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Modelling, simulation, and visualization of forest
ecosystems

Abstract—We present a framework for the simulation of reflect any biological laws of spontaneous afforestatibig t
forests, where a complex application system simulates a spo peing one of considerable problems of their approach.
taneous afforestation process. Within this virtual enviraament, Chiba et al. [13] represented trees using volumetric testur

trees can be seen to grow over several centuries. The obtadhe | iled b hi th h Is (3D
simulation results are used to animate ecosystem developnte mage was compiled by ray marching through voxels (

where trees struggle for survival. The visualization of trees is image elements) and integrating their density and colaeed
speeded up so that the models of trees have progressively ke were placed on landscapes using Poisson disc sampling [14],
details proportional to the distance from a certain point of so that a new tree was successfully added only if its randomly
view. The growth of individual trees is also animated, from he selected location was not too close to the location of some
development of branch complexity to per-leaf precision to how - ) . .
a very realistic perception of the emerging ecosystem. other t_ree. The simulation was simple and fast, but their
o _ . rendering process took several hours and the trees were of
_ Index Terms— Artificial life, tree modelling, computer anima- |,y detail. Using such an approach they created images with
tion, natural phenomena, ecosystem simulation, biology.
up to twenty thousand trees on a landscape.
Deussen et al. [15] built the first ecosystem simulator used i
computer graphics to follow natural laws. Their highly dieth
tree models were created using L-systems [16] and rendered
HE modelling of treeshas a twenty year tradition in using ray castingor ray tracing With so many ray-traced
computer graphics. At the beginning, the accent wambjects on scene, they came up with the conclusion that a
on modelling the geometrical structures of individual sieecompact procedural model for geometry generation and the
Manual modelling of tree structure and its leaves is a tesliolhstancingof created geometrical tree models must be used for
task, because each branch and leaf position, rotation, s@tgects to fit in the main memory. Visually credible disttiion
and texture must be appointed. Therefore, procedural tigfetrees was achieved using two different approaches, one is
models are used instead and several techniques for pratedfobm global to local, the other is from local to global [17].
models are available today. Different procedural modets arhe first approach was semi-automatic, the second was au-
based on various types of branching structure construftion tomatic, a pure simulation. This simulation included some
These techniques differ in the level of detail [2], [3], [#he natural laws of interaction among the trees themselvestand t
flexibility, and pretentiousness of modelling [5], [6], ®8q7], environment. The first such law was a tendency for the same
[8], and time complexity [7] in addition to the animationspecies of trees to grow in clusters, naming such effect as
ability and representation of the built 3D model. The mayori clustering[18], clumping[17] andunder-dispersiorj19]. The
of these models try to determine some visible properties eécond behaviour principle considered was competitiongmo
the final 3D model, such as the rotation of branches aroumdividual trees in an area afcologic neighbourhoo¢R0],
their central axes. These properties are usually bioltlgicawhere one tree can influence the growth of others. The
inspired byphyllotaxis i.e. the main influence on the tree’sinvolved trees interact by the intersection of two ecolagjic
architecture [9]. neighbourhood areas. One of them becomes dominated and
Following increases in computer power, interest in th@hen a tree is being dominated, its growth is slower or it
research of individual tree models has grown up to the reBeamay even die. This results generally in principal a phenanmen
of algorithms for modelling entire ecosystems [10], whére t of tree distribution known aself-thinning meaning that in
simulation of afforestation had begun to play the key rold[1 the beginning, trees grow without interference, but as itiens
[12]. By passing a limited number of parameters to the modéhcreases, the dominated trees start dying off. They defimed
many emerging trees grow over the landscape accordingdomination of a tree by comparing its power to the powers
the modelled natural laws. The spontaneous developmentoffcompeting trees within its range. If a tree had inferior
an ecosystem is achieved using such a model, and simulatesver than a neighbour, it would become dominated. The
for each step, lasting for one year. Simulation results apewer depended on the age of the tree, and simplified living
presented to the user using computer graphics by rendergamditions at its place of growth.
the 3D ecosystem scene into an image. The existing simplified living condition models in computer
The first to treatlandscape visualizatiomith forests and graphics only consider the soil moisture. It is true thas thi
shrubs were Weber and Penn [6]. Their trees were represeritedsually a significant environmental impact, but addiipn
by a procedural geometrical model and rendered with ragemetimes even more important ones, can be found. This is
tracing. As this model featured level of detail adaptiorgyth why we decided to build a new ecological model to consider
were able to visualize a few thousand trees on a landscapmre parameters. We prepared new models for tree growth,
Trees on this landscape were manually placed and did legir distribution across landscapes, and the calculaticad-

I. INTRODUCTION
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ditional living conditions. We have designed all the men&id control points are defined usingverage maturity year of
models and implemented them in C++ programming languag@eciegt,,.s), average year when species is fully gro@n),
For simulation, we used real terrain elevation data to campuaverage height of a matured specifs,,.;), and maximum

living conditions. potential age of specie@y.s).
The paper is divided in six sections. The next section

describes the simulation of an ecological system. The third hsp

section presents models for the calculation of living ctinds ! T

within an ecosystem, where elevation data is used to caécula Ps y |

living conditions such as slope, soil moisture, and degodes /
wind and sun. The fourth section explains the modelling of !
trees and the visualization of a simulated ecosystem. Biscu

sion takes place in the fifth section. The paper concludds wit : N
a summary, and guidelines for future work. ot o Lus lg,  t[years]
Il. SIMULATION OF AN ECOLOGICAL SYSTEM Fig. 1. Height of a species through lifetime without growtbstruction.

We begin the _5|mulat|on with an empty terrain on Whlch, The persistent clinging to life of a SPECi@s.sis.s, is used
every year, a different number of trges for each_ SpeCIﬁj'\:‘distinguish between pioneering species such as shrubs an
are added A¢ = 1 year). We can simulate the lives Ofbirches and others such as beeches, spruces, and mapges. It i
several hundred thousand trees over several hundred Waﬁrscharacteristic for the former to retreat if the latter haisadle
we mentioned, our simulation determines the distributién ﬂving conditions in the same area.
|n_d|\(|dual trees across a terral_n_, based on the living cmnis The suitability of living conditions« ,) in our simulation
within that terrain. These conditions dreight above sea level is calculated from the suitability of the considered living
slope humidity, and the amount o$unandwind. ondition factors:

In every simulation step, we execute three sub-steps: t%e '
creation of new trees, their growth, and the elimination of Vs,p = Kgis,pMes pWs pls pSs.ps (2)
dead trees. These three main processes are implemented ﬁ;\s o .
software agents, and act stochastically. whereky,, , € [0, 1] denotes the suitability of height above sea

The first sub-step of every simulation step, the creati(gﬂvel’msvp € [0, 1] soil maisture/s;, € [0, 1] SUNWs,p € [Q’ 1]
of new trees, is done for each tree species using differ d, ands; < [0_’1] slope at growth location. We defmg th_e
parameters, because each tree species has a specific meth t§r by consideringlope harmfulnestf,;.) for each species:
replication. Firstly, AN, , trees for each species to be added ssp=1— (fossin)?, (3)

is computed in each year. The amount varies according to the

number of seeds from this species cumulated over previoifgere indexes andk select the patch at the growth location,
year, and the seed germination factor. When we add new tré&t,ermmlng the slope. The suitability of the remainingrfou
we consider the under-dispersion principle by increasirg tliving condition factors depends on any deviation from the
probability of chosen locations near to existing trees. optimal living conditionsof a species, denoted g, mo;s,

The second simulation sub-step, growth regarding tredss @ndw,;s in the following equations:

depends upon their power. Usinpg ,, (ps, € [0,1]), we can 1 Ti — Toal < AT,
denote the power gf-th tree from the tree species Yisp = { 1 — max {1’ |yi,k’ _ yo;s]fﬂ;ﬁ} _otherwise ’ 4
Psp = hs,pppersist:,s’l}s.,pa (1) { 1, |ml k= mo.8| < Amy.s (5)
M p = . sl = s
whereh, ,, € [0,1] denotes the height of the tregc,sis::s € b 1 —max {1, |m; j — Moys|fm;s} , otherwise
[0,1] the persistent clinging to lifeand v,,, € [0,1] the ‘
itability of livi ditions f ith ind d lsp = b i = Loa] < Bloss (6)
suitability of living conditions for a tree with indexesandp. P =\ 1 — max {1, [lis — loss|fis} , otherwise ’
The height of a tree depends upon its age and factors that
have affected its growth until this age. The first factor to T 1, [wi g — Wors < Awe.s )
consider isgrowth obstruction caused through domination ~*? | 1 — max {1, |w;k — Wo;s|fw;s} , otherwise ’

by more powerful trees within neighbourhood. The secoq_(liere tolerated deviation&\g, ., Ame.s, Aly.s andAw,. are
. ) : ; e , ors sy Al :

Lactor IS ?on-unlformf grtowt_h |nte{1h5|tth)durmg |;s |I|fet|me, uxiliary parameters for defining the classes of suitabiadi

ecause trees grow taster in yout an In adolescence. =8fitions for species. If a certain living condition is aft
the Igtter factor, we defined a polyh_ne to approximate alz!d'dethe tolerated deviation bound, its harmfulness is consitler
continuous growth curve for the height of a tree depending B diminishing a living condition with it, and &armfulness
its age. Fig. 1 shows the height of a tree over years with tor. Latter factors are denoted gis f o Fusr and .
growth obstruction using the ideal continuous curve and s "~ living condition s Jrmsy S *
approximated polyline. For each tree species, these pelyli Classes of suitable living conditions can be obtained from

1For easier notation, descriptive indexes for main symbel separated some of the existing trees ||V|ng condition taxonomies. One
from variable indexes with a colon in this paper. such was prepared by Ellenberg [21] for Central Europe and
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extended to other areas of the world [22], [23]. Ellenbenghere y,,;, is the minimum height above sea level of the
divided living conditions within ten classes on a linearlscaterrain, andy,,,.. is its maximum. The surface normal of a
and classified suitable living conditions for individuaksges quad (patch) is denoted hy; , and calculated as:

in these classes. Statistically numerated data can be reed f
a digital library [24] and used in our simulation.

As mentioned, the final, third simulation sub-step is the
elimination of dead trees. We distinguish between thresesu
of death: natural, intolerableness of living conditionsand Where the first vector spans along neighbouring verticeen t
suffocation We define natural cause as any type of deaffist axis and the second one in the next axis. With:, the
caused by some other cause than the remaining two cau§®§malized normal is denoted. Slope is calculated by uging
The year, when a tree is going to die because of this causeCg§nponent ofn;
pre-selected at its creation as a uniformly distributedicsn Sip =1 =T

. . ik = Noysi k- (11)

number between the mentioned yedrs, and ¢;. for its

species. During each simulation step, we compare this yehr # flat (horizontal) terrain has a slope of zero and a steep
the current age of the tree, and eliminate the tree if thesyedvertical) terrain has a slope of 1. Using advanced algorith
match. As seen, only one comparison must be done for edohsimulating natural phenomena impact, we determinaitrr
tree in a single simulation step, making this a modeét) soil moisture, and average wind and sun distribution for the
algorithm, wheren is the number of trees in the ecosystersummer’s half-year. These algorithms we created ourselves
and the operations counted, are comparisons. but they have been compared with existing referentialditer

We model the intolerance of living conditions, togethefure. Fig. 2 displays the distributions of these living cibioths
with the growth of a tree, so that if living conditions are noacross terrain, obtained using our models. Due to this {saper
satisfied, a seed does not germinate and is forgotten. Omeége limit constraint, we are only able to give a shallow
again, this is a modes2(n) algorithm. explanation of these models here.

Suffocation is caused if a tree is dominated by other
neighbour trees. It is caused because of interaction betwe
trees and is much harder to calculate. Generally, certagstr
can be dominated by any of the remaining trees. For each
we would eventually have to check all the remaining tree
resulting in an undesirabl@(n?) algorithm. The optimization |
approach we took is a localization of the algorithm to lowe
the order of the improved algorithm. _

To find trees nearby, we conduct a reference list on ea@ﬁhg'o
patch to search for nearby trees much faster. The list amtal
pointers to trees, which grow in this part of terrain, and is
constructed using uniform plane partitioning. For evearek, . )
all trees in few nearby patches are tested to determine diy SOil moisture
dominance of a certain tree. We conducted an experiment, tdur liquid flow model is used for soil moisture calculation.
present improvement in a real case. It was shown that wiRain flow is its main affecting factor, depending on slope,
600,000 trees in the 299th simulation year, on average oslgil absorption, and terrain topology. Another factor i#l st
540 instead of 600,000 tests were made per a tree. Fowater accumulation, such as rivers and lakes. The latter is
case with ideally uniformly distributed locations of tre¢ise included by initializing the consisting areas to high maist

nix = (Pir1k — Pik) X (Pik+1 — Pik)
, (10)

- [nm;i,k Ty k nz;i,k]

ot

Intensities of soil moisture, wind, and sun for reatdin data obtained
ur models on real terrain data.

complexity order of this algorithm i®(nlogn). levels. Now, let us discuss the main impact factor. We assume
that rain fall distribution is uniform over the whole temai
[1l. M ODELS FOR THE COMPUTATION OF LIVING and, therefore, each patch receives the same quantity ef.wat
CONDITIONS IN A TERRAIN Because soil can not usually absorb all the taken rain, the

o o ) rain-water flows from the original rainfall area to other riga
The mesh for the terrain is read from a digital terrain modgleas or flows in from other original rainfall areas. Allghi
(DEM) [25] and defined using vertices: results in nonuniform soil moisture distribution.
iy =7 Yin Zk]T7 i,k e[0,99], (8) As explgined, rain—yvater flows tp or from_neighbourir_lg
patches with a magnitude depending on their slope, height
being sampled for every e.g. 25 m alon@ndz. y; » denotes variation with neighbouring patches, and the soil absorpti
elevation of the(i, k)-th sample. From vertices, quad-likerate. Locally this means, the moisture received for certain
patches are formed, e.g. 10,000 patches for a sample terrptches equals the immediately absorbed rain and the aakorb
From the data of these patches, living conditions are catledl part of the water flowing to this patch from higher patchesl. So
for every patch. Height above sea levglis normalized for absorption rate depends on soil structure and rain typat(lig

later use with other models: rain, rain shower). In our simulation, the rain absorptiater
Y= Ymin 9 is approximated as a portion of absorbed rain compared to all
y= Ymaz — Ymin ©) the rainfall, but a absorption rate map can be loaded too.
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The obtained moisture distribution is further processed lwillows changes slightly. Species population sizes are now
convolving it with a low-pass digital filter (an efficient miog fairly stabilized, with a total population size of over 6000
average FIR filter is used). The filter is executed to softah atrees in the ecosystem. To test simulation stability, weeef

widen the moisture accumulation peaks. an ecological catastrophe in the year 300 by Kkilling all gree
and not changing any simulation random generators. The
B. Wind ecosystem recovers with similar population sizes for each

] ) . . species as before the catastrophe. In year 600, we trigger
Our wind calculation model is based on wind-shelter pQynother catastrophe by killing onlip, 9% of trees and elim-
sition determination. To calculate wind shelter areas, OWating all shrubs and willows during this progress. But the
algorithm considers two main principles: wind flow is, inscosystem recovers once again. As can be seen, shrubs get
many ways, similar to liquid flow, moving horizontally butgjiminated again, but the willows also. They become extinct
because of minor differences in temperature it changes j{scause other competitive species populate former growth

mass and is, therefore, subject to vertical movement top [2§,e55 of the willows and they do not have enough seeds to
Both principles result in wind shelter areas being creatged.qyer.

behind hills, because wind flows forward horizontally, baed
not move down quickly enough. Using wind drop speed and ic.e6
forward motion speed, a total angle of wind occlusion can be ~ ~
. 100000 / ) [ N,
defined. [ S [T

10000 b/ \ \

\\ shrubs
| willows
\ maples -------- B
| pines
\beeches

C. Sun

£ | F
Our sun distribution model is based on astronomical models ol “ | \‘ | |
for the Earth’s rotation around the Sun. As the Earth rotates | | \
around the Sun and by itself, different areas of the terrain \ Lo \
i i ’ it i . Lt . P T M AT
on the Earth receive different amounts of the Sun’s radiatio e el
What we do is sample the key Sun positions and cumulate Population size [nr. of trees]
the average Sun radiation, similar, but not quite the sa . . L
. . . .. id. 3. Exponential propagation of trees, stabilizatiord aacovery after
as in [27]. The latter is mainly dependant on the incidentgtastrophes in years 300 and 600.

angles of Sun’s rays. Another important factor is hill shaslo

\p/);(ﬁ\éegtmg the Sun's rays breaking through, as in e.g. SomeComputergraphics is indispensable for analysis of theabisu
ys. credibility of integrated models, allowing us to synthesiz
As mentioned, because of the emergence of shadows, some. . .
. : ealistic images of simulated ecosystems [5], [28], [13D][
rays can not penetrate into some areas. To determine, '{/\F

: c L . e visualize each simulated year by drawing a terrain sarfac
certain patch is in shadow, a similar algorithm was used as

in the determination of wind shelter positions. In this casand adding individually personalized geometrical moddls o

. ﬁrees at their growth locations.
traversal is done from a current patch towards the Sun's L . . . :
photo-realistic image is rendered in order to visualize th

location. The height of the patches is used during traversal ™ ™. . .
9 P 9 daIStI’Ibu'[IOI’l of trees across a terrain. At the tree locatitor

of patches towardp,. If the central pointc; x.,, of some . . .
P P POINYC: kin the image, our procedural models are used to instantiate the

n-th patch forms a smaller incidence angle with the centr L ooted and lized wrical models. f I
point c; ;. of the starting patch, this patch is preventing thgCoPted and personalized geometrical modets, Tor more rea
; tic visualization. Procedural models are obtained using

Sun’s rays from radiating onto the starting patch. As sod

as some occluding patch is found, the search is finish'é"&edr‘fjl::tlvleJ mod?rlller pa(rjt II? ordelr ttodc:jeat\tefthese geonizgltrlbl
for the current sample. The mentioned incidence angle odels. Using the modetlier, related data Tor parametieza

defined in the same as for wind calculation. If a certai rocedural model is acquired by the design of graphs and

patch is in shadow for some Sun's sampled position, thé—le use of interactive dialogues, which immediately aftbet

sample’s radiation is diminished according to the ambiigghit | isplayed image of a tree._ This certainly eases mode_llmrg an
allows rapid model creation. As the user parametrizes the

coefficient parameter controllable by the user of the model. . . RO
procedural model with a limited set of intuitive parameters
the underlying procedural model calculates and instatiat
geometrical model for a tree. The 3D position, size, orienta
In our application, we can analyse simulation results guantion, and texture are calculated in order to create a gedraktr
tatively using 2D graphs, e.g. population size of each gsecimodel, for each of up to over thousand branch segments
average age of species or the clustering of species durangd several ten thousand leaves. A procedural model can
simulation. Fig. 3 shows graphs for the first-mentioned cassso be designed within an ecosystem with other trees, for
where simulation lasted for several hundred simulatiorrsieaeasier perception. The ergonomics of the modeller enables
Initially, there are enough resources for all species, ®ir thus to obtain a new procedural model within twenty minutes
population sizes grow exponentially. Shrubs are a piongerior less. In addition, the procedural model enables a fairly
species so they propagate at a fastest pace. After 200 yeeositrollable, but flexible, animation. Each leaf and ea@mnbh
the terrain has long been saturated and only the numbersefjment can be animated in real time by changing some

e [years]

1000 F |/

IV. ECOSYSTEM LANDSCAPE VISUALIZATION
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a b
Fig. 5. a) Beginning of simulation, b) People stop mowingsgland, shrubs

Fig. 4. Trees obtained using our modeller.
happen to appear.

adjustable procedural model parameters, e.g. age of a trss
Those animation effects already included in our modeller a
the growth of a tree and the sway of the tree in the win(
Fig. 4 displays some trees, which were visualized using o
procedural models. As seen, coniferous and foliage trees ¢
be obtained, which have very different branching structur:
and leaf distribution.

For the visualization of complete ecosystems, we upgrad
our tree modeller with three major improvements and irg
tegrated it into the ecosystem simulator, where the tre
visualization part was used to visualize a full range ofadight _ a b

. . . . . Fig. 6. a) Simulation after 60 years: terrain is saturatéggds tree species
trees in the terrain. The first iImprovement is the use Oflﬂ:glll begin to prosper and replace shrubs, b) Results after 8&:ypeues start to

for the removal of objects from the scene, so that the gegmegenetrate massively, whereas beech and maple are alrestdipuded finitely
is never computed for culled trees. The second improvem@f©ss the terrain according to living conditions, andrtiveeraction.

is the level of detail reduction for distant trees. Deperniden

on reduction degree, less smaller branches are drawn. The

appearance of simplified trees differs little, but visuatian B. Architectural configuration

process speedup is by up to several hundred times. Using

these two improvements, we can already afford real-time Architectural configuration of the built application is sto

animation of several thousand trees. The third improveméntrig. 7. EcoMod application is composed of both tree mode-
pushes visualization performance even further. According lling component and ecosystem modelling component. Each
the above reduction degree, differently-complexed genoatt component is finely granulated and they interact with each
objects are chosen for branch segment and leaf representaivther at top level by the latter using constructed procddura
Fully detailed branch segment and leaf representations atedels of the first to create geometrical models for growing
drawn with a cone and a quad. A simplified branch segmefées. As seen from the figure, user parameter input is saved
and leaf are drawn using a line and a vertex. in the databases of procedural model and ecological model
parameters. The links of ecological models with their visua

A. Synthesized images representations using procedural geometrical modelszaed
in the former database.

We present some rendered images, which are synthesized
from one of the simulation runs. Four tree species are irdud
beech, maple, pine, and shrubs. Simulation begins with an EcoMod
empty terrain with no trees. The trees populate the Ian@cap Tree modeller Ecosystem modeller
as a natural consequence if peop|e StOp mOWing grassland Local and global parameters Landscape visualizator || Afforestation simulator

. i . designer (by graphs and Terrain renderer Livi diti del
(Fig. 5a). The first few years mostly include these, because|oter interactive techniques) ‘%Mne e ing conditon mo eT

shrubs can grow and replicate quickly (Fig. 5b). As they are | gocequrai o parameters) ||| [ Rendering of trees STope mode]
weak in their fight for space against new dominating speci brocedura é —— [ culling Soil moisture model
roceaural model visualizator -
tht_ay retreat and the terrain is populated by larger folld_gatp _ Geometrical structure | ,‘ Level of detal %W'"d{“ess mode
(Fig. 6a). Later, spruces start to spread from the right side ‘Attractorﬁ:q”:afj:‘;fpp”caﬁon‘ —
. . . . ata base of bul 1 n

(Fig. 6b). After approximately 180 simulated years theaierr ‘ Geometrical structure [ procedural models] DOm0y e
is saturated with all species used in simulation. Each ahthe level of detail adaptation Growth of trees

Rendering of geometrical Data base for ecologica Creation of trees
elements characteristics of trees (communities)

acquires a suitable area for living conditions, where it can
dominate other species. Obtained clustering of specie=eis, s
but some trees from another species are still containedrwitlrig. 7. Architectural configuration of the application caments and
the environed areas making the image more authentic.  included algorithms.
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V. DISCUSSION

A new research topic has arisen for tmeodelling of [1]
ecosystemswvhich combines computer graphics and artificiaI[Z]
life in a new way. A cheapecomputer animatiorof natural
phenomena is achieved by combining both scientific topic$3]
As seen again, computer animation is still and once again the
leading economical driver of research into artificial life. [4]

The distribution of trees jusgmergewwithin the simulation,
as this emergence is a principal phenomenartficial life. 5]
Simulation is driven by programmable agents which mediat(L}
within the development. They are the keepers of rules withiif]
the ecosystem, such as the growth of individual trees, conﬁ-]
petition between neighbouring trees, the dying of trees, th
manner of reproduction, and the disposal of living condiio [8]

Let us stress, what are main contributions of our algorithmﬁ)]
in relation to existing solutions:

« efficient integration of a procedural tree-model modeller
tool (subject of human-computer interaction), ecosystefyy,
simulator (subject of artificial life) and forestry landpea
visualization (subject of computer animation) in a singlﬁl]
application,

« consideration of several living conditions besides sdqil2]
moisture, such as height above sea level, wind, and sun,
for visualization of ecosystems, [13]

« immediate visualization of a simulated ecosystem during
simulation,

« ability to shape a new procedural tree model as a réé?]
landscape at a selected DEM location, and preview tfis]
built model within it,

« construction of algorithms for the calculation of living
conditions for visualization of ecosystem simulatione]
from real DEM terrain data,

« efficient generalization of an ecological neighbourhood
area collision detection of domination from 2D into 3D
space, (7]

« use of living condition factors from Ellenberg taxonomy,
in forest development simulation for visualization of
ecosystems. (18]

[19]

VI. CONCLUSION 20]

This paper describes an elaborated simulator for landscape
afforestation when determining tree distribution. It ddas [21]
ers several environmental properties and combines compute
graphics with artificial life. The application is used in com[22]
puter animation for the synthesis and analysis of natural
environments. A flexible and adaptable procedural 3D modgk;
is used to visualize trees. Behaviour of the presented tree
distribution model was also confirmed. The number of trees '514]
the ecosystem increases exponentially, trees do grow ir com
munities, and permanently emerging pattens are bioldgicaj2s]
inspired and natural looking.

The interdisciplinary spirit of this research enables il@fs]
findings in algorithms to be used in several different séiient [27]
fields, besides computer science, such as biology, ecologgl
forestry, and pedology. Much more future work can still b
done on this topic in all research areas. Simulation could be
additionally optimized and run parallel to several compaite
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