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Capsis: 1994-2014

A Generic Software Platform for forestry modelling

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

0@

Capsist

&

About Capsis

Capsis 4.2.3-7667

Computer-Aided Projection of Strategies in Silviculture

Francois de Coligny, Samuel Dufour-Kowalski - INRA AMAP

and the Capsis modellers (see below)

AMAP: Botany and Computational Plant Architecture

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

Model 4| Type | Author | Institute

Matapedia (v1.0) MAID Mathieu Fortin MRMNF - Québec |a

Mediterransa (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 INR& URFIM

ModisPinaster (v1.0)  Distribution model f... T. Fonseca, C.P. Mar... (a) UTAD CIFAP, Por...

Mountain (v2.1) MADD Benoit Courbaud Cemagref )

Mpb (v1.0) Landscape and 5ta... Jean-MNoél Candau - ... GLRC-MRC - INRA

Mustard (v1.0) Stand based Céline Meredieu, Thi... INRA [ Cemagref

MNATURA (v1.0) MADD Sadi Aid (dev) MRMNF "'
Lnes na RAAMIT Philinna Mranfuis 1A1=F:} |

Abccedrus : E. Klein, F. Guiton, M. Haddad, /NRA BioSFP
The Abccedrus model by E. Klein, F. Guiton, M. Haddad (March 2011)

| € Documentation | | L License |
Java version : 1.5.0_45 (Java HotSpot(TM) 54-Bit Server WM 20.45-b01)
Operating system : Linux 3.5.0-40-generic
Hardware architecture : amd&4

? Ok |

Started in 1994 by Philippe Dreyfus (INRA URFM, Avignon)



Capele : maln optlone
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Capsls: how coes It work 7
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Capsls: several ways of use

Interactive (french / english)
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Software ForestGALES 2 in 2004

B ForestGALES
File Mode G5 ‘window Help

e S

E}FoleslGALES batch mode - GALES1

Batch mode inputfile |

Input :

Classical yield table,

mean and dominant

stand values; each

line corresponds to a
stand at a given age

on |Drainage |T0p Height(m)lDElH(m) |Spacing(m) |Upwind_G|DAMS

O oo oo o0 o o o ot = O o o

Batch mode helper
[ ok

Stand ID |sc003 SITE |2 q | » |

DESCRIPTION WALUE
Species ICorsican Pine j |2_
Saitype [Litorsl Soi = s

Cultivation IShaIIow Ploughing = 45cm

Drainage IGDDd drainage

Top Height (m) |28_:| DEH (o) IW:’
Spacing (m) Fﬂ Up wyind Gap (m) lo_ﬂ
DAMS |24_:I

=1L =]

[* RUN

[ Cpen

[ Mew

E Save Input
Save Output

Report
& Use Helperl
% Help

jL Cloze
& Clear Al

Mumber Pairts

e

Critical wind speed and its return

period for breakage and overturning

for each stand description of the

OUTPUT [Stand ID Overturn Retn |Breakage Retn |Cr'rt_\l\11nd |Species |Soil |Cunivaﬁon|Drainage |T0p Height(rrIDElH(m) |Spacwng(m) |DAMS |Gap Sizel
1 SCO01 200 200 2958 10 7 4 1 12 012 17 15 [

2 SCO01 11 a1 mm 7 1 134 013

3 SCO01 2 2 19 10 7 1

4 SCO01 1 1 17.02 10 7 1 Ou utS "

5 sC002 2 1 1867 8 6 p .

3 sC002 1 1 161 8 3

7 sC002 1 1 1575 8 [

8 sC002 3 2 192 8 3

a sC002 3 1 1851 8 3

10 scon2 2 1 16.73 8 3

11 scon2 1 1 144 8 6

12 SCO03 ag 200 3118 1 4

13 50003 1 3 2281 1 4 : t t bI

14 SCO03 1 1 15.08 1 4 In p u d e
15 SCO03 1 1 1327 1 4

16 SCO03 1 1 11.48 1 4

17 SCO03 1 1 10,75 1 4

7 Batch Mode




ForestGALES 2.3

Predicts the critical wind speeds

h 4

For monospecific and even-aged stands
Implemented in a specific software Forest Gales

o

Aim in 2004 : Adapt this model to Maritime Pine
cultivated in Les Landes de Gascogne

Determine the species’” mechanical behaviour
depending on local silviculture conditions



The outputs of PP3/Lemoine for GALES

1-year interval

Add this type of

Top . Soil type, | | . 5
Treg tree Mean Spacing Qap size cultivation, | nfO n at|0 n
species . DBH in N-E
height etc.

|

CWS for CWS for

overturn breakage

Location of the stand | |
Plot design ?
Wind climate

CWS at stand




How to adapt GALES to Maritime pine?

Inputs
* Species
e Height

e Diameter (1.3 m)

e Spacing (for Roughness Method)

e Soil type
* Rooting Depth

* Requirements

Trees (2004) 18: 460466

Crown width equation

Crown depth equation

Stem taper equation (for calculating stem weight)

Wood Modulus of Rupture (MOR)

Wood Modulus of Elasticity (MOE)

Wood density (for calculating stem weight)

Rooting resistance (function of tree size, rooting depth and soil type)

*Tree-pulling measurements

DOI 10.1007/500468-004-0330-2

ORIGINAL ARTICLE

Véronique Cucchi - Céline Meredieu - Alexia Stokes -
Stéphane Berthier - Didier Bert - Mohamed Najar -
Alain Denis - Roland Lastennet

Root anchorage of inner and edge trees in stands of Maritime
pine (Pinus pinasterfiit.) growing in different podzolic soil

conditions



Simulations at stand scale
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Results

.

e Wind-firmness of stand decreases with stand age

< ¢ Dominant type of damage = uprooting

_® Space between trees : impact on wind penetration

% Consistent with observations made on real damages

BUT ForestGALES is thought to be too pessimistic
BUT ForestGALES doe not integrate thinning impacts

e Strong influence of the slope of the regression on predictions

e \Weak influence of crown size in high stand density

12



Fichier Editer

Afficher  Projet

e Aide

Forest Gales/Capsis+PP3 in 2004 :
two softwares which exchange data;
ouputs in Capsis

B ENEE

o]

=

N i Classes de hauteur
N iTemps
'Surface terrigre / Temps|
Table de peuplement
'olume / Temps
‘olume récolté / Années

démarrer.

:Nnm :FG. - Modéle : PP3 - 5 ha - Tout en mémaire - Peuplement fictif

{ Diame 12 — f15a |—{ +6a —{ 202 |— ta0a |—{ 262 — *28a |— 30a |— *30a |— 35a |— *isa —| 402 |—|GOANN
Biomasse de I'écorce de|
Biomasse des aiguilles | i
i des
B!nmasseuu"u“c.’q?z it; iha 'tie peuplement “& [ | [ ForestGales - Vitesses devent critiques

du FG_1 4.50a |
Cdom & Cy / Temps Pauplement [ —" =] [witesse de went critique gan.he1y
Ddom & Dy | Temps Date ha Giha  [wha Hag Do Vg Liha Giha  [wiha vm 126
Diamétre  Termps 12 752 [16,09 (56,22 |71 1111 |0,033 123 \
istribution Circonfé 13 752 (2072|8403 880 1227 (0,047 120

circonférend| 14 1752|2449 [10%,24 961 [1334 0,061 1::

diamatres || |15 [[1752  [38,38 (13448 (1026 1434 0,076 "
Facteur e 1250 23,36 11410 1054 1543 (0,091 [502  [483  [20,38 0,041 P

oo 1l 1250 (26,82 [13892 (1123 (1653 0,111
FarestGales - Pr 17 1250 30,28 15807 1185 (1756 0133 10s
ForestGales - Période de|| | 15 1250|3374 177,78 12,47 1854 |0,156 123
ForestGales - Vitesses df| (/19 1260 (37,08 [19576 (13,07 19,46 |0,180 -
Hauteur /Diamétre 20 1250 40,58 [21558 1365 (2033 0,133 o
Hauteur ; Temps 20 850 (30,70 [156,32 1392 21,44 (0,166 (400  [986  |56,35 0,148 a0
Hauteur base du houppial| |21 850 (33,56 [17410 (1450 (2242 0,201 s
autour de base du howg| |22 850 (36,39 199,81 1505 2335 0,236 aa
dom & Hy f Temps FE] 850 (39,21 (230,00 1559 (2423 0,271 a1
i 24 850 142,00 |260,67 (1611 (2508 |0,307 78

Ha & Base du houppier /| {5 850 291,38 1861 2580 0,343 75 Chablis
N iCdom 219,27 12,36 72,11 0248« +———7FF—FF—FF 111 /
[N /Classes d'élancement ¥ 12 14 18 18 20 22 24 25 28 30 32 34 I I\ 40 42 44 48 49 50 52 5
N / Classes de circonfére Temps
[N/ Classes de diametre S0 [l ForestGales - Période de retour @ [E | ha-N/Temps

Tetming

() IFEL1 2N __ FG_1_20030450a ___F&_1 280304.50a
Espéce: | Maritime Pine A | Fériode de retourcannée) N ha)
Sol: [ sandy pauzoi = .
ol : andy Podzol | 201
Instaltation : [ Notenea Pranting 07 Available online at www.sciencedirect.com
200,49
Drainage : All Land . ;
LLESS [ Lances 2004 SCIENCE IRECT* Forest Ecology
a: [3s 105 and
ks [155 1285 Management
109,2
Trouée : o 198,8 +—————————1— Fomest Ecology and Management 213 (2005) 184196
| Editer le .fgi H Editer le .fgo | 1218 18 21 24 27 30 33 38 39 42 . wwwelsevier com/locate/foreco

Lancer FG

Interpret

Modelling the windthrow risk for simulated forest stand:
of Maritime pine (Pinus pinaster Ail.)

Véronique Cucchi *"', Céline Meredieu **, Alexia Stokes ",
Frangois de Coligny °, Juan Suarez ¢, Barry A. Gardiner*



In 2005, wind risk is a forgotten subject for INRA....

e But Klaus in 2009 ! e And Barry Gardiner came to
P 8 2 Bordeauxin 2011... Be careful Wind
LY. Risk, a new team is ready !

Accueil » Europe et international = Accueil et formation = Packages
. scientifigues/Attractivité de |'Inra

- Barry Gardiner, scientifique
_écossais reconnu

e _internationalement, modélise les
risques liés au vent dans les foréts

L'accueil de scientifiques
internationaux est une des priorités
| de I'Inra. Parmi les dispositifs en
place, les packages scientifiques
offrent des moyens significatifs en
termes de rémunération et
d’environnement scientifique. Barry
{ Gardiner fait partie des deux
chercheurs recrutés pour I'année
2011. Il a intégré pour quatre ans
i : I'unité Ecologie fonctionnelle et
Sub m"._sla i physique de I'environnement (Ephyse) aux cétés dYves
s i Brunet.

© Inra




Why implement ForestGales in Capsis ?
Barry’s answer:...

 Need standard version that can be accessed from multiple software
languages and packages (e.g. ARCGIS, CAPSIS, Web-based applications,
etc.).

e Need to make model structure flexible enough to allow different types of
application (research, operational, planning, etc.)

e Allows control of changes and upgrades so that we don’t end up with
multiple versions all round the world



A new Library Forest Gales in Capsis in 2014

* Forest Gales, a new libray Capsis
* In order to improve the connection with growth models
e JAVA and LPGL licence

* One tool which can be share by modelers and users easily: only one repository in
the world

* With or without Capsis

* First uses during a project: ANR Forwind (M. Fournier, UMR Lerfob)
e For what? connection with different growth models and operational uses
e with PP3, maritime pine growth model for Landes de Gascogne
e With Fagacees (oak and beech growth models)



Capsis and ForestGales library in2014 :
connection with PP3

¥ Capis 423 - (pp3 27 o ¥ -— L W

Projet Etape Editer Afficher Outils Aide

CEBREE 0%

o) 4 Projet PR3 [pp3] - 5 ha - Tout en mémoire - Pp3DCreate. generatedStand
W2 | =] | < »

(Dg/Hdom) { Temps ou .ﬁge [ 123 H 133 H *13a ]_[ 163 H 20a H *20a ]_[ 25a ] [ 273 ]

»

(Ha/Da) / Temps

Biomasse [ Diamétre

Biomasse de [écorce de tronc [/ Classes de diamétre
Biomasse des aiguilles [ Classes de diamétre
Biomasse des branches [ Classes de diamétre Sélectionner un outil
Biomasse du peuplement [ Temps

£, Boite a outils du modele

P Qutils disponibles : ForestGales
Biomasse du tronc | Classes de diamétre Boite & outils de Visualisation
Biomasses cumulées | Classes de diamétre ForestGales Miveau Arbre
Biomasszes du peuplement par compartiment [ Temps Outil d'optimisation AMAP-LERFoB
Circonférence | Temps ForestGales Damage Calculator {2013)
Diametre / Temps Contréile de la simulation
Facteur d'espacement [ Temps AMAPsim

ForestGales - Probabilités Eilan économique

Forestiales - Période de retour Enregistreur de scénarios LERFoB
ForestGales - Vitesses de vent critiques Atelier Qualité du Bois

G / Temps (ou age) ou f Hdom
Hauteur  Diamétre

Hautevr / Temps ForestGales Damage Calculator (2013) : B. Gardiner, K. Kamimura, T. Labbe, C.Meredieu
Hauteur base du houppier / Hauteur I Calculates the damage due to wind on a forest stand

Clazs : FGDamageCalcwlatorDialog (1.0}, Type : Mode!Tool

Location : capsis.extension modeltool forestgales2013

y[:gk ’ K Annuler ” [} Aide

Description :

Hauteur de base du houppier [ Classes de diamétre
Hg & Base du houppier [ Temps

Indicateur Economigue [ Temps

M/ Cdom

M | Classes d'élancement (H/D)

M | Classes de circonférence

M { Classes de diamétre




Capsis and ForestGales library in 2014
oo g oo

~Configuration ~Placette rRepo
Snow density (ka/m3) : |150.0 | Type de sol : [A - Free-draining mineral soils - ]
on Karman constant : |0.4 | Profondeur d'enradinement : [Shal.low < 40cm - ]
Air density (kg/m3) : 1.2226 Largeur de la trouée (m) : |0.0
Gravity acceleration (m/s2) : 9.81 Hauteur de la trouée {m) : |0.0
Resolution of calculation {m/s) : 0.01 Mombre de hauteurs d'arbre depuis la bordure (nombre) : 9.0
Element drag coefficent (CR) : Taille de la trouge au vent {(nombre de hauteurs d'arbre) :
Surface drag coefficient (C5) : 0.0030 Wind climate available
Roughness constant (CW) : Weibull A (m/s) : |s.n
Height of calculation (m) : = |1.9 Mom de ['espéce : Maritime pine
Surrounding land roughness (m) : m . i topHeightintercept : 0o
Ua: 5.0 i o i .
| | Sitch |Marih’me pine | o [mm pine Equation de la largeur du houppier : linear 2p{0. 15674;0.0)
uci: |—0. 5903 | — Jra— — Equation de la hauteur du houppier : linear2p{0.3156; 1. 3424)
2. |4,4345 | [ Parametres de fesy ] Densité de bois vert : 203.4
u.C3: |—11. 5633 | ~Specific settings Dengité du houppier : 2.73
— the ch thod to in th ) Module de rupture (107) : 3.6
G |13 568 | Apply the chosen me every stepin the scenario Facteur de nodosité : 0.85
DAMS to Weibull A1 : -0.9626 | Facteur de houppier : 10
DAMS to Weibull AZ |U.42?9 | Module d'élasticité (109) : 0.6
. . canopyStreamliningC : 3.07
Intervention occurred in the 5 past years (for TMC)
canopyStreamlining : 0.75
How many years in the past : I:I rootBendingk : 0.0
Mean dbh before intervention (cm) : rFacteur multiplicatif {Creg)
Mean height before intervention (m) : EiE o< et z
Soil Type A: 125.8 144.5 163.8
M/ha before intervention : |[].[J | )
Soil Type B : 123.8 126.7 144.4
Soil Type C : 135.1 138.3 1572.7
[ Simple Stand level Roughness Method | | Stand level Roughness f | * 777" 153.7 1373 794
~Paoids de tige maximum
Shallow < 40cm Medium 40-80cm Deep = 80cm
Soil Type A: 294.0 469.0 576.0
Soil Type B : 0.0 0.0 0.0
Soil Type C : 0.0 0.0 0.0
Soil Type D : 0.0 0.0 0.0

Lok J (L amier [ Ade ]




Capsis and ForestGales library in 2014

 Stand level: with only one species, with regular spacing
* Tree level: each tree could be from different species
e With spatialisation
* Without spatialisation
* The level of connection with Forest Gales depends on the
growth model capabilities to provide more or less complete
information on the stand and the trees

e For example if the growth model is able to provide the weight of the
bole sections, FG will then integrate these input data.

» Otherwise, FG can compute the missing data with ou without species
dependant relationships.

* For one step of a silvicultural scenario or a complete project



Organisation of Forest Gales Library

FaSpeciesLoader FiaSpecies Fl Function
puwmzp
FaiConfiguration Linearzp
—— 1

FERoatingDepth

Boites de dialogue
Interface
Méthodes de calcul

|

Zinterfaces =
FaTLStandInterface

o FaMethod

i,

Pp3stand

FiastandLevelRoughnesstethod

Fi35kand

FasoilType

Falree

||‘I‘l|

I

FiaapatializedTree

FaEdgeAndizapFactors

FGARNUaIE xceedenceProbability




What are the inputs from a growth models in
order to use Forest Gales library

 Must give a : for example « Maritime Pine », in order to
use

* Must compute tree or stand : Dior Dg

 Must compute tree or stand : Hi, Hg or Hdom

e Must give the tree density or : number of trees per ha

e Optional variables:
e Length or diameter of the crown
e Stem volume or stem weight
e Crown volume or crown weight
e Stem profile



Non interactive use of Forest Gales Library

| Commande prompt

Microzoft Windows [version 6.1.766811
Copyright ¢c?» 2089 Microsoft Corporation. Tous droits réservés.

ciwcapsisdrjava —cp classsexts®*® capsis.lib.forestgales . FGStandLevelRoughneszzMeth
od Inputdata_IFH_uv3d.txt

#ligne de commentaire si besoin
#ligne vide

#1dentifiant du point IFN Sol Type Profondeur de sol nha hdom species dbh_m height crownWidth crownDepth StemVolume StemWeight CrownVolume CrownWeight

——— Rezults
258.5776558
6.21877011°7M112635

nha =
gpacing =

FGTree
dbh_m:= B.2597168585%

diam[B]1: [DRE3fiabbc?
height: 15.24528494
crounlWidth: 2.2809928629
crownDepth: 6.153811927064
stemUolume: B.324647775
stemWeight: 278.431596575
crovunUolume: B.127126513
crownlleight: B.347855380849
speciezMame: OAK

cuwzForBreakage : ?7.6347645810808354

cwsForOverturning:
probability0f Breakage :
prohabhilitydf Overturning:

ForestGales Stand Level Roughness Method ended successfully

51.534755152574434
-1.8
-1.8




e Implement of two methods

e A simplified case of critical wind speed calculation (useful for large simulation
data: for example landscape scale)

e The classic method used in 2004: FG Stand level Roughness Method
* We checked the two methods

e Simple connection with PP3: tree density, Dg, Hg for one step or
several.

e Computations and display the results in a panel of the dialog box
 Display in a graph of critical speeds versus time.



Additionnal input data for a mean tree : crown dimensions, stem
weight, stem profile — Analysis of impacts, comparison with Scot
pine for example

Activation of the "Tree" interface: sending data of all trees in a
stand

Choice between (stem weight) and (Ht x Dbh?) for anchorage
computation

How to use stem profile and wood quality ?



In addition the current discussions on
anchoring trees ... and their use in Gales

e Impact of soil type: only sand in SW France... but what is the role of hydromorphy?
* Impact of rooting depth : is it relevant for Maritime pine in SW France?

Rooting depth

Crown length Diameter at BH

| pan | YO nara Pah iy with hard pan \Without hard pan







Method : static winching tests in the field

Static winching tests UD_ Mechanical resistance of root

anchorage

"

Pre\(alllng winch the tree
winds to failure
Force required to B SSA i i
/ da\gemejree A Py
inclinometers cable motorized
winch
\ S
A
load
tested pine cell

Virtual pines pictures:T.Fourcaud, CIRAD, France 27



Sampling of stands

Selection of stands according to 2 podzolic soil conditions:

with hard pan without hard pan
Shallow groundwater table Groundwater table deeper
+ presence of an unbroken hard pan horizon + hard pan horizon broken or absent
= rooting depth is very limited = rooting depth is less limited

F i m‘*‘ ‘ LIRS '_"_"Ili.-' :

Hypothesis: soil conditions influence tree resistance to uprooting
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Sampling of trees

Selection of trees according to 2 positions in the stand:

inner trees edge trees
Growing inside the stand Exposed to prevailing winds
= no repetitive wind loading = frequent wind loading
= anchorage not adapted to wind? = anchorage better adapted to wind?*
* Stokes et al. 1995, Stokes 1999
Tree root system seen from above Adapted tree root system seen from above

Wind

wd/
w9

Image V. Cucchi Photo F. Lagane, INRA Image V. Cucchi Photo F. Lagane, INRA

Hypothesis: exposure to wind loading
influences tree resistance to uprooting
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Measurements before and after winching

Aerial part Root system

eTotal height and crown height

e Soil-root plate dimensions

e Diameter of all the horizontal roots at
the edge of the soil-root plate

e Cable attachment height

e Crown area
eTotal mass of all
living branches

e Stem circumference
over bark every 1m

e Dimensions and mass of a
1m long section of trunk
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Assessment on the tested trees

100 tested pines: 12 - 56 cm DBH,15 - 56 year-old
e 71 pines were uprooted

e 27 pines failed in the stem, with different types of breakage

21 of the 27 stem failures occurred on dry Lande
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Anchorage strength

Best predictive variable of the TM__.. is [H x DBH?] with R? = 0.94

crit

TM;; (kNm)

350 -

300 - without a hard pan, inner trees
with a hard pan, inner trees

250 -

200 -

150 - R? =0.90 n=9
R2=0.88 n=36

100 -

50 -

[H x DBH?] (m?3)
8

We cannot predict the TM
on dry Lande due to the high frequency of stem breakage

for trees beneath 1m?3 growing

crit
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Differences according to soil conditions

Relative crown length

p = 0.003

Rooting depth

DBH

p=0.05

With a hard pan

Without a hard pan

-
-
-
-
-
-
-
-
-
-
-
- -

33.4%

=> Effect of soil conditions on aerial and underground parts




Differences according to tree position

Inner trees Edge trees

Vertical asymmetry €= Prevailing wind <= Prevailing wind
of soil-root plate:

stem shifted sideways

p=0.001

Soil-root plate volume

Stem volume

p=0.044




