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SUMMARY

This paper presents the results of investigatiofs the effect of the age of trees and
length of growth period on the accuracy of deteation of periodical tree height

increments using ten formulas. The experimentaleria@t comprised the results of

analyses of 200 pine-tree stems which were seldcted eight consecutive sub-age
classes, from lla to Vb. All stands from which saenpees were collected were growing
in conditions of fresh mixed coniferous forest. Hagne calendar growth period (1989—
1999) was adopted for each tree, in order to ehigirthe effect of additional factors

such as site, climate and meteorology on the haighement.
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1. Introduction

Periodical height increments of trees are consdierenajor dendrometric
characteristic, since they exert a direct influenoe the accuracy of
determination of the tree and stand volume incréménis a variable
characteristic and depends on several factors (B&R87; Kamierczak, 2004,
2005; Lemke, 1972a, 1972b; Najgrakowski, 1998; RybBwdziaska, 1997,
1998). The most important of these factors incltlde species of the tree, its
age, biosocial position, soil and climatic-meteogotal conditions. A direct
evaluation of the height increments of standingegrés quite difficult, and
sometimes simply impossible.

Gieruszyiski (1961) and Meixner (1977) proposed indirect hods of
determining height increments with the use of tiilo#ing formulas:
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where:

Zh = height increment for the considered period,

H = tree height at the end of the growth period,

D4 = breast height diameter outside the bark at theoétthe growth period,
Dy = breast height diameter inside the bark at tlieoénthe growth period,
K = d.b.h. bark thickness,

Zd = d.b.h. increment for the examined period.

Investigations into the accuracy of Gierusgli's formula (1) were
conducted by the author himself (Gierussli, 1961) as well as by
tapaczewski (1963), Lemke and Meixner (1967), Meix(1978, 1979, 1981),
Drzymata (1997) and Kanierczak (2004, 2005). The accuracy of tree height
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increment determination using the remaining meth@s(10) was evaluated
by the author himself (Meixner, 1978, 1979, 1984 neell as by Kamierczak
(2004, 2005) and, for some selected methods, byraia (1997).

The objective of the present study was to evaltisampact of the age of
trees and length of the growth period on the aayuE calculation of the
periodical height increment of single trees ushmgabove methods.

2. Material and methods

The experimental material included selected amalgssults for 200 pine-
tree stems derived from 8 stands. The followingdegre used to perform the
required analyses: age of sample trees, their tohegght diameter, height, and
bre ast height diameter and height incrementsvior growth periods. Mean
sample trees were selected following the methogotimyeloped by Draudt. All
stands from which the experimental test trees ddriwere at fresh mixed
coniferous forest sites situated in the Zielonkadfimental Forest District. The
same calendar growth period extending from 198®&9 was adopted for each
tree. The purpose of this assumption was to rutetloel effect of additional
factors such as site, climate and meteorology erh#tight increment.

The investigations began with determination of thee Zh value on the
basis of the whorls of all trees in the adoptedogisizhs (1994-1999RndZh;
(1989-1999). Next, 5- and 10-year height incremerse calculated for each
tree using Gierusfgki's formula (1) as well as Meixner’s nine formsilé2)—
(10). Afterwards, the secondary percentage errthefncrements calculated in
this way was determined, which shows by what pdaggnof the real increment
the increment calculated using a given method vgigeh or lower.

Adopting the value of the secondary percentager esso a basis, the
investigations into the impact of tree age and tdergf growth period on the
accuracy of determination of the height incrementsblected methods were
represented as a three-factor experiment: 10 fasmwB age groups x 2 growth
periods. Later, analysis of variance was performiéte analyzed data were
presented as a three-dimensional cuboid consiefidg lines, 8 columns and 2
layers. Each of the 160 cells contained 25 results.

The analysis of variance was preceded by checHitizeocompliance of the
empirical distribution of secondary percentage rasrravith the normal
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distribution. The Shapiro-Wilk test was applied dach method in all age
groups and in the two adopted growth periods. éncse of the majority of the
examined groups (in 150 out of 160 cases), no eaésfound for rejection of
the hypothesis of compliance of the secondary peéage error distribution with
the normal distribution. This observation made dsgible, during further
analysis, to apply tests which assumed similarftghe empirical distribution

and normal distribution.

The F test for the comparison of many means fougmifecant differences
between means. However, this does not answer thstiqn of which group
means differ from others. Therefore, once staafificsignificant differences
between means were found to exist, further stepe teden to investigate the
nature of these differences, using the proceduremaftiple comparisons
(Ferguson and Takane, 2002). We used the Tukey(hesiestly significant
difference), which employs studentized range giesis The comparisons
performed enabled the author to identify internathyfform groups.

3. Results

The results of the three-way analysis of varianegpaesented in Table 1.

Table 1. Results of three-way analysis of variance

Total Degree Mean
Source of variability square of square F p-level
deviation freedom deviation
Intercept 6712674 1 6712674 2387.1 0.000**
Main formula 6286758 9 698529 248.4 0.000**
effect age group 8351787 7 119312  424.3 0.000**
period of growth 4772 1 4772 1.7 0.193
formula x age group 790636 63 12550 4.5 0.000**
formula x period of
growth 1527 9 170 0.1 0.999
Inter- age group x period o
action  of growth 68573 7 9796 3.5 0.001
formula x age group
x period of growth 4980 63 79 0.03 1.000
Error 10798207 3840 2812

** - statistically significant influence at level@L
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The following conclusions can be drawn on the bakthese results:

1. Main effect: formulas — statistically significanp-value indicates that the
considered formulas have different accuracy.

2. Main effect:age group — statistically significanp-value indicates that the
age of the investigated trees affects the accuchayetermination of the
periodical height increment.

3. Main effect:length of growth period — statistically insignificanp-value —
the length of the growth period (5 or 10 years)rexao influence on the
error in determination of the height increment.

4. Two-way interaction formulas and age — statistically significanp-value
indicates interaction between formulas and agethtier words, the method
and age jointly influence the accuracy of deteritnoma of the height
increment.

5. Two-way interaction formulas and length of growth period — statistically
insignificantp-value indicates absence of interaction.

6. Two-way interaction —age and length of growth period — p-value
statistically significant but caused by the impaottarole of age in
determining the height increment and the lack @itience of the length of
the growth period.

7. Three-way interactiorformulas and age and length of the growth period —
statistically insignificanp-value indicates that the determination error ef th
height increment depends on the applied formulafspecific tree age, but
it does not depend on the length of the considgredth period.

Further detailed assessment of differences betvileenaccuracy of the
considered methods and the impact of age as wehleatength of the growth
period was carried out on the basis of multiple garison procedures using the
Tukey method. This made it possible to identifyeinglly uniform groups, and
the results of these comparisons are presentechled 2—3. All cases are
arranged in order, from the highest mean negatitbd highest mean positive.
Additionally, the impact of the considered factors the results is illustrated.
Figures 1-4 present the mean values and the 95%depce intervals
determined for them.

These can be interpreted as follows:

1. With the Tukey test, three internally uniform greupf formulas based on
accuracy of height increment determination (Tab)e Qieruszyiski's
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formula and Meixner’s first three formulas do ndffet significantly from
one another, but they differ from the remainingnfatas (Table 2).
According to the Tukey test, the second uniformugroomprises Meixner's
5th and 9th formulas, whereas Meixner's 4th formdiféers significantly
from the two remaining ones and forms a separatepyfTable 2).

. The majority of the examinedge groups form specific, separate uniform
groups (Table 3) with the exception of 24- and 8arld trees, which
form one group.

Table 2. Multiple comparison Tukey’s test Table 3. Multiple comparison Tukey’s test
with respect to the formula for calculating the with respect to age group of trees

height increment

For- Homogeneous groups, Age Homogeneous groups,

mula  Vean 005 group - Mean 005
1 2 3 4 5 6 7 (years) 1 2 3 4 5 6 7

M2 -1291 a 24 -24.07 a

G -7.27 a b 33 -14.81 a
M 3 274 a b 43 7.43 b
M1 3.56 b 55 32.00 c
M9  48.02 c 62 54.38 d
M 6 57.59 c d 72 75.29 e
M8 66.00 d e 84 90.98 f
M5 76.73 e f 92 106.53 g
M7 84.38 f
M4 96.29 g

3. Thelength of the growth period did not affect significantly the accuracy of

determination of the height increment, thereforthlcrement groups were
included in the same uniform group (5 years : 39187years : 42.06).
Figure 1 shows thormula x age group interaction. A division of methods
into two categories is apparent. The first categmmyprises Gierusagki's
and Meixner’s first three methods. The second aajegontains the
remaining methods, i.e. Meixner's 4th to 9th. Thghkst mean negative
errors were obtained using Meixner's 2nd method,lewithe highest
positive errors came from Meixner's 4th method. hets in the first
category underestimate tree height increment @mtage of 60 years, while
later the result of this determination is exaggsdaiMethods in the second
category slightly underestimate the height increnierthe youngest trees.
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However they overestimate the measurement in éldes, and the value of
the mean error increases with age.

. The effect of thdormula x length of growth period interaction is shown in
Figure 2. The parallel profiles for concurrent effe of the two factors
indicates lack of interaction. This occurs in twmwps of formulas. The
first group includes methods 1-4, and the seconithads 5-10. This also
corroborates the correctness of the splitting af thethods into two
categories as identified earlier.

. The age group x length of growth period interaction is shown in Figure 3.
Both profiles cross several times for older trefiesm approximately 50
years of age upwards; there is significant intéoacin the analysis of
variance.

. The effect offormula x age group x length of growth period interaction is

shown in Figure 4. Profiles are seen to be alnuesttical in both growth
periods; there is no significant interaction in drealysis of variance. Also
here the profiles run parallel in the two group$osmulas identified earlier,
confirming the appropriateness of the division bé tconsidered height
increment determination methods into two separatiegories.

250

the secondary percentage error (%)
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Figure 1. Group profile based on formula and age of trees



38

the secondary percentage error (%)

K. Kazmierczak

120 — : . : . : . : . :
100 1

g 8ot .

S

5]

o 60f 1

(=2}

[

c

8

$ 40f 1

(=8

2

[

=]

S 207 1

(=]

7]

2]

(]

s o 1
20+ 4
40 L— H i H i H i H i H

G ML M2 M3 M4 M5 M6 M7 M8 Mg O Svyears
-0O- 10-years
formula

Figure 2. Group profile based on formula and period of growth
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Figure 4. Group profile based on formula, age of trees@aribd of growth

Recapitulation of the analysis of variance and iplgltcomparisons led to
conclusions which coincided with the results ofliearinvestigations by the
author (Kamierczak, 2004, 2005).

4. Conclusions

1. The accuracy of determination of height incremesptethds on the applied
formula and on the age of the trees.

2. No significant influence of length of growth periaoh the accuracy of
height increment determination has been found.

3. Based on the accuracy of the results obtained, nie¢thods used to
determine the height increment of trees can belédd/into two groups. The
first group comprises Gieruszski's method and Meixner's first three
methods, while the second group consists of thaird@ny formulas.
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4. Methods in the first group underestimate very digaitly the value of the
calculated height increments in trees up to abOuydars of age, while in
trees older than 70 years they overestimate thesval

5. Methods in the second category underestimate thghthéncrement of
young trees only slightly. Later the results cdrigh positive errors, which
increase with the age of the trees.

6. Formulas in the second category are better sudechiculate tree height
increments in young trees, while those in the firstup should be used to
determined this parameter in older trees.
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