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Introduction

High-spec computers have been available at stores with reachable prices for the public customers
since 10 years ago and it has been easier to draw Computer Graphics (hereinafter called CG) since
then. At the same time, use of such CG became popular for landscape simulation and tree
formation and it is now expected to develop natural environment in virtual space on computers, as
well as to forecast forest landscapes in the future.

Many of the past studies do not consider competition while focusing on visualization for the
landscapes mainly dealing with plants, such forests and gardens, or for long-term projection.
Moreover, study on forest dynamics has not yet fully succeeded in visualization and it is at an
abstract expression. Thus, it is necessary to develop a simulation that could generate a very
realistic landscape CG integrating forest dynamics and competitiveness, which could be used as
universal tools that could examine with a real forest dynamics and the real objects.

There is no such simulation that could calculate each small stems of a tree, as well as cover all
the complexity of the natural world. In order make a very first step for such complicated
simulation, this study aims to develop visualization system for light competition, focusing on the
light environment that would give a large effect to tree growth. An artificial cedar forests will be
used as its tree form is quite simple and is easy to visualize.

Objective
This study aims to develop both “calculation of forest ecosystem’ and ‘visualization of forests

landscape’ and aims to develop visualization system for artificial cedar forests that would precisely
reflect to light environment, i.e. grow, compete and die among others. At the end, such system
will be developed to be useable at high-end PCs.

The simulation system include interface and exchange of data in order to become a universal tool
that could examine forest dynamic models and real world.

Study Area
The density test area of cedar forests in Ohtaniyama Forest of Tokyo University of Agriculture

and Technology. Since the density test area has the same keeps same environment except for the
density for it does not contain trees other than cedar forests, there is no need to consider
competition with other tree plants, as well as any artificial changes, and only the density changes by
lighting may be considered.  Also there is data long enough to use for this study.



The study site is located along mountain stream, 30-40 degree of steep slope, facing to the
southeast. 3 year-old trees were planted in 1962 the area of 0.1 ha with the density of 3,000/ha,
4,500/ha, 6,000/ha and 9,000/ha each. There has not been any operation nor disturbance by snow
nor wind.

Methodology
With an input of 1980 data, a numerical calculating simulator was modified to make PipeTree

model adaptable to the artificial cedar trees. Then it calculated competitiveness, growth and death
of a tree at an individual level, i.e. to which direction each leaf and stem would grow. The amount
of lighting was calculated by ray tracing, which is well used for CG methods. Calculation of
photosynthesis was done with the amount of water obtained, and the growth of stems and roots was
simulated. Areas with different density were calculated and the results were compared with the
actual sites. If the data differed from the real ones, it was reflected to the simulation and
parameter was adjusted to improve the density accuracy. As a result, the parameter considered as
the best was used to calculate up to now, 2005.

On the other hand, a cedar forest CG was generated by AMAP and was saved as a library. With
the CG creator software 3dsMAX, cedar tree CG data obtained from the calculation results was
transformed into real CG.  With CG creation software Vue, trees with different forms were
arranged based on the results of numerical calculation simulation and finally the picture was
visualized.

Result and Consideration

Enabling both calculation and visualization of forest ecosystem, this study succeeded in
developing a visualization system under light competition which will reflect to the real one.
Among the tightly dense area where competition among density would occur, unnatural
branch-crossing or flat growth is likely to happen. From the results of this study, for the light
competition is working among forest ecosystem, such phenomenon will not occur and it was able to
visualize the competition under natural world. In addition, it also visualized the change of density,
as well as tree form, by competition when compared with current pictures. Moreover, all the
procedures, from calculation of forest ecosystem to visualization of forest landscape, were
calculated only by one ordinary PC.

The conifer calculated by numerical calculation The result of visualization



