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Capsis - Computer-Aided Projection of Strategies In Silviculture

Objectives: Build a software platform to integrate forest growth & yield / dynamics
models for modellers, managers and teaching

About Capsis

Capsis 4.2.3-7667

Computer-Aided Projection of Strategies in Silviculture

Frangois de Coligny, Samuel Dufour-Kowalski - INRA AMAP

and the Capsis modellers (see below)

AMAP: Botany and Computational Plant Architecture

loint laboratory: Cirad, CNRS, INRA, IRD, Montpellier 2 University - Montpellier, France
Available models (90) :

Model i | Type | Author | Institute |
Matapedia (v1.0) MAID Mathieu Fortin MRMNF - Québec "
Mediterranea (v1.0) Fish Jacques Labonne Inra r
Melies (v1.0) Forestry growth mo... P Vallet, T Perot Cemagref

Migration (v1.0) Forest trees migrati... Annabelle Amm INRA URFM
ModisPinaster (v1.0)  Distribution medel f... T, Fonseca, C.P. Mar... (a) UTAD CIFAP, Par...
Mountain (v2.1) MADD Benoit Courbaud Cemagref )
Mpb (v1.0) Landscape and Sta... Jean-Moél Candau -... GLRC-MRC - INRA
Mustard (v1.0) Stand based Céline Meredieu, Thi... INRA / Cemagref

NATURA (v1.0) MADD Sadi Aid (dev) MRMF -
| =Tl B A kAT Philirma Cirawfe 1 N1=F:) ¥

Abccedrus : E. Klein, F. Guiton, M. Haddad, INRA BioSP
The Abccedrus model by E. Klein, F. Guiton, M. Haddad (March 2011}

L € Documentation J [ i | License J

|ava version : 1.5.0_45 (Java HotSpot(TM) 64-Bit Server VM 20.45-b01)
Operating system : Linux 2.5.0-40-generic
Hardware architecture : amds4

[ <7 ok |
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Capsis: how does it work ?
initialisation intervention
+ time loop |

/ T s bl
OOO Capsis 4.2.3 - [sam.65a] | :

Project Step Edit Wiew Tools Help / |

LB Q8E0 % @ ‘\

model : project

. J T s
Integrated ho Project Samsaraz2 [sam] - 1.63 ha-Frequencyf=5—fhomefcolignyhvorkspacefcapsis4!datafsamsaraEfLaMotiteSen.rolexSamsaz.inv
H - d L 0Oa J{ 5a J{ 10a J{_ 15a J-{ 20a J{ 25a J{_ 30a J{ 35a | 40a J{ 45a |{ *45a |{_50a | 55a | 60a |{ ME5a
Vlewers an (Dg/Hdom) / Time or Age |-t
»
Age [ Time M

ChartS Alpine typologie of stand stru

¢ frea [ Irradiance classes
Area per Irradiance / Time [ Page 1 I Page 2 T Page 3 T Page 4 T Page 5 T Page 6 T Page 7 T Page 8 I Page 9 T Page 10 ]
Average volume increment / T u sam.65a - Samsara viewer 8(=[E3 53] Basal area / Time (=JOl(x)
Average volume per tree / Tim 2¢ Selection: [\ﬁewer 3D _] & - sarn.E5a
Basal area / Dominant height - - & (m2)
Basal area / Time North [s 754
Basal area / Time (age) or Hd ¢ slope bottor ) 72
CWD Wolume / Time Crown 59
CWD volume f Decomposition Epicea &5 -
CWD volume per decompositic M Layer 1 g2
Cdom & Cg / Time = t:i:: g 50
Clark & Evans index / Time M Layer 4 574
Cover / Canopy layers Abies_alba 54
Cover / Time W Layer 1 51
Crown Interception Index / Tim = :::5:: g 4
Crown base height / Diamete W Layer 4 B e e I e o e e R B o o o e L B o e
Crown base height / Height | Others J" 3 0 3 & 9 1215 15 21 24 27 30 33 36 39 42 45 48 51 54 57 60 63 66
Cumulated harvest / Time — - Tirme

DETimeCEL2 =] cdom & Cg / Time EBE8| - o
Ddom & Dg / Time

Dead wood diversity / Time
Diameter / Time 225 -
Diameter Increment / Diametg 2104

Diameter increment / Time 135 v
ormn
Diversity of decomposition cla| 180

m 5arn.E5a
Cdorn & Cglem)

&
Q\

-~

Dynamics analysis 165
Gini Index on G { Time 1504
Girth / Time 1351 :9\{
H and Crown Base H / Time EE:
Harvested basal area / Time an
Harvested volume J Time . cq
Hdom & Hm / Time 7278 A e e e e s e e
Hdom / Time '; -3 0 2 6 9 1215 18 Z1 24 27 50 3 56 59 42 45 48 51 54 57 60 £3 66 63 72 - [
Tt T Tirne Orbit: Click+ Move to orbit, Shift+Click+Move to translate, Ctrl+Click+Move to
cdom & Cg / Time =

Capsis - Linux - Graphical user interface - English

A export
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Capsis : main options

Libraries

<« »
' I

Modules

4

Pilots

d

N

<
<

Clear participation rules

The common parts are free software (LGPL): everything except \

>

the red parts is reusable by anybody

The Capsis charter (extract):

Capsist

&.

Software architecture

extl
t2 =
ex S
Q
ext 3 Actors and roles
- developers
‘ I
~ modellers |
end-users >

" The Capsis community:
developers + modellers
co-develop together

» the modellers are in charge of the development of their models

» the growth models are not free: red parts
« all the source codes are freely accessible by all members in the

Capsis community...
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Methodology: help the modellers develop by themselves

- an accessible language

Java is powerful and strict — accessible to scientists

- a short training course (1-2 days i
J ( ys) Simple tools...

scientists become beginer developers a simple editor

- a customized starting session (2-3 days) |

. =] model E]@ [E] £ MountTree.java (~/workspacefcapsis4/src/mountain/model) - gedit | E]@ [z]
St art d eve I 0) p pl N g tog ether Eichier Edition Affichage Allerd Signets Aide Eichier Edition Affichage Rechercher Outils Documents Aide [
= ~ = = 2 .
k h . . ' h . @) Précédent v @ fsg @ - & ouvrir ~ TJ}’] Enregistrer | % T ]
WD r D n t e SCI E ntISt S I I lElC In e |< Hworkspa(e“:apsisthsrc”mnuntain‘ model | §
) ) ) [l . o
: x & . |
Nom v Taille Type * Copyright {C) 2008-2063 Benoit Courbaud |
I = = * This file is part of the Mountain module for Capsisd. |
‘| MountCell.java 11,3 Kio code source Java - |
- =~ 7 s * Mountain is free software: you can redistribute it and/or modify L]
- a e rl‘ r ] an ent an e ectlve S u O rt =| MountCover.java 3,9Kio code source Java * it under the terms of the GNU Lesser General Public License as published by
5 . . + the Free Software Foundation, either version 3 of the License, or
~| MountEvolutionParam... 1,4Kio code source Java * (at your option) any later version.
+
MountGap java 5,0Kio code source Java * Mountain is distributed in the hope that it will be useful,
= = *+ but WITHOUT ANY WARRANTY; without even the implied warranty of
MountinitialParamete... 14,8Kio code source Java * MERCHANTABILTTY or FITNESS FOR A PARTICULAR PURPOSE. See the
= . - e > 7 3 * GNU General Public License for more details
Mountinterceptionite... 2,2Kio code source Java *
y > 5 . * You should have received a copy of the GNU Lesser General Public License
MountMethodProvide...  29,6Kio code source Java * along with Mountain, If not, see <http://we.qnu.org/licenses/>.
| MountModel java 30,7 Kio code source Java package mountain.models
MountPlot.java 6,8 Kio code source Java | import java.awt.Colors
2 z import java.text.MumberFormat;
MountSettingsFormat. 14,5Kio code source Java import java.util.Arrays;
L . import java.util.Collection;
MountSpecies.java 3,2Kio code source Java
. G 8 import jeeb.lib.defaulttype.CrownProfileUtil;
MountSpecies_en.pro... 134 octets script/fonction MATI| | inport jecb. lib.defaulttype. SimpleCromndescription;
5 2 = import jeeb.lib.defaulttype. TreehlithCrownProfile;
MountSpecies_fr.prop... 134 octets script/fonction MATI|| | inport jeeb.lib.util.DefaulthumberFormat:
5 3 import jeeb.lib.util.Log;
MountStand.java 3,0Kio code source Java import jeeb.lib.util.Vertex3d;
B . import jeeb.lib.util.inspector. InspectorList;
Mountsummary.java 1,3Kio code source Java import capsis.defaulttype.SpatializedTree;
import capsis. kernel.GScene;
MountTree java 19,3 Kio code source Java | import capsis.lib.biomechanics.MecaTreeInfo;
import capsis.util.methodprovider.BbhIncrementProvider;
WA R S dE o G e lies s el | import capsis.util.nethodprovider. Height IncrementProvider;
T kit ERR) import capsis.util.methodprovider. TaperCoefProvider;
Buildfile: build.xml e
. * MountTree : Tree of Mountain model.
. ision *It's 8 Gdree.
[echo] Capsis revision 5252 * gauthor B. Courbaud - January 2080
[echo] os.name: Linux */
[echo] os.arch: amd64 public class MountTree extends SpatializedTree implements TaperCoefProvider, MecaTreeInfo,
DbhIncrementProvider, HeightIncrementProvider,
e SimpleCrownDescription, TreeWithCrownProfile,
filter: TInspectorlist {
/1upgraded for €4.0 - fc 9.1.2801
A - /I checked for 4.1 - fc - 5.10.2081
- opy-rest
COpYE Resour Jlchecked for c4.1.1 08 - fc - 31.1.2083
a erl I I I n a /1added TreeWithCrownProfile - fc - 11.5.2009
compile:
// WARNING: if references to sbiects {not primitive types) are added here, ]
BUILD SUCCESSFUL . D
M Total time: 3 seconds Java v Largeur des tabulations: 8 ¥ Lig 22, Col31 INS

oligny-Latitude-E6420:~/workspace/capsi: ]
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Capsis: several ways of use

Interactive (french / english)

al coligny@coligny-Latitude-E6420: ~/workspace fcapsis4 [-)[a)[x]

% | coligny@coligny-Latitude-E6420: ~/workspace/jeeb ®
0 rkspace/capsis4$ sh capsis.sh -p script mountain.pgms.Scriptel A
c) . de Colig S. Dufour et al.
Capsis comes with ABSOLUTELY NC
[The core of the Capsis pl: a
and you are welcome to redistribute it under certain conditions.
may not be fr See licence

t capsis.script.Pilot: correct boot

5 Sep 2611 11:0
workspace/capsis4

/mountain/Aleat

es rayons luminel
Calcul des voisin par r
Ensoleillement initial
ip.plotCellWidtl
rizer.CompactMemorizer was correctly set for project Project a

rvention. ..

456789]
Processing Intervention...

Scriptel -

456789]
ention. ..

6789]
ention...

56789]
ention...

% Capsis 4.2.2 - [mou.10a]

BIEIE

Projet Etape Editer Afficher Outils Aide
& BEO R %

Projet Mountain [mou] - 1 ha - Tout en mémoire - simulated

0a —| 5a —|I1Ela

Explorateur

Inspecteur

Visu MAID

V!SU S:apin Page1 | Page 2 | Page 3 | Page 4 | Page 5 | Page 6 | Page 7 | Page 8 | Page 9 | Page 10

Visu Simple =

Visu Texte

i Nord
Baspente
Py Visu 3D Houppier

W Strate1
W Strate 2
W Strate 3
¥ Strate 4
Irradiance
H<20%

W 20% - 40%
B 40% - 60%
2 60% - 30%
L »80%

Evolution terminés

st)
ntain.pgms

Not interactive: with scripts
- long simulations

- run on clusters

- sensitivity analyses...
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Capsis illustrations Jean-Francois Dhote (ONF), Patrick Vallet (Irstea), Mathieu Fortin (AgroParisTech Lerfob),

Gilles Le Moguedec (INRA AMAP)
Fagacées: an invidual-based model for oak and beech

' Madéle de croissance
) ) ' ~ (7 Niveau peuplement ™, ™~
Fagacees relies on 5 fundamental relations at 2 levels s

@: N
1. stand level 3 eyl o
- a growth model for dominant height (HO) menenn
- a self thinning model giving the relative density Profil de tige
index (RDI)

il

Auto-éclaircie

- a basal area (G) productivity model (Eichhorn)

2. tree level

- a model for distributing the increases at the tree scale
- a height / diameter model

Guide des sylvicultures

Work under progress on the model to help revise the ONF

Chénaie Atlantique silvicultural guide (Pascal Jarret, 2004) e Chénate

a ’:\7“' atlantique

Changing context, climatic change, productivity change... B
18 ¥

Le Moguédec G., Dhéte J.-F., 2012. Fagacées: a tree-centered growth and yield

model for sessile oak (Quercus petraea L.) and common beech (Fagus sylvatica L.).
Annals of Forest Science (2012) 69:257-269.

74 i ;
¥ B
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Capsis illustrations Marie-Ange Ngo Bieng (Cirad System, Montpellier), Thomas Perot (Irstea Ecosystemes
Forestiers, Nogent sur Vernisson)

Oakpine: oak and pine growing at the same time

Quantify the impact of the spatial structure type on the productivity of oak-pine forests
Method:
- simulate several types of realistic spatial structure (same list of trees)
- simulate growth for each structure type
- compare the obtained productivities

Spatial structure analysis on 34 plots: 4
typology: 4 types for the canopy / 3 types for the understorey

Spatial structures simulation: a combination of point processes
- specific structure: aggregation, random, regularity
- intertype structure: attraction, independence, repulsion

Simulation examples:

Canopée Type 1, modéle C7 Canopée Type 3, modéle C4 Script mode, repetitions, example of results:
Ss étage Type 2, modele SE6 Ss étage Type 2, modele SE6

Productivité Chéne et pin Productivité Chéne I

1
1.9

|
1
|

3.2
Il
ol

17

1.6

|
2.8 .
|
15

°

8

14

Accroissement en surface terriére sur 6 ans (m?ha)
40 42 44 46 48 50 52

TypeA TypeB TypeA TypeB L

Ngo Bieng M.-A., Perot T., de Coligny F., Goreaud F., 2013. Spatial pattern of trees influences species productivity in a
mature oak—pine mixed forest. Eur J Forest Res, in press, DOI: 10.1007/s10342-013-0716-z
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Capsis illustrations Sylvie Oddou-Muratorio, Hendrik Davi (INRA URFM, Avignon)

PhysioDemoGenetics

PhysioDemoGenetics aims at studying the genetic adaptation through natural selection driven by
climatic variables in a continuous tree population

-> accounts for complex interactions among genes, functional traits and climate when environment or
demography are unstable.

It relies on (1) explicit modelling of the genetic determinism of ecophysiology-related traits and (2) the
coupling of ecophysiological processes at tree level (Castanea library in Capsis) with dynamical
processes (dispersal, growth, mortality) and genetic processes (Genetics library in Capsis)

Results: population dynamics Frost effect on LAl = 0
G3 G4 G5
I
g G2 Vv Vv V¥
- l i
Gl | —
g - l !

0 50 100 150

Year simulated

» Extinction of Alt5 at GO and recolonisation at G3

» Treeline at 1620 m (versus observed =1700 m)
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Capsis illustrations Patrick Vallet, Véronique Cucchi (Irstea, Nogent sur Vernisson)

Simmem: modelling several forests

Simmem is a model simulating the management of several forests at the same time
Each forest grows with a specific Capsis model according to its species and forest structure
Connections to Fasy, Fagacées, FTChene, Gymnos, Lemoine, Melies, Laricio and Sylvestris

The management rules are
configured for the whole site

Inspiré de I'éclaircisseur « auto par le rdi »

|2 Etour Fectsircies =]
(F. Mothe, G. Le Moguedec)

déclenchement de I'éclaircie :
— commune aux modules

e — e — meéthode d'éclaircie :
@ o — spécifique a chaque module

Sepquimer b sislection

Desmpe, 11z 06 Densa o, 11: 15 = | awowner

fi Lovgeun e Fintensie de densiti 10, .51: [1 3
o on 3 nwuier . dain

It is developed in the frame of the ANR Forgeco project by three teams:

- Irstea, Nogent sur Vernisson (P. Vallet, T. Cordonnier)
-> Foret d'Orleans
-> Massif du Vercors
- ULG, Gembloux, Belgium (P. Lejeune, G. Ligot)
-> Ardennes belges
- EFI Atlantic, Bordeaux (C. Orazio)
-> Aquitaine
Capsis / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy
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Capsis mutualisation Benoit Courbaud (Irstea, Grenoble)

SamsaralLight: a reusable library for radiative balance

A library implementing the radiative balance of the Samsara model, to make it possible to
reuse it in other models (Quergus, Heterofor, RReShar, Samsara and Samsara2, Mountain).

- adaptable to spatialized individual based models

- the crown is a kind of ellipsoid or a cone

- two modes: turbid medium volume or porous envelop

- irradiance (MJ) for each tree and each cell on the ground
- the irradiance can be considered for tree growth

' g / Samsara
(G. Ligot, ULG, Belgium) (M. Jonard, UCL, Belgium) (B. Courbaud, IRSTEA)

Quergus terofor

Capsis / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy 11



Chaining of models Dave Pont (Scion, New Zeland), Fredeéric Mothe, Patrick Vallet (INRA Lerfob,
Nancy), Céline Meredieu, Thierry Labbé (INRA Biogeco, Bordeaux)

Wood Quality Workshop

Coupled to a growth model (Radiata pine, Maritime pine, Oak), logging algorithms,
sawing is possible
[+ ] Atelier Qualité du Bois - f.150a 0O X

Arbres | Billons |

Résultats des calculs de billonnages
- |d job Tyhe Statut Fesultat Lancement Dernier statut |)(
8|Geolog Finished &2 hillons 10z 708 114421 |10/02/08 11:.44.45 |+
ClRillnnnane cwectérmati o Finiched Aar hillaks 152 nE 1A 5851 15 /M2 08 1700 hd
Billons du calcul sélectionné :
— - - - 4 esLlt Launch time  [Last status change
Id pigce . + Id art:ure1 Fang dans..l. Effec'cn;L 5 Mb disques Mb brancheg Mi pmn‘ JVisu billons 2D ‘v £ 6/26/06 528 . |6/26/06 528 |~
: 2 i GI2GI0G 522 |Gf2G 08 522 |
2 1 2 1.0 10 0] Hauteur {mh Aubier PR P R bl
2 1 2 1.0 21 0 = E'uramen
= — Carce
4 1 4 1.0 21 0 L 18 sommet _Ease de,hnluppier
= = = = = — Bois juvénile 4 -
[+ | Billonnage de chéne O X || | | 327 HE al 317 W L e
Liste des produits : Regles de billonnage 25 | Height {m! Saprand
ATeRE A1emETT = ] at
(priorité décroissante) tranchage ] . E ] — Diwenhile wood
souche e ] 8 p;mculle | - 15
tranchage nombre maximal / arbre : 1 ] eIl — .
merraing / 20 B particule 14
houppier accepté : ] ] 12
plot 164 5 stiage -
sciage longueur minimale (m) : 1.0 || 104
124
vl longueur maximale (mj : 2.2 / \1 stiage || 8
rticul
e diamitre minimal ¢om) : 50.0 § — B
feu ) 3 sciage | i
sommet position relative du diametre: 0.5 4 &
(0=gros bout i 1=fin bouy . / W, 2rgnchage N E
T T T T T T T T T T T 1 U T
iami 5 . 0
diam@tre sur écorce : i c 10 15 20 a5 30 35 - ) 1 ) ) A . A ;
prix f m3: [2.530968078(* diam + 143 57591565 N . _:
. . . . [ v v i il
enregistre notes minimales de qualité d'arbre aléatoire (0 a 1) : Ans L ,,_| Names Legend
[¥] exporte nil:-1.0 | n2:-10 | n"3:]-10 |
intervalle {my: (0,25 .
. A Q diametre maximal (crm) : 140.0
precision {m) : [0.0010
germe U : [0 diamétre maximal du coeur branchu @©m) : [10.0
_ rapport maximal coeur branchu / duramen : |1.0 - -
ER— = 5
| ok || Annuter || Réiniviatiser || Aide | = hd
-

Close || Help ‘

| Fermer || Aide
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Capsis Christine Deleuze et al. (ONF, R&D)

Capsis-ONF-2012 - 21 dec 2012

Office National des Foreéts
- a Capsis installer on an ONF server for internal distribution
- upgraded each year (december) by ONF
- with the Capsis developers and modellers
- a single Capsis with 18 modules:

Abial (INRA) Oakpinel et 2 (Irstea)

Artemis (MRNF, Québec) PiceaAbies (FCBA)

CA1l (INRA) PNN2 (INRA)

Fagacées (INRA) Pp3 (INRA)

Gymnos (Gembloux, Belgique) Pseudotsugamenziesii (FCBA)
Laricio (Irstea, INRA) Regix (FCBA)

Lemoine (INRA) Samsara (Irstea)

Melies (Irstea) Sylvestris (Irstea)

NRG (INRA)

Capsis helps write/update ONF silvicultural guides (about 17 since 2004)
e.g. Massif Vosgien - Sapin, épicea et pin sylvestre, Thierry Sardin (2012)

Capsis / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy
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AMAPstudio: a software suite for plants architecture modelling

Objectives: Build a software suite to provide editors and integrate simulators for
plants multi-scale architecture modelling, for the individual plant or the vegetal scene,

for modellers and teaching

I

Topology based on the Multiscale Tree Graph formalism (C. Godin and Y.
Caraglio, “A multiscale model of plant topological structures”, 1998)

¢

Node attributes
length
diameter

color

weight

=== Decomposition
=mm Succession
=== Branching

~—€4psts / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy

ext1
ext2 E ;
. Neof -

ext3

Pilots

Mutualization

12a | 13a |— 1l4a 4
——p —|:
Developpeurs C #¥12b |— 13b |— m14b
MOCElISALEUTS  ammmm—
Utilisateurs b
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AMAPstudio: Xplo + Simeo

| AMAPSstudio

Xplo

Forest dynamics models High-detailed vegetal

scene

|
|
Capsis —- i Simeo
|
|

Capsis- Capsis- Capsis- | Simeo- Simeo- Simeo-
PP3 Heterofor FireParadox | Lollymangrove Edito Archimed
(800 000 |
trees) |

Capsis / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy 15



Xplo: how does it work ?

Excel like
editor

Xplo - Linux - Graphical user interface - English

initialisation

model : time loop (optional)

Capsis / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy

selection
. export
3D View
\ u >
r 7 A “\ hl
(000 / Xplo - [Gre.Jma] \‘
Project Selection Script Window Geometry Tools Help : \‘
(B e dv 90 & § / : \
|
Browser Render editor > // == DView X ‘\ = -
Mumber of nodes = 170 / ‘\ ]
Display individu : |Scene =) /o1 Iﬁ ¢ @
| collapse | | Expand | ///
Topology | Name | FileMame |Ylnser‘ci...,/ | XEuler | Volume \
v 5 (1) Scene / L; \
v ?’@ (2) PlantCorner PlantCor... ArchiTree
v g8 (3) MainAxis Mainxis 0
. v 5 (4) Metamer 138
v (5 (5) Internode 11.506_J
v 5= (6) Leaf 60
[E] (7) Petiole 0.071
#] (8) Blade 0.39
v & (9) Metamer 138
v (5% (10) Internode 11.285
¥ == 60
[El 12) Peticle 0.683
] (13) Blade 1.984
v & (14) Metamer 138
v (5% (15) Internode 11.043
v 5= (16) Leaf 50
[El 17) Petiole 2.093
#] (18) Blade 4,656
v & (19) Metamer 138
¥ 54 (20) Internode 10,896
v 5= (21) Leaf 60
[E] (22) Petiole 4.073
%] (23) Blade 9.263 it ==
v &, (24) Metamer 138 Project GrFenIab 1 [Gre] - Unknown surface - All in memory
v (5% (25) Internode 10.699 [ 1a j—[ 21a J-_41a J{_6la J-_8la Jq_100a | -
v &5 (26) Leaf 50 ;
[E] (27) Petiole 5.19¢, ‘w‘
BN " J T \‘
1 .
Expanding tree “‘ E prOJeCt
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Simeo: how does it work ? 3D view

/ export
/
/
/ .
[QOG Simeo 0.9- [edito-50.p.+15a] 1
Project Insertion Selection Tools window Help
A T R /
OB ©EO
/
3D View / BB x Rendering 0 =
M[Type “Renderer ‘
7 Open Plant Format (.o... Edito Qutlines
& [Terrain DTM
& [Grid Grid
Select a renderer to tune its options, right click to
replace it by another one
m (m (mz (8] ¥ 8
Renderer: Edito Qutlines > Open Plant Format {.op |~
Se|eCtI0n T Points size (pixels): |1
[] Bounding boxes | M|
Color: O ltems @ Scales () Attributes
Scale1 (M| & (#59)
Scale2 (M| & (#139148)
» Grid =| | Scales (M| & (#7759)
v Terrain ” Scales (M) & (#133260) L
Terrainitemld:2 1 T —
¥ Open Plant Format (.opf) (59 iterns) . n '
023-5431.0 ; . Rendering | Selection | Edition
p53-4739.0pf (edito-50/scene.15/), file(s): .opF i
. p26-4161.0pf (edito-50/scene. 15/), file(s): .opf Proljects . . . - 5O x
p24-2394,0pf (edito-50/scene.15/), file(s): .opf Project Ed.l(\to (Simeo Scene Editor) [edite-50.p] - 384.07
p25-5427.0pf (edito-50/scene.15/), file(s): .opF \ .~
tabUIar p54-5226.0pfF (edito-50/scene.15/), file(s): .opf \ T~
. p10-5226.0pf (edito-50/scene.15/), file(s): .opf \ T~
view 5 e et o : ~
{Im Collapse all Expand all Selection: 1 .
_____ 2 T — » project
\
Mernorizer capsis.extension.memorizer. DefaultMermorizer was correctly set for project Project_edito-50.p \\
Simeo - Linux - Graphical user interface - English model - initialisation

+ time loop (optional)
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Xplo /| Simeo: Software design

the plugins for rendering,
export, adding/removing
plants (...)

the common graphical < Libraries >

user interface

>

Pilots

MTG files 4

OPF files
OPS files

Abaqus export
OBJ export
Mesh renderer

MNT renderer

Plugins

<

III \ the plant architecture

development models

Slmulatlon models

Capsis / AMAPstudio - MeMoWood Conference - Oct 1-4 2013 - Nancy
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AMAPstudioleditors (illustration) Sébastien Griffon (Cirad AMAP), Francois de Coligny (INRA AMAP)

Xplo and Simeo editors

- create plants / vegetal scenes interactively

- check and correct them, build geometry

- run biophysical simulations (e.g. biomechanics)
- load and save plant / vegetal scenes

- export to other formats

An example: Retrospective analysis of fir sapling growth vs. light interception (Taugourdeau et al. 2010)

Field Measures Reconstruction Vlrtual Field Simulationf Restitution
_ I :
Ap200% 4

ASEL<<ET
A<EB<<ELL
AcE12<<E3D

+A2
4/pP2006 3.5| | 90
A<P2007 5

Xplo p» Simeo — p MMR —p Xplo

From plot to simulation, (a) view of a subplot in the dry (D) treatment, (b) plant architecture coded in
accordance with AMAPMOD/MTG syntax (Godin & Caraglio, 1998), (c) topological and geometrical
plant reconstruction with Xplo, (d) stand reconstruction with Simeo, (e) light interception calculated
using MMR model and analyses by Xplo

Taugourdeau O., Dauzat J., Griffon S., de Coligny F., Sabatier S., Caraglio Y. & Barthélémy D., 2010. Retrospective analysis of
fir sapling growth vs. light interception, Actes du 6éme colloque international sur la modélisation structure-fonction (Functional-
Structural Plant Models, FSPM), 12-17/09/2010, Université de Californie a Davis (USA), pages (93-95)
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AI\/IAPstudiolsimuIation models | (illustration) Philippe de Reffye et al. (Cirad AMAP)

Greenlab 1

- Greenlab is a mathematical plant model simulating interactions between plant structure and
functions

- biomass produced by organs (sources) is allocated to expanding organs (sinks) according to their
relative demand

- plant parameters can be adjusted by fitting on real measurements

- Greenlab can compute the plant architecture for various species in interaction with their
environment

- this model's underlying concepts can potentially predict the plant's phenotypic plasticity, for
Instance, pruning affects the internal competition for the resources and may lead to different leaf
sizes

de Reffye P, Hu B-G. Relevant qualitative and quantitative choices for building an efficient dynamic plant growth model: GreenLab case. In:
Hu B, Jaeger M, eds. Plant Growth Modeling and Applications (PMAO3); Proceedings of the 2003 International Symposium on Plant Growth
Modeling, Simulation, Visualization and Their Applications; Tsinghua University Press, Springer; 2003. p. 87-107
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AI\/IAPstudiolsimuIation models | (illustration) Hervé Rey (Cirad AMAP)

Principes

- models and simules the development and architecture of vegetative and reproductive
parts of date palm (Phoenix dactylifera L.) from germination to any age

- a continuation of studies that have been carried out for almost 20 years on palm-tree
architecture

- Principes brings a generic, multi-scale, structural model for palm-trees based on the
organisation of the various organs
- each organ carries its own attributes (lengths, diameters, branching or deviation angles,
inter organs distances, etc.) :
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AI\/IAPStudiolsimulation models [ (illustration) Tristan Charles-Dominique (Cirad AMAP), Francois Munoz (UM2 AMAP),
Yves Caraglio, Jean-Francois Barczi, Jean Dauzat (Cirad AMAP)

InSilEco - Architectural plasticity in ecological communities

- simulate the growth of several tree individuals in a forest stand

- the growth of an axis depends on the amount of light that it and its leaves receive

- the simulation process then combines architectural rules defined at species level (AmapSim), an
illumination module used to assess light interception by leaves (MIR), and a coupling of axis
growth and ramification capabilities with local light interception

The objective is to assess the effect of competition for light within and between species on the
overall structure of the forest stand

Powered by AmapSim, Simeo and Archimed-MMR
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AMAPstudio common features

Exporting to other formats / software
.0bj (Blender...)

.ops / .opf/.mtg

# Simeo OpsFormatExport: Mon Oct 15 11:46:11 CEST 2012

# Part 1: one line per plant in the scene

plantId plantFileName X y z scal AMAPStUdIO

#sceneld
1 1 opf/pl-mod_Rauh_14.opf 30.862822679993986 50.¢
1 3 opf/p3-mod_Scarrone_7.opf 54.86255259261524
1 4 opf/p4-mod_Massart_10.opf 45.36609940359506 21 m R Em LW ommoRm oL Em oY
1 |
# Part 2 (optional), chaining: only if scenario or project, one line 1 - = <
#motherId sceneld date 1 - AL
-1 1 0 I Xp|0 1
. - |
— B I ! B ,
— | -
I |
- . |
i Simeo I
I -
I |
of | HEN BEN EEN 0§ ] BN N a0 E. .

Archimed MMR / ART / Lidar ’/
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Capsis - AMAPstudio

Perspectives

Capsis is in production: 60 models integrated since 1999
- support new projects starting
- training courses, starting sessions

- permanent support
- annual meeting

AMAPSstudio is younger

- improve our software

- support medium / big size projects like Capsis (ANR, European project...)
- find partners outside the lab
- support simulation models for high detailed vegetation scenes

http://www.inra.fr/capsis

Capsisd o
Capsis

L3 & Computer-alded projection of strateglies in silviculture
e The Capsis documentation
= Download
= FAQ 1. Using Capsis: documentation for the end-users
= Screenshots
= Charter

This section is for the Capsis end-users who were given a Capsis installer (Zip or

= Publicat : i i
e IzPack jar version) by a Capsis modeller (see the Capsis charter). Your installer

= Documentation

- Projects generally contains only few models (the other models in Capsis are not all free). For a
= Development complete and up to date list of projects, see the models page.
= Contact

Installation Guide

Tutorial(fr) / Tutorial(en)

FAQ (frequently asked question)
The Capsis Manual

Help Index

2. Developing in Capsis: documentation for the
modellers

This section is for the Capsis modellers. You have the complete version of Capsis
including all the models thanks to the Capsis charter. You can find here documentations
about Capsis, Java and various tools used in the Capsis project as well as reports,
training courses and various other documents.

HED J 2.1 Getting started
[HRD =

f————
pour 15 doveloppewint

Urme

= Who can join the Capsis project ?
= Developing in Capsis with SVN and Ant

= Amap-dev - development web site

Q.| Sitemap Login

The Capsis documentation

1. Using Capsis:
documentation for the
end-users

+ 2. Developing in Capsis:

documentation for the
modellers

2.1 Getting started

2.2 Developing
modules

2.3 Extensions
2.4 Scripting

2.5 Documenting and
distributing your model

2.6 Good practices
2.7 Libraries
2.8 Specific concerns

2.9 Technical topics for
skilled developers

3. Training lessons

Capsis 4.2.2 training
(2010) [new]

Previous trainings

4. Presentations and other
documentations

5. Reports of Capsis
annual meetings

6. Conventions, norms
7. References
8. Useful links

= Code Editor (Notepad++ / Textpad / Scite / Eclipse) CapSIS / AMAPStUdIO - Me MO\A

http://amapstudio.cirad.fr

L
3
L3
3

A

‘A software studio for plants architecture modelling

Home

News
Projects
Screenshots
Download
FAQ
Documentation
Publications
Charter
Contact
AMAP

AmapSim
Archimed
Simeo
Xplo

M AP

@cirad

ood@ference - Oct 1-4 2013 - Nancy% .

Q, | Sitemap Login

Community news

Chloé Bourden (Master student, IRD AMAP) used Simeo - Lollymangrove in order to (1) upload and verify her
field inventory data, (2) calculate the plots’ biomass and carbon with different allometry models and (3)
visualise the type of structure for mangrove populations. (C. Bourden, 2.7.2013)

AMAPstudio was presented by S. Griffon at FSPM2013, the 7th International Conference on Functional —
Structural Plant Models in Saariselka, Finland (3-14th june). (F. de Coligny, 14.6.2013)

A Palm tree workshop related to ecophysiology and modelling has been organized by Cirad last 22nd May
2013. During this workshop, the AMAP lab presented a collective contribution showing the past collaborations
with the other teams in Montpellier, the new projects, the goals regarding sciencific results and applications,
and the possible partnerships to reach them. T 2013-05-22-rey-journee-palmier-a-huile-agap.pdf (H. Rey,
23.5.2013)

René Lecoustre, Jean-Francois Barczi and Hervé Rey attended the First International Meeting on Phytogenetic
Resources of Date-Palm from 15 to 17 April 2013 in Djerba, Tunisia. They presented two communication on (i)
statistical studies on the allometric relationships for the vegetative part (PRINCIPES model) and (i) root
architecture analysis and modelling (DigR model) of Phoenix dactylifera. After this meeting, a working program
was built for the next two years concerning the MOCAF and PHC Maghreb projects. (H. Rey, 29.4.2013)



Thank you for your attention

Dufour-Kowalski S., Courbaud B., Dreyfus P., Meredieu C., de Coligny F., 2012. Capsis: an open software framework
and community for forest growth modelling. Annals of Forest Science (2012) 69:221-233

Griffon S., de Coligny F. 2012. AMAPstudio: a Software Suite for Plants Architecture Modelling. In: Kang M., Dumont

Y., Guo Y., eds. Plant Growth Modeling, Simulation, Vizualization and Applications. Proceedings of PMA12. Shanghai,
China: IEEE press, pp. 141:147
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Capsis illustrations Céline Meredieu, Thierry Labbé (INRA Biogeco, Bordeaux)

Models for maritime pine in the Landes de Gascogne

¥ !/w"' Lemoine model (stand level, plantation): . &, LesLandes de Gascogne
15
1 - age 8 —

NS LERES - number of trees
- girth (dominant, mean)
- basal area
- height (dominant, mean)
- volume (mean)

a list of trees
BL bl - age
“““““ - diameter, Height, volume of each tree
- number of trees in each category
- crown (Height, diameter)
- other information (biomass, carbon, etc.)

ff:: “ PP3 model (distribution model, plantation):

Applications, further works:
- a permanent resource analysis system (with IFN - National Forest Inventory)
- dead wood modelling and biodiversity
- models transfer to the silviculture prescribers
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Capsis illustrations

Jackpine

Robert Schneider (UQAR, Québec)

Predict the effect of different scenarios on the growth and wood quality of jack pine,
black and white spruce in Québec.

The Crobas - PipeQual model by Annikki Makela (University of Helsinki, Finland), a
reusable library for Crobas was added in Capsis

Model inputs

Number of size classes

For a size class

Model outputs

Tree level Whorl level
w Ab, Db
-f
-b .
-5
-r
-t As, Ds
A

=5

-b

-t v
D

5 ch N
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i ._dbhl orientation
A insertion angle
- —
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—J.21n — 21 —j2ly
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http://www.mrn.gouv.gc.ca/publications/forets/connaissances/recherche/Fortin-Mathieu/Memoire156.pdf

Mathieu Fortin, Luc Langevin (MRNF Québec), Jean-Francois
Artemis-2009 Lavoie (Arcane Technologies)

Capsis illustrations

>z
s
-~
!
1]
-y,

A distance-independent tree model for the main m i = 5
potential vegetations in the province of Québec -y - §

Objectives, at the provincial level:
- develop silvicultural strategies
- update sample plots
- calculate the allowable cut

Six sub-models to forecast (i) the temporal change of
mortality, (ii) diameter growth at breast height (dbh) of
surviving stems, (iii) the number of recruits, (iv) their
diameters, (v) height and (vi) volume using dbh.

Ressources naturelles
et Faune

Québec s

The permanent plots of the MRNF-DIF in Québec:
12001 plots, from 1970

Other Capsis models by the Québec MRNF since 2002:

Présage (Daniel Mailly, Sylvain Turbis): a model of production and evaluation of scenarios to help
management of forests in Québec

SaMARE (Sadi Aid, Sylvain Turbis): a distance-independent tree model for sugar maple- dominated
stands (sugar maple, yellow birch, American beech and other broadleaved species)

Natura (Sadi Aid, Isabelle Auger): a whole-stand model for the province of Québec

Succes (Mathieu Fortin, Luc Langevin): a succession model for the main forest types in Québec
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Capsis illustrations Ghislain Vieilledent (Cirad BSEF, Montpellier)

twoe: tropical forests

twoe (2e) is a software that can be used for modelling and simulating multispecies
tropical forest dynamics from permanent plot data

Two packages:

- an R package to estimate the demographic parameters of tropical tree species from
permanent forest plot data
- a Capsis module to simulate forest dynamics

More details on http://twoe.org/
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Capsis illustrations Philippe Dreyfus (INRA URFM, Avignon)

Ventoux: modelling a forested ma

Realistic sylvicultural scenario and
evolution over 100 years

Initial stand:

Precommercial thinning
Removal of the last seed trees
‘__‘ Ia[ i o L] ;'lql_--- F T g

~
L4

T
gl g el
.MA' '-1!. 1 q L'_'.l‘ﬂ ) 'J...F!Jl'!iili‘i!:]

b X |

! regenaration par coupes progressives ou couvert de Hin. qui bendficie
autant au Heotre quiaux semvs de Pin: dépressage unigue. & loccasion duguel la
proportion des dewx essences peut ére en partie modifige (mais le dynamisme du

Hatre et 53 facwlid & refeter ne pemeltent pas de lafiminer, méme si on souhaite

A e e e i L. ¥
. 2nd regeneration cutting
e R

necessitd dofrir un volume sufffsant & chagque intervention pour favonsar la venta

favoriser au maximum le Fin): eclaircies. en nombre fmiteé compte tenuy de la
das fots.

Figure 7 : Simulaiion dun scenaro sylvicole complet réaliste et evolution sur 100
ams dune plantation de Pin noir fen vertl en cours de colonisation par e Heétre fan

rouge)




Capsis illustrations Philippe Ancelin, Benoit Courbaud (Irstea, Grenoble), Thierry Fourcaud (Cirad AMAP)

Foreole: individual-based wind risk

An integrated library

- assess the risk Zoom
- simulate trees removal A
)
A5 m g}j&ﬁﬁ?_. LE3EE
mEm 42 00200 cRU DL 288 By
s
a (ND)
P "/ AIRE
ForeOIe oo i AN .
e
Tree 43 Tree 113
STEM BREAKAGE NO DAMAGE

Viewer 3D

¥ z
H=33im
H=30m
‘ ®

& [x

A
A
=l
Helight (m) Height m)
35.07] 3007
30.07) 4
25.0
25.07]
20,07
20,07
| 15.07]
15.0
I 4 10,07
10,0
50 ] 507
Mountain growth model (Spruce) wl—+
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Capsis

Results 1/2

Dufour-Kowalski S., Courbaud B., Dreyfus P., Meredieu C., de Coligny F., 2012. Capsis: an open software
framework and community for forest growth modelling. Annals of Forest Science (2012) 69:221-233

Table 2 Modules in Capsis: scope and main characteristics (see also Online resource 1)

Climatic Stand Stand Stmulation Main Specific  Species” Module name
zone composition®  structure  levels® processes” features"
Temperate  Pure Regular  Average tree, stand  Gr (DI), Mo, Cytisus scoparius Cytisus
Re, Di
Average tree, stand  Gr (DI), Mo Phy Abies alba, Fagus sylvatica Dymaclim
Average tree, stand  Gr (DI), Mo Phy, Ge A. afba, F sylvatica PhysioDemoGenetics
Average tree, stand  Gr (DI) Th Pinus pinaster Lemoine
Average tree, stand  Gr (DI) Many species Matura
Average tree, stand G (DI) Eucalypt ssp., Populus ssp. Regix
Tree, stand Gr (DI, Mo Th A alba Alaal
Tree, stand Gr (DI, Mo Picea alba Afocelpa
Tree, stand Gr (DI, Mo F pinaster Afocelpp
Tree, stand Gr (DI), Mo Cedrus atlantica CAl
Tree, stand Gr (D), Mo FPsewdotsuga menziensi, Douglas
Larix spp., Picea abies
Tree, stand Gr (DI}, Mo Th Cueercus petraea, F syilvatica Fagacees
Tree, stand Gr (DI}, Mo Br FPinus halepensis Fiesta/NR G
Tree, stand Gr (DI}, Mo Finus nigra laricio Lancio
Tree, stand Gr (DI, Mo Abies balsamea Matapedia
Tree, stand Gr (M/D), Mo Th F pinaster ModisPinaster
Tree, stand Gr (DI Br Pinus radiata NZi
Tree, stand Gr (DIp, Mo Br FPinus nigra nigra PNN/Pon2
Tree, stand Gr (D) F pinaster PP3
Tree, stand Gr (DI}, Mo . petraea 051
Tree, stand Gr (DI}, Mo Pinux svlestris Sylvestris
Average tree, Gr (DIy Th 2 virtual species Mustard
stand, forest
Tree, stand, forest  Gr (M/D) Th Many species IFNCA
Tree, stand, forest  Gr (DI}, Mo, Ge C. atlantica Luberon
Re, Dn
Tree, stand, forest  Gr (DI), Mo Pinux contorta MPB
Tree, stand, forest  Gr (DD), Many species Presage
Mo, Re
Tree, stand, forest  Gr (D), Ge . petraea Cruercus
Mo, Re
Tree, stand, region  Gr (DI), Mo FPinus svivestris, Quercus sp. Simmen
Tree, stand, region  Gr (DI Th F pinaster Sylvogene
Iregular  Tree, stand Mo, Re, Di Ge FPrumus mahaleb Prunus
Tree, stand, forest  Re, i C. atlantica Abecedrus
Tree, stand, forest  Gr (DI), Mo, A. alba Migration
Re, Di
Tree, stand, forest  Gr (DD, P abies Mountain

Mo, Re

seedlingsh (D). Details for growth submodel: distance-independent tree growth (Gr (DI)). distance-dependent tree growth (Gr (DD)), growth
*? Genetics (Ge). ecophysiological processes (Phy). branching model (Br), automated thinning (in addition to Capsis’ mteractive imtervention tools) (Th)

“Forest dynamics processes: growth (diameter and, possibly, height) (Gr), mortality (Mo), recruitmentregencration (Re), dispersal (seeds/
submodel relying on a transition matrix or a diameter distribution curve (Gr (MAD))

*“Purc" with a list of species means that the model either works with a pure stand of one of these species at a time or can simulate concurrently

several pure stands of different species m the same forest

b Seale levels at which the model works or the module gives outputs (with mone or less details depending on the model)
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Capsis

Results 2/2

Dufour-Kowalski S., Courbaud B., Dreyfus P., Meredieu C., de Coligny F., 2012. Capsis: an open software
framework and community for forest growth modelling. Annals of Forest Science (2012) 69:221-233

Table 2 {contimued)

Climatic Stand Stand Simulation Main Specific  Species” Muodule name
zone composition®  structure levels® processes” features"
Mixed Regular  Awerage tree, stand  Gr (DI) F abies, A. alba Melies
Tree, stand Gr (D), Mo Q. pefraea, F. sylvatica, Fagacees—Sylvestris
P sylvesiris
Tree, stand Gr (D) Q. petraca, F sylvatica, Oakpinel
P sylvestris
Tree, stand Gr (DI (. petraea, F. sylvatica, Oakpine?
F sylvestris
Tree, stand Gr (M/D). Mo Th Larix olgensis, Picea fezoensis, LSFMGM
Abies nephrolepis
Tree, stand, forest  Gr (DI}, Mo Pinus banksiana, Picea glavca,  JackPine
Picea mariana
Tree, stand, region  Re Many species Succes
Irregular  Tree, stand Gr (DD Populus spp.. Juglans nigra Hi-=AFe
x regia, Prunus avium, cTops
Tree, stand Re Broadleaved species Regelight
of north-castern France
Tree, stand Gr (DD}, Cheercus sp, P sylvesiris FReShar
Mo, Re
Tree, stand Gr (DD}, Acer saccharum, Samare
Mo, Re Betula alleghaniensis, Fagus
grandifolia, other broadleaves
Tree, stand Gr (DD, P abies, 4. alba, other species  Samsara
Mo, Re
Tree, stand, forest  Gr (DI), Mo, Ge Sorbus torminalis, . petraca,  Alisier
Re, i F sylvatica
Tree, stand, forest  Gr (DI}, Mo, Ge F. sylvatica, virtual species TranspopRege
Re, n
Tree, stand, forest! Gr (DI), Mo, Ge, Th A affe, F sphatica, Ventoux/VentouG
landscape Re, In P migra nigra, P sylvestris,
Pinus uncinata
Tree, stand, forest  Gr(DI), Mo Th P halepensis, P svivesiris, FireParadox
P pinea, P, pinaster,
P migra laricio, £ nigra nigra
Tree, stand, region  Gr (DI, Th Many species Artemis
Mo, Re
Subtropical  Pure Regular  Average tree, stand  Gr (DI) Th Pinus massoniana I5GM
Tropical Pure Irregular  Tree, stand Gr (D) Eucalvptus spp. Eucalypt
Tree, stand Gr (DD Rhizophora spp. Mangrove
Tree, stand Gr (DD}, Re Avicenmia spp., Paletuviers
Rhizophora spp.
Tree, stand, forest  Gr (DI), Re Ge Fitellaria paradoxa Karite
Mined Irregular  Tree, stand Gr (DD, Many species Sehva
Mo, Re
Tree, stand Gr (DD}, Br Many species Stretch

Mo, Re

seedlings) (Di). Detals for growth submodel: distance-independent tree growth (Gr (DI)). distance-dependent tree growth (Gr (D)), growth
* Genetics (Ge), ecophysiological processes (Phy), branching model (Br), automated thinning (in addition to Capsis® mteractive intervention tools) (Th)

“Forest dynamics processes: growth (diameter and, possibly, height) (Gr), mertality (Mo), recruitmentregeneration (Re), dispersal (seeds/
submaodel relying on a transition matrix or a diameter distribution curve (Gr (M)

““Purc" with a list of specics means that the model either works with a pure stand of one of these species at a ime or can simulate concurrently

several pure stands of different species in the same forest
B Scale levels at which the model works or the module gives outputs (with more or less details depending on the model)
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AMAPstudio: a software suite for plants architecture modelling

AMAPstudio contains applications and models
- to rebuild, explore, analyse and study the growth
of plants from an architectural point of view
- at the individual or vegetal scene level

Xplo

Multi-scale plant

High-detailed vegetal

]
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A palm-tree 3D mock-up under inspection in Xplo (Hervé Rey, Cirad AMAP)
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AMAPstudio: the Charter

Clear participation rules

MTG files
OPF files
OPS files

Abaqus export

Pilots
Plugins

OBJ export

Simulation models

-~

Mesh renderer

MNT renderer

All the common parts are free software (LGPL), they are reusable by everyone
-> all except the workspacel/, xplo/module/ and simeo/module/ directories

Free kernel: the AMAPstudio kernel is a free software (LGPL licence) : kernels + generic

pilots + extensions + libraries

Development: the modellers are in charge of the development of their models in
AMAPSstudio

Support: They can have support from the developers : training sessions, design, starting
help, further assistance

Free access in the community: All the source codes are freely accessible by all
members in the AMAPstudio community, modules may become the base for new
modules, code can be shared...

Respect of intellectual property: all members respect the intellectual property of the
other members

Validations: developers deal with technical validation, modellers deal with functionnal
validation

Distribution: the stabilized / validated modules may be distributed when the author
decides and chooses a licence (LGPL free license suggested)

Decentralization: modellers manage directly the relations with their end-users: financing,
training, assistance, models documentation, contracts...
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Xplo illustrations Hervé Rey, Jean-Francois Barczi (Cirad AMAP)
DigR

- DigR (Rey et al., 2011) is a root architectural model and simulator

- it relies on topological concepts as apical growth, lateral branching, senescence and death,
and geometrical features as secondary growth and axes spatial positioning

- each of these properties are sorted into a root typology

- the current version runs without functional processes, however AMAPstudio will help
developing further versions including functional — structural interactions during growth
simulation and dealing with environmental influence (i.e. soil properties or aerial part
contribution)
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Xplo illustrations Olivier Taugourdeau, Jean-Francois Barczi (Cirad AMAP)

DRAFt (Demand, Resource, Architecture and Functioning at discrete time)

- a minimal FSPM designed to simulate emerging plants morphogenetical gradients

- tree architecture gradients is an emerging property of the interplay between structure function and
iterative development

- DRAFt simulates the development and functioning of the tree aerial part at a yearly step

- it is based on biomass allocation, and relies on a 6 parameters equations system

- minimalist approach -> possible to use analytical tools to study the model sensitivity and
behaviour

Taugourdeau O, Barczi J-F, Caraglio Y. Simulation of Morphogenetical Gradients Using a Minimal Functional-Structural Plant
Model (FSPM). In: Kang M., Dumont Y., Guo Y., eds. Plant Growth Modeling, Simulation, Vizualization and Applications.
Proceedings of PMA12. Shanghai, China: IEEE press; 2012. p. 379-387.
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Simeo illustrations

Lollymangrove

Christophe Proisy, Chloé Bourden (IRD AMAP)

- develop a standardized protocol for describing mangrove stands from forest inventories
- integrate allometric relationships between DBH, crown dimension, tree height and tree biomass to
make possible the visualization of lollypop-like mangrove stands

- compute biomass at both the

tree and stand scales

- provide a robust and easy-to-use interface allowing data exportation into various formats directly
usable by other simulation tools (e.g. the DART model, a 3D radiative transfer model able to
simulate optical remote sensing images)
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