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Briefly talk about ET, it’s use in the model, and data 
sources

Explain why (and how) I would like to use an 
alternative satellite-derived ET product to fill in 
gaps

Get feedback from you

Goal of this talk
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We don’t have METRIC data for every year
Temporal 

Resolution Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Diversion Records daily IDWR

Pumping Records annual IDWR

Irrigated Lands Shapefile yearly IDWR

Metric EVT monthly (Apr-Oct) IDWR

ssebop/NDVI monthly (?) USGS

Water Budget Report yearly IGS

Reitz Recharge Arrays monthly USGS

Prism Precipitation Arrays monthly PRISM

tentative simulation period

It is nice to work with

We would like to fill the gaps with something similar
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Role of ET data 
in the model



55

Clark, 2021

~ 1,000,000 AF/year
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Clark, 2021

~ 1,000,000 AF/year
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Middle Basin
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Lower Basin
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Upper Basin
(above Mackay)
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Lower Basin
(below Mackay)
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Service Area Irrigation 
Calculator

• Model needs
• Monthly pumping at 

wells
• Incidental recharge at 

model cell
• Scenario sensitivity to 

∆ET

• Approach:
• Use ET to get a crop-

irrigation requirement
• Compare to deliveries & 

losses
• Calculate pumping 

needed
• Apply incidental recharge 

Temporal 

Resolution Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Diversion Records daily IDWR

Pumping Records annual IDWR

Irrigated Lands Shapefile yearly IDWR

Metric EVT monthly (Apr-Oct) IDWR

ssebop/NDVI monthly (?) USGS

Water Budget Report yearly IGS

Reitz Recharge Arrays monthly USGS

Prism Precipitation Arrays monthly PRISM

tentative simulation period
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Methods for 
deriving ET & 
crop irrigation 
demand
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Satellite-derived 
Evapotranspiration

• METRIC is a ‘home-grown’ 
tool

• IDWR expertise & 
community buy-in

• Spatial detail
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Satellite-derived 
Evapotranspiration

• Uses Landsat thermal 
sensor

• Land-surface energy model

• Evapotranspiration is 
calculated as residual of 
energy budget

• Not going to pretend to 
understand any more 
deeply…

Incoming solar 

radiation

Heat energy 

exchange with 

ground

Heat energy to 

air
Evaporation and 

transpiration 

(latent heat of 

vaporization)
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Satellite-derived 
ET: Process

• Monthly ET raster

• Match (< annual) irrigated lands 
map to ET raster months

• Clip ET for irrigated / semi-
irrigated lands

• Buffer???

• Get total ET requirement for 
field / service area / basin

• Compare to reported water 
deliveries
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Clark, 2021

Temporal 

Resolution Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Diversion Records daily IDWR

Pumping Records annual IDWR

Irrigated Lands Shapefile yearly IDWR

Metric EVT monthly (Apr-Oct) IDWR

ssebop/NDVI monthly (?) USGS

Water Budget Report yearly IGS

Reitz Recharge Arrays monthly USGS

Prism Precipitation Arrays monthly PRISM

tentative simulation period
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Alternative ET: 
Process

• Modelled pET from 
meteorological variables

• (wave hands)

• Get daily crop ET from nearby 
stations (Arco, Mackay, Chilly)

• Get crop type and crop type 
area from NLCD and CDL

• Assign each irrigated acre a 
crop type and station (or mix of 
stations)

• Apply daily ET to areas of crops

• Get total ET requirement for 
field / service area / basin
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Clark, 2021



2020

Example Comparison
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Example Comparison: Crop Type 2008
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Example Comparison: ET Idaho 2008
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Example Comparison: ET Idaho 2008
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Example Comparison: ET Idaho 2008
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Observation DataExample Comparison: METRIC April 2008
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Example Comparison: METRIC May 2008
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Observation DataExample ComparisonExample Comparison: METRIC June 2008
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Observation DataExample ComparisonExample Comparison: METRIC July 2008
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Observation DataExample ComparisonExample Comparison: METRIC August 2008
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Observation DataExample ComparisonExample Comparison: METRIC September 2008
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Observation DataExample ComparisonExample Comparison: METRIC October 2008
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Observation DataExample ComparisonExample Comparison
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Quick Landsat / Satellite Refresher
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Quick Landsat / Satellite Refresher



3535

Quick Landsat / Satellite Refresher
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Quick Landsat / Satellite Refresher
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Using 
‘provisional’ 
USGS Landsat
Actual ET 
product
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Temporal 

Resolution Source 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

Diversion Records daily IDWR

Pumping Records annual IDWR

Irrigated Lands Shapefile yearly IDWR

Metric EVT monthly (Apr-Oct) IDWR

ssebop/NDVI monthly (?) USGS

Water Budget Report yearly IGS

Reitz Recharge Arrays monthly USGS

Prism Precipitation Arrays monthly PRISM

tentative simulation period

Other Landsat-derived products exist

Not yet
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Data Availability

• Similar approach to METRIC
• Similar energy balance 

model: SSEBop (simplified 
surface energy balance –
operational)

• Landsat-based

• Automated 
• Available for (almost) 

every Landsat image
• less QA/QC

• Hasn’t been used yet in IDWR 
model
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METRIC
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USGS Landsat ‘Actual ET’
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Method 1. Download all products between 2000 - 2022 

2. Calculate mean monthly values for all pixels

3. Align grid with METRIC grid

4. Clip to irrigated and semi-irrigated lands

5. Extract pixel-by-pixel comparisons with METRIC

6. Calibrate to METRIC with a linear regression model
note RMSE for use with parameter estimation &  uncertainty analysis)

7. Apply model to all pixels for months without METRIC

8. Combine with METRIC for seamless set of monthly rasters

9. Fill any gaps later in service area calculator
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ET “Buffer”

• ESPAM and other models 
have used a ‘buffer’ 
algorithm to capture ET 
outside of fields

• To capture the impact of 
irrigation beyond the 
boundary of field

• Sprinklers, wind, thermal 
diffusion, and artifacts of 
sensor resolution 

• L5 – 120m
• L7- 60m
• L8,9 – 100m

From McVay, January 

2018 ESHMC meeting 
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ET “Buffer”

• ESPAM and other models 
have used a ‘buffer’ 
algorithm to capture ET 
outside of fields

• To capture the impact of 
irrigation beyond the 
boundary of field

• Sprinklers, wind, thermal 
diffusion, and artifacts of 
sensor resolution 

• L5 – 120m
• L7- 60m
• L8,9 – 100m

Buffer effect (METRIC years)

Mean: ~ +3.3% 

SD: ~ 1.3%
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ET “Buffer”

• My question:
• Can we get away 

without it?
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ET “Buffer”

• My question:
• Can we get away 

without it?

• ET factor
• Adjustable parameter
• Use for other sources 

of uncertainty in ET
• Can make a ‘bias’ the 

null hypothesis to 
(crudely) replace 
buffer?

ET factor

probability

1.03?
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Thanks!
Jacob Knight
jknight@usgs.gov
520-670-3336

Stephen Hundt
shundt@usgs.gov
208-387-1390

mailto:jknight@usgs.gov
mailto:shundt@usgs.gov
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