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EEFlux — Landsat-based (30 m) ET mapping on Google Earth Engine
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Gridded Calibration of Energy Balance in EEFlux — Using Near-Endpoints in Thermal
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Longitude Orbital speed
17000 mph
7660 meters/second

Altitude: 420 km

Latitude

Moving Calibration
Window
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Sun angle continually changing.

Land / precipitation conditions continually changing.
Rotate Calibration Window to Equalize Sun Angle and Time of Warming.




CALIBRATION OF METRIC/EEFLUX:

biasgrn.g 2 biaSy.ca = biasyr = biasy.pixet 2 LE

The Sensible Heat (H)
Function with end-member LST  ,,pigsed
calibration calibrates around

Biases in many of the
Energy balance components:

(Biases exist in: net radiation, soil heat

flux, aerodynamic stability, aerodynamic
roughness, absolute surface temperature,

atmospheric correction) .
any biases

H= %}f calibration)
LE @ H v\(during application)

Biases cancel out




Topography of the United States and World is Complex — impacting solar radiation balance

IATION AND
FACE WINDS

METRIC includes radiation algorithms for slopes and terrain roughness algorithms



Data Sources

Albedo and Vegetation Indices

- From Landsat, Sentinel Il Images Closest/Bracketed in
time

Wind Speed, Humidity, Reference ET
- From CFSV2 or GLDAS2 Gridded Weather Data

Science Questions

- How does the ET,F (ET as a fraction of Reference ET) vary space-wise
durlng the day for:

- Irrigated Crops
- Rainfed Crops
- Riparian Systems
- Rangeland
- Forest

- How does variation in ET.F impact time-integrated ET
estimation (which often assumes constant ET,F)?
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Student/Post-Graduate Collaboration

- Assist Technical Staff and Faculty in

- development of strategies and coding and testing of algorithms for
applying a moving window-based calibration scheme to develop
endmember based calibration points for the surface energy balance
employed in the METRIC ET process.

- Automated calibration of EEFlux surface energy balance.

- algorithm testing using an archive of METRIC-based ET imagery from
Landsat-based processing since 2000.

- Two NSF-supported energy and CO, flux systems in Idaho for

testing the moving window-based calibration for sagebrush and
lodgepole pine.

- Applications to other targeted sites by ECOSTRESS teams

- Collaborative ingestion by Idaho, Nebraska and California state
Departments of Water Resources to explore ingestion of ET
data into their water operations.
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Ground Data - Island Park, Idaho

Lodgepole Pine
- Installed 2010 — Univ. Idaho - T
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Island Park, ldaho — Eddy Covariance Energy Balance corrected usmg

Large Aperture Scintillometer (Ul student John Stewart)ﬁ;)
5 &F
0¥ ‘.i.'-“‘

’ ]. AN A e e T

_3 Dsomc aneno:j'_,'_ 1L ARl b ; R e
_LiCor 7500 H: C COZ Inf d | f 4 e 'I
‘Net radlometers g (2 | i 3
,..Soil Heat Flt 7,‘
'SoTTmpe B e Sen‘s'o" "
A Sml WaterC tentS W o
i Sonic SOV, s
InfrarediTe mi
. N




Best combination of 16 Soil Heat
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EB Components - Hollister Sage Brush
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Gridded Weather

: . Station Data Used to Create Gridded Data ® FALSE
Comparisons with
AngCUIturaI Standard Deviation of Error mmday' * 00 ® 05 @ 10 @ 15
Measurements: Alfalfa
Reference ET (ETF) GLDAS ETr July Mean Bias mmday ™ .0 _

2 4 6

Philip Blankenau, MS Student, UNL — Dr. Ayse Kilic, Aadvisor



Best Gridded Data sets for Least Bias In
Reference ET (ET,)

Best Analysis Data Set for ETr in Summer by KGE @ cFsv2 @ GLDAS @ GRIDMET @ NLDAS @ No Data

Philip Blankenau, MS Student, UNL — Dr. Ayse Kilic, Advisor



Best Gridded Data sets for Least Bias In
Reference ET (ET,)

Best Analysis Data Set for ETr in Summer 2015 by KGE

@ crsv2 @ GRIDMET @ RTMA (Doorenbos & Pruit) @ No Data
©® cLbAs @ NLDAS RTMA (Perez et al.)




|Background Evaporation for Callbratlon HEDRONIY chapron asm

ETrF based on ETr

1.2

Daily water balance
using gridded weather
and precipitation
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Importance of “pre” Resampling and Projection of

Large Pixels = Smaller Pixels
— B
Tempecstore 00 .,
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Residential Water Use

Google Earth Engine App for
Residential Water Use and

Preservation --- --- GE " RUP

Beta versions are available

http://appgearup.appspot.com

Development Team:
Doruk Ozturk, UNL

Samuel Ortega-Salazar, UNL / Univ. Talca, Chile
Dr. Ayse Kilic, UNL

Dr. Richard Allen, Univ. Idaho

Dr. Tyler Erickson, Google, Inc.
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http://appgearup.appspot.com/
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Current Interest in GEARUP

 Metropolitan Water District of Southern California
« Help Home-Owners schedule lawn watering (targets:
80+ year olds)
« Conversion of Residential Turf to Artificial Turf

« Transfer of Agricultural Water to Cities
« Linking EEFlux to GEARUP for NAIP 1m Scale ET

 Potential Use in Agriculture
e Conversion of Landsat 30 m to 1 m (with limitations)
« Use ETref and Precipitation forecasting for scheduling
irrigation



Basic Problem

- NAIP (National Agriculture Imaging Program) images have 1.0

meter spatial resolution and are necessary to “see” residential
areas (this is good)

- NAIP imagery is ingested onto Google Earth Engine (this is good)

- However, NAIP does not report “reflectance” (p) (this_is bad)

- NAIP imagery is collected only once per year or 3 years (this is
bad)

- NAIP only reports uncalibrated, raw “digital numbers” (DN) that
range from 0 to 255 (28 (8 bit values)) (this is bad)

- Therefore, to calculate NDVI, we must first calibrate NAIP DN’s to
“reflectance.”

- We do this using Landsat reflectance

- Landsat has 30 meter spatial resolution and reflectance
- (too large for residential work, but OK to calibrate NAIP)




Calibration of NAIP with Landsat

2/5 X< )= o =
Map Satellite Rl @j 35
9 Madison West Point \J
Burgvell \, ]
J Ankeny
! oy
Al @ cL HaLIan Des Moi 180}
Ord / @ es iMoines
° Blair @ 54
RSD G50 I o, I pey West Des
. C 680 Moines
- Gegoa — Columbus eRiver Fremont -~ F Wanut Atlantle D I
Fullerton ?Ia { e
P <
Angley  Loup Cit omaha /' (&3 (5}
St F;aul O
N
Central City oBellevue
Ravenna Red Oak Cregton Osceola
Grandolsland Viliisca
Aul;orL Ygrk Legox
H @ CIar{i)ndn lann Corydon
%eagnev Gibbon
Hastings S La n d Sat
. e @ Ge
160 km x 160 k
60 km x m

° N G
Aln;na Red S'OUd Trenton

Superior
o

PhiIIi%sburg SmithDCenter 10 km X 10 km i o

CawksrCity 120} @
Stocckton Osboorne BeLoit
D Clay Coenter %
{ e
Plainville Q
1 Mant;attan o StMarys I &
- Wamego Kan . ekt
/ ansas Cit ars
Lucas B n // i Topeka \\ ‘ ) y Higginsville A
(i3 E Lingoln Junction City 70 ek X v o n
(3 D] ° Lawrence  Overland Park o
i i ° |} i 0 B
NS Russell s Abilene Olathe —— Lee’s Summit
) e o) the
470 Wilson |
° I
I

o
Ellsworth Salin

Warrensbur
o ) 50} ocadan



NAIP
surface
reflectance

pixels

~ Landsat
_—~one 30 m pixel

AAAAAAA NeBuvms;T:«]orl - Tz"f;::” . it ofl II G )U:Jle
neoln . . . .




10

Allow-

’V
~L

able

Dryness

| Hydrology

Vegetati

on

\

T incoln

RTMA = > Mesc \nalysis Weather (last 7 days)
NDFD = igital her Forecast Database (hext 7 days)
Nebiika - 1 Unerstyoicabo Googl




& © ‘ ® appgearup.appspot.com
=5 Apps a Google Maps “: UIEIPRS ha yahoo mail [J METRIC-EEFLUX §i{ Google Scholar B Google Calendar - M [3 UlVandalWeb

Gearup  Home  About FAQ

Click on the buttons below to see your products on the map.

If you do not want to provide input, go ahead and click on the "lrrigation
Schedule" button to use our default values.

Please provide water meter readings:

Before Running One Cycle After Running One Cycle
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=
Q
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Imagery ©2017 , DigitalGlobe, U.S. Geological Survey | Terms of Use
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Gearup  Home  About FAQ

B 6740 Leesburg Court, Lincoln, NE, United St... i ‘

Click on the buttons below to see your products on the map. %

If you do not want to provide input, go ahead and click on the "lrrigation
Schedule" button to use our default values.

Please provide water meter readings:

Before Running One Cycle After Running One Cycle
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Imagery ©2017 , DigitalGlobe, U.S. Geological Survey | Terms of Use
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Gearup  Home  About FAQ
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Map Satellite

Click on the buttons below to see your products on the map.

Trees Grass Shadows  Man Made

If you do not want to provide input, go ahead and click on the "Irrigation
Schedule" button to use our default values.

Please provide water meter readings:

)

Imagery ©2017 , DigitalGlobe, U.S. Geological Survey | Terms of Use
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Gearup  Home  About FAQ

Map Satellite

Click on the buttons below to see your products on the map.

NAIP NDVI LANDSAT ADJUSTED

0 025 05 0.75 1

NAIP NDVI TEMPORAL LANDSAT ADJUSTED

LANDSCAPE COEFFICIENT

TEMPERATURE

WATER CONSUMPTION

IRRIGATION SCHEDULE

If you do not want to provide input, go ahead and click on the "Irrigation
Schedule" button to use our default values.

Please provide water meter readings:

fol
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Imagery ©2017 , DigitalGlobe, U.S. Geological Survey | Terms of Use
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Gearup  Home  About FAQ

Map Satellite

Click on the buttons below to see your products on the map.

]

0 0.75 1

0.25 0.5

If you do not want to provide input, go ahead and click on the "Irrigation
Schedule" button to use our default values.

Please provide water meter readings:
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=
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Q

Imagery ©2017 , DigitalGlobe, U.S. Geological Survey | Terms of Use
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Gearup  Home  About FAQ

Map Satellite

Click on the buttons below to see your products on the map.

o 025 0s 075 1 1.25
TEMPERATURE
WATER CONSUMPTION
IRRIGATION SCHEDULE

If you do not want to provide input, go ahead and click on the "lrrigation
Schedule" button to use our default values.

Please provide water meter readings:
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=
Q
Q

Imagery ©2017 , DigitalGlobe, U.S. Geological Survey | Terms of Use
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Current Interest in GEARUP

 Metropolitan Water District of Southern California
« Help Home-Owners schedule lawn watering (targets:
80+ year olds)
« Conversion of Residential Turf to Artificial Turf

« Transfer of Agricultural Water to Cities

« Linking EEFlux to GEARUP for NAIP 1m Scale ET
* Potential Use in Agriculture

e Conversion of Landsat 30 m to 1 m (with limitations)
« Use ETref and Precipitation forecasting for scheduling
irrigation
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A Field-Scale "Earth-Selfie" Every Day

- Cost: Less than 3 coffee-latte's $800 million/Landsat
per American per year =8 years

- Support SIXTEEN Landsats in orbit x 16 Landsat

- DAILY Earth-Selfie’s = 300 million Americans

. = $5.30 per American per year
- Consider:

- 99% of all Americans spend at least $10 per week on
superfluous things: cafe-lattes; bottled water; movies;

gasoline to motor three blocks to the market-place or
across town to look for designer jeans.

- However, we don't want to spend the <$0.50 PER
YEAR per American needed to launch and operate
klalzdsats or similar that take field-scale 'selfies' of our

ation.

- Less than $6 per American PER YEAR would place
SIXTEEN Landsats into orbit, giving us DAILY Selfies of
the entire Nation.

Can you imagine what that would be like? A
Landsat 'Selfie’ EVERY DAY???
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This is beta version 1.0.0 of EEFlux level 2, where automated calibration of ETrF is still evolving. The last
calibration update was Jan. 15, 2017. See FAQ's.
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