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Estimation of Biomass
iIn @ Submontane Beech High Forest in Serbia

Milo Koprivical — Bratislav MaTovi¢c —Porde bvic

Institute of Forestry, Belgrade, Serbia

Abstract — The analysed submontane beech foreagénion moesiacae submontanBmJov. 1976)

is situated in Eastern Serbia (Majdanéijina, compartment 33a). Stand area is 22.7 ha. Its altitude is
410-520 m and the slope is 7=28arent rock consists of dense limestone, and the soil is
calcocambisol. The stand is uneven-aged, managed under group selection, with a volume percentage
of beech is 97%. Other statistics of the stand are: site class I, canopy closure 0.9, mean diameter
39.4 cm, and Lorey’s mean height 31.0 m. For biomass evaluation, circular sample plots &f 500 m
size were used with the area intensity of 5%. While the aboveground biomass amounts to 337.69
tons/ha or 85.9%, belowground biomass makes 55.49 tons/ha or 14.1% of the total biomass. The
proportion of timber in the aboveground biomass is 89.7%, brushwood 9.3% and leaves 1.0%.
Estimation of biomass of the uneven-aged beech high forest was based on the results of investigations
on European beech in Central/Western Europe.

European beech Fagus moesiaca / uneven-aged stand / biomass / allometry

1 INTRODUCTION

Numerous studies have examined regression equations for the estimation of biomass of
different species for different regions (Marklund 1987, Jenkins et al. 2003, Zianis-Mencuccini
2003, 2005, Muukkonen 2007). Many of these papers have dealt with EuropearHagersh (
sylvatical.), and their results have been used to develop general allometric equations for
estimating beech biomass in Central Europe (Wutzler et al. 2008). Similar investigations have
been conducted in Croatia for European Bee€hg(s sylvaticalL.), pedunculate oak
(Quercus robui..), common ashRraxinus excelsiot..) and European hornbea@grpinus
betulusL.) (Luki¢ — Kruzi 1996). Beech has also been the subject of investigations in Greece
(Zianis-Mencuccini 2003), in the Czech Republic (Cienciala 2006), in the Netherlands
(Bartelink 1996) and some other countries.

Unfortunately, investigations of beech and other tree species’ biomass in Serbia are
missing. Therefore, the development of suitable regression equations for estimating biomass
of beech trees and stands has become a growing problem.

The aim of this investigation is to estimate the total aboveground dry biomass of an
uneven-aged beech high forest, as well as the estimation of the biomass of its main
components (stems, branches, foliage etc.). The belowground (root) dry biomass of the stand
was also estimated.
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2 STUDY AREA AND METHOD

The study areds a high forest stand of beech, situated in Easterbia (stand 33a,
management unit “Majdan-Kajna“). The stand area is 22.7 ha; its altitudd18-520 m,
while its slope is 228°. The prevailing aspect is north-west. Parent romhksists of dense
limestone and the soil is acid brown, 40-80 cm dsspocambisol. The stand is classified as
a submontane beech foreBagenion moesiacae submontanBniov. 197%. It is an uneven-
aged high forest, managed under group-selectiah, wirigin forest characteristics. Site class
is Il, canopy closure is 0.9, percentage of beactné volume is 97%, stand quadratic mean
diameter is 39.4 cm, and Lorey’s mean height 31.0'lnere are 274 trees per hectare, basal
area is 33.4 M volume is 522.5 ) and current annual volume increment is 8.8hm
(Koprivica et al. 2008).

For the estimation of biomass and other componeantgple systematic sampling was
used. Twenty-three circular sample plots of 500mere established on the area in a grid of
100 x 100 m. Diameter and height of the treesrtailan 10 m were measured in all sample
plots. Volume and volume increment were determinsithg adequate regression equations
(Koprivica— Matovi¢ 2005).

For the estimation of the total biomass of a tred #s parts (as dependent variables)
diameter at breast height and tree height (as emtlmt variables) were used. General regression
equations for beech in Central Europe were ugédat4ler et al. 2008) for the calculation of the
total aboveground tree biomass and for the evaluati the biomass of tree components: stem,
branches, timber (d > 7.0 cm), brushwood (d < ), ¢deaves and roots. The equations were
developed on the basis of extensive material dellem the beech forests of Germany, Italy,
France, the Netherlands, Belgium, Switzerland,thedCzech Republic. They comprise data from
thirteen studies on tree biomass. Unfortunately aigtudies investigated the biomass of all tree
components, which means that the number of the indbe sample used for obtaining regression
equations was different. It ranged from 48 trees rfwot biomass to 350 trees for total
aboveground tree biomass. Diameter at breast hefighbdel trees ranged from 1 cm to 79 cm,
total height from 2 m to 37 m, age from 8 to 178rgesite index from 18 to 46 and altitude from
23 m to 1560 m. Diameter at breast height, totglhteage and site index (site class) of the trees
in our investigated stand have values around therdpnit of the stated ranges.

Apart from the selected regression equations, we tested similar regression equations
for estimation of beech tree biomass, obtained mata (Luki-Kruzi¢c 1996), the
Netherlands (Bartelink 1996), Greece (Zianis-Merauc2003) and the Czech Republic
(Cienciala et al. 2005).

However, it has been concluded that these authemsations can only be used for
comparison with the results of the equations gibsgnWutzler et al. (2008), as the latter
investigations were based on small samples of mvdek (1620) as well as on younger
even-aged stands (8614 years). Maximal diameters (352.1 cm) and heights (33.23.9 m)
of model trees were consequently smaller.

By using the selected regression equations, we éstiraated the total aboveground biomass
of beech treegvariant 1) then biomass of stems, branches and le@xagant 2), or timber
(d > 7.0 cm), brushwood (d < 7.0 cm) and leavesidnt 3. Root biomass was also estimated.
However, it turned out that different variants pdex different estimation values of the total tree
biomass. This problem will be discussed later. Base the sample size of the regression
equations, the first variant was the most accuveltéde the other two were used only to estimate
the relative proportion of the biomass of individtrae components in the total aboveground
biomass. Root biomass estimation gave always the sasults. Biomass of all trees in the
sample plots was calculated as the sum of the ls®reaues for individual trees. Finally, the total
stand biomass, as well as the biomass per hest@se;alculated by using a simple sample.
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3 RESULTS AND DISCUSSION

3.1 Tree biomass estimation

Biomass of the most important tree components washated by applying general regression
equations for common beech tree biomass estim@firtzleret al. 2008). The equations are
non-linear in their parameters. In all earlier istigations, parameters of non-linear equations
were estimated by applying logarithmic transforimatof original values of dependent and
independent variables, i.e. by linearization of-tinear model, which enables the application of
the least squares methofBaskerville 1972 Beauchamp-Olson 1973, Sprugel 1983, Wiant-
Harner 1979 However, several authors stress the shortconhghis parameter estimation
method and the quality indicators of data fittfw@n Laar— Akca 2007, Cienciala et al. 2005,
Zianis— Mencuccini 2003yVutzleret al. 2008).

Therefore, modern investigatio(Bates-Watts 1988 ienciala et al. 2005\ utzleret al.
2008) use the method of non-linear regression thighapplication of théerative methodor
estimatingthe parameter values and quality indicators of tititiag.

The most commonly used models are general nonrlmedels:

m=ad" m =a (d’h)° m=ad"h°

in which, biomass of a tree component (m) is a ddpet variable, while diameter at breast
height (d) and total tree height (h) are indepehsglaniablesWutzleret al. (2008) used these

models and developed regression equations fordtimagion of tree component biomass of
common beecliTable 1)

Table 1. Regression equations for estimation & hi@mass of common beech

Biomass Regression equation Designation
above ground m = 0.0523d°™2 h0%° )
stem M = 0.0293 (6h)**™ 2)
branches m = 0.123d*% w1’ 3)
timber (d > 7.0 cm) m = 0.00775>* bt 4)
brushwood (d < 7.0 cm) M= 0.466d"% ho>% (5)
leaves m = 0.0377¢2* noo (6)
roots m = 0.0282d 2.39 (7)

Equations ofTable 1were used to calculate biomass of all sample tadese adbh
threshold of 10.0 cm. The sample comprised 315tiee23 sample plots. Data processing
was carried out in EXCEL programme. Total abovegthiomass was estimated in the three
variants previously outlined in the study. Biomas$sill trees in a sample plot was calculated
as a sum of biomass of all individual trees, whicks then used to estimate the biomass of
the whole beech stand.

The example below illustrates the process of bienegsimation. Applying the equations
of Table 1to a tree with the diameter at breast hewjpih = 39.9 cm and the total height
h=29.4 m, we obtain the following results:

— total aboveground biomass 1186.67 kg
— stem biomass (stump biomass) 1036.89 kg
— biomass of branches 208.42 kg
— biomass of timber (d > 7,0 cm) 1106.76 kg
— biomass of brushwood (d <7,0cm) 131.14 kg
— biomass of leaves 13.37 kg
— biomass of roots 189.05 kg
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The accuracy of the obtained results is differemd dependent on the sample size (the
number of model trees) and variability of the biesm@omponents/ariant 1 provided the
most accurate estimation of the total abovegrouwed biomass. It was obtained by direct
fitting of biomass values for all tree aboveground parts.

It would be logical to obtain the same total abowegd tree biomass by adding up
biomass values for tree components. There are ossilple combinations:

* total biomass = stem biomass + biomass of brantlésmass of leavesdriant 2

» total biomass = biomass of timber + biomass of lbueod + biomass of leaves

(variant 3

However, regression equations for estimating bi@mak tree components are not
mutually additive. This fact has been stressed dayeBol (2001), Lambert et al. (2005) and
other authors.

In the given example:

e variant 1 Mag= 1186.67 kg
e variant 2 Mgg= Mg+ My + M

Mag= 1036.89 + 208.42 £3.37 = 1258.68 kg
e variant 3 Mag= M+ Mpy + M

Mag= 1106.76 + 131.14 #3.37 = 1251.27 kg

Root biomass is 189.05 kg.
Thus, the total tree biomass is,

mt = myg + m
mt = 1186.67 + 189.05 = 1375.72 kg.

The proportion of the aboveground tree biomass62@%6, while the belowground
biomass (root biomass) amounts to 13.74%.

In order to obtain more precise estimation of th@rass of the tree components, we
concluded that the biomass wdriant 3 was more accurate than the biomasyarant 2
There is a similar problem in the case of detemgrthe stem volume. Therefore, the results
of variant 3 were used for the estimation of the relative propo of the biomass of
components in the total aboveground tree biomaks. groportion of timber biomass is
88.45%, brushwood 10.48% and leaves 1.07%. If wdyajhese percentage values to the
directly estimated total aboveground tree biomassget:

— total aboveground tree biomass 1186.67 kg
biomass of timber (d >7.0 cm) 1049.61 kg
biomass of brushwood (d < 7.0 cm) 124.36 kg
biomass of leaves 12.70 kg

— biomass of roots 189.05 kg

In variant 2 the proportion of stem biomass amounts to 82.38Pfile the proportion of
branches is 16.56% and leaves 1.06%.

The results of the selected regression equatianthéoestimation of common beech tree
biomass Vutzler et al. 2008) were compared with the results obthibg application of
regression equations developed by other authorsnf@ila et al. 2006, Bartelink 1997,
Luki¢ —Kruzi¢ 1996, Zianis- Mencuccini 2003).

With the exception of the equation given by Ziakisncuccini (2003), whose equation
has only one independent variable — diameter asbreeight, all the regression equations
developed by the mentioned authors have diametdsredst height and tree height as
independent variables. All the equations have #mesmathematical form and the results of
their comparison are shownTable 2
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Table 2. Total aboveground beech tree biomass 1890 cm, h = 19.834.1 m)

Diameter (cm) 15 30 45 60 75 90

Height (m) 19.0 27.2 30.6 32.3 33.3 34.1
Tree biomass in kg

Woutzler et al. 2008 112.1 616.1  1572.0 2997.2 4907.2 7335.8

Cienciala et al. 2006 114.3 638.2 1637.2 31295 51315 7680.3

Bartelink 1997 100.1 629.4 17474 3543.8 6091.6 9476.6

Luki¢-Kruzi¢ 1996 121.4 853.0 25149 5313.8 9423.2 15036.6

Zianis-Mencuccini 2003 102.6 560.6 1513.8 3063.1 52916 82715
Tree biomass in %

Wutzler et al. 2008 100.0 100.0 100.0 100.0 100.0 100.0
Cienciala et al. 2006 102.0 103.6 104.1 104.4 104.6 104.7
Bartelink 1997 89.3 102.1 111.1 118.2 124.1 129.2
Lukié¢-Kruzi¢ 1996 108.3 138.5 159.4 177.3 192.0 205.0
Zianis-Mencuccini 2003 91.6 91.0 96.3 102.2 107.8 112.7

Table 2shows that the regression equation by Cienciadh €2006) comes closest to the
equation given by Wutzler et al. (2008). Tree bismastimation is -5% higher. The
equations were developed on the basis of moded tkéth maximal diameter at breast height
of 79 cm and height of 37 m in the second (Wuteleal. 2008), and 62 cm diameter and
34 m height in the first equation (Cienciala e28106).

The regression equations developed by the othehoeutshow high percentage
deviations, which in our opinion do not make themplecable to tree biomass estimation in
high beech forests in Serbia. Applicability of thguations depends on the size range of the
model trees, sample size, management practicestamtture of the stands from which the
tress are taken. In this particular case, maxinm@hdter at breast height of model trees was
35 cm and the height was up to 33 m. The dataraigi from well-managed 60 year-old
even-aged stands.

To determine the wood density, we need to knowtileme of all individual tree parts
above ground. Assmann (1961) states that the aweatagsity of common beech timber is
560 kg/n¥, while Cienciala et al. (2006) state that the égnsf beech stemwood is
575.5 kg/m while the density of brushwood amounts to 560.1mRg Furthermore, the
Intergovernmental Panel on Climate Change (IPCC3p0@entions 580 kg/fnas the
recommended wood density of beech trees. By usiagdcal volume table for the whole
aboveground tree (without leaves and stumps) (Mdtal. 1963) we estimated wood density
is approximately 565 kg/fm

Accurate determination of the wood density of be&ees under our site and stand
conditions, requires xylometry to calculate theuwé of all aboveground tree parts, while the
amount of biomass can be obtained by accurate merasat of the weight of all tree parts in
the dry state, i.e. by seasoning at 105

Table 3shows the basic statistical indices of beech tredhe sample selected for the
biomass estimation.

In comparison to volume, there is a larger varratiothe aboveground tree biomass. The
greatest variation of all biomass components ihébiomass of branches (143.4%) and the
smallest is in the biomass of brushwood (89.9%).alinthe other cases, coefficient of
variation ranges from 110% to 120%. Since the ibistion of trees by tree volume and
biomass indices expresses a significant variatromfthe normal distribution, variability
should be also determined by tree diameter clg&sg®ivica — Matove 2007).
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Table 3. Basic statistical indices of tree sam@ekected for the estimation of biomass in kg

(n =315)
Index Xaver. Xmin- Xmax. S CcVv 2[CV o3 04
(%) (%)

diameter 349 104 92.0 183 525 592 0.74 2.79
height 270 7.7 44.1 59 21.7 245 -0.23 3.10
volume 1.91 0.04 12.01 2.28 1195 1347 182 7.56
biomass total 1232.8 28,5 7372.3 1406.4 114.1 1285 1.77 7.26
biomass of stem 1053.4 20.5 5783.2 1160.8 110.2 1242 1.64 5.56
biomass of branches 257.0 5.9 24945 368.6 143.4 16.16 2.82 9.90
biomass of timber 1191.6 12.8 7389.1 1430.3 120.0 13.52 1.80 6.29
biomass of brushwood 123.1 13,6 597.2 110.7 89.9 10.13 1.49 5.30
biomass of leaves 13.9 0.8 942 156 1124 12.67 2.08 8.46
biomass of roots 2026 7.6 1392.2 242.1 1195 1347 2.01 7.77

3.2 Stand biomass estimation

The method described above was used to determenéothl aboveground tree biomass as
well as the biomass of its components for each Eapipt. Tree and sample plot data were
recalculated on a per hectare basis. The appli¢daniés actually analogous to stand volume

estimation.

The number of sample plots in the stand is n =a2@l the basic statistical indices are

shown inTable 4

Table 4. Basic statistical indices of the samplinghe sample plots for the estimation of
stand biomass in tons per hectare (n = 23)

Index Xaver. Xin. Xmax. S Ccv 2[CV o3 o4
(%) (%)

number of trees 273.9 80 460 107.8 39.3 16.38 0.28 2.26
volume 522.2 298.7 875.0 163.6 31.3 13.05 054 254
biomass total 337.69186.47 541.30 100.7 29.8 12.43 0.26 2.15
biomass of stem 288.54153.16 454.77 66.0 29.8 12.43 0.25 2.10
biomass of branches 70.4029.90 120.76 24.1 34.2 14.26 0.32 2.29
biomass of timber 326.41179.90 557.87 105.3 32.2 13.43 0.47 2.46
biomass of brushwood 33.73 15.39 47.50 9.2 27.2 11.34-0.17 2.10
biomass of leaves 3.80 1.95 547 1.13 298 12.43 0.05 1.75
biomass of roots 55.49 30.15 89.33 16.6 29.9 12.47 0.23 2.13

In this case, total aboveground tree biomass astdred level also shows a slightly lower
variation than the tree volume. Coefficient of adion is about 30%. The greatest variation is
in the biomass of branches (34.2%) and the smadlestthe biomass of brushwood (27.2%).

Coefficient of variation of other components ranffesn 30% to 32%.

However, we are interested in the average biomas$igctare as well as on the whole
stand area. The average aboveground stand biomassasling to the three variants are as

follows:
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» variant 1 Mag = 337.69 tons/ha
e variant 2 Mag = Ms+ Mp + M

Mgy =288.54 + 70.40 + 3.80 = 362.74 tons/ha
« variant 3 Mag = M+ Mpw + M,

Mgy =326.41 + 33.73 + 3.80 = 363.94 tona/ha

The biomass of the tree roots in the stand is 5AY ha.
As a result, average beech stand biomass abovebalosv ground (roots) is most

likely to be,
Mt = Mag + M,
Mt = 337.69 + 55.49 = 393.18 tons/ha.

The proportion of the total aboveground tree bi@snasiounts to 85.89%, while the
belowground biomass makes 14.11%.

Percentage distribution of the total abovegroumh@tbiomass by diameter classes is
similar to the same distribution of its volume. illastrate this we provide the percentage
distribution of the average stand volume and biayms hectare iffable 5

Table 5. Percentage distribution of volume and l@esnof aboveground beech stand
Diameter 15 25 35 45 55 65 75 85 95 Total

Volume 3.15 6.66 12.21 1252 25.64 21.05 10.03 6.84 1.90 100
Biomass 236 6.08 11.74 12.61 26.21 24.78 10.31 7.70 2.00 100

The percentage distribution of biomass, with regardhe percentage distribution of
volume by diameter classes in the stand is skewelet greater diameter classes. However,
the difference is small.

By using a simple sample, we estimated the avegsge hectare biomass of the
investigated beech stand as well as the total l8sroa the whole area of the stand.

We used the familiar formula:

m-ts < M<m+ tls, (1)
In which,
m — is average biomass per hectare in the sample,
t - isthe tvalue from the Student distributiahle - distribution for the specific
probability with a degree of freedom n-1,
s, — Isthe standard error of the average biomaskeuare in the sample,
M — average biomass per hectare in the populatiandt

Certain components in equation (1) are calculatetie following way:

_ m, 0/ i _ Sm z(mi -m )2
- E, _1\S. =2 =, =
m n y t(95/0 I n 1)1 m [n 7 Sm n_l
where:

mio — stands for biomass per hectare 8t sample plot
Sm — stands for standard deviation of biomass irstimaple of n size
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Which gives
337.69 — 2.07420.30 < M < 337.69 + 2.07420.30
29559 < M < 379.79

Confidence interval of the average aboveground hieenass in the stand with 95%
probability is between 295.59 and 379.79 tons/bm@e error is +42.1 tons/ha or £12.46%.

Confidence interval for the total stand biomasgl@whole area (A) was calculated in
the same way. The following formula was used:

AM-t3. )< AM < (M +t3E, )A (2)

It follows that
22.7- 29559 <AM < 379.79 22.7
6709.89 <AM < 8621.23

Finally, the total aboveground tree biomass in ¢tdBa, with 95% of probability is
between 6709.89 and 8621.23 tons. Sample error985.67 tons or +12.46%. We
naturally assume that the area of the stand isrataly estimated. If there is an error in
the estimation of the stand area, it must be takém consideration (Ma¢i 1977, Van
Laar — Akca 2007).

In an analogous way, it is possible to estimatenaiss of any tree component in the
stand. We provide the estimation of the tree roomass at stand level. Average tree root
biomass at stand level, with 95% probability ranffesn 48.31 to 62.67 tons/ha. Sample
error is £7.18 tons/ha or £12.94%. It follows thhé total belowground biomass at stand
level ranges from 1096.64 to 1422.60 tons. Samphle é + 163.01 tons or +12.94%.

4 CONCLUSION

Average dry biomass of the investigated beech lfogést is estimated at 393.18 tons/ha.
While the aboveground biomass amounts to 337.68/lHanor 85.9%, belowground (root)
biomass makes 55.49 tons/ha or 14.1% of the tatamhdss. Aboveground tree biomass at
stand level naturally has greater practical impuartéa Thus, average aboveground tree
biomass of the studied stand is between 295.58@Ad’9 tons/ha, with 95% of probability.
Sample error is +42.1 tons/ha or +12.46%. The ptago of timber in the aboveground
biomass is 89.7%, brushwood 9.3% and leaves 1.@#thérmore, the total biomass of all
trees on the whole area of the stand is estimat&®&b.56 tons, with confidence interval
between 6709.89 and 8621.23 tons.

Estimation of biomass of the uneven-aged beech foigdst was based on the results of
investigations on common beech in Central Europerdfore, our results should be accepted
only with some limitations, not only because we legpthe method of sample plots, but
because we used general regression equations, wieichdeveloped on the basis of model
trees taken mainly from even-aged beech standsyhich silvicultural measures were
regularly carried out. It is a well-known fact ttdvelopment of general regression equations
and tables for tree biomass estimation requiregelaamples, which should represent the
whole range of tree sizes, age, sites and managepnactices. However, high forests of
beech in Serbia are usually uneven-aged, undempgselection and are not managed well
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enough. Still, we believe that we have successfeliyimated the dry biomass of the
investigated beech stand and that this paper sedran important scientific and professional
issue in Serbian forestry.
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