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Evapotranspiration (ET): water consumed (lost to atmosphere)
through the combined processes of soil evaporation & plant
transpiration
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Remote Sensing Platforms for Mapping ET




NASA Applied Sciences Program
A Pathway Between Earth Science & Society

Results of Uses by Partners
NASA Earth and Stakeholder
Science Research Communities

GEQOSS Societal Benefit Areas

NASA
Applied Sciences
Program




Fizd

TheFuture@Erowthr
and@rosperity@DfX
the@vestern@tatesk
depend@iponhel!
availability@fX
adequatel

quantitiesBffivater™ s ¥  PriorityBtate®FederalActionsL

o .
ofBuitable@ualityd * IncreaseBupport/funding@or@atal

IdentifyEnd&loseRlataapsi

Gather/disseminate@eal-time@iatal

Foster@emoteBensing@apabilities?
* ReduceXostshrough@nnovationl

Tony Willardson, S : — S
Western States Water Council e AR i -




Why use an "Energy balance”?

N

J ®ET is calculated as a “residual” of the
energy balance — driven by THERMAL

Rn (radiation from sun and sky)

\ H (heat to air) ET
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Basic Truth:
Evaporation

consumes
(heat to ground)

Jf‘.. . UNIVERSITY JOF
¢ Universityofidaho Nebrqsl@ IWRRI Ground Water Connections Conference, Sept 24, 2008, Boise, ID
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PRECIPITATION
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transpiration &
evaporation

soil evaporation 4~
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Hootzone moisture --» Root uptake

drainage ‘

WATER BALANCE APPROACH
(prognostic modeling)

SURFACE TEMPERATURE
I"} Tsoil &T

veg

transpiration &
evaporation

T.,, ---»soil evaporation

Given known radiative energy inputs,
how much water loss is required to keep
the soil and vegetation at the observed
temperatures?

ENERGY BALANCE APPROACH
(diagnostic modeling)




Martha Anderson, USDA ARS

Multi-sensor evapotranspiration

GOES ET and Drought Products (GET-D)

US Applications at the National Scale

NOAA Geostationary Operational Environmental Satellites
i =

Landsat

Evaporative Stress Index 4km
3 month composite ending July 28, 2012

Standardized ET/PET anomalies
| i i
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Atmosphere-Land Exchange Inverse Model (ALEXI)
(Anderson et al., 1997, 2007)

Jim Verdin, USGS

National Water Census — Data Portal

Available Water Budget Components v
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Applications of METRIC for Water Management

Rick Allen, University of Idaho

METRIC Applications in Idaho

Time Series of ET near Twin Falls, ID

Water Planning
Aquifer Depletion
Hydrologic Modeling
Endangered Species
Agricultural Water Use % - . .
Legal Finding-of-Fact ¥
Water Rights Buy-Back

Water Rights Compliance
In-Season Water Demand

Tribal Water Rights Negotiations




Steve Wolff, Wyoming State Eng. Office
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Justin Huntington, DRI

Consumptive Use and Water Transfers

Western water law allows for existing
groundwater rights to be transferred to a
new location and/or use

Fallowing agriculture and capturing natural &
discharge

Example: Export groundwater irrigation
water rights out of a basin and use it for
municipal purposes in a basin needing the
water

~$10K per ac-ft in 2015

~$70,000 per ac-ft in 2007
One 125 acre center pivot @ 4ac-ft/acre

= $5,000,000 per center pivot

= 35,000,000 !! per center pivot

Larry Dunsmore, Klamath Tribes

Using METRIC results to implement the agreement

Irrigated
target for
retirement
—53 acres

Unirrigated
comparisons

ET or NCU (ft)

May June July August  September October

Irrigated = = Un-irrigated —Net consumptive use

Duane Woodward, Central Platte NRD

Nebraska

0 Landsat 5, 7, 8 Applications in the Central Platte
Natural Resources District (NRD).

Ul Objective: Manage water use from the High Plains
Aquifer. ET from irrigators extracts substantial amounts
of water from the aquifer and can lower the levels.

L1 LBg62- Recognized that surface and ground water must
be managed together for sustainability of water
resources.

' They have to reduce ground water depletion to
sustainable levels.

 Central Platte NRD has adopted the use of Landsat
based ET




ET Applications for Irrigation Management

Sonia Salas, Western Growers

Use of ET
Challenges Opportunities [ 8
* ET data gaps due to lack of * ET data enhancement. For

local/ representative weather
stations in certain locations

example, CIMIS * is utilizing
remotely sensed satellite data
to generate ETo maps and
address data gaps.

* Support/continue successful
efforts that consider crop,
regional/site specific conditions
(irrigation calculators for
avocados, lettuce, almonds,
wine grapes)

¢ Lack of local commodity
specific irrigation scheduling
calculators (Real-time crop,
regional/site specific
conditions should be
considered when using ET)

Forrest Melton, NASA ARC-CREST

Satellite Irrigation Management
Support (SIMS) Web Services

@ TOPS Satellite Irrigation Management Support

Select Date: 201107-07

Martin Mendez-Costabel, E & J Gallo

PRESENT Model for deployment of
Satellite-Based applications

= Desktop and mobile based — information delivered to
growers real time via mobile applications
= Use of ‘Landsat web services’ R
and cloud computing systems via:
= Amazon S3 k
= Google Earth Engine
= Custom mobile applications for:
= Viewing
= Editing
= Collection

= 24-HOUR DELIVERY
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Custom Irrigation Schedules

= Growers get access to authoritative content
(Maps/Apps — real time information)

= Mobile-based

= Farming to tier & specific stress index
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Advancing ET Applications with Cloud Computing

Ayse Kilic, Univ. of Nebraska Justin Huntington, DRI

Google Earth Engine Evapotranspiration
Flux - EEFlux

Testing Large Area Applications of Automated
ETF-Fapsion af Referenca B2 METRIC Energy Balance on NEX

ETrF = ET/ ETref

ET, is reference ET- ASCE-Penman Monteith Alfalfa reference
You can’t Manage what you can’t Measure!




Issues in Evaluating ET Model Output Using Measurements and Model
Inter-comparisons

=y Bill Kustas, USDA ARS

Issues in Evaluating ET Model Output Using Measurements and Model
Inter-comparisons
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Upcoming Missions to Support Water

Management

Sustainable Land Imaging (SLI) Architecture Brad Doorn,
. NASA HQ

Landsat 9
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Revisit Time versus Spatial Resolution

With sphere size indicating # of thermal infrared window bands

Science Data Products

16 [[ocalScale  ASTER ﬁ\_anﬂa Regional Scale
Raw data Seasonal Processes Seasonal Processes

l

Brightness Temperature

i
Emissivit

Evapotranspiration

Regional Scafe
Weekly Processes

_.Days Between\/lslts

GOE!
V\IRS”«IOD\S o

100 1,000
Spatial Resolution (meters)

Science Team

Principal Investigator
Simon Hook, JPL

JOSh FlSher, s S Co-Investigators

Rick Allen, Univ. of Idaho

NASA J PL Martha Anderson, USDA
- — Joshua Fisher, JPL
. i i Andrew French, USDA
\ Glynn Hulley, JPL

Eric Wood, Princeton Univ.

Collaborators

Christopher Hain, Univ. Maryland




Other Topics

Mike Hobbins,
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* USGS Requirements, Capabilities & Analysis (RCA) activity
D A2 mrasibr S0-malfa * landsat Science Team
* National Geospatial Advisory Committee - Landsat Advisory Group
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sensedmndy T Ay =K * Office of Science & Technology Policy-led Earth Observation Assessment
e U.S. Group on Earth Observations (USGEO)
N * National Research Council Earth Science Decadal Survey
MeaninnualET ffmm)1981-2010. * Landsat Ground Station Operators & Technical Working Groups
o Research in Environmental Sciences * AmericaView Nationwide Consortium for Remote Sensing
.~ ¢ Committee on Earth Observation Satellites (CEOS)
* Intergovernmental Group on Earth Observations (GEO)

|\/|U'[|U OZdogan, Un|V Of WISCOnSIn ¢ Joint Agency Commercial Evaluation (JACIE) Workshop

Cumulated ET (mm) from Jan 27 to Apr 17, 2015 Daily ET (mm) g:;e:;"sg;g’;:;a"dsa' image * Day-to-day interaction with users, meetings, conferences, workshops
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Themes from Day 1

1. Remotely-sensed ET data products are currently used
for water management applications in 22 states in the
U.S., and for national-scale applications including
drought monitoring and the U.S. Water Census

. Advances in use of cloud computing and web
services / mobile devices are increasing access to
remotely sensed ET data

. Improving frequency of 30-100m satellite
observations would enhance water management
applications in U.S. and internationally




