Earth Observation with Satellite
Remote Sensing and ArcGlIS Pro

A hands-on workshop sponsored by TexasView
Monday, October 21, 2019

Instructor: Teresa Howard



Brought to you by....

TexasView, a member of AmericaView

AmericaView is a nationwide partnership of remote sensing scientists
who support the use of Landsat and other public domain remotely
sensed data through applied remote sensing research, K-12 and higher

STEM education, workforce development, and technology transfer.


https://americaview.org/

Agenda

* Where to find free Earth Observation data

* Lesson 1: Overview of satellite data used in this workshop
* Lesson 2: Introduction to ArcGIS Pro and raster basics

* Lesson 3: Mosaic datasets and time series

* Lesson 4: Working with vegetation indices, surface temperature, burn
area, and dynamic surface water and



About me
* MAG from Texas State University

* More than 22 years involved in GIS and remote sensing

* At UT Center for Space Research since 2000

* TexasView/AmericaView collaboration also since 2000
* Taught ArcMap/ERDAS Imagine based workshop 6+ times

* First time teaching Forum workshop using ArcGIS Pro



About you
* Name and affiliation, if applicable

e Local or out-of-town?

* What piqued your interest in this workshop?

e Earth observation satellites?
* Image processing in ArcGIS Pro?

* Something else?



Resources for Data Discovery & Collection

. (demoed): https://earthexplorer.usgs.gov*
. (link to video courtesy of VermontView)*

. (how-to guide on workshop USB flash drive)

* NASA’s (access to visualization and data products)”?

* NASA’s LP DAAC A

* Create single account for USGS Earth Explorer & GloVis

N Create NASA EarthData account for data download from this site and other NASA
data sites, including LP DAAC downloads from Earth Explorer and AppEEARS


https://earthexplorer.usgs.gov/
https://www.youtube.com/watch?v=psLa5a9rUYE
https://landsatlook.usgs.gov/
https://earthdata.nasa.gov/
https://lpdaac.usgs.gov/tools/appeears/

a USGS

science for a changing world

EarthExplorer - Home

Earth Explorer Search Criteria
Data Sets || Additonal Grieria | Result

1. Enter Search Criteria

Use GEOCOder Address Or GNIS Sea rCh and To narrow&/_oursearchlla;eﬁ:type in a(r; ?ddressorplacr? name,
enter coordinates or clic t_en:ag t% elgsug:ﬁg;ts;;rﬁ :rr]eaor
click Show button OR upload simple shapefile Sﬁg’i";:t‘ir:‘ai‘z,é‘?°'3="'ew“ peln end

(LTINS KML/Shapefile Upload l/

or KML

Select a Geocoding Method
Address/Place

As an example, type in El Paso in aesspisce
Address/Place box then click Show button.

Circle || Predefined Area
For Date Range, use calendars or type:

09/01/2019 to current date © No coordinates selecte.

Click Data Sets button to proceed s/
Search from: to:
Search months: (all) /

Data Sets »




USGS Earth Explorer Data Sets

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.

Use Data Set Prefilter (What's This?)

Data Set Search:

=Landsat
-Landsat Collection 1 Level-3
i/\-;) .| Dynamic Surface Water Extent
) " Fractional Snow Covered Area
\/\-_j; | Burned Area
=) Landsat Analysis Ready Data (ARD)
) . U.S. Landsat 4-8 ARD

#Landsat Collection 1 Level-2 (On-Demand)

= Lant:?t Collection 1 Level-1

.| Landsat 8 OLI/TIRS C1 Level-1
* Landsat 7 ETM+ C1 Level-1
) " Landsat 4-5 TM C1 Level-1
@) " Landsat 1-5 MSS C1 Level-1

#-Landsat Legacy

[+
[+

[+

I"*Commercial Satellites

#-Declassified Data

#l Digital Elevation

*l Digital Line Graphs

+-Digital Maps

#-EO-1

[+-Global Fiducials
FHHCMM
#-ISERV

#L1and Cover
#l'Landsat

[+
[+

'NASA LPDAAC Collections
I'Radar

3.3'Sen\17/
=M [ Sentinel-2

#-UAS

#‘Vegetation Monitoring

=] ISHcysourcesat
) * IRS AWIFS

- i IRS LISS-3
" Clear All Selected | Additional Criteria » |




Satellite Sensors & Products used in workshop

 Surface Reflectance
* Provisional Surface Temperature

e Landsat Collection 1 Level 3

(]
4 )

e European Space Agency (ESA)
* Indian Space Research Organisation (ISRO) ResourceSat 1 & 2


https://www.usgs.gov/land-resources/nli/landsat/us-landsat-analysis-ready-data
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-landsat-landsat-level-3-dynamic-surface-water-extent-dswe
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-landsat-landsat-level-3-burned-area-ba-science-product
https://www.usgs.gov/land-resources/nli/landsat/landsat-satellite-missions
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-landsat-archives-landsat-8-oli-operational-land-imager-and
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-landsat-archives-landsat-7-enhanced-thematic-mapper-plus-etm?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-landsat-archives-landsat-4-5-thematic-mapper-tm-level-1-data?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-sentinel-2?qt-science_center_objects=0#qt-science_center_objects
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-isro-resourcesat-1-and-resourcesat-2-awifs
https://www.usgs.gov/centers/eros/science/usgs-eros-archive-isro-resourcesat-1-and-resourcesat-2-liss-3

Comparison of Landsat 7 and 8 bands with Sentinel-2 * indicates ISRO AWIFS & LISS 3 bands
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https://science.nasa.gov/ems
https://science.nasa.gov/ems/04_energytoimage

B3 USGS Spectral Characteristics Viewer
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https://landsat.usgs.gov/spectral-characteristics-viewer

NASA Resources

Landsat 8 OLI Spectral Bands by Charlie Loyd of MapBox

. OLI July 26, 2018 - Aug. 11, 2018
. OLI Feb. 27, 2014 - Feb. 25, 2019


https://landsat.gsfc.nasa.gov/landsat-8/landsat-8-bands/
https://climate.nasa.gov/images-of-change
https://climate.nasa.gov/images-of-change?id=677#677-mendocino-complex-california%E2%80%99s-largest-wildfire
https://climate.nasa.gov/images-of-change?id=674#674-flooding-along-mississippi-river

Landsat 8 OLI ARD Surface Reflectance Files

\\Mac\Home\Documents\TV\Workshop 2019\ARD\DFW\LC08_CU_016014_20190731_20190822_C01_VO01_SR.tar\

File Edit View Favorites Tools Help
dh - \ 4 e =) % i
Add Extract Test Copy Move Delete Info
¥ 1] \\Mac\Home\Documents\TV\Workshop 2019\ARD\DFW\LC08_CU_016014_20190731_20190822_C01_VO1_SR.tar\

Size Packed Size Modified

08_CU_016014_20190731_20190822_C01_VO01.xm 87 525 87 552 2019-08-22 08:06
% LC08_CU_016014_20190731_20190822_C01_VO1_LINEAGEQA.tif 155 709 156 160 2019-08-22 07:50
=%/ LC08_CU_016014_20190731_20190822_C01_VO1_PIXELQA.tif 601 079 601 088 2019-08-22 07:50
2% LC08_CU_016014_20190731_20190822_C01_VO01_RADSATQAtif 172 731 173 056 2019-08-22 07:47
=%/ LC08_CU_016014_20190731_20190822_C01_V01_SRAEROSOLQA tif 3 290 931 3291 136 2019-08-22 08:03
=% LC08_CU_016014_20190731_20190822_C01_VO01_SRB1.tif 40 801 758 40 801 792 2019-08-22 08:02
2%/ LC08_CU_016014_20190731_20190822_C01_VO01_SRB2.tif 40 796 074 40 796 160 2019-08-22 08:02
=% LC08_CU_016014_20190731_20190822_C01_VO01_SRB3.tif 41 512 454 41512 960 2019-08-22 08:02
2%/ LC08_CU_016014_20190731_20190822_C01_VO01_SRB4.tif 43 397 146 43 397 632 2019-08-22 08:02
2% LC08_CU_016014_20190731_20190822_C01_VO01_SRB5.tif 44 255 852 44 256 256 2019-08-22 08:02
2%/ LC08_CU_016014_20190731_20190822_C01_VO01_SRB6.tif 44 926 728 44 926 976 2019-08-22 08:03
% LC08_CU_016014_20190731_20190822_C01_VO01_SRB7.tif 42 498 452 42 498 560 2019-08-22 08:02




<?xml version="1.0" encoding="utf-8" ?>
- <ard_metadata version="1.1" xmihs="https:/ /landsat.usgs.gov/ard/v1"
xmins:xsi="http:/ /www.w3.0org/ 2001 /XMLSchema-instance"

xsi:schemalLocation="https:/ /landsat.usgs.gov/ard/v1

https://landsat.usgs.gov/ard/ard_metadata_v1_1.xsd"> I— d t 8
- <tile_metadata> a n S a

- <global_metadata>
<data_provider>USGS/EROS</data_provider>
<satellite>LANDSAT_8</satellite> O | X I\/I I_
<instrument>0OLI/TIRS_Combined</instrument> .
<levell_collection>01</levell_collection>
<ard version>01</ard version> I\/. eta d a ta
<region>CU</region>
<acquisition_date>2019-07-31</acquisition_date>
<product_id>LC08_CU_016014_20190731_ 20190822 CO01_VO1</product id>
<production_date>2019-08-22T12:47:27Z</production_date>
<bounding_coordinates>
<west>-97.805593362</west>
<east>-96.1670880913 </east>
<north>33.998340945 </north>
<south>32.6411660566</south>
</bounding_coordinates>
<projection_information datum="WGS84" projection="AEA" units="meters">
<corner_point location="UL" x="-165585.000000" y="1214805.000000" />
<corner_point location="LR" x="-15585.000000" y="1064805.000000" />
<grid_origin>UL</grid_origin>
<albers_proj_params>
<standard parallel1>29.500000</standard parallell>
<standard_parallel2>45.500000</standard_parallel2>
<central_meridian>-96.000000</central_meridian>
<origin_latitude>23.000000</origin_latitude>
<false_easting>0.000000 </false_easting>
<false_northing>0.000000</false_northing>
</albers proj params>
</projection_information>




An Introduction to working with

multispectral satellite data in
ArcGIS Pro

Lesson 1




Lesson 1 —in which you learn...

* How to unpack tar and gz files from USGS EROS

* The basic map interface in ArcGIS

* How to add image files

 What each individual band of Landsat spectral data looks like

* The difference between:
* Analysis-ready data: surface reflectance and surface temperature
* Landsat Collection 1 Level 3 data: burned area and dynamic surface water

e Sentinel 2 data
* ISRO AWIFS and LISS-3 data



Unpacking ARD & Landsat Level 3 tar files

On Windows use freeware 7-Zip

Find latest version at
Executable file available in Software folder on USB flash drive

% \\Mac\Home\Documents\TV\Workshop 2019\ARD\DFW\
@ 3D Viewer File Edit View Favorites Tools Help

0 - 7 L2 = P 4 i
. 7-Zip Add Extract Test Copy Move Delete Info

. \\Mac\Home\Documents\TV\Workshop 2019\ARD\DFW\
7-Zip File Manager

New
e 7-Zip Help | LCO8_CU_016014_20190731_20190822_C01_VO1_ST.tar
| LCO8_CU_016014_20190816_20190906_C01_VO1_SR.tar
A | | LCO8_CU_016014_20190816_20190906_C01_VO1_ST.tar
| LEO7_CU_016014_20060719_20190106_C01_VO1_SR.tar
@ Alarms & Clock ' | LEO7_CU_016014_20060719_20190106_C01_VO1_ST.tar

| LTO5_CU_016014_19920821_20190528_C01_VO1_SR.tar
l ArcGIS | LTO5_CU_016014_19920821_20190528_C01_V01_ST.tar



https://www.7-zip.org/download.html

Understanding ARD file naming conventions

LC08_CU 012017 20190125 20190613 _CO1 V01 SRBI.tif

IXSS_US _HHHVVV_YYYYMMDD yyyymmdd CCC vvv_ _band
e L = Landsat * YYYYMMDD = collection date
e X=Sensor (C,0O, E, T) * Yyyymmdd = processing date
e SS = Satellite (08, 07, 05, 04) e CCC = ARD collection number

e US =grid region (“CU” = CONUS) * Vvv = ARD version number

e HHH = horizontal tile number,
VVV = vertical tile number

* Band is only in surface
reflectance products



Let’s crank up ArcGIS Pro

&) arms & clock - * Click on Windows Start menu
I S e Option 1 —Open ArcGIS folder

e in A section and choose ArcGIS
@ ArcGIS Pro Online Help P ro
IPLy1: IPython

?‘“”“t * Type ArcGIS Pro in the Search
- box

8 : Jupyter Notebook

Python Command Prompt 490 €

]

[J

! @ Python Interactive Terminal Washington

7]

§e rrype here to search arcgis pro




ArcGIS Pro ? = O

A G I S® P Teresa
O Teresa Howard
rC ro D https://www.arcgis.cor

Sign out

Open New

Recent Projects Blank Templates Recent Templates

We W I ‘ | Your recent projects will appear here. - Your recent templates will appear here.
ap

open an 2= Catalog

existing B ot son

p rOj e Ct m Local Scene

Start without a template

(aprx) i

C:\Student\EO_SRS_ArcGISPro\ArcPro_RS_ 2019\ ArcPro_RS 2019.apr

Open another project Select another project template

'-Z_E)E Settings

Learn about creating project templates
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For our tour, we will
zoom to each layer
group from top to
bottom.

We will turn layers off
and on.

We will investigate
spatial resolution,
coordinate systems,
and data product
characteristics.

Drawing Order

A |:| Lesson 1 Data Intro

I [¢] Satellite data collection grids

4 |/| Landsat examples

>|v] Clipped Big Bend NP
T Add Data

P[] Landsat ARD Lake

b [¢] Landsat ARD DFW

> [¢] Mendocino Burn s

> [¢] Landsat ARD Missi
|| ESA Sentinel 2 exam
P ISRO ResourceSat

| | World Topographic N

[ ] World Hillshade

E

=X

New Group Layer

Copy

Remove

Ungroup

., Zoom To Layer

Symbology

N\ [

Sharing

View Metadata
Edit Metadata

| Zoom To Layer

Zoom to the extent of the selected layers.

>

1:25,750,674

i

Properties

N o
- || B Z

N[> |



Basic Image preprocessing

Lesson 2




Lesson 2 —in which you learn...

* How to composite using the composite band tool
* How to represent composite images

* All about band combinations

* How to composite using raster functions

* How to subset data into a rectangle

* How to clip to a polygon



Working with mosaic datasets

Lesson 3




Lesson 3 —in which you learn...

* How to prepare an empty mosaic dataset

* How to add images to a mosaic dataset

* How to change symbology in a mosaic dataset

* How to add a time attribute

* How to add a time dimension to the mosaic dataset

* How to view time series data in a mosaic dataset



Working with and creating
derived datasets

Lesson 4



Lesson 4 —in which you learn...

* How to visualize Landsat ARD surface temperature

* How to calculate F° from K° using ARD surface temperature
* How to generate and apply .lyrx files

* How to calculate an NDVI raster using ISRO LISS-3 data

* How to visualize burned areas using Landsat Level 3 data

* How to visualize dynamic surface water extent using Landsat Level 3
data



Closing thoughts

We didn’t cover raster reprojection and coordinate systems in this
workshop, but fortunately...

Jarlath O'Neil-Dunne of the University of Vermont and
VermontView/AmericaView has created an excellent Penn State

University video series related to using ArcGIS
Pro.


https://www.e-education.psu.edu/geog883/node/582
https://www.e-education.psu.edu/geog883/node/582

Questions? Comments?

Reach me at

Thank you for you interest!


mailto:teresahoward@utexas.edu

