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ABSTRACT

Thc bktory of r.itforcst volumc cqoatior prcparatiotr ir erccislard ic bticny rcvicwcd.

ArarFar by ildiyid|rrl spccics arc Fcscrtcd froE data prcviously uscd to Acrcrarc
cqurtio.t for .pccid groupE bsscd or iilyiculturd dcsirabiliry r.thcr tban siEilarity of
yohrmc .chtiorship!. Thc maoy rigtrficari difrcrcrcG bctwccn .pccicr bdicstc that sucL
gronpirS is lrtrdciinblc.

No difrcrcacc,t wcrc found bctpccr trccs of thc !!ac spccias fros virgir rld prcyiously
loggcd !rc.s- Thc rclatio$hip bctwcco volusc rtrd basal arcd- ii sttoagly lfucrr for most
wcll rcprcc€ cd sFcics, but a rcdrctioD iD slopc abovc ca- 8O-90 cm dbh i! d6i.ablc ir
rohc 3pccica. For spccics virh otrly s fcv dat5, yohmc lincs cotrsrrai[cd to pn3s rhrough s
fitcd origitr, .N ir tarifr .ystcmt ltc suggcstcd- A gctrcral cqratiolr ir providcd for
applicstior to rpccic.s rot rcprclctrt.d in thc dara-

INTTODUCTTON

Apart f;oD vcry c{rly (prc-war) volumc tablcs for rsicssEcrt purposcr, thc producriotr of
volumc fulction. for North Quc.fflmd rsinforilrr 6pccica ooEmctccd i thc 195O,i
fo[owitg thc locetior d rcsc&ch Friallcl .t Attcrro! ald rhc coDscrccDctt of r
prograD of dct ilcd iaDl[c Ecc Dc.3trrcmcDt Errly wort irvolvcd ttc grphic.l
coDstnrcriotr of two-way (dbt and mcrchrtrrablc hcight) volumc tablcr for thc iDportr -A-
gtoup spccicssnch r Quc!tr3lard Eaptc, rorihcn .ilty oak and t uri pinc. Equltions ocrc
rlcvclopcd ir 1966.rd 1971, udrg sU.vsibblc rlEplc rrcc d.!a, irclrdiDs trcct Ec.rurcd
by M. P,lasDorct surycy grrg rr vcll lt thc rercarch D.tcrial. Iacrc cqurtioDt wcrc
produc€d to mcct thc r€quiacDctrts of uacrr iD rcscarch rtrd rcsourcct ro cstiiatc volu.mct
by thc thcr curcrt rilviculturrl gtoup3 -

1966 (1) A group spcciG

(2) B, C aad D group spc.ias coebircd

1971 (1) A sroup tpccid

(2) B, C .Dd D gtouF, troD-bnnrcsicd .pccics oDly
(3) B, C aDd D groups, brttrca.cd .Fcica o y

Thcsc cquationN GrtiBatcd volumca t3 crlcutttcd froD thc $_oplc trac DcsruacDctts,
TrumlDg | 6,0 c6 srubp, srd iutr.cquctt chccts showcd thrt thcy !€riolrsly ovcrcstimatcd
thc volutDcr of lotF .crudly obrriocd in Drrlctiog oFr.tiotr. (Itctr y, 19g0i I! dditioo to
flilurc to rccourt for higl .ruDps, buniD8 .rd ofucr a"f.cq O-onttrcrft 8 to tlc mctlod
of albh Dc.surcmcnt |lscd. At ttsr dDc rhcr rlr . Etool of tbought *hich hcld rlst dbh
rhould bc Dcsrurcd rt 13 E rtrovc grom4 trrer!'cctigc of ttc prcscacc of buttac$ca or
olbcr rtcnt irrcgnlriticl Tbc .roEdolrr rtad rhrpc rld b.rk tbiclma. it ttc basc of toDc
of \c tstlrplc trcct roggcst thrt this proccd!& v.r indccd fo[ovcd. Wlilc rhc $t|tplc trccs
rcEri[ &r ca,r'cllial rcurcc of itforDstion oD b6rk thictD.|.at atrd stcE tapcr, thcir [s€ i!
IurctioN to prcdict log yolumc h qtrcstio[rblc.

Higgror (1977) prcparcd rwo-way cqurtiorr lot thc remc rpccics groupt (A rd BCD) froD
or.r oDtDDad itr loSgitg opcr.ti@1 Thc itrdcpctrdcot vadrblc. edc db[ d dirDctcr ibovc
Itttrcrjca 

(dab-) 
-.: rpFoFistc, lnd log lctrgrh itrncad of Dcrctrntrblc hcight, whitc ttrc

dcpcndcD-t vrrirblc wa! ttc lof vohoc .t c.lcuLtcd in D|rlctirg pn .tii.' frro.rioo"
lhtilg log lctrath to dbh ecrc rlto dcyclopcd. Thc .{trrtiotr' |rc trcl;dcd itr Appcritir 6 of
VucIry ., .f G98A- Ifiggir3 dro gcn;tld onc-yly cqurtio!, b, rubstirn'ring hir log



lcogth lulctiotr itrto thc two-way .quLatiotr& Howcvcr, tt€3c cqurtiotrs havc llrrF bcct
rriDcctr, rld it rppcrts thrt ! high Fopo.tio! of thc rccordcd dbh'3 vcic cstimatcd retLcr
tbrtr mc$urcal Thc log lcrgtt functiotr tr€rc umariifactorJr, ctphinirg l6i thrn lO Fi
cc of thc r.rirncc ir rll cascs, which must crst aloubt3 otr rhcir usc itr prcprriDg thc oac-
v.y cqaatiorl Itr rddition, ealidation with morc rc,octrt data strggcstcd that thc rcgrc..ior
nodcl |ttcd v.r inr!'propristc-

Morc aLt xcrc collcctcd ovcr thc pciiod 1968{0 lD thc couric of loggirg dsmaSc.rudic!,
rcrlrovd. f.oE ityctrtortr plots atd a3 slrcai.l collcctioDr it qrrrcrt loggitrg opcrstiotr!, Thc
dt h or dib [cs5ltcmc a *Grc caricd orrt by ics.rrch or rcrourccs pclsoDocl itr accordrlcc
rith Fcrc $rtr&rd., shilc log lctgth, c.rtlc diaEctcr rd yoluDc wcrc oh,t.incd from
Eartctirg rccolds. Thc.c totd about 2 00O trccs, rDd Ecct all thc basic rcoufucmcttr for
tlc dcvclopoctrt of cqurtiotrs to prcdict log voloDc froE thc data normafi rccordcd io
iryc ory ald ac,rcaach plot& Thcy werc lscd to pr.parc otrc-say cqutions for Rcao[rc6 itr
1981 r[d Lcrcsrch ir 1982, sith grorps as foltoei -

1981 (1) virgi!, spccict group I

(2) virgiD, rpccics groop 2

(3) virgi!, spccicr group 3

(4) virgiq .pccica gioup 4

(5) loggcd, spccica group 1

(6) loggcd, spcaic'r g.oop 2

(A bggcd, .pcciB group 3

(t) loggcd, rpcciq group 4

1982 (1) yirgin, 3ifvicultural group A

(2) virgin, iilyicdtural grouF B, C & D

(3) loggcd, rilvicultunl group A

(4) loggcd, 3ilvicrhrr.l groups B, C & D

IAcrc aqultio rrc lirtcd ir Appcadir 6 of VarcLy ., dL (19t4 Thc .pccic, grouF urcd
*Grc dcrlycd fron thc rcquircEcrtt of trccDrrtitrg .rd othcr .ilvicdtlrd
vithort rtry coosidcdioD ol .imih.ity of volumc rchtioiihiF. Thc dilthctio! bctwccr
\irgir- rDd "loggcd' r$ mrdc or thc rstumptio! thrt .ccord cut 3t!ad. Tonld trvc
rclrtivcly lof,cr voluEc' bccrus€ of tovci rvcnSc log lcogttr, |rd rpF|tcd to bc
rupportcd by orcrdl coDp.rltoDs of thc Aro|lFd drtr A E6i6 crlttcisD of ttir nctlod of
.rbitnry rpcclcr grottpiDg lics it thc |tsuEptioo ttrt rhc dirtrlbutio[ of 3pccic. |!d rizc.
rrc coDp$.blc i! thc d.tr rtrd thc {rrd3 ia ?blch tbc cqu.tiont riu bc !rcd. Thc prc.cat
drtr tct hrgcly c@prisca r .mdl Dumbci of btcuirc' gcognphicr[t .c.trictcd coltcctio!.,
|!d thc rclativc .pccics frcqncrcic6 rcf,cct thi!"

h 1985, thc .rDc alsta 3€t was os€d to prcparc thrcc lro-?ry cqutioni (dbh ald log

t F-."l-lio! ot E;dr{ wrtilr doc@t idic.i.. rh hc 1|. fdty lsF of 6. tinir{ior or rit ror@
cquuoL At rE n@ bc n! 6@r' d $ttr d.vchpilt b ov.r.U .t EE nrt r rb! oDtiDid!! idvi.nd



lcrgth), with goupiog iDto higb, Dcditrm rrd low voluEc spccics b!.cd 6 rctoal volrmc
lfrti!tr3hipr rathc. thar arbitrary cncrtral critcria (Appctrdit 6 of Verct.y .r dJ-, 1987)-
For hdividurl 3lrcci6, thctc *.. littlc colrctpordcncc bctvccr thc6c grorF rld tbo.c to
wtich thcy had becn Fcviously rssigtrcd- Thc inclusior of log lctrgth .s a vsriablc ir thc
two-way cquatiorc crplaitrs ! naior part of thc variatior ir volumc r'td pclmits this simplc
ncthod of groupilg to giyc ratisfrctory rcrultr *hctr thc cquatioN arc appli.d ovcr sid€
ffca5" Horcvcr, ilr thc casc of otrc-way cguatiotrs, 6pccics virh iimilar bart thicttrcss and
trpc. Day trvc D.rtcdly ditrcrc rycrlSc log lctrgths, atrd not nt ilto grouF approFiatc
for two-vsy cquatioff. Thc prcacnt rfidy atoic from thc dccd for improvJ oac-ray
cqratioDr for |Is€ in yicld cslculatiou whcrc thc iryctrtoty did rot itrclldc G3timrtioo of log
tc[gth, srd fo. lolg tcrm grorth Fojcctiodr ir thc sbsctrc€ of cfcctivc frnctiotrr for
ptcdictitrS chsrgcs it log lcrgth ovcr timc-

MATENIAI,S AND METIIODS

Thc drt .ct uscd to dcvclop tic 1981 sad 1982 onc-way cquarioar, rrd thc 1985 txro esy
c{r.ti€Dt wa. rgritr cbploycd in ttc prctctt itudy- I! all, 1 982 trcs covcritrg 99 .pccica
rcf,c irclldc4 with a widc ratgc ir rumbdr atrd sizc class rcprcsc atioo (Appcndir i)- As
. -F,cli-in'ry stcp, volumc was plortcd agaist bisrl arca for cach sFci6 (Appcndir 3).
Eigtr atroDatonr poiots, as showtr in Tablc 1, rrcrc rcjcctcal as outticrs attci chcctitra f;r
c$ora h Ear$criptiotr or datr cDtry.

T.blc l. D.tt t ot rcl.ctcd dri.

' Tic tlrcc chlilctcr 'ERB c.dc' ir lrcd for rtt rpccici .cfcrcrcc.-
Scc AlrFrdir 2 for full lrot !ic.l ud coEDotr |!|mc..

Rcgrc$iotr .trdr|sir r|! c.rricd o|lt vitl rbc protr.E, ptot, lr|D .!d trtr, rtr(l Eolt f,rt
ltcd for coEprdtorS g.n bt wtr urcd for nrdtivarietc aarlyrir. A fcw indl progEmr
tcrc Ftittc! for d.t| E tripulstioa rld crlcoLtiotr of rtatdrrd crrors tor *cightcd
rcgtcasiotr

x'ESULTS

FtoE thc plott of drtr by bdividt[l .pccic., thc rclttionship bctscca votmc r[d b...1 .rcr
gc!:mfly-.pry.rcd 

!o bc .troDSly lim.r, b|tt rirl. ei& ntrgc of rtopcr, i crccpB rrd
Yrd.trcc h yoluDc (Appcrdir 3)-

rFcic.r codc' dbh,/dab
Gm)

log lctrgtt
(n)

volamc
(-)

BRC
Bno
cEs
MRR
NSR

QWN

RBS

sTs

76-a
Tt-o
88-5
513
a5-2

168-5

40-4

96.5

153
33
45

t32
3-9

15.6

63

t.1

7-A2J
o.701
1.403
L778
1-501

1L152

1.093

1.885

high

low

low

biCh

loP
Yery high dbh

hieh
ccDtrc dirDctcr>dbh

low
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Bcforc Foccding furtf,cr, dificrcrcc.s bctrccD dst froE virgiD ard prcvio$ly logScd rtrrd3
rcrc rc-criDincd otr ra individual rpccicr hqrir" Rcgrcarioa. for clcycn {ccici with rt lc.n
10 trcar frotn G.cb of yirgitr ard loggcd ancrr ccrc coEidcrcd, f,ith rcautts ri shorr ir
Trblc Z

TrbL 2- Conp. tor! ot rclr€dolt for vlrSL rlll loaacd d$dr

1n rU c$ca, difcrqrcca ir slopc vcrc not sigaitrcrrr, rld ody orc spclics (eMp -
Oucclrtllld mrplc) 3hovcd r.eall sig ficalt difcrcncc itr lcvcl F-'6ination of thc data
ruggcat t[rt thir it r[ ldifrct r*sociatcd with r! otr|Bud.izc dirtdburior ir rtc loggcd
rohct, rhicl trchtlct . gloup of rE ll trccr dcdvcd fror coDDcrcief thirdag il r ,a0 y..r
old c.tichEclt pkating-

Od r|i€ tads of thit rn lyril ir mey bc acccptcd tbat .cp.ntc cqu.tio$ fo( virgin srd
Fcyioudy loggcd nrcrr rtc not iustmcd for itrdividusl rFcic! Itc difidclc.s foud ?itt
thc groupcd drrr itr 1981/82 sppcar to rcsttlt froD thc uncyctr spccic. rcprarcdtrtioa ir thc
tro t|'bcctr- Thcrc mry rlro bc corfouding gcoSraphic or drc cffcctr, brr th. drt .rc
iltulEcicrt fq .ulyria of thcsc vrrirblc.,

To tcrt thc .rsuoptiotr of lirc.ritJ| ir thc rroluEc-botrl !rc. rclsrioDthip, rinc .pccica rcrc
rclcctcd *itL r good rcprcscntrtiotr of datr cncodiag ro lrrgc sizcr ( > IOO cd dbh)- Attcr
Frtitiooirg |t 90 cD dbh rld d.o rt thc Dcdhtr dbh for c.ch rFcicr, rqrrnrc vohrDc lincr
rcrc cdcuLtcd for thc ai|!l std llrgc trccr. ThG actulta of coopati$ar tc l,acrclfcd in
Trblc 3.

TtbL 3. Co|rt!|.rl.o! of r.Src.tlorr for lmdt .!d h!8c tr.ct

.F.ica
c.odc

nuDbcr
of trc€a

t rrtitiorcd rt
dbt of (co)

dificrctcc
(Fol)t

Frtitiotrcd rt
dbh of (cE)

dificrcncc
(FO-O5l

MSW
NI<A'
Nn
NSO
Q}IP
QWN
srs
wEs
YIYN

165
15
89
139
88
B
t2l
31
82

90-0
90-0
90.0
90.0
90.0
90.0
90-0
90.o
90-0

tl

D'

!3

!3

tr3
al
DJ

dopc
trl

660
9&1
t3.0
7S-6
60.0
965
70.o
at|":
685

!l

tt
trl
It
trt
D'
DI

rlopc

.Fcic't
codc

aumbcr of trccr dificrctrcc
(r=0-o5)vrlgrtr locccd

III(A
KRS
MSt\t
NTR
NSO
NSi

QMP
QSA
RDT
YI.s
YWN

11
r8
97
56
69
20

31
26
11
27

29
77
68
33
70
35
55
t7
13
1E
55

lrS

n3

intctccpt

!5
a3

Etlmirrlio! ol plotr of thc WES dlts itdicetca thst thc alopc diftsrdcc b d|'c nddy to
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rf,o brgc trcci. SiDilarly, thc alitrcrcDce ir intc.ccpts for yWN, wtich is dcpcndctt or thc
poitrt of partitiodag, ir rccoudcd for by a grorp of Eiddlc-sizcd trccl Ir botl c!rc., tl.rc
woald bc ro pr.cticd rdca.tagc in ulirg borc complcr Dodch, A quadratic c'r bc fncd b
WES, bst it oycrcitiortca for 3Eall t cc., lld *ould grosdy oycrc5tinratc yolrmc' ot Lrgc
Lccr if crtrapolrtcd- Othcr variabler do ror cttcr tlc YWN cquatior itr rhc prc.€ncc of r
Iircrt tc.D. Irr g€rcraL thcrc &rlysc.r cotrfrE ttrr a 3implc volumc-boral iica lioc i!
edcqurtc for both l.rgc ard rmall trc6 withitr a rlEcicr

A furlhc. chcct oo Dodcl vrtidity wa. cenicd out on thc six bcrt rcFccrdcd lpccics
(rfiiW, N(& NSO, QMP, STS ald YWN)- Por cach ot thcsq iub6ct. ot lO to 5O a't"
coycritrg thc ftrll rizc ntrgc wclc crirrctcd strd thc voluDc cqultioDs coDparcd- Itr rll c$ar
lhc difrcrcrccs wcrc tot sigtifcatrt- Howcvcr, whcr ihir proccs was crtcadcd to rubscts oI
20 trcci, .igaifc5rt difrcrctrc€! bctwcatr cqustio$ bcg.a to sppcar- Whil€ craEiDrtiotr of
thc data gc.cnlly .uggastcd s rcslotr for thc diffc.clrcc., such as larg€ trcci vith rbovc or
bclov rvcrrgc log lcngtb, thc rccd ro crcrciic srtc .nd iudgcmclt whcr dcrliog wirt sman
&tr r€g ir cvidcrt.

Silcc thc nitrc apc.ci6 itrcludcd iir (MSw' NI(Ab NKR, NSO, OMp .nd eWN) shictr hsd
Fcviously bccr iochdc.d in a sitrglc "A' group cqurtioo, thc itrdividual vollmc liocs rcrc
coDparcd to dctcrDitrc whcthcr soch groupiDg *rs j|tltitrcd- R6ultr arc irmD.rizcd itr
T.blc,{-

Trblc 4. Comtrtdrotr ol lcgrcsdol! tor ntrc rt|cctc.

NXA NKR NSO QMP QWN sTs wEs Y\\'N
MSW
NXA
NKR
NSO
QMP
QWN
sTs
wEs

I s
s

vG)
I

vG)

v(r)
N

vG)
s

I
v(")
s

v(n)
v(i)

vG)
N

v(s)
N
s

v(D)

N
v(a)
s

v(o)
vG)

N
N

v(s)
N

vG)
I
N
N
s
N

V : .pccics difcr iD v.riaDcc
S - spccica diffc. ir .lopc (homogctrcour vrrtllcr)
I - ipccic. dificr itr irtcrccpt (hoDogctrcou. vrrialcc, ..Dc .lopc)
N - :pccica rrc Dot sigDiice! y dificrc

I,owct casc charactcrt it percDttclar itr(ticatc tromhrl tcst
rcrultr if tron-hoDogcacity of ysdrncc ii ignordl

Evctr clo.cly rclstcd sFcica (MSW & eMp, NXt' & NKX) ditrcr si8Dific$rly, |Dd rhcrc is
littlc irdicstior of .try groupr rtich could bc buift wlrlout toc of ptcciriol- tbc nray
difi.rclcc. i. y.ri|[cc rupport thc rctcntidr of iDdiridut .pc.ica if y.tid 6tiD|tc, of crror
arc to bc obtiitrc

A fwthcr rttcEpt rr Sroupirs w.s carricd out t!si!8 6a 3pccicc for which r rc8oDibb
yohDc li|rc could bc obtsitrcr- Ilowcvcr, Eultiyadrtc rtr'lyrit of thc rcgrcaiiod p.nDctcrr
(dopc,-i crccpt rd rcsidurt mcaD rqtlrtc) did not i.dicd; .try obviottr-groqrc, .rd i! w.s
docidcd lo procccd otr thc bsris of prqraritrg r scFr.tc c$rrtio! Ioi c]ich .pocics"

Gocc mry hrvc bccn a factd h thc ulc of a aEdl trrstcr of gaotrF
Fcyiontly, bst tiir ir tro lotrgcr r problcD"

Sitrcc rlc iDdivldut volnDc litcr ?hcD plottcd toScthcr bcsr soDc icraDbhtrcc to . -tr.itr
rolumc t blc ay.tcE (HoDocL 1955; ErDrl.l ct at.,lg62i T[r ull lrd Eoy6, 1965;
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HrEiltoo, 1975), snd rhc rs€ ol r tr&d otigit Lrd provcd cficctivc prcviourly for thc two_
vay cqurriotr& thc porsibility of rrtlna rhfu lpproach w$ cnEincd- Aoalyrir of thc 64
vohrn_ c litrcr indicitcd r rsrif origh et ! bo5rl srca of 0-155 m2 and e volumc of 0-g6tg m3,
which ir rbovc thc DioiDua dbh limit rcquircd for .pplication of thc cqlmtion3 ia lEictic,(4O cE_dbh or 0.126 m2 buat uc..), aod a-rtcr rhir aor aa arbitrarily jbctcrt lowcr origia
.torcd alct ptomirc, govcyct, t rDc -rc-.ttr of thc tarifi rystcE ;Gtc tccr adoptca ior
rpc.icr rith oElt ! fcs dsr. pointt

It -*r! trotcd tlat to6c c{u.tionr Fcdictcd vcry sDall o! cvc! trcgrtivc yolumcN .t rl0 cm
dbt, bur .rry trccr of t[is rizc cithcr ilctud.d itr lhc dara or 

-cnumcr.tcd 
for volumc

c.tiDatiol vouLl cott itr |t lca . 24 E mi[imrrD log lcngth, rcprcrcttitg rn spFccieblc
voluDc- Thc rcl.tiolship bctwccl log lctrgth .trd votumJ at l0 cm dbhlt lE tratcd in
Figrrc 1, uriry dlt for stl qEcic. ir tbc dbh ruSc 39.O to 4O.9 cm,

2

VoluEc
(-')

YoIe 2= O.O47O11+

D - 42, R2: 0-90

6
Ios lctrgth (m)

O.o$ltqtot ,."tth)

Fta!rc l. RchriorGtip bctrcc! log lctrgti rld vohmc at 40 ca dbt 0

:E_.STT- 
prEdIcB I vohoc itr tLc nng. ot 0217 d for rf,c Dirin|rr 2.a n tog ro

|lg:xl_D' for thc D!:iftE log lcogth clcosllcrcd of loj E Spccica i! which ttc volorc
c$rtioD F€dictcd e.lucr otttrialc ttir rugc rcrc critically ---r-cd 16 dct rDinc ,t thcr
toDc corrcctivc rctio! wrr dctinblc, Oftc! vc&Ltcd rcgrc..iod s|. c&rfirc' lrhg thc
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E
E
E
E

I

rcciprocd of h.rd |rcr rquarcd .r rcight Howcvcr, thi. sai rrot .ppropriltc ir all crscs,
r|nd othcr tcchdqlcr wcrc iko cBployc4 ar dilcu3s€d bclow. Although vcighting is
coDDoDly rcqdr.d to troaDrlizc aadrncct rhctr gctrcrstilg vobEc cqtrations, many
rNirfqcat qrc.ict crhibit urcrFcctcdly uaiforE yarisnca as compercd wirh dcaly!'ts, for
cEnflc- Horcvc., whctr divcEc rpccicr arc groopc4 rs itr th. 1981 atrd 1982 cquatiotrs,
thc u.ud lrcad of ircrc.5ilg v.rirncc cith hcrc|siDg ba5al .rca bcconcs cvidcnt

Althoogh tbc gcocrrl ruit.bility of tic voluoc-ba:al arca linc had bcctr csrsbli.hcd, ir was
clcrr th.t .iDply coEputi.g . Bgrc$ior fo( crcb spccic3 woold lot bc $r6cicDt iD all casqs.
SGYGI cltcgorica wcrc rccogDizcd a: rcquiring scpatatc co!3id,aratior, ald thcsc arc
dbcurscd bclor. Fdl dctrils of tbc cquetioB rdoptcd for all 3pcci6 a.c prcs€trtcd ia
Appcndir 2, rld rtc rhortr plottcd wirh tbc dara ir Appcrdir 3.

l. sD.cL. rlth r vcrt rLlc r|tr8c of rl's rld I ra.ong lirctr trerd throrthouL

Il('W NKA NKR NSO QMP QWN STS WES YWN

Thcsc rrc rh. dlc spccica coffidcrcd p.cvioully, ard iDchrdc somc of thc mo6r importatt
ud vdlrblc commcrci.l spccics. Togctbcr thcy rcFcs€rtcd alDost half thc totrl cut in
1tE4€5 (Tsblc 14 of V&clay .r dr-, 198t. ltcy ircludc apccici sith thc highcat mrriEuD
dbh (lm c6) tor rctcatlon i! trccm.rlir& rld Dost arc wcl| rcprc.cltcd in thc yolnmc
cqurtio! drra Ttc dDplc yolusc litc. wcic rdoptcd, crccpt ttrat wcightcd rcgrcrsion wrs
utcd for NSO .rd STS to imp.ovc thc ffr for !D.ll trcc!"

2. SFcL. rith I dorc rclrlct.d .Lc r|!8c (rtrtUy tcrr tDr! 90 co db[), |[d l|nclr
throltholt

BLA' BI.I) BNQ BX,O BRQ BRT BSO BWD CtsH CI-O
FSO GCB HTA NSS QSA RBN RBII RCD RDT RES
RSR, SBH SPO SSW WBH YEV

Moct of llc 26 rpccic. ir thh c.tcgory rrc combcrci.lly iEport trt, b|tt gcr.rrlty ato oot
.ttdr lhc hrSc hdividud di.ectcr. of citcgory l. A itraight lirc rchrio!$ip ir lgrir
td.qu.tc fa dl tpccic., blt [itb $dtc I ridc !s!gc of stardlrd crror1 Wcighting w.!
rcqrircd for tco .pccl6(BLA BNQ BRQ ESO BWD CBH GCB eSA RfS RES), citbcr to
ttudrrdizc tnairDcca or to imlEovc lhc ft fot aDsll trccs, Drtr c:tcrd at laat up to thc
DrriElE rctcltio dbh i! dl crccpt r fcw aFcics. Tbc Lttcr irclttdc GCB |nd RCD shich
d.vclop FooiDrtrt btrtrct.c. .!d Diglt rot At ioto thir c.rtcgo.y if thc t|mplc ircludcd ioDc
y.qt hrSc lrcca. CoDFritolr rDotg3t thc 26 cq|lrtiod. ahoscd .igDiicrtrt ditrcrcDcca i.o
thc Erjodty ol c|5cn btrt lhcrc uc itdicrtio!5 thar grorpiDg of .mc iFci.i Dight bc
con idcr€d lor frltrhc( iDyc.tigrrio!. Thc tc.lDi$rc suggcatcd by Vr|tchy (1989) routd bc r
good itutitg poitt.

3, Spc.r.. r|ll r rftlc rrrtc ol .b.., thc.r uD to rbod 90 c6 dbh, brt rttt hrScr trc.. ot
rlhllYcl' lor raloEa

BBN CIIS GRS JHR KRS IXS MGN PPW RAL St.O
WCIY YIs (.lio for BSL NSR PBS STO)

Thctc !t ccld ric dro comEcrcirlly iEpctrtrt, sith str lggrcg.tc yoluD3 cut grcatcr thlt
f9r c.r.gory 2. Whilc Scocrdty thcy yicld rchtivcly fcw hrgc trcs (>90 crdbt), tho.c
thrt rrc Iraca€ot itr rhc ahtr oftcn hrvc yol|rrc. bclor thoe prcdictcd btr dtrrFlrtio of
rlr rcn dcored litrc. lor rDdIGr rkca, Tbir i! ctc.rlt duc to thc dcrcloftr;lf od dcfcc! |ld
c(mlcqrcot !€dncdoo itr €ficcfl9c log lcogtb, i[ lsaac trccl fhc lrc o[ tro-ray toluoc
cqurlioDr c|n lrc.tly rcdlcc ttc Gficcg brt rhc FoblcD rcDri'r fd
Rciccrlo! of ttc.c poitrt rt odicr. rill bt od[cc bila it votrLEc craiortct .trd rdgldrg
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docs rot Sivc r ..dif.ctortr rctult h idditio!, thc drtr erc too fcw !trd too eaiiablc to
dcinc a bcttcr lorm of cqttrtiotr llowcvcr, rtr rpp.oFiatc corrcctiotr cao bc itltod|tccd by
rcdrcing thc rlopc of ttc voltrDc lbc for thc b.gc rizc.,

Combirirg thc ahtr for twclrc aFcics pc.Dittcd rhc dcyclopmcat of icparatc ovcrall
voluDc lirc. fof .Edl .!d hrgc tr.o. Thc d.t wcrc lnitirlly putitioncd .t r t{td .rc. of
0-636 D', cdrc.poding to a dbh of 90 co, b|rt a fcr itcrrtioar cat blirhcd 0.554 m2 (94 co
dbb) rr a bcttcr .vcngc rrluc- Thc tro cqu{ioor rcrc

Bclof,, 0-554 m2

Abovc 0554 m2

- 8 -

vdt -. = 4-4a26a + 9-21868 (baral aed) (a=341, R2=O-62)

lotw.: +3307a2 + 2. 209 (brrct arcat (a:57, R2=0-50)

Thc ratio of thcrc dopcr (2-1120919.21868 : O26f6t wri thcn uscd is r Ddriplicr ro
ndl'ust thc rlop6 of tlc uppcr ptrt oI thc volurrc lircr fd irdividual rFcica h jr rp..ica
(BBN JIIR IRS LPS WCW YIS) tbc dbh of ta cn rrs r ruirrblc poht for thc ch.trgc of
slopc, bul cr.minrtlod of plot of thc drt ildic$cd thrt 90 cD ee3,norc rppropriltc foi
fivc (CIS GRS MGN PPW R.AL) Thilc 95 cn rr! urrd for SId!- Iac iwo cquErions rrc
thovr for cach of ttcrc rFcica lD Appcddit 2- Ttc siDpl6t Dcthod of usc ir to cvshrtc
both cqu.tioar Ior c.ch trc. rrd acccpt thc 10rl!6 rsltrc"

Ttit rdirstDctrt r.a dto rpplicd to folr ottcr .pcci6 rith ody r liEircd rizc r.trgc ir rhc
rlitr (BSL NSR PBS STO), 6 th€ b.ti. of tror! dcvclopmcrr of dcfcct ir lrrgc rrcct (B J-
Ruddcr pcr.- corr-I Thc ctragc of rlopc x.r rordc lt 70 ctrt dbh for BSI- 8i cD for NSR
ard PES, a.d 90 cd fo. ST(I

4 Sl|cdr. rllh orlt r lcr .Gt ol d.b (ttplcrut ls. ll.r S)

BGC BLD BOW BRW BSH BSW BWA CBM CCA CIX}
CT(s GIY DMN EVD HAL Hl,fW NBM NRW NTG NYB
PI(A PI(s EMT, RMH RPN RSW SBN SKC SMH SSA
TRQ WBW WCB WSO YB.^' fBW

hdlvidudly, mo3t of ttc 3!cci.. i! rhtu c|rcg6t' cmprit€ cdy ! 3mrll proporriotr of rhc
rotd Dcrchdt.blc drrd, dthoryh rLc rchrivcly lloitcd rrcr' from which tb; trmplc: vcrc
ottaincd Dly coDtrib[tc to tbc poor rcpr6cotrdod i! aoEc cr|€.. Collcctivcl, howcvcr,
thct rcprcrc r aigliic.nt voluEc" Thc data t6 irdiridorl ipccicr |rc too few lo pcrDit
rhc trttirg of pcrninCuLl cqudorr diEctty, lor doct c.6bi!iD8 thc drts givc I rrritfictory
w-94 cfglion lo( lhc grotp, bcc|o.c ol ditcrclc.. bctrcc! rFcics tbc rrrin colccp,
which h.d bccn rcjcctcd 8 r Sdrcrd rpForcb G 5 r"pr") e.3 thcD ro-ct.bitcd .r.
Ecr|3 of ploduchg rcccpt blc vohDc lln6 froo tDdl rllDbcrr of dit!-

--t rifi .trdica .rc corc.ncd rith thc cturctcrlatio! of thc vohDc{bh rclrtioorhlp o(
tlc tcca in ..! cvco.!c toEogcrcoot rt n4 thb rdrtioorhlt, u3ndty bcitrg rcccgtcd I orc
of linc.dty bcrrcco t$blc rinb.r votund, (V |!y) .nd trrd !rcr' (BA .ry) ft; tirc bcilg
coDrtrdacd to pt'r tirolgh r 6tcd poitrt ot thc BA rrif (Rctr'roll' sd Tc., 19g3)

Tbc oort iElrorh;t Fft of this dcfritiod itr ttc prcrcnt cortctt lie. itr thc litca bciog
coBtrrilcd to p|!r throltgh a fxcd poilt. Rrhfotcat ia tcithcr cvc! sgcd !d lromogcncoul
b|rt thc lilcrr rcl.tiotrrhip bct*cc! voluDc |!d br.rl rrca hr' bcc, clcertv crtrblirhcd for
individ[al .pccic!, A trif origitr of rcro voluoc rt O-(X84 D2 ba.d rtcr- wa! dctctDitcd
ftoh tic cqo.tio! for q aF.icr (oth6 rrrn thr lirc of c{cgory 1) r, rrcd fc c|tcgo4r z
bclor. Tbir r|r cdridcrcd ncE .rtidrctq:y 8 r gocrrt odgin tiro m acrivcrf ody
ftoD ric rlEctc| rirh fcr drt .

Rcgrcr.iou coDlttailrcd to Fsr tbrcugh thc Lrlfi origi! rcrc c@ptrtcd for cach 4'cclc*
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lrd ttrccc .rc ircludcd itr ApFrdix 2 Bccrusc of thc ffrcd oligiq thcac tlrif yoluDc lirci
arc all quitc tcaaonrblc, cvcD for thc crtrcEc cat€ of r sitrglc drtr poilt. Howcvca, thc
sEdl drDbci3 of drl| |Dd lacl of fulcpcadcnt validation !!cs[ thtt thcy Eusr bc .!'!'licj
Tith cautiotr- A.r dtctDatiyc i. to ulc rhc sll qrccic. cquriiotr

Othcr rqrcct3 oI tirif DcthodologJ/, .|lch |r tbc |r:c of frcd tadtr [|rmbcr. .[d
dctcrDiDti(E o[ r DG& tt'ifi ruobcr from rhc hdiyidlal .aoplc trc.; yctc Dot itcltrdcd itr
thc prqrcDt [dy, btrt rodd bc rorth putittitg if ruitrblc data scrc ivrihblc. Atrothcr
r|..ful fc.turc of r t rifi q|stco ir tirt .cLtivity Dctryc.tr rpccicc ir Dairtaircd for rll 3izcr,

5. Alondo[. .Dc.L. (rcrt lor .loDc, hlgh rlottc, Lrgc I'lcrccpt, Iov corrchlion, ctc)

AI.B BNI BIC BRP BTP MRR NEV NHQ NTQ PMH
STC STP

TLG:G iFcicr wcrc ialc ificd sft!. thc prcli4ioary rcgrcisior ualyscn but vcrc lot
i.iti.lly codaidaEd rit! ttc t rifigroup.

AL,B, BRC, BRP rrd MRR ttvc nor-6igDifc! tcgrcssioDs with low rloFs .od pocitivc
intcrccpta ID thc c|tc of ALB, rhich doca Dot icrch Lrgc sizq thc cficct appcar. to bc aa
lrtif.ct of ttc liDltad !u8G in rl€ .ortl d.t .Gt Thc |trc of ttc trrif qrprdch ri i!
c.tcSortt 4 .bovc pmyidca a trtirfrctory rlt rutivc, rlich llro avoid. thc Fcdictior of
ctccr.iycly ligh ?ohD6 for .hru trccj A hiSh tcvcl of dcfccr, ircrcsing sirh sizc, ir
chrrctcrittic of BRC, .rd cxpbi!. both th. sidcly lcattcrcd data |[d thc lof, .lo!,c of rhc
vollEc lirc. Hcsc .!rh thc t rifi clt bc |ttcd to gtvc Eorc .caloublc vohunc cltiDrtc. for
rorrll frccq b|lt ahcc Lrtc, dcf.ctiyc trcc3 |rc occaliorally ctroooatcrcdr a rcductiot itr
doF !. io cltcgcy 3 .bovc ir d.o colsidcf,cal r.c!r.ary. TLc chrtrgc of 3loF Lrt bcc!
|rbitridly tct rt 80 co dbL MRR ir rnothct .IEcica in which dcfcct irc.car.s riti .irc, rr
I E:nlt of bfit&a3 ricvclop|tlcst E3timitcr of tD!|l trcc yolumct arc rg&i[ r.ttcr hig\ blrt
rrrc rupportcd by thc d|ta atrd thc rcgrcssiotr rr cdculatcd Ll3 hcctr rctrioal Thc drtr for
BRP, though fcr, coe6 tLc rizc rrtrgc trorD.lly ctrcouttcrc4 !trd .r thc icg.c,rsiotr i3 .
r.tirfrctory ft it h|t .Iro bcc! rcccptcd.

BKP,-NEV, s�rc ud STP prodrccd riadfcrt rcgrcsiolr with ycly hth sloper rrd lrgc
lcgrtivc iotcrccprr, rhlch rould Fcdict iEp6tiuy lor votubcs for imrtl t cc., Ti6c it ;o
riirJrctory crplrldto! for thi. bchrvior, but ttc lieitcd rizc .a!gc ir rhc dstt m.y bc r
cotrlributi[g frctc. Ihc trrif rpprdch rcsolvc. ahir problcD-

Thc &lr for PMII rlrc corcr r vcrt sDdl .izc rrlgc, bttt vith !o obyiol' ,.itrtioa.hip
bctpcctr yoluDc rld b.rd rrc.. Tbc rrlif ir rgjn c6cctive

BTP- NIIQ |'d NIII !|vc rcsrBri@r rhlch did Dot rclch .igaific&cc rt thc conecrrio!.t
0.05 prob.bility lcycl. Alttottlh af,c d . r€rc nttcr widcfy 3c.ttcrc4 thc,ol[[c titct
rarc c.lrldclld r|lLLctory rld hvc bcco acccptcd.

6. SlEcLr rllcb .rc SrooD+rrt h Errtctlrt Drrcalcr

ERB codct

BNQ + BRO
BRT + B}TP
CBg + @M
NXA + NXR
QSA + SSA
sFc + stP
YBA + YBW

goupcdH&Mcodc

BRQ
BRT
CBII
NTP
asA
STP
YBW
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Spccicr sith silrilar timbd Fopcrticr mly lor bc distiaguilhcd i! Drrtctitg prrcticc, bot
simply rclcrrcd to by a singlc giorrp tamc (thc "H & }tl: codc)- Tbia Foccdurc hr. rlio
codEorly bcca followcd ir rcsoutcc .sscismcnts- Io odcr to Foyidc cqnrtioDr fo. thc.c
groups thc o y possiblc approach is to combitrc tic ivrilablc drt for ttc ooDpooctrt
spccic!, Gvcn ttough thc itrdividual sFcics may hnvc sigdficatrtly dificrc cqu.tiodr, srd
thc Foportiors of csch .p€cic! ir rhc groop ray bc |tn.cprc.crtstivc, WciSltil8 rr. |r!€d
for BRQ, CBH ard QSA, as i! tlc individsal cqtlatiotri. It wsr rLo rcqui.cd for thc
combbcd Nt(P, sbich Ecrgcd two ligaitrcr ly difcrcnt d.tr scti.

7. Oltcr lpeclet lot r.prclcrl.d ln thc drt.

Thc -Trccma.rting cridclhes tor North Qrccnslard Raidorastr. (ApFrdir 1 ol prcatoD
ard \/arclay, 1988) lirts 101 coDpuliory ard 33 troo-compul|ory coomcrcht rrilforcrt
tpccic!, for rhich volumc cstiDatcs Ery bc rcquircd, whilc thc l'rc..st drtr |ct iachdca
rcprc,rcotitivG of 81 of thc coEpufsory .d 11 of rhc trot-coEpuLory tpccic& l.[ of thc A
tld B grouA ard 80 pcl ccrt of thc C gioup sFcica arc ircludc4 Eort of thc @rcprscDtcd
rltcciB bciog itr rhc lcss dcsirablc D sDd ton-compdsory group6- I! ordcr to obtrir vot|rDc
cstim.t6 for thc uffcptcsctrtcd .Fcics, . gctrcril cquation h'3 bco provirlcrl Thi: war
dcrivcd limply by pooling all t[c datr cxccpt for thc trioc apccica of cltcgortr 1, .trd i! vcry
riDilar ro thc Bl C & D group cqu.tio!. of 1982- Bcc.usc of tlc divcr.€ yotuec
rcLtio$hipc wittin thc gro[pcd drt& vrrirtrcc inctcaica m.ttcdly rith itr.rc8bt t d
lrr{, $ coEFrGd eidi Eaoy of tlc itdiyidtrl rpccicr, Thc lrr8c, low-roloDc Eccr of
catcgory 3 ecrc rlso includc4 but .ic ro loDgcf, obeiols amo.grt thc gcncnt vrrirtic-

APPLICATION

Shcc lhc yohDc cqu.tiols will bc tr!€d slDost cltircly vithi! coEputcr Fogr.Dr, rhcrc it
littlc.ccd to cyrllratc thcr for prcrcatdioD 8 tradirioDl votooJtebtca, lor ir tlc tr'gc
Dumbct of cqnrtiols r problcm so long 15 c6ciclt aoftwuc is rvrileblc to rcccst thdn- Tbc
cqrrrtioDs li.tcd i. Appctrdir 2 beyc rll bccD rddcd to thc coEp|ttcr ft.r !|Gd btr thc nfiivc
for6t vohDc cqurtio. sJ|3tcE, rod c.tr bc rccc€rcd by .oftw..c dcvclopcd by pitct Coraoo.
A dcrcf,iptio of thi. ioftwarc ir ilclndcd hc.c .r Appcrdir 5. Thc l9Z lflggilr cqutioai
rhc 1981 |rd f982 o6c-wry cqurtiols, rDd thc 1985 iwo-sry cqurrioor cel rtro t icccscd
wirhia thc .yiicD, giving thc tscr s rrogc of optio$ for dtiE.tirg volodc| 6 fo. ctc.klng
prcvioua crlculatioE.

CONCLUSIONS

Thc worl rcportcd in thir pepcr hrt dcmorsrrrrcd thc vidc rrogc of rohDc rcbtionthiF to
bc fo[!d tDoDgrt r.iDltorcat .pccicrt rd thc cficcr of thir o! thc dcvc.lopcat of oljtey
cq|r.riol1 Groupr h6rd ot . yicutturd derit$ifity, .. lrcd i! rhc p|.q ircfo& nuy
tpccicr lor ihow. to hlvc .ignificmdy difcrcDt volunc cqoatiotr., rad ttrc uc of iadividuf
rFci6 rrth.r thal group cqlrtiotr E!3t givc morc l'lccLc t,otuDc cddrtct prcylo|ra
cootidcntiot of g.o[p c4urtior! h.rd bdicrtcd tbrt trccr i! loggcd .tudryicldcd lorcr lo8
volMc. tlrrtr ltcc'3 of thc aeEc dbh IroE virgitr .trrds, IIowcvcr, tro aigtrifc.trt difrrcDccr
*crc dctcctcd whcl iDdividual spccica *ctc coEparcd.

A litrc$ rctad;hip bctwcctr bilsl arca rtd voluDc was gctrcrrlltr fould to bc .t rdcq[rtc
da3criptior,_ but thc alopc ia thc uppc! pert of tbc volumc li.nc wat rcduccd il a fcr ricicr
whcrc thc d.t inchdcd . .Er[ loDbcr of hrgc t cca oI coffiatcDtt , Io, yohe. AftionAh
Ite (trtr r.c inrd6cictt to dcddc th€ r.trtiotrrhip Fccircly, tbc rdp*ncot ii cooridcrcd
trcccs|ry .Dd oI thc ridt odct. Tii. hr i[pficrti@r for trrd*ood iohtlrc cqurti(,rtr d:4
rbcrc r dDlhr dimibutiotr of hrgc trc. drtr brt tcca oh6ari€d.
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Thc poor .clnct€nt lior of mary of thc lcrs codDor rFcic,s ii N porticd.r Foblcm rith
rainfotcat datr whco vohdc cqortioff for individual spccica eic bcirS Fodnccd. Adoptior
of r 6tcd origi& rs itr tarifr syrtcar, pciEits thc coastuction of rc.rdablc vollrDc
cquatiors, witholt thc tccd to combinc &t rld losc hforEatiotr on spccict ditrcrcnc€*
Thii lnd othcr aipccts of taritr mcthodology vould bc worthy of furthcr cor.idcrrtior in
rchtioo to natiyc forcst yolumc cquatiors gcDcnlly.

Whilc rpccic! hrvc bcc! tcpt icpontc or thc bosb of rigdfert dificrcnca bctrc.n
cq|tatiolr .trd dcficicncid ir prcvious groupitrg mcthods, thcrc ir scopc Ior invcrtig.ti!8
othcr grorpiDg dgorithEs.
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