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24 FAO Penman-Monteith equation 

FIGURE 9 
Characteristics of the hypothetical reference crop 
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The panel of experts recommended the adoption of the Penman-Monteith combination 
method as a new standard for reference evapotranspiration and advised on procedures for 
calculation of the various parameters. By defining the reference crop as a hypothetical crop with 
an assumed height of 0.12 m having a surface resistance of 70 s m-1 and an albedo of 0.23, 
closely resembling the evaporation of an extension surface of green grass of uniform height, 
actively growing and adequately watered, the FAO Penman-Monteith method was developed. 
The method overcomes shortcomings of the previous FAO Penman method and provides values 
more consistent with actual crop water use data worldwide . 

From the original Penman-Monteith equation (Equation 3) and the equations of the 
aerodynamic (Equation 4) and surface resistance (Equation 5), the FAO Penman-Monteith 
method to estimate ET O can be derived (Box 6):
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reference evapotranspiration [ mm day-1], 
net radiation at the crop surface [MJ m-2 day-1 ], 
soil heat flux density [MJ m-2 day-1 ], 
mean daily air temperature at 2 m height [0C], 
wind speed at 2 m height [ m s-1 J,
saturation vapour pressure [kPa], 
actual vapour pressure [kPa], 
saturation vapour pressure deficit [kPa], 
slope vapour pressure curve [kPa 0c-l ], 
psychrometric constant [kPa 0c-l J.
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30 Meteorological data 

FIGURE 10 
Illustration of the effect of wind speed on evapotranspiration in hot-dry and humid-warm 

weather conditions 
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While the energy supply from the sun and surrounding air is the main driving force for the 

vaporization of water, the difference between the water vapour pressure at the evapotranspiring 
surface and the surrounding air is the determining factor for the vapour removal. Well-watered 
fields in hot dry aria regions consume large amounts of water due to the abundance of energy 
and the desiccating power of the atmosphere. In humid tropical regions, notwithstanding the 
high energy input, the high humidity of the air will reduce the evapotranspiration demand. In 
such an environment, the air is already close to saturation, so that less additional water can be 
stored and hence the evapotranspiration rate is lower than in arid regions. 

Wind speed 

The process of vapour removal depends to a large extent on wind and air turbulence which 
transfers large quantities of air over the evaporating surface. When vaporizing water, the air 
above the evaporating surface becomes gradually saturated with water vapour. If this air is not 
continuously replaced with drier air, the driving force for water vapour removal and the 
evapotranspiration rate decreases. 

The combined effect of climatic factors affecting evapotranspiration is illustrated in 
Figure 10 for two different climatic conditions. The evapotranspiration demand is high in hot 
dry weather due to the dryness of the air and the amount of energy available as direct solar 
radiation and latent heat. Under these circumstances, much water vapour can be stored in the air 





6 Introduction to evapotranspiration 

FIGURE 4 

Reference (ET 0), crop evapotranspiration under standard (ET cl and non-standard conditions (ET c adjl
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