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Evapotranspiration vs. AED

The evapotranspiration (ET) represents a upward water flux from soil, free water and 
plant leaves to the atmosphere. 

The AED does not correspond to a land-atmosphere flux but to the capacity of the 
atmosphere to demand water (the drying –or evaporating- power of the atmosphere is 
another common word to refer to the same concept) as a function of its atmospheric 
condition, including radiative (determined by the net solar radiation) and aerodynamic
(determined by the air temperature, wind speed and air humidity) components. 
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ETp would correspond to the evaporation from a saturated surface (free water or 100% 
of humidity in natural vegetation or crops). ETp can be calculated using the Penman 
equation (Penman, 1948): 

There are other procedures to calculate ETp [e.g., the Priestley-Taylor equation, Milly
and Dunne, 2016], but they are suboptimal since they do not consider both radiative
and aerodynamic terms of the AED.

The reason of the confusion among these two very different variables is that under the 
“umbrella” concept of the AED, there are some AED metrics that also contain the term 
“evapotranspiration”. They are the Potential Evaporation (ETp), the Reference 
Evapotranspiration (ETo) and the pan evaporation (Epan), which is a measurement of 
the AED. 
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There are other two terms that are used to refer to the AED that are not 
recommended: 

i) the first one is the saturation Vapour Pressure Deficit (VPD) es-ea. Under 
conditions of non-saturated air the actual vapor pressure is lower that the 
saturation vapor pressure, so the difference among them is an indicator of the 
evaporative capacity of the air but it does not fully capture both radiative and 
aerodynamic components of the AED. VPD is involved in the calculation of the 
aerodynamic component, and it is one of the variables used to calculate ETp and 
ETo, 

ii) the second term is the Potential Evapotranspiration (PET). The PET concept 
cannot be considered a universal concept since it does not represent a climate 
variable and strongly depends on the characteristics and type of the vegetation 
and the type of surface. Thus, PET would be close to the agronomic term of 
“water requirement” under non-limited water conditions, in which differences in 
vegetation height, leaf anatomy, stomatal characteristics, and even albedo are key 
variables and they would cause that the requirement differs from ETo under 
similar atmospheric conditions. 



Atmospheric Evaporative Demand is driven by different mechanisms:

• Thermodynamic forcing (Bouchet’s complementary relationship under
low soil moiture and differential warming trend between oceanic and 
continental regions) connected with increased warming and no constant 
relative humidity.

• Atmospheric circulation



The role of the AED is different on climate aridity and on drought

AED will always have a negative role on the climate aridity. It has been discussed the
use of aridity indices for future climate projections given possible AED regulation by
CO2 fertilization (further discussion next slides).

Nevertheless, it is doubtless that increased AED under constant precipitation will
always increase drought severity.



• Thus, AED effects on drought

severity are extremely complex

given different economic sectors

and natural systems affected and

geographic differences.

Under an idealized scenario in which 

precipitation does not show temporal 

variations, the effect of the AED on 

drought severity can be completely 

different as a function of the 

precipitation climatology, and also 

the type of drought (hydrological vs. 

environmental/agricultural). 
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NEGATIVE HYDROLOGICAL INFLUENCE: 

DIRECT: evaporation in free water (streams, lakes and reservoirs)
INDIRECT: increase in plant transpiration, which importance is higher than direct evaporation 
from the soil and water bodies. 

During normal or humid periods, although the water losses by enhanced AED can have even a 
higher magnitude than in dry periods, they would not have relevance given sufficient water 
availability. 

Nevertheless, the effects could increase downstream, in areas in which water uses depend on the 
water resources generated in other areas [e.g., the Mediterranean region in which the mountain 
headwater are strongly relevant for urban water supply and irrigation in the lowlands].

POSITIVE 
ENVIRONMENTAL/AGRICULTURAL: 

Under unlimited water availability, 
AED effect would be positive for 
plant activity and growth since 
enhanced AED would favor plant 
transpiration, plant leaf area and 
the primary production (NPP). 
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NEGATIVE HYDROLOGICAL 
INFLUENCE: It is expected that 
hydrological effects of the AED are 
small given low available water to 
evaporate. EXCEPTION: 
evaporation in big reservoirs and 
irrigated lands.

VERY NEGATIVE ENVIRONMENTAL/AGRICULTURAL INFLUENCE: 

Although AED would not increase ETa in these areas, it increases the water stress by 
vegetation, causing an evapotranspiration deficit (i.e. the difference between the available 
water for transpiration and the water demand by the atmosphere). If evapotranspiration 
deficit is stronger than the tolerated by plants, it causes reductions in photosynthesis and 
net primary production, aboveground biomass and ultimately cause crop yield failure and 
forest mortality, as the most evident impacts. 
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a)

b)

It is necessary to stress that these general patterns may vary for specific drought 
events as a consequence of the particular precipitation and/or AED anomalies. 



The use of ETa instead AED shows uncertainties to measure drought severity in 
water limited regions in which ETa is constrained by Precipitation and not by 
the AED. 

In these regions no changes in drought severity would be normally identified 
under enhanced AED since P – ETa will usually tend to zero, and trends in ETa are 
strongly driven by trends in precipitation. 

The key aspect is to compare the highest possible ETa (or AED) with the current 
water availability (e.g. the ETa or the soil moisture, ultimately determined by 
precipitation). 

ETa vs. AED

Common confusion: Drought indices are not using AED as substitute of ETa

ETa is suggested to be included in metrics of drought severity







• ETa would make sense as a replacement of precipitation or 
soil moisture in drought metrics since it would be better 
estimator of the amount of water actually used by the 
vegetation, but never as a substitute of the AED. 

• The difference between ETa and AED could provide more 
optimal indicator of the environmental and agricultural 
drought stress than other drought indices. This seems to be an 
optimal approach to monitor drought severity in vegetation 
areas under limited moisture conditions since the ETa is better 
metric of the real water use by vegetation than precipitation 
or soil moisture. 
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Carnicer et al., (2011): PNAS (2011), 108: 1474
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FUTURE SCENARIOS?







Yang et al. 2019: Nat Clim. Ch.
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10% reduction at 540 p.p.m.

• What about vegetation changes? E.g. the recent Mediterranean trends

Increased WUE compensated by:

Legthened growing season
Increased leaf area index
Enhanced AED





Be carefull considering the
region of interest, 
the drought type

and 
the precipitation/soil moisture

conditions

Correct assessment of the AED effect
on drought severity:



Multidisciplinary approaches:

Hydrology
Agronomy
Plant Physiology
Meteorology
…


