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ET for hydrological studies  

Source unknown 
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Technical University, Delft, 13 February, 2009 

EB can ‘see’ impacts on ET caused by: 
 

•  water shortage 
•  disease 
•  crop variety 
•  planting density 
•  cropping dates 
•  salinity 
•  management 

 

 

 “actual” ET is unpredictable 
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ET for environmental studies 

Source unknown 
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For solving international conflicts 

 

 Annual ET (July 2004 - June 2005)

[mm]

1500

 

0

Source unknown 
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For verification of water use 

 

Avg ETa per plot

mm

501 - 750

751 - 900

901 - 1,050

1,051 - 1,200

1,201 - 1,350
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Rn=net radiation 
G=soil heat flux 
H=sensible heat flux  
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Temperature is a function of ET 



February 28, 2013 9 

Surface temperature is a reflection of 
soil moisture 

Source unknown 
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Latent heat of vaporization 
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Daily energy balance 

Source unknown 
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Source unknown 



Radiation principles 

0.1

1

10

100

1000

10000

100000

1000000

10000000

100000000

0.1 1 10 100

wavelength (µm)

ra
d

ia
n

c
e

Sun (5800K)

Scaled for Earth-Sun distance

Earth (288K)



Planck equation, details 

c speed of light 3.0010
8
 ms

–1
 

h Planck’s constant 6.6310
–34

Js 

k Boltzmann’s constant 1.3810
–23

JK
–1

 

 Stefan-Boltzmann constant 5.6710
–8

Wm
–2

K
–4

 

L Spectral radiance Wm
-2

m
-1

sr
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Vegetation Surface

Shortwave

Radiation

Longwave

Radiation

RS

RS

(Incident shortwave)

(Reflected shortwave)

RL

(Incident longwave)

(1-o)RL
RL

(emitted longwave)

(reflected longwave)

Net Surface Radiation = Gains – Losses

Rn = (1-)RS + RL - RL - (1-o)RL

Surface Radiation Balance
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Net longwave radiation (1) 
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Net longwave radiation (2) 
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Logarithmic wind profile 
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Effect of buoyancy on turbulent transport 

Neutral  =no convection 
Stable   = heat towards land 
Unstable= heat away from land 

wind speed 

height 
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Vertical wind profile – neutral conditions 
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Vertical wind profile – non neutral conditions 
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Flux – profile relationships for momentum, heat and vapor 
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Wind and temperature vertical profiles 
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                  Heat flux and scalars 
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Sensible Heat Flux (H) written as Ohm’s law 

H = (×cp × dT) / rah  

H rah 

rah =  the aerodynamic resistance to heat transport (s/m). 
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dT = the near surface temperature difference (K). 

u* =friction velocity [m/s] 

Neutral conditions 
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Stability correction for buoyancy  
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Transfer equation sensible heat 
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Soil heat flux 
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Transpiration process 

Source unknown 
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Soil evaporation process 

 

Source unknown 
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Transfer equation for latent heat 
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Slope of the saturated vapor pressure                             
curve 

 

Esat (T0) = esat(Ta) + SLOPE (T0 – Ta) 

Slope = ∆ 

Source unknown 
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          (Rn – G) +  cp vpd / ra 

LE = _________________________ 

                  +  (1 + rs / ra) 

 

Bio-physical parameters (besides weather parameters) 

 

- Albedo 

- Emissivity 

- G/Rn 

- Surface roughness, ra 

- Stomatal resistance, rs 

- LAI, rs 

 

 

 

Penman – Monteith equation 
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Canopy resistance model: 
 
 
rc = rsmin / LAI {par temp vpd mois) 
 
 
  
 

 Jarvis – Stewart model 
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1 / rc = f1(T) f2(VPD) f3(PAR) f4() / rcMIN  

Soil water 

Solar radiation 

Humidity 

Temperature 

 Soil moisture and surface resistance 

This solves the ET from MICW measurements 
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Reference ET 

Source unknown 
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Penman-Monteith for ETref (ET0) 

 

Source unknown 
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Aerodynamic resistance 
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Potential ET for correction of grass 

Source unknown 
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Crop coefficient 

 

Source unknown 


