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ABSTRACT

Capsis (de Coligny et al., 2004 ; http://capsis.free.fr) is an object-oriented software environment designed for hosting a 
wide range of forest dynamics and stand growth and yield models. It has been designed together by scientists from various 
French research organizations since 1994. Each model can have its own underlying stand (and if needed tree) description, 
thus very different kinds of models  can be integrated:  from stand models  to distance-dependent  or  independent  tree 
models with or without spatialization. Capsis can host heterogeneous models up to the region level and provides libraries 
to study spatial structures, biomechanics and tree genetics. For a given model and after having loaded a root step from an  
inventory file  or  through virtual  generation,  the user  can create  different  scenarios  by alternating  growth sequences 
calculated by the model and silvicultural interventions. 

The project is organized in three circles: (1) a single developer in charge of designing and maintaining the generic core 
application,  but  also  dealing  with  animation,  coordination  and  technical  support  ;  (2)  forest  growth  and  dynamics  
scientists who create the models and implement them into the platform ; (3) end users who use these models for their 
activities. Every scientist can join the project on condition that he/she accepts the Capsis Charter.

Several models have recently been adapted for wood quality issues. PP3 (Meredieu et al., 2005) is a distance-independent 
tree growth model with a whole-stand growth regulation for pure even-aged stands of Maritime pine (Pinus pinaster) in 
southwest of France. With a stem taper model, a juvenile wood description coupled with a cross-cutting model, impacts of 
silvicultural scenarios on grading of logs can be studied. We will consider coupling Capsis and WinEpifn (Meredieu et al., 
1999) to improve outputs in near future. 

Fagacées model simulates the growth of sessile oak (Quercus petraea) and common beech (Fagus sylvatica) for various 
conditions. A stem taper was developed (Dhôte et al., 2000) and can for example assess the impact of silviculture on ring 
width all along the stem of the tree. The same work is in progress for beech based on a taper equation from Trincado and 
Gadow (1996).

For  Aleppo pine  (Pinus halepensis Miller),  the main coniferous species  in  the French Mediterranean region,  a  tree 
distance-independent  growth model  is  coupled  with a  branching  model  allowing  for  simulation  of  branch  diameter 
(maximum value and distribution for each branch level) along the crown in relation to silviculture. Further relationships 
describing crown size and branch length will be implemented in order to contribute to fuelwood simulation on shaded fuel 
breaks.

1. INTRODUCTION

The evaluation of wood quality can be studied by simulation with forestry growth models. They can offer a great 
flexibility by calculating numerous different silvicultural scenarios and thus produce various situations for wood quality 
evaluation.

The Capsis software hosts about 25 such forest growth or dynamics models. These models have been progressively 
integrated by co-development between their authors and computer scientists since year 2000 (for Capsis version 4) into an 
homogeneous modelling platform.

With its interactive, multi-operating system (Java language) and multi-language graphical user interface or by using its 
script mode, it is easy to run various simulations and to export the results in appropriate file formats for connection with 
other tools, including wood quality tools.

Section 2 details the special features Capsis offers to ease such connexions. Sections 3 discusses three wood quality 
related studies around Maritime pine, Oak and Beech, and Aleppo pine.



2. CURRENT STATE OF CAPSIS

The Capsis platform (fig. 1) was designed around an open architecture in order to accept models of different kinds (de 
Coligny et al., 2004). The first models integrated were stand level or distance-independent tree models dealing with 
growth and yield of one single species on a plot of about one hectare (Dhôte, 1991, 1994 ; Meredieu et al., 2001, 2003).

Forestry researchers now also develop other kinds of models, either individual based or heterogeneous (several species), 
sometimes dealing with seeds and pollen flows on areas of hundreds of hectares. These more recent models often include 
regeneration and mortality, they deal with various competition indices, sometimes with tree genetics or biomechanics 
(Courbaud et al., 2003 ; Ancelin et al., 2004 ; Dreyfus et al., 2005).

Fig. 1. A general view of Capsis in interactive mode (here in English and under Linux).

To comply with this diversity, each model is integrated into Capsis as a module containing its own scene description and 
evolution algorithms. This way, models can have their own stand properties, possibly with custom tree properties and 
additional geographical cell levels to deal with very large areas. They can also have their own simulation step, 
initialisation process, generation of the initial situation strategy with virtual methods and particular inventory files. They 
can manage additional models to deal with competition (radiative balance, neighbourhood), natural or artificial 
disturbances (gaps, integrated management) or internal quality (branches, taper).

Some particular features which have been added or enhanced in the Capsis platform for the last two years can ease the 
connection of the hosted models with downstream models.

The exportation extensions can be used to create custom files from every step memorized in the simulation history. Such 
files can then be read by another simulation tool for analysis. This is the easiest way to exchange data between Capsis and 
another simulator or statistical / graphical tool.

The Capsis grouping system has been enhanced. It can handle groups of trees or ground cells by combining several 
criteria which are implemented in extensions. It is thus possible when needed to build new filters for new criteria (sizes, 
locations, species, values or thresholds for some properties...). The group system can deal with the complementary and 
complex groups can be created by combining simple or other complex groups. This feature can help select some target 
objects to be monitored closer in the various Capsis extensions (ex: export only some trees).



The dynamics models in Capsis now propose a list of calculation protocols for which they have an implementation (ex: 
basal area, volume, root biomass...). Extensions can thus ask questions to the models in an unified way.

Small viewers have been added to answer selections in Capsis main viewers. Such tools can for example draw a tree taper 
or show a table of properties for the selection.

A device has been designed and implemented to memorize cut or dead trees on the step just following the event. This 
status map is available for individual based models as well as distance-independent tree models. Trees are memorized 
with their properties and groups of such trees can be passed to some calculation protocols to compute properties at the 
group level (e.g. basal area or mean diameter of the cut trees or a particular species or a range of size or age...).

Many simulations can be run without interactivity by using the script mode. This can help to run very long processes or 
also to repeat a great number of simulations with a stochastic factor or changing each time the initial parameters according 
to a simulation plan. Intermediate or final states can be saved in custom files during the script progress in order to be 
analysed afterwards outside the platform. Scripts can use export formats, groups, calculation protocols and the status maps 
exactly as if the simulation was run interactively.

All these features can help connecting the models inside Capsis with other models or simulators. Thus, some work has 
been done recently around wind risk with the ForestGales simulator (Cucchi et al., 2005) and tree architecture with the 
AMAPsim 3D model (Meredieu et al., 2004). Connections with wood quality models has also been made, especially for 
three dynamics models : Maritime pine, Oak and Beech, and Aleppo pine.

3. FROM GROWTH MODELS TO WOOD QUALITY

3.1. The PP3 module for Maritime pine

The PP3 module implements a distance-independent tree growth model specifically adapted to the simulation of the 
growth of Maritime pine stands in France (Meredieu, 2002). This model makes it possible to compare the growth of trees 
subjected to various forestry scenarios. Maritime pine is a significant forest species in France, taking up about 
1 357 000 ha, with an annual crop of 7.5 Mm3 for varied uses, including paper, packing, sawing and furnishing. In 
addition to the production of their stand, it was therefore important to provide the managers with information about the 
quality of the wood produced.

Fig. 2. Ring profile visualisation and schematic crown (level of living crown) 
for one PP3 tree example (40 years old)

A significant work has begun to describe the various basic properties of wood affected by silviculture via the ring width 
all along the tree profile (fig. 2). Currently, the stem profile as well as the juvenile wood zone are calculated in the course 
of time for each tree of the stand. This partitioning under the bark is fundamental to include and understand the 
heterogeneity of the properties, particularly the wood density.



Fig. 3. Dialog box to choose criteria for systematic logging with the PP3 module

A first system of logs cutting was implemented in Capsis: it makes it possible to define a model of logs cutting based on 
criteria of length and top tree girth (fig. 3). For a given forestry scenario, this tool can simulate logging of the thinned trees 
during the scenario and of the trees at the time of final cut. A data file can be built, containing values to help analyse the 
scenario: a number of logs, volume over and under bark, volume of juvenile wood in the various logs... 

Thereafter, we plan to integrate information concerning knottiness via a more detailed description of the crown increase 
(at present time just height of the living crown), to allow a zoning of the different types of nodes (adherent nodes, black 
nodes...), and a description of the branching (level and angle of insertion, diameter of the branches) to get finally a more 
precise description of the size of the nodes.

3.2.  The Fagacées module for Sessile Oak and Common Beech

The Fagacées model is a growth model for Sessile Oak and Common Beech. It is a distance-independent model to 
simulate high forest, even-aged stands.



Fig. 4. Taper models for Sessile Oak (left) and Common Beech (right)

Knowing the diameters and heights for all trees at every simulation step, the taper can be calculated (fig. 4). For Sessile 
Oak, the taper model was developed by Dhôte et al. (Dhôte et al., 2000). For Common Beech, Fagacées uses a taper 
model adapted from Trincado and Gadow (Trincado and Gadow, 1996).

Fig. 5. Model chain

The stem taper is a part of the link between the trees in the stand and the wood products. This completes a model chain 
shown on figure 5. Several applications can be done, for example to assess carbon sequestration in wood products (cf. Le 
Moguédec, Nepveu and Bucket studies).

3.3. The Fiesta and NRG modules for Aleppo pine

For Aleppo pine (Pinus halepensis Miller), the main coniferous species in the French Mediterranean region, a tree 
distance-independent growth model is connected to a branching model and to crown height and radius relationships.
The growth and mortality equations were achieved using data from 558 temporary plots from the French National Forest 
Inventory (5-year increment on every tree with dbh above 7.5 cm, data about dead trees …) (Dreyfus et al., 2001) and a 
site-index relationship. The growth model allows for simulation of tree and stand growth (fig. 6) according to site 
conditions, age and thinnings either in closed stands or on shaded fuel breaks.



Fig. 6. Simulation of tree and stand growth

The allometric relationships in the branching model were obtained after stem and branch analysis of 32 trees (4 trees, from 
dominant to suppressed, in 8 plots ranging from height 5 to 20 m, age from 30 to 100 years, basal area from 6 to 
44 m²/ha). For the crown radius relationships, 19 additional open-grown trees were measured.  
The whole model (growth + branching and crown dimensions) allows for simulation of canopy cover and of branch 
diameter along the crown in relation to silviculture i.e. maximum diameter and branch diameter distribution for each level 
in the crown, for trees in each diameter class (fig. 7).

Fig. 7. Simulation of branch diameter along the crown as related to silviculture

Such simulations are useful both for estimating the impact of silviculture on wood quality and for contributing to 
fuelwood estimate on shaded fuel breaks. Further relationships describing branch length will be implemented in order to 
improve the fuelwood simulation.

4. CONCLUSION

Since 1999, Capsis project priorities have been first to enhance the previous Capsis platforms by rebuilding a platform 
opened to all kinds of models and at the same time to integrate such models in the software tool. Capsis now contains 
around 25 forest growth and dynamics models and new priorities can arise, like connecting these models to other tools or 
simulators dealing with wood quality. In this paper, we presented such connections concerning Maritime pine, Sessile Oak 
and Common Beech as well as Aleppo pine. These wood quality approaches will soon be completed by connecting 
models with downstream simulators especially devoted to log-making and sawing optimisation.

REFERENCES

Ancelin P., Courbaud B., Fourcaud T., 2004. Developing an individual tree-based mechanical model to predict wind 
damage within forest stands. Forest Ecology and management, 203(1-3): 101-121.

de Coligny F., Ancelin P., Cornu G., Courbaud B., Dreyfus P., Goreaud F., Gourlet-Fleury S., Meredieu C., Orazio 
C., Saint-André  L., 2004. Capsis: Computer-Aided Projection for Strategies In Silviculture: Open architecture for a 
shared forest-modelling platform. In Proceedings of the IUFRO Working Party S5.01-04 conference (September 2002), 
Harrison, British Columbia, Canada, pp 371-380.

Courbaud B., de Coligny F., Cordonnier T., 2003. Simulating radiation distribution in a heterogeneous Norway spruce 
forest on a slope. Agricultural and Forest Meteorology, 116(1): 1-18. 

Cucchi V., Meredieu C., Stokes A., de Coligny F., Suarez J. C., et Gardiner B. A., 2005. Modelling the windthrow 
risk for simulated forest stands of Maritime pine (Pinus pinaster Ait.), Forest Ecology and Management, 213, p. 184-196.



 Dhôte J.F., 1991. Modélisation de la croissance des peuplements réguliers de hêtre : dynamique des hiérarchies 
 sociales et facteurs de production. Annales des sciences Forestières, 48 : 389-416.

Dhôte J.F., 1994. Hypotheses about competition for light and water in even-aged common beech (Fagus sylvatica L.)
 Forest Ecology and Management, 69, 219-232
 
Dhôte, J.F.,Hatsch E., Rittié D., 2000. Forme de la tige, tarifs de cubage et ventilation de la production en volume chez 
le Chêne sessile. Annals of Forest Science 57(2).

Dreyfus Ph.,  Hamza N.,  Pignard G., 2001.  Construction de modèles de croissance pour les peuplements réguliers à 
partir des données dendrométriques de l'IFN.  Revue Forestière Française, 53, n° spécial « Les 40 ans de l'Inventaire 
Forestier National : utilisation et valorisation des données collectées », 434-441.

Dreyfus  Ph.,  Pichot C.,  de  Coligny F.,  Gourlet-Fleury S.,  Cornu G.,  Jésel S.,  Dessard H.,  Oddou-Muratorio S., 
Gerber S., Caron H., Latouche-Hallé C., Lefèvre F., Courbet F.,  Seynave I., 2005. Couplage de modèles de flux de 
gènes et de modèles de dynamique forestière. Un dialogue pour la diversité génétique - Actes du 5ème colloque national  
BRG, Lyon, 3-5 novembre 2004 - Les Actes du BRG n°5 (in press) 8 pp.

Meredieu C., Dreyfus P., Saint-André L., Leban J.M., 1999.  A chain of models from tree growth to properties of 
boards for  Pinus nigra  ssp. laricio Arn.: simulation using CAPSIS and WinEpifn ©INRA. In Proceedings of IUFRO 
workshop S5.01-04 (September 1999), La Londe-les-Maures, France, pp 505-513.

Meredieu C., Dreyfus Ph., Riou-Nivert Ph., 2001.  Des modèles de croissance et de branchaison pour le pin laricio. 
Forêt Entreprise, 137, 25-31. 

Meredieu C., 2002.  Intégration dans Capsis d'un modèle de croissance du Pin maritime développé par l'INRA. In « 
Modélisation et intégration logicielle : croissance, branchaison, qualité des bois. Aide à la décision pour la sylviculture et 
l'utilisation  du  bois  des  essences  forestières  françaises  »  D.  Auclair  (ed.),  Convention  n°  61.45.47/01,  MAPA-
DERF/INRA. Rapport final de cinquième tranche 28/11/2002. 4p.

Meredieu  C.,  Perret  S.,  Dreyfus  Ph.,  2003.  Modeling  dominant  height  growth:  effect  of  stand  density.  IUFRO 
Workshop Reality, Models and Parameters Estimation  organised by l'Institut Supérieur de Gestion de Lisbonne  Sesimbra 
(Portugal, 2-5 juin 2002).  In Amaro, A., Reed, D. and Soares, P. (eds) Modelling Forest Systems. CABI Publishing,  
Wallingford, UK, 111-121.

Meredieu C., Caraglio Y., Saint-André L., de Coligny F., Barczi J.F., 2004. The advantages of coupling stand 
description from growth models to tree description from architectural models. 4th International Workshop on Functional-
Structural Plant Models, 07-11 June 2004, Montpellier France, Proceedings – FSPM04, Godin C. et al. (Eds) UMR-
AMAP/2004. 243-247. 

Meredieu  C.,  Labbé T.,  Orazio  C.,  Bucket  E.,  Cucchi  V.,  de  Coligny F.,  2005.  New functionalities  around  an 
individual tree growth model for Maritime pine: carbon and nutrient stock, windthrow risk, log yield, wood quality, and 
economical criteria. Oral presentation for the IUFRO Working Party S5.01-04 conference (11/2005), New Zealand. 

Trincado,  G. and von Gadow K.,  1996.  Estimating merchantable  volume for  deciduous trees.  Centralblatt  fur  das 
Gesamte Forstwesen 113(1).


