NI

Evapotranspiration o R
fro m L an d S at’ S Landsat “8” — launched Feb. 2013

Thermal Imager

Rick Allen -- University of Idaho, Kimberly, Idaho

Professor of Water Resources Engineering
Member, USGS/NASA Landsat Science Team d
Member, NASA HysplIRI Science Team

Universityofldaho

A LEGACY OF LEADING




Does ET vary in Space? (Yes!) -- Monthly and Seasonal ET at April — October

30 m resolutlon for the Eastern Snake Plain of Idaho 2006 ET
SR . ' -

D 7

Idahe Falls

~Retohum®

American Falls




Potential Water Conflicts in the West

| Potential Water Supply Crises by 2025

[Areas where &pling supphes aré nol adequale 10 meel
waler demands for peaple , for farms, and for the enmvinonment)

N

'-'hml.i
BEmarck

w Stabe Capitols
*  Major Cilies
- Major Rivers
-] Indian Lands and Hative Entities
[ ] states
wWaber Supply Issue Areas
Unret Rural Water Meeds

Conallict Potential- Moderate
Conllict Potential- Substantial
Confbct Potential- Highly Likely |

o

May 2003




Operational ET “mapping” using a
surface energy balance — METRIC

\

@® Mapping EvapoTranspiration with high
Resolution and Internalized Calibration

Allen et al. and partners

University of Idaho, Kimberly
— development began in 2000
— rooted in Dutch SEBAL mode/

Development Partners

Ricardo Trezza — University of Idaho Justin Huntington — Desert Research Inst, NV
M. Tasumi — University of Miyazaki, Japan Jan Hendrickx — New Mexico Tech

Tony Morse — Spatial Analysis Group, Boise Ignacio Lorite-Torres — IFAPA, Cordoba, Spain
William Kramber — Idaho Dept. Water Resources Isabel Pocas — Univ. Lisbon, Portugal

Wim Bastiaanssen — Water Watch, Netherlands Samuel Ortega-Ferias — Univ. Talca, Chile
Ayse Kilic — University of Nebraska Magali Garcia — Univ. La Paz, Bolivia

Jeppe Kjaersgaard — University of ldaho

- Universityotidaho



METRIC Applications in Idaho

Water Planning
Aquifer Depletion
Hydrologic Modeling

Endangered Species
Agricultural Water Use
Legal Finding-of-Fact
Water Rights Buy-Back
Water Rights Compliance

N

In-Season Water Demand
Tribal Water Rights Negotiations




Why Energy Balance?
ET is governed by Energy Availability and Aerodynamics

/4R

rado
ation
arern 12, 2010

9/4/2015

& 0
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Definitions

/4R

® Energy Balance

= Remember: ET is the part of irrigation
water that changes from liquid to water
vapor

= Liquid to vapor conversion requires energy

= We ‘look’ for the energy used to produce
the evaporation

= This i1s shown by the temperature of the
surface

- Universityotidaho




Why use an "Energy balance™?

/4R

J ®ET is calculated as a “residual” of the
energy balance

Rn (radiation from sun and sky)

\ H (heat to air) ET
\VE;!:{:-G - H

Basic Truth:
Evaporation

consumes
(heat to ground)

& 0
g;:;‘;:;tmwslwldam




Sensible Heat Flux (H) santage
. METRIC mOdel r., ‘floats’ above the

surface and is ‘free’ of ;

N

:y, dT) / rah single source approach

Advantage:
dT is inverse calibrate

% _ and some limitations of
H=(p

N

(simulated) (free of T4 VS. T,
vs. T,

dT = “floating” near surface temperature difference (K

., = the aerodynamic resistance
from z, to z,

22
h‘[zj ~Wh) t Hhe)
i 1

U, x kK

U« = friction velocity
K = von karmon
constant (0.41)

Universityofidaho



Near Surface Temperature
Difference (dT)

® The advantage of the
METRIC-CIMEC approach:

N

m T, IS unknown and
unneeaed

= a linear relationship between
T, and dT Is assumed: , ,
g s
dT = b + aT, : ;
Bastiaanssen ‘breakthrough’W Sl , |

: . rface T ture (K)
® T.is used only as an index and can have large bigs and does not need

to represent aerodynamic surface temperature

CGIAR Workshop on “Surface Energy Balance Models of Agricultural Areas
Universityotldaho  from Earth Observation Data’ Universidad Nacional Agraria La Molina (Peru), 13 March 2008




METRIC™-ERDAS submodel for sensible heat and ETrF

02, Main energy balance model for METRIC: Sensible heat flux, Net radiation, Ground heat flux. Reference ET fraction and ET. Last change: Sept 2011, RTrezza for frozen soil and G-red. in desert
Copyright (€) 2003-2011. R.G.Allen, M.Tasumi, R.Trezza, J. Kjaersgaard, and University of Idaho. All rights reserved. --Populated by VBscript 9/13/2011 at 10:07:34 &8

INPUT

| processes is not Easy nor
¢ Inexpensive — Experienced
Human Oversight and Decision-
. making is needed. Generally

_ about $50 K per year of ET for a
"2 Zo.sd * 100 x 200 mile area (two Landsat
s scenes)

L ey S ———

Iy



| TimeSerie_s of R_elative ET near Twin Falls, ID

)
)
)
AN
SN
AN
AN
SN
o0
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April — October,

Our Product Monthly and Seasonal ET at 30 m resolution 2006 ET —SE laaho
;f_w.;% FRRE 7 G T -

Idahb Falls

= "Ketc_hum %

American Falls




April — October, 2006 ET fron

ET features at 30 m resolution  wvermricrandsar

American Falls Reservoir

"
Lake Walcott

Albion, 1D | | Snake River

\ Irrigated Flelds/

Water Rights % |
N

Local Riparian




April — October, 2006 ET fron

ET features at 30 m resolution  wvemwicranasar
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Accuracy

& 0
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Weighing Lysimeter System at Kimberly, Idaho
Dr. James L. Wright, USDA-ARS

~ g

'
[N

/4R

- Universityorldaho
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Comparison of Seasonal ET by METRIC'™ with Lysimeter

ET (mm) - April-Sept., «imberly, 1989

/4R

Sugar Beets

800 -
700 -

600 /
500 -
400

300 -
200 -

O_

Lysimeter

718 mm

Total

O Lysimeter @ METRIC

a3k ]
.ﬂfumwm
i



Comparison of Seasonal ET by METRIC,,,, With Lysimeter

ET (mm) - July-Oct., montpelier, 1D 1985

)
N
Grass Hay near Bear Lake

500 - y

400 -

300

200+ Lysimeter

100 - 388 mm

. A

Total

O Lysimeter B METRIC

a3k ]
.ﬂfumwm
i



Idaho NSF EPSCoR Flux Sites — Desert Systems

=1518]

Model to Ground Comparison Hollister, |

A

Model Data Wm?-2

P

* e

Ground Data Wm-2

= o~y

Four Landsat Dates during

April — September ET
from METRIC

e|LE
mH
ARN
oG




South Tower
w/ Scintillc_)meter Receiver

Idaho NSF
EPSCoR
Island

Park Flu

pE & 2\ . “North Tower
WL T Beis e WD es tOW/ | Seintiliometer Transmitte

All Components -- Island Park Fluxes vs. METRIC 2011

800

700 B 6/27 measured

= METRIC - Perrier zom_.372

600 ® METRIC - Perrier zom_.987
W 7/29 measured
= METRIC - Perrier zom_.563

® METRIC - Perrier zom_.975

500

400 ~

H 8/14 measured
© METRIC - Perrier zom_.475

300 B METRIC - Perrier zom_.974

Flux, W/m2

H 8/30 measured
200 -

= Perrier zom_.330

® Perrier zom_.996

100 -

W 9/15 measured
W METRIC - Perrier zom_.252
B METRIC - Perrier zom_.914

rlin rl out Rn H_rmy H_csat H_bls G_Avg 26  LE_csat LE_rmy LE=Rn-H- LE=Rn-H-
G_csat G_rmy

-100




“Blind” Intercomparison of Leading

/4R

ET models — 2014 — SE California

Requested/Expected Results from Modelers

1. Estimates of surface energy balance fluxes (if any) and daily actual ET during satellite overpass dates
in terms of individual images. Including discerption of extrapolation method from instantaneous to
daily values of ET.

2. Estimates of total daily actual ET for the entire area for the entire year of 2008. only tabulated value
is needed.

May 10 Junel8 July13 July 29

e il - : -
) .

& 0
g;:;‘;:;tmwslwldam

s
-
- — D — - —

Comparison of actudidaily ET (mm/day) during summer of 2008 based on TSEB model

—Inflow + Precip. — Outflow

25.00 1
20.00

2

S
8

Inflow and outflow mm/day
LA

=
=

151

T T

181 211
Day of year 2008

331

-

il 61 91 121 241 271 301 361




“Blind” Intercomparison of Leading
ET models — 2014 — SE California

L

/4R

Site 1: Palo Verde Irrigation District (PVID)

List of Landsat 5

7 e . " s :
E . Il-l:ll]‘l'l 1I+4Er|:l"ﬂ' 11-1-.'{‘.-'0'\'1' 14 3;?"0'\\' 11-1??‘0\\' scenes USEd
-¢P te | DOY
~ A
4 g“ 19-Jan
- “BEM 11Feb 42 39 37
BN 2z7Feb 58 33 37
?n 07-Mar 67 38 37
4 Sl 3Mar 83 38 37
. #1 M osApr 99 38 37
CIMIS Weather Station , Blythe NE# ~ 24-Apr 115 38 37
135 KN oMy 131 38 37
EHEM 17Mey 138 39 37
TN 6May 147 38 37
BEY 11w 163 38 37
B3 18w 170 39 37
EEEN 130w 195 38 37
I 29w 211 38 37
Bl os5aug 218 39 37
ECE 1A 234 39 37
5 155ep 259 38 37
Sl o010 275 38 37
o cims EN 7o 201 38 37
Full surface energy balance flux e * BR Station g ﬁ:: :j_: ;: ;;
measurements based on Bowen 114" 8w W NERUW  NeTW  UeITeW W
Ratio Station False color RGB , NIR-Red-Green Landsat 5 image
during DOY 131, May 10, 2008 % USGS
University schnci for 2 changing workd

I

'J'f'*lmlivensm"oflchlno

KD




“Blind” Intercomparison of Leadlng
ET model ~7°° =7 7 "%

¥, Seasonal Water Balance
Summ
Component mm{ ear
Individual e bl
Precipitation
— VS. GrouU  infiowMaincanal 2479 2479 2479 2479 2479 2479 2479
RMSE  BIAs  Total Inflow 2550 2550 2550 2550 2550 2550 2550
Measured
SSEBop L5 0.2 canal spills 284 284 284 284 284 284 284
i = N B 998 998 998 998 998 998 998
MEIRIC 09  -01 "¢
ReSET 1.3 08 ET (1000) 956 1223 952 X
FT-JPL Total Outflow (2282) 2238 2505 2234 X
DSALEXI 2.1 -1.7
Inflow- OQutflow (268) 312 24 316 X
(-12.2%) (-1.8%) (-12.4%)
& -
2= University scisncs o 8 changieg waeld

Accuracy of METRIC was < % for both individual field and entire district

& 0
g;:;‘;:;tmwslwldam



ET Investigations involving METRIC/Landsat -- Applications for Water Management

University of Idaho and Associates/Partners

Richard Allen {UI), Ricardo Trezza (UI), Bill Kramber (IDWR), Tony Morse (SAG), Jan Hendrickx (NMT), Ayse Irmak (UML), Justin Huntington {(DRI),
Clarence Ruhlsun {l.II}, Carlos Kelly (UI), Jeppe Kjaersgaard (UI), Jeremy Greth (UI), Masahiro Tasumi (UI), Tim Martin (RTI)

Ul Unfewrwty of idaho KT Mrwrside Tschroioges, Inc, Fort Colliee S0 ET= Lenpotrarmprabon Flus, Twis Fele 1D (Ae=]
Pt Valsg W7 8 AT et Deparims=tof Walsr Hescucss =R Sail Hydroiogy Amsocaies, Los Lu=ss MM jHendrick) WEMEG Montsne Susssu of Miing m~d Gesiogy
CF S nelc Spwt Aratym Grous (Moo | MCPINEC: Mo=iw=s Uepu-ime of Mabes| lissoorces a=d Cone SHA SEHAL Moh Amecce o Uzzar Moris Pincin River W
s o TREBEEY NMT hew Meocc Tecs 5L Ofice ol Stale. Enginssr KAEL New Manico Strls Unwsmty
e rre———— R EET L T N . ML Mt Heaueze Chainict CEL Colomc Shris Usveriy
ot g B BTECTY NN '-" b, el D10 Dessct Hesswch Inebicls g i
TooER P Raeang Cirmie | Sy 1Y L
charge. [Linis Wash | ?’L e i ili S
e / (R ——— a-& /
= _ S——r—— ; _3.'1
o / j ] ||_ A 3¢ . .
“n r-hu-.i = — war for grazing | f! ! — PSR —
wmd el B sayEieT TERiErE - £ fam WISH RS ffy
m“umlw‘_\'\\g T l"ll | %
moaana ), ET+ lor LSGE, LEEFS) o .
J Larti Aiar - brgason|’ = _
) ITErEgErMnE f ?"EQ\_.- e Aﬂ‘ Hl:l'mm
rl."' animas reavery |," 8 -
Cimgon| aoam, s Dy .l_ S
i =l .
.
i ! H‘q.-"ll
T WA !
Zainn A valey — | l,."l
sgroatunl = urban .
3 md ues changs
L R krioeE|  Rlohard & -TI:H'T -
| T Unilverclty of ldatic ;""'.!'
|II Juctin Hundimgton Eastar Sonos pain - | ¢
Irigater el
IL|_ L R& Fraand mer mode |
\ { Lt A
]\6 Favads |I
E | A
J .3 | ’
1 l/-\ Taar Fhar - immrai]
e / srramch U der
n e T
N — /f .'I
aatare Rassds - awsr i
‘Owwern. Vulag — I7 Sabwm I aid a3 iosiim
of Cmasirt (RMESL)
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Snake River Plain and Aquifer |
Yellow “dots” are ground-
water wells
(> 4000)

o

Junior consumption from Aquifer
“Injures™ Senior River and Spring Rights

“Senior” Irrigators from River ~1900

5 ‘J'f S -
e Universityoficano 9/4/2015



ldaho  Hydrologic Modeling

Eastern Snake Plain Aquifer Model

Developing METRIC ET data from 1986 to present.

ET is used to calculate a water balance for each
model grid cell.

N
¥

Evapotranspiration

Seasonal

ot
SRS
B

SN T T T | L




ldaho

Eastern Snake Plain Aquifer Model

N

METRIC ET data:

@ More accurately calibrate the groundwater model

@ Improve accuracy of depletions and recharge estimates

@ Shows long term trends and annual variation in ET

1996 2000 ——— 2006




Bell Rapids Irrlgatlon PrOJect Idaho: Seasonal ET

S .r-'% 7 o
2
B A
VN
ter bu (
ol .
L i:i ~ N X A0
i /)\
i > >.<\ ‘ A
hooA & =
N V¥V ¥
| o ~—<p %
= 05 ;
e <> D AN
Seasonal 1
(=] 1 v <>
= - N
i . 2% P am
e h, v X
b, [ =l N i

= High I|ft pilmps irrigated 25, acres
= State purchased water rights in 2005 for $24 mllllqn
= Supports endangered salmon




ldaho Clear Springs Foods Water Call

Idaho Business News

Water curtailment ordered in Magic Valley
POSTED: 11:13 MDT Thursday, July 23, 2009
bv IBR Staff

Idaho Department of Water Resources
Interim Director Gary Spackman on July
22 izzyed a curtailment order to about
250 holders of 315 junior water rights in
zouth central Idaho’s Magic Valleyw. The
curtailment order iz part of a continuing
response to a water delivery call made in
2005 by =enior water right holder Clear
Springs Foods.

State goes ahead with first large-scale well closure of more
than 300 water rights in M.V. 7/31/2009

Water districts have limited options, could file a stay
By Mate Poppino
Tirmes-MNews writer

The ldaho Department of Water Resources will go forward this morning with a
plan to shut off more than 300 water rights irrigating just less than 9,000 acres

of Magic Valley farmland, the first wide-scale well curtailment to actually be
carried out by the state.







METRIC ET 2006 April to October &5
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Evapotranspiration
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New Mexico

/
\V

Rio Grande of New Mexico

* Pu
A

dating to Coronado in
1500’s

* |nvasion of salt cedar

from irrigated
agriculture?

eblo (native
erican) water rights

*Universityoridaho

ET (mmlyr) ETrF

0 0.00
500 0.25
1000 0.50
1500 0.75
2000 1.00




New Mexico
Frequency Distribution of ET

& 15,000 acres of cottonwood and salt cedar
Annual
350 2500
300 1
= — 2000
= 250 =
— =
E " |
=190 =100 \
=100 = |
35 < 500 - |
|
0 0 |
0 0.01 002 003 004 0 002 004 006 008
Relative area Relative area

Tasumi and Allen, 2006
—Cottonwoods ~ —o—Saltcedar —Cottonwoods ~ —o— Saltcedar
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With Thermal Imaging, we can see
Important evaporation from wet soill
— for example from high water tables

Monthly bare soil ET and precipitation in MRG

valley

o
o

@ ET (avg. of 14 bare soil fields)
| O Precip (avg. of tw o stations)

~
o
|

a O
o O

10 -

ET and Precip (mm/mo.)
N
o

1 2 3 4 5 6 7 8 9
Month

o 0T
g;:;‘;:;tmwslwldam

10 11 12

Evaporation during
2002 from continuously
bare areas along the
Middle Rio Grande of
NM contrasted with
precipitation




MODIS based METRIC ET,F for 26 Image Dates during 2007
Middle Rio Grande Basin, New Mexico

I <20 mm/mon 2007
a4 g o MODIS derived monthly ET values for

| |e0-80
[ 1so-100
I 100- 120
[ 1 120-140
I 140-160 A4
B e0- 10 £
B 1s0-200 £

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Universityofldaho

MODIS does have merit: frequency — A view angle < 20° each 4 days to capture
evaporation from wetting events



California

4 o :
B

Imperial Va||ey Al = “"lmp aIl.?f—__ A
e (R e § Viaj :n ST
N | at 72

e ~15% of traditional
water supply to
agriculture will now
flow to San Diego/
Los Angeles

* What is the impact
on ag. and on the
Salton Sea?

N Y
Universityofldaho
Rty



Montana

T

oty

* Uniersiyorldaho

Ground water recharge and
water balance in four basins
(for USGS / IVIontana Bureau Minin

Trezza and Allen, 2008



Montana Montana v. Wyoming
US Supreme Court

Yellowstone River Basin

@ Issue: Alleged
expansion of irrigated
area in Wyoming with
Depletion of Streamflow
to Montana

’ . s
, Path 35 Row 29

" Path 36 Row 3

2 Universiyordaho Kelly and Allen, 2008



Wyoming

/4R

%

@ North Platte Water Decree
m Nebraska / Wyoming / Colorado settlement in 2001
= States proportion ET among themselves

= High resolution monitoring is needed due to narrow irrigation
corridors along streams

(0 4 S Pt Ll




WyO Im | N g Green River Basin

Wyoming must self-
monitor depletion of the
Green River due to
irrigation as part of the
Colorado River Basin
Compact.

VW

California, Arizona,
Nevada have entitlements
that must be filled.

High resolution monitoring
Is needed due to narrow
irrigation corridors along
streams

Allen and Hendrickx, 2013

& 0
g;:;‘;:;tmwslwldam



Oregon

@ Retirement of Irrigated areas in Klamath basin for Endangered Species
(USBR, USGS, State of Oregon, local irrigators, Klamath Tribes)

A
\V

Near real-time monitoring with
METRIC during 2013 and 2014




Nebras ka Central Platte Natural Resource District

--- Management of the Ogallala Aquifer

Central Platte Natural Resource District, Nebraska

Central Platte Natural Resource District, Nebraska

Total Estimated Evapotranspiration Total Estimated Evapotranspiration
May, 2007 June, 2007
| |
0 50 100 150 200 250 mm 0 50 100 150 200 250 mm Central City.

Grand Island " i : o Grand I8
G : s” ] ) » > . - 'E.r"‘,g
L St (R T

Nebiiska PR N ; . eqgkeaniey S Nebiaska —
e School of Natural Resources £ -’o ! e School of Natural Resources

. Shelton

1 L

| I | |
Central Platte Natural Resource District, Nebraska Central Platte Natural Resource District, Nebraska

Total Estimated Evapotranspiration Total Estimated Evapotranspiration
July, 2007 | August, 2007
|
— ]
50 ]00 150 200 mmi'll Central Cityy 50 | 100 150 200 250 mm Central Cityy,

Grand 15'5”3 o Gathenblicg Grantd Islang

T
iy Laxington + Shelton * Lexington 0 %_H—Hgﬁ?{ibm

e School of Natural Resources .

Central Platte Natural Resource District, Nebraska
Total Estimated Evapotranspiration
September, 2007

|

e S Monthly ET

50 100

Grand Islang
. Shelton -

e School of Natural Resources .

Dr. Ayse Kilic, UNL



N e b ras ka Use ET maps to estimate Recharge
--- Management of the Ogalalla Aquifer

/4R

mm

400
0

200

.soo A * W
Evapotranspiration oo B T N

minus Precipitation : e L ' ey
for April 1 — October PRI o R ™
31, 1997 for Path 33, A ka0 Ty
Row 31 i

(Nebraska Panhandle) R

Kjaersgaard and Allen, 2008 B



N evad a Dr. Justin Huntington, DRI

Blind Comparison of METRIC Seasonal ET to
Measured ET Desert Research Instltute

T e LT, o "'-"'.""'
I Agricultural Fields (2008) [ ' o
[532 . - 2 o % ™ Kilometers
A Measured ET Sites e el ) = L & 4
¥¢ AGRIMET Site N W o

e
0 5 10

Kilometers

Landsat
Path 43
Row 33

- “Universiyidaho Grouna’ measurement a’az‘a by USGS




Nevada

Blind Comparison of METRIC Seasonal ET to Measured ET

/4R

J T T T T T T //
1200 * BOL R
+ BI1 L
a ET2 ’
__1000f| o ET3 p i
£
E || o Em s=m
k-4
5 sool ET5 |
© ¢ ET6
-
@ v ET8
§ 600 i
o
3
1]
E 00} ]
L
[IN]
200} e o y—0.8882+96.75
, ’bf R*=0.9073
L Sp=T6.9034
% 200 400 600 800 1000 1200

Measured Seasonal ET [mm]

@® Whiskers on X = +/- 12% USGS estimated uncertainty in measured Bowen ratio/eddy
ET

® Whiskers on Y = +/- 95% confidence interval of 100 Monte Carlo METRIC ET

‘ estimates ) :
- Universityoridaho Dr. Justin Huntington, DR/



M O rO CCO e Poverty reduction

program of the
World Bank

ORMWA
Doukkala
ET Summary
May 2007

| * Ground-water is
. overexploited

Sl | S

A

D"ml_?ﬂ.oloccn

S B ° ET from satellite can
s indicate how out-of-
o — balance water use
- might be
[Jzs5-50
— :
- * Better infrastructure

may encourage
D 9 more cash crops

..........

* We can show that

conversion to ‘drip’
isn’t goingto do it



N

2009 Innovations iIn American
Government Award

N

“Mapping Evapotranspiration from Satellites”

ldaho Department of Water Resources
and University of Idaho

Harvard
University’s Ash
Institute

Tony Morse and Bill Kramber, IDWR

Xy HARVARD Kennedy School

[—

=~ ASH INSTITUTE

for Democratic Governance and Innovation




Quotes from Harvard’s Site Visit
Report to IDWR--

® “Remarkably, METRIC [Landsat] enables Idaho DWR analysts
and administrators to measure ET across large expanses of both
space and time.”

N

® “METRIC [Landsat]....is measurably more accurate, fast,
and cost-effective than the traditional, cumbersome, slow
and expensive methods that were commonly used in the last
century.”

@ “..it would be practically impossibl/e to adjudicate water
rights disputes in the future without [Thermal Images].”

@ “It is measurably effective in that it has distinctive capacities to
monitor evapotranspiration and consumptive water use
across both space...and time (..with the help of historic
Landsat thermal images).”

- Universityotidaho




~Thank you.




Extra slides
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ET Investigations involving METRIC/Landsat -- Applications for Water Management

University of Idaho and Associates/Partners

Richard Allen {UI), Ricardo Trezza (UI), Bill Kramber (IDWR), Tony Morse (SAG), Jan Hendrickx (NMT), Ayse Irmak (UML), Justin Huntington {(DRI),
Clarence Ruhlsun {l.II}, Carlos Kelly (UI}), Jeppe Kjaersgaard (UI), Jeremy Greth (UI), Masahiro Tasumi (UI), Tim Martin (RTI)

Ul Unfewrwty of idaho KT Mrwrside Tschroioges, Inc, Fort Colliee S0 ET= Lenpotrarmprabon Flus, Twis Fele 1D (Ae=]
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