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INTRODUCTION

Actuality, The climate of the Earth is under increasing pressure of anthropogenic
activities and likely to provoke the climate warming ang forest decline (Lamb, 1995; Masena,
1998). Stability and resistance of the ccosystem is decreasing. Research of the impact of
changing climate on forest ecosystems has acquired importance (Yoo, Wright, 2000). For the
analysis of climate changes, a dendrochronological research could be used (Cherubini, 2000;
Roig ¢t al., 2001). Forest decline in industrial and urbanised regions is also connected to
Human’s activity - air pollution, Research of the impact of environmental changes on plants
became imporant (Banks, 1992; Lovelius, 1997; Yoo, Wright, 2000; Jlosennyc, 1980). Tree
rings during the growing season accumulates the information about the state of the
environment and are excellent indicators of environmental conditions and changes. The
obtained information could also be used for environmental prognosis (Briker, 1992; Eckstein,
1989; Schweingruber, 1993; Stravinskiené, 1997, 2000; Yoo, Wright, 2000; Butenrckac,
1974, 1984a, 19846; Butaunckac 1 ap., 1975; Komunu, Yepunix, 1977 etc.).

According to the data of the National forest inventory of the 1st January 2001, the
stands of Norway spruce (Picea abies (L.) Karsten) occupy 23.1% of the forest area in
Lithuania (Kulie$is, Rutkauskas, Butkus, 2001). The main part of the dendrochronological
research carried out in Lithuania was concentrated on Scots pine (Bntsunckac, 1974 ewc.),
although the radial increment of sprce is more sensitive (o the changes of environment than
Scots pine is (Stravinskiené, 2002).

Due (o a surface toot system of the Norway spruce, windfalls are frequent in wet soils.
Spruce prefers stable moisture of the sojl and is an excellent indicator of droughts. Hurricane
winds in the last decade of the XX century and more often unusual droughts in Lithuapia,
according to the opinion of scientists could attribute to climale change. Therefore, the
significance of an ecological research on Norway spruce increases even more (Ozolingius,
1998).

Trees, growing on dry forest sites are more sengsitive to climate factors and more
valuable in dendroclimatologica) rescarch (Frilts, 1987; Stokes, Smiley, 1968 etc.). The
results of the Forest monitoring of Lithuania shows, that the biggest probabilicy of the
invasion of pests is also on dry stands of spruce, especially after droughty periods (Karazija,
1997), e.g., due to a catastrophic manifestation of bark beetle {Ips fypographus 1) 3.3% of
spruce stands (18.3-18.6% of mature stands) were cut during 1993-1996 (Ozolin&ius, 1998).
Therefore, (he biggest part of research plots on dry forest sites of Norway spruce during this
work were selected.

Hypothesis. Using the network from fifty-four reseacch plots of Norway spruce,
applying multivariate regression and pointer years analysis is possible to evauate
exhaustively the impact of climate factors on the radial increment of spruce.

Aim of the work. The aim of the work is a dendroclimatological research of Norway
spruce, growing an dry forest sites in Lithuania and the construction of masterchronologies on
radial increment.

Goals of the work. For the purpose of research, goals werc solved: 1) Selection of the
research plots in Lithuania and collecting of samples during lhe field work; 2) To measure
trec ring widths by using a LINTAB measuring table and TSAP program installed on PC; 3)
To construct local chronologies for each research plot and masterchranologies for dry sites of
Norway spruce in Lithuania; 4) Using data of precipitation and air temperature of
meteoralogical stations in Lithuania to carry out the dendroclimatological analysis of spruce
radial increment serjes: (o calculate the coelficients of multivariate regression — a response
function and 10 detect the pointer years of the radial increment of Norway spruce.



Novelty and originality. A network of 54 research plots (1598 wrees) of Norway
sprucc covering the all territory of Lithuania wes compiled for the first time. Modem
computer programs, corresponding (o the internalional dendrochronology research standards,
were used during the data’s analysis. Using modern methods, scries of the radial inerement
from individual trec were indexed separately and local chronologies were constnucted as
biweight robust means (Cook, Shiyatov, Mazepa, 1990; Riiters. 1990).

Only the annual radial increment was used during the dendroclimatological research
until now. Lalewood and earlywood widths of the radial increment also were used during this
research.

Results of dendroclimatological research, carried out in Eusope and Lithuania shows
that the link coefficients between the radial increment and climate factors are weak and often
insignificant {Schweingruber, 1983). Therefore, not only the coefficients of the multivariate
regression between the radial increment and climate factors were caleulated, but also the
pointer years of the radial increment were detected,

During the statistical treatment — a calculation of the impact of climate factors on the
radiat increment, a recenl method of multivariate regression techniques was adapted.
Response function betler expresses the ronlinear interactions among climate factors and sadial
increment than simple correlation coefficients and climinales autocorrelation between the
series of climalc factors (Briffa, Cook, 1990).

Masterchronologies of the annual radial increment (including latewood and
earlywood) for Norway spruce growing on dry forest types (Piceetun vaccinio-myriillosum,
Piceetum hepatico-oxalidosum) were constructed. They could be uscd in dendrochronology,
forestry, ecology. environmental sciences and other studics in Litbuania and abroad.

During the dendrochronological rescarch, a GPS lechnique was used for the first time
in Lithuania. Precise geographical coordinates for cach rescarch plot were established.

Structure and extent. The work consists of preface, review of lilerature, research
objects and methods, results, conclusions, literature of 214 titles, publications,
acknowledgements and appendices. The work is illustrated with 20 tables and 74 figures.

CONTENTS OF THE WORK

CHAPTER 1. REVIEW OF LITERATURE.

1.1. Review of Lithusnian climate. Climate conditions in Lithuania are surveyed.

1.2. Climatic regions of Lithuania. History of the division of climate into regions in
Lithuanja during the XX century is shortly deseribed. Climate regions distinguished by K.
Kausyla in 1981 arc presented.

1.3. Extreme climatic conditions. Extreme climatic conditions fimiting the radial
increment of trees are surveyed,

1.3.1. Droughts. The formation and jmpact of spring and summer droughis is
discussed.

1.3.2. Cold winters. The formation and impact of winter colds is discussed.

1.3.3. Humricane winds. The formation and impacl of hurricane winds is
discussed.

4. Climatic_chonges: rcasons and “‘preenhouse cffect”. The climatic changes in
Lithuania from the end of the ‘Little’ ice age until the XX ccntury is presented. The frequency
and recurrence of exireme climatic conditions in respect to climatic changes is analysed.
Factors influencing long-term climatic changes and causes of the greenhouse effect are
prescnted.

1.5. Lithuanian spruce forests.

1.5.1. Review of spruce forests in Lithuanin. The review of Norway spruce

(Piceu ebies (L.) Karsten) stands in Lithuania is presented. According Lo scientist’s opinions,
spruce stands in Lithuania cormespond to the general climalic conditioas of our counury and in
the physically-geographically are the most important (Basalykas, 1958). .

1.5.2. Historical dynamic of spruce forests area. Distribution of spruce in
forests of Lithuania during the Holoeene is shortly presented.

1.5.3. Geopgraphical distribution of spruce foresis. The geographica)
distribution of the forests with predominant Norway spruce in regions of Lithuania is shortly
surveyed,

{.5.4. Forest_types of spruce forests in Lithuania. Forest types of stands of
Norway spruce ar¢ refereed too.
L.6. Historical review of the dendrochronological research.
1.6.1. Development of dendrochronological research. History of
dendrochronology all over the world from the first observations in the XV-XVI centurics and
the formation of dendrochronology in the XX cenlury are reviewed.

1.6.2. Dendrochronological and dendroclimatological research in Europe,

Resulls of a dendrochronological and dendraclimatological research carried out in Europe are

presented.

1.6.3. Dendrochronological and dendroclimatological rescarch in Lithvania,
The main rescarch conducted an Lree tings in Lithuania is prescnited here.

1.6.4. Dendroclimatological rescarch of Norway spruce in Eithuania.
Dendroclimalologica) rescarch carried out on Norway spruce in Lithuania is presented. The
main results of the previous research on the link between bee ring widths of spruce and
climate conditions are briefly discussed. ’

CHAPTER 2. RESEARCH OBJECTS AND METHODS.

2.1. Research objects, methods of field and camcral research, Fifty-four rescarch plots
were selecied in mature stands of Norway spruce in Lithuania. The main part of research plols
(34) represents dry forest Lypes. By using ‘Svunto’ increment borer, samples were (aken al
breast height, one sample from one tree. In each rescarch plot 20-30 trees were bored. By
using a GPS device MAGELLAN 315, geographical coordinates for each rescarch plot were
established. Tree ring widths (earlywood and latewood scparately) were measured by using a
LINTAB Lrec-ring measuring table with a TSAP 3.14 computer program wilhin the accuracy
ol 0.01mm.

2.2. Dating_qualily control, indexation of radial increment_s¢ries and constructing of
chronologies. Dating quality control was performed by using the COFECHA 3.00P program.
Tree ring series of asynchronous growth or with possiblc dating problems were eliminated
from the next stages of the cesearch. Bach tree ring series obtained from an individual tree was
indexed scparately. Indexing was carried out in two stages (Holmes, 19%4), By using a
negative exponential curve and linear regression and after applying the spline function the age
curve was removed. The program CHRONOL from the ITRDB Program Library compiled in
the University of Arizona by R.L. Holmes was wsed. Local chronologies for each reseurch
plot were constructed as biweight robust means (Cook, Shiyatov, Mazepa, 1990; Riitters,
1990). The nine longest Jocal chronologies were submitted o the International Tree Ring Data
Bank.

2.3, Principles of constrecting master chronologies. During the research, two master
chronologies for spruce of dry foresl types (Piceelum vacciniv-myrtiliosum and Piceetum
hepatico-oxalidosum) for the first ttime in Lithuania were constructed (forest types were
eslablished using the (ypology of prof. S. Karazija). During the construction of
masterchronologics, local chronologies were dated using the COFECHA program and




masterchronologies that were constructed as robust means, The latewood, earlywood and
annual radial increment are presented in masterchronologies.

2.4. Research methods of response function — the impact of climatic factors (air
temperature and precipitation) on the radial increment of Norway spruce. For the modelling of
tree growth and climatic factors (air temperature and precipitation) the modern method ~
multivariate regression techniques ~ response function was used (Cook, Jacoby, 1977; Fritts,
1987, 1991; Semre-Bachel, Tessier, 1990). Calculations using data of the average month air
lemperatures and the monthly amount of precipitation from the October of the previous year to
the current September in the period of 1930-1994 were carried out. Calculations were carried
out using the PRECON 5,17B compuler program (hat was developed in the University of
Arizons by H.C. Fritts in 1999. Local chronologies of thirty-one research plots of dry sites and
fourteen of wet were used in the analysis. Climatic data for each research plot from the nearest
meteorological station was selected. Discussing geographical peculiarities of the impact of
climate in chapters 3.2, 3.3 and 3.6 eight regions were distingvished: Scaside, Hills of
Zemaitjja, Central, Southwest, South, East, North and Northeast.

2.5 Research mcthods of the radial increment of pointer years. Poinler years of the
radial increment were accepted if the increment increased or decreased by 75% or more trees.
Indexed series of an individual tree were used. Pointer years were estimated also for the
latewood and earlywood radia) increment. For the interpretation of pointer years, monthly
average air temperature and the amount of precipitation and hydrothermal indicator, proposed
by T. Bilvinskas (formula 1) (BuTauuckac, 1965, 1974) were used.

u
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H, — hydrothermal indicator, 4 — average air lemperature in the respective period
(month, year, hydrological year etc.) and k,— amount of precipitation during the same period.

2.6. Research methods of Norway spruce seasonzl radial increment. Research on the
seasonal radial increment has been carrying out in the Auk3taitija National Park since 1976.
By using, the method of steel tape (Schweingruber, 1993) the radial increment of three
Norway spruce trees was investigated (Karpavidius, Vitas, 2000). The formation of the
seasonal increment of Norway spruce and links with climatic factors (i.e. air temperature and
precipitation) during 1995-1998 was analysed (Karpavidius, Vitas, 2000).

2.7. Research methods of links beiween hydrothermal indicators, Solar activity, and
climatic factors with the radial increment of Norway spruce in differem periods. Several
hydrothermal indicators as proposed by T. Bitvinskas (Butaunckac, 1965, 1974) were used
and they are as follows: the yearly average air temperature and the amount of precipitation;
the hydrological year's (September-August) average temperature and precipitation; the
hydrothermal indicator (ButuacKac, 1965, 1974, 1984a) of a year, the hydrological year and
the vegetation season (May-August). Calculations of correlation coefficienls using the longest
local chronologies {rom eight research plots during the XX century have been performed. For
this research of the link between Solar activity and the radial increment of spruce, coefficients
of correlation and the similarity (gleichldufigkeit) between the masterchronologies and Solar
activity (i.e. Volf values) were counted in the period between 1893-1999. For the purpose of
this research of climatic factors, limiting the increment of spruce in separate periods of the
XX century (1900-1920, 1921-1940, 1941-1960, 1961-1980 and 1981-1995) were vsed cight
longest local chronologies. Correlation cocfficicnts were counted from the October of the
previous ycar to September of the current year,

CHAPTER 3. RESULTS.

3.1 Mastecchronologies of Norway spruce. For the masterchronology of Norway
spruce in Piceetum vaccinio-myrtillosum forest type 18 lacal chronologies (464 trees) and
Piceetum hepatico-oxalidosum — 13 chronologics (354 trees) were used (Fig. ). The time
span of chronologies covered by ten or more trees is 132 years (1868-1999) and 106 years
(1894-1999), respectively. A similarity between two masterchronologies is 71.3-81.4 and
correlation cocfficients are +0.78 - +0.89. A weak link between the maslerchronologies and
the Solar activily was discovered: correlation coefficients are +0.04 - +0.12 and the
coefficients of similarity - 52.4-61.4.

| ---- latewood earlywood annual |
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Flg.1. Masterchronology of Norway spruce in Piceetum vaccinio-myrtillosunt forest type

3.2 Results of multivariate regression-response function between climatic factors and
Norway spruce radial increment.

3.2.1. Link between the latewood radial increment, air temperature and
precipitation. The latewood radial increment of spruce is weakly impacted by the air
temperature during the end of the previous year and winter of the current year. The positive
impact of air temperatures in spring (April and May) is significant and of summer (July and
Augus() inverse. Impact of precipitation is different: negative link with precipitation in
previous Oclober, Sanuary was found and positive significant impact of precipitation is of
May and July.

3.2.2. Link between the earlywood radial increment, air temperature and
precipitation. Positive links predominate between the earlywood radial increment and air
teraperature. Negative link only with June temperature was established. The positive
significant impact is of (he air temperatuce in April. Direct impact of the precipitation in May
and June were discovered.

3.2.3. Link belween the annual radial increment, air temperature and
precipilation. Links between the anaual radial increment of Norway spruce and the air
temperatuce is similar to the links with earlywood. The main differences on dry forest sites are
as follows: bigger positive influence in May, negative in August and more positive in
Seplember. Links between the annual radial increment of spruce and the precipitation is
similar to the links with earlywood.

3.3, Pointer vears of the radial increment.

3.3.1. Pointer vears of the cadia) increment of Norway_spruce on dry forest
sites. Negalive and positive pointer years of the radial increment of spruce are presented in
this chapter. The main negative pointer years were established in 1941, £954, 1979, 1980,




1992 and 1993 and 1he positive in 1946, (962 and 1974, Uging the climatic data from the
Vilnius Meteorological Station was established thal the ncgalive poinier years were provoked
by dry or cool springs and by dry and hot summers. Positive pointer years were induced by
humid summers and warm springs. By using the number of trees with increascd or decrcased
increments and histograms of the radial increment, the negative pointer years of Jatewood
increment could be placed in significant decreasing order: 1992, 1980, 1941 and 1954. The
order of pointer years of the earlywood increment is diferent: (944, 1992, 1979, 1980, 1954
and 1993. The order of pointers years of the annual radial increment is similar to that of the
carlywood: 1941, 1992, 1979, 1980, 1993, 1954, 1971 nnd 195S. Posilive pointer years of the
latewood radial increment were not detected. The decreasing order of the significance of
poinier years in earlywood and the annual radial increment are: 1974, 1962 and 1946,

3.3.2. Pointer years of the radial incremenl of Norway spruce on wet forest
sites. The main negative pointer years were in 1941, 1954, 1979, 1980, 1992 and 1993, and
the positive in 1905, 1950, (962, 1983 and 1997. Negative pointer years were caused by dry
and cold springs and by dry and hot summers. Positive pointer years of the annual radial
increment on wet forest Rites were provoked not by humid summers as in dry forest sites, but
by warmer than normal winlers and springs. The negalive pointer years of Jatcwood increment
in significant decreasing order are:; 1992; 1980, 1941 and 1940. The number and order of
pointer years of the carlywood increment is different: 1941, 1980, 1992, (979, 1953 and
1954, The order of pointers years of the annual radial increment is similar to that of the
earlywood: 1041, 1980, 1992, 1979, 1954 and 1993. The positive pointer year of the latewood
radial inerement was in 1997, The decreasing order of significance of the pointer years of
catlywood is: 1997, 1983, 1962, 1905 and 1950 and the annual radial increment: 1997, 1983,
1950, 1962 and 1905.

3.3.3. Geographical analysis of pointer years. When performing the analysis of
the peographical distribution of the pointer years, the monthly data of temperatvres,
precipitation and the hydrothermal indicators were uscd.

Negative pointer for 1941 is peculiar on dry and wet forest sites. A decrease of the
Jatewood incremenl was less significant in Western and Southern Lithuania. A decrease of the
earlywood was strongest and involved a larger territory. This could be connecled to the
rainfal! differences in the mentioned regions. An assuroption that the pointer year was caused
by cold winter also should not be denied.

Positive pointer in 1946 was ascertained on dry and wet forest sites. The blggest
increase of the increment was in the Eastern, Western and Southern regions. A positive
influence on the radial increment was from a warm spring and a wet summer,

The posilive pointer in 1950 was detected on wet forest sites. The largest increase was
in Western and Northern Lithuania. A positive Influence was from a warm May, but due to a
dry summer, posilive pointer year were nol registered on dry forest siles.

Negative pointers in 1954 and 1955 were on dry and wet forest sites. A decrease on
wet forest Ritcs in 1954 was more significant than on the dry forest sites, A very cold winter
and spring in 1954 provoked pointer year. The pointer year for 1955 on wet sites is not
significant. A cool April and a dry summer induced the pointer year. The long lasting cffect of
a cold winter in 1954 also could have helped (o interpret the pointer for 1955.

The negative pointer for 1956 was peculiar only on wet forest sites and was not
significant in Eastern Lithuania, An explanation of poin(er year: very cold March, cool April,
cool and wet summer.

A positive pointer for 1962 was discovered on dry and wel forest sites — the most
significant in Southern and Southeast regions. This pointer year is caused by a high amount of
precipitation in May-June.

A ncgative pointer for 1971 was observed on dry foresl sites. A dry spring and
summer influenced negatively. Where the amount of precipitation was bigger (South and
Southeast regions) the pointer year was less significant.

A posilive pointer for 1974 was detected on dry forest siles. The biggest incrcase of
the radial increment was in Southeast, South and East regions. A wet summer affected
positively.

Negative pointers for 1979 and 1980 were discovered on dry and wet forest sites. The
dry summers of 1979 and 1980 influenced it negatively. A slightest decrease of the increment
was observed in Western Lithuania. This could be altributed (o a larger amount of
precipitation and milder winter conditions.

A positive pointer in 1983 was detected on wet forest sites. The radial increment was
stimulated by a warm May. The summer was dry.

A negaltive pointer in 1992 was observed on dry and wet forest sites. A decrease of the
increment was significant in all territory of Lithuania. The strongest ncgalive influcnce was
from an extreme summer drought.

A negative polnter for 1993 was on dry and wet forest sites. A significant decrease of
the radial increment on wel forest sites is peculiar to all regions. A less significant decrease on
dry forest sites was at the Baltic Seaside and in the Northeast regions. The extreme drought of
1992 and the dry spring of 1993 affected it negatively. Becuuse of the bigger amount of
precipitation in the Westem regions, Felt during the previous 1992 autumn, a decrease of the
increment in 1993 was only slight.

A negalive pointer in 1994 was regislered on dry forest sites. The strongest decrease
detected was from the Jatewaod increment, A dry and extremely hot summer influenced it
negatively.

3.4. Links between hydrothermal indicators, climatic factors and Norway
spruce radial increment in different periods. The correlation cocfficients between the radial
increment of spruce and hydrothermal indicators are presented here, The essential differences
between latewood, eaclywood and annual increment were nol established. Positive links were
established with the precipilation and the sir temperatuse of (he year and the hydrological
year. The links with hydrothermal indicators of the year and the hydrological year are
insignificant. Corrclation coefficients with hydrotherma) indicator of the vegelalion period
(May-August) are ncgative and significant (p<0.05, p<0.01). The link with the hydrological
year indicators is slighter comparing with lhe year indicators. During the analysis, the
essential diffcrences between dry and wel forest siles werc not observed.

During the analysis of the links between the radial increment and climatic factors in
separate periods, it was found that the biggesl individuality distinguishes latewood increment.
Corrclation coefficients belween (he radial increment of Norway spruce and the monthly
amount of precipitation and the average air lemperature in separate periods during the XX
century, showed the biggest differences in Jinks with Lhe air temperature.

The last period from 1981-1995 was distinguished by the biggest peculiaritics of (he
links. Negative coefficients with air temperalure increased, positive impact from a warm
spring decrcused, negalive impact from high summer temperatures on wet forest sites
appeared and positive influcnce from the summer precipitation was found.

This indicates changes of climatic conditions at the end of the XX century, which
played a significant negative role to the flourishing of Norway spruce (Picea abies (L.)
Karsten) in Lithuania.

3.5. Rescarch of Norway spruce's scusonal radial increment. Monthly data of the
climate for Vaignori¢ké and Utena meteorological stations are briefly presented and discussed
in the chapler. The leading feature of the climate during 1995-1998 and the vegetation season
— frequent dry and hot summers, especially in the scoond hall. Only the summer of (998 was
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wet. The radial growlh of Norway spruce during the research ycars began on 22" of April -
4™ of May and finished at the beginning of Seplember. By using correlation coefficients, the
links between the seasonal increment and climatic factors in 1995-1998 were analysed. The
air temperatures of May-June positively influenced the radial growth of spruce in 1995-1997.

However, during July-August due to a high temperature negative tinks were found.. In 1996,

the precipitation played an important role in the second half of the summer, because of high
summer temperatures and a lower amount of precipitation. In the beginning of the 1998
summes, positively influenced the precipitation, but in the secoud half of the summer (July-
August) neither the jmpact from the precipitation nor the air temperature was detected. Trecs
responded positively and quickly after the longer hot period, when the small amount of

precipitation was felt. A hot and dry second half of the summer reduced the biological

differences of the reaction to droughts and high temperature, the main limiting factor,
correlates negatively with the radial growth.

3.6. Discussion of the research’s results on Norway spruce’s radial increment. In (his
chapter, the research’s results have been analysed, summarised and discussed.

Fieldwork and further analysis were performed according to intermational methods
used in dendrochronological research, By using, 31 local chronologies (818 individual tree
ring series) two masterchronologics for dry forest sites werc constructed. Data from
masterchronologies are presented in the dissentation and could be used for practical purposes
by scientists in Lithuania and abroad. The links between masterchronologies and solar aclivity
arc insigpificant.

For the purpose of the research of links betwcen the climatic factors and the radial
increment of Norway spruce, a multivariate regression analysis ~ response function and
pointer year analysis were vsed. Monthly data of the air temperature and precipitation were
used in Ihe calculations.

Links wilh (he precipitation on dry and wel forest siles is more different than of air
temperatores. The main differences in the link between the latewood radial increment and
climate factors on dry and wet sites are as follows: 1) the significant impact of temperature in
May on dry forest sites and of April on wet; 2) More positive impact of precipilation in May-
July on dry sites; 3) Stronger negative impact of precipitation on wet sites in previous
November, August and September compacing with dry; 4) The more positive impact in May-
July on dry sites than on wet in the links between earlywood, annual radial increment and
precipitation was found (fig 2, 3).

Results of the response function are presented in respect 1o climatic regions.

Latewood.

¥ Posilive significant links with the precipitation of July on dry forest sites and positive
link with air lemperawre in Agril and inverse link with precipitation in August in
Zemaitija on wet forest sites were detected.

V" Negative links with the precipitation of previous November on dry forest sites and
positive link with the air temperature in April on wet forest sites in Soulhwest regions
were established.

¥ Negative links with the precipitation in January on wet forest sites in East regions

were found. )

Positive link with the air temperatuce in May on dry forest sites in North regions exisl.

More positive links with the air temperature in May and the precipitation in June, July

in Northeast regions on dry forest sites were detecled.

v Statistically significant links were nol established at the Seaside, South and Ceniral
arcas of Lithuania.

Earlywood.

RSN

> Positive links with the precipitation in June on dry forest sites in Baltic Seaside were
found.

> Positive links with the precipitation in June-July oo dry forest sites in Zemaitija were
established.

> Positive Jinks wilh the air tempecatuce in April and the precipitation in May-June in
Southwest region on dry forest sites exist. Positive links with the precipilation in June
on wet forest sites also exist.

» Positive links with the precipitation in June on dry forest sites in South and East
regions were discovered.

> Positive links with the air temperature in April and the precipitation in June on dry
forest sites in North regions exist. Positive links with the ajc teyuperature in April on
wet forest sites also exist.

> Sualistically significant links were not established in Northeast and Central Lithuania.
Annual increment (fig.2, fig. 3). Abbreviations of regions: Se — Seaside, Z - Hills of

Zcmaitija, C - Central Lithuania, SW - Southwest, S — South, E —~ East, N - North, NE —

Northeast. Each value in the figures rcpresents the arithmetic average counted from

response coefficients of the research’s plots in & particular region.
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Fig. 2. Cocfficients of the response function between the ring width of Norway spruce and monthly air
(cmperature (* - significance p<0.05)
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Tig. 3. Cocfficients of the response function between the ring width of Norway spruce and monlhly
amount of precipitation (* - significance p<0.05)
e Positive links wilh the precipitation in June-July on dry forest sites in Zemaitija were
detected,
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« Posilive links with the precipitation in June on dry forest sites in Central Lithuania
were discovered.

e Pasitive links with the precipitation in June on both forest siles exist. Positive links
with air (emperature in April and precipitation in May on dry forest sites in Southwest
regions also exist,

¢ Posilive links with the precipitation in Junc on dry forest sites in South Lithuania were
established,

¢ Positive Jinks with the precipilation in June on both sites in East Lithuania exist.
Positive links with air temperatuce in April on dry forest sites also exist,

» Positive links with the air temperature in April on both sites in North Lithuania exist.
Positive links with the precipitation in June on dry sites also exist.

® Positive links with the precipitation in June on dry forest sites in Northeast regions
were found.

* Suatistically significant links were not established at the Seaside.

The comparison of the results of multivariate regression obtained during this reséarch
with the previous results is difficult. The latewood and earlywood radial increment was not
analysed during the previous rescarch. The research encompassing the network of plots of
spruce in all territory of Lithuania was carried out for the first time. The earliést
dendroclimatological research, carried out by 1. Cerékiené in the West Lithuania showed the
weak links with (he precipitation and air lemperature during the vegetation season
(Hepmukene, 1975). However, the conclusion that the precipitation plays the greater role than
air lempera(ure for the radial increment of spruce has proved out in my research.

The research on Norway spruce carried out in two research plots near Kaunas by J.
Karpavidius et al. in 1996 showed the positive influence of the temperature in spring
(Karpavitius, Kairaitis, Yadav, 1996). lnverse links with the precipitation in winter and direct
with precipitation in surumer were ascertained. The mentioned results that the increment of
spruce 18 under the direct influence of cool and wet summers correspond with my conclusions.
The essential difference is the more negative impact of the precipitation in January during my
research,

The results of the research on spruce carmried out in Southern Sweden cleared the
precipitalion of June to be the main climatic factor influencing the radial growth of spruce.
The temperature of the early spring affects the radial increment of spruce in the Wesi and
South Sweden (Linderson, 1992), The research carried out in Northern Germany showed, Lhat
the fluctuations of the radia! increment of Norway spruce is under the impact of dry periods in
spring and summer and longer than 15 days duration (Krause, 1992). The mentioned results
carried out in the abroad (significant impact of precipitation in June, weaker infiueace of
temperature in spring, and negative impact of droughts) correspond highly with my research:

Resulis of pointer years are also presented in respect 10 climatic regions. In this
chapter, I have summarized the results discussed in the previous 3.3.1.-3.3.3. chapters.

A particularly negative influence on dry forest sites during a drought summers was
observed. On the wel forest sites, a considerably bigger megative impact from the cool
summer was found, e.g., in 1980. It could be stated that the radial increment of Norway
spruce markedly decreases during the spring and summer droughts. Differences between the
causes of positive pointer years on dry and wet forest sites are: 1) positive pointer years on
dry forest sites are induced by wel summers, 2) positive pointer years on wet foresl sites are
caused by warm winters and springs. A considerable summer precipitation loses significance
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for the increase of the radial increment of Norway spruce (Picea abies (L.) Karslen) on wet
forest sites.

Under the impact of droughts, the Jatewood radial increment was not so significantly
reduced in the Western regions: Seaside and Zemaitija. Under the influence of extreme
droughts, the latewood increment was reduced severely in all territories of Lithuania. The
most significant pointer year of latewood increment was in 1992.

Reguction of earlywood and annual radial increments also does not depend on the
moisture of the forest’s type. The Western region is distinguished by the slighter impact from
droughts. If droughts occupy all territories of Lithuania, then the increment is most severely
reduced in the Eastern region. In the case of positive pointer years, the biggest increase of
earlywood was found in the East, South and Southwest regions (table 1).

Table 1. Pointer years of Norway spruce annual radial increment in Lithuania (+ positive, ++
significant positive, +++ highly significant positive, - negative, -- significant negative, --- highly significans
negative)

Dry forest sites Wet foresl sites
cl[pv] P | R[S SR PV | R

Years 7

1941 | - [ [ = ===~

1950

Z
1046 | A+ | 4+ [ Ak | + [+ [+ ] + | 4+ | | 4+ | |
++

954 | — | = | = | — | = | = =] =

1955 | - | — | — | — | — | — ] - | = | = = | - -

1956 - . - -
1962 + 4+ | | | :

197 -- |- - -

579 | - | - [ — | — | —

Ena
1974 b || | | A | |+ ++

1980 - - — — —

1983 +H | A+ | |

1692 —-- -- - - - - - — —

1993 | - | — | — | — | ~ | — | — | -~ | = | — | — | —

The comparison of the results of pointers years oblsined in my research with the
research results of the other authors is even more complicated, because the research of pointer
years covering the all territory of Lithuania was carried for the first time. The results of 1.
Cerskient (Yepmkene, 1978) of the years with increasing or decreasing the redjal increment
of spruce carrespond mainly with my results. However, the geographical interprelation of the
pointer years was not performed. Several pointer years established during my research differs
from these established by I. Cergkiené, e.g., in 1900-1940 years any significant negative
pointer years were not delected in my rescarch. Scientists from Poland (A. Zielski, G. Wojcik,
R. Przybylak, K. Marciniak and M. Koprowski) in the International Dendrochronological
Conference “Eurodendro — 2001 in Slovenia presented the pointer years of Norway spruce
for the Northeast Paland. Negalive poinler years were ascenained in 1917, 1934, 1644, 1954,
1978, 1979, 1992 and positive in 1913, 1916, 1919, 1926, 1928, 1933 and 1967. Some of the
mentioned negative pointer years (1954, 1979 and 1992) correzpond with these established in
my research, It points 10 the climatic extreme, which determined the small radial increment of
spruce in Lithuania 10 be present in the territory of Poland alsa.



Conclusions

. The dendroclimatological rescarch that was carricd out on the network of 45
research plots of Norway spruce using more than 1500 spruce trees and 100 000
annual rings has shown that tree rings of Norway spruce (Picea abies (L.) Karsten)
are sensitive lo the climatic factors of vegetation season, very sensitive to the air
temperature of spring and summer droughts, bul weakly responding to climate
conditions of previous autumn and wincer.

. The masterchronologies of Norway spruce for the dry forest sites (Piceetum
vaccinio-myrtitlosum, Piceetum hepatico-oxalidosum), covering 1868-1999 and
1894-1999 periods respeciively, were constructed. They could be used in
dendrochronology, forestry, ecology and environumental sciences in Lithuania and
abroad.

. The links between the annual radial increment of spruce and climatic factors in
1930-1994 period were esiablished:

a) Thc radial increment of spruce on dry forest siles positively responds to a
high spring (Apcil, May), negatively — high summer (June-August) air
teraperature. Positive influences were of a considerable amount in summer
(May-July) and negatively — a lot of precipitation was felt in January.

b) The biggest differences in the reaction to climatic faciors between dry and
wel forest siles with the precipitation were established: a negative impact
of the precipitation in summer {(August-September) to the latewood
increment; a weaker positive reaction to the amounts in May-June's
precipitation and a weaker negative impact of precipitation in January was
found on wel forest sijtes.

c) The biggest differences were established in the response of climatic factors
to the radial increment at the Baltic seaside and the Hills of Zemsitija. The
links between climatic factors and the radial increment in some months
differ fundamentally from other regions.

4. An analysis of pointer years on the radial increment of Norway spruce during XX

century demonsirated that:

a) During extreme droughts, the latcwood radial increment significantly
decreased on dry and wet forest sites. The decrease of latewood radial
increment on West Lithuania is weaker. From all pointer ycars of the
latewood radial increment, the most significant was in 1992 with a very
significant decrease of the increment in all regions of Lithuania.

b) During years of extreme droughts, the earlywood and annual radial
increment decreased irrespectively of forest sites. If the drought occupies
all the territory of Lithuania, the radial increment of spruce mostly suffered
in the East region. The biggest increase of the increment during positive
pointer years was in East, South and Southwest regions of Lithuania.

. When carrying out the research on the seasonal radial increment vsing method of
steel tapes it was established that the radial growth of spruce in 1995-1998 began
on 22nd April — 4th May and finished at the beginning of September. The
significant negative impact of a hot June, July and August to the radial growth.of
spruce was observed, After a longer hot period, when a small amount of
precipitation was felt, trees responded positively and quickly.

. Significant negative correlation coefficients (p<0.05, p<0.01) werc established
between the radial increment of Norway spruce and the hydrothermal indicator (H)
of the vegetation period (May-August).
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7. The correlalion cocfficicnts belween the radial increment of Norway spruce and
the monthly amount of precipitation and average air temperature in separate
periods during the XX century showed the biggest diflerences in the links with air
temperature. Decrease of positive impacl of warm spring, ncgative impact of high
summer temperature on wel forest sites and increase of positive influence of
summer precipitation during 1981-1995 compared to other periods indicated
changes of climatic conditions at (he end of XX century. These played a
significant negative role in the flourishing of Norway spruce (Picea abies (L.)
Karsten) in Lithuania.

8. Estimated changes and trends of the air temperature in 1778-2000 and
precipitation in 1887-2000 of the months limiting spruce growth and established
the increase of lemgperature in April, precipitation in January and more frequent
droughts during summers — likely to influence the radial increment of spruce in the
next decades. -
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REZIUME

Aktualumas. Pastaruoju melu Zemés klimaty vis labiau jtakoja Zmogaus veikla,
tikriausiai sukelianti klimato §iltéjima ir mi%ky nykima (Lamb, 1995; Maieaa, 1998). Todél
silpnéja ekosistemy atsparumas nepalankiems veiksniams. Besikeiiandio klimato poveikio
migky ekosistemoms tyrimai tampa vis svarbesmiais (Yoo, Wright, 2000). Klimato kaitos
analizei galima naudoti ir medZiy rieviy ~ dendrochronologijos metodus (Cherubini, 2000;
Roig et al., 2001). Misky nykimes ir Zuvimas pramoninjuose jr urbanjzuotuose regionuose
siejamas su Zmogaus veikla — oro (arfa. Vis svarbesne tampa bitinybé analizuoti aplinkos
pokyéiy jtaka augalams (Banks, 1992; Lovelius, 1997; Yoo, Wright, 2000; JIoresmyc, 1980).
MecdZiy rievés augimo metu keupia inforroacijg apie aplinkos bikle ir yra geri aplinkos salygy
it jy poky&iy indikatoriai, kuriy informacija gali bdti naudojama ir aplinkos buklés
prognozéms (Briker, 1992; Eckstein, 1989; Schweingruber, 1993; Stravinskicné, 1997, 2000;
Yoo, Wright, 2000; Bursanckac, 1974, 1984a, 19846; Buteuuckac n ap., 1975; Konaun,
Yepuuix, 1977 ir kt.).

2001 m. sausio 1 d. Naciooalinés Lietuvos mitky inventorizacijos duomenimis
papragtosios cglés (Picea abies (L.) Karslen) medynai uzima 23,1% misko pioto (Kuliesis,
Rutkauskas, Butkus, 2001). Nors daugumoje iki Siol Lietuvoje atlikty dendrochronologiniy
tyrimy objektu pasirinkta paprastoji pufis (Bursurckac, 1974 ir kt.), talisu paprastosios egiés
radialusis prieaugis aplinkos poky&iams yra jautresnis nei pusies (Stravinskiené, 2002).

Paprastosios eglés Saknys pavirfinés. Todél medZius daZnai i§vertia véjas, ypaé
drépnesninose dirvoZemiuose. Be to, eglei reikia nuolatinés dirvozemio drégmes, todel ji yra
labai geras sausry indikatorius. Uraganiniai véjai paskutiniame XX a. dedimtmetyje ir
padaZnéjusios nebiddingos Lietuvai sausros, mokslininky nuomone, sietinos su besikei¢ianéiu
klimatu. Todél dar labiau padidéja eglés ekologiniy tyrimy verté (Ozolingius, 1998).

Nustatyta, kad medZiai, augdami sausose augavietése, yra jautresni klimato
veiksniams ir, tuo padiu, vertingesni dendroklimatologiniuose tyrimuose (Fritts, 1987; Stokes,
Smiley, 1968 ir kt.). Lietuvos miiky monitoringo duomenimis, didZiausia kenkéjy masinio
i¥plitimo tikirybé taip pat yra sausose eglypy augavietése, ypat po sausringy laikotarpiy
(Karazija, 1997), pvz., 1993-1996 m. dél katastrofinés Zievégrauzio tipografo (Ips
typographus L.) invazijos buvo i8kirsta 3,3% visy Lietuvos eglyny (18,3-18,6% brandZiu)
(Ozo0lindius, 1998). Todél davguma ¥iame darbe naudoty tyrimo bareliy parinkti sausose
eglyny augavietése.

Darbo hipotezé - darbe naudojant paprastosios eglés bareliy tinkla apimantj 54 tyrimo
barelius, vartojant daugiafakioring regresing amatiz¢ ir reperiniy mety iSaiSkinima, galima
i¥samiai jvertinti klimato veiksniy jtakq paprastosios eglés radialinjam prieaugiui.

Tikslas — i§tirti dendroklimatologiniu metodu Lictuvos sausu avgaviediy eglynus ir
sudaryti jiems radialiojo pricaugio etalonines dendroskales.

UZdaviniai. Numatytamn darbo tikslui pasickti buvo spreodziami Sie uzdaviniai: })
lauko darby metu parinkti tyrimo barclius visoje Lictuvoje ir juose surinkti tiriamgjg
medZags, 2) medZiy greZiniy rieves imatuoti LINTAB medZiy rieviy matavimo aparatu
sujungiu su asmeniniu kompiutcriu naudojant TSAP programa, 3) sudaryti lokalias kiekvieno
tyrimo barelio dendroskales ir sausy Lietuvos eglyny augavie€iy etaloninés dendroskales, 4)
remiantis Lietuvos meteorologimiy stofiy krituliy ir oro temperatiros duomenimis, atlikti
dendroklimatologinius eglyny tyrimus: epskaitiuoti daugjafaktorinés regresijos — aisako
funkcijos koeficientus bei igai§kinti reperinius paprastosios eglés radialiojo pricaugio metus.

Naujumas ir originalumas. Pirmajj karta paprastogios eglés tyrimams sudarytas 54
tyrimo bareliy (1598 medZiy) tinklas, apimantis visa Lietuvg. Duomenu analizés metu
vartotos §iuolaikinés kompiuterinés programos, atitinkanéios pasaulinius dendrochronologiniy
tyrimy standartus. Naudoti Siuolaikiniai metodai: individualaus medZio radialiojo pricaugio
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eilutés indeksavimas prieS lokalios dendroskalés sudarymag bei dvisvoris robastinis vidurkis
(Cook, Shiyatov, Mazepa, 1990; Riiters, 1990).

Iki Ziol atlikiose dendroklimatologiniuose tyrimuose naudotas tik metinis radialusis
pricougis. Siame darbe daugumoje skaidiavimy vartoti ir vélyvosios bei ankstyvosios
medicnos radialiojo pricaugio plodiai.

Dendroklimatologiniy tyrimy, aflikty Europoje ir Lietuvoje, rezultatai rodo, kad
radialiojo prieaugjo ir klimato veiksniy rydio koeficicntai retai biina patikimi ar reik¥mingi
(Schweingruber, 1983). Todél Jiame darbe apskaiiuoti ne tik rySio kocficientai tarp metinio
prieaugio ir klimato veiksniy, bet i$ai3kinti ir reperiniai radialiojo pricaugio metai.

Statistinés  analizés metu klimalo veiksniy {takos radialiajam prieaugiui
skaifiavimuose naudota moderni $iuolaikiné metodika — daugiafaktoriné regresiné analize,
nevarlojunt koreliacijos koeficienty, kuriy naudojims riboja klimato veiksniy eiludiy
tarpusavio koreliacija. Atsako funkcija geriau nei koreliacijos koeficientai jvertina netiesinj
ry3j tarp tiriamyjy klimato veiksuiy ir radialiojo prieaugio eilu&iy (Briffa, Cook, 1990).

Sudarytos sausy augaviekiy (Piceetum vaccinio-myrtillosum, Piceetum hepatico-
oxalidosum) ecglyny metinto radialiojo prieaugio (vélyvosios ir ankstyvosios medienos)
etaloninés  dendroskalés, kurias praktifkai galima vartoti  dendrochronologijoje.
mi¥kininkystéje, ekologijoje, aplinkotyroje ir kituose mokshuose Lietuvoje ir uZsienyje.

Pirmgji kana Lietuvoje dendrochronologiniuose tyrimuose pavartota geografiniy
koordinadiy nustatymo GPS technika. Naudojant GPS techoiks, nustatytos tikslios kiekvieno
tyrimo barelio geografinés koordinatés, kurios jgaling rasti parinkta tyrimo barelj ateityje bei
bus naudojamos bendradarbiaujant su vZsienio mokslininkais ir skelbiant tyrimo rezultatus
uzsienyje. Geografiniy koordinadiy nustatymo paklaida £25 m, p<0,05.

Apimtis ir strukt{ira. Disertacija sudaro jZanga, literatiiros apZzvalga, tyrimo objektai
ir metodika, rezultatai, i¥vados, 214 Saltiniy literatiiros sqragas ir priedai. Darbas iliustruotas
20 lenteliy ir 74 paveikslais.

I&vados.

1. Adikti dendroklimatologiniai tyrimai naudojat 45 paprastosios eglés tyrimo bareliy
tinkig Lictuvoje (deugiau kaip 1500 medZiy ir 100 000 metiniy rieviy) parodé, kad
paprestosios eglés (Picea abies (L.) Karsten) metinés rievés yra jautrus vegetacijos
sezono klimato veiksniy indikatorius, labai jautrus pavasario oro temperatiirai ir
vasarog sausroms, bet silpnai reaguojantis | praéjusio rudens bei Ziemos klimato
salygas.

2. Sudarytos sausy augavieliy (Piceetum vaccinio-myrtillosum, Piceetum hepatico-
oxalidosum) eglyny rmetinio radialiojo prieaugio etalominés dendroskalés,
apimandios 1868-1999 ir 1894-1999 m. laikotarpius. Jas galima varoti
dendrochronologijoje, miskininkystéje, ckologijoje, aplinkotyroje ir kituose
tyrimuose Lietuvoje ir uzsienyje.

3. Atlikus paprastosios eglés metinio radialiojo prieaugio ry8iy su klimato veiksniais
analiz¢ 1930-1994 m., nustatyla:

a. Ssusose augavietése paprastosios cglés radialyjj pricaugi teigiamai jtakoja
aukita pavasario (balandZio, geguZés), neigiamai — aukSta vasaros
(birZelio-rugpjidio) oro temperatira. Teigjarmai veikia didelis vasaros
{geguzés-liepos), o neigiamai - didelis sausio krituliy kickis.

b. DidZiausi skirtumai tarp sausy ir drégny augaviediy nustatyti ry§iuose su
krituliais. Drégnose augavietése nustatyta ncigiama didelio vasaros
(rugpj0dio-rugséjo) krtuliy kiekio jtaka vélyvajai medienai, sitpnesné
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teigiama didelio kiekio pgeguZés-birZelio krituliy jtaka ir silpnesnis
neigiamas didelio kiekio sausio krituliy poveikis. '

c. DidZiausi tirty klimato veiksniy jtakos radialiajam prieaugini skirtumaj
nustatyti pajiryje ir Zemaitijos auk§tumose. Sinose regionuose kai ¥uriy
mépesiy, klimato veiksniy rySys su radialivoju prieaugin esminiai skiriasi
nuo nustatyto rysio kitaose regionuose.

4. Reperinly paprastosios eglés radialiojo pricaugio mety analizé XX amZiaus
laikotarpiu parodé:

4. Ekstremaliy sausry metu vélyvosios medienos prieaugis smarkiai
sumaZédavo ir sausose, ir drégnose augavietése. Vakarinjuose Lietuvos
rajonuocse vélyvosios medienos pricsugio sumaZéjimas maZesnis. I8 visy
reperiniy vélyvosios medienos mety — reik¥mingiausi 1992 metai, kuriais
labai Zymils pricaugioc sumazéjimas, biidingas visiems Lietuvos rajonams.

b. Ankstyvosios medienos ir metinio radialiojo priesugio sumaZéjimas
ekstremaliy sausry metais beveilk nepriklauso nuo augavieiy sglygu.
Sausroms apémus visa Lietuvos teritorija — labisusiai radialusis
paprastosios eglés prieaugis nukendia rytiniuose rajonuose. Zymiausias
teigiamny reperinfiy mety pricaugio padidéjimas aptikias rytinivose,
pietinivose ir pietvakarinivose Lictuvos rajonuose.

5. Adliekant sezoninio radialiojo pricaugio tyrimus juosty metodu nustatyta, kad
paprastoji eglé 1995-1998 m. laikotarpiu pradéjo augti baland?io 22 4. — geguZés 4
d., o augimas baigési rugséjo prad¥oje. Didcle ncigiama itakg eplés radialiajam
pricaugiui daro kariti birZelio, licpos ir rugpjidio ménesiai. Po ilgesnio karSto
laikotarpio, iSkritus net ir maZam krituliy kiekivi, medZiai reaguoja teigiarnai ir
greilui,

6. Nustatyti patikimi ncigiami koreliacijos kocficientai (p<0,05, p<0,01) lrp
paprastosios eglés radialiojo prieaupio ir vegetacijos laikotarpio (geguzés-
rugpjulio) hidroterminio t/k kocficiento.

7. Koreliacijos koeficientai, apskai€ivoti tarp paprasiosios eglés radialiojo priesugio
ir ménesiy krtuliy kickio bei vidutinds oro temperatiros atskirais XX a.
laikotarpiais, parodé Zymesnius skirtumus rySiuose su oro tempcrafira nej
krituliais. 1981-1995 m. laikotarpiu susilpnéjusi teigiama §ilto pavasario jtaka,
neigiama vasaros lemperatiros jtaka drégmose avgavietése bei Sustipréjes
teigiarnas vesaros kriluliy poveikis, lyginant su kitais laikotarpiais, rodo
pasikeitusias klimato sglygas XX a. pabaigoje, kurios turéjo Zymy neigiamg
poveik] paprastosios eglés (Picea abies (L.) Karsten) zugimui Lietuvoje.

8. [vertinus nustatyty eglés radialyjj pricaugj jtakojan&iy ménesiy oro temperatiros
(1778-2000 m.) ir krituliy (1887-2000 m.) kaita ir nustaljus balandZio oro
temperatiros kilima, sausio krituliy gauvséjima bei vasaros sausry daZnéjima,
tikeétina, kad minéti veiksniai jtakos paprastosios eglés radialyjj pricaugi Lietuvoje
artimiausiais dedimtregiais.

Moksliniai straipsniai ir pranes§imai

Pagrindiniai darbo rezulatai skelbti Zelivose moksliniuose straipsniuose ir deSimityje
moksliniy pranedimy konferencijose.
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PADEXOS

Dékoju moksliniam vadovui habi. dr. Teodorui Bitvinskui, dendrochronologijos
mokslo pradininkui Lictuvoje, uZ vadovavimg mano moksliniam darbui. Dékoju visarn
doktoranturos komitetui ir ypa& prof. habil. dr. Vidai Stravinskienei uZ naudingus patarimus ir
pasialymus. Be to, dékoju VDU Kauno Botanikos sodo laboratorijos darbuotojams — vedéjai
dr. R. Pukienei ir dr. ], Karpavi€iul - padéjusiems savo palarimais tyrimy metu ir rafant
disertacijg. Taip pat esu dékingas aplinkotyros katedros vedéjui prof. R. Jukniui uZ jo paramgq
doktorantiros studijy metu. Klimato duomenys naudoti ¥iame darbe gauti i§ Lietuvos
meteorologijos centro archyvo ir bibliotekos Vilniuje, todél dékoju centro darbuotojams ir
vadovui P. Korkugivi, UZ mano disertacijos lietuviy ir angly kalbos korektiras esu dékingas
Klibavigiui ir Nin BiZys.
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