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Why is mapping  
Evapotranspiration (ET) important? 

 ET is the water consumed by irrigated agriculture 
 Essential to administration, management, and 

planning of water resources 
 In Idaho -- Irrigated Agriculture: 

 covers 3.4 million acres  
 Accounts for over 90% of the water consumed 

 In the US – Irrigated Agriculture: 
 covers 50 million acres  
 Accounts for over 80% of the water consumed  

 Idaho needs Serious Estimates of Water 
Consumption 
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Energy balance computes “actual” ET 
We can ‘see’ impacts on ET caused by: 

 
  water shortage 
  disease 
  crop variety 
  planting density 
  cropping dates 
  salinity 
  management 
  wet soil 

 
 

 

Why Energy Balance and Thermal? 

ETcrop-actual   ≤   ETcrop-potential 
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Energy Balance for ET 
ET is calculated as a “residual”  
of the energy balance 

ET = R   - G  -  H n 

R n 

G 

H ET 

The energy balance 
includes all major 
sources (Rn) and 
consumers (ET, G, H) 
of energy 
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ETrF = ETact / ETref) 
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Water Rights Management 
Field Histories 
Riparian Systems 
-- Are all tied to field scale 

Why (Moderately) High Resolution? 

Bell Rapids Irrigation District, 2000 

Landsat Resolution MODIS Resolution 
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Why not use other satellites 
 MODIS: 500 meter pixels 
 AVHRR: 1000 meter pixels 
 SPOT: no thermal band 
 IRS AWiFS: no thermal band 
 Aster: too infrequent 
 

                        
Landsat MODIS 
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Applications in Idaho 
 Hydrologic modeling 
 Water planning 
 Water administration 
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Hydrologic Modeling 
 

Eastern Snake Plain Aquifer Model 
ET data founded on METRIC-Landsat from 1986 to present 

 
 1 mile grid cells 

Murray-Darling Basin Commission of Inquiry Bill 2019
Submission 16 - Attachment 1



 More accurately calibrates the groundwater model 
 Improved accuracy of depletions and recharge estimates 
 Shows long term trends in ET 

 
 

 
 

 
 

 

Eastern Snake Plain Aquifer Model 

METRIC ET data 

      1996             2000              2002              2006             2008 
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Potential METRIC Processing for 
the Eastern Snake Plain Aquifer 

1984 - too sparse  
1985 - too sparse   
1986 - yes (METRIC in Progress) 
1987 – cloudy, not as populated as 1986, but possible for METRIC  
1988 - clouded April-May for METRIC on path 40  
1989 - clouded Sept-Oct for METRIC on path 40, poor on path 39  
1990 - possible METRIC on 40, clouded on 39  
1991 – no – too clouded  
1992 - possible METRIC for 40 and 39  
1993 - possible for METRIC, clouded April-May on 39  
1994 - clouded May-June for METRIC path 40  
1995 - no  - too clouded 
1996 - yes (METRIC DONE)  
1997 - yes, iffy METRIC for June-July on 39  
1998 - clouded May for METRIC on 40 and 39  
1999 - clouded for METRIC in spring 
2000 - yes (METRIC DONE)  
2001 - yes for METRIC on both paths  
2002 - yes (METRIC DONE) 
2003 - iffy for METRIC for both paths (path 40 DONE through August (cloudy after that))  
2004 - yes for METRIC on both paths  
2005 - iffy for METRIC  
2006 - yes (METRIC DONE) 
2007 - possible, but challenging for METRIC on path 40 
2008 - yes (METRIC DONE) 
2009 - yes (METRIC in Progress) 
2010 - yes (METRIC in Progress) 
2011 - yes for METRIC on both paths (in Progress) 
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Boise Valley 2000 

Land Use 

Water Planning 
ET by Land Use 
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Boise Valley 2000 

Evapotranspiration 

Water Planning 
ET by Land Use 
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Seasonal ET by land use 
Murray-Darling Basin Commission of Inquiry Bill 2019

Submission 16 - Attachment 1



Water Administration in Idaho 
Mitigation 

 A&B Irrigation District water call 
 
 Clear Springs Foods water call 
 
 

 
 

 

Litigation 

 Bell Rapids Irrigation Company 
 Water Rights “Buy Back” 
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Water Rights “Buy Back” 

Bell Rapids Irrigation 
Project – sold water 
rights to State of Idaho, 
2005 2000 

Landsat – ET during July 2006 – Thousand Springs, 
Idaho 

(Side Question: 
What is “residual ET” 
when fallowed?) 
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Water Law Terms 
 Water Right 

 Authorization to use water 
 Includes priority date and rate of flow/volume 

 Call 
 When a senior water right holder experiences a 

water shortage they may place a call 
 Curtailment Order 

 Defines how the state directs junior water right 
holders to stop diverting water in response to a call 

 Mitigation Plan 
 Junior users response to a curtailment order 
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A&B Irrigation District Water Call 
 
 

 A&B claimed that certain fields were 
short of water in 2006 due to diversions 
from junior ground water users 
 

 METRIC ET showed that the fields had 
ET rates as high as surrounding fields 
that were not identified as water short 
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A&B Irrigation District Water Call 
 

Summary 
 
  Director issued order denying the call 

 Hearing Officer agreed with the Director’s 
decision 

 District Court affirmed the Director’s 
decision 

 Idaho Supreme Court 
 Argued on February 28, 2012 
 September, 2012 – remanded back to District 

Court due to ‘timing issues’ by IDWR 
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Clear Springs Foods Water Call 
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Clear Springs Foods, Inc.  
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METRIC ET 2006 April to October 

Annual Water Consumption = 4 million acre feet/year 
(3 Trillion gallons; 5 Trillion liters) 
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Clear Springs Foods Water Call 
 

Summary 

 ESPA GW model used METRIC ET data 
 For model calibration 
 To select water rights to curtail 
 

 No complaints from junior users about 
 GW model or METRIC ET data 
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Performance of Irrigation Entities 
– Twin Falls Canal Company, Idaho 

 

Right: ET as a fraction of 
total water supply 
(Diversions + Rainfall) 

Right: The average Kc over 
the 220,000 acre service 
area. 
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Other states using METRIC 
 Nevada 

 Water transfers to Reno and Las Vegas 

 Nebraska 
 Over pumping of the Ogallala Aquifer  

 Colorado 
 Kansas vs. Colorado over Arkansas River 
 Nebraska vs. Colorado over S. Platte River 

 Wyoming 
 Nebraska vs. Wyoming over N. Platte River 
 Depletions along the Upper Colorado Basin (in progress) 

 Oregon 
 Klamath Basin water shortages 

 California 
 Imperial Irrigation District: water consumption by irrigation 

 New Mexico 
 Middle Rio Grande: water consumption by agriculture and riparian systems 

 Montana 
 Flathead Indian Reservation and ground water areas east of Helena: for 

improved irrigation water management and management of total depletion 
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Overlays of 
Landsat paths 
and rows over 
the Upper 
Colorado Basin 
 
(100 x 100 
miles per 
path/row) 
 
24 total 
path/rows 

Wyo 

Colo Utah 

NM AZ 
METRIC ~ $0.5 – 1.0 mill/yr? 
NDVI –basis ~ $400,000/yr? 
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Concern about Landsat’s future 

 Landsat 5 was 27 years old at failure 
 Imaging halted November 2011 due to electronic 

component problem 

 Landsat 7 is 13 years old 
 Scan line corrector failed March 2003 
 About 22% of each image is missing 
 Missing areas are filled in using ArcGIS tools 

 Landsat 8 scheduled to launch February 
2013 

 Funding for Landsat 9 is uncertain 
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We would ‘like’ one ‘point’ (image) each 32 days (minimum) 
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1 Satellite (each 16 days)  
Probability of a Cloud-free Pixel at least every 32 days 

Charles Morton and  
Justin Huntington, DRI 

Murray-Darling Basin Commission of Inquiry Bill 2019
Submission 16 - Attachment 1



Charles Morton and  
Justin Huntington, DRI 

2 Satellites (image each 8 days)  
Probability of a Cloud-free Pixel at least every 32 days 
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Charles Morton and  
Justin Huntington, DRI 

3 Satellites (image each ~5 days)  
Probability of a Cloud-free Pixel at least every 32 days 
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Charles Morton and  
Justin Huntington, DRI 

4 Satellites (image each 4 days)  
Probability of a Cloud-free Pixel at least every 32 days 

(This is what the ‘water community’ should be asking for) 
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Charles Morton and  
Justin Huntington, DRI 

8 Satellites (image each 2 days)  
Probability of a Cloud-free Pixel at least every 32 days 

(Not in this Universe) 
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Support Landsat!! 
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Seasonal METRIC ET for 2000 

More Information 

www.idwr.idaho.gov/GeographicInfo/METRIC/et.htm 

www.kimberly.uidaho.edu/water/metric 

www.idwr.idaho.gov/geographicinfo/landsat/Landsat

Concerns.htm 

www.westernstatesetworkshop.com 

http://www.facebook.com/NASA.Landsat 

http://www.facebook.com/LandsatAdvocates 
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