Northern California Forest Yield Cooperative
Department of Forestry and Resource Management
University of California, Berkeley, Ca. 94720

Rasaardh Yake | tsyamhar 1, 1021

Begiticn af ths Incrament Serar for Adenrass
Aasal 4res Srouth Detsrminsticon

Rebin L Filich
k|

o i
L2 5. T2na=

ARSTRALT

Tras aArags-szobisng and innremsnt morss gare sxamined %z
intarmine Ehe nc3ition for the horsr =hat results in
nosh aneurabks bas3sl oarz2a qrouth TiTures, Ths  mnalysis
apnliss in situaticns Whsre aither aslinsr or N=kaps i3 us2q
toomragura final stam size. F2aulits aras dianlnded “or Lraas
with =2ansnfirie helzs and traas itk ecirsglasre holas,  The
rzasmmend=d ocor=es to b2 usad for hasz) =r=as growhh dstarmi-
naticn =ret 3 nors faks4 undsr 3 ooinh of average SroWm
1anuth fwhan crawn lenzth {3 ssymmetric) on tress aith zir-
alar hol=zs:; and She avaragze of hwg 2or=s5 faken 2zt =2ithar
and of bthe singr =xwis for traag gith ageantrin stams,
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Introdusation

Inoraasing reecgnition in Nalifornia of the nead for Hassl ares and
veluma growth dats from young-growth stands has 124 i sn inaressed
amphasis on the establishasnt of parmanent plotz. In stsnds of inkaraest
to the for=sh managsr Where growbh informaticn is nat 3vailablas from
existing pleha, tress ars oftsn bored for perisdic growth. Zoras apa
generally %ak%sn at breasht haisht, and a numbsr of rulsz exist for the
nesiticn of the boring arcund tha bele (Yuseh 1943, 'feyer 1953), This
study foouses oo the acsurasy of growhkh pradi gns asapubted from inere—
ment eoras. The study is divided intc two s=2 ng: tress With ecosntric
bolas, and tra2es with 2irecular belas,

Most of the work 4dons in the ares of increment core procadura has
bean conserned with minimizing ths wvarianes of radisl growth estinates
ecmputad frem increment coras. ‘“latarn (1951) =nd Siestrzonski (19%3),
tosting from one te four oores, found thHat twe cores raksn from cpposits
gldes of th= tr=se provided the mogst &fficiant =shimats, imidon and
Dolph (19879} invastigzated the advantaze of tws =20r=s, instzsd of gns,
wihen tha iner=m=nt is %5 bz nsed in =3 least sguarss =astimaticn. Hut
therz does nct szem to b2 gny infornaticn ont the pesiticn of the oore
arcund the bgle of Th2 tran for the mest asecurats sstimation of basal
area growkth,
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Part On=: Tress with Eeceantric Bglas

Physiclczoy

Gray (1756) discussed the structural advantages of the 2ezsntricity
ef a3 tre=e stem whzn lateral farces are primarily in one Adir=cticn.
Thasa Fgross may be relsted ko the slop2 of the land, an ssymmetric
orown, parsistant uni-directicnal winds, er the cleoss oroxiamity cf 2
neighboring tres, The sceentricity results from the Tormaticn of raae-
tign wood, whish is initiated when bthese faoress =23uss the tr=a tgo l=2an
in cn2 dirzection mors than any other,

Thz plant orowth substanes, auin, which %ends Lo move with arav-
ity, oecontrels Ehe Fformation of resetioen wood., In gymnosparms =an
inerezse in suxin in thsz lowar 3ide of the sbtenm zauszs the Termaticon of
compression wood., Tn angicsosrms it ssems the formaticon of tansion wood
on Yo upnar side of the stem 15 ssszaciatsd with a3 decoreszss in 2uxin in
Ehe upper side of tha stem (2idwell 1074},

Gagmatric Model for the Zacentria Tres
Galiper

Talipera have hesesn resocmmended a5 khe instrumant of choice when
measuring an gqut-of-rotmd tres (Assman, 19703, 4ssuming 3n eliotiesl
shaps ths basal are3 of the Eree 13 given by

M A0y w20
Vegm BB = qar )
!
Th=zra 3 and b are the major and winer axss e

the largest and smallest
=t L

parpendicular diam=ters——in inch=3), and 4 is oross s2ctignal ares

(£E2y,

Thus th= hasal ar=sa growkh (BAGY i3 given hy the 4iffars=nc= batuasn
tws =lipses

1

ar 980 = ﬁi?ETEE{1?b? - 91b1}

whare a., b, a5, b
e points

r=pras=ant the majcr and miner axss of khe Srea 5%

Since the use of calipers will mive =2x3e% hasal ar=5 Figuras whon
Eha fraa 43 8 fruz alipss and 3 ssomenrin masn diameter is zcmputed, an
alipss is oftan uzad as the model for an =2acsanbrio traz., Thrae possiblas
represantations of hasal ars=s growth when the tras stam i3 aliphizal are
wn in fizures Ia,h,c.

i
=
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10 . 1
— The major and =wingr ax=2a usz3d msrs are ths zalinerad diamatsers

of the g=2aticn, Tn many mathsmaticg texis tha 3xes 3ra iesfined to
be cne-half of Lhags dismatars,
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Figure 1. Representations of growth for elliptical stems

Figure 2. Locations of increment
cores on test trees




Ta figur= 1a, Lt is assumed that increment doas nght vary around the
st2m, fasal aras growth can be computed by means of ﬂ?gahwnn ta Trom a
singla core taken along glther The major or mincer axis.—

SAG = %{'ab ~ (3=21)(5-21)) f1al

In fizure 1b, the a2lipsas are assumed to be symmetric with respset
te the a=ptar of Ehe tre=, with growth baing graatar sleng thes =ajor
axfis, Basal area zZrowtn. can he zomputsd Trom equation th o using tue
cor=s, one taken along eszch akis,

gan = & ~ f=_7i oY) F1h3
BAG = q(ab L3 _la}fb ‘ib} B l-F

In flgura lo, the slipses ars gssumed ko be asymmetrie with rssect
o tha rmaatar of ths fLtree, and sines the i=zr=s to wiich thz innesr
lipse is ofF ecanker will not gensra2lly be kngwn, thers doss not axist
sn chvious wgecmabris methed of comouting basal ar=a growth from twe
ineramant occres, Howsvar, if w2 =ssum2 that the ratic of the= =aicr and
minar aXxes 1s properticnal o tha ratic of thae gsrowth aleng thoss axss
{that ths stem does noet zhange its shape as it grows during Lhe ineres-
ment paricd) then basal arsa growth can he computed using squaticn io
from twe cores takan from opposits sides ¢f the tr2z along the majer
axis. (Note: 1, and i. refer tc ths positien of tha cors around the
bgle—-32e figurz 2} B

-
e

BAG = Tab = (2 - (1410000 = (2

{1T+i%ﬁﬁﬂ [1=21

e hasszl area

Thess procedures will provids sxast measurss of tre
cdals, ta,bior o,

growth whan the stem is 3 trues =2lipse and on= ¢f tha mo
applies,

Th=a procedure of using a D=tape teo m2asure 3tem siz2 3ssuma2s that
tha stem is circular. 'YWhen the stem Is not eircular, an oversstimate of
the bazal arez will resulbt. The cverestimate desends zn the =ccesntricity
{the degres to whinh the trea is sut-cf-rcund) of the stam,

1/ ; |
— Sasal srea growth alse includes bark grewbh. Tn sctuml

thess fermulas would bas modifi=sd by 7 functicm of the bark
for the trae, in ¢rder te tak¥s imtg azccunt the zrewth !
tras's bark. To 2immlify =anmalysis thz medifisr =3 icncred i1
Ehisz sn=lysis.




Tha N=tans msasurss the gircumference of 8 tres and converts it to
a diamster, The aress ssotignal asres of the tres, in tarms of the oir-
sumference, i3 given by the fornmilal
=
P
it

=W g ¥ 14l

The aireunfaraencs of an =2lipse i3 approximated by

———

2 >
ros L3 +b57)
G =2 5

thus tha arsa of an elipse measur=d with 3 D-taps is

B 2
4 = w {2~ + b7}
Y ETY 08 3

The ratic of the ares of Lthe elipse meaasursd with a D-tapsz to th
trusz ar=a is given by:

il

2 2 2 >
" fa~ « b7} fa® + k™)
T X 140 E ) >
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Henga tha ratic «f the arsa computed from D-tape measursments. to tha
area comput=2d frem calipsr me=ssuramants is =2qual t¢ the ratic of the
square of the quadratic mean diametar of the major and miner axes to the
squars of the zzom2tric mean diamster of Lths axas. Fnca, fer an
2lipse, this ratioc is 3lways greater shan 1, the uss of 3 D-%apz cn an
cnt=gf=round nres will lead Lo an gversstimate of £h2 true basal ar=a,
Furthermore, kbhe greatsr the diffarsnes hetwasen the lsnzths of the major
and minor axis the gr=2ater the nerecant of cverestimats,

Since one cannot determine the major and minor 3xes of an eliptieal
stam with a D-tapz, thors is no oxact gecmetric mathed for obtalning the
basal ar=a growth of an cut-cf-round tres when a D=tape and an inaeramant

cra are used for the ealeoulation.

Data Cellaection

DAH =2ross saoticns ware availahle from tr2ss felled in ths zourse
¢f stem =analysis by meabers of ths Mortharn Talifornia Forest Yisld
Cocperabive, Forty five cubt=gl=-round seations ware ussd in ths study.
Traeings were made of the lash ta2n vear groewth paricd. Frem thesz trae-
ings the follewing ware messured: thz major and =aingr axis, ths 2ir-
zunferancs, z2nd 3 incramants arcund the parimatsr (522 figure 2), Tha
area within the greowth paled W3S measurad with a planimster. T
measuring the ciroumferznes of the seetion 3 linz w3s drawnm ower indan-
tations in the ssction Lo simiilate the measure that would be ohtained
using =2 T-tapaz {se=z detted line inm figurs 2), Th= Adireation of ths
inerzments w33 toward the gecmabric esatar of bthe Sree {not nocessarily
the piclezicrl genter) sinzz one would not know the looaticn of the pith
whian using an incremsnt boresr.



Thae ratio of the mmijer axis to the mingr axis of tha s
rangsd frem 1,02 tio 1.29 (the major axis 2% to 297 longsr thin th
axis), The avaerags ratic was 1.1,

sabicns
s minor

Data Analysis
Caliper

Th2 analysis was designed primarily te test for confirmaticn of the
gzometrice medels, but alsa te detzraine which of the  incraments, or
cembinaticns of two incraments, in conjunaticn with sgusticns Ta, b, or
g, r=sultad in baszl sres figures clos=st to tha planimatarad araa,

3as53]l area dgrowth was computzd from measursmants of bha asjer and
mingr axas of the innar and outsr slipsas fer a=20h Lfracing. Srowth was
alsc zompitad using the major 3nd minor axes of the cuber =2lipzz 3nd the
fellouing thras combinations of ineraments. Firstly, inerements 1, 3, 5,
and 7 ware 2ach ussd to compubs basal arss groewth by asgquation 12,
Saccndly, incroment pairs 1 and 3, 1 and 7, § and 3, and 5 3nd 7 wars
used to zompube b3sal 3rsa growbh by =quaticn 1h, ‘ind finally ths sum

of faersments 1 and 5 was kused bs compute growth From eguation io,

Te sheclk tha validity of the nedels shown in figure 1, zhe ratic of
the basal area growth cemoutsd using ineraments to the planim=tarad
basal ar=s growth was calculated.

Th= results of thess scmputaticns, shown in Tanle 1, will ba dis-
cussad halew,

J=Tape

Basal araa growth was z2aloulated from thz sircumfersncss. of the
innar and cuter =2lipses to simulatas the uss of 3 D-taps in 7easuremsnts
¢f treas on permansnt ploets. Mrowth was alse ezleulatsd using the oir-
aunierensa of tha guter elipsa and funetions of tha A inorsmants,
Sinca, in this 2as2, there was ng funetion suggasted by the gacmatries
model when two inersmants wers used %o compubs basal area grewth ths
arithmatio m2an and thes gecmetric mean warz2 thz funsticns usad,  ‘'ere
eemplicatad funetions ceuld have heaen investizztad huat the arithmetie
Mz2an wWwas found to ha adequate. The ratics af thesa srowkh 2s5tinatas ho
tha planimaterad basal ares growtih ware 3lsc ealaulatad,

Rasulzs

Tablaes 1 =and 2 show ths averags ratics and some Alstributicomnal in-
Formatbion for the analysis of growth caleulaticn =abtheds tsing caliner
and D-tape raspectively., In mzasurine She sections, inarsmznt 1 43s ml-
+ay2 thz shartar inere2ment a3nd iaeragznt 5 Ehz lgnz2r incrament mlong
tha major =axis. But there ware no dasign diffareqes=s in the axperimant
With respeet %o inoraments T oand T. Tharefor, rasults invelvine inera-
manss T and 5 oara diffsrantafad in Taklae 2, hut Shess Invelving 3 and ~
ars acombined,



TABLE 1

Ratin of ecomputed bazal ares growrh  to
planimateread basal aren growth  when
ealipers ars wsed to mzasure stem size
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Valwes less than 5% are not repoarted,



TABLE 2

fatio of computed ha=al  aran aorouth ta
planimet 2red  basal  area growth  whang
Y taps 135 used to mopsurse =tem 41 se
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Galipear

In model 13, =rowth deoas not vary around ths sham, %a, f(using
aguation 1a), ineranents 1, 3, 5, and 7 sheuld zive similar h3sal area
growth fizgur=as, Turthermors, tha ratiso of gsrowth ccmputsd uwsineg agqua-

tion 12z o planimztared growth should bz =2qual ke 1.

fhile zaleulaticns based eon insramants 1, 3, and 7 ware similar,
oaleulaticns based gn inaremont S resulted in an cversstimste f 219 par-
asnt, T2 eannot sonclude thaht incressnt dees noet vary siznificanblw
argund the stam: or that sny randomly chosen sinzls inerement sleonz ths
major or mincr 2xis will be asporcoriate for computing basal ar=s grawkth,

Tn =cdel 1h, inecrement -dces wvary arcund the stam, buk is symefiric
aroumd the canter, Model 1b prasumes that basal ares growih computa-
tiens from squaticn 1b invelving inecrements 1 and 3, and 1 and 7, will
bas similar to thosz involvineg inerem=nts 5 and 2, and 5 and 7. That is,
whan fwe inerem=nts are taksn at right angles (ecne alonm the msjor axis
and cne 1long the minor axis), it does not matter dhizh =nd of the major
axis iz uzed (ia, uphill cr doawnhill)., Howayer, ther= is 5 19 parasnt
diffaranes betyessn ealeulaticns invclving inoramsnt 1 and thess invelv-
ing -inersasnt 9.

Finally, in medel e, the assumntion was made that, 2lthouszh ths
alipses ware not symetriz argund the center of the figure, ths ratios of
tha ineremants alcag the malor and miner axes ware squal to the rasic of
the axes ( i_/1_ = a/b ), Tf this is trua ths raktic of computsd qrowth
L6 planimetersd growth should bs oleze ke 1, Hawesyar, thsre wis 3 U
parcant diffsrenecs bstyssn these mathods of haszl =zrs3 growth compuba-
ticn. 3inse this diffarenc= is shatistically significant (4 = .75), w=2
conolude that the ratis of th= growth slong the major and mincer 2xzs is
not proeporticnal to the ratio of the majer ant aincr axes.

Nons of Eha above medsls could he cenfirmed by the datz, Part of
the raascn for this liss in the fast that ths haszic assumpticn of &lip-
ticity is inagrrast, M the gvarage, calipars gvarsstimatad ths hasal
area grouwih of thesga fLrees hy almest 10 peraosnt. Yowevar, the uss of
some of the Inerements, in conjuncticn with aurrant sizs as Aez3sured hy
ealipsrs, =3ve basal ar=a growth figures thak wqera pensistently alesa o
the planimstared wvaluss. The use of ineranznts 1, 3, 7. or Lhe 3versge
ef 3 and 7 in eguation 13, 2nd the use of ingra2aents VY and 3, or 1 3nd 7
with =quaticn 1b =zave basal arss growth figur=es eless o the plan-
imater=d growth., The ovarestimate of Sres bassl 3rsas using calipers was
compansatad by 3an under eshtimata of the avaragss incremnent,

As Hhas bsen statad, many egmhinztidns of radizl incremants <an be
usad to compute basal ares growth. In Ehis study the hesh rasulis wvare
chtain=d hy using the avarage of Lws incramants ta%en alenm thz winor
axis (incremants 3 and 7) in econjunetion with squaticn Ta. Zomputing
basgsl arss growth in shis manner resulted in Fizures within 1297 of plan-
imatarad bhasal aras growth hatter Shan 757 of the tims,

M=2n %he use of oanly cne insrsmant core was Reskad, shz2 uss gf an
ineremant from the minor axis again resiylted in the bhast satimate of
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hasal araa growbth, Tharafor, whan o2alipsrs ars used Tt measura traas
giza, and one or twe ineremesnts sre faksen to computa basal arss growth,
it iz rangmmandad that the inerasment{s) ha taken aleng the 7minor axis,

D-Tap=a

& zimilar situstion oesurs whan using D-%aps ==asursments. 4 =
tapz overastimatss the basal ar2a of an aecesantris stem, hut in the aom-
putatisn of hasal area growbh this cverestimatez 13 compansated by tha
use of an Incrament that is lass than the avarage inarsment (such 33 in-
eraments 1, %, or 7, or cocmbinsticns of thess inersmznts),

baain, it 13 rescamended that one or twe ineremsnts 3long the mingr
axis b= Uuszd whzn zcomputing hasal ar=a growth, The use of inorements
alcng th2 minor axis rasultad in basal are=a growth figures =2s good as
any cther 2cmbinaticn of ineraments, and aveids Ltha ungartainty of
determining whish =3nd of the major Axis i3 increment 1 and whizsh is in-
cramsnt 5.

Finally whethsr using calipers or 3 N=tapas, boring osut-cf-rocund
treeg aleng the minor axis appears Lo give the hast estimzt2 &f basal
ar=3 arowkbh,



Part Two: Treses with Tircular St=ns

Sinece crown asymmetry is assscciatsd with within-tree wvariatien in
diametar zrowth {(Gray, 1258), 3 t?su was designed %o debermins ifF the
within=tr22 variaticn in diameter growth could bz sxplained by the rela-

tive height of the crown arcuad tha ftres.

This portion of thsz analysis was eompleted before stem analysis
santigns hegame availabhla, and thus the2 bruz biasal ar=za zrowkh of %hs
tre= i3 not 4nown. InsSead we assume that tha tru= hHasal 3r=3 growkth is
elose to that caloulstad {rom an aversge of the four incdraments Laken
argund tha trea,

Data Collaetion

A tegal of 105 frass ware borsd oo 17 nlets on Forest Ssryics land
n2ar Meadow Valley, Califarnia, Mo obvigusly sut-of-rcund Erees wers
chosan, The plots ware mapped and DEH, tohal Yeight, and heizhts to tha
logwzst and highest points of the erown hasz (low crown height and high
grown. haight) ware reacrded. Eash 4ree was bored 4 times at breast
height: direcetly beneati the lowsest and highest crown heights, and
diresetly benesth fwe points of avaerage erown hzight on either side of
the tr=e, The azimuth of 2ach horing was alsc recorded,

Anzlysis

The anzlysis of the =ffa2ct of erown length on within=tres radial
growth is eccmplicatsd by differences in the growth of individual btraes,
The sits, the positicn of the tres in the cancpy, and the tree's genstic
growth potential are sgme of the facters that confound the analysis, In
cgrdsr tTo desl with this, 3n 2nalysis of varisnce 7odel was prooosed,

Y. zu+d, +8
Wazra= 4

Yij = radial growth of crown lensth class () of tree (1)
u = cverall m=an

d. = tha affact of trea (1) (i,s, tr3s—to-tre=a variatica)

f. = she affact of ercwn length elass (J) (i.,=. within-trea variatiocn)

e

For =aah ss, radizl sgrowth was olassifiesd 3oeerding to the rels-
tiva argoum length directly abowve the horing, 3¢ that aash trze hzd ones
rardial groWth m2asursment in the shert grown lenghh olass, one in the
long crown longth elass, and tws In Bhe 3averaza orewn lanath elasses.
An analysis of variancs Was performad in whizh the Schal varince was
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i i
I i
| Table 3. ©Class 'leans and incva Table for Radial Growth Study
| |
i |
i Zlass “l2ans
] |
I 1
i Srown Lensth Lonz Averagel Avaraga? Shert |
| Class _ I
| M2an {mm) 11,30 11,25 mn.52 0.%9 |
| I
H i
' AMAYA
i Scurce of Sum of Dagrass aan |
] p - i
! Variaticn Squarszs of Freadom Sfquaras !
I i
| Batwyaan Trass  11199.75 17U 107, 50 l
| !
]
1
' Explained by [
' Crown Class 119,28 3 35, 7hH i
i |
I - a0
I Ragidusal ayRl, 87 312 700 =
i —t
1) 1
| Tetal 13775.79 19 |
Fagtatistic = JIRAT, A0 = 5,93 » © ~ = 260
stabisti 39 E ; D53 3,312)
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parfiticnad inte (1) the variance betwsasn tress, (2) the within tree
varianea explained by crewn lsngth elass (short, averagel, averags:d,
long), =nd (3} residual variane= {Table 31,

Hesylts
Tablz 3 shows thz class me2ans and the anslysis of wvariasnce tabls
for the model above. After acogunbting for bebtwezan tres 2{f=2ets, arocun

lenzth 2lsss was found ko he 3 statistiecally siznificant factor (d =
«718) in the analysis of warianes medel. Howswver, srown langth 2lass
acaogunted for only 5 per cenkt of Ehe within trae varianoa,

The average diffarance befuesn the Incrsments corresponding to
shart and long erown lenzt!h 2lasses was 1.Umm (about 147 of the mean 5-
ya2ar zrowth increment). This differsnece w3z statisticslly significant
(£ = .N5), Further, the diffarence incrasased 3s asymmztry of tha tree
erown increased. ‘hen the differsnez betwean the long and short sids gf
the erown Was greatar than ogr equal to 25 fast, the differasnse batwzen
the ocorraspending ineraments was 20% of ths #z2an.  4nd whan the long
sidz of ths crown was at laast 3I0 feet are=ater than thes short side of
the crown, the diffarencs bestwzen the incraments was 257 ¢f tha mq=an,
These diffarencas wera alsc shatistieally signifisant (d = .05).

Summary and Cenclusions

Hene of th2 =21iptical models in Part 1 completaly describaed tha
shapz of ths ecoantric tras arocss—3zechions tested. And z2aliners and D-
tapz both resulted in an ovarestimate cf cross sectional basal area,
Howavar, whan computing basal arza growth this overastimaticn can be
compensatad for by a judioicus ~heoiece of the pesiticn from whizh %the
trees are beored for radial inerem#nf. The use of increments along the
minor axis of the tres (inerements 3 and 7 in figurs 2) is recommended
for use with both ealipers and D-tape,

Tt should be noted that althouzgh basal ar=s grewth will he mors =2e-
curatbaly =stimated, growth perosnt will b= under=stimated, Thisz i3 be-
2ausa the uss of calipers or D-taps result in an cverastimats of Lthe
basal area of cut-of-round traass,

For trees EHat are nct ocut of round, this analysis indinates that
r=2lative ecrown lenzth can be used te slishily imoreve astimation of
radial =zrewth. To achzive this improvement the trees zhguld bes hared
Banzath a point ¢f average crown lsngth. Singe therz are, in prineiplse,
at l2ast two such points for sach tres, the oruisar zan Folley this rul=
and 3£il1l find a convenisnt placas from whizh Lo hore the Erea,
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