
In this lecture we will study how incident solar radiation interacts with vegetation
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Why should we care about light? Here is a short list of key biometeorological
processes that depend upon the flux density of sunlight

2



There are also indirect roles, too.
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First, have a qualitative understanding of the paths and routes of light transfer 
through vegetation.  There are 3 key flows of photons.
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This slide gets back to some of the basics we have started to study, and why. Leaf 
angles, leaf area, sun angles, all play a role in the capture and transmission of 
photons through foliage space.
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Light fields in a vegetated canopy can be highly variable. Why? What are the 
sources of such variablity?
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To understand light transfer, let’s start with a statistical approach and focus on gap 
fraction, e.g. the probability of beam penetration. In between gaps you see 
shadows. But some are more distinct than others.  Some are full shade, umbra, like 
umbrella. Others are partial shade, called penubra.
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Umbra forms because the projected size of the leaf is greater than the projected 
size of the sun, relative to an ‘observer’, in this case the ground.
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This cartoon shows how penumbra and umbra form.  The lady bug under the disc, 
or leaf, is in full shade. From her vantage point she cannot see the sun’s disc.  If 
she is further away, the disc does not cover the solar disc from her vantage point. 
Here she enters a region of partial shade.
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While we have discussed several types of canopy presentation in the early lecture, 
here we will focus on the simple case that a canopy is a turbid medium. Leaves are 
displayed randomly in space, but they may have a preferred leaf angle inclination 
distribution.
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First we want to compute the probability of zero, 0, contacts.  The probability of gap 
through a layer is one minus the ratio of the total area eaves, a, in a layer, divided 
by the total area, A.  As one travels into the canopy from the top into successive 
layers, the problem is multiplicative.
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Lets look at this as a game with 21 tries. At each one we place a square randomly 
on the table. Its area is 16.  The size of the domain is 40 b 48. Work the sums and 
the probability of gap is 0.838
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Lets collect the squares, add them up and compare with the total area.  Here we get
a very similar value, 0.825.
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This cartoon helps us visualize how we can stack more on one meter square of 
leaves per meter square of ground.
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Point here is take the limit of P0=1-a/A) to infinity and we find P0 is an exponential 
function of L, leaf area index.  This case assumes the beam of light is directly 
overhead and leaves are flat.
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We can also use a simple differential equation to derive how and why Beers Law is 
an exponential function of leaf area index. The change in light flux density, I, with 
distance, x, is a function of its current state, I, times the leaf area density and an 
extinction coefficient.
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Take the integral and you end up with Beer’s Law
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Now let’s deconstruct the extinction coefficient, K.  In principle it is the ratio of the 
projection of a leaf on the horizonal, Ah, relative to the area of that leaf, A.
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These are important limits I want you to know. Under what situations is k big, little, 
equal to one.  You also need to realize that k is a function of the orientation of the 
leaf relative to the light source. So k is not constant.
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To apply these ideas for more general canopies, we prefer to deconstruct k even 
further.  Classic books by authors like Ross show k is related to the ratio of the 
cosine of the angle between the leaf normal and the solar beam, divided by the 
cosine of the solar zenith angle.
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Here are the set of angles..lets step forward
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So I want to show you these equations are Not magic.  I also want to give you 
confidence that you can tackle problems like this with simple thinking, a bit of 
algebra and trigonometry.
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This expression is an exponential function of leaf area index and an extinction 
coefficient.
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In real canopies there is a distribution of leaves, so we have to apply statistical 
weighting of the cosine between the leaf normal and the sun angle. Note we invoke 
the equation of light on a spherical surface again, but apply it to leaf angles instead 
of latitude and longitude (hour angles).
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What is the good news?  Despite all these complications of Geometry, G can be as 
simple as 0.5 for canopies with a spherical leaf angle distribution.  It is a pretty good 
assumption if you don’t know other properties.
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The other interesting lesson is that all these leaf angle distributions converge when 
the zenith angle is 1 radian.
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Now we have theory in hand, we can inspect the attenuation of sunlight with 
different sun angles
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One more complication arises. A group of us studying light transmission are finding 
that leaves are clumped and this enhances beam transmission. So we have to work 
and study clumping more..
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Chen’s group attempted to produce a global map of clumping factors from satellite 
data. May not be perfect and may have scale issues, but it is a start on this
conversation.
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How does diffuse light penetrate through a canopy?  Different angles have different 
degrees of penetration.
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In many instances a canopy is more effective in capturing diffuse light.
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If we want to develop better solar panels we should learn and apply lessons from 
nature.  Plants are the best solar collectors and they have several hundred years of 
evolution to do it well and better.  They don’t establish canopies with LAI of one, so 
why should solar panels. Some engineers are starting to use nano wires to make 
surfaces that capture photons better.
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This cartoon shows the key angles of interest and their compliments.
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