() (YNY Y ) LD -- ()
apotranspiration bata tor Ve anao anag ON AQC

"_\k&u :

EDFES anm =USGS 22 des

: NVIR RMFNTAI : f h 1d
Go gle Earth Engine DEFEN% FUND science for a changing wor

b 1))

)
UNIVERSITY OF SR - r-’w)- California State Universit; H 1Y
WISCONSIN @g MARYLAND Nebiaska ) MONTEREYBAY L HabitatSeven UFRGS

» oo o
neane
SMVERST OF o ABtSE Lincoln



Why WWAO? operational, sustainable state for long-term impact

NASA Applied Sciences Program:
Western Water Applications Office ( WWAOQO)

WWAQ's Mission

* Improve how water is managed by applying NASA data,
technology, tools in partnership with water managers and
decision makers in the western U.S.

WWAQO does this by:

* Identifying needs in western water management for information
and decision support

« Making connections between stakeholders and NASA scientists,
technology, tools, and data

« Supporting projects tailored to meet those needs, engaging with
partners from beginning to end

« Transition of water applications and technology into an

NASA's science, remote-sensing data and expertise can bring a
unigue set of capabilities to address water management challenges
Remote-sensing data can help fill critical data gaps in the West
WWAQO leverages decades of investment in science and technology,
as well as deep relationships with partners and stakeholders




OpenET: Field-scale Evapotranspiration Data for
Water Resources Management

Annual Total Evapotranspiration (in)

O P E N @ 2R EDF&s =USGS LA OpenETdata.org; Melton et al. (2021)
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What is ET? | How to use Data | Methodologies | Known Issues | APl | FAQ | Newsroom | About | Contact | SignOut

Home Explore Data Use Cases Accuracy
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Whatis ET? | How to use Data Methodologies Known Issues | API FAQ Newsroom About | Contact Sign Out

OPEN=T

Home  Explore Data  Use Cases  Accuracy

& USDA/CDWR Crop Type: Alfalfa | Area: 100 Acres | Field ID: 084171

Cumulative

Evapotranspiration 3. Download Data

© Ensemble
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O P E N . T . " Whatis ET? | Howtouse Data = Methodologies | Knownlssues = APl | FAQ | Newsroom | About | Contact | Sign Out
—

Home  Explore Data Use Cases  Accuracy

& USDA/CDWR Crop Type: Alfalfa | Area: 100 Acres | Field ID: 084171

Cumulative Ensemble Evapotranspiration

3. Download Data

® Ensemble

Dec eeMETRIC
Ensemble ET 2016: 33.33 In (277.20 AF)
Ensemble ET 2017 6.43 in (53.51 AF) SSEBop
Ensemble ET 2018: 24.16 In (200.96 AF)
Ensemble ET 2019: 32.22 in (268.00 AF) SIMS
Ensemble ET 2020: 38.39 In (319.32 AP)

PT-JPL

DisALEXI

geeSEBAL

Additional Variables

May " Aug

Ensemble ET 2016 -+ Ensemble ET 2017 Ensemble ET 2018 Ensemble ET 2019 v Ensemble ET 2020 o Ensemble ET 2021




Founded on Open Science

DRI, NASA Ames, Habitat Seven (Multimodel Development, Integration, API, Ul) Forrest Melton, Justin Huntington
Charles Morton, Will Carrara, Britta Daudert, Alberto Guzman, Jordan Harding, Matt Bromley, Jamie Herring

USDA, NASA Marshall Space Flight Center, U. Maryland, U. Wisconsin (ALEXI/DisALEXI) Martha Anderson,
Yun Yang, Christopher Hain

U. of Nebraska, U. of Idaho, DRI (EE METRIC) Ayse Kilic, Rick Allen, Peter Revelle, Samuel Ortega
NASA JPL (PT JPL) Josh Fisher, Gregory Halverson

NASA Ames, CSUMB, Stanford University (SIMS) Forrest Melton, Alberto Guzman, Lee Johnson, Will Carrara,
Conor Doherty, Ryan Solymar

USGS (SSEBop) Gabriel Senay, MacKenzie Friedrichs, Gabe Parrish
Google Earth Engine
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..o EE METRIC ALEXI/DisALEXI
y University of Nebraska, USDA, NASA, University of Maryland, USGS
University of Idaho University of Wisconsin

SIMS PT-JPL SEBA

NASA, CSUMB, Stanford University NASA Universidade Federal

do Rio Grande do Sul




OpenET Ensemble Approach

Selected Area Timeseries Copy Shape to Clipboard
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OpenET Ensemble Approach

Selected Area Timeseries Copy Shape to Clipboard
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Intercomparison and Accuracy Assessment

130°0'0"W 120°0'0"W 110°0'0"W 100°0'0"W 90°0'0"W 80°0'0"W 70°0'0"W
i ! L | i

Site Land Cover '

Annual Crops
Evergreen Forests

Grasslands

40°0'0"N— ~40°0'0°N

A

¢

@

*  Mixed Forests

+ Orchards

B Riparian

Shrublands

Vegetable Crops

#  Vineyards A
Wetlands

©  Filtered Sites

|-30°0'0"N

| 1 T i
110°0'0"'W 100°0'0"W 90°0'0"W 80°0'0"W N

T 1 T 17 1 T 1]
0 375 750 1,500 Kilometers

- Phase | comparison complete (70 flux tower sites; 24 ag sites) Melton et al., JAWRA, 2022
- Phase Il comparison for 151 flux tower sites; 70 ag sites Volk et al., 2023




OpenET Ensemble Value: Croplands

Accuracy Summary for Croplands for the OpenET Ensemble ET Value

Time Period Slope | Mean Bias Error) | Mean Absolute Root Mean r-squared Mean flux
Error Squared Error tower ET

Water Year: 0.93 -71.6 mm 91.3 mm 100.5 mm 0.88 1024 mm

14 sites / 48 total water (-7.0%) (8.9%) (9.8%)

years

Growing Season: 38 1.0 -10.1T mm 80.3 mm 92.7 mm 0.88 609.5 mm

sites / 151 growing (-1.7%) (13.2%) (15.2%)

seasons

Monthly: 0.95 -3.6 mm 15.6 mm 20.0 mm 0.91 93.7 mm

45 sites / 1,682 months (-3.9%) (16.6%) (21.3%)

Daily: 0.88 -0.3 mm 0.8 mm 1.Tmm 0.82 3.6 mm

49 sites / 4,804 days (-7.4%) (22.8%) (29.7%)

Slope: Measure of overall bias; 1.0 is perfect Melton et al., JAWRA, 2022

Mean Bias Error (MBE): Measure of bias; 0.0 is perfect

Mean Absolute Error (MAE): Measure of expected error; 0.0 is perfect

Root Mean Squared Error (RMSE): Measure of expect error with additional weight for outliers; 0.0 is perfect
r-squared: Measure of the ability of the model to reproduce observed variability; 1.0 is perfect



OpenET can help:

Rural communities to design locally driven water
conservation and trading programs.

Water managers to develop more accurate water
budgets, incentive programs and other innovative

strategies.

Policymakers to more accurately track water
supplies, simplify regulatory compliance, and co-
develop solutions with local communities.

Farmers to expand use of data-driven irrigation
practices to maximize “crop per drop” and
reduce costs for fertilizer, water, and energy.




OpenET Use Cases
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OpenET API

Follows the
OpenAPI
standards

Support for
automated data
retrieval

Facilitates
integration with
other water data
systems / water
management
applications

OpenET AP| €2 @

fopenagpi json

Welcome to the Public Server!

Register for an account here & r ber to read the documentation.

Manage Account Information

/account/status

/account /upload

faccount/decrypt

[ _oer |
m /account/storage
=1
[ _posT |

Retrieve Raster Data

/raster/timeseries/point

m /raster/timeseries/polygon
POST /raster/timeseries/multipolygon

/raster/geotiff/composite

POST /raster/geotiff/stack

/raster/export/composite

POST /raster/export/stack

/raster/export/multipolygon

/raster/export/track
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Streamlining Water Use Quantification and Reporting

Help/FAQ Contact

& Delta ACP Home About

Measureand

Don't have an account yet? Register here.
Forgot your password?. Reset here.

“The Delta ACP application allows diverters to easily measure and report-water
use under Water Code sections 5104 and 1840 using satellite based ET estimates.

Learn More.




Streamlining Water Use Quantification and Reporting

Delta ACP
User Interface

Submissions

Statement: S017899

m Statement: S021066 Statement: S021097 m
Status n Status “ BEL] submitted | n CA SWR C B
@ ®

T —— e e Report

Management
System API

Statement: S021112 Statement: S021240 Statement: S021240

Status: [SITTE Status: [SITER]
[ suonited | [ suonites ]

@ Amount Used: 2



Streamlining Water Use Quantification and Reporting

»  Amend Report

Water Diversion and Use Data

1 2 Select the Type of Diversion © Drect Diversion Only

Enter Statement ID Verify your fields Fillin Report Form

Enter your statement id and password ta validate your fields.

firm the fields associated with your statement id Please fillin all required fields and then click submit
Water Use for 2022 (from OpenET: 10f 3 Statement IDs for the Place of Use) (More Info)

Month Amount directly diverted Amount diverted or collected to storage Amount used
@ Underthe Delta ACP some reporting fields cannot be edited or altered. You may provide information regarding such fields in the ‘Additional Remarks” text entry box at ton
ctober R .
the end of the report. Alternatively, you may submit a report via the Water Board's standard Rej mwebsite. Note that if you submit a report under Acre-Feat o Acre-Feat el Acre-Feat
the standard Report Management System, the report will fall outside the scope and coverage of the Delta ACR and you must independently comply with all applicable
water measurement and reporting requirements, Movember e Fast N R . U
December Acre-Foet o Acre-Faat 3392 Acre-Feat
Water Right ID 5017838
January Acre-Feet o Acre-Feet 3un Acre-Feet
Password (Reporting Identifier)
February Acre-Feet o Acre-Feat w61 Acre-Feet
Water Year 2022
Mareh Acre-Feet o Acre-Feet N Acre-Feet
Claim Type & Year o
P Acre-Faet o Acre-Feat 31566 Acre-Feet
. B Riparian Claim
Water is diverted and used under (Select all that apply) »
Pre-1914 Claim By Acre-Feet o Acre-Feet 531 Acre-Feet
Pueblo
Pending Appropriative Right Juna Acre-Faat o Acra-Feat 39412 Acre-Feet
Court Decree
B Other (explain) July
Acre-Feet o Acre-Feet 078 Acre-Feet
Overlying, recycledireciaimed, sal ights
August Acre-Feet o Acre-Feat 1058 Acre-Feet
%
September Acre-Feet o Acre-Feat 1006 Acre-Feet

Year diversion commenced 1800




What's next for OpenET?

v/ OpenET non-profit established

v/ Addition of OpenET Monthly Data to the Earth Engine
Public Data Catalog

v/ Addition of daily data and integration with irrigation
scheduling tools

- Public release of the OpenET API (Summer 2023)
- Completion of the custom reporting tools (Fall 2023)

- Best Practices Manual and updates to the ensemble ET
value

- Automated calculation of effective precipitation and ET
of applied water

- Historic data production and geographic expansion
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OPEN=T
Thank You!

OpenET gratefully acknowledges support from the
Walton Family Foundation; the Gordon and Betty
Moore Foundation; Lyda Hill Philanthropies; the S.D.
Bechtel, Jr. Foundation; the Windward Fund; the Keith
Campbell Foundation for the Environment; the North,
Central, and South Delta Water Agencies; the NASA
Applied Science Program and the NASA Western Water
Applications Office; the USGS Landsat Science Team;
and the California State University Agricultural
Research Institute

Please visit https://openetdata.org for more information.




Questions?

forrest.s.melton@nasa.gov
openetdata.org

S atie o

LA

a0.Jpl.nasa.gov




State Pilot Projects

’ California: 1) Drought response and planning; 2) Production of 20+ year data archive; 3)
Local and state agency support for implementation of the Sustainable Groundwater
Management Act; 4) Water Use Reporting in the CA Delta; 5) CA Accuracy Assessment;
6) Ongoing data production and public data access

’ Utah: 1) Intercomparison study and ensemble ET data refinement for Utah; 2)
Calculation of effective precipitation and ET of applied water for Utah; 3) Production of
30+ year data archive; 4) Support for ongoing data production and public data access;
5) Comparison against crop coefficient methods; 6) Support for local and state
agencies across a broad range of planning and water management applications

’ Oregon: 1) Production of 30+ year data archive; 2) Support for additional accuracy
assessments for the Pacific NW; 3) Support for calculation of data summaries for
each HUC12



Federal Pilots Projects

’ USGS: 1) Production of 20+ year archive of data for CONUS with SSEBop; 2) API
enhancements and support for ongoing data updates and public data access; 3) SSEBop
model evaluation and watershed-scale model intercomparisons; 4) Evaluation of
CONUS404 data for calculation of ETo data for the U.S.

’ Reclamation: 1) Production of 20+ year data archive for the Upper Colorado
River Basin with the eeMETRIC model; 2) Production of data updates for the
Upper Colorado River Basin in 2022 with the eeMETRIC model and additional
accuracy assessments for eeMETRIC



NASA Western Water Applications Office
Supported Activities:

’ Reclamation: Detailed model intercomparison study and explanation of model
differences across the Upper Colorado River Basin

’ Columbia River Basin: Production of HUC 12 data summaries for the Columbia
River Basin; integration of HUC 12 summaries into state water data portals; and
support for outreach and training workshops

’ Idaho Department of Water Resources: Evaluation of OpenET data against Idaho
Department of Water Resources METRIC ET data; deployment and collection of flux

tower ET data in Magic Valley, Idaho



Model Ensemble: Median Absolute Deviation (MAD)
Outlier Detection

Evapotranspiration 4. Download Data
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