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Summary

The paper presents results of studies on a depepdetween tree volume on basic stem
measurements — dbh, height, double bark thickrees#od increment in breast height diameter,
period increment in height, age of trees and sleras. Regression equations were developed for
the estimation of tree volume. Material for anasysemprises results of measurements of 200 pine
coming from 8 stands. All stands from which the empental test trees derived grew on the fresh
mixed coniferous forest sites situated in the Zikk Experimental Forest District. Mean sample
trees from the sample plot following the methodgldgveloped by Draudt. In view of the statisti-
cally significant dependence between volume of @ind measured tree traits the analysis of re-
gression was conducted, assuming the investigedéd (diameter at breast height, height, double
bark thickness, 5-year increment in breast heigrhéter, 5-year increment in height, slenderness,
age of trees) as explanatory variables. The backstepwise regression was applied. Tree volume
may be determined both on the basis of informatiorthe height and diameter at breast height of
a tree, double bark thickneand slenderness.

Keywords and phrases. diameter at breast height, height, stepwise ssgwa, Scots pineP{nus
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1. Introduction

The production of wood is the basic function obeekt. The improvement
the methods of calculating tree and stand volunieridamental for forest men-
suration. Growth and increment of a tree as wefhatrs affecting its size and
variation belong to the basic fields of researchfdarestry (Assmann 1968,
Borowski 1974). Insight into changes occurring te tgrowth of trees contri-
butes to an appropriate course of silviculturakcpdures conducted in the forest
management unit (Jaworski 2004). Research in tald has been conducted
primarily in relation to Scots pine. This situatigs perfectly understandable
as it is the main forest-forming species in Poldrtk fluctuations in growth and
volume increment or selected volume elements haen lanalyzed. Growth
dynamics in pine have been investigated by e.gm@zski (1963), Zbtciak
(1963), Waynski (1967), Borowski, Grochowski (1969) and LemKk1{1,
1972a, 1972b, 1984, 1988).

Estimation of a stem volume is an important aspéet forest mensuration.
Stem volume is function of a tree’s height, diamebark thickness, shape. It is
one of the most difficult parameters to measuree ost accurately method
of estimating tree volume is sectional method. Stelame derived from sum-
mation of sections. The tree is sectioned intoemtidal length sections, the di-
mensions of these are measured, section volumeadeared, and stem volume
is obtained by summation (Grochowski 1973, Bruclkwi&d99). A direct evalua-
tion of the sectional volume of standing treesugegdifficult and simply impos-
sible. The improvement the methods of calculatiheg tvolume is fundamental
of forest mensuration. The volume and the measused to derive it (breast
height diameter, height, increment of dbh, heigltrement, slenderness) are
most important tree and stand parameters. Sleesers the ratio of height in m
to breast height diameter in cm. Tree slenderrsesné of the shape characteris-
tics of longitudinal cross-section of the stem @mwald 1999, Grochowski
1973, Jaworski 2004). Slenderness coefficient ganded as measure of the
stability of (Zapczkowski 1991). Regression function for tree volumage been
developed as a function of easily measurable tag@hles on standing tree. The
volume models should be based on the variablesatteatisually measured in
forest inventories or which be estimated easily.

The aim of this study was:

* To determine the strength of the relationship betwigee dimensions and
tree volume,
* To develop regression equations for the estimaifdree volume.
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2. Experimental material and methods

The experimental material included selected amalyssults of 200 pine-
tree trunks derived from 8 stands. All stands fiehich the experimental test
trees derived grew on the fresh mixed coniferougdiosites situated in the
Zielonka Experimental Forest District. Mean sampé=s from the sample plot
following the methodology developed by Draudt (Growski 1973). In the
study measurement traits were used:

* w —age of sample trees (years),

e d,3— breast height diameter (cm),

¢ h —tree height (m),

e Zds—5-year increment in breast height diameter (cm),

e Zhs—5-year increment in height (m),

e k- double bark thickness (measured in cm at thghheif 1.3 m),

* s —slenderness (defined as the ratio of height inonbreast height

diameter in cm),

« V —tree volume ().

The tree volume based on section measure volum@é. ilihe stem is divided
into sections of identical length — volume of eaomplete section is established as
the volume of a cylinder with a diameter measuneahid-length of a given section,
while the volume of the last incomplete sectionakulated using a formula for the
volume of a cone; such calculated volumes of indiai sections are summed.

Most of the analyzed traits were determined fonditag trees, wherea&h
andV were established on felled trees.

3. Resaults

The analysed trees represented 8 age subclasseagéltof 24 to 92 years).
Diameter at breast height of sample trees ranged .96 to 43.13 cm, with an
average of 21.01 cm and a coefficient of varia®3d3% (Table 1). Less va-
riability was notable for the height (22.95%), witte arithmetic mean of 20.91 m.
The double bark thickness was characterized byhigle variation — 56.73%
(Table 1). Double bark thickness ranged from @d8.70 cm, with an average
area of 2.20 cm. The 5-year increment in breagjhtaliameter reached from
0.17 to 4.25 cm, with an average width equal t® . The coefficient of
variation of this trait was 50.83%. The 5-year @ment in height ranged from
0.27 to 3.75 m, with an average equal 1.62 m (Tapl&he slenderness reached



8 JOLANTA GRALA-MICHALAK, KATARZYNA KA ZMIERCZAK

a level from 0.78 to 1.936 with an average slenelesrof 1.18. The tree volume
was characterized by the highest variation — 83.§%%ble 1). Tree volume
ranged from 0.02 to 1.54%with an average area of 0.38.m

Table 1. The characteristic of selected measurable trati®es

Trait N X Min | max | Sy

w (age of stand — years) 200 | 58.13] 24.00 92.0p 22.58 38.85

d ;3 (diameter at breast height —cm)200 | 21.01| 6.9 43.183 7.86 37.43
h (height— m) 200 | 20.91] 11.38 29.2p 4.80 22.95

k (double bark thickness — cm) 200 2P0 033 §.70 51.36.73
Z0; (S-year incrementin breast) ., | 1350 017 425 067 50.83
height diameter — cm)

Zhg (5-year increment in height — m) 200 1.62| 0.27 3.7% 0.77 47.38
s=h/ d; 5 (slenderness) 200 1.18 0.78 1,93 0|24 19.87

V (tree volume — 1}) 200 0.39] 0.02 154 0.33 83.65

v (%)

The dependences of pine volume on selected biametaracteristics was
examined. Coefficients of linear correlation wesdcalated. The tree volume
showed statistically significant correlation with the traits (Table 2). With the
growth of tree age, diameter at breast height, ieidouble bark thickness,
5-year increment in breast height diameter voluneeeiases. The strongest li-
near association of the volume was found with tliekhess of trees (0.9645),
the weaker with the height (0.8585), age (0.7599uble bark thickness
(0.7501) and slenderness (-0.7409). With the graditinee slenderness volume
decreases. The lowest strength was obtained fob-tresar increment in height
(-0.5248), and 5-year increment in breast heigineter (0.3574).

Table 2. The table of correlation

Trait w dis h k Zd Zh S
dis 0.7894*
h 0.9023*| 0.9015*
k 0.6593*| 0.7988* 0.6667*
Zds | -0.0684 0.41327 0.1623*| 0.2289*
Zhs | -0.8363*| -0.5149* -0.6841* -0.4311* 0.3613*
S -0.4522*| -0.8344*| -0.6131* -0.5956* -0.6829* 0.1186
\% 0.7597* | 0.9645* | 0.8585* | 0.7501* | 0.3574* | -0.5248* | -0.7409*

*The correlation coefficient significant at the é&w = 0.05
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The tree volume was also describes by multiple gogpiequations. All the
previously mentioned biometric features were inellichs the explanatory va-
riables. Stepwise regression was performed, whigh By step creates the best
regression model (Krzko 2000). Backward stepwise regression was used,
which sequentially removes from the model thoséaldes which in every step
have the least significant impact on the respoms&abie — the volume. In the
backward stepwise regression predictors remove fitenmodel on the base
of multivariate Wilks’ Lambda test. This test camibterpreted as the multivariate
generalization of a univariate R-squared, thatitigndicates the proportion
of generalized variance in the dependent variathlasis accounted for by the
predictors (Stanisz 2007). At each step highly elated predictors become re-
dundant and are removed from the model on the tfaiselicators such as tole-
rances (IR?). The “best” regression model contains predictarging the greatest
influence on dependent variable (Jolliffe 1982).

The four equations to determine the volume of pueee given as a result
of estimation the parameters (Table 3).

Table 3. Parameters of equations

Equation Equation parameters
q intercept w ds h k 70k Zhg S
(3.1) -1.412* | 0.00Q0 0.084*| -0.032*| -0.060%* -0.012 0.02{10.692*
(3.2) -1.405* 0.084% -0.032%1 -0.059F -0.012 0.019.690*
(3.3) -1.425* 0.083% -0.031%1 -0.058f 0.0140.704*
(3.4) -1.320* 0.082% -0.033%1 -0.058f 0.671*

*The parameter significant at the lewet 0.05

Volume of pine can be determined by regressiontamuan dependence to
the diameter at breast height, height, double Hadkness and slenderness. All
of the analyzed traits were determined for stantieegs (Table 4).

Table 4. Multiple and partial correlation coefficients fibre tree volume dependence
on the selected characteristics of trees

P Rpartial
Equation| Ruuiple W a1 h K 74 Zhe s
(3.1) 0.9715| 0.021 0.904F -0.583* -0.566* -0.0y7 1Z6 | 0.717*
(3.2) 0.9715 0.9041 -0.640f -0.576* -0.0§2 0.1B5.72D*
(3.3) 0.9713 0.9074 -0.637f -0.573F 0.113 0.73r7*
(3.4) | 0.9710 0.9071 -0.670t -0.571F 0.755*

*The correlation coefficient significant at the é&w = 0.05
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Among the regression equations obtained from stpwagression proce-
dure, the best is the one with the small numbgredictors but as good as others
with respect to R multiple coefficient.

The sslenderness is defined as the ratio of héigbteast height diameter
so the obtained best model has the form of (3.4atwon in Table 3.

V =-1320+0.0824d,, -0.033h—-0.058k +0.67ZlE|di

13

4. Discussion

Scots pine is the most important predominating igigetorming forests
in Poland. Stem volume is function of a tree’s heipasal area.

For estimating tree volume are direct and indinetthods. The direct
methods tend to divide the stem into sections aadsore the volume of these
sections. The indirect methods include volume tldad volume equations.
A tree volume tables is a statement of the expeetdadme of a tree volume
of a tree of nominated dimensions in a particutand or population. Standard
tables are with two dimensions: dbh and heighPdfand foresters use generally
Czuraj's “Tables of volume for standing trées

Foresters have developed relationships to estistate volume from mea-
surements made on diameter at breast height amdhéight. Volume equations
are developed now. Regression function for treamel have been developed as
a function of easily measurable tree variablestanding tree.

5. Conclusions

« With the growth of diameter at breast height, hieighe, double bark thick-
ness, 5-year increment in breast height diameter yolume increases.

* With the growth of tree slenderness and 5-yearement in height pine
volume decreases.

* The strongest association of the volume was fouitd the diameter at
breast height and tree height.

« Volume of pine can be determined by regressiontemué3.4) of depend-
ence on the diameter at breast height, height aotdld bark thickness.



THE APPROXIMATION OF TREE VOLUME BASED ON MEASUREENTS .... 11

References

Assmann E. (1968Nauka o produkcyjiigi lasu[Science on forest productiitt’WRIL, Warszawa.
[in Polish].

Borowski M. (1974).Przyrost drzew i drzewostanofincrement in trees and starfjJd®WRIL.,
Warszawa [in Polish].

Borowski M., Grochowski J. (1969). Wyniki analizyigitrzewostanu sosnowego Laséw Rogowa.
[Result of stem analysis of Rogéw Scots pine stafdlja Forestalia Polonicas. A, z. 15,
9-55 [in Polish].

Bruchwald A. (1999)Dendrometria [Forest mensuratignWyd. SGGW, Warszawa [in Polish].

Czuraj M. (1991).Tablice mizszdci ktéd odziomkowych i drzew sioych [Tables of butt log
and standing trees voluh@WRIL, Warszawa [in Polish].

Grochowski J. (1973Dendrometria [Forestmensuratioh PWRIL, Warszawa [in Polish].

Jaworski A. (2004)Podstawy przyrostowe i ekologiczne odnawiania oralzgrecii drzewosta-
néw. [Fundamentals of incremental and ecological regefienaand stands tendiihg
PWRIL. Warszawa [in Polish].

Jolliffe J.T. (1982). A note on the use of Prin¢iB@amponents in Regressiaiournal of the Royal
Statistical SocietySeries C, 31, 300-303.

Krzysko M. (2000).Multivariate Statistical AnalysidJAM — Pozna [in Polish].

Lemke J. (1968). Zwzek pomedzy wielkascia korony a przyrostem drzew w drzewostanach
sosnowych. [Relationship between the crown sizetssalincrement in Scots pine stands].
PTPN t. XXV, 43-90 [in Polish].

Lemke J. (1972a). Retrospektywna analiza wzrosprzyrostu drzew w 50-letnim drzewostanie
sosnowym [Retrospective analysis of growth and mer& in trees of a 50 years old pine
stand].FFP, seria A, z. 19, 5-23. [in Polish].

Lemke J. (1972b). Wyniki analizy strzat 35-letniedozewostanu sosnowego [Result of stem
analysis of a 35 years pine starRI[.PN Prace KNR i KNL, t. XXXIV, 89-105 [in Polish].

Lemke J. (1984). Retrospektywna ocena intensyeinprzyrostu mizszaci drzew w drze-
wostanach sosnowych Il i lll klas wieku. [Retrospeetassessment of tree volume incre-
ment intensity in pine stands of Il and Il agasd].PTPN t. LVIII, 53—-63 [in Polish].

Lemke J. (1988). Retrospektywna analizaseil@ej liczby ksztattu strzaty f 0,1h w mtodszych
drzewostanach sosnowych. [Retrospective analyssseaf form factor f 0,1h in pine stands
of younger age classe$]TPN t. LXVI, 35-38.

Stanisz A. (2007)The Easy Accesible Statistical Course with STATISTRCAand Medicine
Examples, Vol. 3. Multidimensional Analys8gatsoft, Krakdwin Polish].

Szymaski S. (1963). Dynamika rozwoju niekierowanych mmew sosnowych. [Dynamics
of development of untending Scots pine thickef[PN t. XV, z. 3 [in Polish].

Wazynski B. (1967). Struktura i dynamika rozwoju drzevewsgiw sosnowych | i Il klasy wieku
[Structure and dynamics of development of Scote gtands of | and Il age clasB[TPN
t. XXI, z. 2 [in Polish].

Zajaczkowski J. (1991)0dpornd¢ lasu na szkodliwe dziatanie wiatriniegu [Forest wind and
snown break resistang®@/yd. Swiat. Warszawa. 221 [in Polish].

Zokciak E. (1963). Analiza ksztattowania girzyrostéw drzew w rénych okresachiycia drzewo-
stanéw sosnowych w borzaviezym na przyktadzie Nadéeictwa Ddwiadczalnego WSR
Zielonka. [An analysis of the shaping of the growittgs at trees in various periods of life in
a pine stand as shown on the example of the fregstf at Zielonka Experimental Forest
Station].Roczniki WSR w Poznanit X1V, 249-293 [in Polish].



