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A lot of models are developped in agroecology (from the simplest to very

complex models)

MappleT  (Markov Apple Tree)
(Costes et al., 2008)

Manipulation of tree architecture (ge-
netical parameters)

Optimizing light interception

Four parameters : leaf area, internode
length, top shoot diameter, branching
angle

Computing time (~ 1h for a 5 years-
old tree)
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Branching Angle: 46.725°
Internode Length: 0.03 m
Apex Diameter: 0.001 m
Lea Area: 0.007 m?

Branching Angle: 44.068°
Internode Length: 0.045m
Apex Diameter: 0.002m
Leaf Area: 0.0005 m

Branching Angle: 104.432°
Internode Length: 0.044 m
ApexDiameter: 0.001 m
Leaf Area: 0.003 m?
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Branching Angle: 17.859°
Internode Length: 0.03 2m
Apex Diameter: 0.001 m
Leaf Area: 0.004 m?

(t, m, s)-net designs to explore models
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Sensitivity analysis

Multiple polynomial metamodel of degree 3 based on a LHS of size 300
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97.6 % of variance of light interception explained.
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Polynomial Linear Metamodel

d,
Y =326, (Hk"_l X; > +1

- K is the number of input parameters;

- A= CR.p is the number of cross product terms (0 < 3" dax < D);
- D the maximal degree of the polynomial;

- 7 is a centred random term independent of the X variables.

Decomposition of the sources for X; (% of explained variance, R?)
- Main effect : x; + x2 + X3
- Total : Xy + X2+ X3 + X1 X + Xe X2+ X2 Xo + X0 X3 + X1 X3 + X2 X + X1 X X3 + ...
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Sources of variation
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R% coefficient of determination of the complete model; (a) = 1 — R% the residual
Rf corresponds to the main effect of the parameter Xj negligible

is the coefficient of determination of the plmm when Xj is not taken into account

(e) = interaction (left) and/or confusion (right)?
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Most typical sampling designs

MC Monte Carlo
lhs Latin hypercube

Common property (= common problem)

@ independent sampling across dimensions

@ = no control of d-dimensional subspaces, for d > 1
Higher-dimensional-subspace-filling designs : many methods, including

OA-lhs OA-based Latin hypercube

tms-net digital net (with scrambling)
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OA-lhs and tms-nets : basic principles

For a design of size N = p® and maximum strength

@ equally replicate p® hyper-rectangles

@ methods differ by which rectangle shapes are considered

Construction

@ huge literature, websites (see Lemieux book, 2009)
@ R package PLANOR (Monod, Bouvier, Kobilinsky, 2012)

e define s nested pseudofactors at p levels for each factor
e construct a suitable regular factorial fractional design
e recompose quantitative levels and scramble
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lhs property ?
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OA property (strength 3)7

' LY é: : ' ’ 0o ! °
Example : 5 e o ., - 08
3 factors H .. ””””” 0...—06
N =27 R N A
basis p = 3 T T
4 ®e ..: e E E. % L 0.2
o OP:—Ihs tms—Net
Design 7 s d® H .‘ vt i
MC No ¢ et ST DO I SR
lhs No 06 HR L ¢ . ¢ i
OA-lhs  Yes T e S I N ST S =
tms-net  Yes o o it . ! Lo
0.2 ! e ' o L
'l .I T . T | T T :

4 )
%%IN% Faivre, Picheny and Monod (t, m, s)-net deégns to explore models e MEXICO



Design

equidistribution properties ?
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Results

Case study

A simple model : 1+ x; — O.1x12 + 0.2xf +x + 0.3x22 — X1Xp — 2x3 + 3XQX32

LHS 100.000 - plmm de degré 3

S
W main effect
interaction
Tot: 85.00 H interactions
© .
3 Int: 18.41
Spe: 66.60
©
o -] @ Sobol
®Fast99 Tot: 24.81
< . .
S Tot: 8.68 Int: 16.66
Int: 1.89 Spe: 8.15
o .
P Spe: 6.79
< ;ﬁ
o
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Results

Simulations

e sampling designs : oalhs (fixed and scrambled), Ihs, Monte Carlo,
(t, m, s)-net (fixed and scrambled)

@ depending on force and number of levels

@ with size depending on force and the number of levels

Strength
2 3 4
3levels (9,27, 81) (27,81, 243) (81, 243)
5 levels (25, 125) (125) (625)

@ twice sized : paired oalhs (fixed and scrambled)
@ analysis with plmm

@ 99 replicates
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Results : Estimation of var(Y)

Var (Y)
Force3 — N=125 — p=5 Force3 — N=2"81 — p=3
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Interaction/Confusion for A

N=243 — p=3

Force 5 —

=3

243 — p

N =

Force 4 —

~10
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(t, m, s)-net designs to explore models
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Results

Conclusion

e preliminary results

@ sampling designs : lower interval of variation
(t, m,s)-net > oalhs > lhs > Monte Carlo

@ number of levels : 5 > 3
e the strength is with us (conditionned to the size N)

to be continued
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Afin daborder les grands enjeux liés au changement climatique
et la gestion durable des ressources naturelles ou exploitées,
des modéles sont développés par les chercheurs en agronomie,
écologie, environnement, halieutique, gestion de I
océanographie, etc. Ces modeles intégrent de plus en plus

les dynamiques et les processus liés a des systémes complexes.
Pour explorer leurs propriétés et juger de leur pertinence pour
assister la décision, il est nécessaire de faire appel & des méthodes
d'analyse et d'exploration adaptées. I est alors souvent

fait référence & une grande classe de méthodes, les analyses

de sensiilité globales

Les auteurs de cet ouvrage sont membres pour la plupart du réseau
de recherche interinstutionnel Mexico (Méthodes pou explraton
informatique do modales complexes. Fats doleur oxpérience
dans Iorganisation décoles-chert nt souhaite transférer
leur v glopale des iffrentes méthoces aralyee de sansibité
etd'exploration ainsi que certaines régles pratiques d'analyse

des modéles

Ce livee s'adresse aux moddlisateurs et utlisateurs de modéles
qui souhaitent acquérir ou consolider leur matrise des méthodes
d'analyse et dexploration de modeles par si
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