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Biomass functions applicable to European beech

E. CiENCIALA, M. CERNY, J. APLTAUER, Z. EXNEROVA
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ABSTRACT: This material describes parameterization of allometric functions applicable to biomass estimation of
European beech trees. It is based on field data from destructive measurements of 20 full-grown trees with diameter at
breast height (dbh) from 5.7 to 62.1 cm. The parameterization was performed for total tree aboveground biomass (AB;
besides stump), stem and branch biomass, respectively. The allometric functions contained two or three parameters
and used dbh either as a single independent variable or in combination with tree height (H). These functions explained
97 to 99% of the variability in the measured AB. The most successful equation was that using both dbh and H as in-
dependent variables in combination with three fitted parameters. H, as the second independent variable, had rather a
small effect on improving the estimation: in the case of AB, H as independent variable improved prediction accuracy
by 1-2% whereas in the case of branch biomass by about 5%. The parameterized biomass equations are applicable to

tree specimens of European beech grown in typically managed forests.
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An interest in total tree biomass assessment is grow-
ing. It is mainly due to the importance of forests to
mitigate climate change, i.e. specifically for the capac-
ity of trees to sequester and store carbon. The national
inventories and international commitments (United
Nations’ Framework Convention on Climate Change,
Kyoto Protocol) require a more accurate assessment of
carbon stock change in forests. This in turn requires a
quantification of total tree aboveground biomass. The
available data on forests have traditionally been fo-
cused on production indices. Specifically in the Czech
Republic, production is expressed in merchantable
volume defined as stem and branch biomass above a
threshold diameter of 7 cm. Hence, data on the stand
or tree level must be recalculated to total aboveground
biomass using expansion factors (stand-aggregated
data) or allometric functions (single-tree level data).
Specific attention requires tree-level data because
statistical forest inventory provides data on this level.
The most important tree species in the Czech Repub-
lic are European beech, English and sessile oak, Scots

pine and Norway spruce. While rather an extensive
scientific literature dealing with allometric equa-
tions for spruce is available (e.g. WIRTH et al. 2004),
the reported allometry of other tree species, specifi-
cally of deciduous ones, is far less frequent. A rigorous
quantification of total tree biomass for certain region
requires locally parameterized allometric equations.
Therefore an experiment with destructively measured
components of full-grown beech trees was conducted.
The aim of this paper was to parameterize a set of allo-
metric equations for European beech (Fagus sylvatica
L.) that could be used for quantification of total above-
ground biomass and of its individual components, i.e.
branch and stem biomass.

MATERIAL AND METHODS
Sample trees

The selected sample beech trees represent a set of
20 trees from four different stand localities (Table 1).

This study was conducted within the project CzechRECAF (Czech Regional Assessment of CArbon in Forests) funded by the

Czech Science Foundation, Reg. No. 526/03/1021.
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Table 1. Basic information on four stand localities where sample trees were selected. Stand ID, stand age, forest type group
(FTG) and management unit (MU) according to the country-specific (Czech) forestry practice is noted

Locality Stand ID Age FTG MU
Jilové u Prahy (1) 440X 12 112 3]1 401
Jilové u Prahy (2) 439E6 40 2K5 233
Trhanov FD 427 E 06 106 6S5 541
Horsovsky Tyn FD 119C12a 114 6N1 556

Table 2. The measured samples of beech trees (n = 20) and fundamental data used for parameterization of allometric equations.
The given mass values represent oven-dry conditions for the individual components (stem, branch) and total aboveground

biomass (AB)

ID Age (years) dbh (cm) H (m) Stem (kg) Branch (kg) AB (kg)
1 112 35.3 22.3 600.5 187.3 787.8
19 112 40.3 24.0 753.3 368.3 1,121.6
101 106 26.5 32.7 552.4 57.5 609.9
102 106 30.7 32.0 612.8 96.2 709.0
103 106 34.7 334 848.8 155.9 1,004.7
104 106 39.4 33.9 1,216.1 152.2 1,368.3
105 106 34.5 32.3 913.2 111.4 1,024.6
106 106 29.3 29.6 593.0 49.0 642.0
107 106 26.2 30.5 503.7 214 525.1
108 114 41.4 28.6 1,175.6 85.8 1,261.4
109 114 46.2 26.7 1,469.8 273.7 1,743.5
110 114 40.7 28.3 1,099.5 305.2 1,404.7
111 114 39.5 29.1 848.3 105.4 953.7
112 114 47.7 27.2 1,348.3 286.1 1,634.4
113 114 30.9 25.2 578.8 48.5 627.3
114 114 62.1 29.1 2,574.3 541.9 3,116.2
115 40 15.0 14.5 66.3 26.3 92.6
116 40 8.1 12.8 23.5 2.9 26.4
117 40 5.7 9.2 5.7 0.9 6.6
220 112 30.3 24.1 446.9 79.2 526.1

Three sample trees with diameters at breast height
(dbh) from 30 to 40 cm, 112 years old, were selected
in Jilové u Prahy locality (1). Other three sample trees
with dbh from 6 to 15 cm, 40 years old, were selected
in Jilové u Prahy locality (2). A 106-year old beech
stand prepared for selective logging was selected
in the Forest District Trhanov. It provided trees of
smaller dimensions, namely trees with dbh from
26 to 39 cm. Finally, 120-year old beech trees with
dbh from 31 do 62 cm were available in the Forest
District Horsovsky Tyn.

All sample trees and fundamental biometric data
used in this study are listed in Table 2. Fig. 1 shows
the dbh-H relation for all sample trees (1 = 20).
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Stem and branch biomass estimation

The measured data of sample trees included total
stem volume, stem volume located in the crown,
weight of stem section located in the crown and fresh
weight of branches. The volume of stem and branch
samples was obtained xylometrically. The weight of
the above components was measured iz situ and rep-
resented fresh weigh with unknown moisture content.
Dry weight was estimated in the lab after oven-drying.
In this study, only conventional wood density is used.
It is defined as dry weight at zero moisture content
(oven-dried samples) divided by the corresponding
volume as measured in situ (fresh state).

J. FOR. SCI, 51, 2005 (4): 147-154



40~
N

30 ®e 58 °
_ o®
£ S .
= °
.%D 20k
<
I
8 o
&= °

10 o

0 | | | | | | |

0 10 20 30 40 50 60 70
dbh (cm)

Fig. 1. Scatter graph of tree height and dbh of the selected sam-
ple trees used for destructive mass and volume measurements
needed for establishing the data set used for parameterization
of allometric equations

Allometric equations

The dependence of total aboveground biomass
(AB) on the basic measurable biometric variables, i.e.
dbh and total tree height (H), was estimated using
three different functions, namely

AB = a x dbh? (1)
AB = a x (dbh? x H)* (2)
AB = a x dbh® x H° (3)

Equation (1) is a classical exponential function
that is most commonly used in biometric studies
(e.g. Z1aNIS, MENCUCCINI 2004). It contains two
parameters (a, b) and a dependence of AB on dbh
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Fig. 2. Histogram of tree dbh measured in the selected per-
manent research plot of beech stand in 1998
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only. Equation (2) also contains two parameters, but
the dependence of AB is expressed as a composition
of two independent variables, dbh and H, in the form
dbh? x H, which basically indicates volume. Equa-
tion (2) was earlier successfully deployed for spruce
allometry e.g. by CERNY (1990). Finally, Equation (3)
contains three parameters (a, b, ¢). This equation is
often parameterized in its linearized form by loga-
rithmic transformation of both independent vari-
ables (e.g. HocHBICHLER 2002). It must be stressed
that although linearization may lead to a simplified
parameterization procedure by avoiding nonlinear
regression, it requires a reverse transformation that
may produce a bias that must be statistically treated
(e.g. ZAR 1968; SPRUGEL 1983). It is hence advisable
to avoid a possible estimation bias by applying a
standard nonlinear fitting procedure directly using
the form of Equation (3).

Research plot to compare allometric functions

A permanent research plot of beech stand was
selected for a comparison of the tested allometric
equations with other equations applicable to beech
as published in literature. Plot No. 501118 was
selected from the databank of permanent research
plots in the Czech Republic, which is currently
administered by the Forest Management Institute,
Brandys nad Labem. The plot is located in Natural
Forest Area 6 at the elevation of 565 m. It is a mono-
specific beech stand, 89 years old in 1998. At that
time the last measurement on the tree level was
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Fig. 3. Box plot of wood density estimated from the samples
of branches (B, #n = 23) and stems (S, #n = 56). The difference
between the density values estimated for branch and stem
wood statistically insignificant (¢-test, P = 0.054)
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Fig. 4. The proportion of stem and branch volume in the total
aboveground biomass estimated in the sampled beech trees.
No significant dependence on dbh was found; the average
proportion of stem in the total tree biomass was 85% (dashed
line on the y-axis)

performed and used in this study. The frequency
distribution of dbh in this experimental stand is
shown in Fig. 2. Tree stocking of this stand was
550 trees/ha.

RESULTS
Wood density

Conventional wood density estimated for the
wood of stem was 575.5 kg/m? (SD + 32.8, n = 56).
As for the branch wood, conventional wood density
was estimated at 560.1 kg/m?® (SD + 29.1, n = 23),
i.e. a slightly lower value as compared to the density
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Fig. 5. The dependence of total aboveground biomass (AB) and
individual components (branch and stem) on dbh according
to Equation (1) (lines) and the measured data used for param-
eterization (symbols)

of stem wood (Fig. 3). These differences were sta-
tistically insignificant (¢-test, P = 0.054). However,
since the found test values were just marginally
above the level of statistical significance (P = 0.05),
the individually estimated density values were used
for the specific components of aboveground bio-
mass. The corresponding moisture content in wood
at fresh condition was assessed to be 42.3% for tree
stems and 45.7% for branch wood.

Proportion of stem and branch biomass

The proportion of branch and stem biomass as-
sessed from the destructive experiment amounted
to 15% and 85% of the total aboveground biomass,
respectively (Fig. 4). There was no dependence of

Table 3. The final parameter values of Equations (1, 2, 3), asymptotic standard errors (A.S.E.) and the mean corrected r* of the
regression estimated for the total aboveground biomass and individual components

Biomass Parameter values (A.S.E.)

component Equation a b c "
1 0.453 (0.157) 2.139 (0.090) - 0.974

AB 2 0.015 (0.006) 1.054 (0.036) - 0.983
3 0.047 (0.033) 2.121 (0.068) 0.697 (0.189) 0.986
1 0.494 (0.224) 2.070 (0.118) - 0.954

Stem 2 0.017 (0.006) 1.027 (0.034) - 0.984
3 0.014 (0.010) 2.053 (0.071) 1.084:(0.199) 0.984
1 0.021 (0.025) 2.471 (0.311) - 0.806

Branch 2 0.001 (0.001) 1.192 (0.180) - 0.736
3 5.137 (11.96) 2.665 (0.320) ~1.878 (0.806) 0.849
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these fractions on dbh, the linear regression of the
dependence of stem proportion on dbh was insig-
nificant (P = 0.574, r>= 0.02).

Allometric equations for biomass estimation

The simple exponential dependence of aboveground
biomass (AB) on dbh according to Equation (1)
explained 97% of the variability in the measured data
(r*=0.97, Table 3). The application of Equation (1)
to express the dependence of the individual biomass
components on dbh resulted in 72 = 0.95 for stem
and 7?2 = 0.81 for branch wood. The parameterized
Equation (1) for all biomass components is shown
in Fig. 5.

As expected, the forms of Equation (2) and (3),
which deploy also tree height (H) as an independent
variable, were more successful (Table 3). As for AB,
the parameterized functions reached r*= 0.98 (Equa-
tion (2)) and r*= 0.99 (Equation (3)). The graphical
comparison of the measured AB and estimations by
Equations (1, 2, 3) is shown in Fig. 6.

Equation (3) was also the most successful form of
dependence for stem (2= 0.98) and branch biomass
(r*=0.85).

The asymptotic standard errors of parameter val-
ues were relatively largest for parameter 4 whereas
they were smallest for parameter b, which is mostly
associated with dbh (Table 3). However, the effect of
all parameters in the analyzed equations was always
significant.

DISCUSSION

It is important to note that a detailed destructive
analysis of full-grown beech trees in situ is very
time- and labour-consuming, and hence also costly.
It is unlikely that extensive destructive studies simi-
lar to those compiled in PAREZ et al. (1990) will be
conducted again. The set of data analyzed in this
study reflects the available resources. Although it
does not allow to do allometry analysis differentiated
according to growth conditions, it still represents a
very valuable set of data for constructing robust al-
lometric equations.

A necessary step for preparation of the final set
of data required for parameterization of allometric
equation was the assessment of conventional wood
density. The estimated density found here for stem
wood corresponds well to the value of 580 kg/m?
recommended by Intergovernmental Panel on Cli-
mate Change in its Good Practice Guidance (IPCC
2003). A slightly higher density for stem wood as
compared to that of branches likely reflects the rela-
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Fig. 6. Aboveground biomass derived from in situ measure-
ments against the assessment by the individual parameterized
functions (Equations 1, 2, 3)

tively lower proportion of bark and phloem tissues
in stems relative to branches.

Tree height (H) as the second independent variable
used in Equations (2, 3) improved the estimation
relative to basic Equation (1) involving dbh only
(Table 3) only slightly, namely by about 1 or 2% for
AB and by 3 and 4% for stem and branch biomass. A
similar or even less significant contribution of H was
reported for beech allometry by BARTELINK (1997)
and CORBYN et al. (1988).

The performance of the parameterized equations
can be appraised by comparison with other available
biomass functions published elsewhere. This was
performed on selected research plot of beech No.
501118. The allometric equations for aboveground
biomass (AB) of European beech were published by
BARTELINK (1997), PRETZSCH (2000) and HocH-
BICHLER (2002). These studies were based on data
from the experiments in the Netherlands, Germany
and Austria. Additional resource represents a gen-
eralized equation applicable to broadleaved species
of temperate regions (SCHROEDER et al. 1997). It
was estimated from an extensive empirical mate-
rial collected in the Northeast of the USA. As it is
obvious from Fig. 7, the last named equation shows
the smallest values of AB relative to other functions,
which probably reflects a different character of forest
ecosystems in the American Northeast as compared
to the more intensively managed beech stands in
Central Europe. Other equations were more similar
in their quantification of AB. Specifically important
is the agreement of Equation (3), which was the most
successful in parameterization on the data collected
for this study, with that of BARTELINK (1997) and
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Fig. 7. The application of the parameterized equations (1 — F1,
2 — F2, 3 — F3) and other published equations applied to trees
of the selected research plot: USA — SCHROEDER et al. (1997);
GER — PreTzZSCH (2000); AUS — HOCHBICHLER (2002); NL
— BARTELINK (1997)

HocHBICHLER (2002). These equations have basi-
cally identical forms and differ only in their specific
parameter values.

The differences observed in Fig. 7 imply different
estimation of total AB. For example, in the selected
test stand of beech, AB density as estimated by pa-
rameterized Equation (3) would be 422 t/ha. Relative
to this estimate, parameterized Equations (1, 2) and
the functions of BARTELINK (1997) and HocH-
BICHLER (2002) would quantify AB within 3%. The
application of the generalized function according to
SCHROEDER et al. (1997) would underestimate AB
by almost 25%. Note, however, that the actual differ-
ence in quantifications by different equations would
also be affected by the specific distribution of trees
in the stand.

The parameterization of branch biomass was less
tight as compared to the parameterization applied to
stem biomass (Table 3). Still, the explained variability
in the empirical data can be considered high, namely
as for Equation (3) that explained 85%. This equation
used a combination of two independent variables and
three parameters. On the other hand, Equation (2)
was shown to be least useful for the application to
branch biomass. This is likely due to its specific form
intended to approximate the volume of simple bod-
ies. This apparently works well on tree stems, but not
on the complex structure of branches.

This paper analyzed only the allometric functions
involving the two fundamental measurable charac-
teristics of trees, i.e. dbh and H. However, it is likely
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that other biometric parameters and their specific
combinations may be needed for a more accurate
quantification of stem and branch biomass. The
analysis of effective parameters for remote crown
biomass quantification will be the subject of our
next study.

Another important point to mention concerns the
terminology usage. The term aboveground biomass
(AB) is not always clearly defined. Here, AB includes
that part of aboveground tree biomass that excludes
foliage and stump. While the foliage of broadleaves
is not usually considered as a “long-term” biological
storage, the treatment of stump should always be
mentioned in the definition of AB. A rare quantifica-
tion of stump is included in the paper of PAREZ et al.
(1990), who defined the proportion of stump volume
in relation to the volume of merchantable wood
and dependent on mean tree dbh in the stand. This
approximation may also be applied to the level of
individual trees. According to PAREZ et al. (1990), the
proportion of stump is relatively most important for
the smallest dbh, where stump accounts for ca. 3% of
the stem volume. Stump volume becomes relatively
less important for dbh close to 20 cm and accounts
for about 1.5% of the stem volume. For larger dbh,
the proportion of stump slowly increases and reaches
values slightly above 2% of the stem volume for the
largest trees.

The demonstrated parameterization of three basic
allometric functions for assessment of aboveground
biomass and its major components was optimistic
in terms of large percentage of explained variability
in the empirical data. Still, these equations must be
applied cautiously. It cannot be expected that a trust-
able estimation will be obtained for trees growing
in extreme site conditions and specifically for trees
growing as solitaires. Such tress will contain a signifi-
cantly higher proportion of wood biomass allocated
in branches. Therefore, the recommended usage of
the parameterized equations is limited to beech trees
growing in the standard conditions of classically
managed forest stands excluding extreme sites.
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Stanoveni alometrickych rovnic pro buk lesni

E. CIENCIALA, M. CERNY, J. APLTAUER, Z. EXNEROVA

IFER — Ustav pro vyzkum lesnich ekosystémii, Jilové u Prahy, Ceskd republika

ABSTRAKT: Prispévek popisuje parametrizaci alometrickych vztahtt pro biomasu buku lesntho na zdkladé udaju zjis-
ténych destruktivnim méfenim souboru 20 vzrostlych stromt v rozpéti vycetni tloustky (dbh) 5,7-62,1 cm. Byly hledany
vztahy vyjadrujici celkovou nadzemni biomasu (AB) stromu (mimo paftez), biomasu kmene a biomasu vétvi. Pro paramet-
rizaci vztah byly zvoleny tfi alometrické rovnice o dvou nebo tfech parametrech, vyuzivajici nezavislou proménnou dbh
byl vztah s pouzitim dbh a H v kombinaci se tfemi parametry rovnice. V piipadé jednotlivych komponent biomasy - tj.
kmene a vétvi — parametrizovana rovnice vysvétlila 98 % a 85 % variability méfenych tdajt. Vyska jako druhd nezavisla
proménnd méla pomérné maly vyznam pro zpfesnéni vztahu — v pripadé nadzemni biomasy prispéla ke zlepseni predikce

0 1-2 %, v ptipadé komponenty vétvi pak o necelych 5 %. Vysledné parametrizované vztahy jsou aplikovatelné pro jedince

buku lesniho rostouciho v klasickém hospodarském lese.

Klic¢ova slova: alometrie; nadzemni biomasa stromu; vétve; kmen; uhlik; hustota dfeva

V poslednich letech nartstd zdjem o celkovou
kvantifikaci biomasy drevin. Je to pfedevsim v sou-
vislosti s vyznamem lesti v ramci klimatickych
zmén, tj. specificky pro kapacitu lest vazat uhlik.
V rdmci nérodnich inventur a mezindrodnich za-
vazki republiky (UNFCCC — Umluva OSN o zmé-
né klimatu, Kjétsky protokol) je pozadovano stile
presnéjsi vykazovani zmén zasob uhliku v lesich.
K tomu je nutna kvantifikace celkové nadzemni bio-
masy. Dostupné tdaje o lesich se dosud zamérovaly
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predevsim na produkcni charakteristiky. Specificky
v Ceské republice se produkce vztahuje k hroubi,
které je definované jako objem kmene a vétvi s pra-
mérem nad 7 cm. Udaje na porostni nebo stromové
urovni je nutné prepocist, a to pomoci expanznich
faktort v pripadé prvnim (agregovand data na po-
rostni Grovni) a pomoci alometrickych rovnic v pfi-
padé druhém (data na stromové trovni). Predevs$im
stromové drovni je nutné vénovat pozornost, proto-
Ze statisticka inventarizace lesa poskytuje primarni
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data o jednotlivych stromech. Dulezité z tohoto po-
hledu jsou predevsim hlavni hospodaiské dreviny,
tj. borovice, buk, dub a smrk. Zatimco v evropské
védecké literature existuje pomérné velky zdroj
spolehlivych alometrickych vztahti pro smrk mirné-
ho pédsma, u ostatnich drevin je situace horsi. Pre-
devs$im u listnatych dfevin miize byt biomasa vétvi
dtlezitym komponentem celkovych zasob uhliku
v lesich. Ke kvantifikaci celkové biomasy listnatych
drevin je potfebnd spolehliva sada rovnic, ktera je
odvozena na zakladé lokalnich riistovych podminek.
K tomu byl vyuzit experiment s destruktivnhim mé-
fenim komponenta biomasy listnatych stroma. Ci-
lem préce je popsat parametriza¢ni soubor a vlastni
parametrizaci vybranych alometrickych vztahi pro
vypocet celkové nadzemni biomasy, biomasy kme-
ne a biomasy vétvi buku lesniho.

Vzornikové stromy byly vybirany tak, aby zachy-
covaly $iroké spektrum dimenzi stromd. Celkova
sestava vzornikl predstavuje 20 jedinc pochaze-
jicich ze tfi oblasti a zahrnujicich rozsah tloustky
kmene od 6 do 62 cm.

Z mérenych udaji biomasy vzornikt byly vyuzity
udaje o celkovém objemu kmene, objemu korunové
¢asti kmene, hmotnosti korunové ¢asti kmene a ko-
runové a celkové hmotnosti vétvi. Hmotnost uvede-
nych komponenti byla zméfena in situ, predstavuje
tedy Cerstvou vdhu vzorkli s neznamou vlhkosti.
Objem vzorkd kmene a vétvi byl zjistovan xylomet-
rickym méfenim. Vzorky kmene a vétvi pak byly vy-
su$eny v laboratofi pro stanoveni susiny a konvenc-
ni hustoty dreva studovanych komponentt.

Pro vyjadreni zavislosti celkové nadzemni bioma-
sy (AB) na zakladnich méritelnych biometrickych
veli¢inach, tj. vycetni tloustce (dbh) a celkové vys-
ce (H) stromu, byly pouzity tfi nelinedrni vztahy:
1. klasickou exponencidlni funkci o dvou parame-
trech a vyjadrujici zavislost AB pouze na vycetni
tloustce; 2. rovnici o dvou parametrech, ale zavislost
vyjaddienou kompozici nezavislych proménnych dbh
a H; 3. rovnice obsahujici tfi parametry a exponen-
cidlni zévislost na obou nezdvislych proménnych.

Jednoduchd exponencidlni zdvislost celkové nad-
zemni biomasy (AB) na dbh podle rovnice (1) vy-
svétlila 97 % celkové variability v méfeném souboru
udajt. Aplikace této rovnice pro zavislost kompo-
nent biomasy vysvétlila 95 % variability v pripadé
biomasy kmene a 81 % v pripadé biomasy vétvi. Za-
vislost vztaht (2) a (3), které vyuzivaji jako nezavis-
lou proménnou i vysku, byla podle ocekavani tés-
néjsi. Pro AB parametrizovany vztah vysvétlil v pri-
padé rovnice (3) 99 % variability mérenych udaja.
Rovnice (3) byla také nejaspésnéjsi pro kvantifikaci
biomasy vétvi.

Je nutné si uvédomit, ze podrobnd destruktivni
analyza vzrostlych jedinci in situ vyzaduje pomér-
né znacné nasazeni lidské prace. Soubor dostup-
nych empirickych dat shromézdény pro tuto studii
je odrazem redlnych moznosti, ale neni dostate¢ny
pro diferencovanou klasifikaci vztaht podle rts-
tovych podminek. Pfesto znamend cenny material
k sestaveni robustnich alometrickych vztaht. Vé-
rohodnost parametrizovanych rovnic lze posoudit
srovnanim s dostupnymi zahrani¢nimi zdroji. To
ukazalo pomérné tésnou shodu parametrizovanych
rovnic s rovnicemi odvozenymi na zdkladé Evrop-
skych experimentti, zatimco robustni rovnice odvo-
zend na zdkladé rozsahlého empirického materidlu
ze severovychodnich oblasti USA se lisila vyrazné-
ji. To pravdépodobné odrazi jiny charakter lesnich
ekosystému severovychodu USA ve srovndni s in-
tenzivnim hospodafstvim buku ve stfedoevrop-
skych podminkach.

Ackoliv jsou demonstrované vysledky parametri-
zace alometrickych rovnic pro nadzemni biomasu
a jeji hlavni komponenty optimistické, nelze oce-
kavat uspokojivou predikci pro stromy rostouci na
extrémnich stanovistich a predev$im pro stromy
rostouci jako solitéry, které budou mit signifikantné
vyraznéjsi podil dfeva alokovaného ve vétvich. Pro-
to lze uvedené rovnice doporucit pouze pro stromy
rostouci v podminkach hospodarského lesa na ne-
extrémnich stanovistich. Podle dostupnosti ddaji
lze pouzit rovnici s jednou (dbh) nebo dvéma (dbh,
H) nezavislymi proménnymi.
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