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How to quantify Atmospheric Evaporative Demand?
Estimates of AED is widely required for hydrological analyses such as irrigation scheduling, water resources management, 

drought monitoring, hydroclimatologic variability……
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How to choose right PET model from model pool for AED estimating?

PET could be estimated by some physical or empirical models. However, numerous PET models have been introduced, and there 
may exist significant differences among their estimates and variation trends.
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Water-limited  vs. Energy-limited Evaporation
These two terms have long been used for understanding the role of evaporation in the water balance at various space-time 
scales

We are not definitely sure about the water- or energy-limited states for many situations but only with some empirical 
knowledge. It becomes more difficult for the ‘equitant’ climates, that is, the condition straddles the divide between 
water- and energy-limited states



How to define Water- or Energy-limited conditions?
There also exist proportional or inverse relationships between AET trends and P trends for different hydroclimatological
conditions. Thus, it is executable for us to define the states according to the observed relationships between AET trends and P 
trends, and hence obtain the ‘realistic’ equivalent trends in PET and evaporative demand. 



Objectives
Therefore, this study aims to assess the utility of PET models in capturing annual and seasonal dynamics of evaporative
demand, using the observed relationship between the trends of AET and P as an approach to define the corresponding
hydroclimatological (i.e., water- or energy-limited) states.

Assessing the magnitudes of PET;

Assessing the annual trends of PET;

Assessing the per-month trends of PET.



Study Sites

Eight typical ecosystems with
eddy covariance flux towers,
as part of ChinaFLUX

Three forest sites, three
grassland sites, one wetland
site and one cropland site.

These eight sites are separated
along a broad geographical
distribution and encompass
the most prevalent climate
and ecosystem types in China



Selected PET models

containing one fully physically based method, six radiation-based models and seven
temperature-based models







RESULTS Assessing PET magnitudes
AET should never exceed PET at a long-term 
scale (e.g., annual time step), i.e., PET≥AET on 
average.



 only three models selected in this study 
could produce reasonable magnitudes of 
evaporative demand (i.e., PET≥AET 
on average) for all the eight sites, 
including the Penman, Priestly-Taylor 
and Linacre models, while the other 11 
PET models have different degrees of 
inadequacies along with different 
ecosystems



RESULTS Assessing the annual and seasonal trends of PET

Three (kinds of) models were further considered to assess their ability in reproducing
annual and seasonal dynamics of evaporative demand.
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Linear trends of PET rates for each month over the observational periods
with the method of ordinary least square regression. mm mth-1 yr-1
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 All the three PET models could faithfully reproduce the dynamics in evaporative demand for the energy-limited conditions 
at the annual time scales.

 Only the Penman and Linacre models could represent dynamics in evaporative demand for the water-limited conditions. 
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Correlation coefficients between Per-month trends (i.e., trend for Januaries, for Februaries, etc.) of each PET model 
estimates with equivalent trends in AET and P for each site 

seasonality of AET mainly determined by energy supply
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seasonality of AET mainly determined by WATER supply



 All the three PET models could faithfully reproduce the dynamics in evaporative demand for the energy-limited conditions 
at the seasonal scales.

 Only the Penman and Linacre models could represent dynamics in evaporative demand for the water-limited conditions. 





Water-
limited

Water-
limited

Energy-
limited

Water-
limited

Energy-
limited



Take home messages

 3 of 14 PET models could represent the magnitudes of evaporative

demand.

 Priestly-Taylor model was best suited for energy-limited conditions.

 Linacre model may fail to capture seasonal switch between water- and

energy-limited states.

 Penman equation works best across the range of conditions tested.

Through assessing the ability of 14 PET models in capturing long-term (typically 2003-2011) dynamics of evaporative 
demand at eight ecosystems across various biomes and climatic regimes in China, we could conclude that:    
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