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Acquiring Operational Simplified Surface Energy
Balance (SSEBop) ET data from the ESPA On Demand
Interface

Actual evapotranspiration (ETa) modeling provides useful information for researchers
and resource managers in agriculture and water resources around the world. The
SSEBop model is currently used by the US Geological Survey (USGS) to routinely
produce ET products using various remote sensing datasets. In part 2 we will look at
what Landsat data is, demonstrate how to download ET data from ESPA (EROS
Science Processing Architecture) using Landsat data as an input source, and how to
create your own actual ET using a reference ET of your choice.
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ESPA - EROS Science Processing
Architecture On Demand

EROS Science Processing Architecture On Demand Interface

A

Landsat

Since 1972, Landsat satellites have
continuously acquired images of the
Earth's land surface, providing
uninterrupted data to help land managers
and policymakers make informed
decisions about natural resources and
the environment. Data acquired by
Landsat satellites are distributed from the
USGS Earth Resources Observation and
Science (EROS) Center in Sioux Falls,
South Dakota.

USGS




/ Landsat data history

I Landsat 1 July 1902 - Jareary 1978
I Landsat 2 Janoary 1995 - July 1983
I Landsat3 Macch 1078 - September 1983
P Lsndsatd Juy 1982 - Decembar 19353
I Landsat§ Macch 122 laniary X013
| Landsst & October 1923

Landsat 7 Apcd 1559

Landsat 8 Febdruary 2013 - D
Landsat $ 2020

% IISGS BN " 1380 585 L) 1935 2000 2005 2010 ) 0 225 200
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/ Data is organized in collections:

* Collection 1
Original collection of all Landsat data (Landsat 1-7)

» Collection2

Second major reprocessing effort on the Landsat archive;
resulted in several data productimprovements that applied
advancements in data processing, algorithm development, and
data access and distribution capabilities

— A,
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* Level-1 = data from Landsat 1-9, radiometrically calibrated and
geometrically corrected using ground control points (GCPs) and
digital elevation model (DEM) data to correct for relief displacement

+ Real-Time (RT) tier - available for download 4-6 hours after Level-1 product
generation

* Tier 1 (T1) - highest available data quality

+ Tier 2 (T2) - scenes not meeting Tier 1 criteria during processing are assigned
to Tier 2 including less accurate orbital information (gspecrﬁc to older Landsat
sensors), significant cloud cover, insufficient ground control, etc.

* Level-2 and Level 3 Science Products

*+ U.5. Analysis Ready Data

» Level-1 data that are processed into Albers-projected Level-2 Surface
Reflectance and Surface Temperature serve as inputs for generating U.5.
ARD using an ARD tiling system.

— A,
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Level-2 Science Products

Level-2 Sclence Products are time - series observarional data of sufficient length, consistency, and continuity 1o record
effects of climate change, and serve as input into Landsat Level- 3 Science Products.

Product Collection

Landsat Surface Reflectance (Landsat &-9, worldwide) 2
Measures the fraction of incoming solar radiation that is reflected from Earth's surface to the Landsat sensor

Landsal Surface Temperature (Landsat & -9, worldwide) 2
Represents the temperature of the Earth's surface in Kelvin (K)

Landsat Surface Reflectance- Derived Spectral Indices {Landsat 4 -9, worldwide) 2

Viegerarion, imodslure, birrn ralio, and snow measierenwenis data

Provisional Agquatic Refllectance (Landsat -9, worldwide) 2
Measures the specrral distriburion of visible solar-reflected radiarion upwelling from the

upper water column

s A,
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Level-3 Science Products: Analysis Ready Data (ARD) Inputs

The following Level - 3 science products represent blophysical properties of the Earth's surface and are generated
from Landsat U5, Analysis Ready Data (ARD) inputs.

Product Collection

Iymamic Surface Water Extent {Landsat £ -9, Conterminous U.S., Alaska, Hawaii) 2
Describes the exisrence and condition of surfoece warer

Fractional Spow Covered Area {Landsat & -9, northern and western Conterminous ULS,, Alaska) - 1
Indicates the percentage of a pixel covered by snow

Burned Area (Landsat £-8, Conterminous U.5.) 2

Represents per pixel burn classificanion and burn probabilin

Level-3 Science Products: Scene-based Inputs

The following Level - 3 science products are generated from Landsat Level -2 scene -based inputs

Pr_:t_i_lg___.—— — Collection
- 2 - .
Provisional Actual Evapotranspiration (Landsat £-9, Worldwide) 2
The quaniiny of water thar is renmeved from a surface due to the processes of geliporarion and transpirarion
ZUSGS —— — _

36

Standard Processing Parameters

All Landsat Collection 2 Level-2 products are produced by the Landsat
Product Generation System (LPGS) using the following parameters:

* Georeferenced Tagged Image File Format (GeoTIFF)

* Cubic convolution (CC)

* Universal Transverse Mercator (UTM) map projection (Stereographic
is used for scenes with a center latitude greater than or equal to -
63.0 degrees)

* World Geodetic System (WGS) 84 datum
* MAP (MNorth-up) image orientation

— A,
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Landsat Scene Properties

Landsat Product Identifier L2: Date Product Generated L2: 2023/07/16
LC09_L25P_168037_20230714_20230716_02_T1 Date Product Generated L1: 2023/07/14
Landsat Product ldentifier L1: Start Time: 2023-07-14 07:32:57
LC09_L1TP_168037_20230714_20230714_02_T1 Stop Time: 2023-07-1407:33:29

e Station ldentifier: LGN
Landsat Scene ldentifier: LC91680372023195LGMN00 Day/Night Indicator DAY

Dateh;quired: 20230714 Land Cloud Cover 0.00
Collection Category: T1 Scene Cloud Cover L1: 0.00
elteTTin wmber: 2 -

WRS Path: 163
WRS Row: 037
arget WRS Path: 168

Target WRS Row: 037

Nadir/Off Nadir: NADIR
Roll Angle: 0.001

=< USGS
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Ground Control Points Model: 3332 Scene CenterLat DMS: 33710°37 317N
Ground Control Points Version: S Scene Center Long DM 3: 45°0:2°531.977°E

. & AC CornerUpperLeftLat DMS: 34713°21.58"N
Geometric RMSE Model. €452 c:-rneruggerLert LongDMS: 43°47'45 56°E
Geometric RMSE Model X: 4.728 CornerUpperRight Lat DMS: 3471318 16N
Geometric RMSE Model ¥: 4.331 CornerUpperRight Long DMS: 45°17'50.50°E
Processing Software Version: LPGS_15.3.0 CornerLower Left Lat DMS: 32°06°34.52"N
Sun Elevation LORA: 85 5754586878 Corner Lower Left Long DM3: 4374528 31"E

CornerLowerRight Lat DMS: 32°05'31.75"°N

i . CE,
Sun Azimuth LORA: 11344858551 CornerLowerRight Long DMS: 4671559 76°E

TIRS 5SMModel: Nia Scene Center Latitude: 33.17703

Data Type L2: OL|_TIRS_L2Z5P Scene Center Longitude: 45.04777
Sensorldentifier OLL_TIRS CornerUpperLeftLatitude: 34 22255
Satellite: & CornerUpper Left Longitude: 43. 79555

CornerUpperRight Latitude: 34 22171

Product Map Projection L1: UTH CornerUpperRight Longitude: 45 29736

UTM Zone: 38 CornerLower Left Latitude: 32.10970
Datum: WE524 Corner Lower Left Longitude: 43.52453
Ellipgoid: WES524 Corner Lower Right Latitude: 32.10882

CornerLower Right Longitude: 45 26550

— A,
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= Larsdisn L
D a t a Ac c e s s = Landsal Collection 2 Level-3 Science Products
= Landsat C2 L5, Analysis Ready Data (ARDY)
=1 Landsal Collection 2 Level-2

= Landsat Collection 2 Level-1 and Level-2 OE s Lanasan 29 QLIRS €212
data are available for download from O K & Lncsa TETM- G212
O €l i Londsat 45 TM C2 L2
- Earth EKE'OFEF + Landsal Collection 2 Level-1
) = Landsal C2 Atmospheric Auxiliary Data [J
- GloVis % Landsat Collection 2 DEM

= Landsal Legacy

- LandsatLook Viewer

The data are located under the Landsat category, Landsat Collection 2
Level-1/Level-2 subcategory, and listed as -Landsat 9, Landsat
8, Landsat 7, Landsat 4-5 TM, and Landsat 1-5 MSS datasets.

The EarthExplorer "Additional Criteria” tab for each Collection 2
dataset allows users to select parameters for each Landsat sensor

(i.e, Landsat 7 SLC-on/SLC-off, T1/T2/RT, or RMSE range
2 USGS
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Earth Explorer: EarthExplorer (EE) provides online search, browse display, metadata
export, data download and processing support for earth science data from the Earth
Resources Observation and Science (EROS) archives of the U.S. Geological Survey
(USGS). EE provides an enhanced user interface 24 hours a day, seven days a week.

GloVis: Since 2001, the USGS Global Visualization Viewer (GloVis) has been available
to users for accessing remote sensing data. In 2017, it was redesigned to address
changing internet technologies. With easy-to- use navigation tools, users can instantly
view and download scenes. This viewer allows you to:

e Use existing EROS Registration System (ERS) credentials to sign in

e Narrow down results by limiting your parameters on the Interface Control

e View multiple scenes at once and step through time using the controls in the

lower right-hand corner
¢ View metadata and download the full-band source imagery
e Adjust settings to customize the user experience

LandsatLook: LandsatLook is a tool that allows rapid online viewing and access to
the USGS Landsat Collection 2 data. LandsatLook leverages resources available via a
commercial cloud environment including Cloud Optimized GeoTIFF (COG) and Spatio
Temporal Asset Catalog (STAC) metadata.



https://earthexplorer.usgs.gov/
https://glovis.usgs.gov/
https://landsatlook.usgs.gov/

Acquiring Landsat ET data from ESPA

The EROS Science Processing Architecture On Demand Interface provides Landsat
data to users at: hitps://espa.cr.usgs.gov/index/ .

To get started with ordering data from this website, you need to know the associated
Landsat scene ID or filename of the Landsat scene of interest. To obtain this information
please visit the USGS EarthExplorer website at: https://earthexplorer.usgs.gov/

EarthExplorer is a web tool that allows you to search, query, and order earth science
data from the USGS archives. A log-in with the EROS Registration System is required.
Please log-in or create a new user account. You can register on the EarthExplorer
Homepage by clicking ‘Login’ in the top right corner. Once logged in you will see your
name in the top right corner:

EarthExplorer

Data Sets | Additional Criteria | Results Search Criteria Summary (Shov)

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.

KML/Shapefile Upload

Select a Geocoding Method
[Feature (GNIS) v

(37°59' 46" N, 087° 57'23°E)  Options [i§

Search Limits: The search result limit is 100 records; select a

Now, let’s search for some Landsat scenes. In this workshop we are working with 2
Landsat scenes around the Sacramento, CA area.

Under the Search Criteria tab, define your area of interest. Here we

decided to use the Circle option to drop a pin in a location of interest and create a 100
km radius in which to search for data.

advanced map tools, view the help documentation), and/or

S Roseville
choose a date range. 0
KML/Shapefile Upload Saaamento
Select a Geocoding Method jsanta Rosa 2 1" Grove
[Feature (GNIS) v . Wvacavile,

Napa
e+ Rairfield

Search Limits: The search result limit is 100 records; select a ‘ SN

Country, Feature Class, and/or Feature Type to reduce your ¥ . vallejo

chances of exceeding this limit. )

€Goncord s« Antioc
(ISR NAECR  World Features Q

Feature Name:
‘IUSE % as wildcard) ‘
State %
[An v| R
Feature Type
[An

San Francisco, « J0aklanc
O S

an Leandro

v]
[
- \fornia

Polygon Predefined Area

Circular polygons are created using a center point defined

by decimal latitude and longitude values and a radius. % .Flesno
alinas
Center Latitude: Center Longitude: q
[37.58376576718623 | [-120.9320068359375
Radius:

i3 Visalia

100 |[Kilometers v

A=

;
s Goaling 3 5
m Clear Circle 3 ;

Leaflet | Tiles © Esri — Source: Esri, i-cubed, USDA, USGS, A‘ GeoEye, Getmapping, Aerogrid, IGN, IGP, UPR-EGP, and the GIS User Community, ESR



https://espa.cr.usgs.gov/index/
https://earthexplorer.usgs.gov/

After that, define the Date Range and the Cloud Cover that you like to use in the
Landsat scenes. These values change depending on the intended use of the data. In
general, the Cloud Cover range can be set to 0%-20%.

Date Range oGRS 8 Result Options

Cloud Cover | Result Options Cloud Cover Range: 0% - 20%
]
Search from:[01/01/2023  |& to: |05/01/2024 | P —————— ]
Search months: (all) - This filter will only be applied to dafa sefs that support cloud cover filtering (

& in the data set list denotes cloud cover suppart).

ia Data Sets #

Next, we need to select what data we want to use with the Data Sets
tab. Here we select Landsat Collection 2 Level-2.

L ST LAV R RS L P

E--Landsat LJ
"Landsat Collection 2 Level-3 Science Products
"Landsat C2U.5 js Ready Data (ARD)

- andsat Collection 2 Level-2
@ :!'-‘_f ‘ Landsat 8-9 OLITIRS C2 L2

& Landsat 7 ETM+

()@ [E @8 Landsat 45 TM C2 L2

H-Landsat Collection 2 Level-1

H-Landsat C2 Atmospheric Auxiliary Data [J

"
or

and hit Results NG - gct 242 scenes that met the search
criteria entered. To further limit the numbers of scenes we go back to the Additional
Criteria tab and select 2 Landsat scenes (locations) only: WRS
path and row 43, 33 and 43, 34 in our example (see WRS Path and WRS Row
screenshot below). The new selection has 63 Landsat scenes. The scene ID is provided
as the first property of each scene in the result window.

10



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

Show Result Controls >

Data Set Click here to export your results » (&'

[Landsat 8-9 OLITIRS C2 L2

«First Previous (1 Jof24 Next> Last»

Displaying 1 - 10 of 238

20240502_02_T1

cquired: 2024/05/01
Path: 043
Row: 033

.'ﬂ dzL 80 santa Ros

1D “Concord &
LC09_L2SP_043034_20240501_20240502_02_T1 ) O

Date Acquired: 2024/05/01 San Fnjno sce

Path: 043 Frem ontis
Row: 034 W10
BEduiae :

ID:
WRS Path

LC09_L2SP_043035_2(
Date Acquired: 2024/0¢

Path: 043 43
Row: 035

yddzL @
WRS Row

33

To obtain all 63 scene IDs at once, we will use the export your results functionality.
This allows us to export all the metadata for the scenes into a text file.

4. Search Results

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

Show Result Controls

Data Set Click here to export you@
~

| Landsat §-9 OLI/TIRS C2 L2

« First « Previous of 3 Next: Lasts» -

Displaying 1 - 10 of 21

-

Click on the black arrow symbol. Enter a name and choose .csv for the Export Format.
Click Create Export.

Metadata Export [ %)

Export Name
Path43Row333 4 Export Submitted for Processing x
Large exports may take several hours to process during periods
Export Format of high demand. Once processing has finished, an e-mail will be
sent to the address associated with your ERS account. Real-time
csy e status updates can be found on the export status page. You may

return to your results at any time, it will not impact the processing
of your export.

Create Export Cancel Open Export Status Page

11



The metadata .csv file will be available on the Export Status Page and emailed to you
which takes usually 10-15 minutes to show up in your inbox.

Your metadata export file is now available to download from hitps.//m2m.crusgs.gov/export/663a5c83e5c149ae/,

This link will expire after 72 hours. If the file cannot be downloaded within this time frame, you will need to submit another export request. Please note: large
exports can take several minutes to load in some software packages.

Export 1D: 663a5c83e5c14%ae
Export Type: CSV
Export Name; Path2627Row22

Status: Available

Click on the link to download the file to a location on your computer and unzip the folder
E@ landsat_ot_cZ2_|2_6674%90alfbd%2aa.csv

- , landsat_ot_c2_|2_6674%0alfbd92aa.zip
containing the csv file.

In case the website is not available, the .csv file for this search is available at
https://edcftp.cr.usgs.gov/project/SSEBop/WaterSciCon2024/Landsat _|Ds/ for
download.

Open the .csv file and copy the first column (excluding the text in the column header)
named Landsat Product Identifier L2 into a new text file. Here we named ours
landsat_product_ids.txt. This new text file will be used by the ESPA website to
download the ET data for the scenes selected in the next steps.

12


https://edcftp.cr.usgs.gov/project/SSEBop/WaterSciCon2024/Landsat_IDs/

Paste — Lo ﬁ - g g E Merge & Center ~ $ v O .00 Condtional Formatas Cell Insert Delete For
landsat_product_ids.txt - Notepad
Clipboard 15 Font F! Alignment F!
(i) POSSIBLEDATALOSS Some features might be lost if this workbook in th delimited (csv) format Jy e 4t Fermat View Help
OIME FEatUres mi € I Ou Save 15 WOTKDOOK 1IN € comma-delimite: Csv) rorma LCBQ_LZSP_Bﬂ.3933_29239123_29239313_92_1—1
LCB9_L25P_B43834_20230123_20230313_02_T1
A2 e fe || LCO9_L2SP_043033_20230123_20230313 02 T1 LCBR L2SP 843033 28238131 20230208 82 T1
vy 5 c o . . c LCOS_L2SP_843034_20230131_20230208_02_T1
1 |Landsat Product 1dentifier L2 Landsat Prodi Landsat ! Date Acq Collectio Collectio WRs pacr f LCB9_L25P_843633_26230208_26230311 02 T1
2 |LC09_L2SP_043033_20230123_20230313_02_T1 LCO9_L1TP_04:LCO04303 ##assss T1 2 a3 || LCB9_L25P_B43034_20230208_20230311 02 T1
3 |LC09_L2SP_D43034_20230123_20230313_02_T1 LO0S_LITP_04: LCS04303 sésss T1 2 43 | LCB8_L25P_B43833_20230405_20230412_ 02 T1
4 |LC08_L2SP_043033_20230131_20230208_02_T1 LODB_L1TP_04!LCB04303 sissis T1 2 43 Bl LCEE L2SP 943834 28230405 20238412 02 T1
5 |LC08_L25P_043034_20230131_20230208_02_T1 LCOB_L1TP_04:LCB04303 #easass T1 2 23 0 Lce9 L25P 843033 20230413 20230415 02 T1
6 |LC09_L2SP_043033_20230208_ 20230311 02_T1 LCD9_L1TP_04:LC904303 2/8/2023 T1 2 43 I cpo L2SP 843034 28239413 20230415 82 T1
7 |LC09_L25P_043034_20230208_20230311_02_T1 LCD9_L1TP_04:LCO04303 2/8/2023 T1 2 43 - — = = o
8 |LC08_L2SP_043033_20230405_20230412_02_T1 LOD8_L1TP_04! LCB04303 4/5/2023 T1 LC@3_L2SP_@43033_ 26230425 20230561 02 T1
9 |LCOS_L25P_043034_20230405_20230412 02 T1 2 a3 | LC@S_L2SP_843034_20230429_26230501_82_T1
10 |LC0S_L2SP_D43033_20230413_20230415_02_T1 T 2 a3 f|| LCB9_L25P_B43833_20238515_20230517_02_T1
11 | LCO9_L2SP_D43034_20230413_20230415_02_T1' LCO9_L1TP_04: LCO04303. ##ausss T1 2 a3 || LCB9_L25P_B43834_20238515_20230517_02_T1
12 |LC09_L2SP_D43033_20230429_20230501_02_T1 LO0S_LITP_04:LCS04303 sy T1 2 43 | LCB9_L25P_B43833_20238531_20230602_02_T1
13 |LC09_L2SP_(43034_20230429_20230501_02_T1 LCDG_LITP_04:LCO04303 #attas T1 2 43 BILCAO L25P 843834 28230531 20230602 02 T1
14 |LC09_L25P_043033_20230515_20230517_02_T1 LC09_L1TP_04:1C904303 #esssss T1 2 43 LCBQ_LZSP_BABBBB_ZBB9616[:29239618_92_T1
1611009120 béz0s3_ 2093059 20220602 0511 L0910 10204203 stanee 11 2 a || LCO9_L25P _43034_20230616 20230618 62 T1
17 | LCDS_L2SP_043034_20230531_20230602_02_T1 LCOS_L1TP_04:L0904303 #asess T1 2 a3 [|| LCB9_L25P_843033 20230762 28236704 02 T1
18 |LC09_L2SP_(43033_20230616_20230618_02_T1 LCD9_L1TP_04:LCO04303 seewtas T1 2 g3 [|| LCBO_L2SP_B43034 202309702 20230704_02 T1
19 |LC0S_L25P_043034_20230616_20230618_02_T1 LCO9_L1TP_04:LCO04303. sussuns T1 2 a3 [|| LC@B_L2SP_8430933_26230710_26238718_82_T1
20 |LCO9_LISP_043033_20230702_20230704_02_T1 LOD9_L1TP_04:LC904303 7/2/2023 T1 2 a3 || LCBS_L2SP_B43834_20238710_20230718_02_T1
21 | LCO9_L2SP_D43034_20230702_20230704_02_T1 LO0S_L1TP_04:LCS04303 7/2/2023 T1 2 43 | LC@9_L2SP_B43833_20238718_20230720_02_T1
22 |LCOB_L25P_043033_20230710_20230718_02_T1 LCDE_L1TP_04:LCBO4303 seewtas T1 2 23 BILCA9 L25P 843834 20230718 20230720 02 T1
23 | LC0B_L25P_D43034_20230710_20230718_02_T1 LCOB_L1TP_04:LCB04303 seasass T1 2 23 M Lce8 L25SP 043033 20230726 20230805 02 T1
251 Cuo Lo 04s04- 20220718 202207200211 L0910 10004203, seanee 11 2 a || CoB_L25P 43034 20230726 26230805 62 T1
26 | LCD8_L25P_043033_20230726_20230805_02_T1 LCO8_LITP_04:1CB04303 #asuasy T1 2 43 [|LC@9_L25P_043033_J6230303_J0230805_02 T1
27 |LCOB_L25P_043034_20230726_20230805_02_T1 LCOE_L1TP_04: LCB04303 #etag T1 2 43 [|| LCBS_L2SP_B430834 20230803 20230805_02 T1
28 | LCo9_L25P_043033_20230803_20230805_02_T1 LCO9_L1TP_04:LC304303 8/3/2023 T1 2 a3 [|| LC@B_L2SP_8430933_26230811_26230818_82_T1
nn e i LCA9_L2SP_p43833_20230319 28230821 82 _T1
landsat ot c2 |2 664768e(l dbO7f (O] LCB9_L2SP_p43034_20230819_20230821_B2_T1
Ready 1% Accessibility: Unavailable LCB8_L2SP_B43833_208238827_20238985_82_T1
BTKE LCB8_L2SP_p43@34_28238827_20238985_82_T1
hake LCA9_L2SP_p43@33_28230904_209238906_82_T1
- LCA9_L2SP_B43@34 28230904 _209238906_82_T1
H'KB 1 A0 1 9CN MAJIMAII IAIIANTTD _IAIIANTI0 AT T
|87 KB
159 KB

Alternative option: If you just need a few scenes or prefer to hand select scenes, you
can copy the ID from the EarthExplorer search results directly into a text file.

Once you have the landsat_product_ids.txt file you can visit the ESPA website at
https://espa.cr.usgs.gov/index/ to download the ET data.
At the bottom of the ESPA Homepage there are 2 options:

Current Offerings

Bulk Ordering Bulk Ordering API

Bulk ordering allows a list of Landsat scenes to be The API enables end-users to write their own clients to
submitted for additional processing beyond what is interact with all Bulk Ordering capabilities.

available through the standard Landsat Level-1 processing.
The Bulk Ordering API is implemented as a REST service

This is the primary mechanism to gain access to LSRD's using HTTP and JSON and is accessible from most
provisional and prototype data products. programming languages.

Order Data Access API Information

We will use the left one called Bulk Ordering. Click on Order Data to start the ordering
process. Here we’ll enter all the information needed to download ET data. Under “Add
Input Products”, select the txt file we just created.
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https://espa.cr.usgs.gov/index/

Add Input Products (Show Available Products)

Choose File |landsat_product_ids. txt

Next, select the Provisional Actual Evapotranspiration product.

Landsat Level-3 Products

Provisional Actual Evapotranspiration

Lastly, pick an output format. For this training we selected GeoTiff.

Customize Outputs

Customization Options

Qutput Format @ GeoTiff O ENVT ) HDF-E0S?2 Omnetcor O cocG

[J  Reproject Products

Modify Image Extents

Leave all other default settings and hit the Submit button at the bottom of the page.



Order submitted successfully! Your OrderlId is espa-skagone@contractor.usgs.gov-05172024-
095136-799

Requested: 63 Completed: 0 Waiting on data: 0
Order: espa-skagone@contractor.usgs.gov-05172024- Date Ordered: 2024-05-17 09:51:36.799289
095136-799
Status: ordered Date Completed: None

Requested Processing: Output Format is geotiff

Products by sensor: olitirs8_collection_2_12: evapotranspiration , olitirs9_collection_2_12: evapotranspiration ,

The ESPA Bulk Downloader is available HERE Show JSON CANCEL
Product Status Product URL Chksum URL Note
LCOS8_L2SP_043034_20240407_20240418_02 oncache MNone
_T1
LCO8_L2SP_043034_20240322_20240403_02 oncache None
_T1
LCO8_L2SP_043033_20240322_20240403_02 oncache None
_T1

The following window will appear. It has information such as your order number, how
many scenes were ordered, etc.

Product URL Chksum URL HNote

48801682 - MNone
LCO8_L2SP_150031_20220923_20220929_02
_T1

We are interested in the Status of the order. At the beginning it’s listed as oncache and
will change to Download once the order is processed at the EROS Center. Therefore,
please refresh the page for the status to update. This will take different amounts of time
for each order, depending on the number of scenes ordered, etc. This order took about
15 minutes to complete. The next step is to download the desired scene(s).

1) Manual Download option:
We selected 1 scene for demonstration in this document.

LCO9_L2SP_043034_20230208_20230311_02_T1 (file name:
LC090270292023053102T1-SC20240507180704.tar.gz)
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Product Status Product URL Chksum URL Note

LCO9_L2SP_043034_20230208_20230311_02 complete Download Checksum Mone
_T1

Click on the Download link in the Status field and save the files to your folder. Unzip the
files. The following files are included in the zip folder:

[ LC090430342023020802T1-5C20240517145728 tar.gz

[ LC090430342023020802T1-SC20240517145728 tar

= LC0S_L25P_043034_20230208_20230311_02_T1_QA_RADSAT.tif
=) LC00_L2SP_043034_20230208_20230311_02_T1_QA_PIXEL tif
€ LC09_125P_043034_20230208_20230311_02_T1_MTLxml

| LC09_L2SP_043034_20230208_20230311_02_T1_MTLxt

= LC09_L25P_043034_20230208_20230311_02_T1_ETUN.tif

= LC0S_L25P_043034_20230208_20230311_02_T1_ETF4if

=) LC00_L2SP_043034_20230208_20230311_02_T1_ETAtif

=] LC09_L2SP_043034_20230208_20230311_02_T1_ANG.txt

& LC09_125P_043034_20230208_20230311_02_T1 xml

A product description for each file can be found at https://www.usgs.gov/landsat-
missions/landsat-collection-2-provisional-actual-evapotranspiration-science-product and
includes the following information:

Package Contents

C2 Provisional ETa products are generated at the 30-meter spatial resolution. C2 Provisional ETa
packages contain the following files:

Actual Evapotranspiration (ETA): Provides a per-pixel estimate of daily water transfer from
the Earth's surface to the atmosphere in units of water depth in millimeters (mm).

ET fraction (ETF): Represents unitless fraction of ETr, nominally varying between 0 and 1 (in
SSEBop model the maximum ET fraction is 1.0). This can be used in combination with user
provided reference ET (ETr) to create a more accurate ETa which considers local weather
conditions.

ET Uncertainty (ETUN): Provides ET product uncertainty in units of water depth (mm) using
the ETr auxiliary data.

Level 2 Pixel Quality Assessment (QA_PIXEL): The bit combinations that define certain
quality conditions. More information about Pixel Quality Assessment can be found in

the Landsat 4-7 Collection 2 Level 2 Science Product Guide and Landsat 8-9 Collection 2 Level
2 Science Product Guide.
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https://www.usgs.gov/landsat-missions/landsat-collection-2-provisional-actual-evapotranspiration-science-product
https://www.usgs.gov/landsat-missions/landsat-collection-2-provisional-actual-evapotranspiration-science-product
https://www.usgs.gov/media/files/landsat-4-7-collection-2-level-2-science-product-guide
https://www.usgs.gov/media/files/landsat-8-9-collection-2-level-2-science-product-guide
https://www.usgs.gov/media/files/landsat-8-9-collection-2-level-2-science-product-guide

Metadata: Includes Actual Evapotranspiration Landsat scene information in XML format
(Product_ID.xml) and Level-1 metadata in.txt and XML format.

2) Bulk Download option:

The ESPA website also offers a bulk download option wheredata can be downloaded by
order number. To navigate to the bulk downloader click on the HERE link located above
the list of scenes.

The ESPA Bulk Downlfoader is available HERE

This will redirect you to a code repository named “bulk-downloader”. Now there are
different options on how to install and use the tool:

e Install with pip automatically:

pip install git+https://code.usgs.gov/espa/bulk-downloader.git
download_espa_order.py -h

e Clone this repository:

git clone https://code.usgs.gov/espa/bulk-downloader.git bulk-downloader
cd bulk-downloader
python ./download_espa_order.py -h

e download the stand alone zip file which only requires python (and request library)
to run. The link will initiate the download of zip file. Save the file to your system
when prompted. Don’t forget to unzip the folder.

Once you’ve used any of the above methods to download the tool, the next step is to
make a python environment to execute the tool. Use Anaconda, miniforge, or another
application of your choice to create an environment including Python and the request
library.
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https://code.usgs.gov/espa/bulk-downloader/-/archive/master/bulk-downloader-master.zip

( ) onda create --name bulk dl espa

Channels:
- conda-forge

Platfor win-64

Collecting package metadata (repodata.json): done

Solving environment: done

Plan ##

“Local\minifor ' bulk _dl_espa

{bulk dl es ( ‘ Nscenes\bulk-downloader-master

(bulk dl es C:hUsersh, \scenes\bulk-downloader-master>»

python download_espa_order.py -d C:\Users\..\scenes -u username

W

63 for order:

The username is the same as created at the beginning for the Earth Explorer
application.
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Landsat ET data

The ETa data is provided as a raster in GeoTiff format. Let’s take a look at the one
Landsat scene for Central Valley, California.

To examine the ET files further let’s open them using an GIS software. For this
document we chose ArcPro to visualize the ET raster files.

Open the ArcPro application and Add the files for August 03 2023
LC09_L2SP_043034_20230803_20230805_02_T1_ETF.tif and
LC09_L2SP_043034_20230803_20230805_02_T1_ETA.tif.
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The files are displayed with a black-white color ramp (low to high values respectively).
In this example (random pixel), the ETf = 7815 and ETa = 7010. Those values are
representing a scaled value. For the ETf raster as a fraction and for the ETa in
millimeter (mm). To get the actual fraction for ETf, multiply the value * 0.0001 = ETf
fraction, and the ETa as value * 0.001 = value in mm. This information can also be found
at the end of the metadata file LC09_L2SP_043034_20230803_20230805_02_T1.xml.
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<band product="evapotranspiration" source="sr refl" name="ETF" category="image"
data type="INT16" nlines="7721" nsamps="7591" fill value="-9999"
scale factor="0.00010000">
<short name>LCO9ETF</short name>
<long_name>Evapotranspiration fraction</long name>
<file name>LC09 L2SP 043034 20230803 20230805 02 T1 ETF.tif </file name>
<pixel size x="30" y="30" units="meters"/>
<resample method>none</resample method>
<data_units>unitless</data_units>
<valid range min="0.000000" max="10000.000000"/>
<app_version>et 3.1.0 (Collection 2)</app_ version>
<production_date>2024-05-17T15:03:30Z</production_date>
</band>
<band product="evapotranspiration" source="sr refl" name="ETA" category="image"
data_type="INT16" nlines="7721" nsamps="7591" fill value="-9999"
scale factor="0.00100000">
<short name>LCO9ETA</short name>
<long name>Evapotranspiration actual</long name>
<file name>LC09 L2SP 043034 20230803 20230805 02 T1 ETA.tif </file name>
<pixel size x="30" y="30" units="meters"/>
<resample method>none</resample method>
<data_units>mm</data_units>
<valid_range min="0.000000" max="20000.000000"/>
<app_version>et_3.1.0 (Collection 2)</app_version>
<production_date>2024-05-17T15:03:30Z</production_date>
</band>

Next, change the color ramp to red-to-green for ETf and brown-to-green for ETa.
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Let’s take a look at the ET fraction (ETf):
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The red colored pixels represent a low ETf value while green areas are high ETf value
pixels.
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On the other hand, ETa looks like this with darker (blue) pixels representing high ET
values and lighter (brown) areas indicating lower ETa values:
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And a zoomed in view:
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The ETa that is available for download is created by multiplying the ETf as following:

The reference ET data used can be obtained from the USGS ScienceBase website. The
citation is as follows:

Schauer, M.P., Senay, G.B., and Kagone, S., 2022, High Resolution Daily Global Alfalfa-
Reference Potential Evapotranspiration Climatology: U.S. Geological Survey data
release, https://doi.org/10.5066/POR877Q8.

We also provided the reference ET data set in the workshop materials
(https://edcftp.cr.usgs.gov/project/ SSEBop/WaterSciCon2024/Reference_ET/) for your
convenience.

Following, we are going to explore the Python code on how to create different
aggregations of the ET data for water resource monitoring. The document is named
3 _Creating suitable data for water resources applications.pdf.
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