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Abstract
Dendroecological research on the radial growth of Norway spruce in Lithuania during 20th century  
has been conducted. Hypothesis of the study: intensity of droughts during 20th century is the main 
factor determining the state of spruce forests in Lithuania. Aim of the study was a dendroecological  
research on spruce in Lithuania with a respect to global climate change. Climate impact on the radial  
growth  of  spruce  using  multivariate  regression  techniques  and  detection  of  pointer  years  was  
investigated. The results show that for radial growth of spruce the most important is humid beginning  
of summer and that from four to six pointer years to droughts during 20th century are attributed.
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Introduction

Climate of the Earth is under increasing pressure of anthropogenic activity and likely to 
provoke the climate warming and forest decline [20]. The rapid rise of temperature, frequent 
droughts and other stresses decreases the stability of forest ecosystems [25, 27, 30]. Tree rings 
have proven to be a reliable climate archive for short and long-term scales [2, 3, 34], therefore 
a dendrochronological research for the analysis of climate changes could be applied [6, 29, 
38].

According to the data of National forest inventory on 1st January 2001, stands of Norway 
spruce (Picea abies  (L.) Karsten) occupy 23.1% of forest area in Lithuania [19]. Due to a 
surface root system, Norway spruce prefers stable moisture of the soil and is an excellent 
indicator of droughts [12, 16, 18, 26, 37]. Results of Lithuanian forest monitoring points to 
the  biggest  probability  of  Bark  beetle  invasions  on dry stands  of  spruce,  especially  after 
droughty periods [15, 31]. For example, due to a catastrophic invasion of Bark beetle (Ips  
typographus L.),  3.3% of spruce stands (18.3–18.6% of mature stands) during 1993–1996 
were cut [26]. Dendroecological research, carried out in other countries have demonstrated 
that trees growing on dry forest sites are more sensitive to droughts [8, 13], therefore, the 
biggest part of research plots during this work on dry forest sites of spruce were selected.

Aim of  the study was a  dendroecological  research on Norway spruce to  estimate  the 
impact of dry spring and summer climate conditions during 20th century with a respect to 
global climate change.

Material and methods

Territory  of  Lithuania  is  located  between  maritime  and continental  climate  of  middle 
latitude. Average year temperature in Lithuania is +6.1oC (in January – -4.9oC and in July – 
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+17.0oC). Territory of Lithuania, according to the differences in climate character, is divided 
into  four  main  regions  (Fig.  1):  western,  northern  (region  of  r.  Mūša-Nevėžis),  southern 
(region of r.  Nemunas lowland) and eastern Lithuania [4]. The most important  differences 
exist between the western and other regions of Lithuania.

Fig.  1.  A network  of  research  plots  on Norway spruce  and climate  regions  of  Lithuania. 
Number  1-47 indicates  research plots  and I-IV refers  to  climate  regions  of Lithuania:  I  – 
western, II – northern, III – southern and IV – eastern. Research plots on dry forest sites are 
marked with circles and on wet sites with triangles

The main differences of climate in mentioned four regions are as follows:
• Western  region  is  characterized  with  the  mildest  maritime  climate  conditions:  highest 

amount of precipitation per year (up to 930 mm), warmest winters (temperature of January 
– -2.8oC) and the longest period of vegetation (200-206 days).

• The smallest amount of precipitation (520 – 620 mm per year) is characteristic for the 
north Lithuania.

• Warmer  winters  and  summers  than  in  the  north  and east  for  the  south  Lithuania  are 
indicative.

• The most continental climate conditions with the shortest period of vegetation (185-192 
days) and coldest winters (-5.0 – -6.8oC) for the east Lithuania are characteristic.
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For the purpose of research, 47 experimental plots of Norway spruce (Picea abies (L.) 
Karsten) in Lithuania were selected (Fig. 1). Dry stands of spruce (forest types –  Piceetum 
vaccinio-myrtillosum and Piceetum hepatico-oxalidosum) represent 31 research plots and wet 
stands  (forest  types  –  Piceetum myrtillosum,  Piceetum myrtillo-oxalidosum  and  Piceetum 
aegopodiosum) – 16 plots. Using increment borer, samples from 20 to 30 trees in each plot 
were taken at the breast height. Tree ring widths (earlywood and latewood separately) with 
preciseness of 0.01 mm were measured. For this purpose, LINTAB tree-ring measuring table 
and TSAP 3.12 computer program (F. Rinn Engineering Office and Distribution, Heidelberg) 
were used.

For  the  dating  quality  control  [11,  22],  COFECHA  3.00P  computer  program  (R.L. 
Holmes, Tucson) was applied. Using CHRONOL 6.00P program (R.L. Holmes, Tucson), the 
indexing in two stages was performed. At first negative exponential curve or linear regression 
was used and after the polynomial function – spline Eq. (1), preserving 67% of variance at 
wavelength  21  years  was  fitted.  Spline  function  consists  of  cubic  polynomials,  smoothly 
passing one into another at the crossing points and meeting conditions presented in Eq. (2). 
Site chronologies were constructed as biweight robust means Eq. (3) [29].

qi(x) = aix3+bix2+cix + d (1)

d – is the y-intercept, ai, bi and ci – slope coefficients, x – time in years from 1 to n

qi(xi)=qi+1(xi) ; q’i(xi)=q’i+1(xi); q”i(xi)=q”i+1(xi) (2)

where qi(xi) - functions should coincide at the crossing points (xi), q’i(xi) - fluxion of functions 
should  coincide  at  the  crossing  points,  q”i(xi)-  curvature  of  smoothing  curve  should  not 
change at the crossing points.
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St is a robust measure of the standard deviation of frequency distribution, which will be 
the median absolute deviation, c – constant is equal to nine and determines the point at which 
a discordant value is given a weight of zero. The outlier is totally discounted computing the 
mean and has no influence on the estimation of the mean index. 

Two main methods for the investigation of climate – tree radial growth relationships are 
generally applied: the long-term correlation or regression analysis and the short-term analysis, 
well known as detection of event and pointer years [32, 33].
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The  long-term  link  between  air  temperature,  precipitation  and  the  radial  growth  of 
Norway spruce using a multiple regression techniques with bootstrap method – a response 
function Eq. (4) was estimated [13, 14]:
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i equals 1 to n years of the calibration period, Wi – indexed ring width in year i, Tij – data of 
temperature (variable  j in year  i),  aj – coefficient on the temperature variables,  Pik – data of 
precipitation,  bk –  coefficient  on  the  precipitation  variables,  Wl –  number  of  lagged  ring 
widths for up to m previous years, cl – coefficient of the Wl.

Calculations of response function using PRECON 5.17B computer program (H. Fritts, 
Tucson) during 1930–1994 years from the prior October to current September was carried 
out. Climate data of monthly mean temperature and amount of precipitation from the nearest 
meteorological stations in Lithuania were selected. Obtained coefficients were used judging 
which climate extreme has had the strongest impact inducing the pointer year.

Several  methods  have  been  developed  for  event  and  pointer  year  detection  [23].  A 
method called “normalisation in a mowing window”, proposed by H.F. Schweingruber [32] 
was adapted. Index value for event year is calculated following Eq. (5).

Zi=
][ stdev

][mean xi

window
window−

(5)

Zi – index value in year i, xi – original value in year i, mean [window] – arithmetic mean of 
the ring width within the window xi-2, xi-1, xi, xi+1, xi+2 and stdev [window] – standard deviation 
of the ring width within the window xi-2, xi-1, xi, xi+1, xi+2.

The threshold value of Zi for negative event years is ≤ -0.75. Negative pointer years for 
experimental  plots  during 20th century were detected  and summarized  for  four regions  of 
Lithuania using a 50% threshold level.

For the climatologically interpretation of detected negative pointer years,  data of four 
meteorological  stations,  located  in  western  (Klaipėda),  northern  (Panevėžys),  southern 
(Kaunas)  and  eastern  (Vilnius)  Lithuania  was  used  (see  Figure  1).  For  the  conditions  of 
humidity in spring and summer months, a hydrothermal indicator proposed by T. Bitvinskas 
was adapted [3] Eq. (6):

i

i
i

P
TH =  (6)

Hi – hydrothermal indicator (bigger values of the coefficient indicates drier conditions),  Ti – 
average temperature during the analysed month, Pi – amount of precipitation during the same 
month.
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Results

The long-term analysis shows the strong positive link between precipitation of June and 
the radial growth of spruce on dry forest sites (p≤0.05). The lowest coefficients in western 
and the highest in southern Lithuania have been ascertained (Fig. 2). Coefficients on wet sites 
are lower and insignificant. Comparing with June, impact of precipitation in July, August and 
September is weaker. The highest and significant coefficients with precipitation in July only 
in the west Lithuania were obtained.

A direct influence of air temperature in April for the radial growth of spruce on dry forest 
sites  is  weaker  and  mostly  insignificant,  comparing  with  precipitation  in  June.  The 
coefficients that are higher on south and east Lithuania were discovered (Fig. 2). Link with 
spruce  radial  growth  on  wet  sites  is  stronger  considerably  and  reaches  +0.43  (p≤0.05). 
Positive effect of air temperature in May prevails in all regions (Fig. 2), but, comparing with 
April, is weaker. The higher coefficients in south and east Lithuania were found. In June, July 
and August predominate weak negative link with temperature (the lowest coefficients in June 
reach -0.24, in July – -0.17 and in August – -0.19).
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Fig.  2.  Average  coefficients  of  response functions  between air  temperature  (April,  May), 
amount of precipitation (June) and the radial growth of Norway spruce on dry forest sites in 
four regions of Lithuania (west, north, south and east)

Summarizing presented results it could be stated that for radial growth of Norway spruce 
(Picea abies (L.) Karsten) in Lithuania the most important is warm than average April and 
May and on the other hand – June with high amount of precipitation.

The total number of detected negative pointer years during 20th century on dry forest sites 
varies  from five to  eight  (5 in the west,  7 in the north,  8 in the south and 6 in the east 
Lithuania). Using hydrothermal indicator, four pointer years in western, five in northern, six 
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in southern and five in eastern Lithuania possibly are attributed to dry climate conditions in 
late spring and summer. Exclusively to dry events, when no other extreme conditions, such as 
spring and winter colds were observed, these pointer years are assigned:
• 3 in the west (1914, 1934 and 1992),
• 4 in the north (1954, 1964, 1979 and 1992),
• 5 in the south (1931, 1964, 1979, 1989 and 1992) and
• 4 in the east Lithuania (1910, 1971, 1980 and 1992).

The results presented above points out that dry climate conditions, strongly negatively 
affecting the radial growth of spruce were more frequent in the south Lithuania and rarer in 
the west Lithuania. These pointer years could be grouped, according to its spatial distribution, 
into three categories:
I. Pointer years, involving the biggest territory of Lithuania and detected in three or four 

regions: 1941 and 1992 (Fig 3). These pointer years were also observed on wet forest 
sites.

II. Pointer years observed in two regions: 1964, 1979 and 1989.
III. Pointer years detected in one region: 1910, 1914, 1931, 1934, 1954, 1971 and 1980.

These pointer years, partly or fully induced by droughts in Table 1 are presented. Number 
of trees with event years for each region is given. Cold April is shown in deviation from the 
long-term mean of temperature and droughts during May-August are expressed as percentage 
deviation of hydrothermal indicator.

From the Table 1 is evident that droughts of May (7) and June (7) are more frequently 
connected to pointer years than dry conditions in July (4) and August (2). Conditions of cool 
April (Δ -3.6 – -3.8˚C) in 1941 coincided with a summer drought.
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Fig.  3.  Percentage  of  Norway spruce  trees  with  detected  event  years  in  1941 and 1992, 
expressed as medians in the west (W), north (N), south (S) and east (E) of Lithuania on dry 
and wet forest sites
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Table 1. Pointer years of the radial growth of Norway spruce on dry forest sites, partly or 
fully explained by dry spring and summer conditions in the west (W), north (N), south (S) and 
east (E) Lithuania are presented. Number of trees is given as average percentage of trees with 
event years. Cold April is shown in deviation (ºC) from the long-term mean of temperature 
and  droughts  during  May-August  are  expressed  as  percentage  deviation  of  hydrothermal 
indicator (higher values indicate drier conditions)
Year Number of trees Climate extremes

W N S E April May June July August
1910 58 57
1914 50 71
1931 46 129
1934 47 249
1941 85 72 93 -3.7 44-57 87
1954 52 73
1964 49 49 86-163 114-249
1971 52 427 198 100
1979 63 65 33-68 93-95
1980 83 69
1989 46 48 55-87
1992 61 60 57 62 31 97-225 124-277 13-22

Discussion and Conclusions

The negative influence of droughts during spring and summer was already observed in 
16th century by Leonardo da Vinci and validated by scientists in later times [7, 33].

Model of multiple regressions with air temperature and precipitation explain only up to 
40% variation  on  the  radial  growth  in  Europe.  Research  carried  out  on  radial  growth  in 
extreme years is valuable for ecological analysis, because extremes and not changes in means 
generally have the strongest coherence with environment [2, 31, 33].

The first broadest research on tree rings of Norway spruce in Lithuania was conducted by 
Dr. I. Čerškienė. Using correlation coefficients, I. Čerškienė established that climate factors 
during the vegetation period, especially moisture, play the most significant role for tree rings 
of Norway spruce on dry sites. Besides, years of the decrease of radial growth were detected 
in 1920-1921, 1930-1931, 1941-1942, 1954-1955 and 1964-1965 [9, 10]. In later works, the 
direct  influence  of  spring  temperature  and  summer  precipitation  and  negative  impact  of 
precipitation in winter on tree ring widths of spruce was confirmed [16].

Studies carried out in Germany, southern Sweden, Poland and Norway show that tree ring 
growth of Norway spruce is favoured by high spring temperature and cool wet summer [1, 12, 
21]. Recent research conducted on tree rings of Norway spruce in southeast Poland (Olsztyn 
Lakes district) has demonstrated that precipitation at the end of spring and summer (May-
August) are of importance. Positive link with air temperature in March and negative impact of 
previous November and current June was ascertained too. Analysis of pointer years confirmed 
that trees negatively responded to spring and summer droughts, and cool springs. Spruce is 
determined to be resistant enough to cold winters in Baltic region [17, 39]. The number of 
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pointer years detected during this research in different regions of Lithuania (from 4 to 6) that 
were induced by droughts is similar to number of pointer years detected in Poland (6 years 
during the 20th century).

Norway spruce is the second coniferous species spread in Lithuania, that is why, its future 
perspectives of prosperity are important not only to scientists of different fields, but also to 
foresters  too.  According  to  the  results  of  Prof.  J.  Ruseckas,  during  the  severe  summer 
droughts,  humidity in the upper layer  of soil  falls  up to the humidity of drooping,  which 
reduces the vitality of trees and reflects in the radial growth. During such droughts, the small 
roots  in  the  upper  layer  of  the  soil  are  dried  off  [31].  According  to  the  opinion  of  H. 
Moosmayr,  decline of forests in Europe is strongly driven by unfavourable meteorological 
factors [24]. Such droughts also decrease the resistance of spruce trees to invasions of Bark 
beetle  [26,  35].  Looking on  the  other  hand,  Norway spruce  in  Lithuania  grows  near  the 
southern limit of its habitat and therefore is more sensitive to climate fluctuation than Scots 
pine is.

Dry climate conditions were judged if the hydrothermal indicator [3] value is bigger than 
the standard deviation during the 20th century [5]. Two dry periods are established: the first 
one – in the beginning and the second one – in the last decade of the century. The beginning 
of the second dry period is marked with an extreme drought in 1992 [36]. It is also established 
that  droughts  in  the  last  decades  of  20th century  lasted  longer  than  observed  before  [5]. 
Unusual droughts at the end of 20th century were also observed in other continents [8].

Presented results on tree rings in other countries and in Lithuania points out that the state 
of spruce forests  in Lithuania  will  be highly dependent  on the frequency and intensity of 
droughts in the near future and closely related to climate change. Frequent unusual droughts, 
manifested in the last decade of the 20th century in Lithuania, according to the opinion of 
scientists, have been attributed to climate change [26, 31]. The latest analysis shows that the 
global average temperature has increased by 0.6°C during 20th century and is expected to 
continue rising at  a rapid rate [30].  In spite of models  of climate change are not reliable 
enough, an increase in frequency of summer droughts in Lithuania is predicted [31].

Impact of climate change on flora ecosystems are already noticeable in other countries: 
“Scientists  during  discussion  in  the  Intergovernmental  Panel  of  Climate  Change  (IPCC) 
conclude  that  distribution  and phenological  shifts  of flora  species  are  attributed  to  global 
climate change with confidence” [25].

Results obtained in this study have demonstrated that negative pointer years of the radial 
growth of spruce induced by droughts during 20th century were more frequent in the south 
than in the west Lithuania. The highest positive coefficients of response function between the 
radial growth of spruce and precipitation in June in southern Lithuania indicates to a bigger 
deficiency  of  precipitation  in  mentioned  region.  Consequently,  more  optimum  growing 
conditions  in  the  west  Lithuania  and,  looking  on  the  other  hand,  more  unfavourable 
conditions for spruce in the south Lithuania in the near future are expected.
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