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ABSTRACT

In computergraphics,modelsdescribingthefractalbranchingstructureof treestypically exploit themodularityof
treestructures.Themodelsarebasedonlocalproductionrules,whichareappliediteratively andsimultaneouslyto
createacomplex branchingsystem.Theobjective is to generatethree-dimensionalscenesof oftenmany realistic-
looking and non-identicaltrees. Our goal, instead,is to visualizethe growth of a prototypicaltree of certain
species. It is supposedto look realistic but, more importantly, hasto conform with real, measureddata. We
constructa treemodelbeingsimilar to existingonesandextendit by couplingthebranchingproductionruleswith
dynamictree-growth rules. The latterarebasedon equationsderivedfrom measuredstreettreedatafor London
Planetree(Platanusacerifolia)suchastreeheight,diameter-at-breast-height,crown height,crown diameter, and
leaf area.We maptheglobal,measuredparametersto the local parametersusedin thetreemodel. Themapping
couplesknowledgefrom plantbiology andarboriculture,aswedealwith treesthataretrainedandmanipulatedto
achievedesiredformsandfunctionswithin highly urbanizedenvironments.
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1 Intr oduction

Severalmethodsexist in computergraphicsto describe
andmodelcomputer-generatedtrees. Their common
goalis to generate,from scratch,photorealisticimages
of many treesof a selectedspecies.The treesarede-
signedto appearasnaturalaspossible,onespeciesata
time. Many treesof onespeciesshouldvaryin appear-
ance,sothattogetherthey resemblea naturallygrown
foreststand.

Few approacheshave tackledthe animationof trees
growing over time, asthe growing processof a plant
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is complex andmany biologicalphenomenaneedto be
considered.To verify andvalidatetreemodels,authors
typically referto thehumaneye,which is easyto fool.
The generatedimagesaresupposedto appear“natu-
ral”, i. e., asif they wereexactcopiesof treesasthey
occurin naturalsettings.To our knowledge,noneof
theseapproachesverify their treemodelsby quantita-
tivelycomparingtreedimensionsandotherparameters
with measureddatafrom actualtrees.

We generatetreegrowth animationsfrom treedimen-
sionsmeasuredby scientistswith the USDA Forest
Service,Centerfor UrbanForestResearchat theUni-
versity of California, Davis. Their streettreegrowth
studyconsideredparameterssuchastreeheight,crown
height,crown diameter, diameter-at-breast-height,and
leaf area.Thestudywasconductedin Modesto,Cali-
forniaandledto equationsfor predictingtheseparam-
etersandtheircorrelation.Treegrowthequationswere
usedwith numericalmodels to estimatethe annual
bene�ts for pollutantuptake, energy savings, rainfall
interception,carbondioxide sequestration,andprop-
erty valueincrease.We describethe studyandmea-
suredparametersin Section3.

When modelinga tree with a computersystem,the
structureof the tree is usually describedprocedu-



rally, wherethe model comprisesinformation about
thebranchingsystemsuchasbranchlength,branching
angleand twist, or fractal dimension. Typically, the
modularityof treebranchingstructuresis exploitedby
de�ning local productionrules,thatareapplieditera-
tively to createcomplex branchingsystems.The tree
model parametersare local and the productionrules
areappliedto eachbranchindividually, while themea-
suredparametersfrom the studyareglobal, describ-
ing the overall shapeandappearanceof the tree. In
Section4, we describethetreemodelwe have chosen
for our purposes;andin Section5, we describehow
the globally measuredparametersaremappedto pa-
rameterslocally controllingtreegrowth (usingthetree
model)andhow thetreeis grown in ananimation.

2 RelatedWork

Computergraphicshasbeenusingformaldescriptions
for the modeling,simulation,and renderingof trees
andplantsfor decades.Theformal descriptionis typ-
ically basedon local productionrules. Startingfrom
the trunk of a tree,theproductionrulesgeneratenew
branchesandareappliediteratively to the individual
partsof the treeuntil the desiredbranchingstructure
is reached.This methodof generatingplantsis based
on theassumptionof plantmodularity, which leadsto
repeatedpatternsbeingobservedthroughouttheplant
structure.Theproductionrulesaretypically “context-
free” or “context-sensitive” in the context of formal
languages.

The mostcommonrepresentative of suchformal de-
scriptionsfor treemodelingis the so-calledL-system
or Lindenmayer-system, namedafterthetheoreticalbi-
ologistAristid Lindenmayerwho introducedthecon-
cept in [Lin68]. Prusinkiewicz andLindenmayerde-
velopedmany algorithmsto model different species
with differentcharacteristics,all basedon L-systems
[PL90]. Onemajordevelopmentwastheintroduction
of parametricL-systems,wherethe productionrules
dependon the valuesof somelocally storedandup-
datedparameters.Other authorspicked up on their
methodsanddevelopedthemfurther. Examplescan
be found in [AK85, Blo85, LD99]. In [FH79], a tree
modelis discussedthatmaximizestotalleafareawhile
varyingthebranchinggeometry. A survey of existing
L-systemapproachesis givenin [PHMH95].

In [PHHM97], moreemphasisis givento how theL-
systemmodelappliesto nature.Life, deathandrepro-
ductionarediscussed,aswell as information�o w in
growingplants.Also, thein�uenceof theenvironment
on thegrowth of plantsis considered.

For computergraphicsapplicationssuchascomputer-
animatedmovies or video games,the main objective
of modelingplantsis to generatea scenebeinghighly
realistic.Stochastictreemodelshave beenintroduced
to simulatevarietywithin onespecies.Theindividual
plantscanbeorganizedin asophisticatedwaytocreate
forestsor �elds [CSHD03] andevenentireecosystems

[DCSD02].

Themethodsmentionedabovearemainly targetedto-
ward the generationof static tree models. To ani-
mateplant development,L-systemscan be extended
to dL-systemsor differential L-systems, asintroduced
in [PHM93]. Theproductionrulesof dL-systemsare
parametric,wherethevaluesof theparametersarede-
�ned as the solution of differential equations. Re-
cently, implicit surface representationsfor growing
treeswereusedin [GMW04]. Inversemodelingtech-
niqueswere usedto de�ne the tree structureand its
development.

3 TreeParameters

Thestudyof streettreespeciesunderlyingourmethod
was conductedby the Centerfor Urban Forest Re-
search. Tree size, management,and site conditions
weremeasuredfor twelve commonstreettreespecies
in theSanJoaquinValley city of Modesto,California.
However, for the treegrowth visualizationdescribed
in this paper, we focus on one species,namely, the
LondonPlanetree(Platanusx acerifolia).The27 ran-
domlysampledLondonPlanetreeswereplantedfrom
two to 89yearsago.Thestudyis describedin detailin
[PMM01].

Data collected for each tree during June through
September 1998 include species, age, address,
diameter-at-breast-height,tree height, crown diame-
ter in two directions(maximumandminimum axis),
height to the baseof crown, andleaf area. Observa-
tional dataincludea visual estimateof crown shape,
pruninglevel, treeconditioncode,andplantingloca-
tion (front lawn, plantingstrip,or sidewalk cutout).

Condition codewas calculatedas per the Guide for
PlantAppraisal(Council of TreeandLandscapeAp-
praisers1992). Pruninglevel estimation,distinguish-
ing betweenno pruning, less than 10% of crown
pruned,10%to 39%pruned,and40%or morepruned,
wasbasedon total percentageof crown removeddue
to crown raising,reduction,thinning,andheadingdur-
ing thelastfour-yearpruningcycle. As treesmatured,
pruningincludedcrown raising. Maturetreemainte-
nancetypically consistedof crown cleaningandthin-
ning.

Two digital photosof eachtreecrown,takenatperpen-
dicularangles(chosentoprovideanunobstructedview
of the crown) were usedto estimateleaf areausing
animageprocessingmethod[PM98, PM03]. Agesof
treesfor whichagedataweremissingor enteredincor-
rectly in thedatabase,wereveri�ed throughsearching
handwrittenplanting records,interviewing residents
andcity arborists,or incrementcoringto countgrowth
rings. Crown heightwascalculatedby subtractingthe
boleheight(distanceto baseof crown) from total tree
height.

Typically, street tree databasesinclude diameter-at-
breast-heightsize classesbut rarely any age infor-
mation for eachtree. Therefore,in this study only



diameter-at-breast-heightwas regressedon age; all
othervariableswereregressedon diameter-at-breast-
height(DBH), enablingusersto predict the otherdi-
mensionsusingmeasuresof diameter-at-breast-height
alone. Three curve-�tting modelswere testedto a
small sampleof healthytrees. A logarithmicregres-
sion modelprovidedthebest�t for predictingall pa-
rametersexcept leaf area,for which a non-linearex-
ponentialmodelwasused.Theresultingfunctionsfor
DBH, height,crown diameter, crown height,andleaf
areaof theLondonPlanetreesareshown in Figure1.

In the following, we refer to these functions as
fDBH(t), fH (t), fCD(t), fCH (t), and fLA(t), respec-
tively, whereparametert is time. Visual observation
of thedatarevealedincreasingvariability with ageand
sizeof the trees. Therefore,we assumedthe error to
bemultiplicative asis indicatedby thecon�dencein-
tervalsshown in thegraphs.A completedescriptionof
theanalysisandmodels,includingthenecessarystan-
darderrorof estimates,responsesamplemeanandcor-
relationvaluesneededfor calculatingcon�dencein-
tervals are available on the Centerfor Urban Forest
Researchwebsite1.

4 TreeModel

Thecanonicalpartsof a branchingstructurearebifur-
cationsand branches. In plant science,they are re-
ferred to asnodesand internodes,respectively. Due
to the modularityof nodesand internodes,repeating
patterns,and the fractal structureof trees,computer
modelstypically useiteratively, simultaneously, and
locally appliedproductionrules to generatecomplex
branchingstructures.Thus,theentiretreecanbegen-
eratedbasedon localoperationsandlocalparameters.

A branchor internodeis de�ned by its lengthl , diam-
eterd, startpoints, anddirectionl, asshown in Figure
2(a). A bifurcationor nodeis de�ned by the angles
f i betweentheaxesof theparentbranchandthechild
branchesandby the ratios in length l i

l0
anddiameter

di
d0

betweentheparentbranchandthechild branches,
i = 1;2, as shown in Figure 2(b). When one of the
child branchesbifurcatesagain,it will, in general,not
lie in the sameplanebut in a planeof differentori-
entation. The changein orientationis de�ned by the
divergenceor twistingangleqi , i = 1;2. In additionto
thenodesandinternodes,thereareleavesand�o wers.
No productionrulesareappliedto leavesand�o wers,
but they can grow in size s. In our application,we
only requireleaves,but for otherapplications�o wers
canbeintegratedin thesameway.

We use a parametricL-systemto describeour tree
model. The chosenparametricL-systemcan be de-
�ned as a context-free or context-sensitive grammar
G = (V;T;S;P), wherethesetof variablesV consists
of branchesB(l ;d;s; l) andthetrunkT(l ;d;s; l), theset
of terminalsT consistsof leavesL(s), thestartsymbol

1http://wcufre.ucdavis.edu
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Figure 2: Branchingstructureconsistsof internodes
(a)andnodes(b).

is the trunk T(l ;d;s; l), anda setof productionrules,
which arede�ned in the remainderof thepaper. The
trunk is, in principle,alsoa branch,but its parameter
valuescannotbederivedfrom aparentbranch,asthere
is none,which requiresusto treatthetrunkseparately.

The branchingstructureis storedin a binary tree. In
nature,theremayoccur, for example,ternarybranch-
ing, but we areapplyingour methodsto urbanstreet
treesthatarefrequentlypruned.Sinceternarybranch-
ing is not bene�cial for robust and balancedtree
growth, suchstructuresareregularly removedduring
pruning.

Eachbranchin thebinarytreestoreslengthl anddiam-
eterd. Startpoint s anddirectionl arenot storedin a
globalcoordinatesystem,but arecomputedin a local
coordinatesystemwith respectto the parentbranch.
Thus,eachbranchstoresanorientationin form of abi-
furcationanglef andadivergenceangleq. To control
growth of branchesovertime,wealsostoreits timeof
creationt0 andsomegrowth factors,whoseuseis ex-
plainedin thesubsequentsection.Growth canbelim-
ited by storingmaximumlengthanddiameter, which
are,again,computedfrom theparametersof theparent
branch.

5 TreeGrowth

To grow a tree,we have to extendthestaticL-system
tree model by introducinga continuoustime dimen-
sion. Prusinkiewicz et al. [PHM93] enhancedpara-
metric L-systemsby solving differentialequationsto
updatelocal parameters. This so-calleddL-system
treatsthesolvingof differentialequationsin thesame
way astheapplicationof updaterules.Thus,depend-
ing on the valuesof the consideredparameterseither
productionrulesareappliedor differentialequations
aresolvedfor theseparameters.

Sinceweareusingmeasuredvaluesandsinceourgoal
is to visualizethe measureddata,thereis no needto
de�ne plausibledifferentialequations.Instead,wecan
directly incorporatethefunctionsderivedin Section3



Figure1: Experimentaldatafor diameter-at-breast-height(DBH), height,crown diameter, crown height,andleaf
areaof LondonPlanetrees.

andshown in Figure1. The functionsdescribehow
the measuredparametersaresupposedto be updated
over time. It remainsto beexplainedhow thesemea-
suredglobal parametersareusedto updateandcon-
trol thelocalparametersof thedynamicL-system.We
make useof certainfactsknown from plant biology,
see[HKVF88, KK79, Nik94]. We describethe rele-
vantparametersfor our modelnext.

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

rectly controlledby the global functions. The length
l = l (t) is de�ned asthedifferencebetweenthemea-
suredheightof thetreeandthemeasuredheightof the
crown, i. e.,

l (t) = fH (t) � fCH (t) :

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

d(t) = cDBH � fDBH(t) ;



wherecDBH 2 [1;1+ e) for a smalle > 0.

Branch length.
Whenabranchgrows,it exhibitsasimilargrowth rate
asthe trunk or the treeasa whole. Thus,the length
of a branchfollows thegrowth ratesof the respective
functions. To assurethat our tree modelhasthe ac-
tual, measuredtreeheight,we usethe function fH (t)
to controltheelongationof internodes.

Intuitively, primary branches(i. e., branchesthat em-
anatefrom the main branch/trunk)start growing be-
fore secondarybranches(i. e., branchesthat emanate
from primary branches)exist, andso on. Thus,pri-
mary and secondarybranchesdo not grow at the
samerate; while primary branchesmay alreadyhave
reachedaslow-growingphase,thesecondarybranches
maystill bein their initial fast-growing phase(Figure
1). This fact requiresus to keeptrack of the time of
creationt0 of abranchandto computethegrowth with
respectto this point in time.

Moreover, a secondarybranch does not reach the
lengthof a primarybranch,anda tertiarybranchdoes
notreachthelengthof asecondarybranch,etc.There-
fore, we multiply the growth function with a scaling
coef�cient cl . The scalingcoef�cient cl of a branch
is obtainedfrom the scalingcoef�cient of its parent
branch multiplied by the scaling factor sl 2 (0;1),
wherethe trunk hasa scalingcoef�cient cl of value
one. The scaling factor sl dependson the species.
For the London Plane tree, we use randomvalues
sl 2 (0:6;1). Therandomnessis requiredto make the
treeappearlesssymmetricandthusmorerealistic.

In summary, thelengthl = l (t) of abranchat timet is
givenby

l(t) =
lmax

Hmax
� cl � fH (t � t0) ;

wherelmax andHmax are the maximumlengthof the
branchandthemaximummeasuredheightof thetree,
respectively. The maximumlength lmax of a branch
is determinedby the maximumlength of the parent
branchmultiplied by thescalingfactorsl . Thegrowth
of thebranchterminateswhenthemaximumlengthis
reached.

Branch diameter.
Whena branchbifurcates,the child brancheshave a
smallerdiameterthantheparentbranch.Leonardoda
Vinci postulatedthat thesquareof theparent's diam-
eter is the sumof the squaresof the diametersof the
children. In a dynamicsetting,we usethe measured
function fDBH(t) multipliedby ascalingcoef�cient cd
to determinethegrowth of thediameterd = d(t).

Thescalingcoef�cient cd is basedon thescalingcoef-
�cient c0

d of theparentbranchbut alsoon thescaling
coef�cient cl , whichestablishesa correlationbetween
the scalingin lengthanddiameter. The scalingcoef-
�cient is computedascd = cl � c0

d � (1 � 0:7� c0
d) : The

trunk hasa scalingcoef�cient cd of valueone.Differ-
entdiametersfor differentbranchesareinducedby the
randomnessin thescalingcoef�cient cl .

Thegrowth in diameteriscomputedwith respectto the
time of creationt0. The diameterd = d(t) is de�ned
by

d(t) = cd � fDBH(t � t0) :

Branch orientation.
The orientationof a branchis determinedby the ori-
entationof theparentbranch,thebifurcationanglef ,
andthedivergenceangleq. Thebifurcationanglef is
basedontheratioof crown diameterfCD(t) andcrown
height fCH (t), which de�nes the shapeof the crown.
London Planetreesare vertically ellipsoidal, which
meansthattheircrown heightis greaterthancrown di-
ameter. Theratioof crown diameterfCD(t) andcrown
height fCH (t) is approximatelyconstantovertime. We
de�ne thebifurcationangleby

f = arctan
�

fCD

fCH

�
� a ;

wherea is a smallrandomangleto make thetreeless
symmetricandthusmorerealistic.

Whenchoosingdivergenceanglesq, we have to con-
siderthatwearevisualizingurbanstreettreesregularly
prunedto obtainan“optimal” shape.A balancedtree,
where primary branchescalled scaffolds are evenly
spacedradially aroundthe trunk, is consideredopti-
mal. Also, lower branchesareremoved to allow for
clearanceby trucks.Therefore,we choose

q = 130� ;

which resultsin evenly spacedbranchesspiralingup
thetrunk.

It remainsto discusshow to decidewhento applythe
updaterulesleadingto treegrowth andwhento apply
productionrulesleadingto bifurcation.Our approach
is to grow eachbranchusingtheupdaterules,until the
branchhasreachedits maximumlength,and to cre-
atea new branchusingtheproductionrules,oncethe
branchhasreachedits maximumlength.

Leavesaregrown onall branchesbeingsmallerthana
prede�nedthreshold.The thresholdis, again,depen-
dentonthespecies.Leavesspiralaroundthebranchat
a setinterval andhaverandomizedorientation.

6 Resultsand Discussion

To visualizetreestructure,we rendereachbranchasa
cylinder. The storeddiameterd is alwaysthediame-
ter at the beginningof a branch. The diameterat the
endof thebranchis determinedby thediameterof the
adjacentbranch.For anendingbranch,which hasno
child branches,thecylinderdegeneratesto a cone.

Wehavetakendigital photographsof boththebarkand
theleavesof aLondonPlanetree,whichweuseastex-
turesfor thebranchesandleavesin ourrenderings.We
havemodi�ed thebarktexturesuchthatthetexturecan
bewrappedaroundabranchwithoutdiscontinuitiesin



thetransitionareaandsuchthatmultiplecopiesof the
texturescan be stitchedtogetherwithout discontinu-
ities.

We animatetree growth by using the tree model of
Section4 andthe local growth parametersdiscussed
in Section5, which are usedto visualizethe global
parametersfrom Section3. Snapshotsof the anima-
tion, takenatagest = 10,20,30,40,and50years,are
shown in Figure3.

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

In addition to the quantitative, measuredparameters
that directly in�uence the visual appearanceof the
tree,we arealsointerestedin visualizingquantitative
bene�t-costparameters.Thedollar (US) valueof an-
nual bene�ts for the London Planetree in Modesto
werenumericallymodeledfor energy savings,air pol-
lutant uptake, CO2 sequestration,stormwater runoff
reduction, and aesthetics[PM03]. Averageannual
costsfor the samespecieswerebasedon 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 andcostsover time for
this speciesin Modesto.

Theresults(Figure3) arequitesatisfactory, aswesuc-
cessfullyanimategrowthof arealistic-lookingLondon
Planetree over 50 years,while conformingto mea-
suredtreedimensions.Theemphasisof our work was
not to make thetreelook asrealisticaspossiblebut to
displayits growth in termsof trunk heightandwidth,
crownheightandwidth,andleafarea.Growthof these
parametersis representedin a visually appealingand
intuitive way. For example,onecanobserve how the
diameterof thetrunk increasessteadilybut with a de-
creasingratedueto thefactthatthetrunkgrowsanew
ring every year, but annualring width decreasesover
time.

Althoughwe do not have a video recordingavailable
of arealtreegrowing over time,wecan,at least,com-
parevisually the resultsin Figure 3 with the digital
photographshown in Figure4. Our goal wasnot to
replicatethis particulartreein Figure4, but to grow a
prototypicalLondonPlanetree.

Weuseknowledgefrom plantbiologywherepossible,
e.g., to estimatecertain coef�cients neededto map
measuredparametersto ourtreemodelparameters.On
theotherhand,we have developedmethodsfor urban
streettrees,wherepruningpracticesmodify treearchi-
tecture.Thus,certainconcepts,suchasnaturaldeath
of certainbranchesor leaves or information �o w in
growing plantsasdescribedin [PHHM97], arenot rel-
evant. Instead,we complementbiologicalknowledge
with arboriculturalknowledge, for instance,to esti-
matetheorientationandspacingof scaffold branches.

The appearanceof our tree could still be improved.
The growth direction of the brancheswould bene�t
from moreequalspacing[FH79]. Theconceptof hav-

Figure4: Digital photographof a LondonPlanetree
in theSanJoaquinValley city of Modesto,California.

ing branchesgrow toward the sky and toward least-
crowdedareascouldbeintroduced.This conceptalso
includesthethinningof branchesin thetree's interior
causedby lack of light. The implementationof this
conceptwould requireus to changethe tree model,
asit requiresglobal information;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
branches,which,if known,wouldallow usto bendthe
currentbranchto achieveanequaldistribution.

7 Conclusionsand Futur e Work

We have introducedanapproachto modelandvisual-
ize the growth of urbanstreettrees. Growth is con-
trolled by measured,global parameterssuchas tree
height and width, crown height and width, and leaf
area. We map thesemeasuredparametersto the lo-
cal parametersof a computer-generatedtree 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
rules that describethe dynamicgrowth of individual
branches.Theupdaterulesarebasedon functionsde-
rivedfrom measureddata.Hence,wecananimateand
visualizethe growth of a realistic-lookingtreebased
on real data. The animationalso includesadditional
bene�t-costparameters.



(a) (b)

(c) (d)

(e) (f)

Figure3: Treegrowth visualizationof a LondonPlanetree;agesshown: (a) 10 years,(b) 20 years,(c) 30 years,
(d) 40years,and(e),(f) 50years.

We have usedour methodfor modelingthe London
Planetree, whoseparameterswere measuredin the
SanJoaquinValley city of Modesto,California. Up
to now, we haveusedonly this species,but we planto
useourmethodsfor all twelvestreettreespeciesof the
SanJoaquinValley study. This informationwill help
gardeners,designers,planners,and treemanagersto
decidewhich speciesaremostappropriateto grow in
termsof size,form, bene�ts,andcosts.Becausetrees
arelong-terminvestments,selectingthe right species
is critical to achieving maximumnetbene�t. Theap-

plication of our methodsto other speciesis straight
forward,asit only requiresusto exchangethegrowth
functionsderived from the measuredvalues,and to
usetheappropriatetextures. In addition,thespecies-
dependentcoef�cients cDBH, sl (controllingcl andcd),
andlmax andthethresholdfor growing leavesmustbe
adjusted.

We plan to enhanceour tree model by addingcapa-
bility to storeandretrieve global shapeandstructure
informationof the tree. The local structure,which is
basedon productionrules,makesit easyto modelthe



fractalbranchingstructureof atree,but limits thecon-
trol of globalshape.

By coupling the L-system-basedmodel with a data
structurecapableof retrieving global shapeinforma-
tion, we hopeto achieve a moreequalbranchdistri-
bution, wherebranchesgrow in preferreddirections.
Global shapecontrol will make it easier to match
crown shapemoreprecisely.

Retrievingglobalinformationfrom thetreemodelalso
will facilitatefastcomputationof leafareaat any time
duringanimation.Thus,leaf areacouldbecompared
to measureddata and the derived leaf-areagrowth
function fLA(t). We plan to useleaf areato control
thebranchingtimeof individualbranches,thenumber
anddistributionof leaves,andthefractaldimensionof
thebranchingstructure.
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