetatlon Analysis (543) 1990-2010 [

This image's band combination (54 3} is
| useful for vegetation studies. Healthy

| vegetation is bright green and soils are

| mauve.

with only three specific Landsat bands as noted in the map’s title.
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Please note that there is one ESRI Landsat Map document that allows us to create our own band
combinations - we will discuss this in a subsequent section.

Each one of the layers in the Table of Contents also has an attribute table (example below).

Table LES
- - R
NDVI Colorized *
| | OBJECTID | Shape | RASTER Name MinPS | MaxPS | LowPS | HighPS | Category WRS Path | WRS Row | Best | AcquisitionDato SunAzimuth | SunElevation | CloudCover | PR | Latest | DayOf¥ear | Mont ~
7] Pelyaon [Ca136031201M146LGH00 0 300 30 120 T[0T 136 37| B64031 5262014 63174 64 06218 0.0007 | 136031 | 864031 725
2 Poiygon 10812003220 18616100 o5 3 120 A[or i) 37 880032 57620 35792 52 8660¢ 0004 | 120032 680032 a5
| 3] Pelygon LC81360322014145LGHO0 0 300 £} 120 | [ 3 32 664032 1335601 54 87466 00031 | 136032 | Boe032 45
& Palygon LC31620402014146LGNOD 0 300 3 120 [ar 152 40 | 8440 106 2008 68 92767 0.0007 | 152040 | 848040 a6
| 5| Palygon | T8 1520262014145 GHIOD 0 300 ] 120 [T =l 78 | 545028 | £1267 143739 57 35058 0007 | 152028 | BAB0ZE i
| 6| Palygon LC81040712014146LGHNO0 0 300 3 120 [T 04| 71 6960 I 3813401 4365266 0] 104071 | 898071 18
7| Palygon LCE1520352014145L GHOD 0 30 3 120 T[T 182 39| 8480 1100384 6870905 00022 | 152039 | 843038 188
| 8| Palygon LCA 10407020 14146 GNOG 0 300 3 120 (S 104 70 6960 3 78248 4451076 0] 104070 09670 125
9| Polygon LCE#1520272014146LGN00 0 300 ] 120 [T 152 27 | 8480 1468628 6036356 00018 | 152007 | 848027 146
| 10 Polygon LCA 1200372014145 GO0 o] 30| 30| 120 i (i 120 37| 8800 1174952 67 98964 00013| 120037 880037 0
M 11| Polygon LCE1520412014146LGN0D 0 30 D) 120 1] 152 41] 6480 102.3081 69.05225 00015 [ 152041 | 640041 146
12| Polygon | LCA1200342014145L GHOO 0 300 E) 120 [T 120 34 8800 127 6077 6 11989 001 120034 | BA0O3L 186
M| 13 Polygon LCA12003520 14125 GNOO 0 300 30 120 T[0T 120 35| 8800 124 3671 6 95023 0035 | 580035 %5
14 | Palygon LCA1200365014146L GO0 0 300 3 120 [ar 120 36 | 8600 1216138 750477 0036 | 680036 b
15| Polygon LCA1040652014146LGN00 | 0 300 E 20 i [ M 65 | BGG0: T 48454 5 15935 1007 | 104065 | BOAOBY. 25
| 16 Polygon LC16204220 14146 G100 0 300 30 120 1|0T 152 42 B480 v 933744 08123 152042 BABOAZ 6
17| Palygon LCR1040722014125L GHOD [ 300 30 20 [ar 1 72| 896072 |57 37 53613 47 38667 0| 104072 | Boa7Z 46
| 18 Polygon LCA 1200332014145 GNOO 0 300 30 120 [ 120 33 880033 |5 1306711 65 62347 00003 | 120033 | 880033 I3
| 19 Polygon | LCO0970742014145L GO [ 0 3 121 1| 97 74 503074 | 5125 36.60128 39,9801 0| e7074| 903074 45
20| Polygon LCOZZ50692014145L G0 ] 300 30 21 [T 225 63| 775069 | 51257 335529 462303 00021 | 225069 | 775069 25
] 21 Polygon | LCB1T70462014145LGNOD 0 00 30 12 [E T 46| 623046 | 51257 83.66703 26732 0] 177045 623046 145
22 Polygon LCE1610452014145L GHOO 0 00 30 120 Il 161 45| 539025 67 36069 68.602 0167045 B33045 a5

The attribute table lists general Landsat metadata for each scene. Remember again, this map
document has Landsat scenes for the entire world. (For more details on metadata, refer back to
Tutorial 9 - Information about your Downloaded Landsat Imagery.)

In the very bottom right corner of your map
document window, you will see an index card (red
square). If you click on this card you will get a
Service Layer Credits window for each of the layers
that are turned on in your Table of Contents. This
window provides you with a quick reference for the
images’ source and processors.

/

1:.06 PM
5/30/2014

Service Layer Credits

Landsat 8 Views - Esri, USGS/NASA Landsat

Normalized Difference Moisture Index Colorized - Esri, USGS/NASA
Landsat

PanSharpened - Esri, USGS/NASA Landsat

Canvas/World_Light_Gray_Base - Esri, HERE, DeLorme, MapmyIndia, ©
OpenStreetMap contributors, and the GIS user community
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Adding Multiple ESRI Landsat 8 Datasets to the Same Map Document
Sometimes, you can add multiple Landsat files to the same map document.

Go back to File/ArcGIS Online (page 4), pull up the search window and again search for Landsat
8. This time, look for Landsat 8 Views. When you have one Landsat file already open and
active in ArcGIS Desktop (ArcMap), the search window returns results, but not all the results say
Details and Open (red circle below for Landsat8 Services). Some of them will say Details and
Add (green circle below for Landsat 8 Views).

e Arcqls Landsat8 Fol O Maps and Data @ G
oniline

=
S

Search: Landsat8 Arranged by | Relevance > 34 Results

Virginia Tech

["] Only search in Virginia Tech

Landsat8 Views Landsat8 Services

]

| Landsatd imageservice for visualization

f .r::.' |
e - !
Web Map by rasterteam vt 12/12/2013 Details Qpen Web Map by rasterteam_ivt  12/18/2013 Details ODD

N

Landsat8 Services-FedGIS Landsat 8 Views (ESRI|
o 8 andsat 8 OLI, 30m Multispectral 8 band
! M. scenes with visual renderings and indices.

All Landsat8 services

: | All Landsat8 services

- -

Updated daily. ArcGIS Online subscription

| e .| 4 required.
| Web Map by FedGISContent  2/7/2014 Details Open e Service by esr 4/18/2014 Details 9 -
| - )

If the words are Details and Open, then ArcMap will only allow that map document to be opened
as a new map document. If you click Open, ArcMap will close the current map document and
load the new one. If the words are Details and Add, ArcMap will add this as an additional layer
to the current map document.

Click on Add under Landsat 8 Views. Again, be patient while it loads!
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Your results will show that Landsat 8 Views has
been added as the top raster layer in your Table
of Contents.

The layer is checked, so it is turned on and will
be the layer that shows in the map display
window.

ESRI Landsat 8 Services

Table Of Contents

Else8 =

=l =F Landsat 8 Layers
= ™ City of Roanoke Virginia

v

>
= Landsat 8 Views

RGB
W Red: Band_1
[ Green: Band_2
W Biue: Band_3

O World Boundaries and Places
[0 Normalized Difference Moisture Index Colorized

NDVI Colorized

= O Short-wave Infrared with DRA

RGB
M Red: Band_1
M Green; Band_2
W Biue: Band_3
= O Color Infrared
RGB
W Red: Band_1
I Green: Band_2
W Blue: Band_3
= O Agriculture with DRA
RGB
M Red: Band_1
[ Green: Band_2
W Blue: Band_3
= O Panchromatic
Value

ESRI’s Map Document - Landsat 8 Services allows you to access Landsat 8 scenes with eight of

the Landsat bands enabled to use in various

displays and analysis. With this particular
data set, you can display different band
combinations of your choosing and even
extract specific Landsat brightness values to
vector point files.

As you can see from this data set, you cannot

Add it to a current map document, you can only Open it as a new map document.
this in your ArcGIS Online search window and Open it.

Web Map by rasterteam_ivt

Landsat8 Services
Lo All Landsat8 services

12A18/2013

Details Open

Search for

Remember, this will automatically

open to show the region of Northern Africa, so you will again need to navigate to your area of
interest. Next, add your boundary shapefile for your area of interest and zoom to this area. You
will see the following in your map document window:
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And the following Layers show in your Table of Contents. Again,
the City of Roanoke, Virginia boundary file is displayed on top.
The raster files related to the Landsat 8 images are listed in order by
ESRI. For more information on the specifics of the Landsat8
Panchromatic, PanSharpened, please visit the Landsat 8 website.

http://landsat.usgs.gov/band designations landsat satellites.php

The layer that allows us to display different band combinations with
eight of the Landsat 8 bands is Landsat8_Analytic (red box). This
raster layer also shows it is displayed in red, green, and blue, but for
this layer, you can choose which bands are actually displayed in the
map document window.

Uncheck all of the other layers (except your boundary layer) and
check Landsat8_Analytic.

Table Of Contents
8o8|:

= = Landsat8 Services

= City of Roanoke, Virginia
(|
= O Landsat8_Panchromatic

Value
High : 55000

Low : 5000

= O Landsat8_PanSharpened
RGB
W Red: Band_1
Il Green: Band_2
W Blue: Band_3
= ™ Landsat8_Views
RGB
W Red: Band_1
[ Green:; Band_2
W Blue: Band_3

= I Basemap

= O Landsat8_Analytic
RGB
W Red: Band_1
I Green: Band_2
W Blue: Band_3

World_Topo_Map
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Your Map Document window will look like:

The above image is displaying Band 1 as red, Band 2 as green, and Band 3 as blue. The visual
qualities of the image are easily enhanced!

Layer Propertig

Definition Query

General Source Key Metadata Extent Display
S__hcﬁ'._r__:—\ Draw raster as an RGB composite
Channel Band
Red Band_1
Green Band_2
Blue Band_3
[ ] Alpha

L7}

Symbology

Server Functions

Time

Mosaic Select

="

Change this combination,
red to 4, green to 3, and

blue to 2.

General Source

Definition Query
Key Metadata

Channel

. Red

Green
D Alpha

Layer Properties

Display

....... : - |Draw raster as an RGB composite

Band

Band_4
Band_3
Band_2

Status
Symbology

Server Functions Mosaic

4/4] 4/«

Ti
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Your map document window may look like this (a natural color image, for Landsat 8, Band 4 is
red visible, Band 3 is green visible, and Band 2 is blue visible — see

http://landsat.usgs.gov/band_designations_landsat_satellite

s.php): _

| ?-vl ‘.“\‘ “

B i

If you don’t remember how to create band combinations — see Tutorial 12 — Creating Band
Combinations from Landsat Imagery (http://www.virginiaview.net/education.html).

Does your image look different than the image above? You may need to change the resolution
settings — radiometric, spatial and spectral. See Tutorials 14, 15 and 16 on radiometric, spatial
and spectral enhancement of Landsat Imagery.

With the Landsat8 Analytic layer, you can work with the Image Analysis window in ArcMap,
just as you would if you were working with Landsat images you downloaded directly from
EarthExplorer. You can subset the image, you can make composite images, you can do land
cover/land use classifications. You can also connect to the Virginia Geographic Information
Network (VGIN) servers (or other GIS Servers) to access additional layers to add to your ESRI
Landsat map document (Tutorial 3 — Connecting to a Drive or Server in ArcMap). For access to
all the tutorials on using Landsat Imagery in an ArcGIS 10.X environment, go to:

http://virginiaview.cnre.vt.edu/education.html#RSinArcGIS10
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Additional Landsat Map Document Details

So now you have accessed multiple layers or map documents
from ESRI’s Landsat Database If you forget the details on
any particular document that you have opened or added to

your desktop application, you do not need to go back to File | Edit View

Bookmarks Insert  Sel

summary details you saw on pages 2 and 7. HH  ArcGIS Online..

ArcGIS Online or the ESRI website to get some details. [ New.. Ctrl+N
These details are contained within your map document. Go £ Open- Cirl-0
to File/Map Document Properties. | & save Ctrl+S

] Save As...

E Save A Copy...

E Share As [

Add Data 8
You will then see the window below, which gives you (B3 signin..

Page and Print Setup...

1
- . 1 . "
Map Document Properties ! Print Preview...
1 Print...
General 1
: Export Map...
File: |
' ) ! Analyze Map...
Title: Landsat & Layers 1 ¥ g
S " Map Documnent Properties...
Summary: This map features multiple image layers presenting
different views of Landsat 8 imagery of the world.
ArcGIS Online subscription required.
Description: This map contains a number of Dynamic Image  »
Services providingaccess to various Landsat 8
scenes covering the landmass of the World for
visual interpretation. Landsat 8 collects new
scenes for each path/row everyl6days,
assuming limited cloud coverage. Landsat 8
collects new scenes for eachlocation on Earth w
Author:
Credits: Esri, USGS/NASA Landsat
Tags: imagery, temporal, multispectral, landsat, landsat 8

Hyperlink base:

Last Saved: 5/30/2014 1:02:12 PM

Last Printed:

Last Exported:

Default 7
Geodatabase: C:\Users\Tammy'\Documents\ArcGIS\Default.gdt =5]
Pathnames: [##] store relative pathnames to data sources
Fhinbnails Make Thumbnail

Cancel

x|

Apply
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Additional source information can be found in the individual layer propertles window. Just right
click on any layer name and click on the Properties tab.

88|
= = Landsat 8 Layers
= M citylimit_poly

O
= o [
KB X Remove
W Red: B ¢’ Zoom To Layer
8 Green: § & g
fesm @ Zoom To Source Resolution
B Blve: B Visible Scale Range »
O World Bo : z
=1
Normalize A pri
O NDVI Colg —
pen il € lable
E5 Open Attribute Tabl
= O Short-way
RGB Selection »
B Red: B Data 3
= Green: E i A Foes
) ) A W Biue: B <> Save As Layer File...
YOU Wl” get the Layer PI’OpeftIeS WlndOW, beIOW, = O Color Infra Q) Create Layer Package...
which provides additional source credits. 8GRy, | Properties..

Bl Red: Band 1

x
| Definition Query | Status | Time |
General | Saurce | Key Metadata | Extent I Display Symbology | Server Functions | Mosaic Selection Fields |
Layer Name: ‘ [#] visible
Description: Dynamic Image Service proving visual access to Landsat8 OLT 30m 8band ~

multispectral scenes covering the landmass of the World. Scaled apparent
reflectance as well as different renderings of band combinations and indices

are applied as on-the-fly functions. The services is updated on a daily basis to
include the latest best scenes from the USGS. This services are currently in v

Credits: Esri, USGS/NASA Landsat

Scale Range
You can specify the range of scales at which this layer will be shown:
(®) Show layer at all scales

() pon't show layer when zoomed:

out beyond: <None> ~  (minimum scale)

In beyond: <None> v (maximum scale) E !

oK | | Cancel Apply
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Saving an ESRI Landsat 8 Map Document

Once you have finished with an ESRI map document, you can name it and save it to your
organization’s map files, but if you have not made any specific additions (i.e., added your own
personal files), saving may not be necessary. Again, please be sure to check with your
organization’s usage details before saving any map documents to ESRI’s online services.

Additional Help for using ArcMap or ArcGIS On-Line

ESRI has many tutorials on-line, written and video on using different services and tools within
ArcGIS on-line and ArcGIS Desktop.

ArcGIS online Help can be accessed:

http://help.arcgis.com/en/arcgisexplorer/help/index.html#//01560000005p000000

The video tutorials can be accessed at this link:

http://training.esri.com/gateway/index.cfm?fa=seminars.recordedSeminars&WT.mc id=EmailC
ampaigna34705

For written and video VirginiaView Tutorials on Image Analysis within an ArcGIS 10.X
Environment:

http://virginiaview.cnre.vt.edu/education.htmI#RSinArcGIS10

" Any K-12 institution in the United States is eligible for a free ArcGIS Online for Organizations
Account via Esri's ConnectEd initiative. For more information about this program, go here
(http://connected.esri.com).
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Landsat images are acquired in grayscale and a different image is downloaded for each one of
the bands. By creating a composite image, you can display the images in color. Displaying
bands in the RGB format allows you to see different features within a scene and become more
familiar with the scene — to identify urban areas, forests, agriculture, and water bodies, for
example. Familiarity with your Landsat scene is important in order to do different types of
analyses, such as unsupervised classifications, supervised classifications, and different indices
(ex: NDVI). Different types of analyses will be covered in subsequent tutorials.

Remember, from prior tutorials, that the electromagnetic spectrum differs for each band. Each
one of these bands is useful for distinguishing different features.

Table 3. TM and ETM+ band designations.
Spectral bands ‘."u_'aueEen_t;th Resolution Use
{micrometers) (meters)
Band 1-blue-green 045052 30 Bathymetric mapping; distinguishes soil from vegetation; deciduous from coniferous
vegetation.
Band 2-green 0.52-0.61 30 Emphasizes peak vegetation. which is useful for assessing plant vigor.
Band 3-red 0.63-0.62 30 Emphasizes vegetation slopes.
Band 4-reflected IR 0.76-0.90 30 Emphasizes biomass content and shorelines.
Band 5—reflected IR 155175 30 Discriminates moisture content of soil and vegetation; penetrates thin clouds.
Band 6-thermal 10.40-12.50 120 Useful for thermal mapping and estimated soil moisture.
Band 7—reflected IR 208235 30 Useful for mapping hydrothermally altered rocks associated with mineral deposits.
Band 8—panchromatic 0.52-090 15 Useful in *sharpening” multispectral images.
(Landsat 7)
Instrument-specific relative spectral response functions may be viewed and compared using the Spectral Viewer tool: hitp:/landsar.usgs.gov/itools_spectralliewerphp.

If you download a different scene from a different sensor, each band will likely convey different
information. Please see: http://pubs.usgs.gov/fs/2012/3072/fs2012-3072.pdf for more
information.

Please be sure you have completed the tutorial on Displaying Landsat Images in ArcMap before
starting this tutorial.
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Creating One Composite Image for 7 Bands

Open ArcMap, open a new map document, and add all 7 Landsat images to your map
document. Remember, each image will be listed separately in your Table of Contents and
displayed in the ArcMap document window on top of each other, so you will only see the image
listed on top. Set your Workspace and open the Image Analysis window. Make sure your
images are listed in band order 1 - 7.

In the top of the Image Analysis window, highlight all 7 images. (Left-click on the first
image, then holding down the shift button on your keypad, left-click on the last image — all 7
images will be highlighted.) Notice that several additional buttons are now enabled. We are
now most interested in the buttons under Processing. The one we are going to use is Composite

Bands.

~ &
[Elend B ] B
| sharpen x| =

Left-click on this button (again be sure that all 7 images are highlighted in the top of the
Image Analysis window before you click this button).  This button creates a temporary
composite image containing all seven bands. Why do we want to create a composite image?
Compositing an image will allow us to display the image in color, most specifically in RGB style

(Red, Green, Blue). The human eye can only see that portion of the electromagnetic spectrum
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within the visual spectrum. By compositing the image, we can display different bands using the
RGB color scheme, even those not visible to the naked eye.
You will see this new composite image in three different places:

The Table of Contents:

| & Layers
= Composite_LT50170342011072GNC01_B1.TIF
RGE
I Fed: Band 1
[ Green: Band_2
I Elue: Band_3

=] LT50170342011072GNC01_B1.TIF

In the map document window:
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And, listed as the top file in the list of files in the Image Analysis window:
o Image Analysis @ x

-

[T

[¥] € Composite_LT50170342011072GNC01_B1.TIF =
[V] L T50170342011072GNC01_B1.TIF

[T 485 Ten1 24110 73NN BY TTE :
ol Tl | |
=T

-

Next, let’s discuss what we see in the Table of Contents.

| & layers
= Composite_ LT50170342011072GMC01_B1.TIF
RGE
I Red: Band 1
[ Green: Band_2
I Elus: Band 3
= ,L]Eﬂl}'ﬂﬂ@ﬂﬂﬂﬁhﬂ]jﬁi JIF

It shows Band 1 as Red, Band 2 as Green, and Band 3 as Blue. But remember from the
Landsat Table above, Band 1 represents the blue range of the visible spectrum, Band 2 — the
green, and Band 3 — the red. Why the difference? ArcMap has defaulted the order of the bands
to the RGB order but the Landsat Bands are still displayed in order 1, 2, 3..... We can change
the display and we will discuss in the tutorial on Creating Different Band Combinations.

The composite file that you created is a temporary file. If you look in your workspace
folder, you will not see this file listed. It cannot be added to any other map document and if you
close this map document without saving the map document, it will disappear. You can use this
temporary file if you immediately plan to proceed to the Creating Different Band Combinations

tutorial. We recommend that you make this file permanent by saving it.
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Saving Your New Composite Image

Within the Image Analysis window, left-click to highlight the composite image (or the

image that you wish to save). Under the Processing e Analysis

=

4P Composite_LT50170342011072GNCO1 B
[] 4 LT50170342011072GNCO1_BL.TIF

[] 4¥LT50170342011072GNC0O1_B2.TIF
\ [] 4 LT50170342011072GNCO1_B3.TIF

i Processing \ 4 | m |

e

section, the Save button will now be enabled. Left-

click on this button.

You will get the following dialog box. Accept the settings in the top of the window as shown.

Spatial Reference
(7 Data Frame (Current)

(@) Raster Dataset (Original) 17 et e e

: . @ Raster Dataset (Original
(7 Selected Graphics (Clipping) | Clip Tnside e )

Dutput Raster
[] Use Renderer [T square: Cell Size (ox, cy): @ 30

/| Force RGE Raster Size (columns, rows): ) | ap01

IIze Colormap MaoData as: 255

Mame Property

Bands 7
Pixel Depth 8 Bit
Uncompressed Size 379,82 MB

Extent {eft, top, right, bottom) ( 432585.0000, 4255215.0000, 672615.0000, 4041885.0000)
i | :

.[.I:.‘IPhD.‘l,EDlS 'I.ﬂrginiah’lew‘nJ_and.sat_Duwnluaas\J_ana.sat_wn.rkspace @

Landsat_Composité Format: ['I'[FF

Compression Type: Compression Quality
NONE e

About export raster data Save
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At the bottom of the window, make sure your workspace is showing in Location, name
your file (it may have already filled in with a name but you can click in that window and name it
what you want). Leave Compression Type as None and Format as TIFF. (Note- different
Formats are available but please see ArcGIS help for more information as those different types
are beyond the scope of this tutorial.)

You will then receive the following dialog box. Left-click on No (you do not want to

promote the pixel depth by including the NoData pixels — this will change the image)

% 1 Export will add MoData pixels to the output raster dataset. In order to
MW store the MoData pixels in the output, pixel depth will be promoted. Do
| you want to promote the pixel depth? Yes (promote, and export]), No
l (no promote, export), Cancel (cancel export).

Once you have clicked on No, you will see the following progress bar at the bottom of

your ArcMap window: . 16%

When it hits 100%, it will disappear and you will see the following in the lower left hand

corner of your ArcMap window:  Build Pyramid..  Be Patient!

Once that is complete, you will see the following dialog box:

L
T i v T =,

a7
Cutput Raster |

PP WS T e BT BN
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Left-click on Yes. Your file is now a permanent file. If you go to the Layer

Properties/Source tab, you can see the Status as Permanent.

| General | Source | Key Metadata | Bxtert | Display | Symbology |
Property Value -
|| Pixel Type unsigned integer L

Pixel Depth 8 Bit =
NoData Value 256, 256, 256, 256, 256, 256, 256 e
Colormap absent
Pyramids level: 5, resampling: Mearest Neighbor
Compression MNone
Mensuration Capabilities Basic
Status Permanent

= Extent -

You are now ready to proceed to the Band Combinations tutorial.
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Notes:
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

In this tutorial, you will learn how to display color images in different band combinations using
ArcGIS 10.X and how an analyst can use these different combinations.

Introduction

Landsat images are acquired in grayscale but by combining 3 or more bands, you can display the
images in color. Using different band combinations to display your scene allows you to see
different features within a scene and become more familiar with the scene — to identify urban
areas, forests, agriculture, and water bodies, for example. Familiarity with your Landsat scene is
important in order to do different types of analyses, such as unsupervised classifications,
supervised classifications, and different indices (ex: NDVI). Different types of analyses will be
covered in subsequent tutorials.

Remember, from prior tutorials, that the electromagnetic spectrum differs for each band. Each
one of these bands is useful for distinguishing different features (please also see additional notes
at the end of this tutorial):

Table3. TMand ETM+ band designations.
Spectral bands ‘."u_'aueiength Hisol wtion Use
{micrometers) (meters)
Band 1-blue-green 0.45-0.52 30 Bathymetric mapping: distinguishes soil from vegetation; deciduous from coniferous
vegetation.
Band 2—green 0.52-0.61 30 Emphasizes peak vegetation. which is useful for assessing plant vigor.
Band 3-red 0.63-0.69 30 Emphasizes vegetation slopes.
Band 4-reflected IR 0.76-0.90 30 Emphasizes biomass content and shorelines.
Band 5—reflected IR 155175 30 Discriminates moisture content of soil and vegetation; penefrates thin clouds.
Band 6-—thermal 10.40-12 .50 120 Useful for thermal mapping and estimated so1l moisture.
Band 7—reflected IR 208235 30 Useful for mapping hydrothermally altered rocks associated with mineral deposits.
Band §—panchromatic 0.52-0.90 15 Useful in *sharpening” multispectral images.
(Landsat 7)
Instniment-specific relative spectral response functions may be viewed and compared using the Spectral Viewer tool: hitp:/landsat.usgs. gov'tools_spectralliewerphp.

If you download a different scene from a different sensor, each band will likely convey different
information. Please see: http://pubs.usgs.qov/fs/2012/3072/fs2012-3072.pdf for more
information.
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Creating Different Band Combinations

Open ArcMap, open a new map document, and add the composite image that was created
in the tutorial on Creating a Composite Image from Landsat Imagery. Set your Workspace. You
will not need the Image Analysis Window to display different band combinations.

Right click on your composite image in the Table of Contents, go to Properties and click
on the Symbology tab. This tab looks very different than it did when we were looking at the
image of a single band. The RGB Composite is highlighted (red oval) and multiple Channels
and Bands are listed (green oval).

Under Stretch, it lists the method that ArcMap used to stretch the colors over the range of
brightness values (remember each band has a range of brightness values). (Note — specific
discussion of the different methods is beyond this tutorial — please see ArcGIS Help or other

related sources for further information.)

[Re — s B e i i e e

Layer Properties |i|
I General I Source I Key Metadata | Extent I Display| Symbalogy | Functions
Show: -
b st RGB it =
- | raw raster as an composite

Channel Band
[¥] red Band_1
[¥] Green Band_2
| [¥] Blue Band_3
| 7] Alpha Band_1

isplay Background Value: (R,

m

Display MoData as

Stretch
Type: Percent Clip '] l Histograms. .. ]
min: 2 ma: 2 [ 1rvert
[¥] apply Gamma Stretch: 0.9120:  0.91201 0.91201
Statistics
EEEY o - [Frorn Each Raster Datazet v]
about symbolo | Red |Green |EBlue | i
OK || Cancel Appl
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Click on the Histograms button. ArcMap displays the histograms for each band

displayed in the red, green, or blue channels. These are frequency histograms which plot the

values of the digital numbers (DNs) (x-axis) against the number of pixels with that value (y-

axis). It shows the minimum DN value, and the maximum, mean, and standard deviation. Why

would each histogram look different?

(Answer — because each band has a different range of DNs.) We will discuss Histograms more in

the tutorial on Radiometric Enhancement of Landsat Imagery.

u.' 1 Layer Properties |i|
Histograms for Composite_LT50170342011072GNC01_B1.TIF M I
[E) = W |

Red |Green |Blue |

5] Statistics
/ mir:

max:

mean.

std. deviation:

Info

Input:

Qutput:

|

| Count Out:
/ Count In:
| .

a 127 255

255.00

41.80

28.04

Lo |

Cancel

)

o)

[ 1nvert

F 0.51201 0.91201

-

m

h. : I Ok Cancel

Close the dialog box and let’s next look at the image in the map document. The image

that is displayed in the map document window does not look very natural. Why?
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(Answer: because ArcMap is displaying the blue band as red and the red band as blue.)

Now, let’s change this display strategy to make it look more natural.

Go back to Layer Properties/ Symbology dialog box. Left-click on the down arrow at the
end of the row of the Red Channel (red circle). It lists all bands from the Landsat image.
Because all bands are included, you can display any of those bands in the red region of the
visible spectrum. Click on Band_3 to assign the red channel to band 3. Then, click on the
down arrow at the end of the row for the Blue Channel and click on Band_1 to assign band 1 to

the blue channel
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Layer Properties w

| General | Source | Key Metadata | Bxtert I Displaﬂ Symbalogy Im
g IDraw raster as an RGB composite
Stretched [
:
Channel Band
- m Band_1
Green v Band 1
| &1 Blae | Band 2 L
| Aipha | Band_3
F Display Background 'l.-'a! Band 4
SRl Band_5
Band & =
Stretch | Band_7 1]
Type: Percent Clip v] I Histograms. .. |

The dialog box should look like this. You are displaying the natural red colors as red,

green as green and blue as blue. Click OK.

Layer Properties @

| General I Source I Key Metadata I BExtent | Display| Symbology Fundicnsl

Show: i = -
Draw raster as an RGB composite
Siretched | =3
RGE Compasite -—
| Channel Band
|[¥] Red Band_3
Green Band_2
;Eﬂ Band_1 s =
|[7] Alpha Band_1 [=] 1

The scene is now displayed in natural colors (a true color image). The lake (red oval) is
now blue, whereas before, it was brown. You can see in the mountainous areas (yellow circle),
some green. But, it certainly does not look very colorful, does it? Why is there not more color?

Let’s zoom in and examine closer.
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Zooming into the mountains, what do you
see? You see some green, brown, some
gray and white. What are these features?
Think about when this image was acquired.
Remember, we downloaded the March 13,
2011 image, so it is leaf-off. So if no
leaves on the trees, why do we see some
green? (Answer - conifers.) Brown areas

would represent either the bare earth where

no vegetation is currently growing, or the
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deciduous trees. What about the white? What are long, linear features on the ground and could
possibly be seen from an overhead image?

Let’s look as another area of the scene, the city of Roanoke. Can you find it? Roanoke
is the largest urban area in southwest Virginia and within this Landsat scene. Does this help?
What do you find in urban areas (hint — long linear features like roads, things with definite
angles like buildings, perhaps an airport). Did you find it? What do you see? When zoomed

out?

Okay, now let’s try a different combination. Try 4-3-2. What does this mean? The
order of the combinations represents the RGB order. So, place Band_4 in the Red Channel,
Band_3 in the Green Channel and Band 2 in the Blue_ Channel. This combination is the
traditional false-color infrared band combination in which healthy or mature vegetation is shown

in red.
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Your dialog box should appear as follows:

| General | Source | Key Metadata | Extent | Display | Symbology |

Show; 5
Draw raster as an RGB com ite
Siretched e
RGE Composite
o
Channel Band
Red Band_4 |E|
' Green Band_3 [=]
| Band_2 [=] L
| ] ety Bard 4 = T

Don’t forget to click OK before you close the window!

We were still zoomed into Roanoke. Looks a lot different doesn’t it? Why? What do

the different bands being placed within those specific channels mean? (See Landsat Table

above and additional notes at the end of this tutorial.) Landsat Band_4 is the near infrared and
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we have asked ArcMap to display the near infrared as red color. Vegetation shows bright in the
near infrared, so the healthiest vegetation within this scene will show red. That does not mean
that the pink is unhealthy vegetation — it could be vegetation just beginning to grow. Would any
vegetation be growing in March? It will depend on the climate of the area. You can go to the
National Weather Service website to determine the temperature of this area for this time frame.

What else can you now identify with this band combination that you could not discern
from the natural color combination?

Zoom in closer on the city. This looks more defined. We can see some distinct features
within the city. Do you see the airport? Major roads? What about neighborhoods? How can
you tell the difference between major roads and neighborhoods? Can you find one of the golf
courses? (Hint — infrared is showing bright red for healthy vegetation — what do you find in a
golf course year round?) What else in a golf course — is it just lawn area? What about sand
traps? Would they
show as bright
red? (See Landsat
Table above and
additional notes at
the end of this
tutorial). Can
you find the river
that flows through

the city?
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Now let’s zoom in on the forest. What do you see? Can you see the difference between
the conifers and the deciduous trees? What would be showing as red (answer — conifers would
have green leaves in March) and what would show as green? What about the pink areas, what
are those? Many of the pink areas have straight lines and sharp angles. (Humans like to design
things with straight lines and definitive angles.) Can you see roads? Streams? Why is some of

the forest darker? (Answer — shadowing on sides of the mountains.)
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Let’s do one more band combination. See window below and set your values as shown.

| General | Source | Key Metadata | Exent | Display | Symbology
5;1;: tCh = |Draw raster as an RGB composite
Chanrel Band B
Red Band_7 |E|
Green Band_5 |E|
Blue Band_7 |E| |
L [ Alpha Band_1 = =

Yes, you can use the same band more than once. This again changes what you see in the
map document window. Does this band combination help you see anything more distinctly in
the forested mountains? (Answer- no, Band_4 (near infrared) is the best for healthy vegetation

and Band_4 is not used in this combination.)
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What about in the City of Roanoke? Why would the roads show more distinctly with this
band combination? The river? The first golf course is even more distinguishable at this spatial

resolution. Do you see a second one?

Zoom into the city, what happens? Do you see the remnants of a third golf course near

the airport? Why is this band combination more helpful in urban areas?
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Go ahead and try different band combinations for yourself.
Try different combinations for the whole scene, and then for different areas of the scene on a
zoomed-in basis.

Note — some aerial photos are acquired in 4 bands — the three visible bands (RGB) and
also the near-infrared. The U.S.D.A. NAIP imagery is acquired with 4 bands because their
purpose to evaluate agricultural productivity and these photos are usually acquired during the
growing season

(see http://www.fsa.usda.gov/FSA/apfoapp?area=home&subject=prog&topic=nai for further

information). This imagery can be loaded into ArcMap and displayed using the different band
combinations in similar fashion. The photos come as one image (not 7 separate images as with

Landsat).
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Additional Notes on LANDSAT TM — Single Band Sensitivities

0.45-0.52 pm BLUE (BAND 1)

. Shorter wavelengths most sensitive to atmospheric haze and so images may lack tonal
contrast
. Shorter wavelengths have greatest water penetration (longer wavelengths more

absorbed); optimal for detection of submerged aquatic vegetation (SAV), pollution
plumes, water turbidity and sediment

. Detecting smoke plumes (shorter wavelengths more easily scattered by smaller particles
. Good for distinguishing clouds from snow and rock, and soil surfaces from vegetated
surfaces

0.52-0.6 pm GREEN (BAND 2)

. Sensitive to water turbidity differences, sediment and pollution plumes

. Covers green reflectance peak from leaf surfaces, can be useful for discriminating broad
vegetation classes

. Also useful for detection of SAV

. Also useful for penetration of water for detection of SAV, pollution plumes, turbidity and
sediment

0.63-0.69 pm RED (BAND 3)

. Senses in strong chlorophyll absorption region, i.e. good for discriminating soil and
vegetation

. Senses in strong reflectance region for most soils

. Delineating soil cover

0.76-0.9 pm NEAR IR (BAND 4)

. Distinguishes vegetation varieties and vegetation vigor

. Water is strong absorber of NIR, so this band is good for delineation of water bodies and
distinguishing dry and moist soils

1.55-1.75 pm MID OR SWIR (BAND 5)

. Sensitive to changes in leaf-tissue water content (turgidity)

. Sensitive to moisture variation in vegetation and soils; reflectance decreases as water
content increases

. Useful for determining plant vigor and for distinguishing succulents vs. woody vegetation

. Especially sensitive to presence/absence of ferric iron or hemitite rocks (reflectance
increases as ferric iron increases)

. Discriminates between snow and ice (light toned) and clouds (dark toned)

2.08-2.35 um MID OR SWIR (BAND 7)

. Coincides with absorption band caused by hydrous minerals (clay mica, some oxides, and
sulfates) making them appear darker; e.g. clay alteration zones associated with mineral
deposits such as copper

. Lithologic mapping

. Like band 5, sensitive to moisture variation in vegetation and soils
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10.4-12.5 pm LWIR, THERMAL (BAND 6)

. Sensor designed to measure radiant surface temps -100 degrees C to +150 degrees C; day
or nighttime use
. Heat mapping applications: soil moisture, rock types, thermal water plumes, household

heat conservation, urban heat generation, active military targeting, wildlife inventory,
geothermal detection

LANDSAT TM - Band Combination Sensititivies

3-2-1
This combination simulates a natural color image. It is sometimes used for coastal studies and for
the detection of smoke plumes.

4-5-3
Used for the analysis of soil moisture and vegetation conditions. It is also good for the location
of inland water bodies and land-water boundaries.

4-3-2

Known as false-color Infrared; this is the most conventional band combination used in remote
sensing for vegetation, crops, land-use and wetlands analysis.

7-4-2

Analysis of soil and vegetation moisture content and the location of inland water. VVegetation
appears green.

5-4-3
Separation of urban and rural land uses; identification of land/water boundaries.

4-5-7
Detection of clouds, snow, and ice (in high latitudes especially).

You are now ready to proceed to the next set of tutorials. We recommend that you
complete the tutorial on sub-setting before you proceed to the tutorials on analyzing Landsat

imagery.
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Notes:
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

There may be times where you are only interested in a portion of a Landsat scene. That portion
could be only certain bands or only a small area.

This tutorial will provide instructions on how to limit the number of bands to specific bands or
limit the spatial extent (sub-setting an image).

Limiting the number of bands

Open a new map document and add all seven individual bands from your downloaded
Landsat scene. Open your Image Analysis window. To limit the number of bands to the

image, you need to create a composite image using those specific bands.
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Once you have decided which bands you wish to use in your sub-setted image, you need
to list those bands in order in the Table of Contents. (Note — exactly which bands you may want

to use will be dependent on your project and goals and is beyond the scope of this tutorial).

For this tutorial, we are going to use bands 2, 3, 4, 5

Table Of Contents 1 X

D 2SEE and 7 (strictly as an example), so order the bands that

= = Layers
@ [ LT50170342011072GMC01_B2.TIF way. They will also show up in the Image Analysis
[ B LT50170342011072GNC01_B3.TIF
@ b LT50170342011072GMNC01_B4.TIF window in the same order.
# B LT50170342011072GNC0L_B5.TIF

[ b LT50170342011072GNCO1_B7.TIF Next, within the Image Analysis window, highlight
@ W LT50170342011072GNC01_B1.TIF

£ LT50170342011072GNC01_B6. TIF

K EEEEREE

i Irage Analysis B ox @
[a= D
bands 2,3,4,5and 7. [¥] ¥ 1 T50170342011072GNC0O1_B2.TIF =
) i (V] < LT50170342011072GNCO1_B3.TIF o

Then left-click the Composite button. [7] € L T50170342011072GNC01 BATIF
- - [V] ¥ LT50170342011072GNCOL_BS.TIF e
[ [V] €1 T50170342011072GNC01_B7.TIF 5!
< Ig | [¥]41T501703420110726NC01_B1.TIF 5

N [¥] € LT50170342011072GNCO1_B6.TIF ]

i

4 m | » [;]

You will have a new TEMPORARY
composite image. You see this in 3
places — Table of Contents, map
document window and the list of files in

the Image Analysis window.
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Please note that in Layer Properties/Symbology, the bands are listed as Band_1, Band_2,
Band_3, Band_4 and Band_5. The bands represent the Landsat bands in the order in which
they appeared in the Table of Contents and Image Analysis windows at the time you hit the
Composite button — i.e. the file at the top of the list is band 1, etc. You can see this relationship

under Layer Properties/Functions:
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Layer Properties l‘

| General i Source I Key Metadata i Exdent I Display I Symbology | Functions

=% Function Chain
‘—J@ u34aedfl?_cde? 4b26_86cd_Frece522daeFyl.afr
:Ifx Composite Band Function
ﬁ LTS0170342011072GMNC0O1_B2.TIF

ﬁ LT50170342011072GNC01_B3.TIF
- LT50170342011072GNC01_B4.TIF
- | TS0170342011072GNC01_B5.TIF

----- 8 LT50170342011072GNC01_B7.TIF

Remember, this file is a temporary file and you must save it as a permanent file to use it
in subsequent analyses. ( See on tutorial on Band Combinations using Landsat Imagery.)
Sub-setting by Spatial Extent

For this section of the tutorial, we are going to use the new image that was created in the
previous section. You can clip the entire scene in two ways — by zooming in on the image in the
map document window or by using a polygon vector file. First we are going to do it to the
extent showing in the map document window. Zoom in on the image so that includes the City
of Roanoke (red circle), the Blacksburg area (yellow circle) and Smith Mountain Lake (blue

circle) (this will be the southeastern quadrant of the scene.). It should look like this:
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P | R I o || )
woprocessing  Customize Windows Help '_-:-' | & - | 142006

- - : e

Highlight the image name in the Image Analysis window (make sure the only one

highlighted is the image you wish to clip): Image Analysis Ll
Click on the z % [¥] €5 CompositeA-1-7. tf
Clip button. I'.

W =¥

Result:
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Table Of Contents

Elsgs8 &

= 7 Layers
a
RGE
M Red: Band_l
B Green: Band_2
MM Blue: Band 3
= [0 CompositeA-1-7.tif
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You have a new file listed in the Table of Contents and, the Image Analysis window, and

a new display in the map document window. Again, in this instance, using the Clip button clips

the image to the extent that was displayed in the map document window. Save this image as we

are going to use this image in a subsequent tutorial. (Note- if you don’t remember how to save,

go back to the tutorial on Band Combinations using Landsat Imagery.)

Now, we are going to clip using a polygon file. Go ahead and add the polygon vector file

that represents the spatial extent of the area that you want to clip to. (Note in the following

screen shot, we are displaying the polygon as hollow so you can see the spatial extent that we

want — the area which includes the City of Roanoke, Virginia.)
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| Table OF Contents
28
= =F layers
(=] Roanoke Polygon
]
= M Clip_CompositeA-1-7 tif
RGE
M Red: Band_l
I Green: Band_2
M Blue: Band 2
= O CompositeA-1-7 tif
RGB
Ml Red: Band 1
B Green: Band_2
MM Blue: Band_3

On the tool bar at the top of the ArcMap (G Untitled - /

window, left-click on the Select Features -" @* @*
File Edit View Bookmarks In=e

Selection

button and then left-click on the polygon in
the map document window to highlight it:
Once the polygon is highlighted, left-click

on the Clip button.

WS ¥
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You get the following results:

Table Of Contents o x
%8G 8E
B £ Layers
= Clipl_CompositeA-1-7 tif
RGB
I Fed: Band.l
[ Green: Band_2
M Blue: Band_3
= Roancke_Polygon
O
= O Clip_CompositeA-1-7 tif
RGB
I Fed: Band.l
[ Green: Band_2
W Blue: Band_3
= O CompositeA-1-7 tif
RGB
I Fed: Band.l
[ Green: Band_2
M Blue: Band_3

Your Landsat Composite Image is now clipped to the spatial extent of your polygon.

Your clipping polygon does not have to be a rectangle, it can be any shape — for example,
you may want to clip it to the extent of a political boundary. You follow the same procedure --
add your polygon boundary file to the Table of Contents (for the following example, we added
the boundary for the City of Roanoke). Select the polygon file with the Select Features button,
make sure the image you want clipped is highlighted in the Image Analysis window, and left-

click on the Clip button.
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You can also clip multiple images at the same time. You follow the same procedure as

the last two - add the polygon file and select it — but instead of highlighting one image in the

Image Analysis window, you highlight all images that you want clipped. Left-click the Clip

button and ArcMap clips all the highlighted images to the spatial extent of the polygon file. In

this image, we clipped all of the
original Landsat bands to the City of
Roanoke boundary polygon file and
ArcMap produced one new file for
each band. The new files are listed
separately in the Table of Contents but
you only see one because they are
stacked on top of each other in the

map document window.

Table Of Contents
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Clip_LT50170342011072GMC01_B6.TIF
Clip_LT501703420110726GMNC01_BY.TIF
Roanoke_City_Boundary

=
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Don’t Forget New Files Generated from Image

Analysis Window are TEMPORARY'! You must

save them if you want to use them later.

You are ready to proceed to the next set of tutorials. You will be using one of your sub-

setted images from this tutorial in some of the next few tutorials.
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In the next few tutorials, you will gain an understanding of the theory of image enhancement
using ArcGIS 10.X. This specific tutorial involves radiometric enhancement.

Introduction to Image Enhancement

Image enhancement refers to procedures that remote sensing analysts use to adjust the values in
a remotely sensed image to improve its visual qualities for a specific purpose. The brightness
values at individual pixels are changed to achieve improved brightness, contrast, color balance,
or other qualities.

The visual quality of an image is related to the range of brightness in the image, known as
contrast. A high contrast image has a narrow range of brightness- mainly blacks and whites. A
low contrast image has a wide range of brightness. Usually, excessive contrast is undesirable; as
the analyst cannot see features depicted in the intermediate grey that usually form the most
important part of an image. On the other hand, lack of contrast is usually undesirable as the
analyst cannot the edges that form the see the

Image enhancement is a tool that permits the analyst to apply the level of contrast appropriate for
a specific purpose. It is important to recognize that image enhancement is intended to improve
the appearance of a specific image for a specific purpose. Because analysts have different
objectives, and images have differing qualities, preferred enhancement techniques will vary from
one application to the next. Image enhancement focuses entirely on manipulating the appearance
of the image, so it is fundamentally cosmetic in nature, and should not be used as input for
analytical purposes.

Most remotely sensed images require some form of enhancement because they use only a small
range of the brightness available to a computer display, so many of the features depicted on the
image are not visible to the analyst. As a result, in its original form, the image may not be
suitable for its intended use. Image enhancement applies a strategy for expanding the range of
brightness use to display the image, thereby revealing features that might not be visible in the
original version.
Enhancing image dynamically in a Viewer is much faster than writing permanent image
file for every enhancement operation (and also saves disk space). Therefore, while
experimenting to find the desired enhancement, use dynamic (temporary) enhancement in
a Viewer. Once you achieve the enhancement that you want, it can be permanently saved.
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Image enhancement can be best discussed in the contact of the frequency histogram of a digital
image. A frequency histogram displays image brightness along the horizontal axis, and numbers
of pixels at each brightness level along the vertical axis. The shape of a specific histogram is
related to the features represented a scene, and conditions under which the image was acquired.

Linear Contrast Stretch extends the range of brightness through a systematic expansion of
image brightness to occupy the full range of brightness available by creating new intermediate
values to generate the necessary range of brightness.

Histogram Equalization expands the range of brightness by sliding the brightness along the
brightness scale so that they occupy the full range of brightness available in the display. The
histogram of the enhanced image shows gaps between the brightness values because they have
been separated to create a wider range of brightness in the image.

There are a great variety of digital image enhancement techniques. The choice of particular
technique(s) depends on the application, data available, experience and preferences of image
analyst. In this and the next two tutorials, we will cover the three most important and widely
used groups of enhancement techniques:

e Radiometric Enhancement - Enhancing images based on the values of individual pixels
(this tutorial)

e Spectral Enhancement - Enhancing images by transforming the values of each pixel on
a multiband basis (Band Ratios, Vegetation Indicies, & Tasseled Cap - see Tutorial 15.
Spectral Enhancement of Landsat Imagery.)

e Spatial Enhancement - Enhancing images based on the values of individual and
neighboring pixels (see Tutorial 16. Spatial Enhancement of Landsat Imagery)

Using ArcGIS as a Viewer for Radiometric Enhancement

Open a map document and load the 7-band composite image that you created in the
tutorial on Creating a Composite Images from Landsat Imagery. Be sure your Image Analysis
window is open. Set your image with band combination 4-3-2. (Note - you can also use these
tools on each of the bands as separate images.)

Left-click on the image name in the Image Analysis window. Once you click on it, it
should activate most of the buttons in the Display window. First, we are going to examine each

one of these buttons and their effects on the viewer. We will then examine histograms (next
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section) in two areas, within the Image Analysis/Display window and within the Layer

Properties/Symbology dialog box.

Using the Display window, you can change the Contrast, Brightness, Gamma, and DRA

(dynamic range adjustment) of the image in the map document window by either moving the

sliding bar or placing a numeric value in the box next to the sliding bar. Go ahead and change

the values, one at a time. Observe the changes in your display (note these are only changing the

display, not the original image). Each one changes the display in different ways. Brightness

will make the image appear lighter or darker. Contrast changes the range of differences between

the darkest and lightest objects. Gamma controls relationships between the brightness of

original scene and that on the display. (For example, at a gamma of 1.0, the two images will use

the same scale of brightnesses, whereas at gammas of 0.5 or 1.5, the display shows, respectively,

either compressed, or expanded, scales of brightness relative to the original.) These tools are

useful when doing image classification to help you discern different features within the image.

Displa
Contrast —_ BRI
[ ;
Brightness » U 3
> L 0
Transparency & [ 0
Gamma > ¥ I 1.60
Dynamic Range Adjustment e
[ [DRA TopUp
Background [| Background
Percent Cli -| M
|

C

Zoom to Raster Resolution

| Mearest Meighbor
I ——— ——

>@ B w
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We will discuss the list of options within the blue oval in the tutorial on Spatial
Enhancement of Landsat Imagery.

Transparency displays the image so you can see the image below it. If the image below
is an aerial photo, you would be able to see and associate the various brightness values to
specific objects. For example, by adjusting the transparency of the Landsat image (below left)

from O (not transparent) to 50 (partially transparent) (below right) you can see that the very

bright area at the top and center corresponds to a building within a parking lot.

view of the detail of the aerial photo

To set these values back to the original values, just hit the reset button, which is the icon
for each tool.

By placing a checkmark in the box next to Background you eliminate the no data value
in the display (ArcMap makes Raster files square by adding no value boxes), so you will see the

actual Landsat scene without ArcMap filling it in.
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Before proceeding to the next steps, please hit the reset button on all the Display buttons,

so we are back to the original images.
Histograms

As stated above, histograms plot the frequency values of the digital numbers (DNs) (x-
axis) against the number of pixels with that value (y-axis). (Remember, the shape of the
histogram is determined by the features represented in the image, and their brightnesses.) We
will discuss histograms in two different areas within ArcMap.

The first area where ArcMap displays histograms is in Layer Properties/Symbology tab.
You will find the histogram button in the middle of the dialog box. Before clicking on this

button, notice the Stretch Type — Percent Clip.
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| General I Source I Key Metadata I Extent I Displaﬂ Symbology | Functions
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Left-click on the down arrow and you find a list of different type of histogram stretches

available in ArcMap. Percent I
. . Percent clp x| [ ristogams.. |
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eliminates the minimum and N s iy 16505 165956
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maximum values ends of the R

Red (Esr
histogram based on a percent (the ' ] ' '

default is 2.00). You can change these values by changing either the standard deviation or the

percent of the clip. (For more information see ArcGIS on-line help.)
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Now, left-click on this button. It displays one histogram — the red band. With a 4-3-2
band combination, which Landsat band is this? (Answer — near infrared). For this particular
band, you see the minimum, maximum, mean and standard deviation values. By left-clicking on

either the Green or Blue tabs, you can look at the histograms for the other two bands.

s DRI e vt o e it [ X
Histograms for Composite LT50170342011072GNC01 B1.TIF | S| :
- ology | Functi
@ m @ m | 0 unctions
i +
Red | Green | Blue
3] Statistics 50
/EI min: 0.00 — 1
max: 255,00 'l
I mean: 33.43 and_2 ':! =
and_1 [+
std. deviation: 24.71 |
i 0 0 0 =l
= Display MoData as
Input:
Output: X ] [ Histograms. .. l
Count Qut: max: 2 [T 1nvert
- ‘ Count In: Ik 16595 1.55958 1.5595%
| b +
0 127 255 |\ Raster Dataset - l
[ K ] [ Cancel l ; T
[ ok ][ Cancet || Aol

Why would each histogram look different? (Answer — because each band has a different
range of DNs.)

If you change the histogram stretch type, you must click on Apply in order for the change
to take effect. Change the histogram stretch type to Standard Deviations. What happened to
the image? Now look at the histogram for the red band. ArcMap shows you the new histogram
but also shows the original histogram from the Percent Clip method grayed-out so you can

compare before/after views of frequency distributions as you make changes.
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Now, let’s explore the other area where you can look at histogram. Before closing out
the Layer Properties/Symbology dialog box, reset the stretch method to Percent Clip and click
on Apply.

The second area where histograms are displayed are in the Image Analysis window. To
use this tool, highlight the image that you wish to examine using icons visible at the top of the

window in order to enable the display tools. Underneath Background, you see the Percent Clip

method and a button | s | that looks like a histogram.
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Make sure your image is zoomed out to the entire Landsat scene and left-click on the

Histograms button.  This gives you all three histograms for the three different bands that you

L L =l L ki

change the Min-
Max Percent values, just enter the new value (hit enter
after changing the values). As an example, enter 20 for
the minimum and observe what happens to the image
and the histograms—you can see that you have changed
the red and green bands only slightly, but have lost most
of the values in the blue band.

Is it reasonable to want to change the

histograms using the exact same percent? Why or why
not? (Hint —each band is useful for different reason.

Should you address each one independently? ) Would

| + " lim

e FIGE displaying (using the Percent Clip method).
Remember, for 4-3-2, red is for the near-infrared band
(Landsat Band_4), the green for the red (Landsat Band_3),
ey
J and the blue for the green (Landsat Band_2). The
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you use the same method to assist in feature identification -- forest areas versus the city? Why or
why not?

Additional question - What is the DN at the peak of the near-infrared band? What does
this peak mean? (Answer — this DN has the highest number of pixels.) Don’t worry about
permanently changing the display - by clicking on the counter-clockwise arrow (red circle) for

any of these, you will reset it to the original values.

Now let’s do another one and see how it changes " ];
the image. Change the stretch method to Min-max.

How has the image and histogram window changed?

(The Min-Max Percent at the bottom is gone and it i
includes the entire range of values for each band). You

can now perform a contrast stretch separately to each

[ .
You can adjust the minimum value by either . 1 '

sliding the arrow or entering the value into the left box.

e e
L]
[}
L]
=]
(¥,
LAl
=N H
f=RH

band.

To change the maximum value, enter the value into the

right box.

Explore the various methods of histogram stretch with different band combinations.
Which methods are best will depend on the purpose of your project.

You can also use ArcMap to perform density slicing to enhance your image. Density
slicing differs from contrast stretch in that it assigns colors to specific brightness values. The colors
do not add additional information, but simply permit the analyst to make sharper distinctions between

brightness classes in the image. You cannot perform density slicing on a composite image within
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ArcMap,--density slicing can only be accomplished on each individual band image that you received
with your Landsat download. This procedure is beyond the scope of this tutorial.

We will discuss further Image Enhancement techniques in the next two tutorials on
Spectral Enhancement of Landsat Imagery and Spatial Enhancement of Landsat Imagery.

As areview: Spectral Enhancement transforms the values of each pixel on a multiband
basis (Band Ratios, Vegetation Indices, & Tasseled Cap) and Spatial Enhancement enhances

images based on the values of individual and neighboring pixels.
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Introduction
While radiometric and spectral enhancements operate on each pixel individually, spatial
enhancement deals largely with spatial frequency and modifies pixel values based on the values

of its neighbor pixels.

Spatial Enhancement within ArcGIS uses the Image Analysis window and the Spatial Analyst
tools for different processes.

Spatial Enhancement Using Image Analysis Window

Open a new map document and add the image we created in the tutorial on sub-setting
your Landsat Image. We want the image that we clipped to the spatial extent of the window —
the image that contained Roanoke, Blacksburg, and Smith Mountain Lake. We will be working

with that image in this tutorial. Make sure your Image Analysis window is open. Go ahead and

Table Of Contents & x

set it to

a false-
color

image.
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| Display = | Remember from the prior tutorial, we
D I 0 deferred discussing one of the drop down lists
¥, - - on the Image Analysis/Display. As a
& 0
¥ . 0 180 reminder, this window changes the image on
[CIora [ TopUp display but does not change the file
Backaround
lpﬂﬂmt dip T] ™ permanently. This particular list refers to a
| Nearest Neighbor - resampling method.
i © w0

Click on the down arrow, you see a number of

different options. Again, with spatial enhancement, we are changing the individual pixels based

on its neighbors. How it is exactly done, depends on the

method. When you change any of these methods you

‘ Mearest Neighbor
Bilinear Interpolation

might not see much change if you are zoomed out, so | evbic Commokation
zoom into the City of Roanoke and specifically on the Majarity
airport area.

Nearest neighbor — the pixel is assigned the value of the cell closest to it.
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Cubic convolution creates a sharper-looking image.
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Majority - the pixel is assigned the most common value within a specific filter window,
smoothing the image

For more specifics, see ArcGIS help. The method you choose to enhance your image will
depend on the purpose of your project.

Reset your image to the default — nearest neighbor and close your Image Analysis
window by clicking on the X in the top of the window (be sure you do the Image Analysis X and

not the ArcMap X.
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Spatial Enhancement Using Spatial Analyst Tools

First, we need to turn on the Spatial Analyst Extension and open the Toolbox.

Left-click on Customize, then Extensions, and then click in the box next to Spatial Analyst.

‘
Qi unitied - Arciior I -
QM@ xille=|E-TO @ E/ANELR 0 RE
4
File Edit View Bookmarks Insert Selection Geoprofessing | Customize | Windows b
Table Of Contents 1 x | Toolbars
G HE|H : Extensions...
B = Layers : Add-In Manager...
L =R Clip_Composited-1-71 tif Cisthsns Made..
RGB TR
BERed: Band 4 tyle Wlanager.:
[ Green: Band_3 ArcMap Options...
W Blue: Band_ 2 ,,a. \ g

ArcScan
Geostatistical Analyst
Network Analyst

Geostatistical Analyst L
GPS <
Graphics =
Imiage Classification
Labeling

LAS Dataset

Layout

Metwork Analyst

Schematics
Spatial Analyst
Tracking Analyst

Parcel Editor Description:
Ii 3D Analyst 10.1
Pubishe Copyright ©199%-2012 Esri Inc. All Rights Reserved

Raster Painting
Provides tools for suface modeling and 30 visualization.

Representation

Route Editing

s

Schematic Editor

Schematic Network Analyst
Snapping

j jystment
C spekiat Aol > Then right-click anywhere in the upper toolbar of the
k
- ArcMap window, and click on Spatial Analyst.
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Finally, left-click on the Toolbox icon in the upper toolbar and it opens the Toolbox. The tools

we want are found under [;] S EDD i

the Spatial ¢

ArcToolbox I x

Analyst Tools, | ArcToclbox
2] @ 3D Analyst Tools
=] @ Analysis Tools

B Bxtract

& & Overlay

[ & Proximity

[ By Statistics
£ @ Cartography Tools
# @ Conversion Tools
= & Data Interoperability Tools
= & Data Management Tools
w &9 Editing Tools
&3] @ Geocoding Tools
3] @ Geostatistical Analyst Tools
i & Linear Referencing Tools
) @ Multidimension Tools
# @ Metwork Analyst Tools
[# m Parcel Fabric Tools
2] @ Schematics Tools

[+ @ Spatial Analyst Tools
P - B

# @ Tracking Analyst Tools

Convolution Filtering in ArcGIS

Convolution filtering is the process of averaging small sets of neighboring pixels across an
image, and it is used to change the spatial frequency characteristics of an image. A convolution
kernel is a matrix of numbers that assigns a weight to each cell (Choosing the kernel defines the
neighborhood size.). As the kernel moves across the image, the values in each neighborhood are
multiplied by the weights, and averaged. The resulting value is then assigned to the center pixel
and the kernel moves on to the next neighborhood.
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When using the Spatial Analyst Tools in ArcGIS, a new permanent file will result. Your original
unaltered file will still be available and the new file added to ArcMap. We will be using two
different tools — Filter and Focal Statistics. These are located in your Toolbox:

= @ Spatial Analyst Tools
[+ By Conditional
& & Density
& % Distance
[+ & Extraction
[+ By Generalization
= E: Groundwater
# & Hydrology
£ &g Interpolation
[ & Local
3] &; Map Algebra
& % Iath
# & Multivariate
= & Meighborhood
., Block Statistics
> ., Filter
":\\ Focal Flow
> #, Focal Statistics
;\% Line Statistics
"{% Point Statistics

Using the Filter Tool

Double left-click on Filter and you open the following window:

#_ Filter Bk g
Input raster -
| Clip_CompositeA-1-71 tif | Filter
Output raster
\=:\PhDY20 13 VirginiaView\Glovis_Landsat_DownloadsYow_pass @

Filter type (optional) Performs either a
ow = smaothing (Low pass) or
edge-enhancing (High

[¥] lgnore NoData in calculations {optional)
pass) filter on a raster.

[ QK } [ Cancel ] [Enwronmemx...] [ << Hide Help ]

As you can see from the Filter Help information window on the right, Low pass
smoothes and High pass enhances edges. (Note — if your help window is not display, just click

on the Help button at the bottom.) Perform both methods and then let’s compare them.
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Your input raster is the clipped composite image, just clip on the down arrow at the end
of the row and your image will be in a list, click on it and it populated the field. Name your
output raster, but also make sure that your workspace is listed. If it is not, click on the file folder
and navigate to the folder. (Note — when saving raster images, you cannot put any spaces

between words, use the underscore key in place of a space.)

W

Input raster

[Clip_CompositeA-1-T1.tif |
Output raster

1 \PhDV2013 VirginiaView\Glovis_Landsat_Downloads\ow_pass @
Filter type (optional)

Low -

lgniore NoData in calculations (optional)

-

[ oK J [ Cancel ] [Environments... l [ << Hide Help l

When doing the high pass, the only change is the name of your new file and the Filter

type:

Input raster

[Clip_CompositeA-1-71.1if ~|
Qutput raster

C:'\Pi‘lD"&iﬂ]‘ﬁ‘\l’il’gil‘liB\l”lEh\'il,dOViS_LaI'IdSEIt_DDanad.S'\i‘ligiﬂ _pass @

Filter type (optional)

v

lgnore NoData in calculations {optional)

] [ Cancel ] [Environments... l [ << Hide Help
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Results: Low Pass High Pass
The results of the low pass, smoothing of the image. Within the low pass image, what can you clearly see? On the high pass image,
the tool seems not to have enhanced the image; you can see something has changed in a couple of areas (red circles). Let’s zoom in to these

areas.
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Remember, high pass enhances edges. What edges do you see?

New River Valley (Town of Blacksburg in upper right, City of Roanoke
New River on the left side)
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Using the Focal Statistics Tool

Using the Focal Statistics tool is similar to the Filter tool — the input raster and you have

to name your new file -- except you have more decisions to make for the methodology.

| ® tnput raster Focal Statistics
Il
|
© Outputraster Calculates for each input
cell location a statistic of
the values within a
Neighborhood {optional) specified neighborhood
Rectangle around it.

Neighborhood Settings

Height : 3
Width: 3

Units: @ Cell

Statistics type (aptional)
MEAN

lgnore NoData in calculations {optional)

] [ Cancel ] [En\rironments... ] [ << Hide Help ] [ Tool Help ]

Your first decision is the shape of the neighborhood to use. You can leave the default —

N[ eighborhood (optional) ) Rectangle — but don’t have to. Once of the choices is Weight,

g‘i:;g'“s which gives you the convolution kernel option (page 6 above).

;“rf:—;ﬁar You do need to have a .txt file with the weights assigned to use

Weight

this function.

Your next decision is how big to make the neighborhood — this means the number of

Statisti tional
pixels. The default is 3 by 3. stics type (optional)

The final decision is what statistic to use. When MAJORITY
MAXIMLUM

.. . - . . . . MEDIAM
clicking on the Statistic type line, the Help window will explain  mmmum
MIMORITY

what each statistic in the list means. = ;AQGE
=
e VARIETY
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Okay, let’s do a couple.

Settings — Rectangle, 5x5, Median
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Settings: Circle, 5, Median

P

; others? If you used a 3x3 neighborhood, would the
image be sharper than the 5x5? Why? Why would
’ 1 the rectangular produce sharper images than using a
.. circle neighborhood?

Also, look at your Table of Contents:

FocalcircleS :
= @ Focalss E = O Focal?sd The range of DNs is
Value High : 206 Value different for each result.
High : 255 High : 240
Why?
Low: 44 Law 243 Low:45
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Zoom in on the Blacksburg area and see what differences are between the three methods. Which

is clearer? Why? Go ahead and continue to try different methods.

Ultimately the choice of methods to use is your decision and dependent upon which method or

methods are best for your project.

Let’s now proceed to the final enhancement tutorial - Spectral Enhancement of Landsat

Imagery.
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No permission
is granted to use the materials for paid consulting or instruction where a fee is collected.
Reproduction or translation of any part of this document beyond that permitted in Section 107
or 108 of the 1976 United States Copyright Act without the permission of the copyright
owner(s) is unlawful.

Introduction

Spectral signatures refer to the range of reflected radiation wavelengths for different objects
collected by the various Landsat bands. For example - spectral signatures can be used to
distinguish between man-made objects and different types of vegetation. (For more information
on different objects’ spectral signatures — see Campbell and Wynne, 2011 or Keranen and
Kolvoord, 2013).

Spectral enhancement is the process of creating new spectral data from available bands. New
data are created on a pixel-by-pixel basis by applying an operation (e.g., subtraction, division) to
corresponding pixels in existing bands. Spectral enhancement only applies to multi-band images.
This technique is typically used to:

o Extract new bands of data that are more interpretable to the eye (in some cases to
classifiers as well)

e Reduce redundancy in a multi-spectral dataset by compressing bands of data that are
similar (principal component analysis)

o Display a wider variety of information in the three available colors of the visible
spectrum (R,G,B)

The most widely used techniques of spectral enhancement are:

o Spectral Ratios and Indices - Performs band ratios that are commonly used in vegetation
and mineral studies;

e Principal Components Analysis (PCA) - Compresses redundant data values into fewer
bands which are often more interpretable than the source data (we will not perform a
PCA in this tutorial);

o Tasseled Cap — Transforms and rotates the data structure axes to optimize data viewing
for vegetation studies.

We will explore band ratios, vegetation indices, and tasseled cap. Remember the differences
between the three types of enhancement techniques:

o Radiometric Enhancement - Enhancing images based on the values of individual pixels
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e Spatial Enhancement - Enhancing images based on the values of individual and
neighboring pixels.

e Spectral Enhancement - Enhancing images by transforming the values of each pixel on
a multi-band basis (for multi-band images).

Band Ratios

Avery, Thomas Eugene and Graydon Lennis Berlin, Fundamentals of Remote Sensing and Aerial
Interpretation. 5th ed. New Jersey: Prentice-Hall Inc, 1992,

= 4/3 Ratio - (NIR/Red) - enhances the presence of vegetation. The brighter the tones the
denser the vegetation.

5/ 2 Ratio - (MIR/Green) — To detect moisture levels.

2 / 5 Ration — (Green/MIR) — To pull out water bodies.

3/ 7 Ratio - (Red/MIR) — To see differences in water turbidity.

3/ 1 Ratio — (Red/Blue) — To detect ferric iron rocks.

5/7 Ratio— (MIR / MIR) — To detect clay rich rocks.

Aside from the 5 ratios listed here there are 25 other possible ratios to perform with Landsat TM
imagery. The important thing to remember with ratios is the scanner system that produced the
imagery. Landsat TM ratios will use different band numbers from those of Landsat MSS, SPOT,
or IRS (India Remote Sensing).
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Creating Band Ratios

Open a new map document and add the seven separate images that you received when

you unzipped the downloaded Landsat scene. To create a band ratio, you will be using the

Spatial Analyst Toolset, so be sure that the extension and toolbars are
turned on, your Toolbox is open, and your workspaces are set. It does
not matter what order the bands are listed in your Table of Contents. For
simple indices, you will be using Spatial Analyst/Math/Trigonometric
tools. Within these tools is divide, plus, square, square root, etc.

PLEASE NOTE — ArcGIS treats the pixel values for Landsat
Imagery as integers. As such, when performing math operations, the
results are integers, usually rounded down. We do not want our results
to be integers but real numbers (numbers with decimal points). This
means we need to change our images to floating point images. You do
not need to accomplish this on all bands for this tutorial, only the bands
you are going to use to create ratios.

Left-click on Float (yellow circle)

You get the following window:

= @ Schematics Tools
m B Server Tools
= & Spatial Analyst Tools
@ & Conditional
[ By Density
[ B Distance
= & Bxtraction
= B Generalization
[# & Groundwater
[ & Hydrology
[ & Interpolation
& @& Local
@ & Map Algebra
= %; Math
[ & Bitwise
= %1 Logical
@ & Trigonometric
“ Abs
#, Divide
“\ B
., Expl0
# bpe
#., Float
My INT
,.r‘b Ln
#, Loglo
#, Log2
#, Minus
"‘a Mod
‘;-Q MNegate
*, Plus
., Power
#., Round Down
"-\5 Round Up
#., Square
#, Square Root
":b Times
B R A i
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— — ] —

LB 3 Float
% Inputraster or constant value

% Output raster

]

0K ] [ Cancel ] [Enwanmenis ] [ << Hide Help

Left-click on the down arrow at the end of the Input Raster line, choose the band that
you wish to convert. In this case, we chose band 4 (B4). For the Output raster, it should fill
with your workspace and after your workspace, name your file. In this case, we have named it
Float_B4. The name cannot begin with a number and it cannot have any spaces or special

characters. Left-click OK.

Input raster or constant value
| LT50170342011072GNC01_B4. TIF | @
Outputraster

L \PhD\20 13 VirginiaView '\Glows Landsat Downloads‘d.andsat workspace‘vFIoat B4 @

"

m

[ oK ] [ Cancel ] [Enuimnments... ] [ << Hide Help

Once you click OK, wait for ArcGIS to process it and it will automatically add your new

file to your Table of Contents and map document window.

In the Table of Contents, this new file still looks like an Identify from:
s : = Float_B4
= M integer, but if you use the | 5 A
Value Identify button and click
High : 255
anywhere on the image, you
Low:0 —
see that decimal points have Location: ~ 592,095.011 4,132,424.770 b
) Field val
now been added to the pixel value. c o
Stretched value 48
—> Pixel value 29.,000000
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Now, let’s do your first ratio — 4 / 3. Make sure you have make floating point images for
both bands before you proceed to the next step.

Once you have your two new images, you want to use Spatial
Analyst/Math/Trigonometric/Divide. Double-left-click on that tool and the following dialog

box opens. Enter the images as shown. Remember to name your new file appropriately.

I, ————— v
Input raster or constant value 1
| Float_B4 |
Input raster or constant value 2
| Float_B3 |
Qutput raster
“i\PhD\2013 VirginiaView\Glovis_Landsat_Downloads\Landsat_workspace'\Divide_4_3 @
[ OK ] ’ Cancel l [Erwironments. e l [ << Hide Help l

Click OK. ArcMap will automatically add the new image to your Table of Contents and

Identify

it looks like we have integers but if you use Identify and click on ' E-Divide_4_3

map document window when the processing is complete. Again, -

..... 2.230?69
= any pixel, you will find a decimal

Value

High : 255 number.

Low: 0 | Location:  502,993.856 4,198,878.00
Field Value
Stretched value 174
Pixel value 2.230769
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Let’s look at the image. Remember from above, 4 / 3 Ratio - (NIR/Red) - enhances the
presence of vegetation; the brighter the tones, the denser the vegetation. Do you remember
from prior Tutorials, what was present in the mountain areas? Our scene is from March, so leaf-
off, except for conifers.

Let’s do one more together - 3/ 7 Ratio - (Red/MIR) — To see differences in water
turbidity. (Don’t forget, we need a floating point image for each band).

Using Spatial Analyst/Math/Trigonometric/Divide, your dialog box should looks as

follows:
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Input raster or constant value 1

| Float_B3 Ed| @

Input raster or constant value 2

[Float_B7 =]
Output raster
= \PhDV2013 VirginiaView'\Glovis_Landsat_Downloads)_andsat_workspace\Divide_3_7

[ OK ] I Cancel l [Environments... l [ << Hide Help

Click OK.

Areas of water are bright. Let’s zoom into Smith Mountain Lake.
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What do
you see? Why
would areas
leading into the
lake be brighter?
What about at the
dam area?

Which
areas are more

turbid?

You can do any of the simple ratios using this tool set. (Simple ratios are those that
require one function only.) You can do more complex ones using these tools, but you do it step
by step and create images one at a time and then use that image in the next step. Raster
calculator allows you to do a complex calculation in one step. We will see one of these indices

in the next section.

Vegetation Indices
Another spectral enhancement is a vegetation index. Although within ArcGIS, you can
create many different many indices, we will only look at three of them: IR/R, square root (IR/R),

& NDVI.
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We have actually already calculated when we did the 4 / 3 ratio above. Which band is

IR? Whichband isR? (4isIR and 3is R). So when we calculated the ratio 4 / 3 above, we

calculated this ratio. Remember - 4 / 3 Ratio - (NIR/Red) defines the presence of vegetation;

the brighter the tones, the denser the vegetation.

Let’s look at the square root of IR/R next. We can do this
two different ways, because we have already calculated the IR/R.
The first way would be to take the square root of this result.

Double-left-click on this tool, your dialog box should look

as follows and click OK.

r
K\\, Square

Input raster or constant value
| Divide 4 3
Output raster
v1\PhD\2013 VirginiaView\Glovis_Landsat_Downloads' andsat_workspace\Square_4_3

e

= By Trigonometric
“\ Abs
#.. Divide

Exp

Expl0

Exp2

Float

Int

Ln

Logld

Log2

Minus

Mod

Megate

Plus

Power

Round Down

Round Up

Square

AAAAPZAPZPZXPZAPZ PP A AP AP

&

‘{% Square Root
"{w% Times

el T T e
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Zooming in on the same mountain area that we zoomed in above:

Adding the square root function makes the image a little brighter and has sharper
distinction between features.

The second way to do this ratio is to use Raster Calculator. This would be the step you

. . = “ Spatial Analyst Tools
would use if you had not already calculated the IR/R index. & Conditional

ﬁ Drensity
B Distance
& Extraction

% Map Algebra expression

Layers and variables o Conditional |2 Generaliza,tion

G, E &

fen HIIB e o S

b (el (e = sl

22:::'23 B [l eallia | e ydrology

OLTSU;?BSAZUIIH?ZGNCUIﬁBITIF - D ...B E"—Dm e % Interpulatlun
& Local

: = & Map Algebra
mem"] schreh | — ‘%} Raster Calculator
1 By Math

ok ][ cancel

Use of this tool requires special attention to how you build your equation.
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Your dialog box should appear as follows. Watch carefully where the parentheses are

placed! With proper placement of parentheses, you can create much more complex equations.

e — - o—— 5 -

=

., Raster Calculator

Map Algebra expression

: Layers and variables i RoundDown o
S | e )

I <> square_4_3 1 Square

| [ < Divide_4 3 - E] E] B E] SquareRoot [Z]

| | <>Dvide_3.7 W

Trigonometric
ooz nopiEDECk
> Float_p3 ACD:H
<»Float_B4 [ o ID B : T

SquareRoot{"Float_B4" [ Float_B37

1

Output raster
C:PRDY2013 VirginiaView\Glovis_Landsat_Downloads\Landsat_workspace‘rastercalc4 @]

[ 0K ] [ Cancel ] [Environments... ] [ << Hide Help

There is absolutely no difference between the two methods, except for the number of steps.

Layers in the Table of Contents Value of a select pixel
= = Layers | mﬂ entify
- 2
" enty rom: | EEI
Value i
High : 15.9687 | =-rastercalc3
. -~ 1.966334
Low:0 - Square_4_3
L i 1,966384
= Square 4_3
Value
High : 15.9687 _
I did make an error when | used Raster Calculator.
Low:0

Can you see what | did? | failed to rename my file

before | clicked okay, so Raster Calculator created its own name for the new file. You must be

careful to appropriately name your image, so you can identify it later.
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Now let’s do a more complex calculation — NDVI. The Normalized Difference
Vegetation Index (NDVI) is a very important vegetative index.  Healthy green leaves have a
higher reflectivity in the near infrared band-- stressed, dry, or diseased vegetation much less
reflectivity. So, NDVI can be useful an indicator of vegetation stress. What is the formula?

NIR-R/NIR+R or Landsat B4 - Landsat B3/ Landsat B4 + Landsat B3

Remember what we said about making sure we used parentheses?

Open Raster Calculator. You must put parenthesis around operations that must occur
before other operations, otherwise ArcMap will perform the operation step by step from left to

right. Don’t forget to rename your file!! Click OK.

I \ Raster Calculator

Map Algebra expression

Layers and variables Conditional
<>rashercalc3

el (8]|
> Comiy [E [ 9
ot ) e el
<{>Divide_3_7 Math
Sy o o s )
Float_B3

fos Exp

O oat PV | [ -

("Float_B4" - Float_B3") / (Float_B4" + Float_B3")

| »
] »

m

1

Output raster
Y1 PhD 2013 VirginiaView\Glovis_Landsat_Downloads'Landsat_workspace \NDVI

[ Ok ] ’ Cancel ] [En\tironments... ] ’ << Hide Help ]

The NDVI result gives you pixel values from -1 to +1.

= = Layers
The closer to +1, the brighter the pixel and a brighter pixel means = & [
Value
healthier vegetation. You can do NDVI step by step using the High:1
Low:-1

190|Page



Remote Sensing in an ArcMap Environment
16. Spectral Enhancement of Landsat Imagery

tools under Trigonometric, but that would require 3 separate steps (not including creating the

floating value images).

BUT-- guess what? There is an easier and much simpler way to do NDVI in ArcMap!

ArcMap has a button in the Image Analysis window that you can use. You don’t even need to

create floating point images. =P=] Layers|

. ) LT50170342011072GNCOL_B3.TIF
Move the Landsat Band 3 image on top in the /? LTS0170342011072GNCO1_B4.TIF
= MDWI

Table of Contents and the Band 4 image in the second Value
High:1

Low:-1
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to top spot. Open your Image Analysis window. The images must be in the correct order to get

the correct results!

This also puts the images on top in the Image

o x
Analysis window. Highlight the two images. =
"7 €1 T50170342011072GNCO1_B3.TIF -
Band 3 must be the first one! Now, look under (7] € 750170342011072GNC01_B4.TIF L3
[¥] € NDvI
H H . 7] €8 rastercalc x
Processing, a button with a Leaf is now enabled! < il | »
. _ P : £
This is the NDVI button (yellow circle). Before Display =
you click, we need to check one thing. Go to » L g
(I 0
Options (red circle). Look an NDVI Tab! Make @ 0 0
sure that Use Wavelength is unchecked and r L il
[ora Toplp
Scientific Output is checked. Then click OK. [] Background
. Std-d - M
Then left-click on the Leaf button. [ Z ]
[Nearest Meighbor - ]
MOVI |Pan Sharpen I Orthorectify I Hillshade IStrehch I Pl | o . Processing =
M 2ide b &
Red Band: = % =R * s v
Infrared Band: 4 =

[[Juse wavelength

[¥] sdentific Output
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ers
MOVI_LT50170342011072GMNC01_B3.TIF
Yalue

i

m
(Ll
&

High:1

Image Analysis file
Low: -1

=

Veliae Raster calculator
High:1 file

Low: -1

We got the exact same results from this
method as with Raster Calculator, but that
result is difficult to see just by looking at the

Table of Contents.

Let’s look at individual pixels values using Identify.

First, we look at a water pixel:

Identify
R <All layers> We have a negative value: - 0.375 for
= NDVI_LT50170342011072GNC01_B3.TIF
- -0.375000 both. Why a negative for water?
= NDVI
e Remember, this is a vegetation index and
- LT50170342011072GNC01_B3.TIF

Il
11

J-LT50170342011072GNC01_B4.TIF
L 10

a low value for water is normal. What

could be an exception? (Answer —an

extreme algae bloom or a prolific invasive water plant)

Let’s look at an extremely bright pixel:

Identify
Identify from: <Al layers=

-NDVI_LT50170342011072GNC01_B3.TIF

m
=
-
5

-LTS50170342011072GMNC01 B3.TIF

[ [ =
We have a positive value: 0.532468 for both.

You have now learned two ways to calculate NDVI. Both methods give you the same

numeric and image results. But there is one major difference between the two resultant images.
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Do you remember what they are? Hint — one was created from Raster Calculator and one from
using the Image Analysis Processing button. So, which image is permanent and which is only
temporary?

Tasseled Cap Transformation

The Tasseled Cap Transformation is a spectral enhancement aimed primarily at analyzing
agricultural vegetation. The principle behind the Tasseled Cap calculation is the notion that the
bands in a multispectral image are interrelated and can be viewed as planes in multidimensional
space with pixel values placed in the respective planes. The clustering of values resulting from
such scattering creates data structures shaped in a multidimensional hyperellipsoid, which is
defined by the principal axes. By selecting pairs of principal axes and using them as the viewer’s
x and y axes, data structures representing different vegetation information content can be seen.
Out of the 6 data structures created by the Tasseled Cap analysis, brightness, greenness and
wetness are or the importance for this exercise. The output values for the data structures are
calculated through a linear equation with the coefficients specific to the sensor that produced the
image.

Tasseled Cap index is calculated from data of the six TM bands; however, three of the six bands
are often used:

= Dband 1 (brightness, measure of soil)

= band 2 (greenness, measure of vegetation)

= band 3 (wetness, interrelationship of soil and canopy moisture)
Within ArcGIS 10.X the Tasseled Cap Transformation is accomplished using Functions.
Functions are more complex operations within ArcGIS and beyond the scope of this tutorial.
You can refer to ArcGIS Help for more information.

Now that you have learned about the different types of enhancement and how to

accomplish these in ArcGIS, you are ready to proceed with the tutorials on Change Detection

and Image Classification.
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No permission is
granted to use the materials for paid consulting or instruction where a fee is collected.
Reproduction or translation of any part of this document beyond that permitted in Section 107 or
108 of the 1976 United States Copyright Act without the permission of the copyright owner(s) is
unlawful.

Introduction

Change detection is the use of remotely sensed imagery of a single region, acquired on at least two
dates, to identify changes that might have occurred in the interval between the two dates. Those two
dates can be years apart, for example to track changes in urbanization, or days apart, for example to
track changes from a volcanic eruption.

Change detection has been applied to examine effects such as land use changes caused by urban and
suburban growth, effects of natural disasters (such as floods, forest and range fires), and impacts of
insect infestations upon forest cover, for example. Change detection requires application of algorithms
that are specifically designed to detect meaningful changes in the context of false alarms— ostensible
changes that are, in reality, simply artifacts of the imaging process.

A critical prerequisite for application of change detection by remote sensing is the identification of
suitable pairs of images representing the same region. The analyst must assure that (1) the two images
register (that they match exactly when superimposed), (2) that they were acquired during the same
season, especially if use to track changes in vegetation, and (3) that there are no significant
atmospheric effects. In brief, the two images must be compatible in every respect-- scale, geometry,
resolution — otherwise the change detection algorithm will interpret incidental differences in image
characteristics as changes on the landscape.

There has been much research devoted to evaluating alternative change detection algorithms. A basic
distinction between pre-classification and post-classification comparisons captures a primary division
in the natures of the approach. Post-classification change detection defines changes by comparing
pixels in a pair of classified images (in which pixels have already been assigned to classes). Post-
classification change detection typically reports changes as a summary of the “from-to” changes of
categories between the two dates. Pre-classification change detection examines differences in two
images prior to any classification process. Pre-classification algorithms typically permit the analyst to
set thresholds for the magnitude of changes to be detected and highlighted.

This tutorial will introduce a simple procedure using ArcGIS Image Analysis for pre-classification
change detection— other approaches are available for the more experienced student, and to examine
other kinds of changes.

We will be using two images acquired over Pakistan to evaluate the changes due to river flooding.
You will need to download these images prior to starting this tutorial.
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Additional information about Pakistan images (path151/row40): The Pakistan floods began in July
2010. Two thousand people have died and over a million homes were destroyed by these severe floods.
The study area is near KHAN City. The two Landsat 5 TM images were acquired on July 11 (before
flooding) and Aug. 28 (after flooding).

When you are in GloVis, you can actually see the flooding within the Landsat Scene displayed in the
GloVis window. Download both scenes.

. July 11 August 28

Change Detection using Image Analysis in ArcGIS

Once you have downloaded the scenes, open ArcMap with a new map document, the Image
Analysis window, set your Workspaces, and add all bands for each image.

Composite the images for each scene. (Remember when you create images using the Image
Analysis window, these are temporary, so if you cannot complete this Tutorial in one sitting, please
save your composite images as permanent files). In ArcGIS, we don’t use the composite images for
the change detection but they are useful to see the differences that have occurred in the region after the
flooding. Again when doing any remote sensing analysis, you need to be familiar with your data and

your region.
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Your composite images are displayed on top of each other -- the July should be on top. In

this example, two images of the region in Pakistan show before and after the flood. By using the

flicker =] button,

you can visually see the
differences between the two

images.

July

Flicker Line

August
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Applying image differencing (i.e. subtracting corresponding pixels values at each pixel, and
then displaying the differences as colors) the areas that differ in brightness can be easily identified.
The analyst must apply an understanding of both the region represented on the image, and the subject
of the analysis, to generate useful results. Note that, when correctly applied, this approach will not
identify the area of the river in the second image as flooded, as it identifies areas that have changed,
not areas that were already covered by water. We do not use the composite image to calculate the
differences, so it is important that you know which Landsat bands are best suited for distinguishing
which features. When we calculate the differences, it just the differences between the same bands, not

the composite images. Remember which bands are useful for which analysis:

Table3. TM and ETM+ band designations.
Spaeiral i ‘."u_l'aue!englh Resolution i
(micrometers)  (meters}
Band 1-blue-green 045052 30 Bathymetric mapping; distinguishes soil from vegetation; deciduous from comferous
vegetation.
Band 2-green 0.52-0.61 30 Emphasizes peak vegetation. which is useful for assessing plant vigor.
Band 3—red 0.63-0.62 30 Emphasizes vegefation slopes.
Band 4—eflected IR 0.76-0.90 30 Emphasizes biomass content and shorelines.
Band 5—reflected IR 155175 30 Discriminates moisture content of soil and vegetation; penetrates thin clouds.
Band 6-thermal 10.40-12.50 120 Useful for thermal mapping and estimated soil moisture.
Band 7—reflected IR 2.08-235 30 Useful for mapping hydrothermally altered rocks associated with mineral deposits.
Band 8—panchromatic 0.52-090 15 Useful in ‘sharpening” multispectral images.
(Landsat 7)
Instrument-specific relative spectral response functions may be viewed and compared using the Spectral Viewer tool: hiip://landsat.usgs.gov/iools_spectralliewerphp.

We are going to use Band 4 from each image and calculate the difference between the two. If
you highlight the two B4 images in the top of the Image Analysis window, it will enable the

Difference button in the Processing section of

Processing =
i : ; il (&2 &
the window - !f .
_ Difference
Compute the change
B | ccn two selected layers
[Blend using a pixel-over-pixel
comparison, and creates a
ISharpen temporary layer.
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Click on the Difference button and a new temporary file is created, in grayscale. The image

that was listed second in the Image Analysis window is subtracted from the image listed first.

Table Of Cortents
fHoos @
& & Lapers
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= = layers
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Low: -255
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Zooming in on the Table of Contents shows
that we have a new file with values ranging

from -255 to positive 255. Remember, these

are differences between each of the pixel

Bl
= Diff_LT51510402010192KHC00_B4.TIF

Value
High : 255

Low: -255

= O Composite LT51510402010192KHC00_B1.TIF
RGE
M Red: Band_4
I Green: Band_3
M Elue: Band_ 2
= Composite_LT51510402010240KHC01_B1.TIF
RGE
I Fed: Band 4
I Green: Band_3
M Blue: Band_2

values in the two original images.

Turn off all the layers in the Table of Contents except for
the August Composite Image and your new difference image.
Do you remember how to distinguish between images taken
on different dates? (Hint — the Julian date in contained
within the scene identification number.)

Highlight one of the Images in the top of the Image

Analysis window and use the Flicker button to compare your
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new image to the July and August composite images. In the August image, you could see the flooded
area but it was difficult to see the original river within the image. With change detection, the original
river is darker and the area of land that has been flooded is extremely bright. (Remember from prior
tutorials, you can change the symbology to different colors to see how if it highlights the changes more

definitively.)

August image to change detection image is shown here.
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July image to change detection image is shown here

Let’s change the symbology on the change detection image and see what happens.

201 |Page



Remote Sensing in an ArcMap Environment
17. Change Detection using Landsat Imagery

Yalue
P High : 255

ey
Low : -255

In this symbology, darker colors represent both extremes on the change in pixel value. The
lighter color represents those areas with little or no change. Here, we chose blue to highlight where
water is now located. Why is there a change in color within the river itself?  (Answer — flooding

caused sediment to flow into the main river channel and thus changed the spectral quality of the river.)
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Now look at your original July and August images, and compare them to the change detection

image. We also see other significant changes in the image, not due to the flooding. Why?

& & oo« e

Hints — we are looking at an image in mid-July and comparing it to an image in late August.
What do the red areas of this 4 - 3 - 2 band combination represent? Why would these areas show a
change? Think about the latitude and longitude of Pakistan. Is this time period consistent with the

growing season?
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e 1 — 1

Again, the band that you chose to use in the change detection within ArcGIS will be dependent

on the goal of your project and the exact features upon which you want to evaluate the change.

This tutorial covered change detection only. The images of Pakistan that you downloaded for

this tutorial will not be used in any other tutorial.
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No permission
is granted to use the materials for paid consulting or instruction where a fee is collected.
Reproduction or translation of any part of this document beyond that permitted in Section 107
or 108 of the 1976 United States Copyright Act without the permission of the copyright
owner(s) is unlawful.

Introduction

Image classification is the process of sorting pixels into a finite number of individual classes, or
categories, of data based on their pixel values. If a pixel satisfies a certain set of criteria, then the
pixel is assigned to the class that corresponds to that criterion. There are two ways to classify
pixels into different categories:

1. Unsupervised Classification (this tutorial)
2. Supervised Classification — (Tutorial 19)

Unsupervised classification is a method of identifying, grouping, and labeling features in an
image according to their spectral values. In unsupervised classification, pixels are clustered
together based on spectral homogeneity and spectral distance. An analyst may choose from a
variety of techniques to measure distances.

It is important to emphasize that unsupervised classification produces classes of homogeneous
spectral identities that may not always correspond to informational classes. While spectral
classes denote pixels grouped by uniform brightness values, informational classes refer to groups
that convey useful information (such as land use, soil classes, or agricultural productivity) to the
user. When using unsupervised classification, the informational class may contain a variety of
spectral identities. Therefore, a spectral class as identified by unsupervised classification seldom
matches to an informational class.

Objectives:

= To perform an unsupervised classification on a Landsat image using ArcGIS 10.X.

= To determine what type of land use each spectral class represents and create color coded
informational classes.

= We will use the following classes and color combinations. (The numbers assigned to the
classification will become clearer later in the tutorial.)

Open water = 4, blue

Mixed agriculture = 2, yellow
Urban/built up/transportation = 1, red
Forest & Wetland = 3, green
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Conducting Unsupervised Classification

Open a new map document, enable the Spatial Analyst extension, the toolbars for Spatial
Analyst and Image Classification, and set your Workspaces. Add the sub-set Landsat Image
(created in the tutorial on Sub-setting Landsat Imagery) that includes Blacksburg, Roanoke, and
Smith Mountain Lake.

Because you only have one raster dataset in your Table of Contents, that is the dataset

that shows in the Image Classification toolbar.

. V

Classification = |@P Clip_CompositeA-1-71 tif L] 5 | [ - .

For an unsupervised classification, left-click on the down arrow next to Classification

L

Classification *|| [ Clip_CompositeA-1-7Ltif |

and it gives you a list of classification methods.

For this tutorial, we will be using Iso Cluster
%, Maximurn Likelihood Classification

Unsupervised Classification. Left-click on that . Iso Cluster Unsupervised Classification

Class Probability
method.

Principal Components

157 i

The following dialog box opens. Again, because you only have one raster image in your

Table of Contents, it automatically prefills as the Input Raster. We need to set the number of
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classes and name your new file. Don’t click OK yet -- we need to discuss the number of classes.

- =" Iso Cluster Unsupervised Classification

Input raster bands J

L

e L 1x [+ [

< »Clip_CompositeA-1-71. tif

MNumber of dasses

Output dassified raster
| C:\PhD\2013 virginiaView'Glovis_Landsat_Deownloads\Landsat_workspaceyso_25

Minimum dass size {optional)

3| B ®

Sample interval {optional)

10
Output signature file (optional)
| &

O | Cancel Environments... | << Hide Help |

Determining the Number of Classes
Remember from above, for our final output, we want four different informational classes:
Open water = 4, blue
Mixed agriculture = 2, yellow
Urban/built up/transportation = 1, red
Forest & Wetland = 3, green
Yet, in the dialog box, we set the number of classes to 25. Why? Your image has 256
different pixel values. Each of your features or informational classes — water, agriculture, urban,
forest — may contain a variety of spectral identities. Unsupervised classification produces groups
of homogenous spectral identities. How many spectral classes we should set will be dependent

on the number of informational classes, the complexity of your area of interest, and your final

project. You may need to run the Iso Cluster Unsupervised Classification multiple times using
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different numbers of spectral classes. Once you have run one set, you will need a reference
image to compare your results to see if you need to set the number higher or lower.

Now, name your Output classified raster -- we recommend that you include the number
of spectral classes for future reference.

You can leave the next two items set at the default. Minimum class size (optional) is the
minimum number of cells within a specific class. Leave Output signature file blank — we will
not be using that for this tutorial. Now left-click on OK.

ArcMap will automatically add your new file to the Tables of Contents and map
document window. As you can see, it assigned 25 unique values and colors to your output.
Again, these are homogenous spectral classes, not informational classes. We will need to
determine which informational class contains each one of these spectral classes, and ultimately

reclassify all 25 spectral classes into informational classes.
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Table Of Contents 1x

20

|21

.22

| PE

24

125
Clip_CempositeA-1-71.tif

RGB

B Red: Band_1
[ Green: Band_2
M Elue: Band 3

But before we do this, let’s run the method one more time.
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Table Of Contents
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Do

This time ArcMap did not display Unique Values but Stretched.

So, open Layer Properties/Symbology and left-click on Unique Values.

¢ Layer Properties

Show:

= [Urique Values
Classified

%'Stretch values along a color ramp

Fs (LS

i " General ] Source | Key Metadata i BExtent i Display Symbology i Fields ; Joins & Relates ]
|
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ArcMap now displays your unsupervised image with 50 spectral classes in 50 different colors.

Table Of Contents 1 x
8¢ 8(E
B = layers
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Oz
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[ 24
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s
27
TS
2o
BN
@
32
[ EE)

Now we need to decide which informational class contains each spectral class. Which new image will we use? We will use

the ISO_25 image from here on, strictly for simplicity. Again, your choice will depend on many factors.
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Remember our color scheme:

=] iso_25
1
/=2
B
|
B 5
6
7’
18
9
10
il
iz
13
[ 14
15
16
17
W 1E
13
=20
| !
22
23
.
s

= . :
Now let’s start with water. Water & j' -

should be blue, so zoom into Smith
Mountain Lake and see what color is
there. Make it blue. If you can’t tell which color
it is or the corresponding spectral class number,

use the Identify button.

Open water = 4, blue

Mixed agriculture = 2, yellow

Urban/built up/transportation = 1, red

Forest & Wetland = 3, green

For your first step, you should change the color for any spectral class that

has the above 4 colors. This will eliminate confusion if you have any spectral
classes colored blue that belong to an informational class other than water. It is
okay if you reuse any of the other colors. (You could set them to all the same

color to begin and then proceed from there.) Your Table of Contents will look

something like this (your colors may vary).

~‘.'Ei.:f- - EE.HL.:
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Next zoom to the rivers in the Roanoke and Blacksburg areas, and change their colors to
blue. If you have difficulty finding the river in Roanoke, follow the blue water northwest out of
Smith Mountain Lake. The river in Roanoke is a different color, so it will need to be changed.
But be careful, we only have 25 spectral classes-- mountain shadows can mimic water, so if you
change it, will it also change the mountain shadows to water? This is one of those situations in

which you may need to decide you don’t have enough spectral classes. Do you leave it blue?

That depends on the purpose of your project.

Remember -- to help you decide what features are present and belong to specific
informational classes, check Google Earth, on-line server aerial images, your original sub-set
image, different Display buttons in the Image Analysis window, or change the band
combinations to help make different features more distinct. As you zoom in and out, ArcMap
keeps the extent for all layers in the Table of Contents, so you can turn off the ISO_25 image to

see same region in the image underneath.
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Zoom in and out to each area, changing the colors to our standards for our informational classes. After water, urban areas, are
usually easy areas to identify. Forests versus agriculture is a little more complicated, so use of Google Earth or another on-line server
imagery is suggested. If you have trouble identifying a color for a spectral value, use Identify.

Ultimately, we want and image like this, with each one of the spectral classes assigned a color related to an informational class.
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How well did we do with 25 classes? Let’s look at a few areas of interest.

Orlginl La

WS Oy L e ? .
New River Valley Region - Original Landsat Image 4 Spectral Classes
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Let’s zoom in a little closer. Here,
we actually did lose the river to
forest. So if you are doing
informational classes at this detail
(for instance, breaking down urban
into specific classes), more than 25

spectral classes would be appropriate.
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Reclassing Spectral Classes into Informational Classes

Okay, we now have 25 spectral classes colored to

match our four informational classes. How do we change

this to just 4 informational classes? We will use the

Spatial Analyst Tools/Reclass/Reclassify (red oval).

Your Input Raster will be the raster you used

above when you were identifying which spectral classes

belonged to which informational class. The Reclass field

is Value. All Old values, 1 — 25, are listed in a column,

= & Spatial Analyst Tools
& Conditional
B Density
%: Distance
& Extraction
B Generalization
& Groundwater
& Hydrology
& Interpolation
By Local
& Map Algebra
& Math
B Multivariate
B Neighborhood
B Overlay
85 Raster Creation
= &y Reclass
"{Q_ Loockup
#,, Reclass by ASCI File

#.. Beclace by Table

%

#. Reclassify
Input raster
fisa_25 RN=]
Redass field
| vALUE ~|
Redassification
' Old values ' New values B
1 i — Classify...
2 2 i .
5 5 Unigue
4 4
5 5 Add Entry
[ [
F F
3 i) e
Load... Save... Reverse Mew Values ‘ Predision... ‘

QOutput raster

[ Change missing values to NoData {optional)

| C:PhD\20 13 VirginiaView\Glovis_Landsat_Downloads'\Landsat_workspace\Reclass_iso25

CK | Cancel

Environments... ‘
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each on its separate line. The New values are currently the same -- you will change these to
informational classes.
Recall:
Open water = 4, blue
Mixed agriculture = 2, yellow
Urban/built up/transportation = 1, red
Forest & Wetland = 3, green

So line by line, you change the New values to the number corresponding to the correct

informational class. Once you have changed all the New values, name your new file.

#. Reclassify
- Input raster
fiso_25
Redass field
| vaLUE
Redassification
[ ] Old values ' New values N -
. 1 4 j Classify...
2 3
5 5 Unigque
4 3
3 3 Add Entry
6 3
7 3 Delete Entries
B 1 Il
Load... | Save... ‘ Reverse New Values ] Predision... ‘
Output raster
] C:WPhD\2013 VirginiaViewGlovis_Landsat_Downloads\Landsat_workspace\Redass_iso25 <z
[T Change missing values to NoData (optional)
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Don’t forget, you need to do all 25 Old values. You may need to use the scroll bar on the

right side of the New values list. Click OK.

Input raster

! iso_25

Redass field

| VALUE

Redassification

—_— e

i Old values New values :J -
12 3 Classify. .. |
13 3 z
id 5 Unigue |
15 3 _!
18 2 Add Entry |
17 2
18 3 | Delete Entriesl
19 3 e

Load... ! SEVE... I Reverse Mew Values l Predision... |
b ractar

ArcMap will run the tool and automatically add the new file to your Table of Contents

and map document window. The colors may not be the Table Of Contents
| 3GE
same as ArcMap assigns these at random. \ >
= M
w1
So, re-do the color scheme: \ w2
| E
T.abIE Of Contents 4
=8 S8 =
= Recl_izol5
m
2
m:
o
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Tahle Of Contents
= Fecl_isod5

B 1 - Urban

menu. [ 12 - Agriculture
B : - Forest
B 4 - Water

n

And add the informational class names to the

Calculating the Percent of Total Area for Each Informational Class
Right-click on the name of your new file and open the Attribute Table. This table will

provide you with the number of cells (Count) in each informational class.

T P ] I

= M Table O x f
B 1 - Urban

[12 - Agriculture H X % T % @

3 - Forest Recl_iso25 x |

B3 Wt Rowid | VALUE | COUNT '
O isc_&0 » D 1| 185885
O iso_50 1 217582
= isa_25 z 755137

1 3 128026 |
[P
- |
. oA 1 v » = !

|_E |
s (0 out of 4 Selected) |

m7 | Recl_iso25 b

— s e~

i | G| P
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You can then calculate the percent for each informational class. Right-click on Count

and then left-click on Statistics.
This provides you with the total
number of cells (pixels) in your

image. Make note of this number.

Statistics of recl_iso25.vat

Field
COUNT %

Statistics:

Count: 4

Minimum: 126086

Mapdmum: 7551370

Sum: 10038774

Mean: 25096535

Standard Deviation: 3025419, 754831
Mulls: 0

Next, left-click on down arrow underneath

Table (red circle). Then left-click on Add Field.

1
Table
ERAERAE-R 3
Rowid | VALUE f COU™ T
0 FRRFTT _i art Ascending
1 2| 217| F  Sort Descending
2 || Advanced Sorting...
3 4 | 126
SUMmMarize...
¥, Statistics...
T 14 4 (S
s Turn Field Off
Freeze/Unfreeze Column

ot

Switch Selection

Select All

Add Field..,

Turn All Fields On

Show Field Aliases

Arrange Tables 3

Restore Default Column Widths
Restore Default Field Order

Joins and Relates [ -
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Name your new field something that you will later understand. You want Type — Double. Click

OK.

Rowid | VALUE f COUNT
] 1| 185695
1 2| 217562
2 3| 755137 Tipe:
3 4| 126086 : Double s
— Field Properties
Precision 0
Scale 0

4 4 ﬂbHE

0 out of 4 Selected)

This adds a new field to your Attribute Table.

ML L L L
Recl_iso25
Rowid | VALUE f COUNT PER_AREA
0 1| 185695 0
1 2| 217562 0
2 3| 753137 0
3 4 | 126086 0
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To calculate the value for the field: Right-click on the name of your new field, click on

Field Calculator.

| N P T T Y i

- - RS X
Recl_iso25
Rowid | VALUE | COUNT PER_APEA
i) 1| 185885 L  Sort Ascending
1 Z| 217582 = Sort Descending
2 3| 755137 x
3 2 [ 126088 Advanced Sorting...
Summarize...
Statistics...
Field Calculator...
Turn Field Off Field Calculator
o bt E i mixs Freeze/Unfreeze Column Populate or update the values of
| Recl_iso25 | this field by specifying a
- - | % Delete Field calculation expression. If any of

the records in the table are
currently selected, only the values
of the selected records will be
calculated.

Properties...

223 |Page



This dialog box opens.

Remote Sensing in an ArcMap Environment
18. Classification of a Landsat Image (Unsupervised)

It shows

you that you are calculating the

value for your new field (red

oval). Type the formula exactly

as shown (remember from prior

Tutorials, proper use of

parentheses is essentia

Click OK.

).

* Field Calculator x|
i Parser i
i | % VB Script " python
Eields: Type: Functions:
Rowid * Mumber :gfﬂ ;
VALUE Cos k )
i | counr © string Exp ()
. | PER_AREA D IFu;: E ;
! n
i Log (]
3 Sin()
; Sar ()
Tan () i
!.
eblock ¢
= R = =R
PER_AREA = —LJJ—]—JJ i
([COUNT]/10038774) =100 -]
F
i
. About calculating fields Clear | Load... I Save. .. |
i o
i oK Cancel I

—HCF et A B N

Table
Recl_isod5
Rowid | VALUE | COUNT PER_AREA
0 1| 185695 1.845778
1 2| 217562 21.672158
2 3 | 755137 75222034
3 4 | 126085 1.25589

How accurate was your classification using the Iso Cluster Unsupervised Classification method

and 25 classes? We will assess that in the tutorial on Accuracy Assessment. You may proceed

directly to that tutorial or the next tutorial on Image Classification (Supervised).
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No permission
is granted to use the materials for paid consulting or instruction where a fee is collected.
Reproduction or translation of any part of this document beyond that permitted in Section 107
or 108 of the 1976 United States Copyright Act without the permission of the copyright
owner(s) is unlawful.

Introduction

In comparison to computer-controlled unsupervised classification, you have much closer control
over the supervised classification process. In this process, you select pixels that represent
patterns you recognize or can identify with help from other sources. Knowledge of the data, the
classes desired, and the algorithm to be used is required before you begin selecting training
samples. By identifying patterns in the imagery, you can "train" the computer system to identify
pixels with similar characteristics. By setting priorities for these classes, you supervise the
classification of pixels as they are assigned to class values. If the classification is accurate, then
each resulting class corresponds to a pattern that you originally identified.

Supervised training requires a priori (already known) information about the data, such as:
e What information needs to be extracted? Soil type? Land use? Vegetation?
e What classes are most likely to be present in the data? That is, which types of land cover,
soil, or vegetation (or whatever) are represented by the data?

In supervised classification, the user relies on her/his own pattern recognition skills and a priori
knowledge of the data to help the system determine the statistical criteria (signatures) for data
classification. To select reliable samples, the user should apply information (either spatial or
spectral) about the pixels that they want to classify. The location of a specific characteristic,
such as a land cover type, may be known through field observations that acquire knowledge
about the study area from first-hand observation, analysis of aerial photography, personal
experience, etc. Field data are considered to be the most accurate (correct) data available about
the area of study. They should be collected at the same time as the remotely sensed data, so that
the data correspond as much as possible. However, all field data may not be completely accurate
because of observation errors, instrument inaccuracies, and human shortcomings. Global
positioning system receivers are useful tools to conduct ground truth studies and collect training
sets. Training samples are sets of pixels that represent what is recognized as a discernible
pattern, or potential class. The system will calculate statistics from the sample pixels to create a
parametric signature for the class.

You cannot assign every pixel value to a class. With your training data, you will identify many
of the values and assign them to a specific class. But what happens with the unassigned pixels?
In addition, some pixel values may fall into two classes — you’ve already encountered this
situation in the unsupervised classification tutorial with respect to classification of water and the
mountain shadows. In supervised classification, you will choose the method/algorithm that
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decides how to assign these pixels. Different algorithms include (but are not limited to)
minimum distance, maximum likelihood, Mahalanobis’ Distance. Please see Campbell and
Wynne (2011) for more information about supervised classification strategies.
Objectives:

o To perform a supervised classification on a Landsat image.

o To generate supervised signatures using training samples.

o To use histograms, scatterplots and statistics to evaluate normality, separability, and

partitioning of training data

You have been working with a specific Landsat scene over several tutorials so should already be
somewhat familiar with the area. If you feel you need more knowledge, take some time in
Google Earth and explore the area covered by the Blacksburg, Roanoke and Smith Mountain
Lake area. We will, again, be using that sub-set image in this Tutorial.

We will be using the same informational classes that we used in Tutorial 19, so as a reminder,
the classes are:

Open water = 4, blue

Mixed agriculture = 2, yellow

Urban/built up/transportation = 1, red

Forest & Wetland = 3, green
Conducting Supervised Classification

Open a new map document, enable the Spatial Analyst extension, the toolbars for Spatial

Analyst and Image Classification, and set your Workspaces. Add the sub-set Landsat Image
(created in the tutorial on Sub-setting Landsat Imagery) that includes Blacksburg, Roanoke, and
Smith Mountain Lake.

Because you only have one raster dataset in your Table of Contents, that is the dataset

that shows in the Image Classification toolbar.

v

Classification ~ | [ Clip_CompositeA-1-71tif v | EH M- R
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ArcGIS provides four supervised classification options:

Classification = || K& Clip_CompositeA-1-7T1.tif ¥ |

Interactive

Maximum Likelihood
% Maximum Likelihood Classification

Class Probability

., 1so Cluster Unsupervised Classification

Principal Components Class Probability

Principal Components

o y ey

(Remember — ISO is unsupervised and was used

in the prior tutorial).

Many other different methods are available for classifying Landsat Images in other
programs. We are going to us Maximum Likelihood in this tutorial.

Let’s explore some of the tools on the Image Classification toolbar that you will use:

Classification = |‘® CliF‘_CDmF‘DSitEﬂ.-l-ﬂME M - "

Training sample manager/

Clear Training Sample

Draw Polygon
Select Training Sample
Training sample manager allows you to see and change the properties of your training
samples. We will go into more detail below.
Clear training samples deletes all training samples — be careful with this one, it does
delete all of them if they have not been saved!
Draw Polygon — you use this tool to draw your areas of interest

Select Training Sample — allows you to select one or more completed training samples
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Some of these tools are not yet enabled but as soon as you create your first training
sample, they will be.
Creating Training Samples

We are going to start with identifying areas for the water class. (Remember, change your
display with band combinations, contrast, Gamma, etc. as needed to help identify features in the
scene.)

Zoom to Smith Mountain Lake region. Left-click on the down arrow next to Draw

el — ]|
Polygon. As you can see, this down arrow actually gives you =

i[‘_li Draw Pelygon
_." [l Draw Rectangle

Draw Rectangle, and Draw Circle. Which one you choose is & () Draw Circle
G ——

. SR N

three options to select regions on the image— Draw Polygon,

up to you, but experiment to find the one best-suited to your
data. Left-click on Draw Circle --it gives you a + , which

represents the center of a circle. Hold the left mouse button down

and expand out creating a circle of the size you want. Be careful

to stay away from shores of the lake. You can zoom in further, if
necessary. This is your first training sample.  All the buttons on the Image Classification tool

bar are now enabled. Click on Training Sample Manager.
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P —EE RS I
. As you can see, you have one
Training Sample Manager ﬂ
A EE X+ 3 ikl 1 training sample, Class Name — Class
jin] Class Name | Value | Color Count ]
1 Class 1 1 =] 539 1, color blue and 539 pixels.

Change the Class Name to water 1
(just click in the box and it

highlights, type the word - Water).

On your Training Sample Manager

is a save button (red circle). You have to save your training samples separately from the map
document. We recommend that each time you create a training sample, you save it.  Saving
your training samples allows you to stop at any time and finish your classification later. It also
preserves your samples in case ArcMap closes.

Water is not characterized by just one spectral value. So use Smith Mountain Lake, your
other water bodies — streams and ponds — to create multiple water training samples across the
scene. Each time you create a sample, click on one of the Draw symbols, and rename it in your
Training Sample Manager, make sure all water is blue, and save it. (Note —you do not need to
do every single water body, but select a good sample of the different water spectral values.)

Your Training Sample Manager may look something like this when you have finished

with water.
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M Training Sarmple Manager

APEEFEXx+ 4RI g

D | Class Name ] Value ] Calor ] Count 1

1 Water 1 1 [ ] 532

2 Water 2 2 ] 378

3 Water 3 3 ] 353

4 Water 5 4 (I 67

5 Water 6 5 = 229

& Water 7 & = 281

i '

Now, do this for each one of the other three classes — agriculture, urban (developed) and
forest. You do not need to do them one at a time, if you see pixels representative of all classes
in one area, go ahead and do a training area for each one. Make sure you don’t select all of your
If you don’t like one of the

training data from one area, distribute them across the scene.

training samples that you selected, just highlight it within the training sample manager, and click

the delete button. %

Don’t worry if you have gathered classes with pixel values that may overlap spectrally.
We will evaluate that situation before we do the actual classification.

When you think you are finished, zoom to the full extent of the scene and take a look.
Do you have training areas in different areas of the scene? Have you taken into account, the
different forested areas — conifers, shadows, leaf-off, and deciduous? What about the different
levels of plant growth in agriculture? As you can see from the Training Sample Manager, we

have a range of pixel counts in our different training areas. Again, don’t worry about these yet.
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i A S e e Y o 28

%' EH Training Sample Manager x|
]_ A EEEx Ul s

Class Name Value Color Count

Water 1
Water 2
Water 3
Water 5
Water &
Water 7
Water 8
Urban 1
Forest 1
Agl
Forest 2
Ag2
Ag3
14 Forest 3 14
15 Ag4 15
16 Forest 4 16
17 Forest 5 17
18 Ag5 18
19 Urban 2 19
20 Urban 3 20
21 Urban 4 21
2 Urban 5 2
23 Urban & 23
24 Ag6 24
25 Ag7 25
% Forest6 %
27 Ag8 27
3 Ag9 3
29 Forest7 29

HREBoo - uswne

5
g

LI N

Once you are satisfied with your training areas, proceed to the next section.

Evaluating Normality, Separability and Partitioning

We are going to use three buttons at the top of the training Sample Manager window.

Show Histograms
Show Scatterplot
Show Statistics
As you recall from other Tutorials, a histogram is the distribution of the number of pixels
with respect to pixel values. You can look at one training sample at a time, or highlight many at
one time, for instance -- all of water. Once you have highlighted the training sample row, click

on the Histogram button. Give ArcMap a moment to build the histograms.
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ArcMap opens the histogram window to the left of the Table of Contents. You can use

the scroll bar to the right of the histogram window to look at the different bands.

@ supervised - ArcMisp =lo]x]
RAMQIixille LAl ] ZINRES
File Edit View Bookmarks Insert Selection Geoprocessing Customize Windows Help [ B " & - [ress63 Sl EERER ;}n_; |
Classifieation ~ | [& Clip_Compositea-1-710if »| Bl 4 ||O- B
Histograms B X Table Of Contents o x - EJ
T 20" = ——— HEloe8 E ;;'
Y i o 3
1; ol M Blue Band2
ﬁ o 20 m
=3 =l i i
280 [ 300 i
260 | 260
= : g
) =
fio %
'Histograms
. 160
: 150
For this illustration, each of L 140
L1430
our water training samples is a 120
] 110
different color. When examining each | '™
| a0
- ' 2 a0
band (here, only Band 1 is illustrated), | < .
. | =l
we do not see any overlap in the ! 50
! 40
colors and the distributions appearto | a0
: 20
be normal. L
_ E 0 20 40 GO &0 100 120 140 160 180 200 220 240
Examine each of your classes |, Band_1

for normality. Do you need to add any training data to any of your classes? Your training data

for each class may not cover the entire range of brightness values, so you don’t need to be

concerned that our water class appears only to range from about 50 — 70.
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For illustration purposes only, we

added all training samples to this

histogram (again, each has a different

color). What else might this histogram

tell us? Some of our colors are

overlapping, so we may have some

T training data that can be merged or

0 20 40 B0 80 100 120 140 160 180 200 220 240
Band_4

deleted. We will evaluate those using

the scatterplots.

Scatterplots plot the pixel values of your training data in one band against those of
another. Viewed as scatterplots, the points should not overlap if the training samples represent
different spectral classes. First, you should look at each individual class to see if there is any
overlap and any opportunities to merge or delete training samples. (Note — when you merge
training samples, you are changing the statistics, the mean, etc. If you merge training samples
that are not overlapping or overlap just a little, you greatly alter the training sample and may lose
some of the values within that class. As such, when you finish your evaluation, you very likely
will have multiple rows of training data for each class.)

Highlight rows of water and the click on Scatterplots. Again, ArcMap opens a window

SN P RN e B e T e T B e B

on the left side of the Table of

ETraining Sample Manager ii
] o+ 5=|' Lo el x 1 ..:.-_'. ; ;
| fE@FEx TN RliET Contents, this time for
i | ID 1 Class Name | Value | Color Count o
1 Water 1 1 [ ] 539
2 Water 2 2 378 . Scatterplots. There are many
3 Water 3 3 353
s Water 5 4 67 .. .
5 Watar & 5 229 . plots because is it comparing
51 Water 7 5] 281
. Mo 7 HER W each band to another band. You
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may need to change the colors within the Training Sample Manager to see the different

samples.

Scatterplots a >
[ 4
L s i s o ) e e e P e e g

* ¥+ 2
O | R R R e b A FE i i e e
* * ¥ ¥R * ¥ b
34 | i e S 35 L L L U L e e i Sl L A L
E RS ad
T P S 3 1)
[} [ap)
_EI T oo s b A e e e _EI 30
i & 25
m 1L
28 26
26 24
24 =2
T S A PR O i
27l " 1&8}-
* ¥ * * 1 E
43 50 52 54 56 55 B0 B2 B4 BE GBS YO 43 50 52 54 56 55 B0 B2 B4 BE GBS YO
Band_1 Band_1

As you can see, it appears we may have some overlap in some of the training samples.
(Note — here, we are only showing two of the scatterplots, but within others, we noticed the same
effect.) This result indicates that we can possibly merge some of our training data. Let’s start
with the yellow and light green. Once we merge them, we will redo the scatterplots to see how
they changed. Before you merge, save your training file — that way, if the merge was not
positive, we can reload the training data as it was before the merge.

To merge, highlight the two rows. Notice as you did this, the scatterplots change and

. .. le Manager
only show those two sets of data. Left-click on Merge training - -
M x ¥
samples button. It merged the two waters into one, you know e[ Merge training samples|

this because the scatterplot display changed and you have one less water training sample. Now
redisplay all the waters. Just highlight them all and the scatterplots will automatically change.
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We are going to do at least one more. Let’s try the yellow and the salmon together. Separately,
do the cyan with the dark green. If you are merging multiples, do them one at a time. (Note —

your scatterplots may look different and may not need additional merging.)

Scatterplots T X
F
¥ 46 -
40 SR = ’ 44
38 Bl R R, 42
40
38 e ct:]
*+ * * + ¥
2., | 36
O S S B i s = D]
32 T2 o
[} [ar]
EI 30 EI 30
i = 28
26
24
22
20}
22 18
b SR g * 16
20
o & & & + % 14
18 12
43 50 52 54 56 58 BO B2 B4 BE B8 YO 43 50 52 54 56 53 BO B2 B4 BE GBS YO
Band_1 Band_1

Water is looking pretty good, with very little to no overlap. We started with seven

training areas for water -- after merging we have only ARETEX T d Ul e

4. Change all the colors for water to blue. Save!

Scatterplots

40

b

33

36

34

fope] R R S e

NI
<30
i

o
o a5

B =) e A

24

22

0

[+ + 4+ 4+ &
18
45 a0 52 54 =56 355 B0 G2 G4 BG G668 YO 45 50 52 =54 356 355 B0 62 G4 B GBS YO
Band_1 Band_1
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Now do this for your other three classes.

Once you have finished evaluating all four

classes, we will need to compare the classes to each other.

When we started, we had 29 training samples. Once we completed merging and deleting,

we had 12 left (Note - yours will likely differ). Highlight all of your training samples so they all

display on the scatterplots. Click on the Scatterplot button

. EH Training Sample Manager

el =A |

HecE X 4 02w

o

Value Colar Count

Class Mame

- 2
-

.
6 I
| A3 |

6 |

I

== ] | o TR

In the following screenshots, we are only showing you a sample of ours. But, again, you

are looking for overlaps or training data for one class that is within another.
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You may see results such as in Bands 2 and 5 (above right) or 2 and 7 (below left), or

a0

G0

70 &0
Band_2

80 100 110 120 130

&0

a0

100

Band_3

120

140 160

Band_4

140
130

1

20

40

B0

a0 100
Band_3

120 140 160

even 3 and 5 (left) -- areas that look suspiciously

like possible overlaps. You can effectively

evaluate these by adding your rows of training

data one at a time and watch the display as it

changes. (Note - water should be separate from

the other classes, except for instances of flooding

and high turbidity).

You should also look for areas of missing data (white circles). We do have a couple of

areas with missing training data that could cause us some problems when doing classification,

but this is a small area (comparatively). If you fill in too much, you may create areas with

significant overlap.

We have one more item to check before we perform our classification — Statistics.

Statistics shows measures that characterize your training data (such as mean, mode, etc.) and

covariance. Covariance evaluates the correlation of values in the different bands. Low values

indicate that the values in a pair of bands tend to increase and decrease independently. High
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values indicate that the values in the two bands tend to increase and decrease together— a high
covariance. For effective classification, we prefer to see low covariances, indicating that the
training data are providing independent information (i e., the data from the training fields are not
replicating each other).

Close your scatterplot window, leave all rows in the Training Sample Manager
highlighted and click on the Statistics’ button. ArcMap opens a window to the left of the Table
of Contents. You get a statistics matrix for each of your training data rows. Check the
covariance for each one. If you have evaluated your histograms and scatterplots effectively, you
should not see any high numbers within these matrices. Numbers close to 2,000 mean that the
bands are highly correlated to each other. If you see any high numbers, you should proceed
back and re-evaluate your training data.

If you are satisfied with your results, save your training data one last time.
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Statistics B x
Band_7 159,06 102,39 133.01 98.59 271.08 -25.30 228.63 =
Ag1
Statistics Band_1 Band_2 Band_3 Band_4 Band_5 Band_6 Band_7
Minimum 61,00 26.00 31.00 52.00 94.00 113.00 36.00
Maximum 95.00 53.00 50.00 109.00 155.00 129,00 73.00
Mean 69,22 35.37 42.43 74.63 118.55 122,19 52.496
Std.dew 3.48 271 4,59 10.45 11.60 2,52 0.28
Covariance
Band_1 12,13 8.19 13.31 8.79 28.74 1.589 14.55
Band_2 8.19 7.35 11.04 11.13 23.19 0.24 11.42
Band_3 13.31 11.04 21.08 3.43 44.03 0.45 24.31
Band_4 8.79 11.13 3.43 110.03 20.33 1.85 -7.07
Band_5 28.74 23.19 44.03 20.33 134.85 11.13 67.45
Band_& 1.89 0.24 0.45 1.85 11,13 6.36 4,08
Band_7 14.55 11.42 24.31 -7.07 67.45 4,08 39.43
Ag 3
Statistics Band_1 Band_2 Band_3 Band_4 Band_5 Band_6 Band_7
Mirirnim 55.00 24.00 22.00 68.00 70.00 117.00 26.00
Maxirmum 59,00 37.00 48.00 125.00 128.00 124.00 60.00
Mean 59.79 30.08 30.81 96.17 94.79 120.53 36.15
Std.dew 2.58 2.15 4,72 10.21 10.12 1.16 6.91
Covariance
Band_1 5.66 4,20 10.00 -13.72 19.76 0.09 13.64
Band_2 4,20 4,62 9.33 -10.57 15,22 0.57 13.17 T
Band_3 10.00 .33 22,31 -31.84 44,10 0.68 31.12
Band_4 -13.72 -10.57 -31.84 104.31 -59.70 0.59 -49,55
Band_5 19.76 19.22 44,10 -59.70 102.42 3.77 66,49
Band_6& 0.03 0.57 0.68 0.59 3.77 i s 1.79
Band_7 13.64 13.17 31.12 -5, 55 66,49 1.79 47.70

P Forest 3
Statistics Band_1 Band_2 Band_3 Band_4 Band_5 Band_6 Band_7
Minimunm 45.00 17.00 14,00 22,00 28.00 107,00 11,00
Maximum 68.00 32.00 40.00 64,00 138.00 134.00 65,00
Mean 55.26 23.80 25.95 42,91 77.70 120.686 35.23
Std.dev 3.82 2.78 5.81 7.69 26.28 5.57 12,71
Covariance
Band_1 14.60 9.83 20.34 21.38 93.56 18.42 45,12
Band_2 9.83 7.71 15.50 17.62 09.87 12,91 33.31 bl

Preparing the Signature File
We have one last step before performing the classification. We need a signature file
created from our training data. Highlight all the rows in your Training Sample Manager and

left-click on the Create a signature file button.

EH Training Sample Manager ]
TrIEE e
1D Class Mame Value Color Count |

- Create a signatureﬁle'
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This will take you to a window to save and name your file. (Note - even though you set
your workspaces earlier, you may still need to navigate to your workspace to save and name
your file.) Once saved, go ahead and close the Training Sample Manager window. Click on
the Clear Training Samples button and this will clear the training samples displayed in the map

document.

Performing a Supervised Classification
Left-click on the down arrow next to classification and click on Maximum Likelihood

Classification.

J‘

Classification = | |‘@> Clip_Compositef-1-71.tif ﬂ

%, Maximum Likelihood Classification
o Iso Cluster Unsupervised Classification

Class Probability

Principal Components

You will get the dialog box at the top of the next page. Since your image is the only one
in your map document, it defaults into the dialog box. Navigate to where you saved your
signature file and add it to the dialog box, name your new output file, and leave the rest of the
information as the default settings. (Note - if you wish to change any of these, remember when

you click on the line, the help window on the right explains the field.) Click OK.
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., Maximum Likelihoad Classification

E‘ |

a

Input raster bands
| =l

< »Clip_CompositeA-1-71.tif

e lolx e [

Input signature file

] C:\PhD\2013 VirginiaView'\Glovis_Landsat_Downloads\Landsat_workspaceml_sign_file.gsg
Cutput dassified raster

| £ \PhD\2013 VirginiaView'\Glovis_Landsat_Downloads\Landsat_workspace\MLClass_Clipl

Reject fraction (optional)
|0.0

A priori probability weighting {optional)
| EQuAL

Input a priori probability file {optional)

Cutput confidence raster {optional)

I

B B e &

QK | Cancel ] Environments...‘ Show Help == ‘

P TR T : g e PR drgatei i

Your new file is automatically added to the Table of Contents and map document
window. Because we had 12 training data sets, we have 12 categories. The colors are
automatically set by ArcMap, so they don’t correspond to our color set.

Reminder:
Open water = 4, blue
Mixed agriculture = 2, yellow
Urban/built up/transportation = 1, red
Forest & Wetland = 3, green

So, we will need to set the colors and do a Reclassify (as we did in the tutorial on

Classification of a Landsat Image (Unsupervised). So, first set the colors to correspond to above
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and then use the Spatial Analyst Tools/Reclass/Reclassify to classify into the 4 informational

classes.

Table Of Contents 1 x
808
Bl = layers
= Reclass_MLCI2
1 Urban
[12 Agriculture
M 3 Forest
| Watel
MLClass_Clipl
Clip_CompaositeA-1-71

Calculating the Percent of Total Area for Each Informational Class

| T O x
Now calculate the e S—
SRR R
percent of total landcover for Reclass_MLCI2 X
. . . Rowid | VALUE | COUNT PERCENT_TOTAL

each informational class (just ) 1| 132858 13234534
1 2| 260322 25.931663
as you did in the last tutorial). 2 3 | 601920 59.959543
3 4| &7765 0.87425

How accurate was your classification using the Maximum Likelihood Classification method?
We will assess that in the tutorial on Accuracy Assessment. You are now ready to proceed to

that tutorial.
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The instructional materials contained within these documents are copyrighted property of
VirginiaView, its partners and other participating AmericaView consortium members. These
materials may be reproduced and used by educators for instructional purposes. No
permission is granted to use the materials for paid consulting or instruction where a fee is
collected. Reproduction or translation of any part of this document beyond that permitted in
Section 107 or 108 of the 1976 United States Copyright Act without the permission of the
copyright owner(s) is unlawful.

Introduction

Accuracy Assessments are performed on classified images to determine how well the
classification process accomplished the task. Accuracy Assessments are performed on
unsupervised and supervised classification methods and should always be included in your
project report. An accuracy assessment compares your classified image to an image which is
assumed to be correct (such as an aerial photo).

This task is accomplished by compiling an error matrix. An error matrix is a table of values that
compares the value assigned during the classification process to the actual value from an aerial
photo. These are compared on a point-by-point basis. A random set of points is generated for
the region covered by the area. Then using the aerial photos, the value for each point is
identified. Then, these same random points are used to identify each point’s known value in the
classified image. The error matrix table is completed by comparing these two values. The
accuracy assessment process will become clearer as we proceed step-by-step.

An important component of accuracy assessment, Cohen’s kappa co-efficient is calculated from
the error matrix. Kappa tells us how well the classification process performed as compared to
just randomly assigning values, i.e. did we do better than random.

This tutorial provides a step-by-step process for performing an accuracy assessment by
completing an error matrix, then calculating Kappa.

For more details on Accuracy Assessments and Kappa see Campbell and Wynne (2011).

Generating a Set of Random Points
Open a new ArcMap document and add the sub-set image of Blacksburg, Roanoke, and
Smith Mountain Lake. Then add the two classified images that you created from the two

tutorials on image classification. Don’t forget to set your workspaces! (Note- when loading

243 |Page



Remote Sensing in an ArcMap Environment
20. Accuracy Assessment

your classified images, your colors may change, don’t get upset, ArcGIS randomly assigns

colors. You can change the colors as needed.)

Next open your Toolbox and go to Data e Tantox
@ ArcToolbox

Management Tools/Feature Class/Create 7 &9 3D Analyst Tools
@ BP Analysis Tools
Random Points. = & Cartography Tools

) @ Conversion Tools
+ B3 Data Interoperability Tools
= BJ Data Management Tools
[ & Attachrnents
7 B Data Comparison
[ & Distributed Geodatabase
= & Domains
= %: Feature Class
"-h Append Annotation Feature Classes
#., Calculate Default Spatial Grid Index
"’-\\ Calculate Default XY Tolerance
#., Create Feature Class
"-h Create Fishnet
#.. Create Random Points
~,
J\\

Create Unregistered Feature Class

In the Create Random Points dialog box, name your Output Point Feature Class (this
will be the file that has the random points), set your Constraining Extent to the sub-set image,
and the number of random points to 25. If you have a vector shape file that you wish to use to
limit the region of your random points (i.e. just to the City of Roanoke), you would use
Constraining Feature Class instead of Constraining Extent. These two inputs are used to keep
your random points within a specific boundary.

We used 25 random points. (No, this number is not sufficient for an actual project). For
an actual project, the number of points should be much higher. We are now using 25 just to
illustrate how to complete the error matrix because identifying values for a larger set of random

points value is too time-consuming for this exercise.
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Output Location

- C:.]-IPhD;]l,ZU13 h"lrginiah"lewil,G.I.o\ris_Lanc-l.sat_Downi.c;ad.s-‘;j_and.s-at_wor.l-cspaoe

Output Point Feature Class
random pts

Constraining Feature Class (optional)

20. Accuracy Assessment

o I e s cne

5

&

Constraining Extent (optional)

Eh=

[5ame as layer Clip_CompositeA-1-71.tf

-8

Left
522645,000000

Mumber of Paints [value or field] (optional)
|§. Long

Top —
4160085,000000

Bottom

4076475.000000

Right

630705.000000

Clear

) Field

Minimum Allowed Distance [value or field] (optional)
@ Linear unit

) Field

[T Create Muttipoint Output (optional)

Maximum Mumber of Points per Multipoint (optional)

ps

] [ Cancel ] ’Enuironments... ] [ Show Help ==

If your dialog box looks as above, click OK.

ArcMap adds the new vector point file to your Table of Contents and the random points

to the map document.  Just to show you that the random points generated using ArcGIS are

indeed random, we completed a 2" set — our first set is white points and the second black points.

(Note- your points will not be as large as those shown here- we have changed the symbology so

they could be seen easier.)
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[EHeg8 E

5 = layers
(=] randompts2
el

(=] random_pts

= recl_iso25
[_}8
2
3
w4
= Clip_CompositeA-1-71.tif
RGE
I Red: Band_1
[ Green: Band_2
M EBlue: Band_3

Identifying Each Random Point’s VValue from Aerial Imagery
We are going to use Google Earth as the reference image

with which to identify each random point’s value. To do this, we

need to export the file into .kml file so we can view it in Google

Earth. Go to your Toolbox, Conversion Tools/To KML/Layer to

KML.

ArcToolbox

£ & 3D Analyst Tools
=] a Analysis Tools

£ @ Cartography Tools
= a Conversion Tools
= & From GPS

[ & From KML

[ B From Raster

& &5 From WFS

= &y Metadata

= & To CAD

= & To Collada

= & To Coverage

@ & To dBASE

[ B To Geodatabase

K Layer To KML
#.. Map To KML
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Layer

| fandom_pts

Cutput File
C:'\PhDY20 13 VirginiaView\Glovis_Landsat_Downloads\Landsat_workspace\random_pts_LayerTokML . kmz
Layer Output Scale (optional)

Clamped features to ground {optional)

¥ Data Content Properties

¥ Extent Properties

H Cancel HEnvlronments... ][ Show Help => ]

Enter your random points file as the Layer and then name your new .kml file. Note —
ArcMap will not add it as a layer to your Table of Contents. We don’t need it there.

Open Google Earth. Once it is open, go to File/Open and navigate to your workspace.
Double-click on your .kml file and then click open to add it to Google Earth. Use the Google

Earth Image date that is closest to your Landsat date (March 2011).

|‘I =

! &y Open M
| "(: @ | # Glovis_Landsat_Downloads b Landsat workspace b - i __.Searth Landsat workspoce

E_ Organize v New folder = 0O @
: & Google Drive  * Name Date modified Type Size

: | Recent Places 1l info 6/26/20138:36 AM  File folder

! | W sess 6/25/20138:03 PM  File folder

i Libraries | isa 40 6/25/2013233PM  Filefolder

! %] Documents 1 is0_50 6/25/20138:29 PM  File folder

) & Music || is0_80 6/25/2013 906 PM  File folder

1 Pictures = . isocluster 6,/25/2013 2:29 PM File folder

! B videos | low_pass 6/25/20131:41 PM  File folder

1 ndvi 6/24/20136:03 PM  File folder

] ‘G Homegroup . MNew Personal Geodatabase.idb 6/25/2013 1:17 PM File folder

1 kst |, rastercalc3 6/24/2013 5:47 PM  File folder

P Compuisr || recliso2s 6/26/20138:34 AM  File folder

: £ Local Disk (C:) || square 43 6/24/20135:37PM  Filefolder

! a RECOVERY (D) _ || random_pts LayerTokML 6/27/2013201 PM  KMZ File 3KB|

! File name: random_pts_LayerToKML A ’Google Earth [ *.kml *.kmz *.etz v]
[

! | Open | l Cancel l
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Google Earth will add it to the map and also zoom to the area of your random points.

You may need to change the symbology in

___}J: Untitled Placemark

» V& Temporary Places

Google Earth to see them. &

If you left-double-click on any of the

points in the list, Google Earth will zoom to the\x

point. As you do so, Google Earth will display

the FID number, so you know which point in

your vector shapefile the point references. You
can then add the value to the attribute table of

your random points shapefile in ArcMap.

Id

Directions: To here - From here

@ randaom_pts

+ V& random_pts

~FMO o

HAEEEEEEEEEEEE
POCO@OOO00000
ERN T b e = R e e LR e e BT R e

m
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Adding the reference value to your Random Points shapefile

You will need to add a field in your Attribute Table in [ Table

ArcMap so you can enter each point’s value.

Remember our values from the image classification tutorials?

Open water = 4, blue

Mixed agriculture = 2, yellow
Urban/built up/transportation =

1, red

Forest & Wetland = 3, green

After identifying values for each point by examining
the aerial photos, you will have a reference set against which
to compare your classifications. The Attribute Table for

your random points file and the reference image should look

like this.

Now we need to add the values for the
classified images. Let’s first do the unsupervised
image, and then we will immediately do the error
matrix for the unsupervised classification. Make
sure your Spatial Analyst Extension is enabled.

You want Spatial Analyst Tools/Extraction/Extract

ERAE AL A
random_pts
FID | Shape | Id Aerial

| Point 0 1

1 | Point 0 3

2 | Point 0 3

3 | Point 0 3

4 | Point 0 3

2 | Point 0 3

& | Point 0 3

7 | Point 0 3

& | Point 0 2

G | Point 0 3

10 | Point 0 2

11 | Point 0 3

12 | Point 0 3

13 | Point 0 2

14 | Point 0 1

15 | Point 0 3

16 | Point 0 3

17 | Point 0 2

> 18 | Point 0 2
19 | Point 0 3

20 | Point 0 4

21 | Point 0 1

22 | Point 0 3

23 | Point 0 3

24 | Point 0 2

= & Spatial Analyst Tools

= & Conditional

[ B Density

] %: Distance

= B Extraction
"{-Q_ Extract by Attributes
;v\\, Extract by Circle
#., Extract by Mask
#., Extract by Points
"{-Q_ Extract by Polygon
;% Extract by Rectangle
#., Extract Multi Values to Points

Values to Points.

=3 #. Extract Values to Points
s P
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The dialog box opens: your Input Points Feature is your random points file. Your
Input Raster is your Classified Image (remember we are using the unsupervised one for this
example). This will create a new file, so name your new file appropriately.  Then click OK.

ArcMap will add the new file to your Table of Contents and map document.

, _
~

Input point features

I random_pts

Input raster

| recl_iso25

Cutput point features
“\PhD\2013 VirginiaView \Glovis_Landsat_Downloads'Landsat_workspace\ISO_AA.shp

[ Interpalate values at the point locations {optional)

[] Append &ll the input raster attributes to the output point features (optional)

[_ CK _] [ Cancel ] [Enuironments... ] [ Show Help ==

Open the Attribute Table of your new file. ArcGIS has added a new field and called it

Table RASTERVALU - it pulled the values of the
ERE: R R
i . cells that match to each random point and
FID Shape * Id Aerial | RASTERVALU f 150
0 | Point o 1 2z 0
1 | Point 0 3 3 0 -
2 [Pont 0 3 3] 0 added them to the Attribute Table.
3 | Point o 3 2z 0
4 | Point 0 3 3 0 ;
o Fo 0 2 d If you were to close this Map document
7 | Point 0 3 3 0
L : : S now, and open it two weeks from now, will you
10 | Point 0 2 3 0
11 | Point o 3 3 o R
12 [ ot 0 3 3 © remember what this means? Maybe not, so we
13 | Point 0 2 2 0
14 | Point o 1 3 o
e : : S have added a new field and called it ISO so we
17 | Point o 2 2z o
18 | Point o 2 2z 0
19 [ Paint 0 3 3] o can transfer the values from RASTERVALU
20 | Point o 4 4 o
21 | Point o 1 3 0 i
22 | Point 0 3 3 0 i 1 1 1 1 1
2t : : S . field into this new field and retain a memory of
24 | Point o 2 3 0 ;
L what it represents.
oA 0 »r m E (0 out of 25 Selected) ]
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Left-click on the ISO column and select Field Calculator. To transfer the values from
RASTERVALU, double-click on RASTERVALU in the Fields box of the screen, which

populates it into the equation below. Click OK.

5 . - ~
i. Parser
@) VB Script () Pythan

Figlds: Type: Functions:
FID @ Number Abs ()
Shape Atn { )
P Cos{)
d i) 5tring Evp{ ]
Aerial 7 Date Fix ()
RASTERVALU Int ()
s Log ( )
sin( )
Sar ()
Tan()

IS0 =
[RASTERVALLY|

[ show Codeblodk E] E] E]

About calculating fields [ Clear ] [ Load. .. ] [ Save... ]

| ok || cancel |

Now you have a table that you will later be able to understand.
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ERTT T _ —

R AL R0
150 _Ah X

FID Shape * Id Aerial | RASTERVALU | 150

0 | Point ] 1 2 2

1 | Point ] 3 3 3

2 | Point ] 3 3 3

3 | Point ] 3 2 2

4 | Point ] 3 3 3

5 | Point ] 3 3 3

6 | Point ] 3 3 3

T | Point ] 3 3 3

& | Point ] 2 3 3

9 | Point ] 3 3 3

10 | Point ] 2 3 3

11 | Point ] 3 3 3

12 | Point ] 3 3 3

13 | Point ] 2 2 2

14 | Point ] 1 3 3

15 | Point ] 3 3 3

16 | Point ] 3 3 3

17 | Point ] 2 2 2

18 | Point ] 2 2 2

19 | Point ] 3 3 3

20 | Point ] 4 4 4

21 | Point ] 1 3 3

22 | Point ] 3 3 3

23 | Point ] 3 3 3

24 | Point ] 2 3 3

4 4 o s K E (D out of 25 Selected)

From this table, we will compile the Error Matrix.

Remember: Open water = 4, blue
Mixed agriculture = 2, yellow
Urban/built up/transportation = 1, red
Forest & Wetland = 3, green

Error Matrix
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Water (4) Urban (1) Forest (3) Agriculture
(2)
Water (4) 1 (a) 0 (b) 0 (¢ 0 (d) 1 (e)
Urban (1) 0 () 0 (9) 2 (h) 1 (i) 3 (j)
Forest (3) 0 (k) 0 () 14 (m) 1 (n) 15 (o)
Agriculture 0 (p) 0 (g) 3 (n 3 (s) 6 (t)
)
1 (u) 0 (v) 19 (w) 5 (X) 18 (y)

Your error matrix will not be the same as shown above, because your random points set

will be different from ours. But we will explain each field, so you can compile your matrix.

Each of the fields in the above error matrix contains a letter within parenthesis. We will use

each of those letters to explain the number that belongs in that field.

a — How many random points that are water in the aerial photo and water in the ISO

b — How many random points that are water in the aerial photo but urban in the ISO

¢ — How many random points that are water in the aerial photo but forest in the ISO

d — How many random points that are water in the aerial photo but agriculture in the 1ISO
e — Total of the Row

f — How many random points that are urban in the aerial photo but water in the 1ISO

g — How many random points that are urban in the aerial photo and urban in the 1ISO

h — How many random points that are urban in the aerial photo but forest in the ISO

I — How many random points that are urban in the aerial photo but agriculture in the 1ISO
j — Total of the Row

k — How many random points that are forest in the aerial photo but water in the ISO

| — How many random points that are forest in the aerial photo but urban in the 1ISO

m — How many random points that are forest in the aerial photo and forest in the 1ISO

n — How many random points that are forest in the aerial photo but agriculture in the ISO
0 — Total of the Row

p — How many random points that are agriculture in the aerial photo but water in the ISO
g — How many random points that are agriculture in the aerial photo but urban in the ISO
r — How many random points that are agriculture in the aerial photo but forest in the ISO

s — How many random points that are agriculture in the aerial photo and agriculture in the 1SO

t — Total of the Row

u — Total of the Column

v — Total of the Column

w — Total of the Column

X — Total of the Column

y — Sum total of fields a, g, mand s

Calculating Overall Accuracy
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Overall accuracy is the percentage of random points that are the same in both images.

For our matrix above, that is 18 points (1 water, 0 urban, 14 forest and 3 agriculture). We have

a total of 25 random points, so our overall accuracy is 18/25 or 72%.

User’s accuracy, Producer’s accuracy, errors of omission and errors of commission can

also be calculated from the error matrix. We will not discuss these specific calculations or their

use in this tutorial. Once you have compiled the error matrix, these can be easily calculated.

Please see Campbell and Wynne, 2011 for more information.

Calculation of Cohen’s Kappa

Kappa provides us with insight into our classification scheme and whether or not we

achieved results better than we would have achieved strictly by chance. The formula for kappa

is:
Observed — expected
1 - Expected
Observed is overall accuracy. Expected is calculated from the rows and column totals.
Water (4) Urban (1) Forest (3) Agriculture
)
Water (4) 1 0 0 0 1
Urban (1) 0 0 2 1 3
Forest (3) 0 0 14 1 15
Agriculture 0 0 3 3 6
(2)
1 0 19 5 18

First, you calculate the product of the rows and columns.
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Water Column | Urban Column | Forest Column | Agriculture Column
Water Row 1x1=1 1x0=0 1x19=19 1x5=5
Urban Row 3x1=3 3x0=0 3x19 =57 3x5=15
Forest Row 15x1=15 15x0=0 15x19=285 |15x5=75
Agriculture Row |[6x1=6 6x0=0 6x19=114 6x5=30

Used to calculate product matrix

Then you calculate what would be expected based on chance:

Product matrix
Cumulative sum of product matrix

The product matrix is the sum of the diagonals: 1+ 0 + 285 + 30 = 316
The Cumulative Sumis: 1+0+19+5+3+0+57+15+15+0+285+75+6+0+ 114 +
30=625
So, expected is 316/625 = 50.6%
K =0.72 - 0.506
1-0.506
K =43.3%
This figure is interpreted as that your classification is 43.3% better than would have
occurred strictly by chance. Kappa can range from—1to + 1.
Remember, we only used 25 random points to do our accuracy assessment. This number
is very low, and should be much higher when you perform an accuracy assessment for your

research. We used this number only to illustrate the process using a practical example.

Now calculate your overall accuracy and Cohen’s kappa for your supervised image.
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