Satellite-based
Determination of ¥
Evapotranspiration to Improve
On-Farm Water Management

Richard G. Allen

Professor

Water Resources Engineering

Univ. Idaho — Kimberly, Idaho USA
acknowlegements — R.Trezza, M. Tasumi, l.Lorite-Torres, J.L. Wright

IV WINOTEC
Workshop Internacional

de Inovagoes Tecnolégicas
na Irrigagao

7'

International Meeting &

6/12/201.



Discussion Points

« How can Satellite-based Energy
Balance be used to estimate Crop
Coefficients?

» How can monitoring of many fields
via Satellite provide useful
Information on variation and
behavior of Evapotranspiration by
Crops?
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Evapotranspiration (ET) varies widely with
*Time of Year
From Day to Day

Ashton, 1990 calendar year -- Potatoes

Potatoes--processing (early harvest)
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Evapotranspiration also varies in Space
(150 km x 300 km area) (20,000 fields)

Seasonal Evapotranspiration during 2000
Eastern Snake River Plain, Idaho
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April — October, 2006 ET over SE Idaho
from METRIC-Landsat
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April — October, 2006 ET in SE Idaho

. rieS in Space from METRIC-Landsat




ETwmay vary within in a field (irrig. uniformity, plant
uniformity, soil uniformity — usually minor)

Evapotranspiration at time of Landsat overpass
Oakley Fan, Idaho, July 7, 1989
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Crop Coefficients = ET/ET rof @ISO vary spatially

14

: (K. based

— Barrax, Spain, 2003 { onET)




Reference ET:
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Crop Coefficients




Crop evapotranspiration
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Crop Coefficient = ET/ET
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Crop Coefficient Curve Types
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ean” vs. Dual K, Approaches




K. from Lysimeter
Sweet Corn-- Kimberly, Idaho, 1976

~ 2009
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K. from Lysimeter
Sweet Corn--Kimberly, Idaho, 1976
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The "Dual K.” method Splits

Soll Evaporation from Transpiration

Sweet Corn Kimberly, Idaho, 1976
"‘Mean” K, Curve%
Basal K. Curve
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‘Dual’ K. Procedure

K

C

Ks ch+ Ke

K< = water stress (0 - 1)

Kep= basal K (dry surface)
Ke = evaporation coefficient
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Evaporation Coefficient - K
FAO-56 Simple Drying Function
E.=Kg ET e

eI}

e }

T E\W = Total Evaporable o~ 150 mm
Water

(Soll)

TEW ~ 10 to 35 mm



FAO Style Crop Coefficient

Ratio = 0.99 SEE = 0.66 mm/day
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What about K. Curves for all
the other fields ??
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June 3 2000
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July 5, 2000
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July 21, 2000
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August 14, 2000
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Fact -- ET Is constrained
by Energy Availability

ET=R,-G - H

Rn (radiation from sun and sky)

\ H (heat to air) ET

‘ The energy balance

Includes all major

sources (R,) and
Basic Truth: consumers (ET, G, H)
Evaporation of energy

consumes
(S (heat to ground)
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ETrF - Fraction of Reference ET

Why use Energy Balance (and “Surface Temperature™)?
-- ET i1s more influenced by Surface Temperature,
rather than with Vegetation Amount

Middle Rio Grande,1_ ew Mexico, 2002
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Surface Temperature (K) NDVI - Vegetation Index

ET.F = fraction of reference ET (ET,F is same as crop coefficient)
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Energy balance gives us “actual’” ET

"I_[-;;'::'

We can ‘see’ impacts on ET caused by:
 water shortage —
* disease ‘ -

*  Ccrop variety SR

+ planting density i :
 cropping dates
* salinity

* management

(these effects can be converted into a crop coefficient)
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== Bell Rapids Irrlgatlon PrOJect Idaho Seasonal E'I_'j:
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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 (UNL), Justin Huntington (DRI),
Clarence Roblson (UI), Carlos Kelly (UI), Jeppe Kjaersgaard (UI), Jeremy Greth (UI), Masahiro Tasumi (UI), Tim Martin (RTI)
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Feor!99iea3008, Yamaguchi, Japan
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How do we Interp
Monthly or Seaso

olate/Integrate for
nal ET from Satellite?

1.2
. Corn 2000
- o \
ET.F = fraction of reference u 08 / \
(potential) ET I, 06 J \:F
0.4
(same as crop coefficient) 0.2 M
O I I
S § b ® & ® & oS 3
= Splined O Satellite Date
ET period B j ET F X ETr24t d
| ET,F XET,,,, dt
ETr |:period —
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j r24t
ET.,, accounts for dggly wegther effects IV WINOTEC
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Populations of K. from Potato Fields

(each dot is afield)
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Populations of K, from Sugar Beet Fields
K. near 1.0 indicating high production agriculture
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Populations of K, from Winter Grain Fields
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Use Satellite-based K, from Satellite to compare
with “Traditional” K. Curves and Methods

Dry Beans
Twin Falls, ID 2000

1.2

1.0 1

0.8 1

0.6 -

Mean Kc

0.4 -

0.2

0.0 I I I I I I
1/1/2000 3/2/2000 5/2/2000 7/2/2000 9/1/2000 11/1/200 1/1/2001

Month 0

— Agrimet for 2000 —— Allen-Robison - 14 yr ave. —0— METRIC for 2000

A IV WINOTEC
Workshop Internacional
. . * de Inovagoes Tecnolégicas
[nternational Meeting na Irrigagéo

6/12/2012



Mean Kc

Mean Kc

Comparison with Local K, Curves

Sugar Beets
Twin Falls, ID 2000

12

1.0 1

0.8 1

0.6 1

Mean Kc

0.4 1

0.2 A1

0-0 T T T T T T
1/1/2000 3/2/2000 5/2/2000 7/2/2000 9/1/2000 11/1/2000 1/1/2001

Month
= Agrimet for 2000 —O— METRIC for 2000

Field Corn
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-- south-central Idaho

Potatoes
Twin Falls, ID 2000
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1.2
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Kc

Use to Refine Local K, Curves
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Use to Refine Local K, Curves

Sugar Beet (we modify beginning, cover or harvest dates)
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Use to Refine Local K, Curves

W.Grain
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Use to Refine Local K, Curves

W.Grain (we modify beginning, cover or harvest dates)
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corn — ="actual' Kc
@ from METRIC

Average Kc

1.20 — Potential Kc
1.00 .
reduction in Kc from_.stress
0.80
0.60
0.40
0.20
0.00 . . ~ extra evaporation from rain
50 100 150 200 250 300 350
DoY
(Note: all potential K, curves shown on these slides are made up by
= 4 Allen for illustration only. They do not represent any literature values.
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@ | '.Sco'ﬁts\blluff_ Nebras e SaTEifER.and lan Ratcliffe)))
nternational Vleeting na Irrigagéo



Integration of ETI (aka Crop Coefficient) for Seasonal ET
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Impact of Irrigation System Type on ET

-- south-central Idaho -- 2003
METRIC Analyses by Lorite, Allen and Robison
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Impact of Irrigation System Type on ET
-- south-central Idaho -- 2003

ETrF

METRIC Analyses by Lorite, Allen and Robison

Beans in Magic Valley during 2003
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Impact of Irrigation System Type on ET

-- south-central Idaho -- 2003

METRIC Analyses by Lorite, Allen and Robison
Corn in Magic Valley during 2003
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Impact of Irrigation System Type on ET
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MO for Low Quarter

ET Variation within 4200 Fields: year 2002
ET.F is the “fraction” of reference ET = K_
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