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Background

⚫ Detrend of CalSim3 input

• Rim Inflow

• ETo

• ET=Kc*Ks*ETo

• Flow = P - ET

⚫ Conflicting ETo trend signal

• Albano et al work 

• Increasing Trend in CA

• Szilagyi et al work

•  Decreasing Trend at CIMIS

~55 km
~4 km

~0.25o~50 km

~0.125o



CIMIS’s ETo and Trend 

⚫ Five CIMIS Stations: Gerber, Durham, Davis, Firebaugh/Teller, 

and Stratford

⚫ Data Period:1983 to 2020

⚫ CIMIS ETo calculated with the modified Perman equation

⚫ Compare CIMIS ETo with other data sources (VIC, BCM, 

CalSim3)

• All CIMIS stations shows decreasing ETo trend except Stratford

• All VIC and BCM models’ ETo show increasing trend

• CalSim3 model’s ETo shows increasing trend except Durham





Wind Stilling and Other Trends 
⚫ Major factors affecting 

ETo (1984 to 2020):

• solar radiation 

• wind Speed

• VPD

⚫ Wind is stilling from 

1984 to 2020

• CIMIS

• California

• USA

• World

⚫ Received solar 

radiation is increasing

⚫ VPD is also increasing

CIMIS Station Solar Radiaton (cal/year) Wind Speed (mph/year) T (°F/year) VPD (mb/year)

Davis 0.1139 -0.0258 0.0389 0.0178

Durham 0.6603 -0.0487 0.0031 -0.0319

FireBaugh 0.8817 -0.0218 0.0646 0.0259

Stratiford 0.9213 -0.0081 0.0606 0.0532



Global Wind Trend over Land and Ocean
● McVicar et al’s review in 2012 in Journal of Hydrology 

 ► Globally 148 regional studies reviewed; average wind speed trend = ∼−0.014 m s−1 a−1

 ► Globally 55 pan evaporation studies were reviewed; average trend = −3.19 mm a−2 

 ► Twenty-six crop ETo studies reviewed; average trend = −1.31 mm a−2

● Zhao et al’ work: The global oceanic sea-surface wind speeds increased at 

a significant overall rate of 0.0335 m s−1 a−1 for the period 1988–2011



Sensitivity Test: Effect of Wind Stilling on ETo

⚫ VIC wind vs CIMIS Wind

• VIC wind trends up or slightly 

downward from 1984 to 2020

• CIMIS wind trends downward 

significantly 

⚫ ‘Ref ET’ software, developed by 

University of Idaho. 

• DWR’s CIMIS group do not have its 

own ETo software in house

⚫ Sensitivity Test:

• Base: CIMIS wind and other 

CIMIS data

• Sensitivity Test: VIC wind and 

other CIMIS data



Sensitivity Test: Effect of Wind Stilling on ETo
⚫ Sensitivity test for Davis ⚫ Sensitivity test for Durham



Sensitivity Test: Effect of Wind Stilling on ETo

⚫ Sensitivity test for Firebaugh/Teller ⚫ Sensitivity test for Stratford



Summary** 

⚫ Surface wind stilling is a dominant and significant trend in 

the data period of 1984 to 2020 in USA.

⚫ Wind stilling can affect potential ET (ETo) to the extent that 

it can flip ETo trend from upward to downward.

⚫ This work reveals the vital importance of wind speed and its 

data quality in the estimate of potential ET (ETo).

** thanks to CIMIS group of DWR for help in data and method



Question?
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