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The Capsis project

Objectives: Build a software platform to integrate many forest
growth, yield and dynamics models for forestry
modellers, forestry managers and education

Details:

- An integration tool

- Growth / dynamics models for forests / plantations

- Various intervention to build management scenarios
- Interactive or not for long simulations

- Integrated tools to check the results

- Easy export to data analysis tools

- Possible connection to other simulation software

- Free software to ease partnerships

- Multi-OS and multi-language (french, english)
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Forestry models
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Various representations in memory

Kind of model
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Other...

Example

Lemoine model (stand-level, plantation):
- Age

- Number of trees

- Girth (dominant, mean tree) (cm)

- Basal area (m2)

- Height (dominant, mean tree) (m)

- Volume (mean tree) (m3)

PP3 model (distribution, plantation):

A collection of bars

- Age

- Diameter (cm), Height (m), Tree volume (m3)
- Number of trees in the bar

- Crown (base height, diameter) (m)

- Other (biomass, carbon mass, leaf area, etc.)

Samsara model (individual-based, spatialized):
A collection of trees

- Age

- Diameter (cm) , Height (m)

- Location x,y, z (m)

- Species

- Crown (base height, radius) (m), Light (MJ)
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Capsis Software Architecture

L|brar|es

Pilots

Kernel: stability
Libraries: additional tools

Modules: Stand growth models ‘
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Extensions: evolutive part fﬂf’w

Pilots: interactive ornot = “=-&&ss
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The Capsis project organisation

Actors roles:

Developers: computer
developers, design, training
courses, assistance

Developers —» Modellers: scientists, build

Modellers —» their models inside Capsis
End-users — >

End-users: interested by
using the models

The Capsis Community:

Developers + Modellers are co-developping together
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ext 2
ext 3

Clear participation rules - ext 1

The Capsis charter:

1. Free kernel: the Capsis kernel is a free software (LGPL licence) gui

2. Development: the modelers are in charge of the development

of their models —
3. Support: They can have support from the developers

4. Free access in the community: All the source codes are freely
accessible by all members in the Capsis community

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

6. Validations: developers deal with technical validation, modelers
deal with functionnal validation

7. Distribution: the stabilized / validated modules may be distributed
when the author decides and chooses a licence

8. Decentralization: modelers manage directly the relations with
their end-users
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The Capsis methodology

Initial training
rad session ~a

Capsis charter

Starting staqge
acceptance J )

together with a
developer

Co-development \

| S Autonomy with
Possible distribution simple tools

outside the Capsis
community /y
¥~ Support and possibly
new stages for

evolutions
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Tang Shouzheng, Hong LingXia (CAF - IFRIT)

Focus: Integrated Stand Growth Model (1)

ISGM is a model by Dr. Tang Shouzheng (since 1994)

The Research Institute of Forest Resource Information
Techniques (IFRIT) of the Chinese Academy of Forestry (CAF),
Beijing

- Implemented in Capsis by Hong LingXia in june 2006 during
her visit in France

- ISGM is a Stand-level model ‘%ELM

mmmmmmm
mmmmmm

Tang Shouzheng, Meng ZhaoHe, Meng FanRui.1994.A growth and self-thinning
model for pure even-aged stands theory and applications. Forest Ecology and
Management 70(1994): 67~73.

- The structure (without equations) of the ISGM model in Capsis
—¥ was reused to begin implement the new Lemoine project in
Capsis (Céline Meredieu, Thierry Labbé, INRA-EPHYSE, october
2000)
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Tang Shouzheng, Hong LingXia (CAF - IFRIT)

Focus: Integrated Stand Growth Model (2)

?ﬂf’w A group of correlated equations to calculate the growth
TenEEE o of an even-aged stand:
- Basal area
- Density index
- Self-thinning model
- Dominant tree growth
- Mean tree growth

- Stand volume

Outputs:
- different kinds of growth tables with different site
iIndex, stand density, thinning methods
- A stand density control graph

Implemented:

- in ForStat (Chinese, CAF)
- in Capsis (English, INRA-AMAP)
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Tang Shouzheng, Hong LingXia (CAF - IFRIT)

Focus: Integrated Stand Growth Model (3)

('\ X
Project name : i |
¥| |Moder: Fagacées @
Model parameters Sitelndex parameters Fire Paradox ;
. P GenLoader —
® Schumacher model Age that average height reached 1.3: |2.5 | Guppy =
S Citn . Hi-sAFe
" Richards model EBasic Site index age: |20.0 | N CA
b1: 26.4845011603838 || e Index 18.0 | ISGM
b2: 0.226506945951177| [ INUal situation vy d
b3: |g_2392305 16082 442| i® Plantation i) Current situation Parameters : Initialize
h: |?_42424?55335409 | Mumber of trees/ ha 20000 Number OF trees/ ha oK Cancel Help
b5: |4_1?955 102244328 | Forestation age: 1.0 Age:
sf |1688.2304865488? | Survival rate; (0 Basal area
bet: |1.6?09198866??22 | X
gam: 12.40561638950958 |
cl: 0.26009700044263 8] Look In: |3 Isgm v | || |5 |3 [aa |
2 12.0422371127965 | R
I Cwvs
al: 0,95 7496823263626 L -
B IsgmModelParameters.xt The lsgmParameters B
a2 |1.069150852494?8 | L
schumacherbodel = trye
b: 17.67691611117603 | —
c bl = 26.4358307554412
b2 = 0.22654891297072
b3 =0.240220930158752
Laad ik bd = 7.53714537486024 |
bS =4.16241586066914 =
Ok Cancel
File Mame: |I5gmMndeIF‘aramEter5.t}{t
4t Files of Type: |All Files -
30
15 .-""/ .
i Open Cancel
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Tang Shouzheng, Hong LingXia (CAF - IFRIT)

Focus: Integrated Stand Growth Model (4)

Mame : i - Model : ISGM - 10 000 m2 - All in memory -

Evolution
Intervention %‘E
Delete Step —~Limit Panel
I Group Current age :
il Export End age : 50
Toolbox ~Thinning panel
[ Configure [_] Enable thinning
Properties Mumbzer Zutting age Cutting ratio of tree.. |Cutting ratio of bas... Edit
Remove
Load
Save
[, Total basal area ; Age : g & B
__id47a
~Add / Edit a thinning step Total basal area (m2)
Cutting age : ]
45 Cutting ratio of tree number ; .
?g __,-‘"4/- Cutting ratio of basal area: 307
0 20 4
M nERER 104
-+
4 8 12 16 20 24 25 32 36 40 44 43 52
Age
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Tang Shouzheng, Hong LingXia (CAF - IFRIT)

Focus: Integrated Stand Growth Model (5)

Mame: i - Model: ISGM - 10 000 mZ - All in memory -

1a—|63

Evolution
Interventionh
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~Limit Panel

Current age :

End age :

50

~Thinning panel

Enable thinning

Mumber Cutting age Cutting ratio of tree.. [Cutting ratio of bas. .. Edit
1 100 ) 0.5
2 200 0.3 0.4 Remove
Load
Save

M 11a | 16a { 21a { 26a | 31a | z6a [ 412 { 452 N

lu: Total basal area / Age

Total basal area (m2)

—Add / Edit a thinning step

45 -

40

Cutting age : 20

35
301

Cutting ratio of tree number : |Cl.3

Cutting ratio of basal area: |0.4

25 1
20 H
15

104
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Name: i - Model : ISGM - 10 000 m2 - All in memory - Tang Shouzheng, Hong LingXia (CAF - IFRIT)
la 6a |— 1la | 16a [— 2la [ 26a | 3la —| 26a | 4la — 46a —
o 7o | 1 - 1w - rame | 2eb | 216 - zeb o 41 [ 40 [N

i Average tree dbh / Age iy Density index / Age o o B4 | i, Mumber of trees [ Age o B}
__id4Fa ___i4Fa
__i47b ___i47b
Warerage tree dbh (cm) Density index MNumber of trees
40 1725 2010
30 1380 1675
1035 1340
20 B0 1005
10 345 B70
I:l I T T T T T T T T T T T 1 I:I I T T T T T T T T T 1 335 I T T T T T T T T T 1
4 § 12 16 20 24 2§ 32 3640 44 45 52 0 5% 10 15 20 25 30 35 40 45 50 05 10 15 20 25 30 35 40 45 50
Age Age
li. Total basal area / Age :: [ Tree height [ Age o° & [ | Volume / Age o X
_ i47a _ i47a
__i47b ___i47b
Total basal area (m2) Tree height (m) olume (m3
B0 30 450
25 —
g— 45 o SuHy 345
w 30 15 230
15 . 115
I:l I T T T T T T T T T T T 1 I:I I T T T T T T T T T T T T T 1 I:I I T T T T T T T T T T T 1
4 8 12 16 20 24 28 32 36 40 44 45 52 PELDERERSEERERNRE 4 8 12 16 20 24 28 32 36 40 44 45 52
E Age
U i Volume growth rate [ Age ' g° @ [
___id4Fa
___id47b
m YWolume  [volume se . Wolume co.. . (Total basa.. | Average
s alume growth rate ims) 1 4 3543 0 0.586 1637 3877 |
gg 2 5 10.319 5.776 Z.064 2.433 5.691  |=|
uE 0 Fasfhp! 2 3] 20.594 10275 3432 5582 735
m -25 4 7 4.1 12.506 4 871 b 85824
‘?E 5 & 50,448 16 2458 £ 206 106l 10,121
= —IIZIIZI e £ 4 L9 146 15. 698 7.BE3 123273 11.26
J R A A T 10 B9612 20466  |B.961 16.189  [12.262 | |
7 10 44 508 =dd 506 4 451 E0as 12 2R 1™
o Age 4| il | [»]
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Tang Shouzheng, Hong LingXia (CAF - IFRIT)

Focus: Integrated Stand Growth Model (7)

X
Graph parameters
Site indexcs  [158.0 [ wiew
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Legend
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ttizzw A specific tool: the ISGM density control graph
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Sandrine Perret, Thomas Perot (Cemagref), Céline Meredieu (INRA)

A distribution model: Sylvestris (1)

Sandrine Perret", Thomas Pérot'”, Céline Meredieu®
) Cemagref - Forest ecosystems
2V INRA - EPHYSE

- Scientific purpose: studying and modelling Scots Pine
growth in pure and even-aged stands

- Applied purpose: helping forest managers to build
various silvicultural scenarios adapted to different
stand structure, site fertility or management purpose.

5 equations:
- Dominant height — age - fertility model
- Diameter increment model
- Height-diameter model s

- A self-thinning model (Hynynen, 1993) uusL.lll
- Volume table (Goupil, 1981) ETETTY

mmmmmm
mmmmm
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Sandrine Perret, Thomas Perot (Cemagref), Céline Meredieu (INRA)

A distribution model: Sylvestris (2)

MName : s - Model : Pin sylvestre - 3 490 m2 - All in memory - fhome/coligny/java,capsis4_openGL_branch/data/Sylvestris/er4Eb1990clcm.txt

__s.bla
__s.b0b

H
7504
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525
450 4
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m————
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Time
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24 Hgom

L e e L s m e o |
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X

s Diameter / Time :

s N/ Height classes

o 7 [

‘v

Parameters

[] Per hectare

Class width ¢cmp: 5.0 Minimum threshold ¢cm) : (0.0

. ___s.hla DG"’T_h
s.60b f5.60a s.60a 5. 600D 5. 60b __ s.E0b
Diameter {cm) H iy & H (i & Gima2)
45 2 | 0| | 41| |2sa] 138 | 12
40 22-24 307.0 16-18 11.0 a1
35 Bigm 24-26 38.0 18-20 32.0 18
3 g 20-22 124.0 15 1 - 1
25 a
50 22-24 2440 12
15 24-26 180 q —
27 30 33 36 39 42 45 48 51 54 57 B0 B3 BB 27 30 33 36 39 42 45 48 51 54 57 RO [-"
Age Time il
[ Basal area ; Dominant heigh < = E
___s.hla
___s.k0b
Gim2y 1| - -7
e - D
" ~Choose Stocking variable 0-5  5-10 10-15 15-20 20-25
15
E ﬁ @ Nfha 0 Gfha O V/iha (ORDI O S% Results (approximate)
3
12 U BEFORE thinning Before Ader Cut
K 05 518 187
Miha 542 Giha 28.5 Viha 212.% RDI - 5% 195 C(ma) 12.47 85.56 3.91
Dg (o) 1501 1451 16.31
~AFTER thinning
Njha G/ha Viha RDI 5% ‘ oK || Cancel H - |

~5Stocking and Kg

Target Stocking |[750 Target kg |0.8 Kg mini according to variable & target stocking )

( specify Target Stocking & Kg, then ENTER - When fitted : OK) | OK H Cancel H Help |
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Benoit. Courbaud - Cemagref

Samsara: individual-based, spatialized (1)

Benoit Courbaud - Cemagref

- A model of forest dynamics designed for the study of stand
structure / stand dynamics and silviculture interactions

ﬁ

- To compare thinning strategies and to understand how
demographic processes at the tree level (regeneration, growth,
death) generate patterns at the stand level

- Trees: location (x, y, z), height, diameter at breast height,
crown base height and crown base radius

- Light interception is calculated for every tree and every cell,
growth, death and competition are modelled at the tree
level for every individuals higher than 1.30 m. Regeneration is
modelled at the ground cell level

Courbaud, B., Goreaud, G., Dreyfus, Ph., Bonnet, F.R., 2001 : Evaluating thinning
strategies using a Tree Distance Dependent Growth Model: Some examples based
on the CAPSIS software "Uneven-Aged Spruce Forests" module. Forest Ecology and
Management.
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Benoit Courbaud - Cemagref

Samsara: individual-based, spatialized (2)

M sa.0a - Samsara viewer

O | Viewer 3D

Morth
ﬁv Slope bottom
~Crown

sSpruce
W Laver 1

W Layer 2

W Laver 3

M Layer 4
~Light
H:e25%
We2s -125%
Wmi1zs-25%

025 -50%
L= 50%

B

i

witd]
4P
e

. M
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Benoit Courbaud - Cemagref

Samsara: individual-based, spatialized (3)

i _ I ~ _ v . .
i Basal area / Time g & [ | o, LAl / Time e N/ Diameter cla.. g° @ [g| Trees 333 Cells400 i
_ 5a2%a _ sa _ sa2%a ' '
G imd LAl im2ima2) M
16 5.8 100
Lk 50
14 0
L4
Ta2h 2 RE =
yr—YF—F——"T—"T- I e B B B e e R A m TR S S
R TR TR S 003 B 9 121515 21 24 27 = R
Time Time Dbh {cm)
L N/ Height class.. o @ [X | N/ Large Dbh d... 5° & [ | [ Rad.Interception... g° & [

M
30 . Generic lollypop -
20 ’
10 ‘ 12 |
] ‘ ~Labels
ENE e it []visible ® Id ) Dbh { } £ | SamsaTree qn
Wma'm
Field Walue
Hin \ []Frequency 1/ Age 153 —
‘ ~Trunks COMIC 1
. Cell AouareCell_[15%, 1...
‘\ A\ \‘ [v] visible CrownBaseHeight |1.62 14425563 8...
‘« Magnify : 1.0 CrownBaseHeight. . 0.2 32
TR CrownColor Jawa. awt. Colorr=...
CrownFadius G 18205928802, .
“ & [v] visible CrownShape 3
] ﬁ ‘ ® Rendering from the model CrownType 1
Crowny' olume 1578 25240857, .
. (J Customizable Dbh 72 7588653564
O}« L Dam)= Dbhincrement 053916931152
. DiameterClass £
H(m)= Energy 28189875
Height 27 A121050105,
Heightlncrement 0. 103199191329,
I 120
Impactkumber 1244
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Height (m)

i 5 d

e L o B

Other examples 1] B e e
“haee — Juvenile wood

— Crown base

104 B particle
: B ] 5 particle
B -
: 4 particle
: 4 7
P~ 3 Il
< 2
=2 i ﬂ
- 2
TV
-5
e
)
g —
Lf:} .........

Branches - NZ1 - D. Pont (ENSIS NZ)

Caption

W Juvenile

W Adult

[ vegetative

[ Dead

W Mot accessible

Large scales - Ventoux - Ph.

Dispersion - Cytisus - E. Chambon-Dubreuil (INRA)
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Groups management

Group [ | Mot |Dbh = 20cm w | [
Crown
% Dl:lmirlarlt
Cadominant
Group | Definition | Interrnediate
Available filters Selected filters Select the trees S;‘;ﬁfm
M higgest || % ||Thresholds Age, D, H with : Diameter (cmj

Mumeric thresholds
Qualitative variables | €
Thresholds Age, D, H
Tree in Cells

hetween : 20 anclu
and : (excly

True/Talse filter -
Spatialized trees view - %' g
L Perron volume / Time g° & [
__p.20a
___p.20a - Dbh = 20cm
(m3)
10
]
B
4
2 i N/ Height classes : oo
s 0 ___p.20a - Mot Dbh = 20em
: Labels: |20 Magnify: |10 Diameters || [E] — p.20a - Dbh = 20cm
N
Trees selection apphding low and high threshalds on their age, dibh or height
Ok Cancel Help
R opow
2 3 o= o=
H {m)
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Extensions

Capsis
kernel
X
Extension type: DataExtractor w | Age f Time
Name [ | Package Version Author Compatibility
Class + Mame WRersion Althor Samsara | Presage

DETimeslendernas. .. [(Hg/Og § Time 1.0 . Merediew, T.... |[] L] -
DETimeABOYECE Alowed Biomass [ Age(l.0 L. Saint-André L] L] =
DETimeEIOMAER, Apowves. Biom. fAge |11 L. Saint-Andre L] L]
DETirmeAge Age [ Time 1.0 S, Turhis
DEAlleleFrequencies |Allele frequency j Lo... |21 |. SEynawe L] L]
DEStructureType Alpine typologie of st |11 E.Courbaud L]
DETimesmapsimyvol [4amapsim Volume j ... |11 L. Saint-andré . |[] L]
DElrradiancesrea Area [ Irradiance cla... 1.0 E. Courbaud L]
DETimelrradianced, . |Area per Irradiance .. |11 B. Courbbaud L]
DETirmeal Afocailable light 1o cro... 1.0 <. Turhis
DElsgmagedyerage. .. [4verage tree dbh j ... |10 F. de Coligmy L] L]
DETimeEBARKE Bark Biomass [ Age 1.1 L. Saint-Andre L] L]
DETimeBARKMC Bark M. [ Age 1.1 L. Saint-Andre L] L]
DEBarkBiomassDist... [Bark biomass § Dia... |1.0 . Merediew, T.... |[] L]

DEHeight S Basal area f Domina... (1.0 F. de Coligmy, 5.

DETimes Basal area [ Time 1.1 F. de Coligmy -
Age f Time : Evolution of age as a function of time '

%' Close Help

Extension manager (390)

Data extractor (182)

Data Renderer (6)

Economic function (7)

Filter (12)

Generic tool (6)

Grouper display (3)

Intervener (26)

loformat (71)

Lollypop (1)

Memorizer (4)

Model tool (18)

Object viewer (24)

.| [Stand viewer (30)

About 400 extensions in Capsis, either generic or specific to
one model
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Main reusable libraries

Biomechanics - Philippe Ancelin (Cemagref)

Calculates wind effects, considered as a natural disturbance, on
forest stands managed by a tree-based forest growth or dynamics
model

Economics - Christophe Orazio (IEFC)

Economic balance of a scenario by allocating expenses and
incomes to the interventions

Genetics - Christian Pichot et al. (INRA)

Genetics information and processus to study interactions between
gene flows and trees demography

Spatial - Francois Goreaud (Cemagref)

Generation and characterization of spatial structures
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http://capsis.free.fr > Projects
Integrated modules: various types

IBM Diameter class Fish
Fagacées CA1l, Luberon Bidasoa
Fasy Eucalypt Dynet
OakPinel (new) IfnCa Guppy

Laricio
IBM + Spatialized NZ1 Stand level
Cytisus PNN ISGM
Fiesta / NRG PP3 Lemoine (new)
Mountain Q51 _
Paletuviers Sylvestris AgroForestry
Presage Transpop HiSafe
Quercus
Regelight Diameter class + Spatialized
Samsara Alisier
Selva Dynaclim
Sexi Ventoux, Ventoug
Simsys
TranspopRege
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Perspectives

- Integration of new projects
- Progress on the common parts
- Better documentation -> for self-training
- More connections with AMAP plant architecture simulators
- Support for other european projects
- More partnerships with european / other foreign countries
- Web site completely in english ~ CF
ciisd {x el 7
P i “ﬁf —
http://capsis.free.fr 3 : f-f_; ‘L -
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