
https://lib.uliege.be https://matheo.uliege.be

Estimation of Solanum Tuberosum L. carbon assimilation by the Farquhar

model : Evaluation of performance and attempts of improvement for water

stress episodes

Auteur : Vanden Brande, Florian

Promoteur(s) : Longdoz, Bernard; Beauclaire, Quentin

Faculté : Gembloux Agro-Bio Tech (GxABT)

Diplôme : Master en bioingénieur : sciences et technologies de l'environnement, à finalité spécialisée

Année académique : 2020-2021

URI/URL : http://hdl.handle.net/2268.2/12249

Avertissement à l'attention des usagers : 

Tous les documents placés en accès ouvert sur le site le site MatheO sont protégés par le droit d'auteur. Conformément

aux principes énoncés par la "Budapest Open Access Initiative"(BOAI, 2002), l'utilisateur du site peut lire, télécharger,

copier, transmettre, imprimer, chercher ou faire un lien vers le texte intégral de ces documents, les disséquer pour les

indexer, s'en servir de données pour un logiciel, ou s'en servir à toute autre fin légale (ou prévue par la réglementation

relative au droit d'auteur). Toute utilisation du document à des fins commerciales est strictement interdite.

Par ailleurs, l'utilisateur s'engage à respecter les droits moraux de l'auteur, principalement le droit à l'intégrité de l'oeuvre

et le droit de paternité et ce dans toute utilisation que l'utilisateur entreprend. Ainsi, à titre d'exemple, lorsqu'il reproduira

un document par extrait ou dans son intégralité, l'utilisateur citera de manière complète les sources telles que

mentionnées ci-dessus. Toute utilisation non explicitement autorisée ci-avant (telle que par exemple, la modification du

document ou son résumé) nécessite l'autorisation préalable et expresse des auteurs ou de leurs ayants droit.



A Computation of solar elevation
The solar elevation is defined with the following expression :

sin(β) = sin(λ) sin(δ) + cos(λ) cos(δ) cos(h) (1)

Where λ is the latitude, δ the solar declination angle and h is the hour angle. δ is computed with the
following expression:

δ = –23.4 π180 cos(
2π(td + 10)

365 ) (2)

Where td is the number of the day counted from the first of January.

h is obtained by applying the following relation :

h = π
(t – t0)

12 (3)

Where t is the hour of the day (regardless of the time zone) and t0 is the solar noon. It is obtained
with :

t0 = 12 +
[4(Ls – Le) – Et]

60 (4)

Ls is the longitude of the timezone for a given location, and Le is the actual longitude. Et is the result
of the following empirical expression :

Et = 0.017 + 0.4281 · cos(Γd) – 7.351 · sin(Γd) – 3.349 · cos(2Γd) – 9.731 · sin(Γd) (5)

Where Γd is the day angle and is given by :

Γd =
2π(td – 1)

365 (6)

1



B Solution of the integral for PPFD absorbed by sunlit leaves
Ilb can be expressed withe the following expression :

Ilb = Ilb(0) · (1 – σ) · kb (7)

Where Ib(0), is the PPFD incident at the top of the canopy per ground area, kb is the ground surface
occupied by 1m² of leaf and (1-σ) is the part of the photosynthetically active radiaton (PAR) effectively
absorbed (sum of coefficient of transmission and reflections coefficients) and is equal to 0.85 [-]. The
integral for direct beam radiation absorbed is solved as follows:∫ Lt

0
Ilb(L)fsun(L)dL = Ilb(0)(1 – σ)[1 – e–kbLt ] (8)

For the diffuse PAR absorbed by sunlit leaves, we have the following expression :

Ild = Ild(0) · (1 – ρ) · kb · e–k
′
d·L (9)

For the diffuse PAR, the coefficient of absorption is considered equal to 1-ρ. It means that the trans-
mission coefficient is equal to 0 for diffuse radiation.

By solving, the integral, we obtain :∫ Lt

0
Ild(L)fsun(L)dL = Id(0)(1 – ρcd)(1 – e–(k

′
d+kb)Lt)

k′d
k′d + kb

(10)

Id(0) is the diffuse part of PAR at the top of the canopy, ρcd is the reflection coefficient of canopy
for diffuse PAR, and k′d is the extinction coefficient of diffuse PAR modified to take into account the
scattering. These two lasts parameters are obtained by integration on multiple leaf classes. For this
purpose, 36 class angles are defined by dividing the range between 0 and 180°. ρcd is then defined as
:

ρcd =
36∑
i=1

1 – e

–2·ρh·
0.5·C

sin(α)i
1+ 0.5·C

sin(α)i (11)

Where sin(α) comes from the mean angle of each class :

sin(α) =
√
1 – cos(α)2 (12)

cos(α)i =
1
2 · (cos(αi,min) + cos(αi,max)) (13)

With αi,min and αi,max respectively, the lower and the upper limit of the angle class.
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The ρh parameter is the canopy reflection coefficient of beam PPFD for horizontal leaves and
defined as :

ρh =
1 – (1 – σ)

1
2

1 + (1 – σ)
1
2

(14)

k′d is defined with the following expression:

k′d = kd(1 – σ)
1
2 (15)

Where kd is the coefficient of extinction for diffuse PAR unmodified. Its expression is the following
:

kd =
∫
π/2

0

0.5 · C
sin(α)

dα (16)

The last components, the scattered beam PPFD absorbed by sunlit leaves, is defined as follow :

Ilbs = Ib(0)
[
(1 – ρcb) · k′b · e

(–k′bL) – (1 – σ) · kbe–kbL
]

(17)

The integration result in the following expression :∫ Lc

0
Ilbs(L)fsun(L)dL = Ib(0)

(1 – ρcb) · (1 – e–(k
′
b+kb)·Lc) ·

k′b
k′b + kb

– (1 – σ) ·
(1 – e–2kbLc)

2


(18)

Where k′b is the modified extinction coefficient for direct-beam PAR to account for scattering by
leaves

k′b = kb(1 – σ)
1
2 (19)

and ρcb is reflection of direct-beam PAR for leaf :

ρcb = 1 – e
–2·ρh·kb
1+kb (20)

The total PPFD absorbed by the canopy can be defined with the following expression:

Ib(0) · (1 – ρcb) · (1 – e–k
′
b·Lc) + Id(0) · (1 – ρcd) · (1 – e–k

′
dLc) (21)
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C Value of pressure head and water content for Bordia and Lonzée
fields

pF SWC [%] Bordia SWC [%] Lonzée
1.00 44.0 42.1
1.60 38.5 38.1
1.85 36.7 39.2
2.00 35.4 36.3
2.48 30.7 30.9
2.85 25.6 26.5
3.00 23.3 24.5
3.70 18.7 18.2
4.18 16.2 16.1

D Soil properties at Bordia and Lonzée in 2013

Clay
(%)

Silt
(%)

Sand
(%)

Density
(g/cm³)

Organic
matter

(%)

Lonzée
0 - 5 cm 11.6 80.2 8.2 1.19 1.912
5 - 15 cm 11.6 80.2 8.2 1.23 1.854

15 - 30 cm 10.8 80.7 8.5 1.39 1.857

Bordia
0 - 20 cm 14.0 78.7 7.3 1.48 1.670

20 - 30 cm 22.2 70.6 7.2 1.48 1.150
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E Summary diagram of data use

F Sensitivity analysis and parameters calibration
A sensitivity analysis has been performed on Γ, Γ∗25◦C, θA, θJ and Vmax,25◦C,app. For this pur-

pose, the value of Ci and leaf temperature coming from An-Ci curves collected at Bordia have been
used to feed the model and produce An values.

A variation of ±10% has been used for all parameters except for Γ and Γ∗25◦C. The value of Γ can
not go underneath the value of Γ∗ (result of Arrhenius equation apply on Γ∗25◦C). Γ minus 10% has
thus been replaced by the value of Γ∗ and the value of Γ∗ plus 10% by the value of Γ.

The sensitivity for a given parameter p is defined as the variation of the output (ΔO) divided by
the output (O) for the parameter unchanged and divided by the ratio of the variation of the parameter
(ΔP) divided by itself :

Sp =

∑n
i=0

ΔOi
Oi

n
ΔP
P

(22)

For the analysis, values proposed by (Bernacchi et al. 2001) have been used for Γ and Γ∗25◦C, θa
and θj come from (De pury and Farquhar 1997) calibration and Vcmax,25◦C,app comes from previ-
ous analysis performed on Lonzée experimental field with Solanum Tuberosum Agria and is a value
acquired on potato plants in absence of edaphic stress (Beauclaire personnal communication).
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After this first analysis, calibration has been tried on the same set of data. The optimisation has
been made incrementally from the most sensitive parameter to the least one. The algorithm used is
the Broyden-Fletcher-Goldfarb-Shanno algorithm. The Theil’s Inequality Coefficient (TIC) between
An predicted and observed at Bordia has been used as metric and is defined by:

TIC = RMSE√∑n
i=1

x2i
N + ∑n

i=1
x̂i2
N

(23)

with root mean square error (RMSE) equal to :

RMSE =

√∑N
i=1(xi – x̂i)2

N (24)

This indicator has the advantage of being easily readable, a good prediction as a TIC close to 0 in
contrast, a model returning prediction will have a TIC equal to 1.

The result of sensitivity analysis and optimisation is presented in the table below:

Initial value Sensitivity Value after optimisation
Vmax,25◦C,app 130 ± 10%[μmolm–2s–1] 0.9993 125

Γ 4.4 ± 10%[Pa] 0.5698 4.0572 , reset at 4.4 (< Γ∗25C)
Γ
∗
25◦C 4.25 ± 10%[Pa] 0.1414 1.0667
θl 0.7 ± 10%[–] 0.0925 0.5735
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G Results of simulation with Vcmax,25◦C,constant

Figure 1: Assimilation predicted by model Vcmax,25◦C,app constant and GPP observed on the simu-
lation period
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H Results of simulation with Vcmax,25◦C,real and gm depending
on REW

Figure 2: Assimilation predicted by new model and GPP observed on the simulation period
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