
Using Forecast ETo for Prospective Irrigation Scheduling

Daniele Zaccaria, Ph.D.
Associate Professor and Agricultural Water Management Specialist, L.A.W.R. Department ‐ UC Davis

Ph.: (530) 219‐7502    Email: dzaccaria@ucdavis.edu https://lawr.ucdavis.edu/people/faculty/zaccaria‐daniele

Avocado Café – September 20, 2022 
Understanding Irrigation – Part 4: Irrigation Scheduling



1) Background Info on Evapotranspiration Terminology

2) ETo Products available to support Irrigation Management

3) Validation of Forecast ETo vs. CIMIS ETo across California 
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Energy-limited evapotranspiration of 
a short canopy grass having a 

height of 4.7 in. (0.12 m), which is 
similar to a well-watered pasture ETc = ETo  Kc ETa = ETc  Ks
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ET TERMINOLOGY



ETc = ETo x Kc

RATIONALE FOR OPTIMAL IRRIGATION SCHEDULING

=> (Kc = ETc/ETo)

IRRIGATE ACCORDING TO CROP CONSUMPTIVE WATER USE (ETc) 

WELL-WATERED 
CONDITIONS

Crop ET = Reference ET x Crop Coefficient



AVAILABLE ETo INFORMATION FOR IRRIGATION MANAGEMENT 
CIMIS NETWORK - STATEWIDE COVERAGE 

2005 (~ 60 ETo stations) 2017 (152 ETo stations)



https://cimis.water.ca.gov/



Station List                                                Station Map



https://cimis.water.ca.gov/



June 20, 2016

SPATIAL CIMIS

ETo (2-km grid) 

Inputs:
CIMIS
Remote sensing    
Topography 

http://www.cimis.water.ca.gov/SpatialData.aspx

Quinn Hart & Susan Ustin
UC Davis - LAWR Dept. Oct. 18, 2015



Spatial CIMIS



 This basically means that ETo data from the period just past (1 day, 3 day, 1-week, 2-week) 
are used for scheduling water delivery to growers and/or irrigation for the next period ahead.

 For many locations in California there are periods of the year when the weather conditions 
vary a lot from day to day, or every 2-3 days, and from week to week (Ex. Napa Valley). 

ETo data from CIMIS are considered near real-time, but they are retrospective 
when it comes to scheduling water deliveries (districts) and on-farm irrigation

April May June
Sept. Oct. Nov.

April May June

If we use a retrospective ETo, we may run the risk of over-irrigating or under-irrigating 
the crop during times/stages that may be sensitive for fruit yield and quality.



FRET ETo is a NSW product. 
It was developed in 2008 

collaboratively by UC Davis, 
DWR and NWS to improve high-

frequency irrigation management 
and encourage the adoption of 

ET-based scheduling in CA 

FRET ETo forecasts are now 
available for up to 7-day lead 
for the entire continental US





FRET forecasts all the weather variables (Global Forecast System, GFS) needed for the ETo
equation except solar radiation.
Rs is calculated from forecast daily fraction cloud cover (actual to potential sunshine hours,
n/N) and extraterrestrial radiation (Ra), which is function of latitude and DOY

u 2 = mean daily wind speed at 2 m height
e s = saturation vapor pressure at Tm
e d = vapor pressure at the mean daily dew 
point temp Td

VALIDATION WORK
Selected 15 locations across California

Compared the FRET forecast values of 
individual weather variables against the values 
measured at CIMIS stations for summer 2019

Compared forecast ETo values for 1-, 3-, 5-, 7-
day lead against values of ETo calculated at 
CIMIS stations from observed weather data

EVALUATE THE PERFORMANCE OF THE FORECASTING MODEL 
AND THE ACCURACY OF FORECAST ETo



JUNE 2019
Daily forecast ETo vs CIMIS ETo

Low ETo

Medium ETo

High ETo



JULY 2019
Daily forecast ETo vs CIMIS ETo

warmest month; highest 
irrigation requirements



AUGUST 2019
Daily forecast ETo vs CIMIS ETo



Site Sta ID Name 1d  3d 5d 7d  1d  3d 5d 7d 
(mm) (mm) (mm) (mm)

1 2 Five Point 0.60 0.60 0.60 0.60 0.99 0.99 0.99 0.99
2 5 Shafter 0.80 0.80 0.80 0.90 0.99 0.99 0.99 0.99
3 6 Davis 0.50 0.70 0.70 0.80 0.99 0.99 0.99 0.99
4 13 Camino 1.10 1.10 1.10 1.20 1.00 1.00 1.00 1.00
5 35 Bishop 1.00 1.20 1.00 1.10 0.99 0.98 0.98 0.98
6 39 Parlier 0.70 0.70 1.00 0.80 0.99 0.99 0.98 0.98
7 64 Santa Ynez 0.70 0.70 0.80 0.90 0.99 0.99 0.98 0.97
8 75 Irvine 1.10 1.00 1.00 1.00 0.96 0.97 0.97 0.97
9 77 Oakville 0.50 0.60 0.60 0.60 0.99 0.99 0.99 0.99
10 78 Pomona 0.80 0.60 0.80 0.80 0.99 0.99 0.98 0.99
11 87 Meloland 1.50 1.50 1.70 1.40 0.97 0.97 0.96 0.97
12 90 Alturas 0.60 0.80 0.60 0.70 0.99 0.98 0.99 0.98
13 171 Union City 0.70 0.70 0.60 0.70 0.98 0.98 0.99 0.98
14 173 Torrey Pin 0.90 1.00 0.90 0.80 0.95 0.94 0.93 0.95
15 211 Gilroy 0.60 0.80 0.90 1.00 0.99 0.98 0.98 0.97

RMSE  R2

Root Mean Square Error 
(RMSE) and Coefficient of 
Determination (R2) values 
obtained from comparing 

FRET ETo versus CIMIS ETo
using 1-, 3-, 5-, and 7-day 

forecasts for 78 days during 
the Summer of 2019.



CONCLUSIVE REMARKS
 The comparisons between FRET forecast ETo and CIMIS ETo calculated from observed 

weather variable showed good agreement for all the 15 selected station locations across CA, 
which spanned from low to moderate, to high ET demand for all the considered months

 The results also show that the 7-day ETo forecasts are nearly as good as the 1-day ETo
forecasts, while the 3-day and 5-day ETo forecast are slightly better.

 Considering all data together, the R2 ranged between 0.9 and 1.0, while RMSE was mostly 
less than 1 mm/day (0.04 in./day).

 The poorest results were obtained for the station of Meloland (Imperial Valley), Torrey Pines 
(north coastal area of San Diego County) and Camino (forest area in El Dorado County)

 Slight overestimation (10-20%) of forecast ETo versus CIMIS ETo were noted for Bishop 
(mountain range site) and Oakville (Napa Valley)

FRET ETo IS A VALID ALTERNATIVE TO USING NEAR-REAL-TIME 
ETo DATA FROM THE CIMIS NETWORK 

https://ascelibrary.org/doi/abs/10.1061/%28ASCE%29IR.1943-
4774.0001632 



CIMIS
https://cimis.water.ca.gov/

Spatial CIMIS App
http://cimis-mobile.cstars.ucdavis.edu

FRET
National Weather Service Graphical Forecasts

https://digital.weather.gov/?zoom=5&lat=33.85865&lon=-
100.61988&layers=00BTFFTT&region=0&element=0&mx
mz=false 




