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Crop Coefficients: FAO-56 



Tmnt 6:  63% 



Annual Crops 



Vineyards 



Ground Cover: LIRF Corn 7/31/2008 

Tmnt 6:  63% Tmnt 1:  91% 



Crop Coefficient and Canopy Cover

WSREC Bell Pepper 2005 
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Kcb = 1.13*CC + 0.14

R2 = 0.99
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Satellite Irrigation Management Support Project:    

TOPS - SIMS 

Processing Steps 

• At sensor radiance 

• LEDAPS 

• Surface reflectance 

• NDVI 

• Fractional ground cover 

• Kcb  

• ETcb = Kcb * ETref 

Satellite ET Weather Station 

Web 

browser 

Processor 



Satellite Data 

Landsat (TM / ETM+ / OLI) 

30m / 0.25 acres 

Overpass every 8-16 days 

Sentinel-2A 

20m / 0.1 acres 

Sentinel 2B launch in 2017 



Satellite Irrigation Management Support Project:    

TOPS - SIMS 

Processing Steps 

• At sensor radiance 

• LEDAPS 

• Surface reflectance 

• NDVI 

• Fractional ground cover 

• Kcb  

• ETcb = Kcb * ETref 

Satellite ET Weather Station 

Web 

browser 

Processor 



Spatial CIMIS, 2003 to present 

ETref: CIMIS / Spatial CIMIS 

CIMS Station Data, 1982 to present 



Satellite Irrigation Management Support Project:    

TOPS - SIMS 

Processing Steps 

• At sensor radiance 

• LEDAPS 

• Surface reflectance 

• NDVI 

• Fractional ground cover 

• Kcb  

• ETcb = Kcb * ETref 

Satellite ET Weather Station 

Web 

browser 

Processor 



Satellite Irrigation Management 

Support (SIMS) Web Services 

NDVI 

% cover 

Kcb 

ETcb 





Satellite Irrigation Management Support (SIMS) 

Web Services 

NDVI 

% cover 

crop coeff 

ETcb 



Accuracy Assessment Field Campaign 

Inflow Deep Perc Soil Water 

Eddy Covariance 

Water Balance and SEB 
15 crops 

30 sites 



SIMS Accuracy Assessment  

• Field validation campaign completed in 

partnership with partner growers, CA 

DWR, CSU Fresno, USDA ARS and UC 

Davis.  

• Data collected for 15 crops at 30 sites 

using eddy covariance, surface energy 

balance residual, soil moisture sensor 

networks.   

• Results highly encouraging for seasonal 

and daily comparisons. 

• 11% mean absolute error for seasonal ETcb vs 

measured ETa (via eddy covariance / surface 

energy balance residual; n = 12) 

• 14.2% mean absolute error for seasonal ETcb 

vs measure ETa (via soil water balance; n = 

23)  reduced to 8.7% for well-irrigated crops 

only (n = 16) 

 

 

 

 

 

 

 

 



Average Observed ETrf by Crop Type for CA Delta 

• SIMS close to median of model ensemble for most crop types 

 

• SIMS close to mid-point between two versions of METRIC 

run by two different expert groups (ITRC and UC Davis) 



Normalized Difference 

Vegetation Index 

(NDVI); 8-day 

composite from Landsat 

and MODIS 

Monitoring Crop Development 

tomato 

fallow 



Southern San Joaquin Valley, CA, Field Boundary Polygons 

Data source:  Kings, Tulare and Kern County Agricultural Commissioner Offices 



Application Program Interface (API) 

 for Integration with Other Irrigation Management Software 



SIMS Earth Engine Implementation 

 

 

Advantages: 

 

• Leverage satellite 

image archives and 

data services on 

Google Earth 

Engine 

 

• Reduce operational 

costs 

 

• Increase scalability 

to other regions 



• Requires local ETref (Weather station network) 

• Provides ETcb – must add in soil evaporation to get ETp  

• Must estimate crop stress to get ETa (e.g., via soil water balance) 

Advantages of the SIMS / Reflectance Approach 

• Reflectance data freely available from multiple satellites (e.g., 

Landsat 7/8, Sentinel-2A)  operational reliability & data continuity 

• Reflectance data available at field scales (30 m) 

• Relatively simple calculations - fully automated computations 

• NDVI/Fc/Kcb interpolates well between point measurements 

• Extensible framework for satellite data processing 

• ETcb represents biological demand for water by the plant 

Limitations of the SIMS / Reflectance Approach 

Combination of energy balance (e.g., METRIC) and reflectance (e.g., 

SIMS) approaches provides robust, long-term strategy for sustaining 

operational use. 



http://ecocast.arc.nasa.gov/dgw/sims/  


