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According to the World Meteorological Organi-
zation (2003) since measurements were first recor-
ded in 1861 the global surface air temperature has
increased. During the 20th century the increase was
more than 0.6 °C. The rate of change for the period
1976 to present is roughly three times that of the
last 100 years as a whole. Analyses of proxy data
for the Northern Hemisphere indicate that this
increase in air temperature during the latter part
of the 20th century is unprecedented when compared
to the last millennium (World Meteorological

Organization, In the Northern Hemisphere, the
1990s were the warmest decade and 1998 was the
warmest year during the last 1000 years. During
the summer of 2003, air temperatures in many parts
of Europe were consistently 5 °C warmer than ave-
rage for several months. The heat waves extended
to other parts of the Northern Hemisphere, inclu-
ding China and some parts of Russia. Borehole tem-
perature measurements in the Komi Republic also
indicate strong subsurface warming, reflecting
changes in the trends of both surface air tempera-
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ture and solid precipitation (Oberman & Mazhitova
2004).

In many boreal regions warming is associated
with increased precipitation, increased river dis-
charge, a longer growing season, changes in the
distribution of plant species and higher net primary
productivity. Recent findings clearly show that
climate change is a major driving force behind
growth variation, as well as differences in tree
mortality (Spiecker 1995; Spiecker 1996; Spiecker
2000; Raitio 2000; Makinen et al. 2001). The
understanding of growth trends in the Barents regi-
on’s forests as a response to global change for both
the past and the future is very important for the
development of the European forest sector.

Climate change with lengthening growing
season (Menzel & Fabian 1999), increasing CO, and
nitrogen deposition and changes in management
practices are assumed to cause the increased forest
growth (Méakinen et al. 2003; Spiecker 2002, 2000,
1999,). Climate change has been defined on both
global and local scales (Knowlton et al. 2004; Da
Motta 2004; Meyneeke 2004; Miller 2003; Mauro
2004). Previous results indicate that northern forest
ecosystems are among the regions of the greatest
risk from the impacts of climate change. According
to the scientific community, warming trends have
already started and in the future will increase (IPCC
2001). Most studies attribute the warming trends
to accumulation of greenhouse gas or to sunspot
activity (IPCC 2001; Vasil’ev et al. 2004; Raspopov
et al. 2004).

In Europe most forests are managed except
those in northwestern Russia where there is a domi-
nance of old-growth natural forests. It is important
to understand the long-term response of unmanaged
natural forest to changing climate. It is possible to
adapt forest management practices to changing
environment, although today it is impossible to
change the global climate back to its previous state.
Therefore, with knowledge of tree-growth response
to changing climate, forest management practices
can be adapted to achieve a defined output from
the forests. Dendroclimatic analysis can be used to
identify the major climatic factors that influence
radial growth of forest species.

Case studies in Komi Republic including
Drobushev (2004) showed that latewood width of
Scots pine (Pinus sylvestris L.) was positively
correlated with air temperature in April-May and
July-August of the current growing season and with
the July-August precipitation of the previous year.
Earlywood width was positively affected by the
precipitation in May and November of the previous
year (Drobushev 2004). This is in accordance with
the observation which shows that the growth of
conifers in the boreal zone positively correlates with
growing season air temperatures (Briffa et al. 1988).
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Physiologically, this results from the fact that in
the boreal zone the carbon gain of the trees is
typically limited by the air temperature during
growing season. As long as water is not a limiting
factor for the radial growth, increased carbon gain
in the tree ring should positively correlate with the
increment. One possible hypothesis could be that
increased air temperature results in more carbon
being assimilated by the tree and as a result trees
will grow faster. In this case there are two scenarios
of possible development:

- trees will be larger as there will be changes in
height, shape and thickness of stems as a result of
carbon accumulation and higher production;

- trees will grow faster but the increased growth
could be limited by higher rate of mortality and it
would result in the same volume of growing stock
and carbon accumulation.

On the European scale, an attempt to identify
forest growth trends was conducted in 1993-1996
(Spiecker 1996; Spiecker 1999). The main purpose
of the project was to analyze whether site producti-
vity has changed in European forests during the
last decades. It was possible to observe an increasing
growth trend in most cases. However, in some
studies (Mielikainen & Sennov 1996; Nojd 1996;
Makinen et al. 2001) a decreasing trend was reported
at specific sites. Information about forest growth
in the Kola Peninsula and Russian Karelia represen-
ted Russian studies in this project.

In Northern Europe, both negative and positive
trends have been found. A negative trend was found
in the Kola Peninsula which can be explained by
the non-ferrous smelter in the area (Nojd 1996;
Makinen et al. 2001) while a positive trend was
found in Saint-Petersburg region (Mielikdinen &
Sennov 1996). Studies in Karelia showed that no
definite conclusions can be made regarding site
productivity changes in the area (Sinkevich &
Lindholm 1996). These study areas represent only
17% of the forest area of North-Western Russia.
Previous studies on growth trends were conducted
mostly in secondary even-aged forests in Europe
(Spiecker 1996). Studies of growth trends in
untouched pristine uneven-aged forests may provide
a better understanding of the reaction of forest
ecosystems to global climate change. It is especially
important for modeling of forest growth in the
future. Usually the effects of forest management
are well understood.

The definition of growth trend in this study is
similar to previous research projects (Spiecker
1996). Growth trend can be defined as a persistent
change in the average rate of growth. Growth trends
within this project are indicated by long-term (more
than 30 years) site-induced deviations of observed
versus expected growth without taking into account
site changes. Long-term trends in growth can be
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defined as a component of annual growth variation
dominated by low-frequency variation (period = 30
years).

Komi is the east-most boreal region of European
Russia where largest areas of northern European
natural forest still exist. Using radial and apical
growth it was possible to detect positive long-term
trends of growth in Scots pine (Pinus sylvestris L.)
and Siberian spruce (Picea obovata Lebed.) in the
forest-tundra transition zone, the northern taiga
zone, the middle taiga zone, and the southern taiga
zone of boreal forests in Komi Republic. Three
different approaches were used for identifying long-
term trends in growth of Siberian spruce and Scots
pine: chronology building, comparison of radial
increment at similar cambial age, and comparison
of height increment at similar cambial age. The
combination of methods for estimating long-term
growth trends emphasizing height increment has
proven to be an adequate approach.

It is impossible in present system of forest

inventory in Russia to detect os

be explained as a usual variability during last 200
years.

Standardized tree-ring chronologies showed
higher increase in growth in high latitudes and lower
in temperate zone. Response to changing environ-
ment of Siberian spruce is higher then response of
Scots pine. The highest increase in growth of
Siberian spruce and Scots pine was observed in the
northern taiga zone and northern forest-tundra
transition zone. The facts of Scots pine movement
to north in northern taiga limit after 1924 were
identified. Increase in area of distribution and
increase in production results lead to total volume
increase. But evaluation of total balance in changes
of wood production in Komi due to climate change
studies in relation between tree mortality, forest
growth and their relation to climatic parameters
needs to be done.

Positive long-term trends of Scots pine and
Siberian spruce growth were discovered on the
territory of Komi Republic using collected samples.

forest growth trends on re-
gional scale with decadal or

A

annual resolution. Discs,
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forest zones of Komi Repub-
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boreal forests, forest-tundra
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0,8
spruce and 65 trees of Scots

pine). Measuring of annual

index deviation

0,6

ring width, earlywood and
latewood were done using

the Windendro image ana- o4

lysis system. Chronologies

covering period from 1774 02

till 2003 for Siberian spruce

and from 1824 till 2003 for 0
Scots pine were built for 3

forest zones and forest-tund- 0.2 gretmmees

ra transition zone (Figure 1).
0,4

Combination of stem
analysis, comparing raw ring

-0,6

with series using cambial age
approach and building chro-
nologies using collected
samples showed common
increase of growth for the
period after 1950 that can’t

1920
1923
1926
1929
1932
1935
1938

1941
1044
1047
1950
1953
1956
1959
1962
1965
1968
1971
1974
1977
1080
1083
1986
1089
1992
1995
1998
2001

Fig. 1. Standardized tree-ring chronologies smoothesof with a 10-year moving average shown
as a deviations from the mean for Scots pine (A) and Sibirian spruce (B) in forest of Komi
Republic: southern (a), middle (b), northern (c) and forest-tundra transition (d) zones.
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Increase in radial growth of Siberian spruce in the
forest-tundra transition zone for last 70 years was
214 % comparing with long-term mean growth for
the previous 118 years; in the northern taiga zone
13 % (during the last 50 years increased comparing
with long-term mean growth for the previous 76
years and on 46 % during last 25 years); in the
middle taiga zone 115 % (for the last 50 years,
comparing with previous 178 years). Increase in
radial growth of Scots pine in the northern taiga
zone is 116 % (during the last 30 years comparing
to long-term mean growth for the previous 47 years);
in the medium taiga zone is 67 % (during the last
50 years comparing to previous 100 years); height
growth has increased on 42 %. No clear conclusion
could be done yet about growth trends in the
Southern taiga zone at this stage of analysis.

There is a lower ability of Scots pine comparing
to Siberian spruce to grow in extreme conditions;
in the middle taiga zone response of Siberian spruce
to changing conditions is higher then response of
Scots pine. Temperature is a limiting factor for
forest growth in Komi Republic.

Comparison of forest growth trends in Komi
Republic with similar studies in Finland, Norway
and Sweden showed difference in growth trends due
to continental climate with more strong climatic
conditions in Komi.

Tree-ring growth data of Scots pine (Pinus
sylvestris) from 19 sites of Kola Peninsula above
the polar circle was analyzed. The main goal of the
study (Raspopov et al. 2004) was to detect regional
response of biological system (forest) to the global
warming during the last century. The Kola Penin-
sula is located between 66 and 70°N, and 32 and
41°E. The Northern timberline crosses Kola Penin-
sula from North-Western part at the Barents Sea
coast to South-East one. The peninsula is located in
the region of Atlantic cyclones activity, therefore
biological systems (including forest) does not
experience any lack in humidity. The precipitation
is distributed nearly uniformly on the Kola
peninsula area. The mean precipitation rate varies
within 500-800 mm/year, and in mountain regions
precipitation is up to 1200 mm/year. Under these
humidity conditions the tree growth, taking into
account the absence of noticeable anthropogeneous
pollution, is mainly determined by air temperatures.

In Figure 2 the tree-ring growth widths (Pinus
sylvestris) at the Northern timberline on the Kola
Peninsula (Murmansk) (Raspopov et al., 2004) for
about 400 years and the temperature variations at
the Northern Hemisphere and in the Arctic regions
are presented.

The temperature variations at the Northern
Hemisphere, mean annual air temperatures in coas-
tal region of the Kola Peninsula (Kola — Murmansk)
for the last century, and also mean annual tempera-
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Fig. 2. Variations in the tree-ring width (Pinus sylvestris) at the
northern timberline of the Kola Peninsula for the last 400 years
(5-year running mean), (Raspopov et al. 2004).
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ture in the central part of the Kola Peninsula (Ki-
rovsk) for the last 30 years are presented as well.

As one can see from comparison of regional
and global temperature variations the increase of
global and regional temperatures took place
synchronously up to middle of the last century. Than
at sixties the temperature decrease was observed.
However, in 1970-2000s the trend of global and
regional temperatures was different. Both trends
demonstrate tendencies of some temperature inc-
rease. But in the case of global temperatures the
increase took place two times faster than in the
first half of the last century. In the case of regional
temperatures their increases were two times as much
slower (~0.15°/10 years compared to ~0.25°/10 years
in the beginning of the century). The analysis of
mean annual temperature increase for the last 30
years demonstrates that the increase took place on
account of winter temperatures. The summer tempe-
rature increase did not happen. More over in the
last decade the decrease of mean summer tempera-
tures took place.

Periodicity of climatic processes in the Barents
Sea Region and along the Arctic Ocean coast during
several hundred years has been studied by analyzing
the tree-ring chronologies for the regions close to
the northern timberline (Raspopov et al. 2004). In
the Barents Sea region, the cyclicities of climatic
processes with periods of around 90, 30-35, 22-23,
18, and 11-12 years have been established by spectral
analysis of the data for the Kola Peninsula. The
wavelet analysis of annual series of conifer tree-
rings generalized for 10 regions along the northern
timberline, from the Kola Peninsula to Chukotka,
for the period 1458-1975 has revealed the same
periodicities for the vast areas of Northern Russia.
The tree-ring growth of Fitzroya (Roig et al., 2001).,
similar to that of Pinus in the Barents Sea region,
responds in general to summer temperatures (De-
cember-March in the Southern Hemisphere) (Villal-
ba, 1994; Lara and Villalba, 1993). Comparison of
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the spectrum of climatic changes in the Barents
Sea region and climatic changes in the Pacific Ocean
region demonstrates a striking identity of the
spectra. In all the spectra, oscillations with periods
of 82-95, 45-51, 30-35 20-24, 17-18, 9-12 years are
present. Such a similarity points to a global
character of the forcing factor influencing the
nonlinear ocean-atmosphere-fiontinental system. The
source of such climate changes may be solar forcing.
The distribution of the frequencies of tree-ring
width variations corresponding to periodicities of
solar activity (nG, nH) and their combinatory fre-
guencies (nH — nG) and (nH + nG). Climatic cyclicity
with a period of about 35 years is known as the
Brickner cycle. Climatic cycles with periods of aro-
und 90, 22-23, and 11-12 years correlate well with
the corresponding solar activity cycles.

Conclusions

Positive long-term trends of Pine and Spruce
growth were identified in several studies in the
Barents Region. Comparison of forest growth trends
in Komi Republic of Russia with similar studies in
Finland, Norway and Sweden showed difference in
growth trends due to continental climate with more
strong climatic conditions in Komi. These significant
forest growth responses to the changing climate
conditions in Komi Republic highlight this differen-
ce as the trees show a stronger response in extreme
climatic conditions.

Spectral analysis of the dendrochronological
data for the coastal zone of the Barents Sea region
has revealed climatic oscillations with periods of
about 90, 45, 33, 23, 18, and 11-12 years. These
periodicities of climatic processes in the Barents
Sea region turned out to be nearly identical to those
of climatic processes in the Pacific Ocean region
obtained by using dendrochronological data for
Northern Patagonia (South America, Chili) (Roig
et al. 2000). The same frequency characteristics were
revealed in analysis of tree-ring series of conifer
trees generalized for the northern timberline of
Russia. Such identical characteristics demonstrate
the global nature of the impact on the climatic ocean-
atmosphere-continental system. Variations in solar
activity seem to be a plausible source of such global
forcing phenomena.
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The specialists use different terms to denote
the forests with minimal violations induced by hu-
man activities: “virgin forests”, “undisturbed for-
est territories”, “old-growth forests”. There is no
term acceptable by everyone today nor will be there
any in the nearest future. We use the definition
given in the industrial standard OST 56-108-98
“Sylviculture. Terms and Definitions”: “Native for-
est is the forest that didn’t suffer any noticeable
economic or anthropogenic influence, which was
changing in the course of many generations of for-
est-forming tree species following only the natural
nature processes. We can argue about the terms
and debates will go on but we are loosing the orig-
inal nature right now. Today there are not only
virgin forests but very few old-growth forests (old-
er than 150-200 years) in the bigger part of Europe
(to the west and south of Arkhangelsk oblast and
Komi republic). The value of the native forests is
obvious and is generally acknowledged today. These
forests are not only the banks of the natural biodi-
versity (25000 species of wildlife, plants, mush-
rooms, lichens — billions of organisms), but a ref-
uge for endangered species and a source of restora-
tion of the natural biological diversity on the adja-
cent already disturbed territories. Besides, it is the
native forest that fulfils in the best way the stabi-
lizing ecological functions: water protection, water
regulation, environment-formation. With decrease
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of the share of native forests these functions be-
come weak, many wildlife and plant species disap-
pear, ecological sustainability of the forest territo-
ry is impaired.

The use by man of the laws of nature and of
the natural forest dynamics in forest management
can help to stop this process. But where can one
learn the laws of nature? And here another indis-
putable value of the native forests becomes appar-
ent: only they can provide a standard for the natu-
ral development of forest landscape and a model
for implementation of ecologically responsible for-
est management. The problem is that very few ter-
ritories on which the nature lives according to its
laws, including the native forests, remain intact,
and their area is constantly decreasing. Judging by
the space images the last large ranges of untouched
forest in Europe (areas of not less than 100 thou-
sand hectares) are preserved only in Komi republic
and in the neighboring Arkhangelsk oblast.

In Komi republic the forests cover 300 thou-
sand km?, or % of the territory. A large part of the
native forests is protected by the state. They in-
clude the wide belt of pre-tundra forests and the
largest in Europe SPNTs: Pechoro-llychski state
nature reserve and National park “Jygyd va” situ-
ated on the western slope of the Urals. Native for-
ests are also preserved on some large nature re-
serves of republican importance. Nevertheless the
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