(Note: This is for advanced students, not a requirement)
Some physical relationships between resistance parameters and land surface /vegetation characteristics
You can use this to augment your answers for assignment2
1. Aerodynamic Resistance (ra)
We know that the wind  speed increases logarithmically with height from ground surface. This relationship may be altered because of surface characteristics or “roughness”. We can write the equation as : 
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Wind speed at Height z (don’t worry……………It depends on wind speed)
u*
is called friction velocity

K 
is Von Karman’s constant (don’t worry……………value 0.4)
z0
is the friction velocity  ( It depends on vegetation: taller the vegetation, larger the value)
d 
Is the zero plane displacement height ( It depends on vegetation: taller the vegetation, larger the value)


We have seen that heat and water are the two main forms of energy transfer in the energy balance equation. The transfer of heat and water vapour from evaporating surface (with or without canopy) to air is also determined by the aerodynamic resistance:

ra=
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 EMBED Equation.3  [image: image3.wmf]
So, larger the d , more negative the numerator, lesser the ra. Larger the zo smaller the ra

So taller the tree/vegetation, smaller the ra. It means that turbulence is more in rough vegetation than “smooth” vegetation. This facilitates in more exchange of mass and energy between the biosphere atmosphere interface and hence a tight linkage /coupling! 

So a grass is less coupled with atmosphere than a conifer 

Now, you should explain ET behaviour with this idea

Note that 

ra aerodynamic resistance [s m-1],
zm height of wind measurements [m],
zh height of humidity measurements [m],
d zero plane displacement height [m],
zom roughness length governing momentum transfer [m],
zoh roughness length governing transfer of heat and vapour [m],
k von Karman's constant, 0.41 [-],
uz wind speed at height z [m s-1].

Logic you should have: A fundamental concept in physics: Any system tries to lower its energy status and that’s why different physical processes happen. Water moves to lower its energy (potential energy) ie water flows from higher energy state to lower.  Similar to the fact that we fall from height to lower our energy (potential energy)
Soil Plant atmospheric Continuum of Mass and Energy



The reciprocal of resistance can be called as conductance. Canopy conductance is a function of LAI(Leaf Area Index) and stomatal conductance.
 Many researchers modeled stomatal conductance. The most common one is Jarvis Model.

It is as follows:
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Ip= Photosynthetically Active Radiation, PAR

Ta=Ambient Air Temperature

D=Vapour Pressure Deficit (review Prof Chen’s last lecture)

Ψ= Soil water Potential /water content

C= CO2 conc gradient
[image: image5.emf]
       LAI





ΔH2O


(Vapour Pressure Deficit)








Soil water Potential Ψ s





ΔCO2


(Concentration Gradient)





Solar Energy





Plant water Potential Ψp





Atmospheric water Potential Ψ a





Ψs >Ψp >Ψa


that’s why water moves


 from soil-plant to atmosphere











Note: Ψ is decreasing, not increasing
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