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Dummy-Variables for Tree Species. 197

where Iy = branch height is aboveground, d; = branch basal diameter,
h = tee height and A = age. The tree model was

InWe = by + bid + by nCR
where Wer = crown weight and CR = erown ratio. The sand level model was
W =hy+hA+hnG

here W = weight e bctre and G = basal araper hctare
‘Madgwicket . (1974 sppled th oloving cquation o prdicing ranc
weight
W = b+ b Ind 4 b2RH 4 bR

with 1 = branch length, RH = rlatve height sbove ground of the sample
branch, I = branch weight. Branch weight estimates in different crown sec-
tions, however, were not unbiased. Ek (1979) proposed a model for cstimting
branch and foliage weight 2 a function of branch diametee at 25 mm from the
stem. Stating poin for the model development was the allometri relationship
between branch diameter and the target varisbl. Several models which ook
cognizance of the cffct of height aboveground level of the it branch snd of
spacing, the late eithe expressed in terms of disance between the trees or
by the height over dbh ratio, were ested for their predictive abilty. The rela-
tive height sboveground was less influntial than spacing in predicting branch
biomass, but the variable which expressed branch positon was significan in
presence of the spacing varisbl. The following model was more suitabe to
cstimte folisge mass

bl b
ot e o o  spaing varablesevd o usfl purpose The analyss
Sgotedth s of poling detarom s et 155 andspc.
ime i (199% csabished s e el between el lenth
S weightpr 1000 e, s el et ncdlc dny (apressed 5
e mamberof el e e shos enghy o depente s el
ol af el ng e vl The vt eeston epetons
e compined 9 st e el s for 3 branch wih csimatonof
e omass e e measrenen of ot e, el enth. and
edlc iy, The auhor e ampln pstions i e ok snd
i e crown. bich shod o i csimees

Severl s wert st o cmpare e efency of it s
plig mbods. Attt a. (1968) compard four methods o simae the
Fomass pe it rea
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Table 5.7, Regression ceficens fo eatons o predic the bomass componcass sem.
e, and branches

Congenent Logathnic model () Lines modl @)
n b n o B
Stems Tisw aise ose i oo
Leaves i 2se oxs  ooss  ooests
Branches Cisse s oams  os2 oows

I prdictor varibles snd biomass s dependent and 4% s predicor vari-
e, The calclations were caid out for s, folag, and or e branches
s dependent vaiables The paramete cstimates ae given in Table 5.1

5 DUMMY-VARIABLES FOR TREE SPECIES

Jacobs ctal (1980) developed prediction cquatons fo te e specie. I order
o harmonie e bomas tabls dummy-~variables wer ntroduced which ep-
rescoted biomass componcrs. basd o ster-biomas caegoris demarcated
by specficd to diametes. The regeesion analysis did no give evidence of
sonparlellism, but the relatonship between the inercept paametr and top
diamete could be expressed by a sccond-degre equation. Crow ct al. (1950)
applcd s two-variabe incar el with a logransformed-dependent variable
and 3 logtransformed (dh) as predictor variabl, o cstimat the biomas of
{eopical foret tees and found that abitat g5 dumny-variabl was o infl-
ential i presence of db s predictor variabl. In smpling studics conducted
by Brown tal.(1959) however, quations for cstimatng the botal sboveground
biomassof tropica trees e developed, it  mode] uing dbh snd  a re-
dictor variable. This mode] wasused fortrees from the dey L zone whereas
an cquation with In(dh°SG) with SG = specifc gravity for trees was applied
othose groving inth dey e onc

“The objeciv of many sampling studics hs b to cstmate biomass corn-
poncs such a branch weightand ncdle weight. Hepp et al. (1952) devcloped
branch. e, and stand el quations o estimtethe brancsnd necle weight
of loboly pine. Th branch model was

10 Wiy = bo 4+ bilnd; 4+ balnh-hi +bala A
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these calcultions were caried out for cach of the four biomass compones,
with estimates being obtzined from the cquations

total biomass = cxplao + ay In(d) +a 1) u)

ot iomass = by + by + by (weightsproortonsl 0 1/4%) )
‘stem biomass = exp(a + a1 In(d) + a3 In(h)) 3
stem biomass = by +byd + bad (weights proportonal to 1/d%) ()
‘branches + foliage = explap + ay In(d) + a In(h) ©
branches + flisge = o + bud + bnd*(weights proportions 0 1/4) (6)
‘root biomass = explag + a In(d) + az In(h)). [
oot bomass = b+ by + by (veighting proportional 1 /a)  (5)

The resulsae givn in Tuble .5,

In adition 1 the shove 6 models (Example .1, an cquation was tested
wth In(biomass) s well 3 Insem biomass).and n(lcaves + branches) s
dependent. (d). (). d In(crown volame) s prdictors. To precdict ttal
biomass,crown volume ws ignificant n presence of (). bt ) was non-
signiican. & howeve incressed only marginally from 079 to 0950 when
) was replaced by In(cronn voln). The adition of rown volume did ot
improve the ccuracy o the preciction of sem biomass and tat of banch +
Jeat biomass and in both cass dropped out s preicto vaiabe, The cstima-
tiomof (o biomass) rom In(a).In() and I(C L) podced an R of 0.925.
Inthi casecrown dimension improved th precision of oot biomass et

Additvity
In order to llustrte nonsddiivity of biomass estimates for the logarithmic:
‘model cquations were ied with n(biomass) s dependent and In(d) as well s

Table 5.6 Estinates i th ower, middle,ad uper rages

Biomasscomporsrt
Towl Sem Rl fhamdes oo

Midlermge  Eq.) 1069 s
B sy 972

Uppercnge B 7 16s
B o5 01

Lowerrge  Eq.() o s

B i a4
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42 Branch and needle biomass

“The previows models were applicd o esimate the sum of ranch and keaf bio-
mas. The results are shown in Table 84

Models (5)and (6 were the ot performers,independently o the criteium.
being used. Egs. (1) and (2) were superor in tems of A2 but Eq. (1) did not
perform well i tems o total squared eror. The weighicd maels (4) and (6)
were superior to unweighicd models (3) and (5. when based on K2 but not
when basd o total squared error was sed asererium.

43 Root biomass

Thesgresion st fo prsciting oot b e given i Thble 5.
The vibtion ofthe oot biomass mdels reveas th sas fcoesitncy a5
bt becrved or o et components e o silcreds. . (4)
and (6 e supriorto . 3 and (9 whn assesedinrms of Kbt wight
ing had no inucnce o the toa squared e Mol (6)was the porest e
e ners of K but he best modelwhen basd o oal suaredeor.
‘The crteria R? and total-squared error prescat an overall cvaluation of the.
goodnss o . Addiona information bout e perfranc o the modes s
btaine by calclating he otverved and sstimated bomass it the loer,
e, an uppee ange ofdiamete. Inthe prescnt case the caleultons were
Camicd out for e trees below e 10 a sbove the 90 perceile of the
Gameter distibution and for 10 s aound the median. n the present case

Tuble 4. Regrosion satisics o pediing the sum of beanch s e bomass

By R Rak o-we? Rk B B Rak S s Rk

® oo 2 Be 4 @ s 3 Bs 3
@ os 1 Bl 1o 0w 6w s
G ooss 4 Bw 2 @ w5 e 6

Tuble .5 Regresion stisics o pricin rot bomss

By R Rak eo-we? Rk B B Rak S s Rk

® oo 3 2 4 @ am 2 2w 2
L R Rt A
G oss s 25 1 @ w4 s 6
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Tuble 3.1 Regression models o pedicting iomass i . it

B Dependenvaiabe  Predicorvaable  Weight
m ) oty [er—
@ Fredicior 1t k) it wighe
@ mass 4. it wight
@ s s =1
© s 2 it wighe
© mass a w=id

Table 2 Regresion it sodranksf prdicing sl bomsss

B R Rk To-ue)? Rk B B Rak S s Rk

W om 2 mm 4 @ om 3 s 1
@ oM 1 e 35 0w 6 wes s
G 0w 4 %@ 2 @ s @n 6

Tuble -3 Regresion s o predicing s o

B B Rk o-ue) Rk B R Rak S s Rk

® ot 2 wm 6 @ a0 3 oo 3
@ o 1 wn s 5 aw e s 2
G oows s w0 @ s 4 9:m 4

th crtrium being used. Weighting produces the best resuls when using R ss
ritrium, but not necessarly when the performance of the model is based on
total squared error.

41 Stem biomass

“The same dataset was also used 1o compare and tetthe same set of regrssor
variables. The resuls are given in Table 8.3,

“The crierum being used has & considerabl impact o the ranking resuls.
Eq. (1) was the best performer when based on A% but performed pocrly when
total squared erroe was sed as qualty criterium, The weighted models (4) and
(6) were superio 10 unweighted cquations. when basd o K2 but the oppositc
was e when toal squared eror was used aseriterium for goodness of .
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ratio of means estimator requiring the multplication of the observed biomass
of the n sample tres by the ratio of plt basal area over sample tres basal

Snowdon (1986) conducted simulation studies 10 devise a sampling srai-
exy for estimating the biomass of crown components of individual trees
of Pinus radiata. The efficiency of simple random sampling was compared
with various versions of straified random sampling and raio estimaiors.
Not surprisingls, statifed random sampling produced beter results than
simple random sampling. In a subsequent regression anlyss branch posi-
tion. and branch. diameter were used as predictor variables and branch-
wood biomass as target variable. Both independent variables were entered
as a linear, quadratic and cubic term, together with the linear interaction

4 ADDITIVITY OF BIOMASS COMPONENTS

Korak (1970) proposed o fit dentical model for etimatin thettal e bio-
mass and biomass components,in order o ensure addiviy of biomass com-
ponent, which implic that the sum of these estimates i equal o that obained
from th otal-biomass quation, However, the question aiscs whethe diffrent
subsets of independent vaiables should be used 0 esimate different biomass
components. Krumlik (1974) comparcd several models for predicing biomass
components_ Lincar models with d°h as predictor vaiable were sitable 1o csi-
mate stem biomass, d2hcrown widh 1o esimae the biomass of big branches.
basal arca was more suitable o predict bark biomass, d*crown lenth for et
mating the twig and foliage biomass. Models based on the same predictor-
variables. but with a logiransformed-dependent varible. were lso tesed and
performed saisfacorly.

Example 8.1 Regresson equations were fited o data from a bomass study
in . radiata (Forrest 1969). The quations to predict total biomass re shown.
in Table -1

The adjused R-values based on stepwise climination of varsbles and the
‘comesponding values of £(1  wes)? and the asociaid ranks are given in
Table.2

The two criteria being used produce diffrent rans. Model (2 s superior in
terms of K but i of rank 3 when expressd in terms of totl squared eror
Models (3 and (4) with d and d* as predictos perform wel in terms o sum
of squared deviations but correspond with ranks 3 and 4 when expressed in
terms of R. Models (5) and (6) are the poorest performers independently of
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Wehthd o
W= bod®t @
W= v @
Wbyt bl + b+ bl @

W = by )

The performance of the models was based on an index o i which i idensi-
cal with B i models with o constraints on the paraeter . The models 1
and 2 performed equall well and were superior 0 the others. In biomass sud-
s, based on a sample o sice 35, which were caried out i th becch forests
of Romania, Decei (1981) used a second-degree equation o estmate various
abovesround biomass components as wellas rot biomass from breast height
diameter

Landis e al (1975) regessed bole, stem bark, branciwood, and foliage
biomas, a wellasshe otal aboveground biomass on breast height diameter
The equation W = by-+ by was pefered before those with logiransformed-
dependent and predicor variables, because of onnormaliry o he disribuion
of resduals,generated by his transformation. Mitchel et al. (1981) developed
regression equations it stem, branch. and foliage dry weight of onifrs as
target variables and dbh as predicor after weighing the sampling obsersa-
tions proportiona t the nvers of dbh. Apparenly there was no evidence of
a onlinear elationship berween dbh and weight. In South Arican Eucalyprus
planiations. Schinau et al. (1981) regressed the biomass components on the
squared dbh.

‘Alemdag et al (1981) tested he performance of our equations or esimat-
ing stemvood, stem bark, ive branches viss, leaves, and he total biomass
of some hardvood specs. One model wsed &, h and & as regressors,and
contained an inircept. a second equation usd he same predictor variables
bt it <em-intercept a hird funcrion was based on d*h as predictor (vith
imercepn. and the las one represend he concurrent ero-nercept model,
The firstand last model perjormed equaly welinterms o R

Madgwick (1954) imesigated the amoun of bias when estimating the
abovesround biomass per unit area with the basal area rato method. the
amweighed regession o biomass o squared diameter approach and the log-—
log regession of bomass on dbh. Fve diferen adjusment faciors o correct
esimates, based on he allometric moel ended 10 produce biased estimates.
e best resuls were abtained with the basal area ratio method. which is a
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for model 1, with region as adiional variale and dbh as covarite. did o
indicae signiicant diferences amongst nercepts bu those betveen slpes
e signfican. whereas the aalyss sed on mode 2 disclosed sgnifcant
diferences amongst stopes. I s sugsested tht the s ratio it be a use-
uldionalvarabl for predicin th biomass of ees growing in diferen
resions. bt the study did not disclose which of the o models performed
bener

Ruark et . (1957) iniduced he concept VAR (variable allometrc rel-
tionhip) o imatin he e biomassfrom a re.sce chracteistc .l was
porheszed tht the llomeric o by of the equaion

y=im

i fuction o . Th proposed equarion
= by

i lineariable and prodaces he equation
Iny = co+erlnx +eax

The model performed satisfacorily i he relatonship between x and y differs
Jor different ages of the organism. For some biomass components it produced a
significanily bete fi han the consant llomeric model Gerom et al. (1955)
tested the usefulnes of Ruark's variabl allometric ratos fo predicing the
Jolar biomassofdifferen ree species.In Populus ucmuloides. it compensated.
he negaive bias associated with the constant llomeric ratio moel, which
overpredited foliage biomassin the lower and upper ends of the diameter dis-
ribuion. In a sty with a similar objectie, Crow (1950) compared e per.
Jormance ofthe llomeic model .y = b + by nx with athers,for example:

w = by
w = bod" ™

combined with ifferet weighiing funcions The weighted nonlinear equarions
and the allometric mol performied equaly well. Clark (1990) predicted bio-
mass components ofplaned souhern pines from models which wsed eiher d*
or d%h, or dPhy (1 = height 10 4in. top) or savlog merchantabl height
as predictor an log(biomass) as target variabl. Schlaegel (1982) estmaed
biomass components of Acer negundo from fited regresson equations with
@1 as predicor vriable. In oder 10 ensure homoscedasicir. the data were
weighied inserscly proportonal 10 &*h. Payande (1981)discussed egression
madels for biomass prediction equations
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In

Inc4knx

Although the allometric model produces a satisactory fi, the resulant esi-
mates are bissed. Several formulae have been proposed fo corect for biss.
Baskerville (1972) approximated the regression estimate correted for bias a5
follows:

PR

where M., = mesn square for cor, obisind from the regrssion snalysis
\with the transformed vribles. Using Baskervil’s conection for bias. Wiant
etal. (1979) ctimated bias s follows:
S

=
A more comples correcion formula was presened by Finey (1941). Yndle
(1951) compared Fnney' estimator with Baskervill' uncion. Fo small sam.
ples and a large-errr mean square, Baskerslle's function performed better
han Finneys estmator. This was confirmed i siilar stuies carried ot by
Lee (1952), Snovdon (1991) proposd 10 malsiply the stimate obtained from
e log-log egresion of biomass o d by a corection factor C. obtained
from the observed and estmaed bomass ofthe  sampling wnis. I a later
imlation sudy Snowdon (1992) compared this method ith the ratioof mean
methods, based on basal area as awsilary variabl. Ths was done for simple
random samplin, for sampling withslection probabilts poportional 10 sce
(PPS) and fo sampling with slection PP for the firstsampling it being
o and at random or the thers. T estinatesobtained by combining PPS
sampling with the simple ratio method of adjustment produced highly biased
res

‘One disadvantage o the log-log model i that the sum of the esimated
biomass componcats diflers from the egression estmate obtaned from the
cqustion withtoal biomass as dependent arible. A sccond problen is the
estimation of confidence nterval. Meye (1944) suggested o adjust the vri-
ance formula

2 m ool

andto use thecorreced variance for obaining confidence itervals for the et
matcd biomass.

Campbel e al. (1955) examined the allomerric relasonship betveen iree
biomass and breast height diameter (model 1) and that bevveen tree bio-
mass and the combined variable dh (model 2). An analyss of covariance
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i greater than 070, the second branch is selcted.Is associated probabilty of
selection i equal to 0.70. When three branches (segments) occur at the first
node, with selecton probabilties o 020, 035, and 0.45 and  andom num-
ber cqual of 060 s drawn, the second branch wil b selected with a slection
probabilit of 035, since 0.60 > (0.20-+0.35). Afle having seected the third,
and posibly las branch, forexample with a condiional robabilty of 045, the
lattr is weighed snd the unconditional probabilty of selecton is obtsined by
‘mliplying conditonal probabilties 1°0.70°0.35%0.45 — 0.1103. The weight
i divided by 10,1103 o obtsn the estimated weight o the entre tec.

Importance sampling i arelted method which climinates the necessty to
determine the weight of heavy segments of & path. Weighing is limited t0 3
singl stem disc within each path. The procedure starts with the messurement
of the diameter at various points slong the bole. These are used to cstimate
the timber volume of the path. A random number s drawn from 3 uniform
distribution which extends between 0 and 1. In oder to determine the positon
of sampling it s muliplicd by the stimted volume. The weightis determined.
and converted o weight per unit thickness ofthe disc. This value s multiplicd
by an expansion factor o obtain the estimated total weight.

3 TREE-LEVEL REGRESSION MODELS

Several s v beenproposed s izt the shovegrnd bi-
1mass componcnts and te total e biomass from e charcterisis. Many
ool s baed o he s sl eution btween bicss () snd.
e e o branc chraceistc )

Iny=by+bilnx
Alomety dess it the reltonsip between the relaioship between the
vt e of two rgans of an e, T asrpeicn h he relative.
Eroth o of i  ned propertio o thatof y can b ssted 3 follows:

Ly,
ERTTT
Where  repreci  propotonaity coefcint. Th terms of e sion ca
b rammped s fllow:

4y, i

Wt
hich eprsens  ifrental eqation. t has b shown (Batscheer 1975)
bt the slution ofthis eustion .

mext
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(1981) suggested the sncillry vaiabe x = 4%, This means that al dismetrs
within  iven popultion should be messured and  height curv ited o obain
the eximated heighis for given dbh. Allratively basal srea. which is cqui
ot with squarcd dbh could b sed as ausilay varsble. In boh instances
e assumption of  ze intercep f th egression line which efects the el
tionship betwecn basal rea and bormas doss ot old truc, sine e biomass
{ends 10 value which i cqual o the expectd biommas of e which s 3
high s breat height basal s tends 0 210

Incluste sampling groups o rcs,usually all those within given sample
plt are sclcted st random,thiebiomass i determincd cither by 2 complete

ot or possbly by subsampling and the trc bomss (o biomass

componca) for the cluser ttal repesents the subject variable. Tis method
ensres that heesiduals ofthe mode] re distibuted ndependently.Inbiomass
Sudies buscon lnear egresion methods, Briges t . (1982)investigated the
implication of cluster sampling. Because of heeroscedastiity ondinary least
Square estimates were replaced by weighted least quares cstimates and the
dependent and prdicto variables expresed the sample otls for cach clus-
\ex. The effiiency of cluser sampling was imestiated by Curia ct al. (1950,
1981). The rtio of means produced the bes, the mean of rtios cstimatorthe
poorest ctimate. Kotimaki et al. (1981) compared various ausiliry varibles
ithin the framework of cluste sampling to esmte biomass componeat.
Snowdon (1992) condacted simulation studies in which thee sampling st
sies were imvolved
* Simple random sampling
+ Samplin with probabilty of & iven sample proporionl o the sum ofthe
« Sampling with probabily of selecting each s proportions o it size
‘These strategies were combined with two ratio esimators. RATION was a ato
of means estimaor, with crosssectonal rea as usilsry variable, RATIO2
defind the ausilsry variabe s 4%, where by repecscnted the regresson coct-
icicnt of the loglo reression ofbiomass on . The esuls were cvalusied
i terms of precision as well as accurscy. RATIO teded to perform better
when cstimating tota stem biomass, RATIOZ was superior o cstimate other
biomass companerts, but ivariably PPS sampling outperformed otber strte-
sic in terms of precision 2 wel as acurscy. usually n combination with
RATIOD. The average bias was highest by combining the simple ato cstma-
o ith PPS sampling.
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Chapter 8
TREE AND STAND BIOMASS

1 INTRODUCTION

Unil recently, forest mensuration has emphasized the estimation of the total
and wilizable Volume rather than weight, parly because timber s usually sold
on a volume basis and parly because the volume of standing trees can be esti-
‘mated more easily than their weigh. In many counries and regions there is an
increasing need to express the producivity of forests i terms of weight, more
particularly in those plantation forests which are managed for the production
of pulpwood and mining timber or when by-products, for example bark for
the production of tannins, are involved. A similr situation arises when trees
are planted or natural forests are managed o produce wood for energy, since
mass rather than volume is a yardstick to quantify the production of wood for
energy. Other reasons for the increased interest in forest biomass, intiated in
the early 19605, was the necessity 1o measure biological producivity i terms
of dry weight of the organic matter, and the il cisis, which induced a greater
emphasis on the utilization of wood as  renewable natural resource.

‘Because of these developments, the need arose (0 develop sampling meth-
ods and to construct functions and tables which give the estimated oven-dry
biomass of trees as a function either o dbh, o dbh as well as height. Whenever
the tree is converted into cellulose products, the overn-dry weight of its mer-
chantable part expresses its value more adequately then its green weight. For
his reason biomass lables were constructed, which give the average oven-dry
instead of green weight as a function of one or more than one tree characteristc.

“The first extensive sampling studies to estimate the weight of the above-
‘ground tree components were carried out much earlicr, primarily because of the
necessity to measure the biological productiviy of tree species. These studies,
undertaken in Pinus strobus in Switzerland (Busger 1929), were followed by
similar studies in Laris decidua (Busger 1945) and Picea abies (Busger 1953).
Concurrenty, ecologists and physiologists became increasingly interested in

183
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this rescarch direction and made a contbation towards the development of
more efficient sampling methods to cstimate the quantity of folsge. cither
‘expressed i terms of thir oven-ry mass o i terms of th leaf surface area.
per hectare. The latter was converted into the leaf-area indes, defined as the
Fatio of leaf-surface srca over ground area. Studies conducted by Kitiedge
(19:44) and Ovington (1957) emphasized their importance within the frame-
work of ecological rescarch. Studies in Danish becch forests, conducted by
Mgller (1946), which were preceded by those carrid out by Boysen-Jensen
(1932), were primarily undertaken o establish the elationship between degree,
as well as kind of thinning snd yield in terms of mass instead of volume. They
bad a considersble impact on thinning rescarch in Europe and the USA. The
studies were also conduciv for the initiaton of sampling sudics for the con-
Sruction of biomass tables and functions.

‘An evalustion of the extensive world litersture sbout this subjectshows that
the majoity of the sampling stdics csimate the oven-dry weight of cach bio-
mass componentseparately.In many of these studics, ot biomass is ignored.
probably because of the probibitively high cost of esimating oot biommass suf-
iciently accuratly. The estimation of biomass components in rlation to tree:
size rqires that they are oven-dried separately. The drying emperature is nor-
mally around 70° . but n Pinus radiata, Forrest (1968) recorded a 2% weight
loss by increasing the temperstur from 70° C to 105°C. In Picea mariana s
weight loss of 36 was observed by increasing the drying temperatre from
65°C10 103°C (Bamey etal. 1978).

2 BIOMASS COMPONENTS

“The tota aboveground green weight of young trees is conveniently measured.
by feling sample trees and weighing the entire trce. This method, which was
applicd by Young et al.(1976), ensures that no sampling erorsare involved (o
determine the green weigh of the ntie trce. Ths i feasble for young trces
but probibitvely expensive for mature trcs. Methods were therefore developed
o estimate biomass by samplin. The following notes srve as a general guide-
line for sampling. In practical situations it is usually necessary to modify the
proposed procedure.

21 Branches

Two-stage sampling is an eficient metho 1 estimate the branchwood weight
of the single tre. The dismeter at the base of the branch (preferably at 3
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fixd distance of 4 o S cm from the i sicm)is messurd on all banches.
A subsample o branches s deawnat random o estimtecithe he green r the
‘oven-dy branchwood weight ofth single branch. The observed weights are
subscquently regressd on branchdismete o branch bsal arcs.

I biomasssudie in Pins adisa. banch lenth was a srsicalysis-
ifcant adiitonal predictor variable bu the moderte increase in K did
o sty s ncluson it the predicion equation (van Laar 1973). Other
rescarchersincudd branch position o improve the prediction model,

“The estimatd weightspe tr are subsequently regressd on di o on dbh
a5 wella height o obtain egression estmatorfo thisbiomass componet for
e cnire sand. A divect measurcmentof the oven-dy weight climimtes the
accesity o comert the grcn weight o the oven-dy et Fo practcal
reasons t s sometins prfered to messure the branchwood weigh 2 grcen
et Inthat case,asubsample of branches of known grcen weight i dravs
and oven-dred to cstmate the rato oven-dey over grn weight. I £ radiata
this ratio was about 0.45 for ive and 0.50 for dead branches (Satoo 1952).
Inconscquence, e comvrson f grcen nto vy weizh houldbecaied
ot forive and dead ranches scpartcy

22 Foliage

In young trees al leaves or needles are removed from the tree, dred and
weighed, but sampling is required when mature trcs are nvolved. The needles
o leaves, for example, from a 256% random sample of branches, are removed.
andtheir green o oven-dry weight s detcrmined and recorded forcach branch
separately. For reasons of cost-cfficency the same branches il be used for
measuring the branch-wood and foliage weight. The foliage weight may be
measured s grecn weight, in which case subsampling i required to convrt
sreen weight into oven-dry weight. In regions with hot dry summers and wet
winters, the ratio green weight 1o oven-dry weight shows a scasonal trend.
Ratio estimates obtained during summer cannot be used when sampling con-
tinues during winter. The regression model used o estimate the branch-wood
weight fom branch diametercan sl be used toestimate leaf weight.

23 Stemwood weight

‘Sampling usualy proceeds in two stages. In stage 1 the volume of the felled
Sampl tre is determined by measuring the diameter at the midpoint of | m
sections, with Smalia's formala being used 10 obtain the volume of each stem
scction. This produces an estimate of the stem volume, although it may be
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ncgatively bissed i oo few stem sections sre used. Instage 2 wood discs of
predetermined thickness are extracted, preferably at the midpointor ls atthe
thin end of cach sem section. Since thedise volume i proportiona 1 the vol-
ame ofthestem section, this method implies self-weighting and thir volume,
s wellas green weight s determined. A subsampl isdrawn for drying and to
comvert green weight into oven-dry weight. The use of  single-comersion fac-
torcroncously assumes tht the dry weight over grcen weigh rato s nrelaicd
o the position within th stem. This simplification could produce biased esti-
mates,since the ratio tends to decrease with increasing height sbove the base:
of the ree. In many regions ths ratio might lsa eveal  seasonal trend.

24 Bark weight

The previously described sampling procedure is repeated t estmate the over-
ey bark weight It can be combined with the measurerment of stemwood weight
by measuring the bark thickness of cach stem disc from four directions under
an angle of 90° o by removiag the bark from cach disc o measure s weight
Altematively bark thickness functions, such as those constructed by Dectlefs
(1957) can be used 1o estimate the bark volume which is subseguently muli-
plicd by  single oven-dry/green-weight rati. This method will be applied if
predicton errors assciated with bark thickness equations ae negligible.

25 Root weight

The estimation o the weight of roots requirs a complet excavation ofthe root
system, which in practiceis virtwally impossible. Some kind of subsampling
may be necessary to csimate the weight of the oot sections which remain in
the soil. The green weight of sl roots together is determined and a subsample:
i drawn 1 convert green weight into dry weight.

The above sampling methods serve as general guidelines but are modified
imspecifc sinuarions.In @ biomass studs in Pinus adiata,carried out by Forrest
(1969) the breast height diameter and height of al tres withina given sample
ot were measured. After sroupin the rees in fve-diameter classes, o tres
were selected at random from cach lass. Th oven-dry weight of each bole was
determined s entirets. Discs were cut and their bark removed 0 estimate the
rato bark to total weight. Fliase and branch weighi were obiained by dring
and weighing all branches and needle. This was done for cach age stratum
separatel. Spank (1952) conducted sampling studies o estimate the crovn
‘and needle biomass of Pinus sylvestis. Sampls were taken 10 estimate the
needle biomass from the biomass of the branchles. The crown and branchlet
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biomass per ree were regressed on tree diameter and tree height, with a log-
arithmic transformation of the dependent and predicior variables. Ranasinghe.
et al.(1991) conducted biomass studics on o st in Eocalyptus camaldu-
Lensis planiations o diffrent ages. The mean tree within each sample plo was
Jelld t0 determine the green weight o the leaves,large branches, bole bark.
‘and oot Subsamples were dried at 10° during 45 h toestmate the comersion
Jactorfrom green to oven-dry weight.

26 Poolingof data

‘The construction of general biomass tables and cquations requirs a large sam-
ple representing the cnti range oftree sizes, ages, sites, and sivicultural treat
. s fessible torationalize the previouslydescribed sampling procedures
by pooling some obscrvations obtined from single tres. I order o estimate
theratio oven-ygreen weight of branchwood, foliage, stem wood. and bark.
for example, it can be expected that the between-tres and within-rees vari-
abilty ofthes ratios, within a given stand, might be of the same ordr of mag-
nitude. Pooling the ratios observed for single rees scems justified but might
produce slightly biaed estmates of the biomass oftreesin diferent stands, for
‘example because of the effct of site. When regressng tre biomass cstimtes.
on dbh and other ree characeristcs, the assumption of uncorrelated esiduals
il then b violated, although not ecessariy serously.

27 Randomized branch and importance sampling

In ondr to elminat the necessity to detemine the weight of the entre tree,
Valentin et al. (1984) compared randomized branch samping (RBS) with the
closely related importance sampling (15). which s based on an carlier concept.
imroduced by Jssen (1955).t obuain esimates or the aboveground biomass
ofindividualrces. RBS sclects a pth, which i defined 15 seiesof conected.
ranch scgments or inermodes. Within the context of RBS a banch isdefned.
asthe e stem sysiem which derclops cithr rom a erminal orfrom aateal
bud. A scament s defincd a5 partof  branch between two sccesive inern-
odes. In RBS no distncton is made between main stem and branch. The frst.
scemen extends between the base ofth tee and the first ode. At his point
the diameter and lenth o the two branches (he diamete of the branch and that
of the main stem) are measured. A selction probabilty which i proportional
o 1 s calculaed. with  being th length of th scament between the node.
and the i ofthe branch and main stem espectively. If he two selecion prob-
abilites are 0.30 and 0.70 respectively and a random number is drawn which
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« From the average of four weight measurements of trcs with  dbh cqual o
the mean stand diametr.

* From the average weight of four tres in cach of five dbh classes, 10 be mul-
tiplcd by thestem nummber in these clsses.

* From weightcsimtes obtsined rom reression equations based on  sample
of size 20.

« From the expected weight of the tree with the mean dbb, (0 be estimated
from the regresson quation and to be muliplied by the nursber oftres.
Since the thind method was assumed o produce the most accurate estimates,
those based on the others were compared with this method. The negative biss
was —8.5%, ~3.1%, and —11.6% for the fir, second, and fourth method
respectively. Williams et al. (1991) investigated the relaonship between
site indes and biomass production within four drainage classes in even-sged
sprace-ir stands in Maine. Stand age and site index were used s predictor

variables for biomass production per hectare. The regression model was.

Y=ot biA+bSI AT byST A
It was found however tha it index was & poor predicto for biomass yiel

6 RATIO ESTIMATORS AND CLUSTER SAMPLING

The purpose of the previously described sampling procdures s o obtain the
mostsceurate cstimte of the biomas components a the lowest possible cost.
‘The ultimate goal of sampling forbiomass, however, i o oblain estimates per
anit area. I 3 random sample of n trs is selected from a popultion con-
aining N trees, the sample mean, ., the mean of the n biomass esimaes,
‘mlplicd by the rtio N/, reprscnts un unbiased estimate of the population
total. This assumes that o measurcment bias is involved in the determination
of the biomass components and that sampling for biomass, within the selected
sample tres, produces unbiased biomass estmates per sampl tre. Howener,
for given fied cost, a more efficient esimate can be obtained by making use:
of ratio estimators (Chapter 10 than would b possible by simple andom sam..
pling. It equires the measurement of an auxiliary variablex, which can be mea-
sured quickly and cheaply. The sssumption i thatthe reltionship between the
target variable  and this variable x can be expressed by the equation y = b.x.
which represents a zero interept regression cquation and implies that y = 0
for x = 0. In order to be useful the population toal for the sncilary varisble:
must be known. For practical ressons the latter il be messured in sample
plots with biomas being calculated for cach plot. The biomss of th stand s
obtained by multiolvine the mean plot biomass by an expansion factor. Cunia





