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SUMMARY

One of the most important characteristics in theemheination of dendrometrical
properties of a stand is the annual incrementiérheight of the trees. On the basis of
these increments, the natural phases of treerkifel@etected. In the case considered here,
the data relate to height increments of the mainkirof 25-year-old Scots pine trees.
Our research deals with the application of longitatl data analysis. Usually this
analysis is used when measurements are takend@atine treatments at different time
points. Calculation provides an answer to the qoesif which annual height
increments differ. Based on the research we canwdathat the data are from the final
senile phase.
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1. Introduction

The increment in the height of trees is a very irga dendrometrical

characteristic. The magnitude of this incrementindispensable for using
methods to determine the productivity of the stasek Grochowski (1960),
Gieruszyiski (1961), Bruchwald (1971, 1973, 1999a). Each yemual shoots

develop from terminal buds formed in the previoegetation season. The
length of the annual shoot, grown in the vegetaseason and lignified, does
not change, which makes it possible to determindeitigth at any given time.
The length of the annual shoot is a variable tfidie actual annual increment in
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the height of the tree is unstable and dependé®nveather conditions during
growth (in the vegetation year) and on the weatwerditions in the previous
year, particularly between July and September. his very important period
because buds are formed and reserve substancaescaraulated. The reserve
substances are used for growing the sprouts ifotlosving year (see Assmann,
1968).

For describing the general regularity of the precesannual increment in
the height of trees, we use the height incrementecahown in Figure 1; for
details see Assmann, (1968), Bruchwald, (1999b2200
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Figure 1.Increment in height of trees

The general regularity of the growing process dependent of the species
of tree. Differences depend on the magnitude angtteof natural phases. On
the height increment curve we are able to fix thénmation point and the
reversible points which determine typical phasethefcorrect height increment
process. The first phase is determined by the cosggment from O to the first
reversible point A. In these first years of a tselife — the youth (or juvenile)
phase — the height increment is not large. Accgrtiinsome authors, this phase
extends up to point B. Bruchwald (1999b, 2002) rekdi the juvenile phase as
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lasting until the time when the current incremesgf¢re culmination) is equal
to the maximal value of the mean incremeftie next period — a concave
segment between A (or B) and D — is called theHtesgason strength phase —
the vigor phase. Trees have the largest annuahthéigrements here, and
during this time there appears culmination point @e year with the greatest
height increment. After a few years of similar heigncrement there comes the
senile phase — a period of stabilized incrementschmsmaller than in the
second phase, or sometimes at the same levelf¢sexample Zotciak, 1963,
Beker, 1998). The time of these periods dependslyain the species of the
tree and the climatic conditions; see Beker (1998).

The subject of our study is an application of lomdinal data analysis
(sometimes called profile analysis: see the ISérimational Glossary) to the
analysis of height increments of trees based oexheple of a pine stand.

2. Experimental material

The research was conducted on 150 sample treesxgdnam a 25-year-old
pine stand on a sample plot area of 0.1 ha in temika Experimental Forest
District. Sample trees were selected following thethodology developed by
Draudt. Part of the data (in cm) is given in Tabld he height increments were
measured after the growing period. We studied tegesl between 19 and 25
years. For simplification, records of the incremanthe period 19-20 years
were indexed by “1”, those in the period 20-21 gdar“2”, and so on.

Table 1. Annual increment of the main trunk for 25 tree$ ipears

Year
1 2 6
N° of tree
1 48 25 . 14
2 45 60 . 35

25 68 77 55
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In Figure 1, a spaghetti plot is used to visualiie time trends. The
increments in height are plotted against year fachetree.These plotsfor
visualizing the trajectories for all individual &® are called spaghetti plots or
“individual plots”.
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Figure 1. Annual increment of the main trunk for 25 tree$iyears

In the present paper, we describe the applicatibdongitudinal data
analysis to determining properties of the treese §lze of the experimental
material can be considered insufficient. In thipgrathe authors aim to present
a method which is not often encountered in theditee relating to stand
productivity analysis.

3. Model

In the paper, we consider the analysis of an exy@i studying the behavior of
experimental units — trees — subject to differemetand space conditions.
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We consider the annual height increments of thenrtvaink in a period of 6
years. In this experiment, the measurements are mach year using the same
experimental units. In such experiments, theretare species of factors: the
levels of the first factor are investigated on alifint experimental units,
whereas the levels of the second factor are inyastil on the same units. The
first factor is connected with the units’ classifion, while the second is called
a profile factor and is connected with the replaratof measurements for a
given profile of experimental units. Therefore, @cling to Morison (1990) the
recorded results of measurements could be fittedtive linear model

Yy U U TE, (1)

where y; is the annual increment of the height of the nteunk observed on
the i th tree in thej th year,  is the general meary; is the result of th¢th
year, §; is the random erroti,=12,...,n, j =12,...,p . The variable includes the
effect of interaction between theh tree andjth year and experimental error.
For a random vector of erroes =[e;; €, - ejn]' , we haveE(ej)zop
and E(eje'j‘)zz, j#j.j,i =12..,p, where 0, is the px 1 vector of
zeros. This means that random vectors of errordiffarent experimental units
(i.e. the trees) are independent. We are intergstéebting the hypothesis that
the mean increments of the height of trees durirgy @ years are the same
Ho:ty =, =---= 5. The alternative hypothesis is that the mean leigh
increments of the trees during the 6 years are thet same. The above
hypothesis could be written in vector notation as:

Mo =ty Mo~ [y
Hot| ¥ #8 =05 Hy:| M2 H8 20 ®)
Mo — Hg Mo — Hg

We test (2) using the Hotellin§? test:

T2=nyC (Csc')_lcy , 3)
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where 7:[371 Y, - )76]', C is the matrix of contrasts an8 is the
covariance matrix for the years. Assuming the hyjothesis to be true, the
random variableT 2 given by (3) hasT 2 distribution with p—1 andn-p+ 1
degrees of freedom. TF? >Ta2, p-1n-p+1 then we reject the null hypothesis.

4. Results

In our account, we tak@ =6 andn=25. According to Morison (1990), the data
should be normally distributed. Because the datanat normally distributed,
we use the Box—Cox transformation (196)@(/1)=/]_1(yij” —-1) with the
parameter A =05, where X, denotes the value after the Box-Cox
transformation andy; the value before the transformation.

For analysis of the properties of the trees, weosholongitudinal data
analysis, which permits deep analysis of the erpent. The estimates from the
trial of transformed data are given as

% | [1293] (184 107 141 139 095 090]
X, | 1357 107 363 128 215 178 212
oo| %e|o[1315 5= 141 128 416 216 143 096 @
X, | 1241 339 215 216 478 356 450
Xs | 1249 095 178 143 356 391 425
| % | |1071] | 090 212 096 450 1425 994/

To answer the question of whether the differencatsvéen annual mean
increments of heights of the main trunk are theesame test the hypothesis (2).
Let us consider the contrast matrix

-11 0 0 0 0

01-1 0 0 O
c={ 01 0-1 0 ol (5)
01 0 0 -1 0

01 0 0 0 -1
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For the matrix (5) the value from (3) is equal t8.076, whereas
T505’5Y20=18.268. Thus, we reject the hypothesis that tffferdnces between
annual mean increments of heights of the main tarekthe same. Thus we are
interested in determining which annual incremeffiteds from the others. In
order to determine which annual increments are thet same we use the
simultaneous confidence intervals of Roy and B48&3):

bk)_( _\,%kabk Ta,p—l,n—p+1 s bku = bkX + wékabk Ta,p—l,n—p+1’

where by is the k th row of the contrast matrix given in (5), whexeand S

are given in (4)1505,5’20:18.268,k =12,...5. For particulark the confidence

intervals are given as [-0.832, 2.112], [-1.425263)], [-0.475, 2,792],
[-0.529, 2.689], [0.396, 5.324]. If thkth confidence interval contains 0, then
the difference between the second year andkttheis not significant. If thek th
confidence interval does not contain 0, the diffieeebetween the second year
and the kth is significant. Because the first four intervalentain 0, the
differences between the second year and years4laBd 5 are not significant
from the statistical point of view, whereas the [&h) interval does not contain

0, and so the differences between the 2nd andtthge@r are significant.

5. Conclusions

Based on the experimental material consisting ofti2®s from Zielonka

Experimental Forest District, we analyzed the heighcrement using

longitudinal data analysis. The analysis gives aswer to the question of
whether the height increments of the trees areleyes 6 years. Because there
are some differences between the height increnwdritees in the age range of
19-25 years, we can determine in which year thghthé@crement was different
than in the others. It is very important that, aithh we can determine the
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differences, we are not able to establish the fipeitend of these changes.
Although the trees are young, in terms of the heigtrements they are in the
last — senile — phase. However these trees sttt llae ability to increase in
thickness.

6. Discussion

The problem of determining the limits of these @sabas been considered in
the literature. For exampl&odiciak (1963) has shown the culmination point
appears between 15 and 20 years, while Tomusiakarmynski (2001) place it
between 11 and 25 years. According to researchiblgdak (1970), carried out
in the Augustowski Forest at different biosocialdtions, the culmination point
is the 17th year.

The present paper describes the application ofitiatigal data analysis for
the analysis of experimental material consisting26f trees from Zielonka
Experimental Forest District. However, in many aftans, the sample size
available is not enough large for the analysis.aBse of this, our paper serves
to present the method rather than a complete dsalys

There are reports in the literature of longitudinablysis for stands. For
example, in Mehtatalo (2005) longitudinal analysighe data was applied by
estimating the models as random effects modelgyusm nested levels: stand
and measurement occasion. Moreover, Lukas and ®id§l97) report on the
statistical analysis of a longitudinal study of @afed measurements over time
which was used to investigate relative differernioethe growth of Sitka spruce
and Norway spruce seedlings during summer exposurgzone over three
growing seasons. Moreover a paper by Lappi (199&3gnts a simultaneous
statistical analysis of height curves using lorgjital analysis.
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