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Main reasons for study
• Need for accurate basin-scale assessments of crop water use
• This need might be supported by use of satellite data
• Yet, little work has been done to verify performance of satellite 

based systems in vegetable crops in Salinas or elsewhere. 

Presenter Notes
Presentation Notes
Verification is important to evaluate relevance to given applications.



Outline

• Eddy covariance ground measurements

• OpenET accuracy assessment

• Some possible uses



• Eddy covariance ground 
measurements…



Evapotranspiration (ET)

Crop water use…

Sometimes called “consumptive use”

Presenter Notes
Presentation Notes
Definition, concept.  ET is water that leaves the system.



Wind Direction

Eddy

Eddy covariance

• Micro-meteorological technique
• Measures transport of water vapor from land surface to atmosphere
• Can be used to monitor evapotranspiration in natural and agricultural systems
• Not widely used in vegetable crops to-date

Drone image courtesy Jon Detka



Site details

Presenter Notes
Presentation Notes
4 commercial plantings altogether.  Conventional mgt.  EC deployed most but not all days of crop cycle.



Crop ranking

From: Monterey Co. Crop & Livestock Report, 2023  

Presenter Notes
Presentation Notes
Major crops in terms of value and acreage.



lettuce
broccoli

Eddy covariance stations

flowmeter

Presenter Notes
Presentation Notes
A look at our systems in lettuce and broc.  Flowmeter used to monitor applied water.



Eddy covariance results:  Daily ET for 
lettuce
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Presentation Notes
Sprinkler for establishment.  System removed to accommodate field ops incl drip conversion (timeseries gap).  Then re-deployed until near harvest.



Daily ET for broccoli
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Crop coefficients (Kc) 
through 
post-establishment period
(canopy cover >10%)

• Kc = crop ET / cimis reference 
ET 

• Indication of crop water 
requirement

y = -0.8884x2 + 1.8946x + 0.0469
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Presentation Notes
A main result of study.



• OpenET…



(…see also last year’s presentation, available on UCCE website…)

ETdata.or
g

Presenter Notes
Presentation Notes
OpenET overview.



Continuous coverage
West-Central U.S.

“Field view” – farm fields only

Salinas Valley Central 
Valley

Presenter Notes
Presentation Notes
Raster vs. Field view.





Prior OpenET verification study

Multiple stations across U.S operated by:

Volk et al, Jan 2024

⮚ Cropland

⮚ Evergreen forest

⮚ Grassland

⮚ Mixed forest

⮚ Shrubland

⮚ Wetland

▪ Mostly grains

▪ Few vegetables, none in CA

+ others…

Key considerations:  quality of ground data and matching the source area to the satellite data



Field/farm level analysis

https://farms.etdata.org

Presenter Notes
Presentation Notes
Localized analysis.  FARMS tool in beta; launch pending.  Graph and download ET or other data for individual fields, shapefiles, or freehand.



Ratio of actual ET to reference ET
by watershed, mean for 1990-2020

Regional analysis…

Oregon

ET during June 2021. Watershed boundaries 
shown within Colorado River Basin.  Higher 
values are irrigated agriculture.

Utah
mm

Presenter Notes
Presentation Notes
Examples from contracts.



Results from this study:  
Cumulative ET; ground vs. satellite
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Presentation Notes
Encouraging results for 3 of 4 sites.



Accuracy of OpenET ensemble mean at the study sites

(see Appendix for mean absolute error and mean bias error as mm/day + further info on 
data collection/processing methods and quality control)



Some possible uses for OpenET (in Salinas)
• Inform basin-level groundwater extraction modeling
• Provide field/farm level ET data for regulatory reporting
• Offer secondary data source for CropManage irrigation scheduling app
• Other?



Planned sites for 2025

Lee.f.johnson@nasa.gov



Appendix…
-Technical 
details
-Further reading



Eddy covariance sensor package
main components & configuration

CSUMB WATRS 
Lab



Eddy covariance post-processing

Standardized procedures:

Gap filling

Time aggregation

Energy balance 
assessment/closure

ET conversion

Quality control QA-QC

Data archiving Volk et al., 2021 (see Further Reading)



EC flux footprint analysis
Lettuce 2023                Lettuce 2024

Broccoli 2023                 Broccoli 2024
• Verify EC towers had adequate fetch

• Facilitate comparison of EC with 
OpenET satellite data (pixel extraction)

Kljun flux footprint prediction Python library: 

Area of contribution estimates generated by dynamic footprint model.  
Red/orange tones represent higher summed contributions of individual 30-

minute footprints, green represents lower.  Black line shows area of OpenET 
satellite data extraction.

Prevailing winds

after Kljun et al., 2015 (see Further Reading)



Eddy covariance
mean energy balance closure ratios

for daily data

• Lettuce 2023
0.88

• Lettuce 2024
0.72

• Broccoli 2023
0.84

• Broccoli 2025
0.85



OpenET accuracy: 
mean absolute error (MAE), 

mean bias error (MBE)



Further reading

Melton, F. et al., 2022.  OpenET: Filling a critical data gap in water management for the western 
United States.  J. Amer. Water Resources Assn. 58:971-994. link

Volk J., et al., 2024.  Assessing the accuracy of OpenET satellite-based evapotranspiration data to 
support water resource and land management applications.  Nature Water 2:193-205 link

Volk, J. et al., 2021.  flux-data-qaqc: a Python package for energy balance closure and post-
processing of eddy flux data. J. Open Source Software. 6, 1–5. link

Kljun, N., et al., 2015.  A simple two-dimensional parameterisation for Flux Footprint Prediction 
(FFP). Geosci. Model Dev. 8, 3695–3713. link

https://doi.org/10.1111/1752-1688.12956
https://doi.org/10.1038/s44221-023-00181-7
https://doi.org/10.21105/joss.0341
https://doi.org/10.5194/gmd-8-3695-2015
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