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Why is 
Evapotranspiration (ET) important

 ET is the amount of water consumed by irrigated 
agriculture

 3.4 million acres of irrigated agriculture in Idaho
 Over 90% of the water consumed is for irrigation
 Important for: water administration, water planning, and 

hydrologic models



Why Quantify ET

Net Depletion 
from ground 
water pumping in 
Idaho is largely 
unmeasured

Yellow dots are irrigation wells



Potential Water Conflicts



Landsat-based ET

Applications in Idaho



Landsat
 USGS/NASA mission
 L5  launched 1984
 L7  launched 1999 

(damaged May, 2003)

 16 day cycle
 100 by 100 miles
 Landsat data is free

 Landsat 8 will launch in 
December 2012



Landsat 7

NASA



Why not use other satellites
 MODIS: 500 meter pixels
 AVHRR: 1000 meter pixels
 SPOT: no thermal band
 IRS: no thermal band
 Aster: for research

Landsat MODIS



In the past

 Potential ET using crop coefficients
 Needs crop type acres and stage of growth
 Produces one ET value per county



In the present

 Actual ET from Landsat using METRIC 
 No crop information required
 ET per pixel can be summed by field



2000 2006

Bell Rapids Irrigation Project: Seasonal ET

 High lift pumps irrigated 25,000 acres
 State purchased water rights in 2005
 Supports endangered salmon



Landsat Thermal Band

 Required for surface temperature
 Landsat is the only operational satellite with a 

“thermal band” that has a pixel size small 
enough to compute and map ET for individual 
fields!





METRIC
Mapping EvapoTranspiration at high 

Resolution with Internalized Calibration

 Satellite based energy balance model that computes 
and maps actual ET

 Internalized Calibration ties down the ET data to local 
weather data



Energy Balance for ET
 ET is calculated as a “residual” 

of the energy balance

ET = R   - G  - Hn

Rn

G

H ET

The energy balance 
includes all major 
sources (Rn) and 
consumers (ET, G, H) 
of energy



Can ‘see’ impacts on ET caused by:

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

 (these effects can cause the ratio  ET / amount of vegetation to 
vary widely, thus the need to compute ET as a residual of the 
energy balance)

Energy balance computes “actual” ET



METRICtm-ERDAS submodel for sensible heat and ETrF



Weather Data

In METRIC, Weather Data are used for:

Wind speed for sensible heat flux calculation 

Reference ET for calibrating the Energy Balance

Reference ET to extrapolate ET over:
 24-hour period
 Days between images



Landsat, south-central Idaho (8/14/2000)
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12/17/01

Comparison with Lysimeter Measurements

Lysimeter at Kimberly (Wright)

1968-1991



Comparison of seasonal ET as measured by lysimeter 
and computed by METRIC for sugar beets at the Kimberly 
Research Station, for April to September, 1989.

Lysimeter METRIC

Seasonal ET



Applications in Idaho
 Hydrologic modeling
 Water planning
 Water administration



Hydrologic Modeling
Eastern Snake Plain Aquifer Model

 Year 2000, 2002, and 2006 data completed
 Developing ET data from 1986 to present



Water Planning
ET by Land Use

 Used for estimates of future water demand
 Year 2000 land use data overlayed on year 

2000 seasonal ET data



Boise Valley 2000



Boise Valley 2000



ET by land use



Water Planning
Endangered Species

 Landsat-based ET estimates volume of 
water used for irrigation of specific water 
rights



Landsat  7/21/2000

Water Rights
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Water Planning
Endangered Species Summary

 19,997 acres of irrigated land

 33,520 acre-feet of ET for the year 2000 
season 
 (11 Billion gallons)
 (41 Billion liters)



Water Administration
Litigation

 A&B Irrigation District water call

 Clear Springs Foods water call



Water Law Terms
 Water Right

 Authorization to use water
 Includes priority date

 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







7/31/2009

Clear Springs Foods Water Call



Clear Springs Foods, Inc. 



8/11/2009

8/1/2009



Landsat p40r30, 20060722

GW Model Cells and Water Rights



METRIC ET 2006 April to October

Annual Water Consumption = 4 million acre-
feet/year (3 Trillion gallons; 5 Trillion liters)



METRIC ET 2006 August to October



ESPA GW model analysis



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



Other states using or gearing up 
to use METRIC

 Nevada
 Ag. water is being transferred to Reno and Las 

Vegas – what is impact on environment?
 Nebraska

 Over pumping of the Ogallala Aquifer (high plains 
aquifer)

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

 Wyoming
 Nebraska vs. Wyoming over N.Platte River

 Oregon
 Klamath Basin water shortages



Cost of METRIC
 About one year to develop 

monthly ET for 100,000 square 
kilometers (4 Landsat images)

 Cloudy areas require extra 
effort

 Other costs if you do it yourself
 training
 image processing and GIS 

software
 disks for processing and storage



An alternative approach
Satellite NDVI

 NDVI (Normalized Difference Vegetation Index)
 IR – Red / IR + Red

 Based on relationship between METRIC ET 
and NDVI 

 Advantage 
 Quicker and lower cost (about 25% of the cost)
 Can use other satellite data like SPOT or IRS

 Disadvantage 
 May not see ET reductions caused by stress (water 

shortage)
 Not as accurate



Innovations in American Government Award

 Idaho’s Mapping ET program was one of 6 
winners out of nearly 1,000 applicants in 2009

 $40,000 grant
 Supports replication

 Short presentations
 ½-day presentations with more details
 4-day hands-on training workshops

• The 1st will be in Boise the week of August 16th
• Send me an email if you are interested in the workshop

Bill.Kramber@idwr.idaho.gov
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More Information

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

www.kimberly.uidaho.edu/water/metric



Snake River Plain
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