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Abstract
A decrease in the continentality of the Lithuanian climate is expected in response to climate change. Of all tree
species, Norway spruce (Picea abies (L.) H. Karst.) is one of the most sensitive to changes in the climate. For this
reason, studies on the crown condition of Norway spruce in different eco-climatic regions can help to identify factors
that could have substantial effects on the condition of forests in the future.
Data from Lithuanian regional forest monitoring (1989  2010) were used in this study. The crown condition of
Norway spruce, the occurrence of defoliation and the proportion of healthy trees have been assessed annually for an
average of 2,000 trees. Trends in the crown condition of spruce and the factors affecting spruce crown condition in
three largest eco-climatic regions of Lithuania are presented in this paper as the Þemaièiø Highlands, the Middle Plain
and the South-East Highlands.
A significant decrease in the crown condition of Norway spruce, caused primarily by Ips typographus damage (1993
 1997), was recorded in all eco-climatic regions. After the elimination of the 1993  1997 data (I. typographus damage),
the crown condition of Norway spruce shown a decreasing trend over the period of analysis. Crown defoliation increased
(r= 0.66, p= 0.004), and the proportion of healthy trees decreased (r= -0.49, p= 0.02) in the coarse of time. The biggest
Norway spruce crown condition decrease was observed in the Þemaièiø Highland region  the most maritime climate
region (D D = 4; D H = -14.5).
The deterioration of spruce crown condition associated with the decrease of climate continentality may indicate
that climate change is a possible factor influencing the degradation of the spruce crowns. Another potential driver for
the decrease in spruce crown condition is the precipitation during the second half of the vegetation period.
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Introduction
In Lithuania, the continentality of the climate increases from west to east. The annual and daily temperature amplitude become broader, the winters become
colder, the duration of snow cover becomes longer and
the weather becomes drier. However, climate change
has decreased the continentality of the Lithuanian
climate, causing decreases in the amplitude of the
annual temperature and seasonal differences in precipitation. Observations indicate that this trend will
continue in the 21st century (Graham et al. 2008, Rimkus et al. 2006).
Recent studies have shown that Norway spruce
(Picea abies (L.) H. Karst.) is one of the most sensitive species to climate change, in comparison with other
tree species in Northern (Kairiûkðtis 2000, Schlyter et
2012, Vol. 18, No. 2 (35)

al. 2006, Jyske et al. 2010) and Central Europe (Bolli
et al. 2007, Albert and Schmidt 2010, Yousefpour et al.
2010). The basis for this sensitivity is that Norway
spruce is particularly sensitive to increases in temperature and/or decreases in soil water availability. Spruce
has distinct western and southwestern limits that correlate well with winter temperature isotherms. According to Dahl (1990), the southwestern distribution limit
of Norway spruce correlates with the -2ºC isotherm for
the coldest month. The underlying physiological mechanism is still obscure, but spruce does not grow well
in areas with mild winters. In plantations, it grows quite
well beyond the natural limits of its distribution. Apparently, however, it does not reproduce well by natural means (Dahl, 1990). Therefore, due to its low productivity, it cannot compete with species that are growing at their ecological optimum. Therefore, the area
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occupied by spruce stands shrinks from the northern
taiga to the south. Dahl (1990) also notes that under
the conditions of a climatic scenario with a doubling
of the CO 2 level, the limit of the natural distribution
of spruce moves approximately 100-500 km in a northeasterly direction. It is probable that shrinkage of
spruce habitat will result from the deterioration of the
condition of the spruce due to the presence of unfavourable factors and due to the inability of the spruce
to compete with other species in a similar ecological
niche.
Climatic conditions, especially temperature and
precipitation during the growing season, influence tree
condition (Webster et al. 1996, Ozolinèius et al. 1999,
Modrzynski 2003, Desprez-Loustau et al. 2006). Soil
humidity and precipitation are the most important factors in foliage formation during the first half of the vegetation period (Strand 1997). Artificial drought experiments have shown that drought produces a substantial increase of defoliation in Scots pine trees
(Ozolinèius et al. 2009). Solberg (2004) also notes that
dry and warm summer weather is a significant stress
factor affecting Norway spruce condition, producing
defoliation, yellowing and mortality. Higher precipitation usually serves to produce better tree condition,
i.e., a decrease in defoliation (Solberg 2004, Breda et
al. 2006, Seletkovic et al. 2009, Grodzki 2010). However, an increase in the amount of precipitation may cause
an increase in defoliation (De Vries et al. 2003). Previous studies have shown that water deficiency not only
reduces water availability but also induces fine root
mortality. As a result, the time for spruce to recover
from a drought is longer (Gaul et al. 2008).
The aim of this study is to highlight the differences between the condition of Norway spruce (Pi-

V. STAKËNAS ET AL.

cea abies (L.) H. Karst.) in different eco-climatic regions and to identify the meteorological factors affecting spruce crown condition. The detection of significant factors would enable the prediction of spruce
condition in a changing climate.

Materials and methods
K. Kauðyla (Lietuvos TSR atlasas 1981) defined
four climatic regions in Lithuania: the Coast, the
Þemaièiø Highlands, the Middle Plain and the SouthEast Highlands (Fig. 1). The climate continentality
index (CI) is different for each region: the Coast (CI 
22-24), the Þemaièiø Highlands (CI  25-27), the Middle Plain (CI  28-30) and the South-East highlands
(CI  31-32) (Gabrilavièius and Danusevièius 2003). The
Coast and the Þemaièiø Highland regions were merged
into a single region, the Þemaièiø Highland region.
Gabrilavièius and Danusevièius calculated the index
of continentality with the following equation (Õðîìîâ
1974):
K=A - sinj/A
where K  index of continentality, A  average amplitude of temperature (the temperature difference between the coldest winter month and the warmest summer month), and j  geographical latitude.
The data analysed in this study were collected under
Forest Monitoring Level I as part of ICP-Forests. The
tree crown condition was evaluated annually (1989 
2010) on the permanent observation plots on the national (4×4 km) and transnational grid (16×16 km). The
forest monitoring data were analysed for different Lithuanian climatic regions. The total number of spruce trees
assessed annually during this period was approximately 2,000 (a total of 44,000 assessments).

Figure 1. Eco-climatic regions in Lithuania (left map), transnational forest monitoring grid (16×16 km) and network of
meteorological stations in Lithuania (right map)
2012, Vol. 18, No. 2 (35)
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In this network, a plot consists of four subplots
(Fig. 2) at a distance of 25 m to the north, west, south
and east from the centre of the plot. The subplot consists of six predominant, dominant and co-dominant
trees closest to the centre of the subplots. Defoliation is estimated in percentage classes. The trees with
a loss of foliage up to 10% are assigned to the 0 defoliation class and are considered healthy (Eichhorn
et al. 2010).

Figure 2. A schematic representation of the permanent observation
plot

Meteorological data (average temperature, amount
of precipitation) were obtained from a network of 35
meteorological stations situated throughout Lithuania
(Lithuanian Hydrometeorological Service 2001) (Fig. 1).
Data analysis
To derive changes in Norway spruce defoliation
from 1989 to 2010, a linear regression analysis (with
an F-test  analysis of the variance of a regression)
was performed with years as the explanatory variable
and crown defoliation as the dependent variable. An
analysis of variance (ANOVA with Student t-test (==
0.05)) was also performed to justify the separability
of crown defoliation in different eco-climatic regions.
The results of these analyses are shown in Figure 3.
The crown condition (defoliation and proportion
of healthy trees) trend (R 2 , r values) in the course of
time was calculated after elimination of the years (1993
 1997) in which I typographus had a very significant
effect on spruce condition (Table 1). DD (defoliation)
and DH (the proportion of healthy trees) were calculated from linear regression lines. To examine the direct effect of climatic factors on spruce condition, the
years (1993  1997) with large attacks of bark beetles
were eliminated. A linear regression line has an equation of the form Y= a + bX, where X is the explanatory variable and Y is the dependent variable. The slope
of the line is b, and a is the intercept (the value of y
2012, Vol. 18, No. 2 (35)
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if x = 0). From this equation, we calculated the mean
defoliation and the proportion of healthy trees at the
beginning (1989) and the end (2010) of the period of
analysis. DD and DH were calculated from the equation , = Y1 - Y2, where Y1 and Y2 are the values of
analyzing indicator linear regression trend (mean of
defoliation (for DD) or the number of healthy trees (for
DH)) in 1989 and 2010, respectively.
A backwards elimination multiple regression model
was used to define the relationship between the meteorological factors and the spruce condition indicators (defoliation and proportion of healthy trees) in
different eco-climatic regions. We used the following
multiple regression model: Y = = + > 1 X 1 + ...+ >p X p,
where Y  response; X  explanatory variable; = is the
intercept; > p are slopes (or coefficients).
The regression models include the mean annual
air temperature and precipitation, the annual temperature and precipitation of individual months (e.g., January, February) and the average temperature and precipitation during the current and during the previous hydrological year. For example, the current hydrological year (X-IX months) consists of the indices for
October, November, December (X-XII) of the previous
year and January, February, March, April, May, June,
July, August and September (I-IX) of the current year.
To determine whether the spruce crown condition
indicators were correlated similarly with the meteorological factors in different eco-climatic regions, a cluster analysis (Linkage rule  Single Linkage, distance
measure  Euclidean distance) was used. The calculations were performed on the linear correlation (Spearman) coefficient series obtained by analysing the relationship between climatic factors (the average temperature and precipitation for different months (periods)) and the indicators of spruce crown conditions
(defoliation and proportion of number of healthy trees)
in different climatic regions of Lithuania. A total of 3
series (1 series in each eco-climatic region) with 136
variables each was used in the analysis.

Results
Changes in defoliation and proportion of
healthy trees
The variation in the crown defoliation of Norway
spruce among different Lithuanian eco-climatic regions
is shown in Fig. 3.
During the entire study period (1989  2010), the
average difference in defoliation between the Þemaièiø
and South-East Highland climatic regions was 2% (ttest, p< 0.05).
The outbreaks of I. typographus in Norway spruce
stands caused a remarkable deterioration of crown
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Figure 3. Mean defoliation of Norway spruce trees in different eco-climatic regions of Lithuania (1989-2010)

condition in 1993  1997. Compared with the beginning of the study period, defoliation nearly doubled,
and the number of dead trees (tree mortality) increased
approximately 250 times (13.1% of all analysed spruce
trees were recorded as dead, whereas the corresponding percentage in 1989 was only 0.052%). Similar results were obtained in all climatic regions. The most
recent data indicate less reliable changes in defoliation. During 1998  2010, the mean defoliation varied
between 19 and 23%.
Over the entire period (1989  2010), no statistically significant trend in defoliation was found. However, after the elimination of the years 1993  1997,
when I. typographus had a very significant effect on
spruce condition, increasing defoliation over time was
observed in all eco-climatic regions (r= 0.66, p= 0.004)
(Table 1).
Significant differences in mean crown defoliation
and in the mean number of healthy spruce trees in
different eco-climatic regions were not found (Table
Table 1. Norway spruce crown
defoliation and number of healthy
trees, mean changes in different
eco-climatic regions (after elimination of data for 19931997,
when I. typographus had a very
significant effect on spruce condition)

Eco-climatic regions
The Þemaièiø
highlands
The Middle Plain
The South-East
highlands
All regions

1), but the condition of the spruce tended to decrease
in all regions (the r value varied between 0.22 and 0.66).
The greatest changes were observed in the Þemaièiø
Highland eco-climatic region (DD= 4.0; DH= -14.5%).
The smallest changes in tree condition were observed
in the South-East highlands eco-climatic region (D D
= 1.5; D H = -5.1%). However, during the study period
(1989  2010), the trees in this area showed the poorest condition  the greatest defoliation and the smallest number of healthy trees (the differences in defoliation and number of healthy trees between this region
and Þemaièiø region were equal 2% and 7% respectively).
Meteorological factors and crown condition
We used backwards elimination multiple regression models to define the relationship between meteorological factors and spruce condition indicators in
different eco-climatic regions (Table 2). The regression
models included the average temperature and amount
r

Defoliation
ÄD
Mean ± SE

r

Number of healthy trees (%)
ÄH
Mean (%) ± SE

0.63*

4.0

18.6 ± 0.5

- 0.65 *

- 14.5

26.6 ± 2.1

0.65*

5.1

20.3 ± 0.6

- 0.52 *

- 10.3

23.2 ± 2.2

0.27

1.5

20.2 ± 0.4

- 0.22

- 5.1

21.8 ± 1.8

0.66*

3.8

19.8 ± 0.4

- 0.56 *

- 13.3

23.9 ± 1.9

* Significant at the 0.95 probability level; D D Defoliation shift (1989-2010); D H Shift
in number of healthy trees (1989-2010)
2012, Vol. 18, No. 2 (35)
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of precipitation during the current and during the previous hydrological year. Several variables were included in the regression equations, but certain variables
were predominant: the precipitation during the current
year and during the previous year over the second half
of the vegetation period (months VI  VIII) and the
average temperature during the current and during the
previous hydrological year. The results of this analysis show that the precipitation during the second half
of the vegetation period and the average temperature
during the current and during the previous hydrological year were negatively correlated with spruce defoliation. The defoliation decreased with increases in the
precipitation over the second half of the vegetation
period and the average temperature during the current
and during the previous hydrological year. The second crown condition indicator, the proportion of
healthy trees, was correlated with the average temperature during the current and during the previous hydrological year. The precipitation during the second
half of the vegetation period had no significant effect
on the proportion of healthy trees. It is possible that

these indicators respond differently to environmental
changes.
Differences among different Lithuanian climatic
regions in the impact of meteorological factors on the
crown condition of Norway spruce are difficult to
demonstrate. A cluster analysis was used to clarify
these differences (Fig. 4). Calculations were performed
on several series of linear correlation coefficients (3
series by 136 variables) obtained by analysing the
relationship between climatic factors (temperature and
precipitation averages for different months (periods))
and spruce crown condition indicators (defoliation and
the number of healthy trees) in different climatic regions of Lithuania.
The results of the cluster analysis indicate that
precipitation and temperature fluctuation have a relatively similar effect on the number of healthy trees and
defoliation in the Middle Plain and the Þemaièiø Highlands but a relatively different effect in Southeast
Lithuania (Euclidean distance = 2.5 between the Þemaièiø Highlands and the Middle Plain, 3.3 between these
regions and the South-East Highland region).

Table 2. Coefficients of the stepwise multiple regressions of defoliation and of the number of healthy trees
as a function of meteorological factors
Type of regression
D (all climatic regions)
H (all climatic regions)
D (the South-East climatic region)
D (the Middle Plain climatic region)
D (the Þemaièiø highlands climatic region)
H (the South-East climatic region)
H (the Middle Plain climatic region)
H (the Þemaièiø highlands climatic region)

Linear regression model a
D = 26.8  0.65*TIV + 0.02*PVI -0.04*PVIII  0.02*PVI-VIIIpr
H = 22.19 + 1.5*TX-IX + 1.77*TX-IXpr  0.11*PIV  1.18*TVIIpr
D = 45.8  0.02*PVI-VIII  2.69*TX-IX
D = 21.5  0.4*TI  0.2*TXIIpr  0.01*PVII-VIII
D = 17  0.57*TX-IXpr + 0.1*PV-VI  0.03*PVII-VIII + 0.07*PVpr
H = 7.8 + 2.4*TX-IX+ 0.95*TIII  0.17*PIV
H = 44.4  1.17*TVIIpr + 0.11*PIXpr -0.09*PXpr
H = 18.3 + 0.98*TIIIpr +0.12*PIIIpr

R2 adj.
0.39
0.26
0.47
0.40
0.63
0.42
0.50
0.35

D, average defoliation (%); H, number of healthy trees (%); T  temperature ( oC) (by month or period);
P, amount of precipitation (mm) (by month or period); pr  previous hydrological year.

Figure 4. Defoliation and the number of
healthy trees in response to climatic variability factors, compared across different
climatic regions
2012, Vol. 18, No. 2 (35)
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Discussion
The results of this study showed that the greatest negative changes in tree condition were associated with damage caused by bark beetles (I. typographus). This damage occurred from 1993 to 1997.
The damage can be considered a tertiary effect of climatic factors because dry summers and abundant
windthrow create favourable conditions for the growth
of I. typographus populations. However, the principal
purpose of the study was to examine secondary effects of climatic factors on spruce condition (the relationship between climatic factors and tree condition
indicators). In our investigation, these factors were
considered secondary, although factors such as frost
or hail damage represent primary meteorological effects. For this reason, we eliminated the years of the
bark beetle outbreak to focus on the effects of climatic factors on defoliation. We did not consider differences associated with the results within each year,
such as differences in tree age, stand density and
species composition, because the stands were randomly selected and a large sample size was used. This
approach was based on the assumption that the samples for a given year had similar characteristics.
After the elimination of variables, the multiple
regression analysis yielded reliable trends in defoliation and in the proportion of healthy trees. The results
show that the deterioration of tree condition was expressed less strongly in the regions with a less strongly marked continental climate. The climate of the
Þemaièiø eco-climatic region is less strongly continental than the climate of the Middle Plain and South-East
regions. The deterioration of Norway spruce in the
regions with higher continentality may indicate that
this decrease is one of the possible factors involved
in the degradation of spruce condition even if it does
not correspond to major differences in condition. According to previous research (Gabrilavièius and Danusevièius 2003), trees from different eco-climatic regions are adapted to specific climatic conditions. Previous observations indicate that the continentality of
the Lithuanian climate is decreasing as a result of climate change (Rimkus et al. 2006). The decreasing continentality of the climate and the increase in the average annual temperature (especially in winter) can produce conditions that exceed the limits of physiological stress for spruce. Several researchers have suggested that spruce is adapted to a cold climate (Kairiûkðtis 2000, Dahl 1990, Sykes et al. 1996).
Nevertheless, it is difficult to identify the causes
of tree deterioration because deterioration is influenced by complex factors, including weather conditions, air quality and biotic damage. Previous research
2012, Vol. 18, No. 2 (35)
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(Karazija et al. 1996) has shown that droughts in 1992
and 1994 produced a marked decrease in the groundwater level and caused losses of moisture from the
shallow soil layers. As a result of these drought-induced changes, it was difficult for trees to absorb
moisture reserves from the soil. For this reason, spruce
declined in Lithuania and was affected by I. typographus. This decline also reflected the occurrence
of numerous windthrow events in 1993. Even in this
case, abiotic factors were ultimately the cause of the
insect damage. We estimate that in 1996, compared
with the beginning of the study period, defoliation was
twice as high and the number of dead trees was approximately 250 times higher (13.1% of all spruce
trees). The recovery of the tree condition began in
1997. Previous studies showed that the greatest decrease in crown condition and the highest tree mortality generally occur a few years after storm-caused
disturbance (Schroeder 2003), although decreases in
host tree resistance due to summer drought can result
in prolonged mortality periods (¨kland and Bj¸rnstad
2003, Rouault et al. 2006, Faccoli 2009). Other researchers have also identified meteorological factors as contributing (Ogle et al. 2000) or predisposing (Villalba and
Veblen 1998) to tree mortality. For these reasons, meteorological factors do not completely explain the
variability of the condition of Norway spruce. The
regression analysis performed in this study showed
that climatic factors explain only about one-half of the
variability in crown condition. A few results of the
regression analysis can be noted. Summer droughts
act as a driver for the crown condition of spruce. Most
of the regression equations obtained in this study
included the amount of precipitation during the second half of the vegetation period. The reliability of the
regression equation depends slightly on the climatic
region. The regression equations included not small
number of variables. The variables appearing in these
equations were not always the same. This result indicates that the selection of variables can be random
because the relationship between the factor and the
response is weak.
For all these reasons, it is difficult to determine
whether the crown condition of Norway spruce is similarly correlated with the fluctuations in meteorological factors in all Lithuanian eco-climatic regions. Our
results suggest that in the Middle Plain and the
Þemaièiø eco-climatic regions, the number of healthy
trees and defoliation show relatively similar responses to fluctuations in precipitation and temperature.
However, the responses in these regions are different
from the responses in South-East Lithuania. This result could indicate that the factors that have negative
or positive effects on spruce condition are not the
ISSN 2029-9230
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same in different regions of Lithuania. Because trees
from different climatic regions are adapted to the specific climatic conditions of those regions, climatic
changes do not have similar effects on tree condition
in different regions. However, the reliability of the
results could be influenced by the proportions of different habitats in different regions, and information on
habitats was not considered in this study.
The detection of relationships between meteorological factors and the crown condition of Norway
spruce is complicated, and these factors potentially
interact with each other (temperature with precipitation,
for example). Within the context of different effects of
pollutants on forest ecosystems, their synergistic effects and their interactive effects with environmental
stressors, it is very difficult to discuss the correlation
of meteorological factors with tree condition (MüllerEdzards et al. 1997, Ozolinèius and Stakënas 2001).

Conclusions
A significant decrease in Norway spruce crown
condition, resulting primarily from I. typographus
damage (1993  1997) was recorded in all eco-climatic
regions. After the elimination of 1993  1997 data (I.
typographus damage), the crown condition of Norway
spruce tended to decrease over the period of analysis. Crown defoliation increased over time (r = 0.66,
p = 0.004), and the proportion of healthy trees decreased (r = -0.49, p = 0.02). The greatest decrease in
Norway spruce crown condition was observed in the
Þemaièiø Highlands region, the region with the most
maritime climate (D D = 4; D H = -14.5).
The condition of Norway spruce was very similar
in the three Lithuanian eco-climatic regions examined.
However, the deterioration of crown condition associated with the spatial gradient of the decrease in the
continentality of the climate may indicate that this
aspect of climate change is one of the possible degradation factors for spruce. Summer drought also influences the crown condition of spruce.
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Ðåçþìå
Êëèìàòîëîãè÷åñêèå èññëåäîâàíèÿ ïîêàçûâàþò, ÷òî êîíòèíåíòàëüíîñòü êëèìàòà â Ëèòâå óìåíüøàåòñÿ. Åëü
åâðîïåéñêàÿ ÿâëÿåòñÿ îäíîé èç ñàìûõ ÷óâñòâèòåëüíûõ ê èçìåíåíèþ êëèìàòà äðåâåñíûõ ïîðîä. Ïîýòîìó èññëåäîâàíèÿ
ñîñòîÿíèÿ êðîí åëè åâðîïåéñêîé â ðàçíûõ ýêîêëèìàòè÷åñêèõ ðåãèîíàõ Ëèòâû ñ ðàçëè÷íîé êîíòèíåíòàëüíîñòüþ êëèìàòà
ìîæåò ñïîñîáñòâîâàòü âûÿâëåíèþ ôàêòîðîâ, îêàçûâàþùèõ â áóäóùåì ñóùåñòâåííîå âëèÿíèå íà ñîñòîÿíèå ëåñîâ.
Àíàëèçèðîâàëèñü äàííûå ðåãèîíàëüíîãî ìîíèòîðèíãà ëåñîâ çà ïåðèîä 1989-2010 ã. Â êà÷åñòâå ïîêàçàòåëåé
ñîñòîÿíèÿ êðîí èñïîëüçîâàëèñü äåôîëÿöèÿ êðîí è êîëè÷åñòâî çäîðîâûõ äåðåâüåâ (â % îò âñåõ îöåíåííûõ). Â êàæäîì
ãîäó îöåíèâàëîñü ñîñòîÿíèå â ñðåäíåì îêîëî 2000 åëåé. Èçìåíåíèå ñîñòîÿíèÿ äåðåâüåâ è ìåòåîðîëîãè÷åñêèõ
ïàðàìåòðîâ èçó÷àëî ñü â 3 ýêîêëèìàòè÷åñêèõ ðåãèîíàõ Ëèòâû - Æåìàéòñêîé âîçâûøåííîñòè, Ñðåäíåëèòîâñêîé
íèçìåííîñòè è Þãîâîñòî÷íûõ âîçâûøåííîñòåé.
Ñóùåñòâåííîå óõóäøåíèå ñîñòîÿíèÿ êðîí åëè, â î ñíîâíîì âûçâàííî å ïîâðåæäåíèÿìè I. typographus,
óñòàíîâëåíû âî âñåõ ýêîêëèìàòè÷åñêèõ ðåãèîíàõ. Ýëèìèíèðîâàíèå äàííûõ çà ïåðèîä âñïûøêè I. typographus (19931997 ã.) ïîêàçàëè òåíäåíöèþ óõóäøåíèÿ ñîñòîÿíèÿ êðîí åëåé. Ïðè ýòîì â òå÷åíèå èññëåäóåìîãî ïåðèîäà äåôîëÿöèÿ
êðîí óâåëè÷èëîñü (r = 0.66, p = 0.004), à êîëè÷å ñòâî çäîðîâûõ äåðåâüåâ óìåíüøèëîñü (r = -0.49, p = 0.02).
Íàèáîëüøåå óõóäøåíèå ñî ñòîÿíèÿ êðîí åëè íàáëþäàëîñü â ðàéîíå Æåìàéòñêîé âîçâûøåííîñòè, ò. å. â ìåíåå
êîíòèíåíòàëüííîì êëèìàòè÷åñêîì ðåãèîíå (D D = 4; D H = -14.5).
Ïðåäïîëàãàåòñÿ, ÷òî óõóäøåíèå ñîñòîÿíèÿ êðîí åëåé ïðè âçàèìîäåéñòâèè ñ óìåíüøåíèåì êîíòèíåíòàëüíîñòè
êëèìàòà ìîæåò áûòü âîçìîæíûì ôàêòîðîì äåãðàäàöèè åëüíèêîâ. Êàê ôàêòîðû âëèÿíèÿ íà ñîñòîÿíèå êðîí
ðàññìàòðèâàþòñÿ òàêæå ëåòíèå çàñóõè è êîëè÷åñòâî îñàäêîâ çà âòîðóþ ïîëîâèíó âåãåòàöèîííîãî ïåðèîäà.
Êëþ÷åâûå ñëîâà: Åëü åâðîïåéñêàÿ, äåôîëÿöèÿ, ýêîêëèìàòè÷åñêèå ðåãèîíû, ICP-Forest

2012, Vol. 18, No. 2 (35)

ISSN 2029-9230

195

