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Light penetration into a homogeneous canopy, two approaches:

1) Homogeneous turbid medium → Lambert Beer’s law

Id = I0e
–kd

Demo simple layer model

I = radiation level at canopy depth d

I0: incoming radiation (above canopy)

k: extinction coefficient



Light absorption

leaf

reflection

transmission

absorbed light = incident – reflected – transmitted light

absorptance + reflectance + transmittance = 1



Light penetration into a homogeneous canopy, two approaches:

2) SAIL (Scattering by Arbitrarily Inclined Leaves) (Bunnik and 

Verhoef (1984)

Demo SAIL model



winter

spring

summer

• input: latitude, day of year, time 
of day [h]

• simulation of direct sunlight as 
a directional light source (parallel 
rays), which changes position, 
thereby adjusting direction

• simulation of diffuse skylight 
with sky object (Preetham et al. 1999)

Modelling spatial light distribution: Daylight
(Goudriaan 1994, modifié)





https://www.youtube.com/watch?v=FwZHEhz4hNM



View onto a virtual 

greenhouse 

simulated with the 

GroIMP platform

Lighting is 

simulated using 24 

equally spaced

SON-T assimilation

lamps

Light distribution: Virtual greenhouse

Buck-Sorlin et al. 2009





Modelling of photosynthesis



• Photosynthesis is the process by which 

autotrophic organisms use light energy to 

make sugar and oxygen gas from carbon 

dioxide and water 

AN OVERVIEW OF PHOTOSYNTHESIS
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dioxide
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PHOTOSYNTHESIS



• The Calvin cycle makes 

sugar from carbon 

dioxide
– ATP generated by the light 

reactions provides the energy 

for sugar synthesis

– The NADPH produced by the 

light reactions provides the 

electrons for the reduction of 

carbon dioxide to glucose

Light

Chloroplast

Light
reactions

Calvin
cycle

NADP+

ADP
+ P

• The light reactions 
convert solar 
energy to chemical 
energy
– Produce ATP & NADPH

AN OVERVIEW OF PHOTOSYNTHESIS



• Blackman 1905: “When a process is conditioned as to its rapidity by a number of

separate factors, the rate of the process is limited by the pace of the "slowest"

factor’”.

• Five factors controlling assimilation recognized, of which three are easily

measurable:

• amount of CO2 available,

• amount of H2O available,

• intensity of available radiant energy,

• amount of chlorophyll present,

• temperature in the chloroplast.

• Blackman's model describes a response of photosynthesis which increases

linearly with irradiance (light-limited) until the available supply of CO2 prevents

further increase in the rate of photosynthesis with irradiance (CO2-limited)

A first model of photosynthesis



A first model of photosynthesis

• Rabinovitch (1951) proposed a number of alternative models, which were

based on the biochemical reactions within the chloroplasts and used various

simplifying assumptions to describe these complex reactions.

• The model proposed by Rabinowitch (1951) described the relationship

between photosynthesis and irradiance in terms of a rectangular hyperbola

• Above 100 W no increase in the net CO2 exchange 

→ saturation of the photosynthetic system by light. 

• Below 100 W m-2 linear relationship between Pn

and irradiance. 

• only relatively small intermediate section of 

curvature → the 'shoulder’. 

• Point at zero irradiance measure of rate of dark 

respiration, Rd.



Rectangular Hyperbola

Thornley, 1976: A modification, appropriate

for photosynthesis, of the model proposed

by Michaelis and Menten for a simple

enzyme-substrate reaction has been

derived: where 

Pg= rate of gross photosynthesis

α = photochemical efficiency

I = irradiance

Cf= CO2 concentration at the site of 

fixation

rx = chemical or carboxylation resistance.



Nonrectangular hyperbola

• Marshall and Biscoe, 1980

𝑃𝑛 =
𝛼𝑃𝐴𝑅 + 𝑃𝑔𝑚𝑎𝑥

− 𝜃𝑅𝑑 − −(𝛼𝑃𝐴𝑅 + 𝑃𝑔𝑚𝑎𝑥
− 𝜃𝑅𝑑)

2
− 4𝜃 𝛼𝑃𝐴𝑅 𝑃𝑔𝑚𝑎𝑥

− 1 − 𝜃 𝑅𝑑 − 𝑅𝑑𝑃𝑔𝑚𝑎𝑥
2𝜃

where a = initial slope at zero 

irradiance and 

θ = ratio of physical to total 

resistance: describes the degree 

of curvature at the shoulder of 

the PLR. 

Assuming that α, θ, Pmax, and Rd

are independent of irradiance, 

this equation describes the PLR 

as a non-rectangular hyperbola.



Thornley (1998)

Rabinovich

Blackman



Wc:    Rubisco-limited gross photosynthesis rate [mmol m-2 s-1]

Wj:     light-limited gross photosynthesis rate [mmol m-2 s-1]

Vm:     maximum carboxylation rate [mmol m-2 s-1]

J:       electron transport rate [mmol m-2 s-1]

Ci:      intercellular CO2 concentration [ppm or Pa]

Γ:       CO2 compensation point without dark respiration

K: function of enzyme kinetics

A biochemical photosynthesis model



Rd = daytime leaf dark respiration

Net CO2 assimilation rate:



Stomatal conductance

Ball et al. (1987) and Ball (1988) proposed a semi-empirical equilibrium

model of stomatal conductance based on a number of gas exchange 

experiments with C3 and C4 plants, i.e.

With m = composite sensitivity of gsv to net CO2 assimilation (An) (species-

specific, non-dimensional) and relative humidity (hb) and CO2

concentration (cb) at the leaf surface, i.e. within the leaf boundary layer (hb

is a decimal fraction, and cb is a mole fraction). For C3 plants, m varies 

between 8 and 16 (Ball, 1988). 

bsv = stomatal conductance that remains unaffected by the atmospheric 

environment or leaf biochemistry.
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