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CHILE

Water Consumption by Olives and Vineyards

Motivation: New production of olives and vineyards is replacing natural
vegetation:

a. Reduced ecosystem diversity and extent

b. Increased erosion from bare hilly slopes

c. Potential over-exploitation of water resources

d. Need to improve irrigation management

We have partnered with University of Talca (Dr. Samuel Ortega) to improve
our ability to estimate ET for olives and vineyards



“BOLIVIA

& Sucre

Study area is in the center of Chile

Path 233, Row 85, Landsat 7 processing
(2011 & 2012)

Chile



New olive production in central
Chile with relatively dense tree
spacing.

ET fluxes were measured using an
eddy covariance system mounted
above the crop.

Photos by Dr. Samuel Ortega, Univ.
Talca, Chile, collaborator with A. Kilic
and R. Allen.
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Olives have low ground-cover and leaf area, making ET estimation e
challenging. 1000 m blockiness in ET (right) is caused by land use 08
classification error in the Global Land Cover product. . L0
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METRIC vs. Ground Measurements — Olive Orchard

near Talca, Chile 700
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* We have made some enhancements to the model (Perrier function for

surface roughness, Leaf Area Index)

» Correction to the global land cover map

Analyses by Samuel Orlando Ortega Salazar, with UNL group



TURKEY

Assisting Irrigation and Water Resources
Management



Landsat coverages for Turkey: ~ 12 paths x 4 rows = ~ 50 scenes
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BUSINESS INTERVIEWS COLUMNISTS ARTS&CULTURE OP-ED EXPAT ZONE SPORTS FEATURES

Tigris, Euphrates have enough water
for Turkey, Iraq, Syria

S 0 FIRecommend 0| W Tweet 2 (& Gougie | =

Impressions of

adequate water
availability vary
with country

Atatirk Dam in Eastern Anatolia (Photo: Today's Zaman)

28 October 2013 /CUMALI ONAL, ISTANBUL

Experts note that, when it comes to water. the Tigris and Euphrates are almost as often
fought over as the Nile, but the fact is that these two rivers have more than an adequate

http://www.todayszaman.com/news-329986-tigris-euphrates-have-enough-water-for-turkey-irag-syria.html
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Ataturk Dam and Reservoir,
est. 1990 --Euphrates River

Relatively new irrigated area
from Ataturk Dam

Euphrates River is upstream of Syria and Iraq



Harran Plains

Landsat 8 image showing Ataturk Dam and

Reservoir (center) and recent irrigation development Digital Elevation Map
(lower right) in Turkey, just north of Syria. showing relatively
Water is taken from the Euphrates River upstream of complex terrain

Syria and Irag.



Landsat 8 application
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ET map of the Turkish portion of Path 173, Row 34, for June 27, 2013,
Expressed as fraction of reference ET (ETrF).



Average field size is 2-10 ha.
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The small fields in Turkey are somewhat challenging to differentiate at 100 m
(thermal-based ET-Landsat 8) (right). Fields are more clear at 30 m (left).

1000 m blockiness in ET (right) is caused by land use classification error in the
Global Land Cover product.




FIRST APPLICATIONS OF LANDSAT 8
FOR EVAPOTRANSPIRATION IN THE

US

Ricardo Trezza, Rick Allen — Univ. Idaho
Ayse Kilic, lan Ratliffe, Babu Kamble, Univ. Nebraska

---- Using METRIC



Impact of sharpenlng thermal from 100 mto 30 m usmg NDVI

Landsat 8 image, Ventura, CA, May 2013. False color (left), ETrF (center), ETrF from
sharpened thermal (right)




NEBRASKA

Landsat 8 Applications to the Central Platte Natural Resources
District (NRD)

Objective: Manage depletions to the Ogalla Aquifer

Central Platte NRD has embraced the use of Landsat based ET and
they support the full cost of production



Landsat 8 applications to date in East-Central Nebraska




Landsat 8 — 7/12/2013
Path 29, Rows 30-31
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Landsat 8 — 8/29/2013
Path 29, Rows 30-31
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Landsat 8 — 7/12/2013 METRIC ETrF — 7/12/2013
False Color Composite Bands 5/4/3_ ET Flux Site
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Landsat 8 — 8/29/2013 METRIC ETrF — 8/29/2013
False Color Composite Bands 5/4/3 ET Flux Site




GOOGLE EARTH
ENGINE

METRIC - EEFlux (Earth Engine Evapotranspiration Flux)
Cloud Base Processing

Univ. Nebraska; Univ. Idaho; Desert Res. Inst.
Code developers: Baburao Kamble and Charles Morton

Support by Google, Inc.



Complementary Work

- Google Earth Engine

- Implementing METRIC on Google Earth Engine with LEDAPS and NLDAS Gridded
Weather Data

- Currently Testing in Google Earth Engine Java Script Playground

[ Earth Engine Playground

= = C' | @ hitps://ee-api.appspot.com/#307201b82679cb1d6ad1b2996fd46bcc

Apps  For quick access, place your

» ee.Algorithms

» ee.Feature

» ee.FeatureCollection
» ee.Filter

» ee.Geometry

» ee.lmage

» ee.ImageCollection
» ee.Kernel

» ee.Number

» ee.Reducer

» ee.Selectorset

» ee.String

» ee.Types

|
l

Edit Code

284
285

287
288
289
230
291

293
294
295
296
297

299
300
301~
302
303~
304
305

// Surface temperature

286+ function em nb_func(ndvi, lai, common area) {
var em nb = ee.Image(0) .mask(common_area);
em nb = em nb.where (ndvi.lte(0), 0.99);

em_nb

¥ em_nb.where (ndvi.gt (0) .and(lai.lte(3)), lai.divide(300).add(0.97)):
em nb = em_nb.where (ndvi.gt(0).and(lai.gt(3)), 0.98):

return em nb; }
292~ function em wb_func(ndvi, lai, common area) {
var em wb = ee.Image (0).mask(common_area);

em_wb
em_wb

em_wb.where(ndvi.lte(0), 0.985);

em_wb.where (ndvi.gt (0) .and(lai.lte(3)), lai.divide(100).add(0.95));
em wb = em wb.where (ndvi.gt(0).and(lai.gt(3)), 0.98);

return em wb; }
298 v function ts_func(ts bt, em nb, k) {
// First back out radiance from brightness temp

// Then recalculate emissivity corrested Ts

function ts_bt_radiance_func(ts_bt, k) {

return ts_bt.pow(-1) .multiply (k['2']).exp() .subtract (1) .pow(-1) .multiply(k['1']); }
function corrected_radiance_func(rad_toa b6, em nb, rp, tnb, rsky) {

DRI applications

return rad_toa_bé.subtract (rp) .divide (tnb).subtract (em nb.multiply(-1).add(1).multiply(rsky)); }

var rad_toa b6 =

ts_bt_radiance_func(ts_bt,

k)

nveeflux@gmail.com | Sign out

Objects  Pixels

Use print(...) to write to th




METRIC on Earth Engine using Python & GDAL

Traditional sensible heat flux METRIC model in Erdas

- Automated operation

- Entire modeling process is
run from command line

- Python

- Open source / open platform
programming language

- GDAL

- Open source / open platform
GIS libraries to support
for i in range(6):
Python u*(u, z, zom, psi_z3)

. li Pvth rah(z, psi, u*, ex res)
- Language used in Google C't’/g‘fsci'onyof"” et e s vamy

. . psi_z3(1, z3)
Earth Engine METRIC sensible  5=5 (1" ,2)

heat flux model psi_z1(1l, zl)
if stable(): break




Google Earth Engine Demo of EEFlux with Lan d Sat 8 in Nebraska.
Computation time for full production of ET for one scene was less than 2 seconds.

« 2> C https://ee-api.appspot.com
=5 Apps [ snrftp [ Multi-Resolution La...

| =

[ NewTab Beanbag Filler N[ CAPS Professional 5... [ Landsat Science Tea... s hydrology (CJ Zumba [ Other bookmarks

Examples

~ Saved Code
Demo 3: EEFlux_MNE L&
Demo 3. EEFlux_NE Lan. ..
Mebraska L5 Demo

~ FeatureCollection
From polygons
From a fusion table
Reverse mask a region
Join
Computed area filter
Count Features

~ ImageCollection

ayse.kilic.unl@gmail.com | Sign out

Edit Code

| Run il Reset

[imageinfo.result.properties ["CORNER LL_LCN PRODUCTI"],imageinfo.result.properties ["CORNER I .
ri
//time= (imageinfo.result.properties["SCENE CENTIER SCAN TIME"]); //landsat 5-7 E'

time= (imageinfo.result.properties["SCENE CENTER TIME"]): . .
- UNL applications

var time components = time.split(':'});

delta=0,409*%Math.sin(2*Math.PI/365%doy-1.39);

phi=(({(imageinfo.result.properties["CORNER_LL LAT PROCDUCT"]) + (imageinfo.result.properties|
soltimcor={((0.1645*Math.sin(4*Math.PI*( (doy)-81)/364)-0.1255*Math.cos (2*HMath.PI* [ (doy)-81),
sat_time min=((time_components[0]) *60*60+ (time_components[l]*60+parseFloat (time_components|
long=|(|((imageinfo.result.properties ["CORNER_LL LON_PRODUCT"])+(imageinfo.result.properties|
solartime min=((sat_time min+long/15%60%60)/60+soltimcor);

omega= (Math.PI/12% (solartime min/60-12))

cos_theta flat=Math.sin(delta)*Math.sin(phi)+Math.cos(delta)*Math.cos(phi) *Math.cos (omega) ;

transmittance_broadband=0.627*Math.exp((-0.00146 ‘*Pairfcos_theta_flat} —-0.075% tWJ’cos_theta_flat

Objects

Use print(...) to write to

- Console

Execution time: -80
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Google Earth Engine Demo of EEFlux with Landsat 8 in Nebraska.
Computation time for full production of ET for one scene was less than 2 seconds

\ https://ee-api.appspot.com sﬂ?\
snrftp [ Multi-Resolution La... [ New Tab Beanbag Filler N CAPS Professional S... . Landsat Science Tea... i hydrology (] Zumba [CJ Other bookma

ayse.kilic.unl@gmail.com | Sign ot

Edit Code

Objects Pixels Ke{-L;i{-1[-]
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Google Earth Engine Demo of EEFlux with Landsat 8 in Nebraska.
Computation time for full production of ET for one scene was less than 2 seconds

Examples Edit Code

[imageinfo.result.properties["CORNER LL LON I
»Saked Code =0 > UNL applications
Demo 3: EEFIux_NE L8 //time= (imageinfo.result.properties["SCENE Ci
Demo 3- EEFIUX_NE Lan... time= (imageinfo.result.properties["SCENE_CEN]
. = var time_components = time.split(':"):;
delta=0.409*Math.sin(2*Math.PI/365*doy-1.39);
v FeatureCollection phi=((( (imageinfo.result.properties["CCRNER LL

Nebraska L5 Demo

ETr Fraction
0.0

0.2
0.4
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1.0
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LANDSAT 8 — 7
UNDERFLY
MARCH 29-30, 2013

Comparison of surface albedo and
Evapotranspiration




Comparison of at-surface albedo from METRIC using Landsat 8 vs. using Landsat 7
during underfly — SE California — P38R37 — Mar. 29, 2013 for ag. and desert land use

0.45

Surface Albedo - All Classes
0.40

035 = 1.0068x-0.0022
R?=(0.9952

0.30

0.25

L8

0.20 +

0.15

0.10

0.05

Processed by R.Trezza, R.Allen, Univ. Idaho
0.00 T T I T T T T I
000 005 010 0.15 020 025 030 035 040 0.45

L7

Conclusion: Good correspondence between the two systems



Comparison of ET from METRIC using Landsat 8 vs. using Landsat 7
Durin?A%nderfly — SE California — P38R37 — March 29, 2013

Evapotranspiration - Agriculture
1.20 expressed as ETrF
1.00
y =0.9908x
RZ=0.9929
00 0.80
- |
w
=
w 0.60
0.40
0.20 - :
Processed by R.Trezza, R.Allen, Univ. Idaho
0.00 T T | | T

000 020 040 060 0.80 100 120 140

ETrF, L7
Conclusion: Excellent correspondence between the two systems, even with bias
in L8-TIRS due to the internal anti-bias calibration mechanism in METRIC



USE OF THE LANDSAT
8 CIRRUS BAND




Path 40 Row 30 in Southern Idaho — Landsat 8 — June 7, 201
Use of the Cirrus band to detect cirrus clouds and jet contrails

False color




Path 40 Row 30 in Southern ldaho — Landsat 8 — June 7, 201
Use of the Cirrus band to detect cirrus clouds and jet contrails

False color Cirrus band (9)

Comment: The cirrus band can show all kinds of cloud and contrail artifacts
that might impact the thermal image




Path 29 Row 31 in Eastern Nebraska — Landsat 8 — July 12, 2013

False color Cirrus band (9)

RT21R8 NN 4R850 17 metere (HITM 7ane 14 ANGS 24N 000 (CWN

Comment: The cirrus band shows cirrus clouding in the NW of the image that helps us translate
cool thermal signals. The image has substantial striping , partly due to the grey-scale image stretch
of the ERDAS display system. Image downloaded from EROS on Oct. 29, 2013



Landsat 8 Path 173, Row 34, for June 27, 2013 in Turkey

False color Cirrus band (9)

Comment: The cirrus band shows substantial striping that masks out much cirrus. Image
downloaded from EROS on Oct. 29, 2013



NEVADA
APPLICATIONS




Reduced ET from Tamarisk (Salt Cedar) Defoliation along the Lower
Virgin and Muddy Rivers” — Took a DRI Grad Student 2 weeks to

complete
Tamarisk ET for Muddy and Virgin Rivers 2011
——Muddy River Tamarisk ET  ——Virgin River Tamarisk ET
12
Divergence of ET rates
10 caused by tamarisk
defoliation
| Typical ° M
yp! <)
Healthy Defoliated E 6 \\.f\j Aw,\, \/QJ .
| ‘Tamarisk Tamarisk E %
4 V~v-
“c - . . Bet?tles become Beetles enter
- Classified defoliated areas using a multi- > active S Tk
temporal spectral angle mapper approach . (hibernation) - recovers

- Tamarisk ET estimated using METRIC for 2011
In defoliated and non-defoliated Tamarisk areas

- Estimated total water savings from defoliation
along Lower Virgin River in 2011 = 1,200 ac-ft =
$10,000,000. (@$% 8,000 /ac-ft)



L
METRIC Collaborations with NASA

- DRI is collaborating
with NASA Ames/Cal
State Monterey Bay
(Forrest Melton)

- METRIC Python is
running on the NASA
Earth Exchange
(NEX) high
performance
computer

- Run METRIC for
entire states / years



Central Valley,
California

- Currently testing and
validating METRIC
Automated Calibration
Algorithm (W/LEDAPS) on
the NASA Earth Exchange
(NEX)

- Validating automated
METRIC ET estimates at
multiple NASA / CSMB
field sites




Testing Automated Cloud Masks

- Testing FMASK & LEDAPS masks within METRIC framework in Central Valley of CA
- Still have shadows and small clouds to deal with, but good start to build on

- Combining different masks and buffering masks to extend areas, and manually
QA/QCing and modifying masks for every image used




Court Introductions of ET from Landsat

- Superior Court of California -- Los Angeles County Waterworks
District No. 40 v. Diamond Farming Co. (ET from METRIC
Introduced by Dr. Jan Hendrickx, NMT to show connection
between ground-water pumpage by Cty of Los Angeles in
Antelope Valley and water use by local vegetation)

- I[daho Supreme Court — A&B Irrigation District v. State of ldaho.
(ET from METRIC introduced by Idaho Dept. Water Resources
to show lack of evidence for injury of senior water user by
junior water users)

- US Supreme Court — Montana v. Wyoming, No. 137, Original
(METRIC ET maps introduced to document some expansion of
Irrigated acreage by Wyoming beyond Yellowstone Compact
allowances)



Other International Collaborations with our
Research Group:

- Univ. Lisbon, Portugal — olives and forest
- Univ. Cordoba, IFAPA, Spain — olives, almonds, vineyards

- Chinese National Academy of Science — ET estimation in
mountains

- Univ. Bahia, Brazil — fruit trees, mango



