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Project objectives and major achievements during the reporting period 
 
Overview of general project objectives 
 
The proposed project is aimed to build and strengthen co-operation between European Union (EU) researchers 
and partners in Northwest (NW-) Russia on issues of global change impacts on environmental conditions and 
forest growth. The objective of the project is to promote the co-operation by training and integrating resources 
of participating scientific organizations in Europe and NW-Russia. This is needed in order to sustain the role of 
the EU on the international stage and to make available the European methodological capacity in the area of 
forest growth trends due to changing environment for studies in North-Western Russia. 
 
Specific objectives of the proposed project:  

1. to provide training for scientists from NW-Russia on modern methods of management of environmental 
risks associated with man-made change by means of cambial monitoring developed in EU; 

2. to setup a field measurement station equipped with dendrometers and magnetic variometer sensors in 
Laly Research Forest (Komi, Russia); 

3. to improve scientific communication between researchers from Northwest Russia and EU through pro-
viding training and further collaboration; 

4. to provide access to scientific information about response of forests to changing environmental condi-
tions in Northwest Russia for EU scientists; 

5. to foster joint research projects in management of the risks associated with global climate change; 
6. to organize meetings for preparing joint research project proposals and strengthen the cooperation 

through joint research; 
7. to study the potential impacts of man-made changes on wood balance in NW-Russia in the future. 

 
Achievements during in the reporting period 
The major achievements during the reporting period were (i) the provision of training for scientists, (ii) the con-
figuration, installation and operation of the dendroecological and magnetic field measurement station at Laly 
Research Forest in Komi Republic, and (iii) the dissemination of the project results.  
During the lifetime of the project (01.10.2006-30.09.2007) in total three 4- to 7-day training workshops have 
been organized in conjunction with project meetings. The first training course was organised by P1 at Institute 
for Forest Growth (University Freiburg, 19.-22.02.2007). The second training course was jointly organised by 
P1, P2, P3 and P4 at Institute of Biology (P3, Komi Republic, Russia, 23.-29.04.2007). Russian experts and re-
searchers from all partner institutions involved in the project participated in the workshops. In addition to the 
introduction into the basic methodologies interactive exercises were part of the course schedules. The partici-
pants were requested beforehand to bring their own data and samples to analyze them during the training work-
shops. Modern software for tree-ting and geostatistical analyses was demonstrated. Research approaches (e.g. 
research concepts, experimental designs, and measurement and analysis methods) and further needs in methods 
for the management of the risks for forest growth associated with man-made changes in NW-Russia were dis-
cussed. Participants were requested to demonstrate their results and approaches. A common approach in sam-
pling and data collection and statistical analysis methods was developed and adopted by the project participants. 
Uniform data structure, data quality standards and approaches in data analysis have been agreed during the dis-
cussions. The expected and preliminary results for some territories on NW-Russia were demonstrated. Joint re-
search proposals were discussed and preparation of the proposals is ongoing. 

During the third training workshop, jointly organized by partners P1, P2, P3 and P4 at Institute of Biology in 
Syktyvkar (P3, Komi Republic, Russia, 05.09.-09.09.2007), participants were trained on how to install and 
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maintain the measurement station, how to do quality check, collect and archive the data, and how to specifically 
analyse data from dendrometers and magnetic variometers. Costs for maintaining the system in the field were 
covered by the Institute of Biology. During the field visits the partners developed a system for archiving and 
displaying the data via the internet. At the same time the model on risks assessment and management based on 
cambial monitoring was implemented into the system. 

During the initial planning phase the configuration and technical details of the dendroecological field measure-
ment station and of the variometer measurement equipment have been discussed among the project partners. 
The equipment for the dendroecological field measurement station has been ordered and put together by P1. 
Parts of the equipment (e.g. datalogger, meteo-sensors, soil-sensors) are commercial products, other parts (e.g. 
electronic point dendrometers) have been assembled by P1. Data logger programming and development of the 
software for data retrieval have been conducted by P1. P4 and P3 were in charge of setting up the magnetome-
ter measurement equipment.  
The measurement station with meteorological and soil hydrological sensors as well as dendrometer and mag-
netic variometer sensors provides real-time data on basic meteorological conditions, cambial activity and solar 
activity. The installation of this equipment allows to start high quality research in environmental conditions 
monitoring, risks assessment and management associated with man-made changes, using a dendroecological 
approach, and to support scientific communication and cooperation between project participants using the same 
approaches and methods on issues of environmental conditions monitoring. The created infrastructure is used 
for both, research work inside Russia and joint research projects devoted to monitoring of environmental condi-
tions in Russian forests and their input to the whole picture of forests on the European continent. 
The results achieved are disseminated widely using different approaches such as project website, publications 
in peer-reviewed journals and seminars for scientists and policy makers and forest managers in Russia. The 
most essential deliverable of the project that allows easy dissemination of data and results and for demonstra-
tion purposes is the cambial growth monitoring station installed in the undisturbed Laly research forest in Komi 
Republic (North-Western Russia). It provides data on cambial activity and basic meteorological and soil pa-
rameters in high time resolution and in real-time. The respective web portal contains all the necessary data 
bases, models and climatic projections developed in the course of the project as well as training materials on the 
risks management due to the changing forests growth conditions for a wide scientific community. 
 
No serious problems occurred during the reporting period so that all tasks of the working programme could be 
accomplished. Delay in accomplishing several deliverables and milestones were due to the delay in the start of 
the project with respect to the originally planned date (planned start of project: 01/2006). It was not possible to 
set up the field measurement station as scheduled for month 4 (01/2007) because of the weather conditions. 
There is winter and high snow cover in the boreal forests of Komi in January. The research site was not acces-
sible and snow conditions did not allow implementation of the measurement equipment. However, the main 
technical goal of the project, the establishment, operation and maintenance of the field measurement station had 
highest priority in the list of deliverables. Finally the field measurement station started to run properly in month 
8 (05/2007). 
 
 
Scientific publications in the framework of project CAMBIFORRUS: 
 
Goncharova O.A., Kuzmin A.V., Poloskova E.J., 2007. Structural and dynamical characteristics of phonologi-

cal sustainability of arboreal plants under conditions of Kola region.- Apatity: Print KSC RAS: 128 p. 
Kuzmin A.V., Goncharova O.A., 2007. Classification and typification of pine stand elements on the base of 

analysis of distribution of probability density of dimensional classes of radial increments // Proceed. of 
3rd International Internet-seminar. – Tomsk: Tomsk state university: 73-78.  

Kuzmin A.V., Poloskova E.J., Raspopov O.M., Kuzmina L.I., 2007. Temporal identification of integral and 
combinative influence of climate factors on structural elements of pine stands in Kola regions. - Apatity: 
Print KSC RAS: 90 p. 
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Lopatin, E., Kolström, T., Spiecker, H., 2007. Long-term trends in radial growth of Siberian spruce and Scots 
pine in Komi Republic (Northwestern Russia). Boreal Environment Research. (In Press).  

Lopatin, E. 2007. Long-term trends in height growth of Siberian spruce and Scots pine during the last 100 years 
in Komi Republic (Northwestern Russia). Scandinavian Journal of Forest Research 22 (4): 310 – 323. 
doi: 10.1080/02827580701504936.   

Poloskova E.J., Kuzmin A.V., 2007. Analysis of influence of precipitation on pine stand formation under condi-
tions of Kola region // Proceed. of 3rd International Internet-seminar. – Tomsk: Tomsk state university: 
232-237. 

Raspopov O.M., Dergachev V.A., Kuzmin A.V.,  Kozyreva O.V., Ogurtsov M.G., Kolström T., Lopatin E.V., 
2007. Regional tropospheric responses to long-term solar activity variations. Advances in Space Re-
search, doi:10.1016/j.asr.2007.01.081. 

Raspopov O.M., Dergachev V.A., Kolström T.,  Kuzmin A.V.,  Lopatin E.V.  Luckman B.H., 2007. Climate 
response to long-term solar activity variations in the North Atlantic region. Publication  of  37th Annual 
International Arctic Workshop, 2-5 may 2007, Skaftafell, Iceland. Extended abstract.  

Raspopov O.M., Dergachev V.A., 2007. 200-year variations in cosmic ray modulated by solar activity and their 
climatic response. Bulletin of Russian Academy of Sciences: Physics, V. 71: 1014-1017.  

Raspopov O.M., Yankovská V., Dergachev V.A., Kuzmin A.V., Kolström T., Lopatin E.V., 2007. Sharp 
change of climate conditions around Sub-Boreal – Sub-Atlantic boundary (3500-2500 BP) in the North-
ern Scandinavia: Evidence from dendrochronological and pollen data. Forest Snow and Landscape Re-
search, in press. 

Raspopov O.M., Dergachev V.A., Esper J.,  Kozyreva O.V., Ogurtsov M.G., Kolström T., Shao X., 2007. The 
influence of de Vries (~200-year) solar cycle on climatic variations: result from the Central Asian 
mountains and their global link. Palaeogeography, Palaeoclimatology, Palaeoecology, in press. 

Raspopov O.M., Dergachev V.A.,  Kozyreva O.V., Ogurtsov M.G., Kolström T., Lopatin E.V., Luckman B.H., 
2007. Geography of climatic response on long-term variations of solar activity. Bulletin of Russian 
Academy of Sciences: Geography, in press. 

Raspopov O.M.,  Dergachev V.A.,  Kolström T., Kuzmin A.V., Lopatin E.V., Lisitsina O.V., 2007. Long-term 
solar activity variations as a stimulator of sharp climate changes. Russian Journal of Earth Science, in 
press. 

Raspopov O.M. Lopatin E.V., 2007. Comments to the paper “Palaeoclimatic potential of the northernmost juni-
per trees in Europe”. Dendrochronology, in press. 

 
 
Conference presentations in the framework of project CAMBIFORRUS: 
 
Oral presentations: 
 
International Scientific Conference “Forest Soils: Research Results, Problems and Future Outlook”, 4-11 Sep-

tember, 2007, Syktyvkar, Russia: 
Lopatin, E., Kahle, H.P., Spiecker, H., Kolström, T., Raspopov, O., Anisimov, O., Kuzmin, A.: Radial growth, 

contraction and expansion of tree stems at Laly Research Forest. 
 
International Conference “50 years of International Geophysical Year and Electronic Geophysical Year”, 16-19 

September, 2007, Suzdal, Russia:  
Raspopov O.M.,  Dergachev V.A.,  Kolström T., Kuzmin A.V., Lopatin E.V., Lisitsina O.V.: Long-term solar 

activity variations as a stimulator of sharp climate changes. 
 
XI Pulkovo International Conference “Physical Nature of Solar Activity and forecast of its geophysical mani-

festations”, 2-7 July, 2007, Pulkovo, St.-Petersburg, Russia:  
Raspopov O.M., Dergachev V.A.: Action of long-term solar activity on internal climatic processes in atmos-

phere-ocean system. 
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37th Annual International Arctic Workshop, 2-5 May, 2007, Skaftafell, Iceland: 
Raspopov O.M., Dergachev V.A., Kolström T.,  Kuzmin A.V.,  Lopatin E.V.  Luckman B.H.: Climate response 

to long-term solar activity variations in the North Atlantic region. 
 
Poster presentations: 
 
International Scientific Conference “Forest Soils: Research Results, Problems and Future Outlook”, 4-11 Sep-

tember, 2007, Syktyvkar, Russia: 
Lopatin, E., Kolström, T., Spiecker, H., Kahle, H.P., Raspopov, O., Kuzmin, A., Anisimov, O: CAMBIFOR-

RUS: Identification and management of the environmental risks associated with man-made changes us-
ing the cambial activity monitoring in North-Western Russia. 

  
 
 

Structure of the scientific final report: 
  
Chapter 1: Periodicity of climatic conditions in Komi based on dendrochronological data 

Oleg Raspopov et al. 
 
Chapter 2: Risks for forests associated with climatic and environmental changes 

Oleg Anisimov 
 
Chapter 3: High resolution regional climate modelling for NW Russia 

Oleg Anisimov 
 
Chapter 4: Cambial activity monitoring at Laly-Research Station 

Hans-Peter Kahle et al. 
 
Chapter 5: Strategy of identification of individual tree response to meteorological parameters for boreal 

forest conditions 
Alexander Kuzmin 

 
Chapter 6: Effects of changes in the electromagnetic environment on trees 

Oleg Raspopov et al. 
 
Chapter 7: Analysis and needs of cooperation between NW-Russia and the EU in the field of forest 

growth research 
Eugene Lopatin and Taneli Kolström 
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1. Periodicity of climate conditions in the Komi region based on dendrochronological data 
 
Oleg M. Raspopov1, Eugene V. Lopatin2,3, P.B. Dmitriev1, Valeri A. Dergachev1 
 
1 Institute of Terrestrial Magnetism, Ionosphere and Radiowaves Propagation, St. Petersburg, Russia 
2 Institute of Biology, Komi Science Centre, Ural Branch, Russian Academy of Sciences, Syktyvkar, Russia 
3 University of Joensuu, Mekrijärvi Research Station, Joensuu, Finland 
 
 
1.1 Objectives  
 
The goal of the investigations carried out in the framework of the Project was to study the nature of climatic 
factors that affect the radial growth of coniferous trees on the territory of the Komi Republic with the aim of 
division of the Komi region into districts according to climate features. The method of investigation was analy-
sis of the periodicities in the radial tree growth. This allowed us to infer specific features of the climates of dif-
ferent nature zones of the Komi Republic, including the area where the Laly research station (middle boreal for-
est) is located, from their responses to the effect of climatic factors having different physical natures. This 
method is based on the fact that different climate periodicities can be attributed to different internal physical 
processes in the atmosphere-ocean system or external forcing associated with periodicities in solar activity. 
 
1.2 Data used 
 
The initial data used to reveal and analyze periodicities were: 
• series of radial growth of coniferous trees (spruce and pine) for such regions of the Komi Republic as for-

est-tundra, northern boreal forest, middle boreal forest (two research stations), and southern boreal forest; 
• meteorological data: series of mean annual temperatures and precipitations measured at the meteorological 

stations located close to the Komi region and at the Kola peninsula, series of data on temperatures and at-
mospheric pressure in the Arctic zone, and data on variations in the ice cover of the Barents sea. 

 
Initial data on radial growth of coniferous trees in different nature regions of the Komi Republic: 
 
Database (tree-ring width) for the Komi Republic region (2003-2005) was: 
 
1. Forest-tundra (66041' N, 56049' E): 

Spruce, 12 samples, 1812 – 2003, the 1st dendroseries is the longest. 
Pine was not found in this region. 

2. Northern boreal forest (65059’ N, 57048’ E): 
Spruce, 14 samples, 1878 – 2003, the 14th dendroseries is the longest. 
Pine, 14 samples, 1924 – 2003, the 11th dendroseries is the longest. 

3. Middle boreal forest (61044' N,  50034' E). National park: 
Spruce, 51 samples, 1826 – 2004, the 16th dendroseries is the longest. 
Pine, 5 samples, 1842 – 2004, the 3rd dendroseries is the longest. 

4. Middle boreal forest (61044' N, 50034' E): 
Spruce, 40 samples, 1779 -2003, the 39th dendroseries is the longest. 
Pine, 45 samples, 1786 – 2003, the 1st dendroseries is the longest. 

5. Southern boreal forest (60033' N, 49026' E):  
Spruce, 9 samples, 1917 – 2003, the 3rd dendroseries is the longest. 
Pine, 21 samples, 1877 – 2003, the 4th dendroseries is the longest. 

 



INCO 026310 SSA CAMBIFORRUS: Final Report 12.11.2007 
 

 
7/73 

Meteorological data 
 

Mean annual temperatures and amount of precipitation at meteorological stations:  
 
Murmansk   (69.0º N, 33.1º E), data from 1936  to 1995  
Ust-Tsilma   (65.5º N, 52.2º E), data from 1895  to 1995  
Pechora   (65.1º N, 57.1º E), data from 1943  to 1995  
Koinas   (64.8º N, 47.7º E), data from 1912  to 1995  
Troitsko-Pechorskoe  (62.7º N, 56.2º E), data from 1888  to 1995  
Syktyvkar   (61.7º N, 50.9º E), data from 1888  to 1995  
 

• Weighted mean annual series of temperatures and amounts of precipitation for these six stations from 
1888 to 1995; 

• Mean annual temperatures merged into one series for meteorological stations of the Kola and Mur-
mansk, data from 1878 to 1999; 

• Temperatures and atmospheric pressures at the sea level of the Arctic zone, data from 1875 to 1999; 
• Variations in the area of ice of the Barents Sea, data from 1900 to 2005. 

 
1.3 Method of deriving periodicities from dendrochronological and meteorological data 
 
In order to study in detail the time structure of the data series listed above, a modified method of spectral analy-
sis was used. The modification of the conventional spectral analysis method was as follows. A sample estimate 
of the normalized spectral density (Jenkins and Watts, 1969: p.8) for the initial time series as a function of ref-
erence period rather than frequency was performed. This was due to the task to reveal a latent periodicity in the 
initial data (Serebrennikov and Pervozvanskii, 1965: p. 9).  In addition, the initial series were subjected to pre-
liminary high-frequency filtering (Alavi and Jenkins, 1965) with a specified frequency of the filter “cut-off” at 
half the signal power, to which the value of the “separating” period Tf in the time region corresponds. Filtering 
of the initial data was performed in order to eliminate the trend and more powerful low-frequency components. 
Then the normalized spectral density as a function of period was estimated for each parameter Tf of the high-
frequency component filtered with its particular value. All the estimates calculated for different values of pa-
rameter Tf were superimposed on each other at one and the same field of graph, and thus a “combined” spectral 
periodogram (CSP) was formed. 
 
Such a modification of the conventional method of spectral analysis allowed one to investigate the stability of 
the position of the period on the periodogram, i.e., the independence of the value of the latent periodicity of the 
initial time series parameters that can affect the results of the mathematical method of processing used. Owing 
to this, shorter periods with low amplitudes could be revealed in the initial signal. This occurred due to elimina-
tion from the initial signal of the trend and more powerful long-period components that made the main contri-
bution into signal dispersion. Therefore, the contribution into dispersion of the filtered high-frequency signal 
component came only from weak short-period components. Due to normalization of the spectral power, contri-
bution from these components into the combined periodogram became commensurable with the contribution of 
longer and more powerful signal components. 
 
When such periodograms are analyzed, the question arises what is the confidence level of the quasi-periodic 
components revealed in it, i.e., confidence level of positions of peaks and their values. The former is deter-
mined by the selectivity of the method and the magnitude of the step preset on the periodogram along the axis 
of reference periods. In our case, it was ΔТ ≈ 2 х Т2/N for CSP (Serebrennikov and Pervozvanskii, 1965: p. 86). 
For instance, for the length of the initial time series N equal to 644 points (644Δt, where Δt is the magnitude of 
the step in the argument of the initial time series) and for the step in the reference period ΔТ equal to the same 
magnitude Δt, the resolution at the CSP will be insufficient up to the reference periods equal to ≈ 18 Δt and ex-
cessive after it.  For this reason, the peaks at the CSP look narrower for shorter reference periods than for longer 
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ones. Concerning their intensity, it can be noted that since normalized spectral periodograms are plotted not 
only for the initial but also for the high-frequency components (filtered with different values of the “separating” 
period Tf), the confidence level of maximum values of the peaks in relevant periodograms of filtered compo-
nents exceeds the confidence level equal to 4 to 7 σ. 
 
1.4 Results of spectral analysis of dendrochronological and meteorological data 
 
1.4.1. Dendrochronological data 
 
The spectral analysis conforming to the procedure described in Section 1.3 was applied to the data on radial 
growth of pine and spruce listed in Section 1.2.1 for four landscape zones: forest-tundra, and northern, middle 
(2 research stations) and southern boreal forest. The weighted mean series of tree ring growth width averaging 
all the data on a particular tree species within the landscape zone or a site selected in the zone and also the 
longest (in age) dendroseries in each landscape zone were analyzed. 
 
Analysis has revealed definite groups of periodicities in radial tree growth in each zone. It has been found that 
some periodicities are typical of all zones, and some periodicities manifest themselves only in some zones and 
are absent in the others. Analysis of averaged series and the longest series (in age) has yielded a similar pattern 
of development of periodicities. 
 
Figures 1-4 show, as an example, results of spectral analysis of radial growth of spruce for four zones: forest-
tundra and northern, middle, and southern boreal forest. Table 1 summarizes the periodicities typical of spruce 
and pine for all the landscape zones. It can be seen from Table 1 that the radial tree growth is characterized by 
periodicities of 5-9, 10-12, 13-14, 15-19, 21-24, 26-32, and 38-45 years. In order to understand the nature of 
these periodicities, spectral analysis of meteorological data for the Komi Republic and Kola Peninsula and also 
averaged data for the Arctic region was carried out. In addition, literature data on climate periodicities for the 
North Atlantic and the Arctic region were used. 
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Fig. 1. Variations in the ring width of spruce for forest-tundra and results of their spectral analysis:  

а - initial data on tree ring width variations;  
b - data on variations in ring width of spruce for the longest dendroseries;  
c - results of  spectral analysis of the longest dendroseries;  
d - averaged data on variations in tree ring widths;  
e - results of  spectral analysis of the averaged series of tree ring width variations.  
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Fig. 2. The same as in Fig. 1 for variations in the ring width of spruce growing in the northern boreal forest. 
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Fig. 3. The same as in Fig. 1 for variations in the ring width of spruce growing in the middle boreal forest. 
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Fig. 4. The same as in Fig. 1 for variations in the ring width of spruce growing in the southern boreal forest. 
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Table 1: Quasi-periods in the average annual data base of tree ring widths revealed for the Komi Republic. 
 

Type of zone Type 
of tree 

Type  
of data 

       P E 
 

R 
Y 

I 
e 

O 
a 

D 
r 

S 
s 

 

Forest-tundra Spruce Average series 30 23 20 15 13  7  
66O41’N, 56O49’E 1812-2003 Longest series 28 22 19  14  7  
Northern boreal forest Spruce Average series    16  11 7  
65O59’N, 57O48’E 1878-2003 Longest series    15     
 Pine Average series    17   7 5
 1924-2003 Longest series     13    
Middle boreal forest Spruce Average series 30 21  15  10 7  
61O44’N, 50O34’E 1878-2003 Longest series 26, 31 22  17 13    
 Pine Average series 31 21   14 11  6
 1924-2003 Longest series 32 25  17 13 10 8  
Middle boreal forest 
National Park 

Spruce 
1826-2004 

Average series 29 22   13  7 5

61O44’N, 50O34’E  Longest series 31 24 19 16  12   
 Pine Average series 31 22  16  11   
 1842-2004 Longest series 32 23  18  10   
Southern boreal forest Spruce Average series   19  14 11  6
60O33’N, 49O26’E 1917-2003 Longest series      11 9  
 Pine Average series    18  10  6
 1877-2003 Longest series    17  12 8 5

 
 
1.4.2 Meteorological and climatic data 
 
The spectral analysis identical to that used for the dendrochronological series was applied to the meteorological 
data listed in Section 1.2.2. Analysis has shown that the meteorological parameters exhibit the periodicities 
similar to those revealed in radial tree growth. However, these periodicities manifest themselves in different 
ways in different meteorological parameters (temperature, precipitation, baric pressure, ice area in Arctic seas) 
and, in addition, there are differences in periodicities in different regions. 
 
Figure 5 shows results of analysis of variations in temperature and precipitation at Syktyvkar located at a dis-
tance of 80 km from the Laly research station, Figure 6 presents temperature variations on the Kola Peninsula, 
Figure 7 depicts variations in the area of ice in the Barents Sea, and Figure 8 shows variations in temperature 
and pressure in the Arctic zone. It should be emphasized that analysis of variability in climate conditions in the 
North Atlantic (for example, annual variations in the area of ice in the Barents Sea) and also along the coast of 
the Arctic Ocean is of fundamental importance for understanding of climate conditions in the Komi Republic. 
Variability of climate conditions in the North Atlantic causes a response on the global scale and, no doubt, af-
fects the climate in the Komi region. 
 
Table 2 summarizes periodicities in annual meteorological parameters analyzed. 
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Fig. 5. Data on variations in meteorological parameters in Syktyvkar (Komi Republic) and results of spectral 
analysis: a - annual temperature variations from 1888  to 1995 , b - results of  spectral analysis of annual 
temperature variations; c - annual variations in precipitation from 1888 to 1995 ; d - results of  spectral 
analysis of annual variations in precipitation. 
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Fig. 6.  Data on temperature variations on the Kola Peninsula (Murmansk - Kola, 1879-1999) and results of 

spectral analysis: a - annual temperature variations, b - results of spectral analysis of annual temperature 
variations. 
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Fig. 7. Data on variations in the ice cover in the Barents Sea from 1900 to 2005  and results of their spectral 

analysis: a - variations in ice cover , b - results of spectral analysis of variations in the ice cover. 
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Fig. 8. Data on variations in temperature and atmospheric pressure in the Arctic zone from 1875 to 1999 and 

results of spectral analysis: a - variations in annual temperatures in the Arctic zone; b - results of spec-
tral analysis of temperature variations; c - annual variations in atmospheric pressure; d - results of  spec-
tral analysis of variations in atmospheric pressure. 
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Table 2: Quasi-periods in the annual data of meteorological stations in the Komi region, in temperature and 
pressure of the Arctic zone, and in the ice cover of the Barents Sea. 

 
Region, 
time interval 

Type of series P 
 

E 
Y 

R 
E 

I 
A 

O 
R 

D 
S 

S  

Arctic zone Temperature 32 23 17   8 6  
1875-1999 years Pressure  21   10 7 5  
The Barents sea Ice cover   17 13  9 5  
1900-2005 years          
Kola-Murmansk Temperature   17 13  8 5  
1878-1999 years          
Syktyvkar Temperature   19 13 10 8   
1888-1995 years Precipitation 28 20  14  8 5  
Ust-Tsilma Temperature   18 13 10 8 6  
1895-1995 years Precipitation  20  15 11 8  4 
Pechora Temperature     10 7 5  
1943-1995 years Precipitation    13  9  4 
Koinas Temperature    14  9 6  
1912-1995 years Precipitation     11 7  4 
Troitsko-Pechorskoe Temperature   19 13 10 8 5  
1888-1995 years Precipitation   18 13  9 6 4 

 
 
1.5 Discussion 
 
Spectral analysis of variations in both the radial tree growth in the Komi region and meteorological parameters 
has shown that variability in the data analyzed is not white noise. It exhibits pronounced periodicities, which is 
clearly seen in Figures 1-8. The quasi-periodicities revealed are summarized in Tables 1 and 2. They can be 
grouped according to the period as 6-9, 10-12, 13-4, 15-19, 20-24, and 26-32-year periodicities. 
 
A periodicity of 6-9 years is typical of both the radial growth of spruce and pine and meteorological parameters. 
It manifests itself in all the landscape zones for tree growth and all the meteorological parameters analyzed. It 
can be attributed to periodic (5-7 years) changes of the anticyclone and cyclone regimes in the Arctic region 
(Proshutinsky and Johnson, 1997). The results obtained in the Project show that these atmospheric processes 
manifest themselves at the entire territory of the Komi Republic. 
 
A periodicity of 10-12 years is observed for coniferous trees in all the landscape zones with the exception of 
forest-tundra. It is also absent in variations of temperatures in the Arctic zone, and temperature variations in 
Murmansk at the Kola Peninsula as well. Note that Murmansk is located near the timberline at the Kola Penin-
sular, i.e., in the forest-tundra region. It is reasonable to ascribe this periodicity to the 11-year solar cycle 
(Schwabe cycle), and the absence of this periodicity in the forest-tundra zone can be attributed to the regional 
character of the climate response to global solar forcing. 
 
A periodicity of 13-14 years manifests itself in all the landscape zones and also in the meteorological series 
analyzed. For instance, it is very pronounced in the variations of annual temperatures in Murmansk. It is rea-
sonable to attribute this periodicity to variations in the ice cover of the Barents Sea (see Table 2) and the effect 
of this process on climatic parameters of the adjacent regions. It can be seen from Figure 7 that shows results of 
spectral analysis of variations in the ice cover of the Barents Sea that the variations considered have peaks at 
periods of 13 and 17 years. 
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A periodicity of 15-19 years manifests itself in all the landscape zones. Like the periodicity of 13-14 years, it 
can be attributed to the climatic effect of variability in the area of ice cover of the Arctic seas. As shown above 
(Fig. 7), such a periodicity is typical of the ice cover of the Barents Sea. It has also been found in simulation of 
variations in the ice volume if the Northern hemisphere as a whole (Goosse et al., 2002). 
 
A periodicity of 21-24 years corresponds to the 22-23- year solar cycle (Hale cycle). This periodicity was found 
only for the forest-tundra and middle boreal forest. It is absent in the northern and southern boreal forest. This 
is one more indication of the regional character of the climate response to the global solar forcing. 
 
The climate periodicity of 28-33 years is referred to as the Brückner periodicity. It can be interpreted as a result 
of generation of combinative frequencies caused by a simultaneous influence of solar 80-90-year (Gleissberg 
cycle) and 22-year variations on an inherently nonlinear atmosphere-ocean system (Raspopov et al., 2001). The 
data obtained in our studies confirm this interpretation of the Brückner cycle, i.e., the presence of 28-33-year 
oscillations in the forest-tundra and middle boreal forest zones, where 21-24-year oscillations are also observed, 
and their absence in the northern and southern boreal forest zones, where 21-24-year variations are absent as 
well. This can point to a physical relation between both groups of periodicities in climatic processes. 
 
In order to reveal specific features of climate response of the North Atlantic region to the long-term variability 
in solar activity, we investigated the global effect of quasi-two-hundred-year variations in solar activity on cli-
matic parameters for six regions of the Earth’s surface (Raspopov et al., 2006). Analysis and comparison with 
the results of simulation have shown that there are regions at the Earth’s surface with positive and negative 
temperature responses to increasing solar irradiance. In the boundary regions between the zones with negative 
and positive responses the climate response to changes in the solar activity can have an unstable nature. The 
North Atlantic and the Arctic coast belong to just these boundary regions. Along with the regional features of 
atmospheric circulation, the spatial variability of the climate response to solar forcing in the Komi Republic can 
be due to the fact that this region is in close neighbourhood to the regions of an unstable climate response to 
solar variability. 
 
Thus, analysis of periodicities in radial tree growth in the Komi Republic has shown that variability in the tree 
growth is subjected to the influence of the climatic processes associated with both internal processes in the at-
mosphere-ocean system and the processes caused by variability in solar activity. 
 
 
1.6 Conclusions 
 
Analysis of radial growth of the trees growing in different landscape zones of the Komi Republic (forest-tundra, 
northern, middle, and southern boreal forest) has revealed several groups of quasi-periodicities, such as 6-9, 10-
12, 13-14, 15-19, 21-24, and 28-33- year periodicities. Analysis of meteorological and climatic data and also of 
variability in solar activity suggests that the periodicities revealed can be divided into 2 classes according to 
their possible physical nature. Some periodicities (6-9, 13-14, and 15-19 years) are due to internal processes in 
the atmosphere-ocean system in the North Atlantic and the Arctic zone. For instance, the periodicity of 6-9 
years is related to cyclonic processes in the North Atlantic, and the periodicities of 13-14 and 15-19 years are 
due to variations in the ice cover in the Barents Sea and the Arctic Ocean. All these periodicities manifest them-
selves in all the zones of the Komi region. 
 
The second class of periodicities can be interpreted as a result of global effect of solar activity. The periodicities 
of 10-12 years and 21-24 years correspond to the Schwabe and Hale solar cycles, and the Brückner periodicity 
(28-33 years) is a result of a nonlinear effect of Hale and Gleissberg cycles on the atmosphere-ocean system. In 
contrast to the periodicities of the internal origin which manifest themselves in all the zones of the Komi region, 
the effects of the periodicities of the solar origin manifest themselves not in all zones of the region. For in-
stance, the periodicity of 10-12 years is absent in the forest-tundra, and the periodicities of 21-24 and 28-33 
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years are absent in the northern and southern boreal forests. This can be interpreted as a result of differences in 
the atmospheric circulation on the territory of the Komi Republic associated with a nonlinear response of the 
atmosphere-ocean system to solar forcing. Thus, the Komi Republic can be divided into several districts ac-
cording to the response to periodic solar forcing. 
 
Note that the Laly research station is in the region of middle boreal forest where all the periodicities associated 
with the internal sources in the atmosphere-ocean system and the global effects of solar variability manifest 
themselves. 
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2. Risks for forests associated with climatic and environmental changes  
 
Oleg Anisimov 
 
State Hydrological Institute, St. Petersburg, Russia 
 
 
Changing climatic and environmental conditions may lead to increased risks to biotic systems, and one of the 
scopes of the project was to identify such risks. Fire, insects, and extreme weather events are the main sources 
of risks to boreal forests. Large-scale forest fires and outbreaks of tree-killing insects that are triggered by warm 
weather are typical in the boreal forest and are likely to increase in extent and frequency (Juday et al., 2005). 
There are uncertainties in predicting these factors under the future climatic conditions, and here we summarize 
the results from various studies. 
 
 
2.1 Forest fires  
 
Both forest composition and production are largely governed by fire frequency, size, intensity, and seasonality. 
There is evidence of both regional increase and decrease in fire activity (Goldammer and Mutch, 2001). Con-
siderable progress has been made in understanding the nature of the forest fires and related processes, leading to 
improvements in the quality of the projections of future fire regimes. Current modelling studies suggest that 
increased temperatures and longer growing seasons will elevate fire risk in connection with increased aridity 
(Flannigan, 2005).  
 
 
2.2 Insect outbreaks  
 
Insect outbreaks are major sources of natural disturbance for many forest types. The effects vary from defolia-
tion and growth loss, to timber damage, to massive forest diebacks. Recent studies indicate that in boreal forest, 
tree defoliating insects affect an area about 50 times larger than forest fires (Logan et al., 2003). In the northern 
Europe frosts and the cold temperature in general limit insect outbreaks (Virtanen et al., 1996; Volney and 
Fleming, 2000). One particular example is infrequent large-scale defoliation of birch forest by geometrid 
moths. The eggs of the moths, which are killed at low temperatures, are likely to survive if winter temperatures 
increase. Warmer temperatures have already enhanced the opportunities for insect spread across the landscape. 
Autumn moth defoliation of mountain birch trees, associated with warm winters in northern Fennoscandia, has 
occurred over wide areas and is projected to increase (Callaghan et al., 2005). Climate change can shift the cur-
rent boundaries of insect species and modify tree physiology and tree defence mechanisms. 
 
 
2.3 Extreme weather events 
 
Climate change may affect forest growth through changing extreme weather conditions acting both directly and 
indirectly through biophysiological mechanisms. Warming in the winter and spring may encourage premature 
growth so that subsequent frost can lead to damage in plants (Anisimov and Fitzharris, 2001). Another factor 
that increases the risks of damage for boreal forests is the storm intensity. Relationships between storms and 
climate change are still poorly understood, however wind throw impacts can be substantive, and for southern 
Finland some findings suggest increased susceptibility to wind throw by climate change (Peltola et al., 1999).  
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3. High resolution regional climate modelling for NW-Russia 
 
Oleg Anisimov 
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3.1 Introduction 
  
The purpose of this chapter is three-fold: 
- to overview the variety of methods that are used in regional high-resolution climate modelling; 
- to examine the current and projected for the future temperature changes; 
- to develop the high resolution regional projections of the air temperature characteristics for the study region in 
NW-Russia using combination of various predictive methods. 
 
The following sections address these issues in detail. 
 
 
3.2 Climate modelling 
 
Anthropogenic warming continues to evolve, and various methods are used to study and predict the changes of 
the global and regional climate. Here we present the comparative analysis of the methods that allow construct-
ing regional high-resolution projections of the air temperature with specific focus on North-Western Russia. 
 
Many researchers believe that general circulation models (GCMs) are the most advanced and promising tools 
for analysis and prediction of climate. However, results from such models very often do not meet the require-
ments of the climate impact studies at regional and local scales, including studies of cambial activity. GCMs, 
including the recent generation of advanced coupled ocean-atmosphere models, produce quite different patterns 
and magnitudes of warming depending on the parameterizations of the processes in the climate system, internal 
parameters of the models and computational details. Corrections and adjustments have been made to improve 
the ability of the GCMs to reproduce the modern climate during the control integrations. Several models have 
been constructed to better account for effects associated with specific components of the climate system, i.e. 
permafrost, vegetation, and others focused on the processes in specific regions. However, such improvements 
do not allow narrower ranges of uncertainty on global or hemispheric scales thus bringing the dominant posi-
tion of GCMs in the provision of scientific knowledge on future climate change into question. Independent cri-
teria and methods are needed to verify GCMs and to check the consistency of their results, and pivotal role in 
any such effort must belong to analysis of empirical climate data and empirical climate modelling. 
 
The idea behind the empirical climate model is to study the correlations between regional and global tempera-
ture using century-scale meteorological records, and to evaluate the regional pattern of the future climate using 
regression analysis and the global-mean air temperature as a predictor. This empirical model, however, is only 
applicable to those parts of the world where regional near-surface air temperature reacts linearly to changes of 
the global thermal regime. If this criterion is not met, the only feasible way to construct the climatic projection 
is through general circulation modelling. 
The mathematical formalism of the empirical climate model is the following. The model is based on the as-
sumption of a link between the regional (Tr) and the larger scale, for instance, global-mean (Tgl) annual (or sea-
sonal) near-surface air temperature, expressed by 
  
Tr(t)= ar(t) Tgl(t) + br+ n(t),    (1) 
 



INCO 026310 SSA CAMBIFORRUS: Final Report 12.11.2007 
 

 
24/73 

where ar is the regional climate sensitivity, br is region-specific coefficient, and n(t) is noise attributed to the 
effects of stochastic non-predictable factors. It is further assumed that the noise can be filtered by averaging 
over the decadal-scale period of time, Δti = ti+1 - ti, i.e. that 

n t dt
t

t

i

i

( ) →
+

∫ 0
1

.      (2) 

Assuming that br does not change with time, (1) and (2) could be used to derive the following equation: 
 
ΔTr(ti)= ar(ti).ΔTgl(ti).    (3) 
 
Here ΔTr and ΔTgl are the regional and global-mean annual air temperatures averaged over the decade centred 
around ti and expressed as departures from the prescribed reference period. Projected changes of Tgl should be 
evaluated using independent methods, for example using global climate sensitivity and the CO2 emission sce-
narios. Equations (1)-(3) were used in our study for “downscaling” projections of the global air temperature to 
regional level. 
 
 
3.3 Current temperature changes and projections for the future 
 
Numerous studies indicated that the changes of the air temperature in the course of the 20th century were not 
uniform either in time or in space. In our project we used century-scale monthly data from 455 weather stations 
located in the territory of the former Soviet Union to draw the regional pattern of contemporary temperature 
changes. Our ultimate goal was to study the large-scale temperature variations and to evaluate regionality in the 
observed changes; to establish statistical connections between regional and large-scale climatic parameters, and, 
lastly, to “zoom” the large-scale climatic projection into the study region in North Western Russia.  
 
In Russia, as well as in many other parts of the world, most rapid changes have been observed in the last 30-35 
years. The decadal rate of air temperature changes between 1976 and 2006 averaged over the entire Russian 
territory was 0.38 °C/10y for the annual-mean temperature, 0.51 °C/10y for the winter, and 0.32 °C/10y for the 
summer, with large variations between regions (Figure 1). In North-Western Russia most rapid temperature 
changes, 0.5 °C – 1.0 °C/10y, were observed in winter; in summer changes were less pronounced, 0.4-0.5 
°C/10y, while in spring and in the fall they were much smaller, typically within 0.2-0.4 °C/10y. 
 
Century-scale variations of the seasonal temperatures averaged over the North-Western Russia (highlighted 
area on the map in Figure 2) are shown in Figure 2. 
 
The empirical climate model, which was described in the previous section, allow constructing regional tempera-
ture projections using data from weather stations and linking it through regression analysis to projected changes 
of climatic parameters at larger (global, zonal) scales. Some of the large-scale projections for the air tempera-
ture and precipitation are illustrated in Figure 3. They were obtained by means of climate models forced with 
various scenarios of greenhouse gas emissions. Detailed description of the methodology, emission scenarios 
and computational setup may be found on the web site of the Intergovernmental Panel on Climate Change 
(IPCC), http://www.ipcc.ch. 
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Figure 1. Decadal-mean changes of seasonal air temperature in the period 1976-2006, °C/10y. 
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Figure 2. Century-scale variations of the seasonal air temperatures in North-Western Russia (departures from 
1961-1990 norm).
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Figure 3. Projected changes of global-mean annual temperature and precipitation (upper panels), and projected 
by the end of the 21st century zonal changes (lower panels). 

 
Besides these large-scale climatic projections, more detailed results have been obtained using regional climate 
models “nested” into the grids of global GCMs. Results of such regional climate modelling for Europe, includ-
ing Russia, are illustrated in Figure 4. 

 

 

 

 

 

 

 

 

 

Figure 4. Projected by mid-21st century changes of mean annual, winter, and summer temperatures for Europe. 
 
 



INCO 026310 SSA CAMBIFORRUS: Final Report 12.11.2007 
 

 
28/73 

3.4 High resolution temperature projection for North-Western Russia 
 
Key parameters that are critically important for modelling cambial activity include several temperature charac-
teristics, such as frequency distribution (i.e. number of days per year with daily temperatures above prescribed 
thresholds), duration of the grow period (period with daily-mean temperature above +5 °C), dates of the last 
and first frost, etc. such characteristics may not be predicted for the prescribed time intervals in the future using 
deterministic approach. More appropriate would be to predict them on the probabilistic basis. 
  
The concept of probabilistic climate modelling is illustrated in Figure 5. Climate, both global, regional, and lo-
cal, is considered as the statistical ensemble of the weather conditions over the certain period of time, typically; 
decadal-scale or longer. It may thus be characterized by the full set of statistical parameters, including the mean 
values and variances of climatic variables, as well as probability density functions (PDFs). Tails of the PDFs 
correspond to extreme weather conditions, such as extreme cold or hot events, in the case of air temperature. 
Methods of climate modelling that have been discussed in the previous sections, may be used to predict changes 
in the mean values, and generally, do not say anything about the potential changes in the shape of the PDF.  
 
 

 

 

 

 

 

 

 

 

 

 

Figure 5. Understanding probabilistic climate projections. 

 
Following many preceding studies, we presume that the shape of the PDF for the air temperature in the next 
several decades will remain the same. Such an assumption allows projecting temperature characteristics that are 
essential for modelling cambial activity, such as temperature frequency distributions (TFDs), through overlay-
ing the current TFDs at individual weather stations by projected for the future changes in the mean seasonal 
temperatures.  
 
This method was used to construct the temperature frequency distributions for 21 weather stations in North-
Western Russia. Locations of weather stations are shown in Figure 6. 
 
Temperature frequency distributions for the two selected stations, Ust’-Usa and Koslan, under the modern and 
projected 3 °C warmer climate are illustrated in Figure 7. Such data may be used in the vegetation model to 
predict the changes in the cambial activity under the projected for the future climatic conditions. 
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Figure 6. Locations of 21 weather stations in North-Western Russia that were used in empirical climate model-

ling. 
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Figure 7. Temperature frequency distribution under modern climatic conditions and 3 °C warmer climate. 
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6State Hydrological Institute, St. Petersburg, Russia 
 
 
4.1 Introduction 
Within the CAMBIFORRUS project a dendroecological field measurement station has been established in 
April 2007 in Laly research forest. The forest stand is a mature mixed stand dominated by spruce (Picea 
obovata), pine (Pinus sylvestris), aspen (Populus tremula) and birch (Betula spec.) which has not been managed 
for several decades. Within the stand 20 sample trees, for each dominating species 5 replications, have been se-
lected from the crown class of dominant trees for dendrometer measurements. For the measurement of changes 
in radial dimension electronic point dendrometers, mounted at breast height (1.3 m stem height above ground) 
are used. Dendrometer readings are taken every minute. In this report preliminary descriptive results based on 
data achieved during the measurement period May-August 2007 are reported.  

4.2 Sample trees 
Table 1 gives a descriptive overview on sample tree characteristics by species. The aspen sample trees have the 
largest mean diameter in breast height (DBH), and the spruce sample trees the tallest among the tested species. 
Crown length as well as crown ratio is largest in spruce and smallest in pine. The birch sample trees have the 
largest height to diameter ratio, indicating considerable slenderness of the tree stems.   
 
Table 1: Descriptive statistics for the sample trees at Laly research forest (04/2007).  
 
 
 
 
 
 
 
 
 
 
Figure 1 illustrates sample tree characteristics and figure 2 shows tree height and height of green crown base 
versus diameter in breast height of the sample trees. 
 
4.3 Radial displacement 
The mean course of the cumulative radial displacement of the sample trees over the 2007 growing season is 
shown in Figure 3. The relative values, scaled to the mean value at the end of the time series, allow a direct 
comparison of the time courses among the species (Fig. 4). 
 

CAMBIFORRUS Dendrometer-Station Lyali

Number 
of trees DBH (cm) Tree height (m) Height/ 

diameter Crown base Crown 
length

Crown 
ratio

Range/Mean Range/Mean Mean Mean Mean Mean
n cm m m m %

Picea obovata PCOB 5 36.2 - 41.8 / 38.6 23.8 - 28.4 / 25.7 66.7 5.9 19.8 76.9
Pinus sylvestris PISY 5 37.7 - 43.2 / 40.6 21.0 - 23.6 / 22.6 55.5 13.7 8.8 39.3
Populus tremula POTR 5 43.1 - 49.5 / 45.7 22.5 - 25.4 / 23.9 52.4 11.1 12.8 53.6
Betula spec. BEPE 5 21.8 - 25.2 / 23.5 18.3 - 19.8 / 19.3 82.3 10.9 8.4 43.6

Tree species
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Figure 1: Tree characteristics for the spruce (PCOB), pine (PISY), aspen (POTR) and birch (BEPE) sample 

trees at Laly Research Forest (time of measurement: 04/2007).  
 
 

Figure 2: Tree height and height of crown base versus diameter in breast height of the sample trees. 
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Figure 3: Mean cumulative radial displacement of the sample trees by species (spruce: PCOB, pine: PISY, as-
pen: POTR, birch: BEPE) over the 2007 growing season. 

 

Figure 4: Mean cumulative radial displacement of the sample trees in percent of the mean value at the end of 
the series.  
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Figure 5: Mean cumulative radial displacement of the sample trees over a ten day period. 
 

Figure 6: Mean 1.5-day cumulative radial displacement of the sample trees during sunny days (left) and cloudy 
days (right).  
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Total seasonal radial displacement of the aspen sample trees is more than five times larger than that of the 
spruce sample trees (Fig. 3). Whereas the spruce and pine sample trees in the mean reach 50% of the total sea-
sonal cumulative radial displacement around day 180, this is delayed for aspen by 5 and for birch by more than 
10 days (Fig. 4). This is due to a retarded start of radial growth of these tow species and lower growth rates in 
the early phase of the season. The 10-day course of radial displacement shows, that the daily amplitudes be-
tween daily minima and daily maxima are largest for spruce, followed by pine (Fig. 5). Whereas the pine and 
spruce sample trees do only show an increase in radial dimension during cloudy days (Fig. 6 right), the mean 
daily radial increment in the birch and aspen sample trees is higher on sunny days (left) than on cloudy days 
(right). 
 
 
4.4 Outlook 
The next steps in the analysis of the dendrometer are: 
 

• Analysis of relationships to weather and soil conditions 
• Analysis of relationships to changes in the earth magnetic environment 
• Analysis of relationships to phenology/changes in leaf-area 
• Inter-annual comparisons. 

  
Therefore a continuation and extension of the measurements is essential. 
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5. Strategy of identification of trees individual response on meteorological parameters in 

boreal forests 
 
Alexander V. Kuzmin 
 
Polar-Alpine Botanical Garden-Institute, Kola Scientific Center of Russian Academy of Sciences, Apatity, Rus-
sia 
 
 
Large scale processes are finally reflected on local dynamics of plant covered areas in downsizing spatial and 
temporal categories. Areas covered by forests are the main contributions of plant covering. By definition boreal 
forests located on the limit of forestland spreading are subjected to the most climate factors influence. Pine 
woods (Pinus sylvestris L.) have a real dominance within the given category of forests and there is the case of 
its reasonable selection as object of study. The given substantiation in full measure is related to pine plantations 
located on the territory of Kola peninsula and Komi Republic. 
 
From the point of view of methodology a century-old process of forest ecosystems formation dynamics in con-
ditions of meteorological factors influence can be investigated at present time on the base of long-term series of 
annual radial increments (ARI) provided there is available initial information. The indicated series represent 
nature “recording structures” and the idea of information extraction for long retrospective period (hundreds of 
years) is quite attractive one of its own. On the other hand it is needed for the approach to be applied to solve a 
set of methodical tasks aiming to obtain target informative characteristics. 
 
 
5.1 Methods of data collection and data processing 
 
5.1.1 Collection of empirical information 
 
Empirical material was gathered on the sample area as follows. Compact pine stand including not less than 30 
trees without any sign of anthropogenic influence was selected as a model object. Trees depressed to a great 
extent and that with dry tops were excluded from consideration. Mapping of model trees within area studied 
was carried out on the base of topographic survey. The following biometrical parameters were measured for 
each tree: height (H), diameter at breast height (D), diameter of crown in two directions (north-south, west-
east). Samples of wood cores were taken by Pressler’s drill with drilling to be made as far as the centre of tree. 
Measurement of the cores was performed by means of computer-aided system of wood core telemetry analysis 
(Kuzmin et al., 1989). Age of each tree was determined by amount of annual rings. 
 
 
5.1.2 Description of the method of quantitative analysis 
 
The task of determination of factors influencing significantly on the biological processes dynamics is classic by 
its definition. Nevertheless in overwhelming majority of cases exact definition of approach proposed and re-
quirements and limitations on applying of concrete data analysis are not given.  
 
Correct substantiation of the procedure for forest ecosystem productivity definition with using of assisted index 
coefficients on the base of regression analysis is presented in study of Lloyd et al. (1982). The worked-out ap-
proach allows carrying out of comparative analysis of growth processes between trees of the same age classes 
from different habitat growth conditions. When quantitative analysis is performed the requirements of analyzed 
information to be meet to have a significant value. Reliable indexing coefficients are obtained in situations with 
smoothing curves using. On the other hand in such cases it is possible a comparison on the level of average val-
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ues corresponding to smoothing step and as a result individual biological characteristics are transformed (Ken-
ward, 1985). Generalized estimations of factors influence contribution are analogously derived on the basis of 
factor analysis (Kuzmin, 1988). 
In the work the method of critical period’s definition is oriented on using of analyzed information of any degree 
of precision. It grounds on building of correspondences between independent and dependent variables. Descrip-
tion of the method is given below. 
 
In this case the totality of observations is divided into two components: long-term series of annual radial incre-
ments (dependent variable) and long-term series of meteorological parameters (independent variables). 
{ }n1Y −  - dependent 
                                                             totality of observations 
{ }n1X −  - independent 
 

In order to present execution order of calculations let’s see formula 1:  

knVknJknzXkzL,kncXkcL,knbXkbL,knaXaLFnY ××+⎟
⎠
⎞

⎜
⎝
⎛

××××= LL  (1), where nY  - is vec-

tor of annual radial increments of model tree, 

Xz,Xc,XbXa,  - matrixes of independent variables ( )kn × ,  
n – sample size (amount of years of observations), 
k– amount of observation terms (in this case decades and months), 

kkkk Lz,Lc,Lb,La  - k – measured vectors of coefficients under independent variables, 

knV ×  - matrix of neglected and unknown parameters ( )kn × ,  

knJ ×  - matrix of coefficients under neglected and unknown parameters (n x k). 

Vector of initial information (2) is presented as follows:  
Y n = { Y1, Y2, Y3……Y4}              (2), where 
Y1,Y2, Y3 … Yn – components of vector, annual radial increments. 
Matrix of meteorological observations (3) is presented as follows: 

Xa
kn ×

= 

⎥
⎥
⎥
⎥

⎦

⎤

⎢
⎢
⎢
⎢

⎣

⎡

nkXan1Xa

1kXa11Xa

LL

LLLLLL

LL

, (3), where elements of the matrix belong to multitude of observations of vari-

able Ха during different years and terms (air temperature in this case). 

Matrixes Xb, Xc, Xz, bear a close analogy and its elements belong to the other multitudes of independent vari-
ables.  
Dependent variable Y and independent Ха- z in the case considered are measurable ones and are presented by 
numerical series. Consequently, the task of evaluation of influencing factors significance and time periods of its 
action comes to definition of coefficients La-z when there are independent variables. Algorithm of empirical 
coefficients calculation La-z is built as follows. Correspondences are built between Yn and each matrix of in-
dependent variables Xa  - Xz, which in general form can be expressed by the way given below: 

{ }( ) ( )kLa3La,2La,1LaknXa,nY La⎥⎦
⎤

⎢⎣
⎡

×       (4). 

It is analogously for X b, X c … X z. 

⎭
⎬
⎫
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Components of matrixes Ха-z each column correspond entirely to vector Yn components by years. As a result 
the correspondent coefficients are obtained for each term of observation (k) which presented in the right part of 
the equation (4). 
 
In order to determine the meteorological factors significance in the process of annual radial increments forma-
tion month intervals during all year are used as terms of observations in the present work. Amount of observa-
tions (n) for Yn and Ха-z during retrospective period coincide exactly by years and consists of 20 years. Thus 
the time intervals of significant influence of meteorological parameters are defined. Spearman’s nonparametric 
coefficient of correlation is used as empirical coefficients La-z. The indicated coefficients are determined in 
interval (-1; 1). Provided distribution is not normal and/or relation of nonlinear form is defined the given coeffi-
cient is used. During analysis executing only significant coefficients were used, reliability was determined with 
the use of standard statistical tables. 
 
In order to define temperature factor influence effect on ARI formation the nonparametric Spearman’s coeffi-
cient is used in this work. It possesses properties of its own, which make it more universal than Pearson’s coef-
ficient. 
 
The presented methodological approach is used for detailed identification of individual response of trees lo-
cated in analogous conditions of growing. For realization of the indicated approach it is necessary to use an ex-
haustive methodological information received from the nearest meteorological office (no more than 100 km). In 
a number of cases fulfillment of detailed investigations are limited by the execution of the given condition.  
 
When carrying out the comparative analysis of trees located on considerable remoteness it is expedient to use 
autocorrelation function. The function by definition Brillinger (1975) looks as follows: 
 
Paa (t1, t2) = Caa (t1, t2) / {( Caa (t1, t1) Caa (t2, t2)}1/2 

 
With using of the autocorrelation function for each separate tree one might execute effective comparative 
analysis of temporal organization of model stands located in different climatic zones. Moreover values Paa al-
low to describe long-term periodicity of annual radial increments formation. Within the framework of the pro-
ject the detailed identification of trees individual response in Kola Peninsula was carried out as well as autocor-
relation identification for Kola Peninsula and Komi Republic.  
 
 
5.1.3 Experimental identification of trees individual response  
 
Description of model sample areas 
 
In the course of the project execution the empirical information was collected on two sample areas, located in 
Kola Peninsula (1) and in Komi Republic (2). The first sample area is distant 80 km westward from the town 
Kandalaksha. The second sample area is distant 80 km northward from the town Syktyvkar. Typological and 
biometrical description of sample areas is given bellow. 
 
• Model area 1: Relief - flat area; stand composition - 10P (100% pine); type of forest - lichen-sphagnous; 

undergrowth - pine, spruce; understory-  birch, willow, honeysuckle; middle age - 138 years; middle height 
-13 m; middle diameter -  21 cm. 

 
• Model area 2: Relief - flat area; stand composition - 10P (100% pine); type of forest - sphagnous; under-

growth – abies; understory – birch; middle age - 64 years;  middle height -20 m; middle diameter -  23 cm. 
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Detailed identification of trees individual response in Kola Peninsula  
 
In accordance with method have been considered above of determination of critical periods in development of 
main forest-forming species significant temporal intervals of temperature factor influence were defined for each 
tree. In the view of methodology the model stand studied is considered as self-developed structured formation 
adapted to its environment and subjected to processes of optimization (Schoffeniels, 1985; Kikkawa, 1987; 
Mae-Wan, 1987). Consequently, auto-ecological estimation of influence of the factor considered shall be car-
ried out for each tree and further integrated by characteristic sighs within experimental area. 
 
It is expedient to carry out complex evaluation of the temperature influence in the beginning stage with a use of 
temporal distribution. The reason of such decision is traditional attention of investigators to significance of air 
temperature. Results of performed calculations are given in Figure 1. This graphical presentation has structure 
as follows. Divisions by months are located on axis X, digital indication are given within circle in upper line of 
the figure. Numbers of trees having significant correlation with the meteorological parameter studied is speci-
fied in a square for each month. Air temperature is shown in this case. Values of Spearman’s coefficients are 
given in cumulative form as sum of values for trees indicated within squares by each month and then are put on 
axis Y. In that way stand elements responding to concrete meteorological factor are displayed and correlation 
values having positive and negative signs are given. 
 
Let’s see Figure 1 above mentioned. In this case analysis of results obtained is carried out on the basis of sig-
nificant temporal intervals (SI). As was indicated in methodical part of the present work SI is month during 
which a concrete weather parameter brings significant influence on annual radial increments formation. Evi-
dently that application of methodical approach used allows determining a group of trees without any response 
to meteorological factor studied and identify wooden organisms with one or more significant intervals during a 
year. 
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Graphical presentation of results for model area (fig. 1.) allows building a scheme of statements as follows. At 
first it should be noted that 23% of the model trees (13, 14, 15, 16, 19, 22 and 26) have not significant reaction 
on air temperature. Total amount of significant intervals for the sample area equals 45. At the same time posi-
tive values of Spearman’s coefficients is noted for 30 (67%) and negative ones for 15 (33%) of significant in-
tervals. Let’s see distribution of SI by seasons of year. Total amount of significant intervals for winter period 
equals 11 (24%), including positive 6 (20%) and negative 5 (33%). In this case and subsequent others when 
making definition of percent relations the indicated above values are used for all sample area. Correspondingly: 
45, 30 and 15. Spring is characterized by quantitative SI as follows:  Total – 16 (36%), positive – 13 (43%), 
negative – 3 (20%). For summer period the significant intervals are distributed as follows: Total amount – 8 
(18%), positive – 1 (3%), negative - 7 (47%). SI of autumn season are presented in the analogous way: Total – 
10 (22%), positive – 10 (33%), negative are absent. On the basis of analysis performed let’s carry out a ranking 
of the seasons considered by amount of three SI types and present the series in order of significance decrease. 
Total: spring (S) – winter (W) – autumn (Au) – summer (Sm). Positive: S – Au – W – Sm. Negative: Sm – W – 
S – Au. With using the given above ranking one can conclude that air temperature exert positive influence upon 
formation of long-term series of ARI in spring period. This is marked by total amount of significant intervals 
and by set of SI with positive intervals. Within the indicated period maximal amount of SI is observed in May 
and April. The months are more significant by set of SI during a year. Summer period is characterized by 
minimal significance of air temperature for ARI formation (total and positive number of SI). At the same time 
the most considerable contribution of its negative values falls into summer period. In general scheme of the sea-
sons considered autumn and winter occupies intermediate position. At the same time only positive values are 
fixed for autumn, and in winter amount of positive SI is large than negative SI by one. On the other hand winter 
occupies the second place after summer in the part of negative influences and this is revealed mainly in Decem-
ber. 
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Let’s make a comparison of results obtained with air temperature dynamics during a year using the data of me-
teorological station (fig. 2.). This histogram was obtained on the base of long-term observations. Comparison of 
the fig. 1 and 2 allows making a conclusion that the most mass positive response on air temperature influence 
(27%) is observed in May when the meteorological factor is steadily characterized by positive values. The next 
by amount of SI is April, and a division of positive and negative reactions of wooden organisms goes in propor-
tion of 4:3 respectively. Summer months (June-August) are characterized by positive temperatures (fig. 2.). As 
was noted above the amount of SI during this period is minimal with exact predominance of negative impacts 
(1:7). During autumn (September-November) all SI is located in positive part (fig. 1) and at the same time the 
air temperature above zero is observed only for September (fig. 2). The lowest temperatures for this period are 
noted in November having typically the most considerable amount of significant autumn intervals. The lowest 
temperatures in winter temporal interval are observed in January and February (fig. 2.). Provided positive and 
negative influence effects are given correspondingly SI distribution looks as follows. December – 1:4, January 
– 2:1, February – 3:0. 
 
 
Thus on the base of comparison between dynamics of SI distribution of air temperature during a year and that 
of its annual course one can formulate definitions as follows. Stand elements totality represents a complicate 
heterogeneous system by dynamic types of growth.  Combination of trees dynamic states within plantations 
causes a non-uniform response of wood vegetation organisms on air temperature factor influence. The follow-
ing typical temporal intervals are identified for the model area considered. The most mass amount of SI is 
marked in April - May (fig. 1). This is explained by spring transition from negative temperatures to positive 
ones (fig. 2) and by growth process activation. The second interval by sum of SI is revealed for November and 
December (fig. 1); this may be interpreted as stable transition to negative values of air temperatures (fig. 2.). As 
stated above a steady period of positive summer temperatures includes small amount of SI located within nega-
tive field (fig. 1). The rest months can be defined as the least important because they are represented by three or 
less significant intervals. Thus one can conclude that the most importance for annual radial increments forma-
tion has both the period of late spring and transitional one - autumn-winter. Warm summer months by its con-
tribution in ARI formation have considerable smaller value. 
 
Let’s evaluate influence effect of months with positive and negative temperature differentially. As can be seen 
on Figure 2 the 5th - 9th months included are characterized by positive air temperature according to long-term 
data. The rest seven months have negative values of the meteorological parameter. As have been marked above 
for the model area studied the total amount SI equals 45 including 30 positive and 45 negative ones. Using the 
analogous gradations let’s define contributions of the months having positive and negative temperatures to total 
amount of indicated SI. Significant intervals belonging to annual period with air temperature above zero are 
distributed as follows. Total – 18 (40%), positive – 11 (37%), negative – 7 (47%). In the analogous way let’s 
describe SI within annual period of negative temperatures. Total -27 (60%), positive – 19 (63%), negative – 8 
(53%). On the basis of the proportions represented one can conclude that negative temperatures exert more con-
siderable contribution in ARI formation. Besides, the negative temperatures exact predominate by positive in-
fluence on growth of wooden organisms.  

 
Autocorrelation function of individual response identification in Kola Peninsula and Komi Republic 
  
Total amount of trees studied on each model area (sample size) was 15 trees. For each tree biometrical parame-
ters were measured and wood core was taken. In the course of measurement cores 8 and 11 from the sample 
area 2 (Komi region) were removed because of wood damage. Thus a posterior analysis is executed on the base 
of 13 trees from each model area. 
 
Autocorrelation functions of model trees located in Kola Peninsula are presented on Figures 3 to 15. From the 
point of view of biological interpretation significant values of autocorrelation function determine retrospective 
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seasons influencing on increment formation. Besides the investigated values of the function Раа characterize 
periodicity of annual radial increments series for each separate tree. In the course of the analysis only signifi-
cant values of autocorrelation function are used. In accordance with a sign of the function (+, –) a retrospective 
period exerts positive and negative influence on formation of an increment. On the base of the represented defi-
nitions let’s carry out a classification of correlograms (fig. 3-15) characterizing the model stand located in Kola 
Peninsula. 
 
The trees presented on Figures 4, 6, 10 and 14 have not significant values of the autocorrelation function in 
positive and negative parts. Consequently, retrospective conditions do not influence on increment formation of   
the given trees. The model trees have following age: Т2 – 95, Т4 – 172, Т8 – 102, Т12 – 173. On the base of 
results received let’s introduce a concept of dynamical type of trees (DT). The concrete class DT joins the trees 
which are similar by main characteristics of the autocorrelation function. The trees considered earlier (2, 4, 8, 
12) let’s determine as trees of retrospectively independent type (RI). 
 
In accordance with the introduced definitions the model trees 1, 5 and 6 graphically presented as Раа on Figures 
3, 7 and 8 belong to retrospectively mixed dynamical type (RM). RM is characterized by availability of positive 
and negative values of the autocorrelation function. At the same time the considered trees have positive values 
of the autocorrelation function which are noted before 1-2 years from current increment formation, negative 
values - in range from 7 to 14 years and in concrete expression by Paa. Age of the model trees 1, 5 and 6 is 120, 
167 and 151 years correspondingly. 
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Fig. 3. Autocorrelation function of model tree N 1 (Kola Peninsula). 
 

 
Fig. 4. Autocorrelation function of model tree N 2 (Kola Peninsula). 

Autocorrelation Function
VAR1

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,043 ,1191

 14 -,324 ,1211

 13 -,022 ,1230

 12 -,110 ,1249

 11 -,108 ,1268

 10 -,338 ,1286

  9 -,221 ,1305

  8 -,369 ,1323

  7 -,127 ,1340

  6 -,097 ,1358

  5 -,131 ,1375

  4 +,103 ,1392

  3 +,153 ,1409

  2 +,225 ,1426

  1 +,314 ,1442

Lag Corr. S.E.

0

37,63 ,0010

37,50 ,0006

30,33 ,0042

30,30 ,0025

29,52 ,0019

28,80 ,0013

21,91 ,0092

19,04 ,0146

11,26 ,1275

10,37 ,1100

 9,86 ,0794

 8,95 ,0625

 8,40 ,0384

 7,22 ,0271

 4,74 ,0295

  Q p

Autocorrelation Function
VAR2

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,030 ,1191

 14 +,157 ,1211

 13 +,064 ,1230

 12 -,069 ,1249

 11 -,024 ,1268

 10 -,038 ,1286

  9 -,261 ,1305

  8 -,212 ,1323

  7 -,051 ,1340

  6 -,018 ,1358

  5 -,206 ,1375

  4 +,071 ,1392

  3 -,028 ,1409

  2 +,009 ,1426

  1 +,234 ,1442

Lag Corr. S.E.

0

14,36 ,4982

14,30 ,4277

12,62 ,4779

12,34 ,4187

12,04 ,3611

12,00 ,2851

11,91 ,2182

 7,92 ,4418

 5,33 ,6192

 5,19 ,5195

 5,17 ,3950

 2,94 ,5677

 2,68 ,4433

 2,64 ,2668

 2,64 ,1043

  Q p
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Fig. 5. Autocorrelation function of model tree N 3 (Kola Peninsula). 
 

 
Fig. 6. Autocorrelation function of model tree N 4 (Kola Peninsula). 

Autocorrelation Function
VAR3

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,059 ,1191

 14 -,069 ,1211

 13 -,089 ,1230

 12 -,097 ,1249

 11 -,082 ,1268

 10 -,013 ,1286

  9 -,028 ,1305

  8 -,005 ,1323

  7 +,134 ,1340

  6 +,214 ,1358

  5 +,244 ,1375

  4 +,378 ,1392

  3 +,456 ,1409

  2 +,582 ,1426

  1 +,690 ,1442

Lag Corr. S.E.

0

66,27 ,0000

66,02 ,0000

65,70 ,0000

65,17 ,0000

64,57 ,0000

64,15 ,0000

64,14 ,0000

64,09 ,0000

64,09 ,0000

63,09 ,0000

60,60 ,0000

57,45 ,0000

50,07 ,0000

39,57 ,0000

22,91 ,0000

  Q p

Autocorrelation Function
VAR4

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,182 ,1191

 14 -,026 ,1211

 13 -,165 ,1230

 12 -,140 ,1249

 11 -,181 ,1268

 10 -,242 ,1286

  9 -,028 ,1305

  8 -,070 ,1323

  7 +,201 ,1340

  6 -,071 ,1358

  5 -,028 ,1375

  4 -,071 ,1392

  3 +,033 ,1409

  2 +,112 ,1426

  1 +,208 ,1442

Lag Corr. S.E.

0

16,91 ,3245

14,57 ,4079

14,53 ,3377

12,72 ,3897

11,46 ,4054

 9,43 ,4922

 5,90 ,7499

 5,86 ,6634

 5,58 ,5900

 3,34 ,7654

 3,07 ,6899

 3,02 ,5537

 2,76 ,4298

 2,71 ,2581

 2,09 ,1485

  Q p
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Fig. 7. Autocorrelation function of model tree N 5 (Kola Peninsula). 

 
 
Fig. 8. Autocorrelation function of model tree N 6 (Kola Peninsula). 

Autocorrelation Function
VAR5

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,122 ,1191

 14 -,200 ,1211

 13 -,190 ,1230

 12 -,306 ,1249

 11 -,357 ,1268

 10 -,343 ,1286

  9 -,305 ,1305

  8 -,276 ,1323

  7 -,262 ,1340

  6 -,161 ,1358

  5 +,020 ,1375

  4 +,152 ,1392

  3 +,254 ,1409

  2 +,388 ,1426

  1 +,658 ,1442

Lag Corr. S.E.

0

74,92 ,0000

73,87 ,0000

71,15 ,0000

68,75 ,0000

62,77 ,0000

54,82 ,0000

47,73 ,0000

42,26 ,0000

37,91 ,0000

34,10 ,0000

32,69 ,0000

32,67 ,0000

31,47 ,0000

28,22 ,0000

20,84 ,0000

  Q p

Autocorrelation Function
VAR6

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,066 ,1191

 14 +,005 ,1211

 13 -,159 ,1230

 12 -,296 ,1249

 11 -,272 ,1268

 10 -,139 ,1286

  9 -,111 ,1305

  8 +,009 ,1323

  7 -,018 ,1340

  6 +,010 ,1358

  5 -,108 ,1375

  4 +,055 ,1392

  3 +,217 ,1409

  2 +,279 ,1426

  1 +,471 ,1442

Lag Corr. S.E.

0

31,67 ,0072

31,37 ,0049

31,37 ,0030

29,70 ,0031

24,09 ,0124

19,50 ,0344

18,34 ,0314

17,62 ,0243

17,61 ,0139

17,60 ,0073

17,59 ,0035

16,98 ,0020

16,82 ,0008

14,46 ,0007

10,64 ,0011

  Q p
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Fig. 9. Autocorrelation function of model tree N 7 (Kola Peninsula). 
 

 
Fig. 10. Autocorrelation function of model tree N 8 (Kola Peninsula). 

Autocorrelation Function
VAR7

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,062 ,1191

 14 -,154 ,1211

 13 -,156 ,1230

 12 -,145 ,1249

 11 -,021 ,1268

 10 +,007 ,1286

  9 +,039 ,1305

  8 -,051 ,1323

  7 -,009 ,1340

  6 +,168 ,1358

  5 +,190 ,1375

  4 +,215 ,1392

  3 +,302 ,1409

  2 +,304 ,1426

  1 +,544 ,1442

Lag Corr. S.E.

0

34,34 ,0031

34,07 ,0020

32,44 ,0021

30,84 ,0021

29,49 ,0019

29,46 ,0011

29,46 ,0005

29,37 ,0003

29,22 ,0001

29,22 ,0001

27,69 ,0000

25,79 ,0000

23,40 ,0000

18,80 ,0001

14,24 ,0002

  Q p

Autocorrelation Function
VAR8

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,019 ,1191

 14 -,055 ,1211

 13 -,158 ,1230

 12 -,148 ,1249

 11 -,190 ,1268

 10 +,008 ,1286

  9 +,046 ,1305

  8 -,175 ,1323

  7 -,157 ,1340

  6 +,105 ,1358

  5 +,059 ,1375

  4 +,267 ,1392

  3 +,179 ,1409

  2 -,140 ,1426

  1 +,173 ,1442

Lag Corr. S.E.

0

17,29 ,3021

17,26 ,2426

17,06 ,1968

15,41 ,2199

14,00 ,2332

11,74 ,3028

11,74 ,2285

11,61 ,1693

 9,87 ,1963

 8,49 ,2046

 7,88 ,1628

 7,70 ,1032

 4,02 ,2590

 2,41 ,3003

 1,44 ,2305

  Q p
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Fig. 11. Autocorrelation function of model tree N 9 (Kola Peninsula). 

 
Fig. 12. Autocorrelation function of model tree N 10 (Kola Peninsula). 

Autocorrelation Function
VAR9

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,080 ,1191

 14 -,183 ,1211

 13 -,104 ,1230

 12 -,096 ,1249

 11 -,006 ,1268

 10 +,050 ,1286

  9 -,131 ,1305

  8 -,170 ,1323

  7 +,107 ,1340

  6 +,312 ,1358

  5 +,266 ,1375

  4 +,355 ,1392

  3 +,292 ,1409

  2 +,228 ,1426

  1 +,487 ,1442

Lag Corr. S.E.

0

41,30 ,0003

40,86 ,0002

38,57 ,0002

37,86 ,0002

37,27 ,0001

37,27 ,0001

37,12 ,0000

36,10 ,0000

34,45 ,0000

33,81 ,0000

28,53 ,0000

24,78 ,0001

18,27 ,0004

13,97 ,0009

11,40 ,0007

  Q p

Autocorrelation Function
VAR10

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,116 ,1191

 14 +,061 ,1211

 13 -,014 ,1230

 12 -,145 ,1249

 11 -,183 ,1268

 10 -,192 ,1286

  9 -,201 ,1305

  8 -,274 ,1323

  7 -,165 ,1340

  6 +,015 ,1358

  5 +,115 ,1375

  4 +,269 ,1392

  3 +,477 ,1409

  2 +,574 ,1426

  1 +,726 ,1442

Lag Corr. S.E.

0

72,47 ,0000

71,51 ,0000

71,26 ,0000

71,25 ,0000

69,89 ,0000

67,81 ,0000

65,57 ,0000

63,20 ,0000

58,91 ,0000

57,40 ,0000

57,39 ,0000

56,69 ,0000

52,95 ,0000

41,51 ,0000

25,33 ,0000

  Q p
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Fig. 13. Autocorrelation function of model tree N 11 (Kola Peninsula). 
 

 
 
Fig. 14. Autocorrelation function of model tree N 12 (Kola Peninsula). 

Autocorrelation Function
VAR11

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,030 ,1191

 14 +,005 ,1211

 13 -,014 ,1230

 12 -,041 ,1249

 11 +,016 ,1268

 10 +,105 ,1286

  9 +,097 ,1305

  8 +,114 ,1323

  7 +,188 ,1340

  6 +,321 ,1358

  5 +,409 ,1375

  4 +,547 ,1392

  3 +,617 ,1409

  2 +,713 ,1426

  1 +,826 ,1442

Lag Corr. S.E.

0

111,0 ,0000

111,0 ,0000

111,0 ,0000

111,0 ,0000

110,8 ,0000

110,8 0,000

110,2 0,000

109,6 0,000

108,9 0,000

106,9 0,000

101,3 0,000

92,46 0,000

77,00 ,0000

57,81 ,0000

32,79 ,0000

  Q p

Autocorrelation Function
VAR12

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,249 ,1191

 14 +,111 ,1211

 13 +,032 ,1230

 12 -,034 ,1249

 11 -,173 ,1268

 10 -,046 ,1286

  9 +,109 ,1305

  8 -,101 ,1323

  7 +,115 ,1340

  6 +,028 ,1358

  5 +,249 ,1375

  4 +,108 ,1392

  3 -,126 ,1409

  2 -,071 ,1426

  1 +,173 ,1442

Lag Corr. S.E.

0

15,75 ,3989

11,39 ,6553

10,55 ,6483

10,48 ,5736

10,41 ,4941

 8,54 ,5762

 8,41 ,4933

 7,71 ,4619

 7,13 ,4151

 6,40 ,3796

 6,36 ,2726

 3,08 ,5449

 2,48 ,4787

 1,68 ,4308

 1,43 ,2310

  Q p
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Fig. 15. Autocorrelation function of model tree N 13 (Kola Peninsula). 
 
 
Trees 3, 7, 9, 10, 11, 13 make up the most numerous group. Values Paa of the trees are presented in Figures 5, 
9, 11, 12, 13 and 15 correspondingly. On the base of used definitions this group of trees belongs to the retro-
spective positive dynamical type (RP). A feature of RP is availability of only positive values of the autocorrela-
tion function. Exception in this case is the model tree 10 (fig. 12) which has one negative value of Paa at a limit 
of significance.  Interval of significant retrospective influence for this dynamical type is from 1 year to 11 
years. As to individual estimations for the dynamical type RP there are noted the following intervals of retro-
spective influence: Т3 1 – 4; Т7 1 – 3; Т9 1 – 6; Т10 1 – 4; Т11 1 – 6; Т13 1 – 11. At all considered cases the 
interval of positive retrospective influence is no less than 3 years. Age composition for the model trees of RP-
type looks as follows: Т3 -161, Т7- 124, Т9 - 126, Т10 - 143, Т11 - 126, Т13 - 136. 
 
Consequently, on the base of the analysis of temporal organization of model stand located in Kola Peninsula 
one might conclude the following. The stand studied includes groups of trees of different dynamical types. Such 
group organization ensures sustainable existence of pine stand at the border of species natural habitat in condi-
tions of north climate influence. Dynamical types of trees have no dependence from age state because all pre-
sented groups (RI, RM, RP) include trees which essentially differ by age.  
 
Autocorrelation functions of model trees located on territory of Komi Republic are presented in Figures 16 – 
28. As can be seen from values of the autocorrelation function, all trees belong to the retrospective positive type 
(RP). 

Autocorrelation Function
VAR13

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,086 ,1191

 14 +,188 ,1211

 13 +,221 ,1230

 12 +,220 ,1249

 11 +,292 ,1268

 10 +,275 ,1286

  9 +,299 ,1305

  8 +,335 ,1323

  7 +,358 ,1340

  6 +,461 ,1358

  5 +,482 ,1375

  4 +,528 ,1392

  3 +,674 ,1409

  2 +,720 ,1426

  1 +,763 ,1442

Lag Corr. S.E.

0

152,5 0,000

152,0 0,000

149,5 0,000

146,3 0,000

143,2 0,000

137,9 0,000

133,4 0,000

128,1 0,000

121,7 0,000

114,5 0,000

103,0 0,000

90,71 ,0000

76,31 ,0000

53,43 ,0000

27,96 ,0000

  Q p
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Fig. 16. Autocorrelation function of model tree N 1 (Komi Republic).  
 

 
Fig. 17. Autocorrelation function of model tree N 2 (Komi Republic).  
 
 

Autocorrelation Function
VAR1

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,185 ,1197

 14 -,140 ,1217

 13 -,104 ,1238

 12 -,050 ,1257

 11 -,010 ,1277

 10 +,049 ,1296

  9 +,120 ,1315

  8 +,271 ,1334

  7 +,333 ,1352

  6 +,468 ,1370

  5 +,510 ,1388

  4 +,592 ,1406

  3 +,609 ,1423

  2 +,742 ,1441

  1 +,801 ,1458

Lag Corr. S.E.

0

133,7 0,000

131,3 0,000

130,0 0,000

129,3 0,000

129,1 0,000

129,1 0,000

129,0 0,000

128,1 0,000

124,0 0,000

117,9 0,000

106,3 0,000

92,76 0,000

75,05 ,0000

56,72 ,0000

30,19 ,0000

  Q p

Autocorrelation Function
VAR2

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,128 ,1203

 14 -,090 ,1224

 13 -,032 ,1245

 12 -,052 ,1266

 11 -,016 ,1286

 10 +,035 ,1306

  9 +,053 ,1326

  8 +,054 ,1345

  7 +,169 ,1364

  6 +,241 ,1383

  5 +,317 ,1401

  4 +,515 ,1420

  3 +,655 ,1438

  2 +,683 ,1456

  1 +,810 ,1473

Lag Corr. S.E.

0

98,13 ,0000

97,00 ,0000

96,46 ,0000

96,39 ,0000

96,22 ,0000

96,20 ,0000

96,13 ,0000

95,97 ,0000

95,81 ,0000

94,27 ,0000

91,24 ,0000

86,12 ,0000

72,98 ,0000

52,25 ,0000

30,23 ,0000

  Q p
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Fig. 18. Autocorrelation function of model tree N 3 (Komi Republic).  
 

 
Fig. 19. Autocorrelation function of model tree N 4 (Komi Republic).  
 
 

Autocorrelation Function
VAR3

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,036 ,1191

 14 +,036 ,1211

 13 +,066 ,1230

 12 +,065 ,1249

 11 +,042 ,1268

 10 +,078 ,1286

  9 +,128 ,1305

  8 +,156 ,1323

  7 +,194 ,1340

  6 +,259 ,1358

  5 +,332 ,1375

  4 +,464 ,1392

  3 +,495 ,1409

  2 +,616 ,1426

  1 +,723 ,1442

Lag Corr. S.E.

0

82,41 ,0000

82,32 ,0000

82,23 ,0000

81,95 ,0000

81,68 ,0000

81,57 ,0000

81,20 ,0000

80,24 ,0000

78,85 ,0000

76,75 ,0000

73,11 ,0000

67,28 ,0000

56,17 ,0000

43,82 ,0000

25,14 ,0000

  Q p

Autocorrelation Function
VAR4

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,063 ,1191

 14 -,052 ,1211

 13 +,002 ,1230

 12 +,035 ,1249

 11 +,101 ,1268

 10 +,108 ,1286

  9 +,167 ,1305

  8 +,223 ,1323

  7 +,327 ,1340

  6 +,426 ,1358

  5 +,529 ,1375

  4 +,616 ,1392

  3 +,685 ,1409

  2 +,759 ,1426

  1 +,843 ,1442

Lag Corr. S.E.

0

142,6 0,000

142,3 0,000

142,1 0,000

142,1 0,000

142,0 0,000

141,4 0,000

140,7 0,000

139,0 0,000

136,2 0,000

130,3 0,000

120,5 0,000

105,6 0,000

86,04 ,0000

62,43 ,0000

34,12 ,0000

  Q p
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Fig. 20. Autocorrelation function of model tree N 5 (Komi Republic).  
 

 
Fig. 21. Autocorrelation function of model tree N 6 (Komi Republic). 

Autocorrelation Function
VAR5

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,146 ,1191

 14 -,076 ,1211

 13 -,014 ,1230

 12 +,085 ,1249

 11 +,163 ,1268

 10 +,184 ,1286

  9 +,192 ,1305

  8 +,238 ,1323

  7 +,305 ,1340

  6 +,382 ,1358

  5 +,425 ,1375

  4 +,503 ,1392

  3 +,484 ,1409

  2 +,648 ,1426

  1 +,744 ,1442

Lag Corr. S.E.

0

106,2 ,0000

104,7 ,0000

104,3 ,0000

104,3 ,0000

103,8 ,0000

102,2 ,0000

100,1 ,0000

97,97 ,0000

94,73 ,0000

89,57 ,0000

81,67 ,0000

72,13 ,0000

59,08 ,0000

47,27 ,0000

26,60 ,0000

  Q p

Autocorrelation Function
VAR6

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,040 ,1191

 14 +,033 ,1211

 13 +,127 ,1230

 12 +,139 ,1249

 11 +,133 ,1268

 10 +,199 ,1286

  9 +,261 ,1305

  8 +,311 ,1323

  7 +,466 ,1340

  6 +,488 ,1358

  5 +,462 ,1375

  4 +,568 ,1392

  3 +,623 ,1409

  2 +,617 ,1426

  1 +,759 ,1442

Lag Corr. S.E.

0

134,3 0,000

134,2 0,000

134,1 0,000

133,1 0,000

131,8 0,000

130,7 0,000

128,3 0,000

124,3 0,000

118,8 0,000

106,8 0,000

93,84 ,0000

82,56 ,0000

65,89 ,0000

46,38 ,0000

27,67 ,0000

  Q p
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 Fig. 22. Autocorrelation function of model tree N 7 (Komi Republic).  
 

 
Fig. 23. Autocorrelation function of model tree N 9 (Komi Republic).  

Autocorrelation Function
VAR7

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,029 ,1197

 14 -,002 ,1217

 13 +,045 ,1238

 12 +,085 ,1257

 11 +,143 ,1277

 10 +,169 ,1296

  9 +,171 ,1315

  8 +,194 ,1334

  7 +,306 ,1352

  6 +,411 ,1370

  5 +,481 ,1388

  4 +,599 ,1406

  3 +,681 ,1423

  2 +,760 ,1441

  1 +,875 ,1458

Lag Corr. S.E.

0

138,4 0,000

138,4 0,000

138,4 0,000

138,2 0,000

137,8 0,000

136,5 0,000

134,8 0,000

133,2 0,000

131,0 0,000

125,9 0,000

116,9 0,000

104,9 0,000

86,76 ,0000

63,84 ,0000

36,03 ,0000

  Q p

Autocorrelation Function
VAR8

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,140 ,1197

 14 -,094 ,1217

 13 -,037 ,1238

 12 +,011 ,1257

 11 +,076 ,1277

 10 +,133 ,1296

  9 +,217 ,1315

  8 +,315 ,1334

  7 +,441 ,1352

  6 +,547 ,1370

  5 +,605 ,1388

  4 +,673 ,1406

  3 +,748 ,1423

  2 +,804 ,1441

  1 +,894 ,1458

Lag Corr. S.E.

0

176,6 0,000

175,3 0,000

174,7 0,000

174,6 0,000

174,6 0,000

174,2 0,000

173,2 0,000

170,4 0,000

164,9 0,000

154,2 0,000

138,3 0,000

119,3 0,000

96,38 0,000

68,76 ,0000

37,63 ,0000

  Q p
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Fig. 24. Autocorrelation function of model tree N 10 (Komi Republic).  
 

 
Fig. 25. Autocorrelation function of model tree N 12 (Komi Republic).  

 

Autocorrelation Function
VAR9

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,165 ,1191

 14 -,085 ,1211

 13 +,049 ,1230

 12 +,149 ,1249

 11 +,209 ,1268

 10 +,151 ,1286

  9 +,123 ,1305

  8 +,076 ,1323

  7 +,133 ,1340

  6 +,202 ,1358

  5 +,309 ,1375

  4 +,323 ,1392

  3 +,343 ,1409

  2 +,442 ,1426

  1 +,589 ,1442

Lag Corr. S.E.

0

55,17 ,0000

53,25 ,0000

52,75 ,0000

52,59 ,0000

51,17 ,0000

48,46 ,0000

47,08 ,0000

46,19 ,0000

45,86 ,0000

44,87 ,0000

42,65 ,0000

37,61 ,0000

32,23 ,0000

26,32 ,0000

16,70 ,0000

  Q p

Autocorrelation Function
VAR10

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,029 ,1191

 14 +,054 ,1211

 13 +,103 ,1230

 12 +,116 ,1249

 11 +,156 ,1268

 10 +,158 ,1286

  9 +,205 ,1305

  8 +,293 ,1323

  7 +,395 ,1340

  6 +,473 ,1358

  5 +,537 ,1375

  4 +,622 ,1392

  3 +,656 ,1409

  2 +,728 ,1426

  1 +,842 ,1442

Lag Corr. S.E.

0

150,0 0,000

149,9 0,000

149,7 0,000

149,0 0,000

148,1 0,000

146,6 0,000

145,1 0,000

142,6 0,000

137,7 0,000

129,1 0,000

116,9 0,000

101,7 0,000

81,74 ,0000

60,09 ,0000

34,05 ,0000

  Q p
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Fig. 26. Autocorrelation function of model tree N 13 (Komi Republic).  

 
Fig. 27. Autocorrelation function of model tree N 14 (Komi Republic).  

Autocorrelation Function
VAR11

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,050 ,1197

 14 -,021 ,1217

 13 +,056 ,1238

 12 +,091 ,1257

 11 +,148 ,1277

 10 +,152 ,1296

  9 +,161 ,1315

  8 +,234 ,1334

  7 +,305 ,1352

  6 +,438 ,1370

  5 +,496 ,1388

  4 +,582 ,1406

  3 +,575 ,1423

  2 +,752 ,1441

  1 +,771 ,1458

Lag Corr. S.E.

0

125,0 0,000

124,8 0,000

124,8 0,000

124,6 0,000

124,1 0,000

122,7 0,000

121,4 0,000

119,9 0,000

116,8 0,000

111,7 0,000

101,4 0,000

88,66 ,0000

71,54 ,0000

55,23 ,0000

27,99 ,0000

  Q p

Autocorrelation Function
VAR12

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 +,005 ,1191

 14 +,004 ,1211

 13 +,111 ,1230

 12 +,110 ,1249

 11 +,159 ,1268

 10 +,130 ,1286

  9 +,246 ,1305

  8 +,234 ,1323

  7 +,332 ,1340

  6 +,392 ,1358

  5 +,495 ,1375

  4 +,553 ,1392

  3 +,621 ,1409

  2 +,691 ,1426

  1 +,707 ,1442

Lag Corr. S.E.

0

121,0 ,0000

121,0 0,000

121,0 0,000

120,2 0,000

119,4 0,000

117,8 0,000

116,8 0,000

113,2 0,000

110,1 0,000

104,0 0,000

95,67 0,000

82,72 ,0000

66,95 ,0000

47,51 ,0000

24,05 ,0000

  Q p
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Fig. 28. Autocorrelation function of model tree N 15 (Komi Republic).  
 
 
Differences consist only in duration of retrospective interval of significant influence. For the model trees 1, 2, 
3, 4, 5, 6, 7, 9, 10, 12, 13, 14, 15 the indicated periods are: 1-8, 1-5, 1-6, 1-7, 1-7, 1-9, 1-7, 1-8, 1-5, 1-8, 1-7, 1-
7, 1-5 correspondingly. In this case a minimal retrospective interval is 5 years, maximum - 9, the most frequent 
- 7 years. 
 
On the base of the presented results let’s carry out comparative analysis of temporal organization of model 
stands located in Kola Peninsula and Komi Republic. The given regions differ essentially by natural-climatic 
conditions. The temporal organization of the stand in Kola Peninsula is more complicated by number of dy-
namical types of pine trees. The stand in Kola Peninsula include essentially more variety DT-types (RI, RM, 
RP), than in Komi (RP). Temporal periods of negative influence on annual radial increment formation were re-
vealed in Kola Peninsula. Analogous periods in Komi region were absent. In Kola Peninsula retrospective in-
tervals of significant influence in positive part are 11 years, in Komi – 9.  
 
It is obvious that forest massifs located on a limit of existence have higher level of stability regarding climate 
factors influence. This specificity is provided by availability of different dynamical types of trees in stand struc-
ture. Combination of RI, RM и RP types allows use of the different temporal climatic intervals for growth ra-
tionally.  Besides, in case of unfavorable climatic events trees of one dynamical type will vanish completely, 
but for all that a critical quantity of trees will survive and will be able to regeneration of the stand.   
 
 
5.2 Basic principles of individual response strategy  

 
The results received in the course of the project fulfillment and have been presented in previous sections have 
innovation character. In order to make scaled substantiation it is necessary to carry out additional investiga-

Autocorrelation Function
VAR13

(Standard errors are white-noise estimates)

-1,0 -0,5 0,0 0,5 1,0
0

 15 -,038 ,1191

 14 +,050 ,1211

 13 +,121 ,1230

 12 +,209 ,1249

 11 +,223 ,1268

 10 +,238 ,1286

  9 +,218 ,1305

  8 +,203 ,1323

  7 +,247 ,1340

  6 +,224 ,1358

  5 +,349 ,1375

  4 +,364 ,1392

  3 +,491 ,1409

  2 +,639 ,1426

  1 +,746 ,1442

Lag Corr. S.E.

0

94,04 ,0000

93,94 ,0000

93,77 ,0000

92,80 ,0000

90,00 ,0000

86,92 ,0000

83,50 ,0000

80,70 ,0000

78,35 ,0000

74,95 ,0000

72,23 ,0000

65,80 ,0000

58,97 ,0000

46,82 ,0000

26,74 ,0000

  Q p
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tions. Nevertheless it is possible to use the received conclusions for construction of strategy of individual re-
sponse.  
 
On local level basing on the methodical approach of critical periods definition (1.1.2.) it is possible to identify 
temporal intervals of a concrete climatic factor influence. At the same time trees of dynamical type RI are very 
perspective for estimation of climate influences in real time mode. The given definition is substantiated by ab-
sence of influence of previous years of growth. Using of dynamical types RM and RP it is possible to identify 
temporal intervals of response during the studied period and in limits of the significant retrospective interval. At 
that it is necessary to take into account a sign of separate value of the autocorrelation function.  
 
On regional and interregional levels the strategy of individual response includes several stages. First of all in 
the process of climatic differences revelation it is necessary to exclude dynamical reactions caused by own bio-
logical characteristics of trees. Consequently, for compared areas it is necessary to determine the dynamical 
types. On the second stage a comparative analysis between analogous dynamical types is carried out in different 
regions. In the limits of DT in order to achieve a higher accuracy it is expedient to make a comparison between 
the trees which have equal significant retrospective intervals. Finally the methodology presented in section 
1.1.2. is used for fulfillment of quantitative comparative analysis.  
 
The initial principles of the individual response strategy represent a constructional base for elaboration of 
methods of detailed climate events reconstruction.  
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6.  Effect of changes in the electromagnetic environment on trees at Laly research station 
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6.1. Introduction 
 
The program of the Project included fabrication and installation of facilities for monitoring of the electromag-
netic environment and variations in the electric potential in trees of the Laly Research Station. The facilities in-
cluded a GI-MTS-1 Geophysical Complex developed and fabricated by Partner 4 (SPbF IZMIRAN). This 
Complex allowed real-time monitoring of natural geomagnetic variations and also the currents flowing in the 
medium under study, i.e., currents in trees and telluric currents at the Earth’s surface in our case. The Complex 
included a GPS-receiver, which gave possibility to perform a precise time control of the processes being de-
tected. 
 
The goals of using the GI-MTS-1 Geophysical Complex at the Laly Research Station were as follows: 

1. To monitor natural electromagnetic variations in the region of the Laly Research Station with a high 
time accuracy. 

2. To elaborate the procedure of electric monitoring of internal biological processes in different tree spe-
cies, in particular, as indirect measurements of relative stem water content in trees. 

3. To compare variations of electric potential in trees with variations in the cambial activity and also in the 
meteorological parameters in the region of the Research Station. 

4. To reveal the effects of extremal solar events on biological systems. 
 
It should be noted that electric methods have earlier been applied to studies of structure of trees and dynamics 
of biological processes in them. Variations in electric resistance to a pulsed electric current have been used to 
detect discolored and decay wood in living trees (Scutt et al., 1972; Tattar et al., 1972; Ostrofsky, 1990; Lars-
son et al. 2004). Measurements of the so-called “Geophytoelectrical current” in trees (natural electric current 
between the tree and ground) were used for a measurement of relative stem water content in tree species dis-
tributed in a subtropical forest (Borchert, 1994; Yańez-Espinosa et al., 2007). In our Project, the “Geophyto-
electrical current” method was modified as follows. First, both electrodes used to measure the electric potential 
were installed immediately in trees (in contrast to placing one electrode in the tree and the other in the ground) 
at a distance of 9 meters from each other along the tree stem. Second, continuous synchronous registration of 
the electric potential in different tree species with a frequency of 50 Hz and precise time reference was per-
formed, in contrast to the measurements in subtropical forests mentioned above where measurements were car-
ried out with time intervals between them. For example, Yańez-Espinosa et al. (2007) did measurements with 
2-month intervals, and, as a result, only seasonal variations were observed. Continuous measurements of varia-
tions in electric potential allow one to compare daily cambial activity with the dynamics of biological processes 
in trees. Third, simultaneous registration of geomagnetic pulsations and telluric currents gives possibility to 
separate the fractions of the electric signal caused by dynamic biological processes and induction effects of 
natural geomagnetic variations. Such processing of signals in the method of “Geophytoelectrical current” has 
been used for the first time: real-time monitoring of natural electromagnetic signals has not been performed so 
far. 
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6.2 Description and parameters of the GI-MTS-1 Geophysical Complex  
 
6.2.1 Purpose of the GI-MTS-1 geophysical complex  
 
GI-MTS-1 was designed to measure magnetic, electric fields and seismic oscillations. GI-MTS-1 allows regis-
tration in a digital form of three mutually orthogonal components of the alternating magnetic field, three com-
ponents of the electric (telluric) field, and three components of seismic variations in the frequency range 0 – 8 
Hz. In the experiment at Laly, seismic channels were used to detect variations of electric potential in trees. 
 
6.2.2 Structure of the GI-MTS-1 geophysical complex 
  
The GI-MTS-1 geophysical complex is presented in Fig.1. Table 1 lists some parameters of the complex. 

 
Table 1: 

Consumption power 1.8 W 
Supply voltage DC 12V 
Operating temperature -20o to +50oC 
Weight of the device (without accumulator) 6.5 kg 

 
6.2.3 Functions and operation of separate parts of the GI-MTS-1 complex 
 
6.2.3.1 Block of magnetic sensors (MS) (1 in Fig.1) 

 
Block of magnetic sensors (MS) is used to convert three mutually orthogonal components of the alternating 
magnetic field (H, D, Z) into electric signals. The MS block consists of three identical one-component mag-
neto-static magnetometers of the torsion type. Each magnetic sensor includes an interchangeable capsule con-
taining a magneto-sensitive element (a measuring magnet with a mirror hung on a kevlar filament). The meas-
uring magnet is made from a samary-cobalt alloy. An enrolment magnet is made from a vicalloy material, and it 
is used for zero adjustment. All the rest of sensor elements are made from non-magnetic materials. All three 
magnetic sensors are situated at a plane stand. To protect the magnetic sensors during transportation, special 
screws must be used. A plug-and-socket is used to connect the block of magnetic sensors to a digital register 
MTS-R (2 in Fig.1) through a cable (4 in Fig.1). Three screws are used for horizontal positioning of the sensors 
using a level. Small knobs can change positions of the enrolment magnets for moving the “zero level” of the 
magnetic sensors. There are an analogue preamplifier and an analogue low-frequency filter of 6-order Butter-
wort with a cut-off frequency of 8 Hz. Magnetic sensor parameters are presented in Table 2. 
 
Table 2: 

Type of magnetometer               Torsion, 3 orthogonal axes 
Frequency range 0 – 8 Hz 
Noise level at 1 Hz ≤1 pT 
Transformation coefficients: 
H component 4800 bit/nT 
D component 4800 bit/nT 
Z component 4800 bit/nT 
Operating range: 
H component ±1800 nT 
D component ±1800 nT 
Z component ±1800 nT 
Analogue output of magnetic sensors ±3V 
Temperature drift <1.0 nT/1oC 
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Fig. 1: Geophysical complex GI-MTS-1: 

1 – The block of magnetic sensors (MS) 
2 – The digital recorder MTS-R for recording and storage of magnetic, telluric and seismic data 
3 – The block of analogue filters (AF) 
4 – The cable connecting MS and MTS-R blocks 
5 – The GPS antenna 
6 – The cable connecting MTS-R and a 12-V accumulator 
7 – The compact flesh-card. 

1 

2

3 

4 

5 6 7 



INCO 026310 SSA CAMBIFORRUS: Final Report 12.11.2007 
 

 
61/73 

6.2.3.2 Digital MTS-R recorder for recording and storage of magnetic, and telluric data (2 in Fig. 1) 
 
The MTS_R device is designed for complex geophysics research in the field. It allows independent observa-
tions by means of three three-component sensors simultaneously. The device can be connected to magnetic and 
telluric sensors. 
 

 
 
Fig. 2: Magnetometer location. 
 
The MTS-R device provides 
- Continuous monitoring of variations in different geophysical fields by different sensors. 
- Collection and storage of the information.  
- Transmission of the information to a remote centre of data collection and efficient processing of geophysical 
information. 

Some parameters of the MTS-R are given in Table 3. 
 
Table 3: 

Configuration 24-bit ADC7714, GPS, MSP-430,  
Modem MT2456SMI 

Data storage Compact flash card (1 or 2Gb) 
Sampling rate of data 50 or 60 Hz  
Time accuracy of registered data   <10-4s 
Input channels (differential) 3 magnetic, 3 telluric, 3 seismic  
Analog input of ADC24 (all 9 channels) ±3V 
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The MTS-R device is elaborated on the modules principle and comprises 
- A basic plate, which is a system core. 
- Up to three modules of analogue-to-digital converters (up to 9 channels)  
- Modules of Compact Flash storage. 
- Modules of control interface. 
- Modules of remote access. 
 

6.2.3.3 Block of analogue filters (AF) (3 in Fig. 1) 

The block of analogue filters (AF) used to measure electric currents (Ex, Ey, Ez channels). Red terminals are 
“plus”, black terminals are “minus”. The filters are identical to the filters situated in the magnetic sensors (0 – 8 
Hz), and they have a gain factor equal to 10. 

 
6.2.3 4 GPS system 
 
Geophysical complex GI-MTS-1 includes GPS system for precise time control (5 in Fig. 1) 

 

6.3 Detection of electromagnetic signals at the Laly Research Station 

The GI-MTS-1 geophysical complex was fabricated at SPbF IZMIRAN and installed at the Laly Research Sta-
tion on April 24, 2007 in the immediate vicinity of a group of dendrometers. GI-MTS-1 detected three orthogo-
nal components of natural variations in the geomagnetic field: H, D, and Z. The magnetometer was placed in a 
plastic case, which was buried in the ground (Fig. 2).  
 
Two mutually perpendicular lines of telluric currents and also four lines for measuring the electric potential 
along tree stems were connected to the complex. These lines were connected to 4 tree species: spruce (Picea 
obovata), pine (Pinus sylvestris), aspen (Populus tremula), and birch (Betula spec.), which allowed us to reveal 
differences in variations in the «geophytoelectric current» in tree species. The electrodes of these electric lines 
were installed in the tree stems near the ground and at a height of about 9 meters. All the electric lines were 
connected to trees, on which dendrometers were also placed (Fig. 3). Parameters of the electric lines are given 
in Table 4. 
 
During detection, all the data on signals were recorded with a frequency of 50 Hz at a flesh card. The card was 
replaced every 2 weeks. Recoding was synchronized in time with the help of a GPS receiver. 
 

Table 4: 

                                                                                                    

N Electric line Distance be-
tween two elec-

trodes (m) 

Resistance 
between 
two elec-

trodes 
(kOhm) 

Channel at 
MTS-R 
block 

Remarks 

1 Ex 50 1.5 Ex at 
plug-and-
socket T 

Electrodes were installed in the 
ground along the south-north direc-

tion 
2 Ey 50 1.5 Ey at 

plug-and-
socket T 

Electrodes were installed in the 
ground in the east-west direction 

3 Ez1 9.2 87.0 Ez at 
plug-and-

Electrodes were installed in a 
spruce tree stem (tree #1).  
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socket T Positive (+) electrode is at the tree 
top and negative electrode (-) is at 

the tree bottom 
4 Ez18 9.0 51.0 Ex at 

plug-and-
socket S  

Electrodes were installed in a birch 
tree stem (tree #18). 

Positive (+) electrode is at the tree 
top and negative electrode (-) is at 

the tree bottom 
5 Ez6 9.0 88.0 Ey at 

plug-and-
socket S  

Electrodes were installed in a pine 
tree stem (tree #6).  

Positive (+) electrode is at the tree 
top and negative electrode (-) is at 

the tree bottom 
6 Ez11 9.0 23.0 Ez at 

plug-and-
socket S  

Electrodes were installed in an as-
pen tree stem (tree #11).  

Positive (+) electrode is at the tree 
top and negative electrode (-) is at 

the tree bottom 
 

 

 

 

Fig. 3: Location of the dendrometer and electrode on a tree. 
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Figures 4-7 show examples of records of variations in the natural electromagnetic field of the Earth and varia-
tions in the electric potential Ez in stems of trees for the time intervals: 30 April, 2007, 23 May – 8 June, 2007, 
27 June – 29 June 29, 2007, and 5 August – 11 August, 2007. The examples are given for different stages of the 
vegetation development of trees, which follows from Fig. 8 . 
 
Figure 4 presents the 9-hour record for the first day of operation of Geophysical complex GI-MTS-1 at the Re-
search Station (30 April, 2007). As can be seen from Fig. 8, this date (day 120 of year 2007) coincides with the 
time interval preceding the vegetation period of the trees. Analysis of the record for this day leads to the follow-
ing conclusions: 
• Variations in Ez in the trees are not similar to the natural geomagnetic variations and variations in telluric 

currents. 
• Variations in Ez for foliage trees differ from those for conifers. Variations in Ez for aspen and birch are 

similar. The same is valid for pine and spruce. The maximum in Ez for foliage trees occurs approximately 3-
4 hours earlier that for conifers. 

 
Figure 5 shows records of variations in Ez for the early stage of the tree vegetation period from 25 May to 8 
June, 2007 (days 143-159 of year 2007) (see Fig. 8). Analysis of variations in Ez shown in Fig. 5 and their 
comparison with the natural electromagnetic variations leads to the following conclusions: 
 
• The configuration of the variations in Ez is not similar to that of the variations in the natural electromagnetic 

field. 
• Variations in Ez of conifers (pine, spruce) are similar. They exhibit a pronounced 24-hour periodicity. The 

maximum values of Ez are observed in the near-midnight and morning hours LT.  
• Variation in Ez in foliage trees differs sharply from those in conifers. A 24-hour periodicity in them mani-

fests itself only slightly. In addition, variations in Ez in aspen and birch differ from each other. During some 
time intervals, a sharp increase in Ez in birch occurs (24-25 May, 28 August), but such an increase is not ob-
served in variations in Ez for other tree species. 

 
Figure 6 shows variations in Ez and natural electromagnetic field for the time interval of active tree vegetation 
from 27 June to 29 June, 2007 (days 177-179 of year 2007) (see Fig.8). A 24-hour periodicity of Ez is pro-
nounced for all the four tree species during this time interval. Attention should be paid to the fact that variations 
in Ez in foliage trees are similar to each other. The same is true for conifers. However, comparison of variations 
in Ez in coniferous and foliage trees has revealed significant differences. Conifers are characterized by pro-
nounced maxima in Ez about 9-12 AM (LT) , while maxima in Ez for foliage trees are smoothed, and it can only 
be stated that this maxima occur in the night and morning hours LT. 
 
Figure 7 presents variations in Ez  and geomagnetic field from 5 August to 11 August, 2007 (days 217-223 of 
year 2007). This time interval coincides with a less active phase of tree vegetation (see Fig.8): a radial growth 
of pine, spruce, and aspen has almost stopped, but growth of birch continues. Analysis of the variations shows 
that the 24-hour periodicity in Ez is not observed in aspen but is pronounced in the other three tree species. Note 
that the variations in spruce and birch are very similar, which is not observed for other time intervals. 
 
Summarizing the preliminary results of analysis of variations in Ez in tree stems and natural variations in the 
electromagnetic field in the region of the Laly Research Station, it can be concluded that: 
  
• Variations in Ez in trees are governed mainly by the internal biological processes occurring in the trees 

themselves. 
• These processes proceed in different ways in coniferous and foliage trees, which leads to differences in the 

configurations of the variations in Ez detected in the experiment. 
• Variations in Ez in conifers exhibit a rather pronounced 24-hour periodicity. However, for foliage trees this 

periodicity is observed only during the active vegetation period.  
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Fig. 4: Records of magnetic variations, variations in telluric currents, and variations in Ez in trees 30.04.2007. 
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Fig. 5: Records of magnetic variations, variations in telluric currents, and variations in Ez in trees 23.05-
08.06.2007. 
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Fig. 6: Records of magnetic variations, variations in telluric currents, and variations in Ez in trees 27.06-

29.06.2007 
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Fig.7: Records of magnetic variations, variations in telluric currents, and variations in Ez in trees 05.-
11.08.2007 
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Fig. 8: Dendrometer records in Laly Research Station. Days of records presented in Fig. 4-7 marked by crosses. 
 

 
● Variations in Ez in different tree species have different structures during the time interval prior to the onset of 
vegetation, during the early vegetation period, during the active phase of vegetation, and during the phase when 
the tree radial growth slows down. 
 
 
6.4 Conclusions 
 
One of the tasks of the Project was to carry out monitoring of the electromagnetic environment at the Laly Re-
search Station. The following works have been performed and the following preliminary results have been ob-
tained: 
 
1. The facilities (Geophysical complex GI-MTS-1) for continuous monitoring of variations in the geomagnetic 
field, telluric currents, and electric potential in trees has been developed and fabricated. 
 
2. The Geophysical complex GI-MTS-1 was installed at the Laly Research Station, where registration of varia-
tions in 

- 3 orthogonal components of the geomagnetic field (H, D, Z), 
- 2 orthogonal components of telluric currents, and 
- electric potential Ez in 4 tree species (spruce, pine, aspen and birch) 

were started on 29. April 2007. 
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3. Preliminary analysis of geomagnetic and telluric variations and also variations in the electric potential Ez in 
trees has shown that variations along tree stems are mainly due to internal biological processes occurring in the 
trees. At the same time, the problem of induced currents in tree stems and also the effect of extremal solar 
events require a more detailed consideration. 
 
4. The structure of variations in Ez in conifers (spruce and pine) markedly differs from that in foliage trees (as-
pen and birch). The variations in Ez in pine and spruce are similar. They exhibit a 24-hour periodicity. The larg-
est potential difference is observed in the after-midnight and morning hours LT. In foliage trees, the quasi-24-
hour periodicity in Ez is less pronounced, and sometimes it does not manifest itself at all. In contrast to conifers, 
the structures of variations in Ez in aspen and birch can considerably differ. A sharp increase in Ez was detected 
during some time intervals in one or another tree species (for example, on 25 May and 28 May, 2007, in birch 
and 9 August, 2007, in aspen), which was not observed for other tree species. This problem needs additional 
analysis. 
 
5. The structure of variations in Ez prior to the vegetation period and at the early stage of it (April-May) differs 
from the structure of variations in summer months. The 24-hour periodicity in Ez is most pronounced during the 
active phase of vegetation (late June-July). During this period the 24-hour periodicity in Ez is observed for all 
the trees species. In this respect, continuation of registration of Ez during the autumn and winter periods seems 
to be highly important for analysis of seasonal variations in Ez. 
 
6. The preliminary results indicate that monitoring of variations in Ez in trees can give additional valuable in-
formation on internal biological processes occurring in different tree species. 
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Knowledge on possible changes in tree growth is vital for the sustainable management of forest ecosystems. 
Possible changes in forest growth related to changing environmental conditions are important from both the en-
vironmental and industrial point of view. On the one hand, tree growth and its changes are valuable indicators 
for environmental risks. Information on tree growth, on the other hand, is essential for sustainable forest man-
agement. The existing system of forest growth monitoring in Russia does not utilize the potential of daily cam-
bial activity studies. During the CAMBIFORRUS project the first attempt of the cambial activity monitoring 
was done. As a result the cambial activity monitoring started in Komi Republic of Russia. 
 
In terms of its forest resources, the Russian Federation is a giant on the world scene, that’s why there is a big 
interest to the response of forests in the European part of Russia to the change of environmental conditions 
(global climate change due to the anthropogenic impact, pollution etc). Different researchers in Europe have 
studied past and current response of forest to the changing environmental conditions. One of the most important 
conclusions is that the growth of European forests has changed considerably in recent decades (Spiecker et al. 
1996). Most of the studies showed site productivity increase but at the same time a decreasing trend was found 
in forests with extreme growth conditions and exposed to pollution. Currently the methods of the management 
methods are developed to mitigate potential of the environmental risks to forest growth due to the man-made 
changes were developed. Currently in Europe the network of cambial activity monitoring is exist. The network 
includes various tree species on sites in Germany, Portugal, Greece, France, which supports the research into 
forest ecosystem dynamics and risks with most actual and up-to-date data on tree growth. 
 
At present there are some indications that forest productivity has changed in NW Russia. Positive long-term 
growth trends of Scots pine and Siberian spruce were identified in the Komi Republic (Lopatin et. al, 2006, 
2007) using empirical data from radial growth and height growth analysis in the forest-tundra transition zone, 
the northern taiga zone, the middle taiga zone, and the southern taiga zone. The statistically significant increase 
in height increment on 40% for Siberian spruce and on 30% for Scots pine was identified for the whole Komi 
Republic (33% of Northwestern Russia forested and 4% of whole Russia forested area). Within this region sta-
tistically significant increases were found in middle taiga zone for Siberian spruce on 240%, Scots pine on 
140%, in northern taiga for Siberian spruce on 164%. Increases in the radial growth of Siberian spruce in the 
forest-tundra were 134% and in the northern taiga zone 35% over successive 50 year periods from 1901 to 1950 
and from 1951 to 2000. Respectively in the middle taiga zone a 76% increase in radial growth was found (over 
100 years), whilst in the southern taiga zone the changes were not statistically significant. The increase in radial 
growth of Scots pine in the northern taiga zone was 32%. In the middle taiga zone the radial growth increase in 
Scots pine was 55% and in the southern taiga zone the changes were not statistically significant. A clear long-
term trend in climate change was identified. During the last 20 years, at all meteorological stations the tempera-
ture increased; and 40 years ago precipitation began to increase. This is reflected in the radial increment of Si-
berian spruce and Scots pine. Thus, climate change could partly explain the increased site productivity. The to-
tal variance explained by temperature varied from 22% to 41% and precipitation from 19% to 38%. At the same 
time no clear conclusion could be drawn done yet about growth trends Karelia, Leningrad oblast, Nents auton-
omy and Arkchangelsk region at this stage of analysis. Although it is difficult to attribute such differences to 
the effect of any single factor, there are indications that they may be largely controlled by the local regional 
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trends in climatic conditions that need to be further studied in order to understand forest resources balance in 
geographical Europe and to manage the potential risks to old-growing natural forests due to changed forest 
growth in future. The fastest development in forest sector of Russia could be expected in the North-West of the 
European part that is why the knowledge on how to manage the risks associated with changes in forest growth 
is essential. 
 
According to the World Meteorological Organization (WMO, 2004) the global surface air temperature has in-
creased since measurements were first recorded in 1861. During the 20th century the increase was more than 
0.6°C. The rate of change for the period from 1976 to the present was roughly three times than that of the last 
100 years as a whole. Analyses of proxy data for the Northern Hemisphere indicate that this increase in air tem-
perature during the latter part of the 20th century is unprecedented during the last millennium. In the Northern 
Hemisphere, the 1990s was the warmest decade and 1998 was the warmest year during the last 1000 years 
(WMO, 2004). Over the past 40 years, the snow pack has started to melt earlier each spring and the growing 
season in boreal forests has become longer (Groisman et al., 1994; Brown, 2000).  
 
Global climate change due to the greenhouse effect, strengthened by human induced gas emissions (use of fos-
sil fuels, land-use changes, etc.), has become a clear phenomenon (IPCC 2007). It is predicted that climate 
change in northern Europe will reflect a doubling of CO2 concentration by the year 2100. As a consequence, 
annual temperatures are likely to rise at a rate between 0.1 and 0.40C per decade. This effect will be greater 
than elsewhere, and may result in an increase of 2-40C in the mean annual temperature and up to 60C in the 
winter temperature (IPCC, 2007). These changes in climatic conditions are likely to enhance growth of boreal 
forests in direct response to physiological processes in trees to elevated temperature and CO2 but also in long-
term through longer growing seasons and enhanced mineralization of nitrogen (Wang et al., 1995; Kellomäki & 
Väisänen, 1997; Myneni et al., 1998; Beerling, 1999; Mäkipää et al., 1999; Saxe et al., 2001; Stromgren & 
Linder, 2002). 
 
All forests located in Northwest Russia, including the regions of Archangel, Karelia, Komi, Vologda, Lenin-
grad, Novgorod, and Pskov, produce a considerable amount of wood, an important raw material for the devel-
opment of the forest industries and also for socio-economic development in these regions. Annually, Northwest 
Russia produces 35% of the total industrial round wood of Russia, 63% of its pulp, paper, and cardboard, 39% 
of its plywood, and 27% of its sawn timber. Moreover, the forestry sector is one of the most important employ-
ers in the rural areas of Northwest Russia, with there being approximately 120 000 employees in the industry, 
and 35 000 in forestry (Gerasimov and Karjalainen, 2005). 
 
The United Nations Framework Convention on Climate Change (UNFCCC) aims to combat and minimize the 
global warming which is the result of the greenhouse gases emission. This convention acknowledges that for-
ests play an important role in climate change but also adapt slowly to global warming, while The Intergovern-
mental Panel on Climate Change (IPCC) indicates that systems at risk include boreal forests, polar and alpine 
ecosystems. At the same time the Convention on Biological Diversity (CBD) emphasizes the importance of 
educating people about climate change, of identifying processes that are likely to have an adverse effect on bio-
diversity, and of integrating conservation and sustainable use of biological resources into decision making at 
national levels. Future joint research projects between Russia and EU are needed to support the aims of both 
UNFCCC and CBD by focusing on the forests in North-Western Russia and regions across the borders of EU. 
This is a biologically diverse yet vulnerable ecosystem which has great impact on the European forest sector. 
And this impact will most probably be increased in future. In these areas in particular, knowledge about the 
possible impacts results of global change on forest growth is very much needed. 
 
The demand for spatially explicit information on wood properties is growing. For the optimization of wood 
production and utilization nowadays not only traditional wood characteristics like species composition and 
standing volume are needed, but also more detailed information on the wood structure and possibilities for its 
projection using available remote sensing data. 
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At present there is absence of detailed knowledge about response of forests to changing environmental condi-
tions in regions of North-West of Russia except the Komi Republic. Implementation of the CAMBIFORRUS 
project allowed obtaining valuable information about the impact of climate on forest growth. At the same time 
no clear conclusion could be drawn done yet about changes in forest growth in Karelia, Leningrad oblast, Nents 
autonomy and Arkchangelsk region. 
 
The further cooperation between EU and NW Russia in the field of studying climate influence on forest growth 
should be developed in order to answer the following questions: 
 
• How to adapt existing forest management practices in NW Russia to mitigate the climate change? 
• Is it possible to increase AAC (annual allowable cut) in NW Russia due to the possible increase in wood 

production? 
• What is the impact of changes in forest growth and wood harvesting on the biodiversity within the boundary 

regions of NW Russia (regions of Murmansk, Karelia, Leningrad, Pskov) and countries of EU (Finland, Es-
tonia, Latvia)? 

• What is the impact of solar activity on forest growth within regions of Russia and different countries of 
European Union? 

• How the changes in forest growth due to the global change affected the wood volume and wood quality? 
• What are the relationships between high frequency tree growth changes and high frequency changes in sat-

ellite observed vegetation indexes? 
• What are the current changes in wood production in comparison with predicted changes in previous joint 

international research projects carried out in the 1990ies by Schweingruber et al.? 
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