
We’ve been building up the skills in this class to reach this stage and assess the 
energy balance of a leaf. It is critical to compute transpiration, sensible heat flux, 
surface temperature that drives VOC emissions, respiration and the kinetic rates of 
photosynthesis.  We will start simple with a dry leaf then go to a wet leaf.

1



Leaf energy balance has a long history.  Some of the past theories were biased on 
where the authors lived. Curtis lived in the East and could not envision 
transpirational cooling. Rascke developed his theories while in hot India and it 
became clear to him from observations and theory
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Interesting histogram of leaf temperatures associated with the shape of leaves.. All 
in a simlar climate in Swizterland.  Bigger leaves are warmer and the small needles 
of conifers are cooler. After Leuzing and Korner. 2007
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Helliker deduced leaf temperatures from measurements of stable isotopes.  They 
concluded that there was a global convergence on the seasonally average leaf 
temperature across a global gradient of mean annual temperatures.  Why could and 
should this happen? We argue that the isotope signature is a flux weighted 
temperature as it is associated with transpiration and photosynthesis.
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We tested this idea with a canopy energy balance model and computed the 
histogram of leaf weighted temperature for a forest growing in TN, mean annual air 
temperature 13.6 C.  We find the central tendency of this distribution to be near 20 
C.  So models are important for testing theories. And Giving some explanation.
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Let’s look at the fluxes of energy into and out of a leaf.  This brings us back to the 
lesson in energy balance
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There are important feedbacks to consider because leaf temperature will be a 
function of the net radiation budget, which is a function of leaf temperature; We 
solve for Tleaf knowing the functions of H(Tleaf), LE(Tleaf) and Lout(Tleaf)
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Lets first start with a dry leaf to keep the math and derivation simple.
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We apply Ohm’s Law resistance analog to compute H
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Here is the new version of the equation with a fourth order term for leaf 
temperature. What are we to do to solve this???
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Linearization is our friend. We can break the fourth order term for Tleaf into a linear 
equation based on information we know about the boundary conditiona, air 
temperature, that is raised to the 4th and 3rd powers.  This assumption works best 
for small temperature differences. One should use a second order approximation 
with greater temperature differences. 
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Now we can solve for leaf temperature, or more specifically, the leaf air temperature 
difference.  Not so hard.  It gets a bit more complicated, but as tractable with a wet 
leaf.
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Leaf air temperature differences can drive free convection, as defined by the 
Grasshof number. So  this will increase gh and reduce delta T through a negative 
feedback.
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Incremental increases in leaf air temperature differences drive larger boundary layer 
conductances through convection. And they are a function of leaf size
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Now we consider latent heat exchange to consider a wet leaf
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We consider this network with stomatal and boundary layer resistances
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Ohm’s Law analog for latent heat exchange, expressed in terms of the total 
conductance to water transfer, gw
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For simplification we will consider the total conductance for water transfer that is the 
sum of resistances, gw.
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Here is Ohm’s Law relation for latent heat exchange. Note it is a function of the 
saturation vapor pressure at leaf temperature. Another non linear function is added.
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We can linearize this one, es(T), too. Here we need to slope of the saturation vapor 
pressure curve. Remember when we looked at that?
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We can express this in terms of vapor pressure deficit, which we measure. 
Ultimately we can solve for Tl-Ta
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Solution
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Penman Monteith equation is a cornerstone of biometeorology. Here is the function 
for a leaf.
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Here are the steps for finding this equation
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Voila’
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