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1. Concept of reference evapotranspiration

2. FAO Penman-Monteith method

3. ETo calculator

Structure of the presentation
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Evapotranspiration (ET)

soil evaporation

crop transpiration

H O2
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soil evaporation
– weather parameters

– environmental factors (soil cover, soil water content, …)

crop transpiration
– weather parameters

Evapotranspiration (ET)

– crop characteristics (crop type, development stage, …)

– management and environmental factors (soil fertility, 
soil water content, …)
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Evapotranspiration (ET)

� weather parameters

� crop characteristics

� management and
environmental factors
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grass reference crop 
with specific characteristics

no water stress, no fertility stress, 
no temperature stress, …

reference 
evapotranspiration

the only factors affecting ETo 
are weather parameters

ETo is a climatic parameter

it expresses the evaporating power of the atmosphere
at a specific location and time of the year 
and does not consider crop, soil or management char acteristics

~
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ETo
� weather parameters

� crop characteristics

� management and
environmental factors
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1. Concept of reference evapotranspiration

2. FAO Penman-Monteith method
ETo computed from meteorological data

� Penman equation

� Penman-Monteith equation

� FAO Penman-Monteith equation

Structure of the presentation
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Penman equation

vaporization

evaporating surface

vapour removal

atmosphere

open water

grass surface

(semi) - empirical equation
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Introduction of 
resistance factors

any cropped surface

vaporization

evaporating surface

vapour removal

atmosphere

Penman-Monteith equation
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reference 
level

evaporating 
surface

ra
aerodynamic 

resistance

rs
(bulk) surface 

resistance

soil

cuticular

stomatal
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Penman-Monteith equation

?
ET =

∆ (Rn – G) + ρa cp
(es – ea)

ra

∆ + γ [ 1 +     ]
rs
ra

1

λ

local calibration of resistances (r s and r a) 
require demanding and expensive studies

12

FAO Penman-Monteith equation

atmosphere

hypothetical grass reference 
with well-defined characteristics

vaporization

vapour removal

evaporating surface
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albedo = 23 %

h =
0.12 m

reference level
weather measurements

2 
m ra =           s/m208

u2

rs = 70 s/m

unambiguous defined hypothetical grass surface 
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surface with 
well defined 

characteristics

ETo computed from meteorological data
with the FAO Penman-Monteith equation

)u34.01(

)ee(u
273T

900
)GR(408.0

ET
2

as2n

o +γ+∆

−
+

γ+−∆
=

Output:
ETo: evaporating power of the atmosphere

Input is meteorological data 
recorded in weather station
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Food and Agriculture Organization of the United Nat ions
FAO Penman-Monteith method

Evaporating power of the atmosphere (ETo) in mm/yea r

~ 2 mm/day ~ 4 mm/day ~ 8 mm/day 16

mean monthly reference evapotranspiration (ETo) for  January

Food and Agriculture Organization of the United Nati ons
FAO Penman-Monteith method
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mean monthly reference evapotranspiration (ETo) for  April

Food and Agriculture Organization of the United Nati ons
FAO Penman-Monteith method 18

mean monthly reference evapotranspiration (ETo) for  July

Food and Agriculture Organization of the United Nati ons
FAO Penman-Monteith method
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mean monthly reference evapotranspiration (ETo) for  October

Food and Agriculture Organization of the United Nati ons
FAO Penman-Monteith method 20

1. Concept of reference evapotranspiration

2. FAO Penman-Monteith method
ETo computed from meteorological data

� Penman equation

� Penman-Monteith equation

� FAO Penman-Monteith equation

ETo estimated from pan evaporation

Structure of the presentation
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Pan evaporation method

ETo = K pan Epan

Epan

� type of pan
� location of pan
� maintenance
� surroundings of the pan
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1. Concept of reference evapotranspiration

2. FAO Penman-Monteith method

3. ETo calculator

Structure of the presentation
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ETo computed from meteorological data
with the FAO Penman-Monteith equation
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Output:
ETo: evaporating power of the atmosphere

Input is meteorological data 
recorded in weather station

AquaCrop

surface with 
well defined 

characteristics
ETo calculator
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