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Examining Statistical Distributions 
and Statistical Behavior of Stem 
Tapers of Fagus Sylvatica in 
Municipal Forest of Naoussa
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ABSTRACT

Theaimofthepresentresearchisthestudyofthestatisticalbehaviorofninety-threetapers.Tapers
areclassifiedintothreecategoriesdependingonwhethertheyusemeasureddiametersatrelativeor
absoluteheightsinthetreetrunk.Ineachtaper,measuresofcentraltendency,measuresofdispersion
andameasureofskewnesswereexamined.Eachtaperwasexaminedifitfitsnormaldistributionor
not.Itemergedthatinthefirstcategoryalltapersapproachedthenormaldistribution.Inthesecond
category,eightofthetentapersaresatisfactorilyreachingthenormaldistribution,whileinthethird
categorythirty-sevenoutofseventy-eightaresatisfactorilyreachingthenormaldistribution.Data
used in theresearchwerecollected in theMunicipalForestofNaoussafrom300 treesofFagus
sylvaticausingrandomsampling.
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INTRoDUCTIoN

Stemisadynamicpartoftree.Stemaffectstotalgrowthoftree,theeconomicvalueandthestatus
ofthetreeinacluster.Taperisthetermusedtodescribethedecreaseintreestemdiameterwith
increasingheight.Technicallyitisarate,withunitsofcentimeter/meterorinches/feet.According
toGrey(1956)taperistherateofchangeindiameterinrelationtotheincreaseinheightalongthe
treestem.Tapercanbeusedintaperequationsasavariableinordertoestimatevolumeofatreeor
diameterofatreestematanyheight(Goodwin,2009;Ikonenetal.,2006;Larsen,2017;West,2009).

Ataperisaffectedbymanyfactorssuchasspecies,genotype,age,silviculturetreatments,stand
density,weatherconditions,especiallywind,thesizeoflivecrownandthedistributionofthelive
crownalongthestem(Larson,1963).Majorstandtreatmentsthatalterstanddensity,suchasthinning,
pruning,andfertilizationareexpectedtoaffecttaperthroughsubsequentchangesinbothcrownsize
andcrownclass(Muhairweetal.,1993).Forexample,thinningreducesstanddensityandallows
individualtreesmorespacetoexpandtheircrowns.Inheavilythinnedstandstreeswillgrowlike
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open–growntreesandwillhavebigcrownsandlookmoreconicalinshape,showinghightaper
particularlyforthetreesbase(Thomson&Barclay,1984)Also,atreeinawindyareaismoretapered
thanatreeinanon-windyarea.Anuchin(1970)mentionedthattapervariesindifferentportionsofthe
stem,beingfairlylargenearthebuttonaccountoftherootswelling,diminishingtowardthemiddle
andincreasingagaintowardthetop.AccordingtoAssmann(1970)stemtaperisacomplextraitthat
variessubstantiallydependingongeneticfactors(withinandamong-species),environmentalfactors
(interaliasoiltype,hydrology,altitudeandclimate),forestmanagementpracticesandinteractions
betweenallofthesefactors.

Thedifferencebetweenthediametersoftwocrosssectionsseparatedbyadistanceof1meter
alongthestemisabsolutetaper.Inthisresearchthemeantaperwasusedinalltapercalculations.
Meantaperisequaltothedifferencebetweenthelargediameterd1andsmalldiameterd2dividedby
theirdistanceL(Equation1):

α =
−

�
d d

L
1 2  (1)

Anuchin (1970) made detailed measurements of over 4,000 logs and established a direct
relationshipbetweenthemeantaperandthelogdiameter.Prodan(1965)calculatedmeantaperto
estimatethetotalstemvolumeandalsousedthefollowingformulasfortaper:
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whered1.3isthestemdiameterat1.3metersfromtheground,d0.1histhestemdiameterat0.1ofthetotal
highofthetree,d0.5histhestemdiameterat0.5ofthetotalhighandhisthetotalheightofthetree.

Theknowledgeoftaperwillimprovetheunderstandingofspeciesinseveralways(Maraseniet
al.,2007).Itwillhelptoimproveestimationoflogvolume,whichcouldbeusedforestimationof
stemvolume.Furthermore,itwillhelptoestimatetheamountofsawntimber,asforagivenvolume
severelytaperedlogswillprovidelesssawntimberthanlesstaperedlogs.Also,byknowingthetaper,
theforestmanagerscanhavebetterinformationaboutthegrowingconditionofthetrees.

AccordingtoVanLaar&Akca(2007)knowledgeoftaperisimportantinorderforestmanagers
requireinformationaboutthediameteroftheboleatfixeddistancesfromthebaseofthetree,for
example,topredicttherecoveryofsawlogsofdifferentdiameterandlengthortheyieldofpolesof
varyingdimensions,fortreesofdifferentdbhandheight.

According to Kozak (1988) by knowing tapers, taper functions can be used. Kozak (1988)
mentionsthattaperfunctionsareknowntoprovideestimatesofoverandunderbarkdiameterin
everyhighalongthestem,toestimatethetotalstemvolume,toestimateapartofthestemvolume,
andtoestimatethehighwhereisaspecificdiameter.

Understandingstemformanditsdynamicsovertimeisanimportanttoolforidentifyingthe
appropriatemomentinwhichthinningorfinalfellingshouldbecarriedoutinforestplantations.
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Thisisbecausestemformdefinesaforest’sassortmentanditseconomicvalue.Oneoftheaimsof
thisresearchistocalculateandcomparemanyoftapersandexaminetheirstatisticalbehavior,if
theyfittotheNormaldistribution,averycommoncontinuousdistribution,providinginformationto
forestmanagerstocontrolandreviewtheeffectivenessofmanagementandsilviculturaltreatments.
AccordingtoPodlaski&Zasada(2008),theknowledgeoftheoreticaldistributionsdescribingdata
frommixedforestsofabiesandfaguswouldbeadvantageousindendrometry,silviculture,forest
management,andecology.

MATERIAL AND METHoDS

ThedatausedinthisstudywerecollectedfromMunicipalForestofNaoussaandforthespeciesof
Fagus sylvatica.Treeswererandomlyselected.Treespossessingmultiplestems,brokentops,large
knots,stemdeformations,obviouscankers,orcrookedboleswerenotincludedinthesample.The
forestisinnorthandnortheastslopesofVermioMountainfromheight380metersto2,027meters
havingmainspeciestreesofFagus sylvatica,Castanea sativa,andPinus nigra.ThespeciesofFagus 
sylvaticawasselectedbecauseitisamongthemajorcommercialspeciesinthearea.

Inordertocreateasampleforourresearchthemethodofsimplerandomsamplingwasused.By
usingRlanguageaprogramwascreatedtoproducerandomlypairsofnumbersrepresentingeasting
andnorthing,i.e.pointsintheforest.Rwaschosenbecausehasanumberofadvantagescomparingto
otherlanguages.Risfreetoinstall,use,update,clonemodifyorredistribute.Rseemstobegrowing
rapidlyinpopularityamonggeneralusers.Rcanhandlecomplexandlargedata,hasawesomepower,
dazzlingflexibilityandiswellsupported.

ThenearesttreesofFagus sylvaticaweremeasured(Figure1)atpointshavingthecoordinates
theprogramproduced.Ineachthreemeasurementsweretakenalongthestem.Atheightof0.3meters
and1.3metersthemeasurementsweretakenbyusingcaliperwhilemeasurementsathigherpoints
onthestemweretakenusingrelascop.Measuresofthediameterover-barkweretakenalongthestem
atthe0.1,0.3,0.5,0.7,and0.9ofthetotalheightandat3.3,5.3,7.3,etcmeterstillthehighwhere
thedistancebetweenthetopandthelastmeasurementisshorterthan2meters.

Inthebeginningapre-sampleof66randomlyselectedtreesweremeasured.Themeantaper
(cm/m)wascalculatedusingEquation1, thatAnuchin(1970)used.Tocalculate theappropriate
samplesizeofeachtaper,thefollowingequationwasused(Levy&Lemeshow,1991):

n
t cv

d
=

2 2

2
 (7)

wherenisthesamplesizeofeachtaper,tisthevalueofstudent’sdistribution(t-distribution)for
probability95%,cvisthecoefficientofvariance,anddisthemaximumacceptableerrorexpressed
asapercentofthemean.Forpracticalreasonsthemaximumacceptableerroris10%.

Inthisresearchtapersaredividedinthreecategories(groups).Thefirstcategoryincludesfive
tapershavinglargeenddiameterthediameterat0.3metersfromthegroundandsmalldiameterthe
0.1,0.3,0.5,0.7,and0.9ofthetotaltreeheight.Thetapersofthiscategoryaresymbolizedasα0.3-0.1h,
α0.3-0.3h,α0.3-0.5h,α0.3-0.7h,andα0.3-0.9h,respectively.

Τhe second category includes ten tapers. Four tapers having large diameters at 0.1 of total
heightandsmalldiametersat0.3,0.5,0.7,and0.9oftotalheightrespectivelyandaresymbolized
asα0.1h-0.3h,α0.1h-0.5h,α0.1h-0.7h,andα0.1h-0.9h,threetapershavinglargediametersat0.3oftotalheightand
smalldiametersat0.5,0.7,and0.9oftotalheightaresymbolizedasα0.3h-0.5h,α0.3h-0.7h,andα0.3h-0.9h,two
tapershavinglargediametersat0.5oftotalheightandsmalldiametersat0.7and0.9oftotalheight
aresymbolizedasα0.5h-0.7h,andα0.5h-0.9h,andonetaperhavinglargediameterat0.7oftotalheightand
smalldiameterat0.9oftotalheightissymbolizedasα0.7h-0.9h.
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Thethirdcategoryincludesseventy-eighttapers.Alltapersofthiscategoryderivedfromdiameters
measuredatabsoluteheightsonthestemofeachtreefromtheground.Forexample,ataperstarts
from0.3metersto1.3,3.3,5.3,andsoonupto23.3meterswiththesymbolismofα0,3-1,3,α0,3-3,3and
soon.Othertapersarestartingfrom1.3,3.3,5.3andeverytwometersupto23.3meters.Asthe
heightofthelargediameterorsmalldiameterofataperisgettinglarger,thesizeofthesampleof
treesenteringthatcalculationisreduced.

Figure 1. Map showing the position of sample points of the research area
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Afterfinishingthecollectionofdata,thestatisticalpackageSPSSver.22wasusedtoanalyze
them.Duringtheanalysisproceduretheexistenceoftheoutliersandextremevalueswasexamined.
Calculationofthemean,thestandarderrorofthemean,theupperandlowerboundof95%confidence
intervalforthemean,the5%trimmedmean,themedian,thecoefficientofvariance,theminimum
andmaximumvalues,therange,theinterquartilerange,theskewness,andthekurtosistookplace.
Becauseskewnessandkurtosisstatisticsaresensitivetoanomaliesinthedistributionwerestudiedin
conjunctionwithahistogramandboxplot.Inordertohaveavisualcheck,notanair-tightproof,ifthe
valuesofataperarefollowingornotthenormaldistribution,theQ–Qplotswhereused.Bytheend
ofthestatisticalanalysis,aconclusionthattaperfitsornottheNormaldistributioncanbeextracted.

Inordertoseewhichdistributioneachtaperfits,aprograminRwascreated.Theprogramuses
thepackage“fitdistrplus”.The“fitdistrplus”,createdbyDelignette-Mulleretal.(2015)andDelignette-
MullerandDutang(2015),andprovidesfunctionsfor fittingunivariatedistributions todifferent
typesofdataandalsoprovidesvariousfunctionstocomparethefitofseveraldistributionstothe
samedatasetandcanhandletobootstrapparameterestimates.DataweretestediftheyfitLognormal
distribution,Gammadistribution,andWeibulldistribution.Theparametersofthedistributionwere
estimatedbythemaximumlikelihoodfunction.Thegoodnessoffittothedistributionswasevaluated
usingKolmogorov-Smirnov(KS),Cramer-vonMises(CvM),andAnderson–Darling(AD).Aikake’s
InformationCriterion(Akaike,1973)andBayesianInformationCriterion(BIC)(Schwarz,1978)
werealsoevaluated.Thesmallestvaluetothetestshowsthedistributionthatfitstothedata.Aikake’s
Information Criterion (Akaike, 1973) and Bayesian Information Criterion (BIC) are two widely
acceptedgoodnessoffitcriteriaforcomparingnon-nestedmodelsastheyessentiallyrepresenta
penalizedlikelihoodcriteria.(Li&Weiskittel,2010).

RESULTS AND DISCUSSIoN

Samplesizeforeachtaperwascalculatedbyusingequation7.Thevalueofparametertforalltapers
isequalto1.96,andthemaximumacceptableerrorforalltapersis10%.So,thetaperwiththehigher
coefficientofvariancewillhavethelargestsample.Taperα7.3-9.3hasthelargercoefficientofvariance
andresultsasampleof276trees.Inordertohavealltapersanappropriateaccuracyoftheestimates,
300treesbyrandomsamplingweremeasured.Uptotheheightof9.3meters300treestemswere
measured.Intheheightof11.3meters296treestemsweremeasured,in13.3meters285treestems
weremeasured,in15.3meters260treestemsweremeasured,in17.3meters212treestemswere
measured,in19.3meters163treestemsweremeasured,in21.3meters104treestemsweremeasured,
in23.3meters46treestemsweremeasured,andin25.3meters12treestemsweremeasured.The
averageheightofthetreesis19,53meters.Dataanalysisresultsshowedthattheminimumdiameter
ofsampletreesis12.3centimeters,themaximumdiameterofsampletreesis52.1centimeters,the
minimumtotalheightofthesampletreesis10.1metersandthemaximumtotalheightis29meters.

Figure2showsboxplotfortapersofthefirstcategoryanditcanbeseenthat,alltheexamined
tapershaveoutliers(“x”)butnoextremesvalues(“+”).Theoutliervaluescomefromopengrown
treesorfromtreeswithgoodgrowthandarenotremovedfromthedataset.Theoutliervaluesare
notfromthesametreesforalltapers.

TheresultsofdescriptivestatisticsofthefirstgroupoftapersareshowedinTable1anditcan
beseenthatthetaperα0.3-0.1hhasthelargestmean,almostthedoubleoftheα0.3-0.3hbecauseofroot
swelling.Themeandecreasesastheheightofthesmalldiameterofthetapesincreasestillthetaper
α0.3-0.7andthenanincreaseisobserved.Thepointatwhichthereductionofthemeanofthetapersis
stoppedisnotconstantbutisinfluencedbytheheightatwhichthecrownofthetreebeggins.Philip
(1994)reportsthattapervaluesarelargewhenreferringtoportionsofthetrunkinfluencedbythe
rootswellingandthepresenceofcrown.

Comparingthemeanvaluesofeachtaperbythecorresponding5%trimmedmeanitisevident
thatthe5%lowerandhighervaluesdonotaffectthemean.Thecoefficientofvarianceshowsthat
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thetaperα0.3-0.9hhaslessvariabilitythantheothertapersofthegroup.Comparingthevalueofthe
meanwiththecorrespondingvalueof themedianinallcases thevaluesof themedianareabit
lowerthanthevaluesofthemean.Asthedistancebetweenthetwomeasureddiametersofataper
isgettinglarger,thevaluesofstandarddeviation,therange,theminimum,andthemaximumvalues
andtheinterquartilerangearegettingsmaller.Byexaminingtheskewnessandkurtosisofthetapers

Figure 2. Boxplots for tapers of the first category

Table 1. Descriptive statistics for the first category of tapers

Statistic α0.3-0.1h α0.3-0.3h α0.3-0.5h α0.3-0.7h α0.3-0.9h

Mean 3.7137 1.8487 1.5027 1.4638 1.5022

5%TrimmedMean 3.6372 1.8223 1.4774 1.4431 1.4918

Median 3.5115 1.7703 1.4206 1.3995 1.4557

Coefficientofvariance 43.55% 35.66% 32.54% 29.77% 26.15%

Std.Deviation 1.6176 0.6590 0.4891 0.4358 0.3929

Minimumvalue 0.7352 0.5568 0.5045 0.5937 0.5997

Maximumvalue 9.1069 3.9394 3.3213 3.0278 2.7163

Skewness 0.6934 0.6152 0.7950 0.7290 0.4257

Kurtosis 0.4079 0.1948 0.6542 0.5842 0.0042
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theconclusionisthatthedistributionofthetaperα0.3-0.9hisfairlysymmetricanditcanbesaidthat
fitstotheNormaldistribution.

In thenextstepof theanalysis, frequencyhistogramsforeachtaperwereexaminedandthe
distributionswerealsofoundfairlysymmetric.However,histogramscouldbemisleadingsincethe
lookofahistogramislargelydependentonthe“bin”size;thespacebetweenthetickmarks.By
usingQ–QplotsitcanbeseenifthedatafitstotheNormaldistributionornot.ViewinginFigure
3 theQ-Qplots, itcanbesaid thatall the tapersapproachfairly theNormaldistribution. In the
extremesofthelowerleftandupperrightthepoints,representingtapervalues,fallalittlebitofthe
line;inaQ–Qplotthatisnotuncommon.Thosefewpointsofthelinearenotenoughtosaythatthe
distributionofthedataisnotNormal.However,thisisavisualcheck,notanair-tightproof,soitis
somewhatsubjective.

For thatreason, theexaminationofdatausingstrictlystatistical tools is thenextstepof
theanalysis.AKolmogorov-Smirnovstatisticaltestistakingplaceandshowsthatonlytaper
α0.3-0.9hfitstotheNormaldistribution.Fortheothertapersbyusingthe“fitdistrplus”package,
theresultsshowthattaperα0.3-0.1handα0.3-0.3hfitstoGammadistributionwhileα0.3-0.5handα0.3-0.7h
fittoLognormaldistribution.

For the second category of tapers the boxplots are presented in Figure 4. All tapers have
outliers(“x”)andextremevalues(“+”),inconjunctiontothefirstgrouptaperswherethereare
noextremevalues.

Extremevaluescanoccurbecauseof faultyadjustmentsof themeasurement instrumentsor
bynotapplyingappropriately thecorrectmethodologicalmeasurementprocess. Inourcases the
extremevaluescome,mainly,fromopengrowntreesandoutliersarecomingfromgoodgrowth
trees.Thetapervaluesarerangingfrom1.03cm/mto1.63cm/mwhenthetapervaluesofthefirst
grouparerangingfrom1.46cm/mto3.71cm/m.Intaperα0.5h-0.9hanoutlierfromthebottomside
exists.Thistapercomesfromaverycylindricalstem.Themedianinmanycasesisnotinthemiddle
oftherectangularbox.InTable2thedescriptivestatisticsoftapersarepresented.Inalltapersthe
differencebetweenthemeanandthe5%trimmedmeanissmall,lessthan4%.Thecoefficientof
variancerangesfrom27.39%fortaperα0.1h-0.9hto49%fortaperα0.3h-0.5h.Itisacceptedthatlargevalues
oftheCVcoefficientmakethemeanvaluea“bad”indexofcentraltendency.Taperα0.3h-0.5hhasthe
largestvalueofkurtosisandskewness.Smallvaluesofskewnessandkurtosisareobservedforthe
tapersα0.5h-0.9h,α0.3h-0.9h,andα0.1h-0.9h.

Byexaminingthehistograms,theQ-Qplots,theboxplots,andthedescriptivestatisticsoftapers
α0.5h-0.9h,α0.3h-0.9h,andα0.1h-0.9hitseemsthatthedistributionsofthesetapersarefairlysymmetricand
itcanbesaidthatthesetapersfittotheNormaldistribution(Figure5).Sincethereisnoconclusion
aboutwhichdistributionfitstootherseventapers,theuseof“fitdistrplus”packagetookplace.By
performingthefitting,resultsshowedthattapersα0.1h-0.3h,α0.1h-0.5h,α0.1h-0.7h,α0.3h-0.5h,andα0.3h-0.7hfitto
theLognormaldistributionwhileα0.5h-0.7h,andα0.7h-0.9hfittotheGammadistribution(Table3).

Analysisprocedure for tapersof the thirdcategory focusonly toexamine if thedata
fitornottonormaldistributionanddidnotexaminediftheyfittoGamma,Lognormalor
Weibulldistribution.

Consideringthedescriptivestatisticsofthetapersofthethirdcategory,taperα0.3-1.3hasthehighest
valueofthemean,(5,39cmpercurrentmeter),asitistheonemostaffectedbytherootswelling.All
othertapersshowsignificantlylowervalues.Fortaperswhoselargediameterislocatedonthelower
partofthetree(from0.3mto3.3m),i.e.thetapersα0.3-1.3,α0.3-3.3,α0.3-5.3,α0.3-7.3,α0.3-9.3,α0.3-11.3,α0.3-13.3...
α0.3-23.3,andα0.3-1.3,α1.3-3.3,α1.3-5.3,α1.3-7.3,α1.3-9.3,α1.3-11.3,α1.3-13.3...α1.3-23.3theirarithmeticmeanstartfrom
avaluethendecreaseandthenstarttoriseagainslow.Allothertapermeansfromtheinitialvalue
increasecontinuouslybecausetheyrefertosegmentsnotaffectedbytherootswelling.

Oftheseventyeighttapersfiveofthem(α3,3-5,3,α3,3-7,3,α3,3-9,3,α5,3-7,3,α5,3-9,3)havevalueslessthan
onecentimeterpermeter,thirtyninehavevaluesfrom1cm/mto1,43cm/m,thirtyonehavevalues
from1,43to1,89cm/mandthreehavevaluesgreaterthan1,89cmpermeter.
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Figure 3. Q - Q plots of tapers α0.3-0.1h, α0.3-0.3h α0.3-0.5h, α0.3-0.7h and α0.3-0.9h
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Comparingthemeanofataperwiththe5%trimmedmeanofthesametaperthedifferenceis
rangingfrom0%to3%forallthetapersofthirdcategory.

Aboutthemedian,thetaperα0.3-1.3hasthebiggestvalue(5,05cm/m)becauseofrootswelling.
Taperα5.3-7.3hasthesmallestvalue(0,75cm/m)becauseisnotaffectedneitherbyrootswellingorthe
branchesofthecrown.Byexaminingthevalueswecanconcludethatlowersegmentsofthetrunk
i.e.upto7.3metershavethebiggestmedianvaluesfollowingbytheuppersegmentsofthetrunki.e.
above17,3meters.Middlesegmentsofthetrunkhavethelowestmedianvalues.

Minimumvaluesoftapersofthirdcategoryarerangingfrom0.01cm/mto1cm/m.Minimum
valuesareobservedintaperswherethelargeandsmalldiameterare2metersaway,forexampleα3.3-5.3,
α11.3-13.3,α13.3-15.3,α15.3-17.3andα17.3-19.3.Relatingtheminimumvaluesofthetaperwiththecorresponding
segmentofthetrunkthattaperindicates,showsthattaperswhichhavelargediameterupto7.3meters,
havevalues initiallydecreaseandafterheightof13.3meters theirvaluesare increasing.On the
contrarytaperswhoselargediameterisfrom9.3metersandhighershowupwardtrendsthroughout
thelengthofthetrunk.

Maximumvaluesoftapersarerangingfor2.28cm/mforα17.3-23.3to15.1fortaperα0.3-1.3.
Rangevaluesforthetapersofthatcategoryarefrom1.31upto14.2.Fortaperwhavingsame

largediameterrangevaluesaregettingsmallerasthedistancebetweenthediametersofthetaperis
gettinglonger.

Taperα5.3-7.3hasthebiggestcoefficientofvariance(67,48%)ofalltapersincontrastwithtapers
α0.3-23.3,andα17.3-23.3whichhavethesmallestcoefficientofvariance21,1%.

Standarddeviationdecreasesasthedistancebetweenthetwodiametersofataperisgettingbigger.
Tapersα1.3-21.3,α1.3-19.3arehavingthelowestvalues(0.29)ofstandarddeviationwhiletapersα0.3-1.3,
α0.3-3.3,α11.3-13.3arehavingthehighestvaluesofstandarddeviation,2.66,1.02,and0.83respectively.

Figure 4. Boxplots for tapers of the second category
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Itisnotedthatlowstandarddeviationvaluesareobservedintaperswhosemeasureddiametersare
havinglongdistancesbetweenthem.

Theskewnessofalltapersispositive.Thedatadistributionoftaperα1.3-23.3showslightasymmetry,its
skewnessisthelowestofallandisequalto1,07whiletaperα5.3-9.3hasthebiggestvalueofskewnessequalto16.27.

Table 2. Descriptive statistics for the second category of tapers

Statistic α0.1h-0.3h α0.1h-0.5h α0.1h-0.7h α0.1h-0.9h α0.3h-0.5h α0.3h-0.7h

Mean 1.0626 1.0370 1.1480 1.2694 1.0114 1.1907

5%TrimmedMean 1.0150 1.0017 1.1210 1.2550 .9704 1.1625

Median 0.9212 0.9370 1.0843 1.2138 .9135 1.1061

Coefficientofvariance 48.78% 40.97% 34.14% 27.39% 49.02% 37.31%

Std.Deviation 0.5184 0.4249 0.3920 0.3477 0.4958 0.4443

Minimumvalue 0.3075 0.2918 0.2779 0.4252 0.2500 0.2500

Maximumvalue 4.0770 3.4052 3.0409 2.6755 4.7937 3.3645

Skewness 1.8019 1.8339 1.3715 0.7784 2.2556 1.3253

Kurtosis 4.8477 5.9402 3.5247 1.2410 11.2418 3.4577

α0.3h-0.9h α0.5h-0.7h α0.5h-0.9h α0.7h-0.9h

Mean 1.3383 1.3701 1.5018 1.6335

5%TrimmedMean 1.3279 1.3409 1.4925 1.6115

Median 1.3009 1.2679 1.4765 1.5783

Coefficientofvariance 27.87% 40.51% 28.65% 33.57%

Std.Deviation 0.3730 0.5550 0.4303 0.5485

Minimumvalue 0.4557 0.2143 0.3429 0.3590

Maximumvalue 2.8878 4.5547 3.2774 4.0000

Skewness 0.6616 1.3169 0.4119 0.7402

Kurtosis 1.0401 4.3551 0.6561 1.4890

Table 3. AIC values for tapers of the second group

AIC Values Weibull Gamma Lognormal Normal

Taperα0.1h-0.3h 407,6738 355,1488 333,0730 460,1480

Taperα0.1h-0.5h 318,1139 255,6504 238,1246 340,7512

Taperα0.1h-0.7h 293,9783 237,6054 228,9321 292,46

Taperα0.1h-0.9h 236,0383 197,0024 197,6496 192,50

Taperα0.3h-0.5h 380,9053 328,6538 312,0938 433,4112

Taperα0.3h-0.5h 359,0191 313,7427 309,9577 367,5955

Taperα0.3h-0.9h 275,0364 244,8722 248,9141 242,6898

Taperα0.5h-0.7h 486,0048 457,1433 468,4496 501,12

Taperα0.5h-0.9h 355,8444 350,5943 361,7957 348,4197

Taperα0.7h-0.9h 495,8682 478,5830 493,6704 494,06
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Mostof the tapersarehavingpositiveKurtosisvalues (leptokurticdistribution)withvalues
rangingfrom-0.64fortaperα17.3-23.3to14.45fortaperα3.3-7.3.From78tapers60havevaluesfrom0
to4.8.Tapersα0.3-3.3,α0.3-5.3,α17.3-21.3andα21.3-23.3arehavingplatykurticdistributions.

Analysisoftapersboxplotsresultsthat,withexceptionoftapersα0.3-3.3,α0.3-5.3,andα17.3-23.3,all
othertapershaveoutliersor/andextremevalues.Outliersandextremevaluesarecomingforopen
growthtreesandoldtrees.

FinalstepoftheanalysiswastheuseofhistogramsandQ-Qplotstosee,byvisualcheck,which
tapersarefollowingnormaldistribution.Table4showstheresults.

Itcanbeseen that tapershaving largediametersat0.3metersare fit tonormaldistribution
accordingtovisualcheck.

ByusingtheRprogramtoexamine,withstrictlystatisticalrules,thedistributionofthedata,
ithasbeenfoundthatdataofthetapersα0.3-19.3,α0.3-21.3,α0.3-23.3,α1.3-21.3,α1.3-23.3,α11.3-21.3andα13.3-21.3fit
tonormaldistribution.

CoNCLUSIoN

TheexaminationoffirstandsecondgrouptapersofFagus sylvaticashowsthatallexaminedtapers
havevaluesgreaterthan1cm/m.Treeswithahighdegreeoftaper(greaterthan1cm/m)aresaid
tohavepoorform,whilethosewithlowdegreeoftaper(lessthan1cm/m)havegoodform.From
practicalview,thetaperwhoselargediameterisat0.3metersfromtheground,iseasiesttocalculate

Figure 5. Q - Q plots of tapers α0.1h-0.9h, α0.3h-0.9h, and α0.5h-0.9h
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itsvalueoncethelargediameteriseasytobemeasuredwithcalliperandthesmalldiameterwill
beestimatedbyusingspiegelrelaskop.However,thevaluesofstemtaperareaffectedbytheroot
swelling.Maybeabetterchoiceistaperfrom0.8meterswheretheinfluenceofrootswellingis
not big.Having inmind the results of thegraphic techniques (boxplots, histograms,Q-Qplots)
anddescriptivestatistics,itisfairenoughtosaythatalltapersoffirstcategoryfollowtheNormal
distribution,butfromstrictlystatisticalviewonlytaperα0.3-0.9hfollowstheNormaldistribution.Taper
α0.3-0.9hhasthelowestcoefficientofvariancewhichmeanssmallersamplesizeforexportingresults
comparingtoothertapersofthecategory.Furthermore,thistapertakesintoaccountdiameterswith
distancebetweenthemalmost90%ofthetotallengthofthetree.

Examinationofthesecondcategorytapersshowsthatmosttaperhavevaluesaround1cm/m.
Noneof themeasureddiameters isaffectedby therootswelling.The tapersα0.1h-0.9h,α0.3h-0.9hand
α0.5h-0.9hfittoNormaldistribution,tapersα0.1h-0.3h,α0.1h-0.5h,α0.1h-0.7h,α0.3h-0.5h,andα0.3h-0.7hfittoLognormal

Table 4. Distribution of tapers of third category

Taper Distribution Taper Distribution Taper Distribution

α0,3-1,3 Normal α3,3-11,3 Notnormal α9,3-15,3 Notnormal

α0,3-3,3 Normal α3,3-13,3 Notnormal α9,3-17,3 Notnormal

α0,3-5,3 Normal α3,3-15,3 Notnormal α9,3-19,3 Normal

α0,3-7,3 Normal α3,3-17,3 Notnormal α9,3-21,3 Normal

α0,3-9,3 Normal α3,3-19,3 Normal α9,3-23,3 Normal

α0,3-11,3 Normal α3,3-21,3 Normal α11,3-13,3 Notnormal

α0,3-13,3 Normal α3,3-23,3 Normal α11,3-15,3 Notnormal

α0,3-15,3 Normal α5,3-7,3 Notnormal α11,3-17,3 Notnormal

α0,3-17,3 Normal α5,3-9,3 Notnormal α11,3-19,3 Normal

α0,3-19,3 Normal α5,3-11,3 Notnormal α11,3-21,3 Normal

α0,3-21,3 Normal α5,3-13,3 Notnormal α11,3-23,3 Normal

α0,3-23,3 Normal α5,3-15,3 Notnormal α13,3-15,3 Notnormal

α1,3-3,3 Notnormal α5,3-17,3 Notnormal α13,3-17,3 Notnormal

α1,3-5,3 Notnormal α5,3-19,3 Normal α13,3-19,3 Normal

α1,3-7,3 Notnormal α5,3-21,3 Normal α13,3-21,3 Normal

α1,3-9,3 Notnormal α5,3-23,3 Normal α13,3-23,3 Notnormal

α1,3-11,3 Notnormal α7,3-9,3 Notnormal α15,3-17,3 Notnormal

α1,3-13,3 Notnormal α7,3-11,3 Notnormal α15,3-19,3 Notnormal

α1,3-15,3 Notnormal α7,3-13,3 Notnormal α15,3-21,3 Normal

α1,3-17,3 Notnormal α7,3-15,3 Normal α15,3-23,3 Normal

α1,3-19,3 Normal α7,3-17,3 Normal α17,3-19,3 Notnormal

α1,3-21,3 Normal α7,3-19,3 Normal α17,3-21,3 Notnormal

α1,3-23,3 Normal α7,3-21,3 Normal α17,3-23,3 Notnormal

α3,3-5,3 Notnormal α7,3-23,3 Normal α19,3-21,3 Normal

α3,3-7,3 Notnormal α9,3-11,3 Notnormal α19,3-23,3 Notnormal

α3,3-9,3 Notnormal α9,3-13,3 Notnormal α21,3-23,3 Notnormal
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distributionandtapersα0.5h-0.7handα0.7h-0.9hfittoGammadistribution.Tapersoftheupperpartofthe
treefitdifferentdistributionoftapersoftheotherpartofatree.

Itshouldbementionedthatvaluesoftapersoffirstandsecondcategoryarisefrommesurements
of300trees,whilevaluesoftapersofthirdcategoryarisefrom300orlesstreesdependingonthe
heightofthesmalldiameterofexaminedtaper.

Examinationofthethirdcategorytapersithasbeenfoundthatifasuitabilitycriterionisthe
littlevariability thenappropriateare thetapersα0.3-23.3andα0.3-21.3. Inothercase, if thesuitability
criterionisthemeanoftapertobenear1cm/mthenthemostappropriatetapersareα3.3-5.3,α3.3-7.3,
α3.3-9.3,α5.3-7.3andα5.3-9.3.Fromseventy-eighttapersthirty-sevenarefairlysymmetricalandcanbesaid
thattheyareapproachingnormaldistribution.Byusingstrictlystatisticalmethodsonlyseventapers
fittonormaldistribution.

Havinginmindtheresultsoftheanalysisanddescriptivestatisticsaconclusionthattaperα0.3-0.9h
hasthebeststatisticalbehaviouriscomingout.Thetaperα0.3-0.9hhasthesmallestvalueofCVand
needssmallersamplesizethantheotherfourteentapers.Alsofitstonormaldistributionandforits
calculationtakesintoaccountalmosttheentirelengthofthetrunk.

Anextstepoftheresearchistoinvestigatethelevelofimprovementthattheincorporationof
tapergivestovolumeequations.
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