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Loss Processes – Evaporation

ì Process Concepts 
CMM pp 80-91



Mass-Transfer Model
ì Mass Transfer using linear driving force model.  

ì Note the non-homogeneous units.
ì eo and ea are table look-up based on temperature of water/air 

for the study site. 



Mass-Transfer Model
ì How to find ea?

ì From air temperature (T ) , and dewpoint temperature (T d)  
expressed in Celsius

ì Saturated vapor pressure (es) and the actual vapor pressure 
(ea == e) are calculated using the formulas listed below: 

The vapor pressure answers will be in units of millibars (mb) .
ì As a bonus, now can obtain relative humidity from: 



Mass-Transfer Model
ì How to find eo?

ì From water temperature (Tw ) use the es formula, or

ì Use a table of liquid properties:
ì http://atomickitty.ddns.net/documents/mytoolbox-

server/FluidMechanics/WaterPropertiesSI/WaterPropertiesSI.html

http://atomickitty.ddns.net/documents/mytoolbox-server/FluidMechanics/WaterPropertiesSI/WaterPropertiesSI.html


Mass-Transfer Model
ì How to find N?

ì Should make field observations over several episodes
ì 2 weeks in Winter, 2 weeks in Sprin … , use these to fit model to 

observations and recover N
ì Empirical relationships from literature

ì Model is attractive for simulation because uses inputs that 
are generally available and/or easy to measure
ì Temperatures, Relative humidity, Wind speed

ì Calibration is vital but suspect as climatic conditions depart 
from the calibration conditions



Energy-Budget Model



Energy-Budget Model
ì How to determine R for latent heat calculation



Energy-Budget Model
ì Other terms:

ì Incoming radiation – measure using a radiometer
ì Other radiation terms are estimated from methods in Anderson 

1952 and Kolberg 1964
ì Stored and advected energy is temperature based:

E ~ Temp*Volume



Energy-Budget Model
ì Model is also attractive for simulation because uses inputs 

that re generally available and/or easy to measure
ì Temperatures, Relative humidity
ì Incoming radiation – measure using a radiometer
ì Advective fluxes: Temperature and volume (flows)

ì Adaptations needed to use in non-open water setting, but 
applicable, also good for computational hydrology situations

ì Blend the two approaches, deal with units, and have basis of 
models described in CMM and other references.



ET Measurement

ì Measurements
ì Evaporation Pans

ì Used worldwide
ì Flux Instruments

ì Eddy Covariance Instruments



Evaporation Pans
ì Used in conjunction with 

lysimeter instruments to 
calibrate to crop type. 

ì Then make measurements 
with a pan or EC instrument



Evaporation Pans
ì Class A - Circular. 

ì Colorado Sunken
ì Dug into ground, 

rectangular

ì A small microprocessor, 
with sensors and pump 
controller can replace the 
person.  
ì Program it to add water every 24 hours 

until full (easy to detect not full/full), 
record amount of make-up water (Hall 
Flow Detector); get air and water temp, 
and baromteric pressure, solar radiation



Evaporation Pan Operation 
(1 of 2)

ì The pan is installed in the field

ì The pan is filled with a known quantity of water

ì The water is allowed to evaporate during a certain period of 
time (usually 24 hours).
ì The rainfall, if any, is measured simultaneously

ì Every 24 hours, the remaining quantity of water (i.e. water 
depth) is measured



Evaporation Pan Operation 
(2 of 2)

ì The amount of evaporation per time 
unit (the dffierence between the two 
measured water depths) is calculated; 
this is the pan evaporation: Epan (in 
mm=24 hours)

ì The Epan is multiplied by a pan coecient, 
Kpan, to obtain the ETo.

ì Reset the pan for next time interval to 
desired level

Don’t forget to wear your 
hydrographer’s cravat!



Pan Constants

ì Need to be determined by lysimeter or Eddy Covariance 
instruments



Evapotranspiration – Models

ì Models are used to estimate ET for practical cases where 
measurements are not available
ì Blaney-Criddle
ì Thornwaithe
ì Turk

ì All similar in that they are correlations to averaged 
measurements at different locations

ì All are just approximations, but are used in practice and when 
ET matters they may be only tool available



Blaney-Criddle Model

ì Simple formula – Temperature and latitude driven 
only!
ì Estimates daily rate for a particular month

ì Temperature is an average from daily values for a 
month 



Blaney-Criddle Model

ì P- value by latitude and month



Blaney-Criddle Model

ì A spreadsheet-based 
tool to make Blaney-
Criddle estimates is 
on the course server

ì A google search will 
turn up similar 
cacluators

ì Not too difficult to 
put into a program for 
long-term simulation 
use



Thornwaithe Model

ì The Thornwaithe model is relatively simple like Blaney-
Criddle, but has a few more terms:



Thornwaithe Model

ì A spreadsheet-based 
tool to make 
Thornwaithe estimates 
is on the course server

ì A google search will 
turn up similar 
cacluators

ì Not too difficult to put 
into a program for 
long-term simulation 
use



Turc Model

ì Turc’s model is more elaborate, here Um is mean 
relative humidity



Turc Model

ì Turc’s model tables:



Pennman-Monteith Model
ì The original Penman model is a combination method in which the total 

evaporation rate is calculated by weighing the evaporation rate due to net 
radiation and the evaporation rate due to mass transfer, as follows (Ponce, 
1989):

ì Δ En  +  γ Ea 

ì E  =   __________________  

ì Δ  +  γ (1)

ì in which E = total evaporation rate; En = evaporation rate due to net 
radiation; Ea = evaporation rate due to mass transfer; Δ = saturation vapor 
pressure gradient, varying with air temperature; and γ = psychrometric 
constant, varying slightly with temperature. In Eq. 1, the mass-transfer 
evaporation rate is calculated with an empirical mass-transfer formula.
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Pennman-Monteith Model
ì The original Penman model is a combination method in which 

the total evaporation rate is calculated by weighing the 
evaporation rate due to net radiation and the evaporation rate 
due to mass transfer, as follows (Ponce, 1989):

ì E = total evaporation rate;
ì En = evaporation rate due to net radiation;
ì Ea = evaporation rate due to mass transfer;
ì Δ = saturation vapor pressure gradient, varying with air temperature;
ì γ = psychrometric constant, varying slightly with temperature. 
ì The mass-transfer evaporation rate is calculated with an empirical mass-transfer 

formula.

E = Δ ⋅En +γEa
Δ+γ
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Pennman-Monteith Model
ì In the Penman-Monteith 

model the mass-transfer 
evaporation rate Ea is 
calculated based on physical 
principles. The original form 
of the Penman-Monteith 
equation, in dimensionally 
consistent units, is:

ρλE =
Δ ⋅Hn + ρacp (es − ea )ra

−1

Δ+γ *
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Pennman-Monteith Model
ì The reduced form of the Penman-Monteith 

equation, is:
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Pennman-Monteith Model
ì Physical constants:
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Pennman-Monteith Model
ì Evaporation Rates:
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Pennman-Monteith Model
ì Evaporation Rates:
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Pennman-Monteith Model
ì Evaporation Rates:
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Pennman-Monteith Model
ì Evaporation Rates:
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Pennman-Monteith Model
ì Evaporation Rates:
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Shuttleworth-Wallace Model

ì The formula is based on an energy combination theory in 
which evaporation is calculated based on the resistances 
associated with the plants and with the soil or water in which 
they are growing. 

ì The equation is based on a one-dimensional model in which 
the transition between the asymptotic limits of bare substrate 
and closed canopy is evaluated.

ì The equation is an improved version of the Penman-Monteith 
equation for evaporation and evapotranspiration.
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Shuttleworth-Wallace Model

ì The formula is:

λE = Cc PMc + Cs PMs

• λE = latent heat flux from the complete crop (W m-2); 
• Cc and Cs are coefficients, 
• PMc and PMs are evaporation terms similar to the Penman-

Monteith combination equation
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Shuttleworth-Wallace Model

ì The Shuttleworth-Wallace model has several intermediate 
calculations to paramaterise the 

λE = Cc PMc + Cs PMs

• λE = latent heat flux from the complete crop (W m-2); 
• Cc and Cs are coefficients, 
• PMc and PMs are evaporation terms similar to the Penman-

Monteith combination equation
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Data Science Approach

ì In locations where data are available one can use a data 
science approach to estimate evaporation (gross or net) 
based on temperature and rainfall.

ì Lets look at an example for Texas.  We can obtain data from
ì https://waterdatafortexas.org/lake-evaporation-rainfall

https://waterdatafortexas.org/lake-evaporation-rainfall


Data Science Approach

ì Coverage good – these are pan data



Data Science Approach

ì Data available are:
ì Precipitation, Evaporation, Net Evaporation for all 

cells.
ì We would have to find temperature and solar 

radiation elsewhere if we intend to build a data 
model, perhaps a serial-correlation model, 
something like:

EVAPcell = f (T3p,P3p,Month,R3p)


