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Primary Objectives

Continue development work in surface energy 
balance for ET mapping (METRIC) at Landsat 
scale resolution

Interoperability of Landsat data and ET with 
other satellite system data and resolutions

Use ET from energy balance to calibrate 
vegetation-based (reflectance-based) 
procedures  



LDCM Science Team Meeting, June 12, 2007
Operational Evapotranspiration Algorithms for LDCM

ET “mapping” with METRICtm

Mapping EvapoTranspiration with high 
Resolution and Internalized Calibration

Developed by Allen, Tasumi and Trezza
University of Idaho, Kimberly

– development began in 2000
– rooted in the Dutch SEBAL2000 algorithms by Bastiaanssen

Principle applications have been:
Irrigated Agriculture
Riparian Vegetation
Desert Systems
Wetlands
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ET is calculated as a “residual” of the 
energy balance

ET = R   - G  - Hn
Basic Truth: 
Evaporation 
consumes 
Energy

Why Energy balance?

Rn

G (heat to ground)

H (heat to air) ET
(radiation from sun and sky)
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Why use High Resolution Imagery?
ET from 
individual
Fields is
Critical for: 
Water Rights, 
Water Transfers, 
Farm Water      
Management

(Kc based on ETo)
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Why use High Resolution Imagery?
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ET of Idaho by AVHRR-
ALEXI (Anderson et al.)
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Recent Activity

Briefing session with NASA HQ (Dr. Michael 
Freilich, Director of Earth Science Programs)    

Explain why TIR is needed on LDCM
How and why we are able to use it for 
Evapotranspiration (ea. 16 days continuous)
Jim Irons of Goddard also presented

Letter by Senators Crapo (Idaho) and 
Salazaar (Colorado) + 5 other Senators to 
Senate Appropriations Committee (June 8 
2007) for funding of TIR



LDCM Science Team Meeting, June 12, 2007
Operational Evapotranspiration Algorithms for LDCM

Acknowlegements:
•Tony Willardson
– Western States 
Water Council
•Tony Morse 
– Idaho Dept. Water 
Resources
•Martha Anderson 
– USDA-ARS
•David Tuthill
– Idaho State 
Engineer



LDCM Science Team Meeting, June 12, 2007
Operational Evapotranspiration Algorithms for LDCM



LDCM Science Team Meeting, June 12, 2007
Operational Evapotranspiration Algorithms for LDCM

Landsat 5 -- Albacete, Spain, 07/15/2003

ET ratio before sharpening ET ratio after sharpening

Sharpening of Thermal Band of Landsat 5 
from 120 m to 30 m using NDVI
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Each point represents one field

ETrF = Fraction of Reference ET = 
rET

ET

NDVI = Normalized Difference Vegetation Index

wet fields
Variation in ET

from weather data

The biggest 
downside to using 
a Vegetation Index 
for calculating ET 
is that it can not 
“see” soil 
evaporation nor 
stress due to 
water shortage or 
over watering
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Basing a ‘basal’ ETrF on Vegetation Indices
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ETrF = ETact / ETref

‘basal’ ETrF (for transpiration only) ~ a + b (VI)
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Estimating evaporation from soil separately 

We break the ETrF into two components
Basal ETrF = Kcb representing transpiration (from VI)
Ke representing evaporation from bare soil

Ke obtained from 
water balance of the 
root zone 
(following FAO 56) 
with simulated 
irrigations

 ETrKeKcbET *)( +=
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Alfalfa
(~ center pivot type of scheduling)

Soil water balance of the root zone using average Ke for ten 
fields
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Kcb + Ke  using the average Ke of ten fields
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Alfalfa ET from average field  from March 1 to October 31, 2000 using 
the average Ke of ten field simulations
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Alfalfa

General Characteristics Height (m) Root depth (m) Kc
Max 0.6 1 1
Min 0.25 0.1
fw (irrig.): 1
REW: (mm) 8
TEW: (mm) 23
initial De: (mm) 0
Initial fw: 1
Avail.Water (mm/m) 160
Ze (m) : 0.1
FC-.5WP (m/m) 0.23
MAD during Initial Stage % 70
MAD after Initial Stage % 40
Irrigation based on Kcb
Kcb threshold 0.25
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Alfalfa
(less frequent irrigation scheduling)

ET from average field  from March 1 to October 31, 2000 using 
the average Ke of ten field simulations
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AlfalfaKcb + Ke  using the average Ke of ten fields
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Alfalfa

Soil water balance of the root zone using average Ke for ten 
fields
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Alfalfa Characteristics Height (m) Root depth (m) Kc
Max 0.7 2 1
Min 0.25 0.1
fw (irrig.): 1
REW: (mm) 8
TEW: (mm) 23
initial De: (mm) 0
Initial fw: 1
Avail.Water (mm/m) 160
Ze (m) : 0.1
FC-.5WP (m/m) 0.23
MAD during Initial Stage % 70
MAD after Initial Stage % 50
Irrigation based on Kcb
Kcb threshold 0.25
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Other Crops within the Magic Valley

Kcb + Ke for field #4

0.00

0.20

0.40

0.60

0.80

1.00

1.20

1-Mar 31-Mar 30-Apr 30-May 29-Jun 29-Jul 28-Aug 27-Sep 27-Oct

K
cb

 a
nd

 K
cb

 +
 K

e

Kcb curve Kcb+Ke curve
METRIC Kc Spline METRIC Kc

Sugar Beets
Kcb + Ke using the average NDVI_ats of ten fields
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Kcb + Ke using the average NDVI_ats of ten fields
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Corn Kcb + Ke using the average NDVI_ats of ten fields
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Automated Calibration inside METRIC
(“anchor pixel” selection)

Automatic selection of the cold and hot anchor 
pixels used in the calibration of METRIC.

Purpose: 

•Automate the application over wide areas

•Ease of Operation (reduction in anxiety)

•Increase in accuracy and consistency
HrahdT

z1

z2

Hrah HrahdT
z1

z2

hotshot TadTb −=
coldshots

coldhot
TT
dTdT

a
−
−
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sTbadT +=
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Statistics to Guide Auto-Selection of Pixels

Cold Pixel
Select top 5% highest 
NDVI
Then select coldest 20% 
of Ts
Take average Ts of the 
remaining sample as the 
Ts for the cold Pixel

Hot Pixel
Select the lowest 10% of 
NDVI
Then select the hottest 
20% of Ts 
Take average Ts of the 
remaining sample as the 
Ts for the hot pixel
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Path 39 (Aberdeen area near American Falls)

Agricultural AOI Top 5% NDVI then Coldest 20% with cloudy 
5/03/2000 image removed
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Path 40 Statistical analysis
Hot Pixe l se lection: 10% low est NDVI_ats  and then the  20% 

hottest Ts_dem  for the  entire  MV AOI
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Cold pixe l se lection: Highest 5% NDVI_ats  and the  Coldest 
20% Ts_dem  for entire  MV AOI

275

280

285

290

295

300

3/15/00 5/4/00 6/23/00 8/12/00 10/1/00

Ts
_d

em
 (K

)

User def ined Statistical



LDCM Science Team Meeting, June 12, 2007
Operational Evapotranspiration Algorithms for LDCM

Use Relative Antecedent Wetness (Precip./ETref
to modify selection)

Path 40 Hot Pixel Stats  for Central AOI
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More information at:
www.kimberly.uidaho.edu/water/ (METRICtm)

http://www.idwr.idaho.gov/gisdata/et.htm

http://maps.idwr.idaho.gov/et/


