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Annotation

Tjarve D., 2013. Parametric analysis of radial increment of Scots
pine for environmental assessment.

The suitability of Scots pine P(nus sylvestris L.) for the
dendroecological assessment of environmental guadt analysed. A new
method for the detection of missing and false tiegs was developed.
Five of the most frequently used growth models wétieed to the
individual tree-ring series. It was concluded ttiétty years and older tree
rings are the best use for environmental qualitgessment. Several
methods of data transformation and smoothing westetl. Method was
tested in 64 sample plots selected across a tgrigfoLatvia, including 24
sample plots in surrounding of Skrunda town. Inriest plots in Skrunda,
a significant and permanent decrease of the growtiement was found. It
indicates the presence of strong negative envirotahéactor. Possibly it is
the impact of Skrunda radiolocation station.

Keywords: tree-rings, crossdating, growth modelau® sylvestris,
dendroecology, methods.
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Introduction

Tree growth can be affected by various factorsimatk, tree age,
local or global environmental changes, etc. Analysf tree rings for
retrospective assessment of environmental changgedéen objective of
many actual studies using various methods suchoagparison of tree
growth between stands with various levels of amalyfactor, assessment of
wood structure changes, analysis of pointer yeautiiple time regression
analysis, comparison of tree growth trends of diff¢t time periods, etc.
(Innes 1990). Each method can be used with varioedifications. Choice
of method depends on analysed factor, tree spestiedy objectives, etc.
Therefore, the specification of restrictions andgiole modifications of
methods depending of different circumstances iitant.

Comparison of tree growth trends of different tiperiods can be
used for the environmental factor assessment. &oalysis prevents the
influence of site-specific factors, and parameamnalysis can be used. One
of the most important problems is the eliminatidnage-related factors.
These factors can be specific for various treeispamnd regions.

Scots pine Rinus sylvestris L.) is a most common tree species in
Latvia. Here it is located in the middle of its ural range (Kelly, Conolly
2000), and the influence of climatic factors onepgnowth here is relatively
low (Elferts 2008). Therefore, Scots pine is oneh&f most suitable tree
species for environmental factor assessment ind.atv

Scots pine is commonly used for environmental &$sest in
Europe and Latvia, and various methods have beed (isepa 1996;
Juknys et al. 2003; Erlyckite, Vitas 2008; Mandteale 2008; Szymura et
al. 2010). Tree growth in different time periods fieen compared (Balodis
et al. 1996; Parn, Mandre 2011). However the imibgeof tree age-related
factors is not sufficiently studied. Also the régtons of parametric
analysis are not evaluated.

Aim of the study

To justify the use of Scots pine for environmerigaitor parametric
assessment with comparison of growth trends oéuifit time periods, and
to define restrictions of this method.

Study objectives

1. To evaluate the possibilities of cross-datingviously undated
tree-ring series.

2. To assess the suitability of the most frequendlyd tree-ring series
models for dendroecological studies, and theiveaiee with age trend.

3. To define the restrictions of tree growth changearametric
assessment by finding minimum detectable differergeired sample size,
and estimation of test power.

4. To evaluate the necessity of data transformadimh to select the
best type of transformation.

5. To evaluate the suitability of high frequencyitefis for
dendroecological studies.

6. To test the parametric method of environmergaéssment by use
of different modifications in sample sites acrogsratory of Latvia.

Hypothesis

1. Influence of age-related factors is not sigaificfor growth trend
of middle-aged Scots pine trees.

2. Logarithmic data transformation can be appliegfole the
parametric assessment of Scots pine tree-ring wittihges.

3. Persistent significant growth changes of treeseaveral sample
sites indicate the presence of strong environméatédr.

Thesis

1. A new method for the detection of missing andddree-rings is
suitable for location of misdating tree-rings.

2.In case of age-related factor dominance, a figni growth
changes cannot be detected for Scots pine tresgeiperiod from 30 to 90
years.

3. For the parametric assessment of Scots pinetigrorge-ring data
can be logarithmically transformed. In some ca#ies,addition of small
constant is recommended.

4. In many sample plots, the persistent relativaudative additional
annual increment indicates the presence of stromgamental factor.



Scientific publications

Balodis V., Bimelis G., Kalviskis K., Nikodemus O., Tjarve D.,@ma V., 1996.
Does the Skrunda Radiolocation Station diminishrddial growth of pine
trees? The Science of the Total Environment 1887164.

Balodis V., Pospelova G., Ramans K., Tjarve D., 719Bendrochronological
analysis for the assessment of the environmentltguProceedings of the
Latvian Academy of Sciences 51(5/6):219-221.

Brumelis G., Elferts D., Liepia L., Lice |., Tabors G., Tjarve D., 2005. Age and
spatial structure of natural Pinus sylvestris staimdLatvia. Scandinavian
Journal of Forest Research, 20:471-480.

Conferences

Balode Z., Biimelis G., KalviSkis K., Tjarve D., Znata V., 1994. Some results
and problems of the evaluation of radiofrequendiatton on organisms.
In: Brimelis G. (ed.). The Effect of Radiofrequency Elestagnetic
Radiation on Organisms. Proc. of the InternatioGahference of Radio
Frequency Electromagnetic Radiation on organisrksyridla, Latvia June
17-21, 1994.

Tjarve D., Kalnj$ A., 1997. Dendroecological assessment of envieorah
quality of Latvia. In: Proc. of Eurodendro 97: Cerénce of the European
Working Group for Dendrochronology, Savonlinna,|l&m May 28 — June
1,1997.

Bramelis G., Piteins A., Pospelova G., Ramans K., Tjarve D., ZroW., 1998.
Dendroecological assessment of forest health irvidatin: Sander H.,
Randrup T.B. (eds.). Urban Forestry in the Nordicl 8altic Countries.
Proc. of a Nordic Workshop on Urban Forestry, alliEstonia December
1-3, 1997.

Structure of the Doctoral Thesis

The promotion work has 68 pages. Summary, intradaictonclusions, and
separate chapters on literature analysis, studyoudst results and discussion, as
well as literature list and acknowledgements amgduohed. Eleven figures and
eleven tables are shown. Sixty-five annexes onag@p are added.

1. Summary

1.1. Methods

Data were analysed using R statistical softwaregnam libraries
"stats" (R Development Core Team 2010 g1 R" (Bunn 2010), and
functions written by author.

1.1.1. Sample collection

Tree-ring samples were sampled with increment batebreast
height (1.3 m), from the side selected by chaneadwsummer and autumn
seasons from 1989 to 2010, in all territory of lLatv

Totally, 3072 tree-ring series of Scots pine trunkd59 sampling
sites were collected. Only trees with at least r@@-tings were sampled.
Additionally, 175 tree-ring series of Norway sprucem 10 sample sites
were sampled, for the development of method foeat&n of missing and
false tree-rings.

For 65 sampling sites with at least 10 tree-ringesewhere first year
was 1935 or earlier, mean relative additional asthtive cumulative
additional annual increment was calculated.

All Norway spruce tree ring series and 254 Scate fiee-ring series
from 12 sampling sites were cross-dated by COFEGAware (Grissino-
Mayer 2001). For the rest tree-ring series, cra@sig was not applied.

1.1.2. Method for missing and false tree-ring detection

For the development of the method, all cross-datssiring series of
Scots pine and Norway spruce were used.

Standardization of tree-ring series by removal wtbeegression was
used. Master chronology for each sampling site caésulated as a mean of
all master chronology series using Tukey's biwerghust mean, function
tbrm from R statistical software program librayp'l R".

If a possible occurrence of missing tree-ring wanfl, by splitting
the existing tree-ring a new tree-ring series weneated for each of the
potentially problematic years. Using proportions agfpropriate years in
master chronology, tree-rings were split. In a ca$efalse tree-ring
detection, new series were created with merging thwe-rings. Each of
new tree-ring series was divided in segments of dhme length. First



segment starts with the last year of growth. Negnsents are lagged by
appropriate lag period. Each segment correlatiah wiaster chronology
was computed, and mean of Pearson correlationiciesitf for each of tree-
ring series was calculated. Tree-ring series with liest correlation were
found, and it was assumed that the year with pusiyochanged tree-ring
potentially was the year with false or missing trieg).

To test this method, the occurrence of false argsimg tree-rings
was simulated. By splitting existing rings in randproportions, new series
of false rings were created, and by merging twgginew series of missing
rings were created. Totally, 19 186 pine, and 12 §ffuce series with false
rings and 19 069 pine, and 12 253 spruce serids missing rings were
created.

Each of the created tree-ring series was tested wmiethod for
detection of missing and false tree-rings, and ifigdsuccess was
calculated. Tree variants of segment length (406B8Q/ears) as well as tree
variants of lag period (5, 10, 20 years) were tkste

1.1.3. Models of tree-ring series

Five of the most frequently used models by dendmublogical
studies (linear, negative exponential, power, hypkr, and generalised
exponential) were fitted to the individual treegiseries.

Functionl m from R statistical software program libraist'ats" for
fitting, and statistical test of linear models werged. Functiomls was
used for other models. Only models with significgnt 0.05) coefficients
were used. Selection of the best models was basddkaike's information
criterion (AIC). All models withAIC; —AlC, < 2, whereAlC; — AIC of
tested model, anélC,,;,— minimal AIC value were selected (Burnham,
Anderson 2002).

1.1.4. Differences of predicted values of models

For all fitted models based on full tree-ring serigredicted tree-ring
width series with 90 logarithmically transformeddamtransformed values
were calculated.

For each of the predicted series, absolute valdeslifterence
between predicted values df and 6@, 11" and 78, 21 and 88, 31 and
90" tree-ring widths were calculated. Absolute valoéslifferences were
grouped by model type. Percentiles at 5%, 25%, 508%), and 95% for
each group were calculated.

1.1.5. Data transformation

Logarithmic transformation and smoothing were udedore the
calculation of relative additional annual increment

Three methods of logarithmic transformation weredus 1) simple
use of natural logarithm; 2)adding of constact=0.5 before
transformation; 3) adding of specific constant &ach sitec =x where
X< 2; it provides lowest linear dependence betweeanmend standard
deviations.

Three methods of data smoothing were used — 1npoiial
smoothing

W (i, t,) = (-3nwe(i,t-2,1) + 12w (i,t-1,1) +
17w, (i t]) + 120, (i t-1,1) -3w (i t-2,1)) / 35, (1.1)
wherew}y — smoothed value of tree-ring width of seriés year ), and
sample sitel}, w, — transformed value of tree-ring width (Balodisakt
1997); 2) cubic-smoothing spline with 50% frequenegponse cutoff, and

eleven or 3) twenty year filter length. Cubic-sntong spline was applied
by functionffcsaps from R statistical software program librayp| R".

1.1.6. Relative additional annual increment

Relative additional annual increment can be catedldor each tree
(i) with comparison of radial increment in ye§rwith radial increment in
control periodAt, =t;...t;, wheret; — first year,t, — last year in control
period,n. — number of years of control period:

di.tAL,) =W, (i,t) - W, (i, At,), (1.2)

t
where W_ (i, At,) = (Z\Mr (,t))/n.. (1.3)

t=t,

In this studyt; = 1955, = 1965, andh, = 11 in all cases.
Mean relative additional annual increment for eaample site I}
with number of treesj in year f) was

d(tljat) = (id (i,t.1]At))/n. (1.4)
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Two-tailed null hypothesisH,, -d(t, I|Atc) =0 concerning the

difference between two population means was pararally tested witht
test. If mean relative additional annual incremeas significantly positive
than radial growth was better than in control pebrid negative — it has
become worse.

1.1.7. Relative cumulative additional annual increment

Accumulated radial increment within retrospectiveeripd
At. =ts...14, Wheret; — first year of retrospective period, and- last year,
can be calculated for each tréegs a relative cumulative additional annual
increment

ty
D, (i ,Atc,I|Atc) = (Zd (i ,t,I|Atc))/n, ) (1.5)
t=t,
wheren; — length of retrospective period. In this stugdy 10 in all cases.
Mean relative cumulative additional annual increméor each
sample sitelf with number of treesf was

D, (i, At, I|At,) = (Zn: D, (i, At,,I|At,)) /n. (1.6)
i=1

1.1.8. Minimum detectable difference between tree-ring widths

To estimate minimum detectable differenc® between tree-ring
widths, a following formula can be used:

2
/Sp
o= F(ta(Z),v +t/3(1),v) ) (1.7)

wheren — sample sizeszp— pooled variancey(2) — significance level for
two-tailedt test,3(1) — probability of committing Il type error fome-tailed
t test (Zar 1996).

For the estimation of power of the test, followifagmula can be
used:

n

sy =0 532 1.0 (1.8)
p

11

where power of the test is/&1).

Pooled variance was calculated by using 46 saniele with at least
20 trees. Every tree was more than 60 years olthll§p1702 tree-ring
samples were obtained. Each of them belongs tchansample site and
year. Pooled variance for untransformed and |dgaitally transformed
data was calculated using following formula:

n n
2 2

wheres’ — variance of each sample;- number of samples; — number of
freedom degrees.

1.2. Results and discussion

1.2.1. Detection of missing and false tree-rings

The best results of missing and false tree-ringat&n for both tree
species — Scots pine and Norway spruce — were fowitigin longer
segments (60 years), and for 10 or 20-year lagogeHowever, differences
between variants are not large and do not exceed 4%

Detection of missing tree-rings was successfuhfore than 70% of
tests for both tree species. For false tree-ritegd, success exceeded 50%.
Detection success was substantially higher inadks if a little inaccuracy
was allowed. If five-year error for misdating rimigtection was allowed,
detection success exceeded 80% (Fig. 1.1). Sualigesn facilitate visual
location of missing or false tree-ring.

Detection success of misdating tree-rings for Ngragruce depends
from quality of chronology: significant correlatiohetween expressed
population signal (EPS) and detection success wasdf For tree-ring
series of Scots pine, significant correlation wasfaund.

12
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Figure 1.1. Misdating tree-ring detection succesth wlifferent allowed
detection error (0 to 5 years).
a — false ring detection success for Norway sprice; false ring detection
success for Scots pine; ¢ — missing ring detectiatess for Norway spruce; d
— missing ring detection success for Scots pine.

1.2.2. Minimum detectable difference between tree-ring widths

Pooled variance and standard deviation of untrams&d and
logarithmically transformed tree-ring widths wergimated using formula
(1.9). For untransformed datst = 0.256, s= 0.506, for logarithmically
transformed * = 0.167,s = 0.4009.

Null hypothesis assumes that mean values of tregwidths of two
years are equal. Minimum detectable difference betwtree-ring widths
was calculated using formula (1.7), with previoudgtimated pooled

variance and probability of 1l type errgr= 0.1 using various sample sizes

and significance levels (Table 1.1).

13

Table 1.1

Minimum detectable difference 5 between untransformed and
logarithmically transformed two year tree-ring widtusingt test with
standard deviationrs= 0.506 and = 0.409, probability of committing Type
Il error = 0.1, various significance levele € 0.1, 0.05, 0.01, 0.001), and
sample sizex.

S (mm) logp)
n o =0.01 a = 0.05 o =0.01 a=0.05
10 1.05 0.82 0.85 0.67
15 0.80 0.64 0.65 0.52
20 0.67 0.55 0.54 0.44
25 0.59 0.48 0.48 0.39
30 0.53 0.44 0.43 0.35

1.2.3. Models of tree-ring series

Five models were fitted to the Scots pine tree-rgegies that
contained at least 50 tree-rings. At least one meds significant for
94.3% of series. For most of tree-ring series ntben one significant
model could be applied. Linear, power, and hypécbohodels were
significant p < 0.05) more often. Less frequently negative exptakand
generalised exponential models were significarg.(FEi2).

However, generalised exponential model was the rfinegtient (for
33.6% of tree-ring series) best-fitted model witmimum AIC value. For
linear, negative exponential, power, and hyperboladels, minimum AIC
value was best-fitted only for 14% to 17% tree-rgggies. If selection of
the best-fitted models was based on assump#d@ —AIC, < 2,
generalised exponential model had the best-fit3te# of tree-ring series;
but other models had the best-fit for 17% to 25%enfes (Fig. 1.2).

14
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Figure 1.2. Proportion (%) of five growth trend natslof Scots pine tree ring series.

Proportion of significant and best-fit models stlghchanged if
model fitting was based on tree-ring series withol first years.
Proportion of significant models decreased for rabbdel types except
generalised exponential models. Largest decreasefoumd if first ten
years were excluded from tree-ring series. Decreaselesser if 20 or 30
years were excluded (Fig. 1.2).

1.2.4. Model characterisation

Models of tree-ring series often are used for dectthonological
studies, for removal of age-related trend. Howetleg, separation of age-
related trend from environmental signal is problemarlherefore, more
often these models can be used to remove growtid.tr&rowth trend
includes both age-related trend and environmeigaht(Cook 1990).

Exponential decrease of growth, which is typicat &me-related
growth trend of conifers, often can be characterizgith negative
exponential function (Fritts 1976). This model v&gnificant for less than
fifty percents of tree-ring series analysed in gtigdy. However, this model
was one of the best-fit models only for twenty-fipercents of the series
(Fig. 1.2). One of possible reasons could be thapbag of wood cores at
breast height. In this way, tree-ring series doinolude a few of the first
tree-rings, but for later years of growth decreigseot so strong. Another
reason could be related with environmental fadfdiseese are stronger than
age-related factors. For this case, other modelbetter.

Power function fit the age-related growth incremsmmewhat better
than negative exponential function (Kuusela, Kilki963). Power model
was one of the best-fitted models only for less tlvgenty percent of series.
However, this model was significant for ~90% ofisel(Fig. 1.2).

Power model can be used for characterization ofrelggéed trend,
and it is better-fitted than negative exponentiadei for trees of forest
stands where mortality rate of trees is not lineaer time (Cook 1985).
Age structure of some 200 years old Scots pinestsria Latvia is not even,
and regeneration is intensive within short peridtisssibly, age structure is
formed as a result of changing mortality rate afBelis et al. 2005).
Therefore, for many of trees in unmanaged foréséspower model can be
expected.

Generalised exponential function is theoreticallgrencomplicated
than negative exponential model, and can fit tanaoial growth trend.
Therefore, this function can be used for modellgigturbance pulses

16



(Warren 1980), and it can characterize the juveimlerease of radial
growth and later exponential decrease, which iscéygfor closed stands
(Cook et al. 1990). This model was one of the bB#sd models for one
third of the tree-ring series (Fig. 1.2). Howevgeneralised exponential
model was not significant for most of the tree-risgries. Possibly, it
cannot fit to a series without suppression-releasats in tree-rings.

If growth trend does not have exponential decrgémsese at growth
start, linear and hyperbolic functions are besgditto tree-ring series. Both
models are best-fitted for slightly more than ohedt of analysed series
(Fig. 1.2). In most cases, these models have latgerease within the late
growth period than negative exponential and powedets (Table 1.2).
Possibly, such decrease is related to long-termatieg environmental
factors.

Negative exponential and power models possiblyagmopriate for
fitting of an age-related growth trend. If diffeteanvironmental factors are
dominated, other models are best-fitted.

Most of the best-fitted models in this study cobkl linearized by
logarithmical transformation. Possibly, tree-ringdtlis are distributed
rather lognormally then normally. Therefore, treegrwidth data can be
logarithmically transformed before the use of paetaiia methods.

1.2.5. Differences between tree-ring widths

Differences between tree-ring widths predicted witbviously fitted
models were calculated. Tree-rings with 60 yeatsrwal for each model
were used. Absolute values of differences wereggdlby model type, and
percentiles for each group were calculated (Taldg 1

Largest differences were betweehahd 60, smallest — between 31
and 90 tree-rings for all model groups. However, perdestof differences
considerably differed between the model groupsgéstrabsolute values of
differences between™land 68 predicted tree-ring widths were found for
negative exponential and power models. Howeverekirgalues between
21 — 80" and 3% — 90" tree-ring widths were for hyperbolic and
generalised exponential models (Table 1.2).

By using parametric test, these values were cordpaith minimum
detectable differences (Table 1.1). For more thahdf all model groups,
differences between®t- 60" and 11"— 70" predicted values were larger

17

than minimum detectable differences at significateal «= 0.05 and
sample sizae = 20.

Table 1.2

Percentiles of absolute values of differences betwéwo predicted
untransformed and logarithmically transformed tieg- widths () of

different yearss = [wy, — W, | for four model types.
Only best modelsA|C - AICi, < 2) were used.

o (mm) log (9)

t; to 25% 50% 75% 25% 50% 75%
Negative exponential models € 519)

1. 60. 1.71 2.73 4.28 0.93 1.27 1.64

11. 70. 0.44 0.84 1.32 0.31 0.57 0.89

21. 80. 0.07 0.29 0.62 0.06 0.23 0.54

31. 90. 0.01 0.10 0.32 0.01 0.08 0.30
Power modelsn(= 376)

1. 60. 1.14 2.11 3.67 0.71 1.12 1.56

11. 70. 0.42 0.67 1.01 0.32 0.51 0.71

21. 80. 0.28 0.44 0.63 0.23 0.37 0.51

31. 90. 0.21 0.32 0.46 0.19 0.29 0.41
Hyperbolic modelsr(= 554)

1. 60. 1.01 1.74 3.04 0.66 1.09 1.60

11. 70. 0.78 1.16 1.61 0.60 0.92 1.22

21. 80. 0.60 0.84 111 0.56 0.80 1.00

31. 90. 0.46 0.62 0.83 0.52 0.70 0.85
Generalised exponential modets< 782)

1. 60. 0.73 1.49 2.82 0.73 1.49 2.82

11. 70. 0.51 0.98 1.66 0.51 0.98 1.66

21. 80. 0.42 0.83 1.35 0.42 0.83 1.35

31. 90. 0.37 0.75 1.28 0.37 0.75 1.28

For more than half of the negative exponential podier models
differences between 31and 88 predicted values were smaller than

18



minimum detectable differences. Differences betw@&hand 9¢' values
were smaller for more than one fourth of both maptelups.

Age-related exponential decrease is larger at tdm¢ af tree growth
(Fritts 1976; Cook 1990), and it can explain ladiféerences betweer’':-
60" and 11" — 70" predicted values. However, for hyperbolic and
generalised exponential models, difference is large later. Possibly, it
depends from other factors.

In most cases, differences betweer’ 21 80" and 31 - 9@
predicted values for negative exponential and pawedels were smaller
than minimum detectable differences. These model® vassociated with
age-related factors rather than other. In mosts;akterences could not be
parametrically assessed between tree-ring widthmain factor was tree
age after 28 tree-ring, from wood cores obtained at breast Hieitf
differences were significant for many years in ®$stn, we can assume
that tree growth was affected by non-age-relatectofa. Therefore,
sufficiently old Scots pine trees can be used favirenmental factor
assessment.

1.2.6. Data transformation and smoothing

Data can be logarithmically transformed, if tremgriwidths are
lognormally  distributed. Logarithmic transformatiorreduced the
relationship between mean and standard deviatidneefring width data.
However, in case of presence of small values, hagakew of probability
distribution can be formed (Cook et al. 1990). Qriepossible ways of
variance stabilization is the adding of a small stant before the
logarithmic transformation (Cook, Peters 1997).

Mean and standard deviation was calculated usirigugsmoothing
methods and untransformed or logarithmically tramsed data.
Calculation was applied for each tree-ring serie650sampling sites, and
mean relative cumulative additional annual increimesing tree-ring
widths of years from 1955 to 1984 was estimatedcHaracterize mean-to-
standard deviation relationship, Pearson correlatimefficient for each of
sampling site was calculated.

For untransformed data with or without smoothirgationship was
relatively high — = 045... 062. In case of logarithmically transformed
data, negative relationship was observed=—-041...— 038. However,
absolute values of correlation coefficient were édowBy adding constant
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r=-041..— 038 before logarithmical transformation, the lowest
relationship was observed. Therefore, logarithmtcahsformation before
parametric analysis, possibly with adding a smadhstant can be
recommended. In this way, the specific constant vdwest mean-to-
standard deviation relationship for each sample sén be obtained. If
limits of constant from null to two were assumedam value of those was
0.8 and median — 0.5.

1.2.7. Relative additional annual increment

Relative additional annual increment was calculaisthg control
period from 1955 to 1965 for each of 65 samplessitith at least 10 trees.
Three methods of data transformation as well as foathods of data
smoothing were used. Totally, 12 variants werestest

Depending of data transformation method, mean numibgears per
sample site with significant mean relative addiélbannual increment was
from 10.4 to 11.4 (Table 1.3).

If data smoothing was not used, mean number ofsyaas the
highest. In this case, however, mean number ofsypar sample site with
significant mean relative additional annual incretmend low power of the
test (1< 0.9) was also highest. It was lowest if cubimsthing spline
was used. Moreover, the mean number of years vaighh power of the
test (14> 0.9) was highest (Table 1.3d, e). Power of thelesveen two
variants — using appropriate data smoothing metrodot using for each
year with significant mean relative additional aahincrement in both
cases was compared. By using cubic-smoothing spiiee highest mean
number of years was observed (Table 1.3h, i).

If variants with adding the constant before lodamic transformation
and not adding were compared, the highest mean emwobyears with
highest power of the test was observed in casalyhpmial smoothing was
used or smoothing was not applied (Table 1.3f, g).

If constantc = 0.5 rather then estimated constant was addetkr be
results in terms of power of the test was obtaiffeble 1.3f, g). Possibly,
each sample site included groups of tree-ring sexi¢gh various mean-to-
standard deviation relationships (Cook et al. 1980y it diminished the
effect of constant adding.

So, adding of constant before logarithmic transadgron for the
calculation of mean relative additional annual @ment can be preferred if
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data smoothing is not applied or polynomial smowhis used. Possibly,
site-specific data transformation methods can lesl.uslowever, selection
of the method must be supported in this case fdoh lbeean-to-standard
deviation relationship and analysis of test power.

Table 1.3

Mean number of years per plot with significarp <(0.05) relative
additional annual increment.

a — data smoothing type (Log — logarithmically sfammed without smoothing,
Poly — logarithmically transformed with polynomiamoothing, Spline (11),
Spline (20) — logarithmically transformed cubic-stling spline with filter
length 11 and 20 years); b — value of constant,edddefore logarithmic

transformation (x — estimated constant with loweramto-standard deviation

relationships); ¢ — years with significant relatiadditional annual increment;
d — years with test power > 0.9; e — years with test power3l< 0.9; f, g —

years with higher (f) or lower (g) test power wittonstant added before

logarithmic transformation; h, i — years with high{@) or lower (i) test power
using data smoothing methods.

a b C d e f g h [

c=0 11.3 4.8 6.6
114 4.9 6.5 4.4 3.1
C=X 11.4 4.9 6.5 4.0 3.4

c=0 10.4 4.4 6.0 3.8 3.3
10.5 4.3 6.2 3.7 3.1 3.5 3.6
C=X 10.5 4.3 6.2 3.3 3.4 3.6 3.7

Log
o
1
o
ul

Poly
o
1
o
ul

€4 c=0 110 51 59 43 34
&< c=05 109 51 58 28 43 40 36

c=x 107 50 58 22 48 39 38
€5 ¢c=0 110 55 55 42 33
&S c=05 109 53 55 22 49 40 34

C=X 10.7 5.2 5.6 1.9 5.5 3.8 3.4
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Figure 1.3. Mean relative additional annual incremén sample plot
"6G07" near Batte using logarithmically transformed data afteringda
constant ¢=0.5 with polynomial smoothing. Sigrafit (< 0.05)
additional increment is shown with thick lines.
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Figure 1.4. Mean relative additional annual incremé sample plot
"6G07" near Batte using cubic-smoothing spline with 11 year filiemgth
and logarithmical transformation. Significantp < 0.05) additional
increment is shown with thick lines.

In terms of power of the test, cubic-smoothing replis advisable
compared to other smoothing methods. However, metkbtection possibly
must be based on properties of the analysed fdetorlong-term factors,
smoothing methods with longer filter length canrbeommended. Short-
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term factors can be possibly found only in casesnbothing methods with
shorter filter are used or smoothing is not appliéccan be suitable for
more accurate detection of start or end year @gbfanfluence.

With polynomial smoothing the mean relative additib annual
increment for sample site "6G07" was calculated.(Bi.3). Time period
between 1979 and 1986 with significant negativeednment was found.
Significant negative increment, calculated usindpicismoothing spline
with 11-year filter length, ended at 1984 (Fig.)1.80, time of factor
influence can be detected more accurately with tehdfilter length.
However, power of the test was relatively low foistsite, and it is possible
that age-related and short-term climatic factoreeveketerminative.

1.2.8. Redlative cumulative additional annual increment

Mean cumulative relative additional annual incremeas calculated
using the same control period and sample sitesrasafculation of relative
additional annual increment. It shows accumulatexteiment for 10-year
retrospective period.

06 ool A LS H— T
04 |

0.2 oo R I S

0107 L o e oo oo o mim & mimimi i mioym e o i o i i o mim s i IR~ PP L.

02 ... : T — S oy S i —

Cumulative relative additional annual increment

-04 _|

1965 1970 1975 1980 1985 1990 1995
Gadi/ Years

Figure 1.5. Mean relative cumulative additional @adrincrement in sample
plot "6G07" near Baie calculated using cubic-smoothing spline with 11-
year filter length and logarithmical transformatidignificant p < 0.05)
additional increment is shown with thick lines.
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Figure 1.6. Mean relative cumulative additional @adrincrement in sample
plot "6G07" near Baite calculated using cubic-smoothing spline with 11-
year filter length and logarithmical transformatid@ignificant (p< 0.05)
additional increment is shown with thick lines.

Mean number of years per sample site with signiticaean relative
cumulative additional annual increment was fromtd.®.1. Power of test
was lower when using constant adding before |dgaiit transformation
compared with using simple logarithmic transformatitherefore the later
is more applicable. Ten-year retrospective permddmparatively long;
therefore the selection of data smoothing methasbiso important.

In case of short-term or weak factors, significamtéan relative
cumulative additional annual increment is rarelyseived (Fig. 1.5).
Regular significant value of increment was obserely in case of strong
and permanent factors (Fig. 1.6). Short-term clienédctors were almost
non-essential. Therefore this method can be usedrtain detection of any
factor.

1.2.9. Characterization of growth changes

For 40 sample sites selected across territory ofidavith last year
of growth 1995 or later, a number of years withgigant mean relative
cumulative additional annual increment was caledator time periods
from 1975 to 1984 (Fig. 1.7) and from 1985 to 1954. 1.8).

In most of the sample sites, negative mean relativenulative
additional annual increment was found (31 sitebefirst time period, and
33 — at second). Only in few sites it was positf9eand 7 accordingly).
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However, negative significant increment was foumd4 sample sites at the
first time period, and 17 — at second. Positivenificant increment was
found only in one site at both time periods. MomEovpermanent
significant increment (more than five years withen year period) was
found only in five at first and in ten sample sitssecond time period.
Therefore, it can be concluded that long-last §icgnit mean relative
cumulative additional annual increment can be founelatively
infrequently. If permanent significant incrementfaind in many sample
sites within certain territory, conclusion abou¢sgnce of strong factor can
be assumed.

Such analysis can help to locate territory withgtae influence of
permanent and strong factor. However, the assurmptio the character of
factor cannot be performed. In this case, largéesstudies using more
sample plots within particular territory must bergad out.

Permanent significant negative increment was foimndample site
"8D35" near Ezere in both time periods. In thig sibfluence of industrial
pollution of Mazeikiai oil refinery has been foumdth other methods —
bioindication (Magone u.c. 1992) and chemical asialy(Nikodemus,
Bramelis 1998). Possibly, the decrease of tree gravah also related to
pollution.

To assume the possible influence of Skrunda RachAdilon Station
(SRL) on tree growth, large-scale studies have hmmformed. Possible
influence of electromagnetic radiation of SRL onrlg organisms has been
shown with several methods (Balode 1996; Detla. €it996; Kolodynski,
Kolodynska 1996; Magone 1996; Selga, Selga 199@s dssumption was
confirmed also with studies of tree growth incretm@alodis et al. 1996).

Significant negative mean relative cumulative addal annual
increment was found in 20 of 24 sample sites imitic of Skrunda town.
Long-lasting (more than five years) significant atdge increment was
found in 17 sample sites. This proportion was sulislly larger than in
other sample sites selected across the territoryatvia and indicate
possible influence of certain factor.

Significant negative increment was found in alleeplots affected
by strong electromagnetic radiation and possibindicates the impact of
Skrunda Radiolocation Station.
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Figure 1.7. Number of years with significapt<{0.05) mean relative cumulative additional incretngithin
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2. Conclusions

1. A new method for the detection of missing arlsfaree-rings was
developed. Although this method is not sufficierglective for the direct
correction of tree-ring series, it can significgrithprove the visual location
of misdating rings.

2. The best-fitted models for Scots pine tree-indth series were
generalised exponential, negative exponential, pmder models. These
models can be linearized with logarithmical transfation, therefore
logarithmic transformation should be applied beftire use of parametric
methods.

3. By logarithmic transformation, decrease of maaetandard
deviation relationship of tree-ring width seriesnche achieved. Even
greater decrease is achieved if a small constaradded before the
transformation.

4. After 30 years, age-related factors become mifgignt for Scots
pine trees. Therefore, persistent significant gesvth changes indicate the
presence of non age-related factors.

5. Test power for calculation of mean relative &ddal annual
increment was highest when cubic-smoothing splirgs wsed; however
method selection possibly must be based also oprtigerties of analysed
factor.

6. Relative cumulative additional increment is thest tool for the
evaluation of the influence of strong and permar&etbrs. The highest test
power can be achieved with use of cubic-smoothiriges.

7. If polynomial smoothing was used or smoothing wat applied,
higher test power was obtained by adding a condiefdgre logarithmic
transformation. In case of cubic-smoothing splitiee use of simple
logarithmic transformation is recommended.

8. If permanent significant increment is found @veral sample sites
within a certain territory, conclusion about presenf strong factor can be
assumed.

9. Permanent significant mean relative cumulatigditeonal annual
increment was characteristic in most of the sarsjpés near Skrunda town,
for data series after year 1975. It indicates tifeiénce of strong factor;
possibly it is impact of electromagnetic radiatiemitted by Skrunda
radiolocation station.
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