
Lecture content

� 1. Transpiration 
� 2. Evaporation from the leave surface

Forest Hydrology: Lec. 15

1

• Sensitivity analyses of the Penman-Monteith equation
• Work on Student’s reports



Application 1

Compute the evapotranspiration rate from the canopy at a pine 
forest in August.
The following typical conditions apply:

Zveg=1650 cm;
LAI=2.8
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LAI=2.8
Cleaf=0.2 cm/s
P=1013 mb
Rin= 0.00694 cal cm-2 s-1
Albedo=0.18
Rout=-0.00138 cal cm-2 s-1
Ta=19.2°
Relative humidity=0.54
Wind velocity=300 cm/s



Sensitivity analysis

Group 1:

Analyse the effect of weather conditions

Group 2:
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Analyse the effect of Zveg, of LAI and of fs

Group 3:

Analyse the effect of soil moisture and Cleaf



The Penman-Monteith equation 
(Transpiration)

Equation obtained based on the energy balance and introducing the 
canopy conductance
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The transpiration processes

Transpiration is the 
evaporation of water from the 
vascular system of plants into 
the atmosphere.
The entire processe involves:

Absorption of soil water by
roots. 
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roots. 

Translocation in liquid form
through the vascular system 
of the roots, stem and 
branches to the leaves;

The water vapor in the 
stomatal cavities then moves
into the ambient air  through
openings in the leaf surface
called stomata.



The atmospheric conductance 

Equation obtained based on the energy balance and introducing the 
canopy conductance
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Atmospheric conductance:
Changes with Wind and 
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Changes with Wind and 
With Vegetation Heigth

Increases with wind
Increases with Veg Height

Note the log dependence!



The leaf and canopy conductance 

Equation obtained based on the energy balance and introducing the 
canopy conductance
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A vegetated surface can be
thought of as a large number
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thought of as a large number
of leaf conductances which
act in parallel.
However, the total area of the 
traspiring surface of these
leaves is not the same as the 
area of ground beneath them.
So, we define the Canopy
Conductance as:

leafc CLAIC ⋅=



The transpirational LAI

The LAI used here is the transpirational leaf-area index.
These values account for the facts that stomata are distributed over the 
needles of soem conifers but are found only on the undersides of most
flat-leaved plants.
It is subject to variations in time (growing season)

A

surfacetraspiringofareaTotal
LAI =
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The Leaf Conductance – 1. C*leaf and the 
dependence on weather and water availability

The Leaf conductance C*leaf at maximum stomatal opening is 
determined by 
the number of stomata per unit area, and 
the size of the stomatal openings.
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The Leaf Conductance – 2. C*leaf and the 
dependence on weather and water availability

Plants control the size of the stomatal openings, and hence leaf
conductance to respond to:
1. Light intensity
2. CO2 concentration
3. Leaf-air vapor pressure difference
4. Leaf temperature
5. Leaf water content
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A model which summarises four of the five dependencies is:

)()()()(*
θ∆⋅⋅⋅⋅= GTGWGRGCC aanetleafleaf



The Leaf Conductance – 3. dependence on 
solar radiation and temperature
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The Leaf Conductance – 3. dependence on air 
rel humidity and water availability

12


