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Evapotranspiration 
ETc = ETo × Kc

ETcETo

Reference ActualPotential

ETa

Energy 
Limited

Water 
Limited

ETa = ETc × Ks



Distribution Uniformity (DU)           Application Efficiency (AE)  

8 Liters per tree in July
DU = 100%; AE ≈ 1.00

200 gallons per tree in July 

single irrigation event

𝑨𝑨𝑨𝑨 =
𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾 𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺𝑺 𝒊𝒊𝒊𝒊 𝑹𝑹𝑹𝑹𝑹𝑹𝑹𝑹 𝒁𝒁𝒁𝒁𝒁𝒁𝒁𝒁
𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻𝑻 𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾𝑾 𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰𝑰

× 𝟏𝟏𝟏𝟏𝟏𝟏𝑫𝑫𝑫𝑫 =
𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊 𝒕𝒕𝒕𝒕𝒕𝒕 𝑳𝑳𝑳𝑳
𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶𝑶 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴 𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅𝒅 𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊𝒊

× 𝟏𝟏𝟏𝟏𝟏𝟏

If LQ=SWD, then AE=DU
AW=SWD/AE   &  SWD≈ΣETa







Water is applied in small amounts near each 
plant with high distribution uniformity

Excellent control of the amount and timing of 
irrigation

Weed growth is minimized

Fertilizers and other chemicals can be injected

High-frequency,  low-volume drip & micro-irrigation

Drip Irrigation Micro-spray Irrigation



ETo = Reference ETETL = Landscape ET

Urban Landscape Evapotranspiration
𝐸𝐸𝐸𝐸𝐿𝐿 = 𝐸𝐸𝐸𝐸𝑜𝑜 × 𝐾𝐾𝐿𝐿

Landscapes typically have high frequency irrigation that use controllers  



CIMIS

• Automated ETo network
• Database of ETo and weather 
• Encourages ET-based scheduling

Approximately
150 ± Stations

Evapotranspiration of a large field of short 0.12 m 
vegetation having known canopy and aerodynamic 
resistance and no soil, water, or plant limitations to ET, 
i.e., the ETo rate is only energy limited.

Standardized Reference Evapotranspiration (ETo )



National Weather Service 

FRET
Forecast ETo

Richard Snyder       Cindy Palmer
Mike Anderson        Morteza Orang 



n/N=-0.0083*CC+0.9659 = actual to potential sunshine hours
Ra= f(lat,date) = extra terrestrial radiation  (MJ m-2d-1)
Rs=(0.25+0.5*n/N)*Ra = incoming solar radiation  (MJ m-2d-1)

CC=cloud cover (%)

Calculating daily ETo from Forecast Data

UN-FAO 56   &   UN-FAO 24
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1.25 mm = 0.05 in.

Hobbins,M. Osborne, H., Rasch, W., Mittlestadt, J., Krone-Davis, P, Melton, F. 2014. National Weather 
Service forecast reference evapotranspiration (FRET). Poster presented at 94th AMS Annual Meeting.

FRET has a slight positive 
bias relative to observed ETo
from CIMIS, especially in 
summer

>80% of FRET values 
within 1.25 mm/day of 
CIMIS station ETo for all 
forecast periods

FRET has a slight positive 
bias relative to observed ETo
from CIMIS, especially in 
summer

Verification of FRET against 48 CIMIS 2012 observation



https://digital.weather.gov/



Northern California
https://digital.weather.gov/



Zoom to Davis, CA
https://digital.weather.gov/



Davis, CA
19 July⇒0.26 in = 6.6 mm.



https://digital.weather.gov/
19-25 July⇒1.90 in.  and  25 July ⇒ 0.27 in.



Day July ETo ETo 
  (in) (mm) 
Fri 19 0.26 6.6 
Sat 20 0.26 6.6 
Sun 21 0.26 6.6 
Mon 22 0.27 6.9 
Tue 23 0.28 7.1 
Wed 24 0.29 7.4 
Thu 25 0.27 6.9 
SUM  1.89 48.0 

 

FRET data from 19-25 Jul 2019 for Davis, CA



FREToM.xlsx

Excel Program

How to calculate ETo from forecast weather data









Excel Program

FRETIS.xlsx
How to make a schedule from FRET ETo data

























1. FRET offers irrigators the ability to plan up to one week in 
advance for irrigation water and labor needs.

2. A properly designed and operated network of weather stations 
is needed to validate FRET accuracy especially in climates 
where it has not been tested.

3. FRET is especially useful in urban locations where good 
weather station sites are scarce and in countries where funding 
for stations is limited.

Conclusions



4. FRET is more likely to be adopted because it comes from a 
more trusted weather forecast service; not a water agency.

5. The methodologies to determine forecast ETo and to schedule 
irrigation are presented in application programs.

6. FRET can be used with low cost ET measurements, e.g., 
surface renewal, to estimate crop and landscape coefficients in 
locations with variable microclimates and in mixed vegetation 
on small farms and urban settings. 

Conclusions



Questions

THANKS!

http://biomet.ucdavis.edu
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