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ABSTRACT

In computergraphicsmodelsdescribinghefractalbranchingstructureof treestypically exploit themodularityof

treestructuresThemodelsarebasednlocal productionrules,which areappliediteratively andsimultaneouslyo

createa comple« branchingsystem.Theobjectiveis to generatéhree-dimensionacene®f oftenmary realistic-
looking and non-identicaltrees. Our goal, instead,is to visualizethe growth of a prototypicaltree of certain
species. It is supposedo look realistic but, more importantly hasto conformwith real, measureddata. We
constructatreemodelbeingsimilar to existing onesandextendit by couplingthe branchingproductionruleswith

dynamictree-gravth rules. The latter are basedon equationsderived from measuredtreettree datafor London
Planetree (Platanusacerifolia) suchastree height,diameterat-breast-height;rown height,crown diametey and
leaf area.We mapthe global, measuregharameterso the local parametersisedin the treemodel. The mapping
couplesknowledgefrom plantbiology andarboriculture aswe dealwith treesthataretrainedandmanipulatedo

achieve desiredformsandfunctionswithin highly urbanizedervironments.

Keywords
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is complex andmary biologicalphenomenaeedto be

1 Intr oduction . : :
consideredTo verify andvalidatetreemodels authors

Severalmethodsxistin computeigraphicgo describe
and model computergeneratedrees. Their common
goalisto generatefrom scratchphotorealistidmages
of mary treesof a selectedspecies.The treesarede-

signedto appeamasnaturalaspossiblepnespeciesata

time. Many treesof onespecieshouldvaryin appear

ance sothattogetherthey resemblea naturallygrown

foreststand.

Few approache$ave tackledthe animationof trees
growing over time, asthe growing processof a plant
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typically referto thehumaneye, whichis easyto fool.
The generatedmagesare supposedo appear‘natu-
ral”, i. e., asif they wereexactcopiesof treesasthey
occurin naturalsettings. To our knowledge,noneof
theseapproacheserify their treemodelsby quantita-
tively comparingreedimensiongndotherparameters
with measuredlatafrom actualtrees.

We generatdreegrowth animationsrom treedimen-
sions measureddy scientistswith the USDA Forest
Service Centerfor UrbanForestResearctat the Uni-

versity of California, Davis. Their streettree growth

studyconsideregharametersuchastreeheight,crovn

height,crowvn diameterdiameterat-breast-heighgnd
leaf area.The studywasconductedn Modesto,Cali-

forniaandledto equationgor predictingtheseparam-
etersandtheircorrelation.Treegrowth equationsvere
usedwith numericalmodelsto estimatethe annual
bene ts for pollutantuptalke, enegy savings, rainfall

interception,carbondioxide sequestrationand prop-
erty valueincrease.We describethe study and mea-
suredparameterén Section3.

When modeling a tree with a computersystem,the
structure of the tree is usually describedprocedu-



rally, wherethe model comprisesinformation about
thebranchingsystemsuchasbranchlength,branching
angleandtwist, or fractal dimension. Typically, the
modularityof treebranchingstructuress exploitedby

de ning local productionrules,that areapplieditera-
tively to createcomplex branchingsystems.Thetree
model parametersre local and the productionrules
areappliedto eachbranchindividually, while themea-
suredparametergrom the study are global, describ-
ing the overall shapeand appearancef the tree. In

Section4, we describehetreemodelwe have chosen
for our purposesandin Section5, we describehow

the globally measuregarametersre mappedto pa-
rameterdocally controllingtreegrowth (usingthetree
model)andhow thetreeis grown in ananimation.

2 RelatedWork

Computemgraphicshasbeenusingformal descriptions
for the modeling, simulation, and renderingof trees
andplantsfor decadesTheformal descriptionis typ-

ically basedon local productionrules. Startingfrom

the trunk of atree,the productionrulesgeneratenew

branchesand are appliediteratively to the individual

partsof the tree until the desiredbranchingstructure
is reached.This methodof generatingplantsis based
onthe assumptiorof plantmodularity which leadsto

repeategatternsbeingobsenedthroughouthe plant
structure.The productionrulesaretypically “context-

free” or “context-sensitve” in the context of formal

languages.

The mostcommonrepresentatie of suchformal de-

scriptionsfor tree modelingis the so-calledL-system
or Lindenmayeisystemnamedafterthetheoreticabi-

ologist Aristid Lindenmayemwho introducedthe con-

ceptin [Lin68]. Prusinkiavicz andLindenmayerde-

velopedmary algorithmsto model different species
with differentcharacteristicsall basedon L-systems
[PL9Q]. Onemajordevelopmentwastheintroduction
of parametricL-systems,wherethe productionrules
dependon the valuesof somelocally storedand up-

datedparameters.Other authorspicked up on their

methodsand developedthem further Examplescan
be foundin [AK85, Blo85, LD99]. In [FH7Y], atree
modelis discussedhatmaximizegotalleafareawhile

varyingthe branchinggeometry A surwey of existing

L-systemapproachess givenin [PHMH95].

In [PHHM97], moreemphasiss givento how the L-

systemmodelappliesto nature.Life, deathandrepro-
ductionare discussedaswell asinformation ow in

growing plants.Also, thein uence of theervironment
onthegrowth of plantsis considered.

For computergraphicsapplicationssuchascomputer
animatedmovies or video gamesthe main objective
of modelingplantsis to generate scenebeinghighly
realistic. Stochastidreemodelshave beenintroduced
to simulatevarietywithin onespecies.Theindividual
plantscanbeorganizedn asophisticatedvayto create
forestsor elds [CSHDO3 andevenentireecosystems

[DCSDO3.

The methodamentionedabove aremainly targetedto-
ward the generationof static tree models. To ani-
mate plant development,L-systemscan be extended
to dL-systemsr differential L-systemsasintroduced
in [PHM93]. The productionrulesof dL-systemsare
parametricwherethevaluesof the parameterarede-
ned as the solution of differential equations. Re-
cently, implicit surface representationgor growing
treeswereusedin [GMWO04]. Inversemodelingtech-
nigueswere usedto de ne the tree structureand its
development.

3 TreeParameters

Thestudyof streettreespeciesinderlyingour method
was conductedby the Centerfor Urban Forest Re-
search. Tree size, managementand site conditions
weremeasuredor twelve commonstreettreespecies
in the SanJoaquinValley city of Modesto,California.
However, for the tree growth visualizationdescribed
in this paper we focus on one species,namely the
LondonPlanetree(Platanus acerifolia). The 27 ran-
domly sampled_ondonPlanetreeswereplantedfrom
two to 89yearsago. Thestudyis describedn detailin
[PMMO1].

Data collected for each tree during June through
September 1998 include species, age, address,
diameterat-breast-heighttree height, crovn diame-
ter in two directions(maximumand minimum axis),

heightto the baseof crown, andleaf area. Obsera-

tional datainclude a visual estimateof crown shape,
pruninglevel, tree condition code,andplantingloca-

tion (front lawn, plantingstrip, or sidavalk cutout).

Condition code was calculatedas per the Guide for

Plant Appraisal(Council of Tree and Landscape?p-

praisers1992). Pruninglevel estimation distinguish-
ing betweenno pruning, less than 10% of crown

pruned,10%to 39%pruned,and40%or morepruned,
wasbasedon total percentag®f crown removed due
to crown raising,reduction thinning,andheadingdur-

ing thelastfour-yearpruningcycle. As treesmatured,
pruningincludedcrown raising. Maturetree mainte-
nancetypically consistecbf crown cleaningandthin-

ning.

Two digital photosof eachtreecrown, takenatperpen-
dicularangleqchoserto provideanunobstructediew
of the crown) were usedto estimateleaf areausing
animageprocessingnethod[PM98, PM03. Agesof
treesfor which agedataweremissingor enteredncor-
rectlyin thedatabaseyereveri ed throughsearching
handwrittenplanting records, interviewing residents
andcity arboristspr incrementoringto countgrowth
rings. Crown heightwascalculatedoy subtractinghe
bole height(distanceto baseof crown) from total tree
height.

Typically, streettree databasesnclude diameterat-
breast-heightsize classesbut rarely any age infor-
mation for eachtree. Therefore,in this study only



diameterat-breast-heightvas regressedon age; all
othervariableswere regressedn diameterat-breast-
height (DBH), enablingusersto predictthe otherdi-
mensionaisingmeasuresf diameterat-breast-height
alone. Three curve- tting modelswere testedto a
small sampleof healthytrees. A logarithmicregres-
sion modelprovidedthebest t for predictingall pa-
rametersexceptleaf area,for which a non-linearex-
ponentialmodelwasused.Theresultingfunctionsfor
DBH, height,cronn diametey cronn height,andleaf
areaof theLondonPlanetreesareshavn in Figurel.

In the following, we refer to these functions as
fosH(t), fu(t), foo(t), fen(t), and fia(t), respec-
tively, whereparametet is time. Visual obsenation
of thedatarevealedncreasingvariability with ageand
size of thetrees. Therefore,we assumedhe error to
be multiplicative asis indicatedby the con dencein-
ternvalsshovn in thegraphs A completedescriptiorof
theanalysisandmodels,ncludingthe necessargtan-
darderrorof estimatestesponssamplemeanandcor-
relation valuesneededfor calculatingcon dencein-
tervals are available on the Centerfor Urban Forest
Researchvebsite.

4 TreeModel

The canonicabpartsof a branchingstructurearebifur-
cationsand branches. In plant science,they arere-
ferredto asnodesandinternodesrespectiely. Due
to the modularity of nodesand internodesyepeating
patterns,and the fractal structureof trees,computer
modelstypically useiteratively, simultaneouslyand
locally appliedproductionrulesto generatecomplex
branchingstructuresThus,theentiretreecanbegen-
eratedbasedn local operationsandlocal parameters.

A branchor internodeis de ned by its lengthl, diam-
eterd, startpoints, anddirectionl, asshavn in Figure
2(a). A bifurcationor nodeis de ned by the angles
fi betweerthe axesof the parentbranchandthe child

branchesand by the ratiosin length |IT'3 and diameter

g—é betweerthe parentbranchandthe child branches,
i = 1,2, asshavn in Figure 2(b). Whenone of the

child branchedifurcatesagain,it will, in generalnot

lie in the sameplanebut in a planeof differentori-

entation. The changein orientationis de ned by the

divergenceor twistingangleq;, i = 1;2. In additionto

thenodesandinternodesthereareleavesand o wers.
No productionrulesareappliedto leavesand o wers,
but they cangrow in sizes. In our application,we

only requireleaves,but for otherapplicationso wers
canbeintegratedin the sameway.

We use a parametricL-systemto describeour tree
model. The chosenparametricL-systemcan be de-
ned asa contet-free or context-sensitve grammar
G = (V;T;SP), wherethe setof variablesv consists
of branche®(l;d;s;|) andthetrunkT(l;d;s;1), theset
of terminalsT consistof leavesL(s), thestartsymbol

Lhttp:/Awcufre.ucdavis.edu
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Figure 2: Branchingstructureconsistsof internodes
(a)andnodegb).

is thetrunk T(l;d;s;1), anda setof productionrules,
which arede ned in the remainderof the paper The
trunk is, in principle, alsoa branch,but its parameter
valuescannotbederivedfrom aparentoranchasthere
is none,which requiresusto treatthetrunk separately

The branchingstructureis storedin a binarytree. In

nature theremay occur, for example,ternarybranch-
ing, but we are applyingour methodsto urbanstreet
treesthatarefrequentlypruned.Sinceternarybranch-
ing is not bene cial for robust and balancedtree
growth, suchstructuresare regularly removed during
pruning.

Eachbranchin thebinarytreestoredengthl anddiam-
eterd. Startpointsanddirectionl arenot storedin a
global coordinatesystem but arecomputedn alocal

coordinatesystemwith respectto the parentbranch.
Thus,eachbranchstoresanorientationin form of abi-

furcationanglef andadivergenceangleq. To control
growth of branche®vertime, we alsostoreits time of

creationtyg andsomegrowth factors,whoseuseis ex-

plainedin the subsequergection.Growth canbelim-

ited by storingmaximumlengthanddiametey which

are,again,computedrom theparametersf theparent
branch.

5 TreeGrowth

To grow atree,we have to extendthe staticL-system
tree model by introducinga continuoustime dimen-
sion. Prusinkiavicz et al. [PHM93] enhancedpara-
metric L-systemsby solving differentialequationgo
updatelocal parameters. This so-calleddL-system
treatsthe solving of differentialequationsn the same
way asthe applicationof updaterules. Thus,depend-
ing on the valuesof the considerecparametergither
productionrulesare appliedor differentialequations
aresolvedfor theseparameters.

Sincewe areusingmeasuredaluesandsinceourgoal
is to visualizethe measuredlata,thereis no needto
de ne plausibledifferentialequationsinsteadwe can
directly incorporatethe functionsderivedin Section3
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Figurel: Experimentadatafor diameterat-breast-heightDBH), height,crown diameteycrown height,andleaf

areaof LondonPlanetrees.

and shown in Figure 1. The functionsdescribehow

the measuregarametersre supposedo be updated
overtime. It remainsto be explainedhow thesemea-
suredglobal parameterare usedto updateand con-
trol thelocal parametersf the dynamicL-system.We

malke useof certainfactsknown from plant biology,

see[HKVF88, KK79, Nik94]. We describethe rele-
vantparametergor our modelnext.

Trunk length and diameter.
The lengthl andthe diameterd of the trunk are di-

rectly controlledby the global functions. The length
I = I(t) is de ned asthe differencebetweenthe mea-
suredheightof thetreeandthe measuredheightof the
crown,i. e.,

(1) = fu(t) fen(t):

The diameterd = d(t) is directly proportionalto the
measuredBH, i. e.,

d(t) = cogH foen(t) ;



wherecpgy 2 [1;1+ €) for asmalle> 0.

Branch length.

Whenabranchgrows, it exhibits a similar growth rate
asthe trunk or the treeasa whole. Thus,the length
of a branchfollows the growth ratesof the respectie
functions. To assurethat our tree model hasthe ac-
tual, measuredree height,we usethe function fy (t)
to controlthe elongatiorof internodes.

Intuitively, primary brancheqi. e., brancheghat em-
anatefrom the main branch/trunk)start growing be-
fore secondanpranchedi. e., brancheghat emanate
from primary brancheskxist, and so on. Thus, pri-
mary and secondarybranchesdo not grow at the
samerate; while primary branchegnay alreadyhave
reachedislow-growing phasethesecondarpranches
may still bein their initial fast-graving phase(Figure
1). This factrequiresusto keeptrack of the time of
creationty of abranchandto computethegrowth with
respecto this pointin time.

Moreover, a secondarybranch does not reach the
lengthof a primarybranch,andatertiarybranchdoes
notreachthelengthof asecondarpranch.etc. There-
fore, we multiply the growth function with a scaling
coefcient ¢;. The scalingcoefcient ¢ of a branch
is obtainedfrom the scalingcoefcient of its parent
branch multiplied by the scaling factor 5 2 (0; 1),

wherethe trunk hasa scalingcoefcient ¢, of value
one. The scalingfactors dependson the species.
For the London Planetree, we use randomvalues
§ 2 (0:6;1). Therandomnesss requiredto make the
treeappeatesssymmetricandthusmorerealistic.

In summarythelengthl = I(t) of abranchattimet is
givenby

|
I(t) = Hmax ¢ fu(t to);
max

wherelmax and Hymax arethe maximumlength of the
branchandthe maximummeasuredheightof thetree,
respectrely. The maximumlength Imax of a branch
is determinedby the maximumlength of the parent
branchmultiplied by the scalingfactors;. Thegrowth

of the branchterminatesvhenthe maximumlengthis

reached.

Branch diameter.

When a branchbifurcates,the child brancheshave a
smallerdiameterthanthe parentbranch.Leonardoda
Vinci postulatedhatthe squareof the parents diam-
eteris the sumof the square®f the diametersof the
children. In a dynamicsetting,we usethe measured
function fpgn(t) multiplied by a scalingcoefcient cy
to determinehegrowth of thediameterd = d(t).

Thescalingcoefcient ¢y is basednthescalingcoef-
cient cJ of the parentbranchbut alsoon the scaling
coefcient ¢, which establishesa correlationbetween
the scalingin lengthanddiameter The scalingcoef-
cient is computedascg= ¢ ¢ (1 0:7 c3) : The
trunk hasa scalingcoefcient cy of valueone. Differ-

entdiameterdor differentbranchesreinducedby the
randomnes the scalingcoefcient ¢;.

Thegrowthin diametelis computedvith respecto the
time of creationty. The diameterd = d(t) is de ned
by

d(t)=cq fosu(t to):

Branch orientation.

The orientationof a branchis determinedby the ori-
entationof the parentbranch the bifurcationanglef ,
andthedivergenceangleq. Thebifurcationanglef is
basedntheratio of crown diameterfcp(t) andcrown
height fcy (t), which de nes the shapeof the crown.
London Planetreesare vertically ellipsoidal, which
meanghattheir crown heightis greatethancrown di-
ameter Theratio of crown diameterfcp(t) andcrown
heightfcy () is approximatelyconstanbvertime. We
de ne thebifurcationangleby

f
f = arctan =2

fen

wherea is a smallrandomangleto make thetreeless
symmetricandthusmorerealistic.

Whenchoosingdivergenceanglesq, we have to con-
siderthatwe arevisualizingurbanstreetreesrgularly
prunedto obtainan“optimal” shape A balancedree,
where primary branchescalled scafolds are evenly
spacedradially aroundthe trunk, is consideredpti-
mal. Also, lower branchesareremovedto allow for
clearancéy trucks. Thereforewe choose

g= 130 ;

which resultsin evenly spacedoranchesspiralingup
thetrunk.

It remainsto discusshow to decidewhento applythe

updaterulesleadingto treegrowth andwhento apply

productionrulesleadingto bifurcation. Our approach
is to grow eachbranchusingtheupdaterules,until the

branchhasreachedts maximumlength,andto cre-

atea new branchusingthe productionrules,oncethe

branchhasreachedts maximumlength.

Leavesaregrown on all branchedeingsmallerthana
prede nedthreshold. The thresholdis, again,depen-
dentonthespecieslLeavesspiralaroundthe branchat
asetinterval andhave randomizedrientation.

6 Resultsand Discussion

To visualizetreestructure we rendereachbranchasa
cylinder. The storeddiameterd is alwaysthe diame-
ter at the beginning of a branch. The diameterat the
endof thebranchis determinedy thediameterof the
adjacentranch. For an endingbranch,which hasno
child branchesthecylinder degenerate$o a cone.

We havetakendigital photographsf boththebarkand
theleavesof aLondonPlanetree, whichwe useastex-
turesfor thebranchesndleavesin ourrenderingsWe
havemodi ed thebarktexturesuchthatthetexturecan
bewrappedarounda branchwithoutdiscontinuitiesn



thetransitionareaandsuchthatmultiple copiesof the

texturescan be stitchedtogetherwithout discontinu-
ities.

We animatetree growth by using the tree model of

Section4 andthe local growth parametersliscussed
in Section5, which are usedto visualize the global

parametergrom Section3. Snapshot®f the anima-
tion, takenatages = 10,20, 30,40,and50yearsare

shavnin Figure3.

To obtain a betterfeeling for the dimensionsof the
tree,we addcontext in form of ahumanstandingnext
to the tree. For referencewe alsodisplaythe ageof
thetreeduringanimation.

In addition to the quantitatve, measuredarameters
that directly in uence the visual appearancef the
tree,we arealsointerestedn visualizingquantitatie
bene t-costparametersThedollar (US) valueof an-
nual bene ts for the London Planetree in Modesto
werenumericallymodeledfor enegy savings, air pol-
lutant uptale, CO, sequestrationstormwater runoff
reduction, and aesthetic§PMO03]. Averageannual
costsfor the samespeciesvere basedon an analysis
of tree work recordsfor plant/water prune,remove,
infrastructurerepair andstormclean-up.Their values
aredisplayedby bene t-costbarsanimatedto re ect
the typical streamof bene ts and costsover time for
this speciesn Modesto.

Theresults(Figure3) arequite satishctory aswe suc-
cessfullyanimategrowth of arealistic-looking.ondon
Planetree over 50 years,while conformingto mea-
suredtreedimensionsTheemphasi®f our work was
notto make thetreelook asrealisticaspossiblebut to

displayits growth in termsof trunk heightandwidth,

crown heightandwidth, andleafarea.Growth of these
parameterss representeéh a visually appealingand
intuitive way. For example,one canobsere how the
diameterof thetrunk increasesteadilybut with a de-
creasingatedueto thefactthatthetrunk grows anew

ring every year, but annualring width decreasesver

time.

Althoughwe do not have a video recordingavailable
of arealtreegrowing overtime, we can,atleast,com-
parevisually the resultsin Figure 3 with the digital
photographshown in Figure4. Our goal was not to
replicatethis particulartreein Figure4, but to grow a
prototypicalLondonPlanetree.

We useknowledgefrom plantbiology wherepossible,
e.g., to estimatecertain coefcients neededto map
measuregarameterto ourtreemodelparametersOn
the otherhand,we have developedmethodgor urban
streetreeswherepruningpracticesnodify treearchi-
tecture. Thus,certainconceptssuchasnaturaldeath
of certainbranchesor leaves or information o w in
growing plantsasdescribedn [PHHM97], arenotrel-
evant. Instead we complemenbiological knowledge
with arboriculturalknowledge, for instance,to esti-
matethe orientationandspacingof scafold branches.

The appearanc®f our tree could still be improved.
The growth direction of the brancheswould bene t
from moreequalspacingFH79]. Theconcepbf hav-

Figure4: Digital photograplof a LondonPlanetree
in the SanJoaquinvalley city of Modesto California.

ing branchegyrow toward the sky andtoward least-
crowdedareascouldbe introduced.This conceptalso

includesthe thinning of branchesn thetree'sinterior

causedby lack of light. The implementationof this

conceptwould require us to changethe tree model,

asit requiresglobalinformation; our treemodelonly

storeslocal information. For example,whengrowing

one branch,we can only retrieve information about
the branchitself and its parentand child branches.
We cannotretrieve information aboutspatially close
brancheswhich,if known, would allow usto bendthe

currentbranchto achieve anequaldistribution.

7 Conclusionsand Futur e Work

We have introducedan approacto modelandvisual-
ize the growth of urbanstreettrees. Growth is con-
trolled by measuredglobal parametersuch as tree
height and width, crown height and width, and leaf
area. We map thesemeasurecarametergo the lo-

cal parameterf a computergeneratedree model.
Thetreemodelis basedon a formal descriptionusing
locally, iteratively, and simultaneouslyapplied pro-

ductionrules, which exploit the modularstructureof

treesandallow for easymodelingof fractalbranching.
The productionrules are coupledwith local update
rulesthat describethe dynamicgrowth of individual

branchesTheupdaterulesarebasedn functionsde-
rivedfrom measurediata.Hence we cananimateand
visualizethe growth of a realistic-lookingtree based
on real data. The animationalsoincludesadditional
bene t-costparameters.



10 Years

i
© . IIII I

e Energy AQ 02 Rumoff Aastretics

Energy AQ 02 Rumoff Aestretics

Enexgy AQ 02 Rumoff Aestietics

(e

(b)

30 Year:s

50 Years

20 Years

Enezgy AQ 02 Rumoff Aestietics

Energy AQ £O2 Rumoff Aestretics

(d)

Energy AQ 02 Rumoff Aestietics

()

Figure3: Treegrowth visualizationof a LondonPlanetree;agesshovn: (a) 10 years,(b) 20 years,(c) 30 years,

(d) 40years,and(e),(f) 50years.

We have usedour methodfor modelingthe London
Planetree, whose parameteravere measuredn the
SanJoaquinValley city of Modesto,California. Up
to now, we have usedonly this specieshut we planto
useour methoddor all twelve streetreespecief the
SanJoaquinValley study This informationwill help
gardenersdesignersplanners,and tree managergo
decidewhich speciesaremostappropriateo grow in
termsof size,form, bene ts,andcosts.Becausdrees
arelong-terminvestmentsselectingthe right species
is critical to achieving maximumnetbene t. Theap-

plication of our methodsto other speciesis straight
forward,asit only requiresusto exchangehe growth

functions derived from the measuredvalues,and to

usethe appropriateextures. In addition,the species-
dependentoefcients cpgy, § (controllingc andcy),

andlmax andthethresholdfor growing leavesmustbe

adjusted.

We plan to enhanceour tree model by adding capa-
bility to storeandretrieve global shapeand structure
information of the tree. Thelocal structure which is
basedon productionrules, makesit easyto modelthe

40 Years

50 Years




fractalbranchingstructureof atree,but limits thecon-
trol of globalshape.

By coupling the L-system-basednodel with a data
structurecapableof retrieving global shapeinforma-
tion, we hopeto achieze a more equalbranchdistri-
bution, wherebranchegrow in preferreddirections.
Global shapecontrol will male it easierto match
crown shapemoreprecisely

Retrieving globalinformationfrom thetreemodelalso
will facilitatefastcomputatiorof leafareaat ary time

duringanimation. Thus,leaf areacould be compared
to measureddata and the derived leaf-areagrowth

function f a(t). We plan to useleaf areato control

thebranchingime of individual branchesthe number
anddistribution of leaves,andthefractaldimensiorof

thebranchingstructure.
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