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Abstract: This study explored the regional differences in the forest industry and management via a
Multiple Factor Analysis approach. The dataset used comprises all Russian regions and 34 variables
that comprehensively describe the situation in the sector. Based on the Multiple Factor Analysis,
the variables contributing most to the spatial heterogeneity in Russian forestry were divided into
industrial and forestry factors. The regions leading in the development of the timber industry are
mainly located in the Northwestern and Southeastern parts of Russia. They show similarities in high
logging volumes, investment attractiveness, and competitiveness in foreign markets. However, a
divergence was found between the Northwestern regions and the Siberian and the Far East territories
in terms of forest management factors. The Western part of Russia benefits from the density of the
population and infrastructure, and proximity to the national financial centers and European markets.
By comparison, Asian Russia suffers from labor shortages caused by negative demographic trends
and the negative consequences of climate change, resulting in an increase in forest losses and a lack of
control, finance, and transport accessibility due to the vast territory. To alleviate regional inequalities,
we propose the introduction of private ownership of forests, support for investment projects, and
human capital development.

Keywords: forest economics; forest policy; timber industry; multiple factor analysis; principal
components; competitiveness; Asian Russia; Siberia; the Russian Far East; regional economics;
spatial heterogeneity

1. Introduction

The Russian forest sector is of great importance for the global economy in several
dimensions, including climate change and carbon storage, biodiversity preservation, water
regulation and soil protection, and global ecosystem services, and plays a significant role
in timber supply [1,2].

However, there is lack of literature concerning Russian forestry. Bibliometric analysis
showed that from 1995 to 2020 only 5–6 articles were published annually, according
to the Scopus and Web of Science databases [3]. Moreover, articles focused on regional
peculiarities of Russian forestry are even more scarce. Although several studies are devoted
to the problems of the forest industry in relation to a particular region [4,5] or a group
of regions included in the federal district, especially the Far Eastern and Northwestern
regions [6–8], only a few of these analyze the overall national forest sector. A rare example
of a productive and substantial study is the recently published work on the impact of
climate change on the development of forestry in Russia [2]. The authors covered the
state of Russian forestry, possible threats of climate change, and proposed strategies of
adaptation and mitigation, including development of the bioeconomy sector.

In previous studies, we analyzed the competitiveness level of forest products in
Russian regions using the concept of comparative advantages [9,10]. A strong difference
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between development levels of wood and paper sectors in Russia was found, in addition to
spatial heterogeneity. The classification of Russian regions was undertaken in accordance
with their revealed comparative advantages. Nevertheless, the obvious fact is that the
disproportions in regional trade patterns are only a consequence of the discrepancies in
the endowment of general factors, such as forest area, labor, investment conditions and
institutional mechanisms. In addition, it was concluded that there is a large amount of
statistical data that is still not used in academic research or in policy-making issues [11].

In addition to the level of industrial development, the spatial heterogeneity of the
Russian forest sector also appears in several other dimensions. Although more than 90% of
Russia’s forests are boreal, there are significant regional differences in species composition
that affect the development of the forest industry. Forests in the European part of Russia
are mainly dominated by spruce (34%), pine (26%), and birch (26%). In contrast, in the
Asian part of Russia, larch is the most representative dominant tree species (43%), whereas
the share of other species is not as significant: pine (13%), birch (13%), cedar (6%) [12].

After the collapse of the Soviet Union, differences in forest management in the Russian
territories amplified significantly [13]. Governmental expenditures on forest management
vary greatly among Russian regions. Transaction costs per hectare of forest land range from
0.1 rubles per ha (Republic of Bashkortostan) to 1826 rubles per ha in the Lipetsk Oblast. In
addition, transaction costs per ha in Siberia and the Far Eastern export-oriented regions are
relatively low compared to the European part of Russia [14].

Consequently, the regional differences have a significant impact on land-use outcomes.
Wendland et al. [15] studied the main drivers of timber harvesting in European Russia and
found that road density, the percent of evergreen forest, and the total area of forest make
the greatest contributions to the diversity of forest disturbance levels in different regions
of Russia.

All the aforementioned studies focus on particular sides of spatial heterogeneity in
Russian forestry. There has been no attempt to conduct a multidimensional analysis at
the regional level. However, filling this gap is necessary to understand the reasons for the
success of some regions in the global and Russian forest products markets and the failure
of others. Planning of the further development of the timber industry of Russia should
be based on the results obtained from the study of the influence of all the main factors
characterizing the forest sector.

This study aimed to examine regional heterogeneity in the Russian forest sector
by applying data mining methods to official governmental forestry statistics. The main
research questions can be formulated as follows: (a) Which factors are the most significant
for determining the presence of spatial heterogeneity in the forest sector? (b) Are there
any non-obvious relations between different factors? (c) How can the obtained results be
applied in the policymaking process?

The article is organized as follows: Section 2 presents a review of the literature on
factor analysis methods, a description of the data, and arguments for the choice of the
research methodology. Section 3 provides a description of the obtained results. Section 4
discusses the reasons for the spatial heterogeneity in Russia and the path dependence
problem in the forest sector of Siberia and the Far East. Section 5 summarizes the main
conclusions of the study.

2. Methods and Data Description
2.1. Literature Review

A common means to identify the most significant variables in a big dataset is to use
factor analysis methods. One of the most popular is Principal Component Analysis (PCA).
The idea of using the PCA to reduce the dimensionality of the data was first proposed by
K. Pearson [16] and H. Hotelling [17]. The method reduces dimensionality by replacing
variables. It constructs synthetic uncorrelated indicators (principal components) based on
the input variables. In this case, the first principal component (PC1) explains the largest
part of the data variation, the second (PC2) slightly less, and so on in descending order [18].
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Factor analysis is widely used in forestry science. PCA can be used, e.g., to describe
variability in wood samples [19], to study tree stem profiles [20], or to select the best
predictors for the stem volume [21].

Kolev [22] explored the development level of 35 Bulgarian state forest territories, ap-
plying PCA to Pan-European Indicators for Sustainable Forest Management [23]. Coulibaly-
Lingani et al. [24] used PCA to determine the most important factors of local people’s
participation in the forest management program in Burkina Faso. Another example of
applying factor analysis methods to explore the effectiveness of forest management was
conducted by Azadi et al. [25]. In both studies, the results were used to make recommenda-
tions for changes in forest management policy.

PCA is also a simple and effective method for analyzing overall industry trends.
However, there are few studies on the application of this method to forest sector data.
Liubachyna et al. [26] used PCA to study characteristics of the forest sector in 21 European
countries. The evaluated three principal components represented 70% of data variation
and reflected three groups of indicators: “Socio-Economic Conditions and “Ownership”,
“Production Value of the Forest Sector”, and “Forest Sector Conditions”. Kolev et al. [27]
used several indicators, such as output, forest area, growing stock, net annual increment,
gross fixed capital formation, labor productivity, and net entrepreneurial income, to assess
the national forestry competitiveness in the 15 European countries using PCA.

2.2. Dataset Description

Although the above-mentioned studies succeeded in explaining a relatively large pro-
portion of the differences between European countries, the number of involved indicators
of competitiveness or effectiveness of forest management is not exhaustive. In this paper,
we consider a wide range of variables that comprehensively describe the Russian forestry.
All indicators were classified into six main groups (Table 1).

Table 1. Indicators of the Russian forestry development.

Group Variables Description Mean

Stock

Stock Wood stock per ha of forest area (m3/ha) 139.5
FSC Share of FSC-certified forested land in the total forest area (%) 7.0%

Forest area Share of forested land in the total area of the region (%) 35.7%

Reforestation The ratio of the area of reforestation and afforestation to the felled
and deadwood area (%) 123.1

Loss
Loss Percentage of deadwood in forested land (%) 0.03%
Fires Proportion of forest area affected by fires in forested land (%) 0.3%

Pests Share of forest area affected by the pest outbreaks in forested land
(%) 2.2%

Forestry

Public expenditures Factual expenditures on the governmental forest management
activities, from all sources of funding per thousand ha (US$) 9191.1

Forestry: Employees Share of employment in the forest management sector in the total
labor force (%) 0.1%

Forestry: Salary Average monthly nominal gross salary in the forest management
sector per employee (US$) 382.5

Forestry: Net profit Net profit in the forest management sector per employee (US$) 225.7
Forestry:

Profitability Profitability of the cost of sales in the forest management sector (%) 15.3

Forestry: Shipped Sales of goods and services by the forest sector per employee
(1000 US$) 9.2
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Table 1. Cont.

Group Variables Description Mean

Logging

Cut: Employees Share of the logging sector employment in the total labor force (%) 0.2%

Cut: Salary Average monthly nominal gross salary in the logging sector per
employee (US$) 363.7

Cut: Net profit Net profit in the logging sector per employee (US$) 846.8
Cut: Profitability Profitability of the cost of sales in the logging sector (%) 7.9

Cut: Shipped Volume of shipments of goods and services in the logging sector
per employee (1000 US$) 20.3

Illegal cut Share of illegal logging in the total wood stock (%) 0.001%
Cut Share of logging in the total wood stock (%) 0.3%

Wood: Employees Share of the wood processing sector employment in the total labor
force (%) 0.6%

Wood: Salary Average monthly nominal gross salary in the wood processing
sector per employee (US$) 384.1

Wood Wood: Net profit Net profit in the wood processing sector per employee (US$) 692.8
Wood: Profitability Profitability of the cost of sales in the wood processing sector (%) 5.8

Wood: Shipped Volume of shipments of goods and services in the wood processing
sector per employee (1000 US$) 34.8

Wood: RTA Revealed trade advantage index calculated for the wood processing
sector 0.9

Wood: PIP The number of Priority Investment Projects (PIP) for wood
processing in the region (items) 1.7

Paper

Paper: Employees Share of the pulp and paper sector employment in the total labor
force (%) 0.3%

Paper: Salary Average monthly nominal gross salary in the pulp and paper sector
per employee (US$) 419.5

Paper: Net profit Net profit in the pulp and paper sector per employee (US$) 5186.4
Paper: Profitability Profitability of the cost of sales in the pulp and paper sector (%) 9.5

Paper: Shipped Volume of shipments of goods and services in the pulp and paper
sector per employee (1000 US$) 68.6

Paper: RTA Revealed trade advantage index calculated for the pulp and paper
sector 1.7

Paper: PIP The number of Priority Investment Projects (PIP) in the pulp and
paper industry in the region (items) 0.2

Most of the indicators were recalculated into relative terms per forest hectare or
per employee to allow for more accurate comparisons between regions to control for
scale. Initially, all monetary indicators were denominated in rubles (RUB). To convert
them into the dollar equivalent, we used the annual average nominal dollar to ruble
exchange rate (64.73 RUB, in average for 2019, according to the Central Bank of the Russian
Federation) [28].

The first group, ‘Stock’, comprises 4 indicators concerning regional forest reserves in
terms of forested land and wood stock. Due to its large territory, Russia has the world’s
largest forest area but is ranked only fifth in terms of wood removals [29]. The most
significant reserves are located in Siberian and Far Eastern regions, particularly in Yakutia,
Krasnoyarsk Krai, Irkutsk oblast, and Khabarovsk Krai. However, it is notable that a
significant part of these forests is outside of economic use due to their northern location
and, consequently, the lack of infrastructure [9]. Another important parameter is the ratio
of reforested area to the area of losses. The reforestation and afforestation activities have
traditionally been underfunded in Russia for many years [30]. Additionally, we use an
indicator of sustainable forest management—the share of the forest area certified by the
Forest Stewardship Council (FSC). Forest and supply chain certification is a vital process
for forestry development, which provides access to new timber markets and improves
relationships between companies and local communities [31]. The area of certified forests
in Russia is increasing rapidly and reached 56.4 mln ha in 2020, which is 25% of the global
value. The number of supply chain certificates is not as significant (836 items), which is
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1.9% of the global total. Nevertheless, in 2020, the number of supply chain certifications
showed an annual increase of 14% [32].

The second group, ‘Loss’, combines 3 parameters revealing the volume of dead forests
and the main two non-anthropogenic causes of deforestation. Climatic change stimulates
the increase in forest losses by raising the frequency of pest outbreaks [33,34] and forest
fires. The biggest forested Russian regions, such as Yakutia and Krasnoyarsk Krai, have
suffered significant fires in their northern parts [35–37].

The next four groups unite rather similar business data, divided by the type of the
economic activity: forestry sector, logging sector, wood processing sector, and pulp and
paper sector. These parameters mainly describe the state of the forest business and the
labor market: employees, salary, net profit, profitability of the cost of sales, and volume of
shipments. Differences between the groups should be discussed more thoroughly.

The ‘Forestry’ group contains the factual expenditures on the governmental forest
management activities. The high degree of centralization of the authorities in Russia affects
the quality of decision-making in the field of forestry [11]. Regions do not have either
the credentials or the financial resources to maintain forests. Regional budgets are mostly
in deficit, and the federal government allocates subventions for the implementation of
delegated powers in the field of forest relations [38].

The ‘Logging’ group contains two original indicators that cover the shares of legal
and illegal logging in the total regional timber stock. The problem of illegal logging is very
important for Russia, especially for its Asian territories [39]. Another important issue is
that the discrepancies between governmental and non-official estimates of the volumes of
illegal cut are very large [39]. In this paper, we use the official data of the Russian Federal
Agency Rosleskhoz, because it is the only source covering all the regions.

The ‘Wood’ and ‘Paper’ groups also combine two original indicators. The first is the
competitiveness index using the idea of revealed comparative advantage [40,41]. Since the
first measure proposed by Liesner [42], a large number of comparative advantage indices
have been proposed [43–45]. In this study, we use Revealed Trade Advantage index (RTA),
proposed by Vollrath [43]. By comparison to the traditional Balassa index [41], it takes
into account both export and import flows and excludes double counting of countries
and goods:

RTAij = RXAij − RMAij, (1)

where RXAij and RMAij are calculated as follows:

RXAij =

Xij
∑i Xij−Xij

∑j Xij−Xij

(∑i ∑j Xij−∑j Xij)−(∑i Xij−Xij)

, (2)

RMAij =

Mij
∑i Mij−Mij

∑j Mij−Mij

(∑i ∑j Mij−∑j Mij)−(∑i Mij−Mij)

. (3)

In previous studies, it was shown how RTA can be used on forestry data at the
national [46] and regional scales [9]. In this case, Xij and Mij are the exports and imports
of the certain region j for the commodity group i. Thus, the region is competitive in trade
within a given commodity group if the RTA value is positive, whereas a negative value
should be interpreted as revealed comparative disadvantage.

Trade flows in the wood processing sector are comprehensively captured by the code
44 of the Harmonized Commodity Description and Coding System (HS). For the pulp and
paper sector we used the sum of the values for 47 and 48 HS codes.

Another indicator, which is presented only in the ‘Wood’ and ‘Paper’ groups, is
the number of Priority Investment Projects (PIP) in a particular region. This program
appeared in 2007 and became the main development driver in the Russian timber sector [47].
Participation in this program provides investors with preferential lease terms for forest
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plots in exchange for the creation or modernization of timber or paper production facilities
and forest infrastructure [48]. However, the lack of control over compliance with investors’
obligations in a number of cases has caused damage to the ecology of the territories [49]. In
this study, we used the number of Priority Investment Projects in the forest industry as an
indicator of investment activity in the region.

Mostly, data was obtained from the Unified Interagency Information and Statistical
System (EMISS) [50], which is the convenient interface to the data provided by all the
federal public authorities in Russia. In addition, we gathered other indicators from other
resources. The trade data for calculating RTA was obtained from the Federal Customs
Service of Russia (FTS) [51]. Information about FSC certified companies as of January 2020
is available on the website of FSC Russia [52]. The area of the forest fires and the illegal
logging volumes were obtained from the official website of the Russian Federal Agency
Rosleskhoz [53]. Almost all indicators reflect the situation in Russian forestry as of 2019.
The only exception is the list of Priority Investment Projects, which is available on the
website of the Ministry of Industry and Trade of Russia as of April 2021 [54].

Reliability and integrity of the above-mentioned data were discussed in [11]. In
this study, we employed data for all 85 Russian regions. Although two regions, Nenets
Autonomous Okrug and Chukotka Autonomous Okrug, do not conduct economic activity
in the forestry sector, they were still included in the analysis because they have forest
reserves and suffer from timber losses. There are also four regions with underreported labor
statistics that do not correspond with their shipment volumes. Therefore, we recalculated
the number of employees in the logging sector for Oryol Oblast and Chechen Republic, the
number of employees in the wood processing sector for Kalmykia Republic, and both of
those parameters for Magadan Oblast. It should be noted that all 85 regions of Russia are
grouped into eight federal districts for the convenience of public administration. To assess
the hypothetical number of employees we used the following formula:

Er =
Shr

((ShFD − Shr)/(EFD − Er))
, (4)

where Er and Shr represent the number of employees and the volume of shipments in a
certain region, whereas Shr and ShFD refer to the same indicators for the federal district.
We assume that the territories within one district are sufficiently similar, and therefore the
recalculation using Formula (4) will yield a result close to the actual data.

2.3. Methodology

The above-mentioned data structure with several groups of indicators stimulates
the use more advanced multivariate analysis methods rather than PCA. In this paper,
we applied Multiple Factor Analysis (MFA), proposed by B. Escofier and J. Pagès [55].
It is also a principal component method, but is specifically designed for datasets with
grouped variables [18]. As a supplementary categorical variable, we added the region’s
affiliation with one of the federal districts: Central (CFD), Northwestern (NWFD), Southern
(SFD), North Caucasian (NCFD), Volga (VFD), Ural (UFD), Siberian (SibFD), Far Eastern
(FEFD). All computations and visualizations were done using open-source R packages
FactoMineR [56], factoextra [57], and ggplot2 [58], in the software environment developed
by R Core Team [59].

The further stages of the analysis are quite common for studies using principal com-
ponent methods and can be described as follows:

1. The initial dataset of variables was converted into a new set of uncorrelated principal
components (PCs). These principal components are ordered by the level of explained
variance in all of the original variables so that the first few PCs retain most of the
variation [60].

2. The preliminary analysis on the relationships between all initial factors was conducted
by creating the variable correlation plot. On this plot each variable is a point in the
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component space. The coordinates for the variables are given by the correlations
between a component and a variable [61].

3. To identify the most important factors in explaining spatial heterogeneity in the
Russian forest sector, the contributions of the variables to the first two PCs were
calculated.

4. Finally, to detect the possible clusters and outliers among regions the graphical
visualization of spatial heterogeneity in Russian forestry was obtained by projecting
all observations (regions) in a two-dimensional space. On this plot the axes are
represented by the first two PCs, and the coordinates of a particular region are
determined by its score for the given PC.

3. Results

After undertaking MFA, we obtained the proportion of variances retained by all
principal components. The first 10 principal components (PC) explain about 71% of the
differences between regions. For instance, the percentage of explained variance for PC1 is
about 19%, for PC2 10.5%, and for PC3 is equal to 6.6%. Such a distribution of explained
variance among PCs is not a convenient result for interpretation. This happens due to a
large set of variables, which is quite rare in economic studies, but is a common situation in
other fields [62,63].

Linkages between all quantitative indicators and the quality of their representation on
the two PCs are shown on the variable correlation plot (Figure 1).
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Figure 1. Variable correlation plot. (a) Variables closer to the circle are well explained by the first two components and vice
versa; (b) positively correlated variables are grouped together on the same side and vice versa [18,61].

Mostly, variables inside the same groups are positively correlated, as expected. How-
ever, there are some linkages that should be discussed more in detail.
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First, for the Logging, Wood, and Paper sectors there is a positive relationship between
shipments per employee and salaries. The existence of the link between productivity and
wages is still controversial [64]. However, it may be true for the Russian timber sector as
the big shipment volumes per employee are provided by the big companies with a higher
pay rate. In addition, there is competition for qualified labor in the wood processing sector
due to the demographic crisis of the 1990s in Russia [65].

An interesting result is the positive linkage between the share of illegal logging in the
total wood stock and the proportion of forest area that has suffered from fires. A possible
explanation for this relationship may be that arsons are the usual way of concealing illegal
logging. Both of these problems are rather typical for the Asian Russia area.

Several valuable links concerning forest management policy are also found. Public
expenditures are negatively related with forest area, FSC, and stock. This suggests that the
amount of spending is not becoming proportionately greater for regions with extensive
forest reserves, as it should be. Reforestation to loss rate is negatively correlated with
almost all variables of the Logging, Wood, and Paper groups. This may indicate that the
current level of reforestation is insufficient for regions that intensively harvest and process
timber.

The MFA procedure allows the initial variables to be ordered by their contributions in
the principal components. The variables that contribute the most to the first two PCs are
shown in Figures 2 and 3.
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Figure 3. Contribution of the variables to PC2.

Indicators with a contribution level above the red dashed line on the graphs can be
considered important for a contribution to a given PC [18]. It means that these variables
have the greatest influence on spatial heterogeneity in the Russian forest sector. The largest
contributors to PC1 are groups Stock, Wood, and Logging, which are, as expected, related
to each other. The share of sectoral employment in the total labor force is significant for
all four sectors under study. This indicator can also be seen as the scale and importance
of the given sector in the region’s economy, which is linked to the forest area, including
FSC-certified forests.

The second dimension has the greatest contribution from the Forestry, Stock, and
Loss. Except for profits in the wood processing sector, all of the variables describe forest
reserves and growth factors in one manner or another. It is notable that the Paper group is
not perfectly represented by the first two PCs, which is also true for the other dimensions.
With certain assumptions, we can consider PC1 to be representative of timber processing,
whereas PC2 is more related to forest management.

The most valuable results from MFA can be obtained by the graph of individuals.
Figure 4 represents the Russian regions’ performance on the factor map using the first
two PCs. All regions are colored by the federal district to which they belong. In addition,
regions are scaled by the quality of their representation on the factor map. This indicator is
called the squared cosine (cos 2) and calculated as the squared coordinates for the certain
region. Cos2 measures the degree of association between regions and the certain PC [18].
On Figure 4 we labelled the regions with high values of cos2 and for the outliers.



Forests 2021, 12, 1635 10 of 19
Forests 2021, 12, x FOR PEER REVIEW 10 of 19 
 

 

 

Figure 4. The MFA score plot of the Russian regions. 

The obtained factor map reveals some new evidence on the geographical distribution 

of forestry development in Russia. As was mentioned above, PC1 represents mostly in-

dustrial factors, so the first axis mainly opposes the regions with a developed and unde-

veloped timber industry. The actual sectoral leaders with high values on the abscissa axis 

belong to several federal districts. 

Six regions of the Northwestern federal district (Republic of Karelia, Arkhangelsk 

Oblast, Vologda Oblast, Komi Republic, Leningrad Oblast, Novgorod Oblast) are close 

together on the factor map, which indicates they have similar profiles. These regions are 

acknowledged leaders of the Russian timber industry. They export products with high 

value added and closely cooperate with the quality-demanding European market. For a 

few historical reasons, the largest Russian pulp and paper companies, such as JSC ‘Mondi 

Syktyvkar’, ‘International Paper’, and JSC ‘Arkhangelsk Pulp and Paper Mill’ are also lo-

cated in the Northwestern regions and provide the entire Russian market with writing 

paper. The average salary in the Northwest district is 13% higher in forestry and logging 

sectors than the same indicator for Russia and is 22–28% higher in wood and pulp indus-

tries. Investment activity in the Northwest is also higher than in the other federal districts. 

These six regions accommodate 53 Priority Investment Projects, which account for 33% of 

the total number, and the Vologda Oblast itself accounts for 21 projects or 13%. In addition, 

the first Russian timber cluster, PomorInnovaLes, was created in Arkhangelsk Oblast. 

Siberian and Far Eastern regions are relatively close to each other. As they are dis-

tributed over the two bottom quadrants, these regions can be divided by the development 

level of the timber industry. Among Siberian regions, Irkutsk Oblast, Krasnoyarsk Krai, 

and Tomsk Oblast can be considered as the most developed in the wood industry. As was 

mentioned in Section 2, Irkutsk Oblast and Krasnoyarsk Krai are the national leaders in 

terms of the wood stock and the cut volumes. In 2019, logging volumes reached 58.6 mln 

m3 in Irkutsk Oblast and 25.6 mln m3 in Krasnoyarsk Krai, which are 26.8% and 11.7%, 

respectively, of the total volume of harvested wood in Russia. A significant proportion of 

the Priority Investment Projects are also implemented in these territories: 15 projects are 

Figure 4. The MFA score plot of the Russian regions.

The obtained factor map reveals some new evidence on the geographical distribution
of forestry development in Russia. As was mentioned above, PC1 represents mostly
industrial factors, so the first axis mainly opposes the regions with a developed and
undeveloped timber industry. The actual sectoral leaders with high values on the abscissa
axis belong to several federal districts.

Six regions of the Northwestern federal district (Republic of Karelia, Arkhangelsk
Oblast, Vologda Oblast, Komi Republic, Leningrad Oblast, Novgorod Oblast) are close
together on the factor map, which indicates they have similar profiles. These regions
are acknowledged leaders of the Russian timber industry. They export products with
high value added and closely cooperate with the quality-demanding European market.
For a few historical reasons, the largest Russian pulp and paper companies, such as JSC
‘Mondi Syktyvkar’, ‘International Paper’, and JSC ‘Arkhangelsk Pulp and Paper Mill’ are
also located in the Northwestern regions and provide the entire Russian market with
writing paper. The average salary in the Northwest district is 13% higher in forestry and
logging sectors than the same indicator for Russia and is 22–28% higher in wood and
pulp industries. Investment activity in the Northwest is also higher than in the other
federal districts. These six regions accommodate 53 Priority Investment Projects, which
account for 33% of the total number, and the Vologda Oblast itself accounts for 21 projects
or 13%. In addition, the first Russian timber cluster, PomorInnovaLes, was created in
Arkhangelsk Oblast.

Siberian and Far Eastern regions are relatively close to each other. As they are dis-
tributed over the two bottom quadrants, these regions can be divided by the development
level of the timber industry. Among Siberian regions, Irkutsk Oblast, Krasnoyarsk Krai,
and Tomsk Oblast can be considered as the most developed in the wood industry. As was
mentioned in Section 2, Irkutsk Oblast and Krasnoyarsk Krai are the national leaders in
terms of the wood stock and the cut volumes. In 2019, logging volumes reached 58.6 mln
m3 in Irkutsk Oblast and 25.6 mln m3 in Krasnoyarsk Krai, which are 26.8% and 11.7%,
respectively, of the total volume of harvested wood in Russia. A significant proportion
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of the Priority Investment Projects are also implemented in these territories: 15 projects
are carried out in the Krasnoyarsk Krai, 11 in the Irkutsk Oblast, and three in the Tomsk
Oblast. The other Siberian regions have a less developed forest industry and also are not
represented well on the factor map.

Regarding the Far Eastern regions, all of them have relatively high cos 2 values but
their location on the factor map is different: Khabarovsk Krai and Primorsky Krai are
the largest loggers and exporters of timber products in this macroregion. They are also
Far Eastern leaders in terms of the number of forest investment projects. The Republic of
Buryatia is the only Far Eastern region that demonstrates comparative advantages in trade
in both wood commodities and pulp and paper products due to the Selenginsk Pulp and
Cardboard Mill.

The Sakhalin Oblast presents a vivid case of rapid growth of government interest in
forestry in the past few years. This is one of seven Russian regions and the only one in
the Far East where a ‘carbon polygon’ will be created. The project of seven pilot carbon
polygons is the new governmental program in Russia launched to monitor climatically
active gases in certain areas. This project is intended to contribute to the assessment of
the carbon balance in Russia. On the opposite side, the Far Eastern regions in the bottom
left quadrant of the factor map do not have the possibility of growth due to the lack of
infrastructure, especially forest roads.

The North-Caucasian and Southern regions mostly show values below zero on the
abscissa axis. This means that they have low values for indicators contributing the most to
PC1. Although some of these territories even have comparative advantages in trading a
narrow range of goods, the lack of forest resources, landscape peculiarities, and traditional
agricultural specialization make these regions ‘outsiders’ of the forest industry [9]. The
most vivid illustration of this situation is in the Republic of Kalmykia. On the contrary, the
most successful of these regions is Adygea Republic. Forests cover almost 37% of Adygea’s
territory, whereas the average for the Southern federal district is less than 7%. There are
also plans to create a timber cluster in Adygea aimed to produce wood furniture, parquet,
and other commodities with high value added [66].

Ural regions are not well represented on the factor map and mostly are close to
the origin. These regions are also not specialized in forestry. These are mostly industrial
regions such as the Chelyabinsk Oblast and resource-producing regions such as the Tyumen
Oblast or Khanty-Mansi Autonomous Okrug. The timber industry leader of Ural district is
Sverdlovsk Oblast, which has a population of 4.3 million people and 69% of its territory
covered by forests.

The regions of Central and Volga federal districts are distributed relatively evenly over
the two quadrants at the top of the Figure 4. Although these districts are not usually seen
as the main drivers of national forest industry development, they have a strong position
in some indicators. For instance, Volga and Central federal districts are in first and the
second places, respectively, in terms of average net profit per worker for the wood industry,
and fourth and third places for the same indicator in the logging and paper industries.
However, the average salary in the logging, wood, and paper industries in Central and
Volga federal districts is lower than that in the Northwestern or Siberian territories, and
is a significant restriction of the further development. There are certain forestry leaders
such as Kirov Oblast, Perm Krai, and Udmurtia Republic in Volga federal district, and Tver
Oblast, Kostroma Oblast, and Vladimir Oblast in Central federal district, which are actively
involved in the Priority Investment Projects program.

The second PC mostly represents factors of forest condition, and provides a good
illustration of differences in forest management patterns between European and Asian
Russia. Siberian and Far Eastern federal districts suffer significantly more from forest fires,
pest invasions, and illegal felling, whereas Northwestern and Central areas have developed
in a more sustainable way. Several institutional and geographic reasons for this divergence
need to be discussed.
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Russian territories located to the West of the Ural Mountains are relatively small
and densely populated, making their forests easier to manage, exploit, and protect. An
extractive pattern of forest use coupled with comparatively developed infrastructure in the
Western part of Russia have already led to a scarcity of wood stock along the existing forest
roads. There was an incentive to invest in the construction of infrastructure and intensive
reforestation in these areas. In addition, the proximity to the European timber market, with
its increasing attention to the origins of exported wood, has substantially stimulated the
FSC certification of forests and supply chains.

On the contrary, most of the Siberian and Far Eastern territories are resource abundant
but still poor in infrastructure. Their northern areas are sparsely populated and often
only accessible by air transport. These conditions make it almost impossible to stop forest
fires in such regions as Yakutia or Krasnoyarsk Krai, which cause dramatic damage to
forest resources and ecosystems. The vast area of Siberia and the Far East make them more
vulnerable to all causes of forest loss. However, Russian boreal forests are very important
to the global carbon cycle [67] and need to be protected.

Nevertheless, the governmental expenditures on forest conservation, protection, and
reforestation do not correspond to real needs: in 2019 the allotment for pest protection
and reforestation in Siberian and Far Eastern Districts was lower than that in the Central
Federal district. The expenditures to protect forests from fires in these areas are the highest,
but this does not compensate for the high cost of airborne firefighting missions to areas
accessible only by air. In relative terms, Siberian and Far Eastern districts rank last in terms
of the level of factual expenditures on the governmental forest management activities, from
all sources of funding. Although the average for Russian regions in 2019 was USD 91,911
per thousand ha, the mean value for Siberia was USD 17,231 per thousand ha, and the
mean value for the Far East equaled USD 12,163 per thousand ha. Yakutia, having a value
of USD 1914 per thousand ha, ranked second to last of all regions in terms of this indicator.
At the same time, Siberian and Far Eastern federal districts together account for 78.2% of
all forest losses.

Staff shortages are the other problem connected with the growing forest losses in
Russia’s eastern territories. More than 30% of all forestry employees in Russia work in
the Northwestern federal district. As of 2019, this amounted to 12.5 thousand workers
compared with 5.8 thousand in Siberian federal district and 3.9 thousand in the Far East. By
comparison, the forested area of Siberia and Far East is 2.5 and 3.8 times greater, respectively,
than in the Northwestern federal district.

Finally, there are significant differences in the structure of production and foreign
trade. For Siberia and the Far East, especially the cross-border regions, China is the main
trading partner, due to its high demand on unprocessed timber. This does not create
additional incentives for high value-added production or forests’ certification. Moreover,
together with the lack of monitoring, it causes an increase in illegal logging volumes.

A few words should be said about the outliers of the PC2 coordinates. Yamalo-Nenets
Autonomous Okrug and Sakha (Yakutia) Republic are very close to the second axis and
have high negative values for PC2. These are northern territories focused on oil and
diamond extraction, respectively. The timber industry is undeveloped in these regions, and
they are fully described by forestry indicators contributing mostly to the second dimension.
Another interesting example is the Jewish Autonomous Oblast, which is a relatively small
region in Russia, but where the wood sector plays an important role in its economy. The
share of employment in the wood processing sector in the total workforce is higher than
the Russian average, and the region also has a strong comparative advantage in trade in
wood products.

On the opposite side, Republic of Tatarstan has high positive coordinates. It is a major
economic and financial center of the Volga Federal District, which is one of Russia’s most
attractive regions for investors. Although only 18% of Tatarstan is covered with forests, it is
the national leader in terms of the percentage of FSC-certified forests, which exceeds 95%.
The supply of wood to the Kastamonu MDF and flooring factory in Elabuga is entirely
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provided by FSC-certified forests. The level of actual costs for the implementation of the
transferred federal powers in the field of forest relations is also one of the highest in Russia
and equals USD 166,593 per thousand ha.

4. Discussion

In this study, we explored spatial heterogeneity in the Russian forest sector using a
factor analysis framework. Compared with similar studies on European countries [26,27]
we used a broader list of variables describing differences in forestry development between
regions. The first two PCs describe about 30% variation of the whole dataset, which
is common for a large number of factors. Although the first component was mainly
contributed by timber processing factors, the second was more influenced by factors
describing the state of forest resources.

An interesting finding is that results based on MFA are quite similar to the compet-
itiveness estimates obtained through comparative advantage analysis [9]. As Russia is
an export-oriented country, it can be concluded that the main patterns of regional timber
industry development can be described by the comparative advantage analysis using only
trade data. The main industry leaders and significant exporters are localized in northwest
Russia and in the cross-border regions of Siberia and the Far East, which is mainly ex-
plained by resource abundance and proximity to the large timber markets. By comparison,
in the southwestern and northern territories, the timber industry is not developed. For
the southern areas this is mainly due to agricultural specialization and a lack of wood
stock. The northern regions are characterized by a harsh climate, lack of infrastructure, and
specialization in fossil fuels.

However, this manuscript makes a significant contribution to the description of
regional forestry in Russia by adding the ‘sustainability dimension’ to these results. The
divergence in the development paths of Western and Eastern Russia was shown in the MFA
factor map. We identified several factors that constrain the forestry potential of Siberia and
the Far East.

1. Labor market. In contrast to the Western part of Russia, the Siberian and Far Eastern
federal districts have low population density (3.90 and 1.17 inhabitants per square
kilometer, respectively), distributed mostly along the Trans-Siberian Railway. The
steady outflow of the qualified labor force to the Western parts of Russia causes staff
shortages. Moreover, salaries in the forestry sector are lower than the average for the
economy and do not cover the cost of living in severe climatic conditions and the
difficulty of work.

2. Geographic location. The production and trade structure of Siberian and Far Eastern re-
gions depend on Asian demand for low-processed wood products. Another problem
is a sparse and poor population that cannot provide a sufficient domestic demand
for high value-added products in these areas. In addition, the vast territory makes
it unprofitable to deliver products from the Far East to the regions of central Russia.
The mixture of these factors makes production of wooden commodities with high
value added inherently uncompetitive.

3. Climatic change. The global warming trend is increasing the frequency of fires and pest
outbreaks. Combined with a lack of infrastructure, this leads to large losses of boreal
forests, which are difficult to recover from. In addition, there is strong evidence of a
gradual reduction in logging season durations in Siberia due to climatic change [68].

4. Lack of control. The vast territories with severe climate, low population density,
and lack of transport accessibility are hard to control and monitor. Moreover, the
contribution of the timber industry to Russian GDP is less than 2% and the sector is
usually not a major focus of policymakers.

5. Lack of governmental expenditures and investments. The forest management sector in
Russia is severely underfunded. In Section 3 we show that, in relative terms, the
Siberian and Far Eastern federal districts are ranked last in terms of the factual regional
costs in the field of forest relations, despite the fact that these territories suffer the
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greatest losses. Furthermore, even money spent on reforestation does not guarantee
proper care of seedlings.

6. Quality of statistical data. A detailed assessment of the quality and variety of Russian
forest statistical data has shown that despite the large number of indicators present
in the databases, some basic indicators of the development of the industry are not
reflected [11]. For example, information on the condition of forest roads in Russia
is almost absent, which makes it difficult both to assess the current state of the
infrastructure and to plan its further development. Observations on most indicators
are also limited to 10–15 years, which is too short for most kind of statistical analysis
routines. In addition, there are structural changes in the data, e.g., due to the adoption
of new classifiers. For this reason, the list of forest industry products observed in
different periods of time is highly heterogeneous and not fully comparable. All these
problems, together with an underestimation of the impact of fires and the volume of
illegal logging, lead to inefficient forest policy.

The combination of these factors is a key to understanding the path dependence
problem of timber industry in Russian Eastern territories.

Businesses do not have incentives to produce highly processed products while there
is lack of domestic demand and exporting roundwood or sawnwood is much easier and
more profitable. In addition, when businesses do plan to implement such projects, there
are high infrastructure costs.

The populations of these areas lack entrepreneurial skills, and there is not yet high
demand for a sustainable approach to territorial development. The situation has changed
during the last ten years, but the effect is not yet substantial [69].

The governmental participation in forestry is highly centralized and places responsi-
bility on regional policy makers, without allocating sufficient resources to them to solve
problems. The government is unable to monitor such vast areas, which leads to an increase
in forest losses from fires, pests, and illegal cuts. The weak investment attractiveness
of the areas and the lack of control leads to any investor being welcomed, resulting in
non-compliance with contract requirements and environmental damage [49].

However, there are some positive trends that can be used to improve the situation in
the Russian forest sector, especially for Siberia and the Far East. An important shift in the
formation of industrial policy in the forestry sector was the Russian President’s directive
in 2020 to decriminalize the timber industry, which introduced the complete ban on the
export of unprocessed timber starting from 2022 [70]. Moreover, since July 2021, export
duties have been introduced for certain types of wood. For conifers and oaks, the duty rate
has been set at 10%, but not less than EUR 13 and EUR 15 per cubic meter. Export duties
for beech and ash have also been set at 10%, but not less than EUR 50 per cubic meter.

In addition, since July 2021 it has been mandatory for forest users to provide informa-
tion to the national information system, LesEGAIS, about the volume of timber, its type and
size, and its route of delivery and transport at all stages from harvesting to processing and
the customs office. The transactions of forest users for which information is not provided
since 2022 transactions will be blocked. Development of the system is being carried out
with the involvement of business representatives, for example, Segezha Group [71,72].

Another crucial recent trend is the supply shortage on the world timber market due
to the lockdowns caused by COVID-19 [73]. High timber prices provide an opportunity
to rethink the current forest policy and to strengthen the positions on the domestic and
global markets.

The recent surge in government interest in forestry has led to important changes in
the industry that have been desired for many years. Many of the provisions enshrined in
official documents, such as Presidential instructions [70] or the Forest Strategy 2030 [74],
are indisputably significant for the development of the forestry sector.

One of the possible means of reducing forest losses and increasing the effectiveness of
the reforestation process can be to change the forest ownership regime. The econometric
analysis shows that there is a weak but positive relationship between the share of private
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ownership of forest land and the growing stock [75]. A new government initiative to
allow forestry on abandoned agricultural lands in Russia may be the first step in this
direction [76].

While changing wood trade policy it is extremely important to continue to broaden
the investment programs, such as Priority Investment Projects and the new program of
subsidized loans for small and medium-sized businesses, which was announced to help
create value-added wood processing capacities [77]. However, a comprehensive assessment
of the possible damage to the industry in terms of job losses and the costs of companies
to find new markets and purchase equipment is needed. We believe this is extremely
important to prevent negative social and economic effects connected with the sector. State
support should be aimed not only at the firms, but also at training and professional
development of workers who could take new jobs in the wood processing industry. This is
especially important for Siberia and the Far East, which are facing labor shortages.

Last, but not least, the Russian government has a difficult task to find a balance in
currency policy between the interests of exporters, which benefit from a cheap ruble, and
the population becoming poorer. Essentially, this is an equilibrium between the orientation
of the industry toward the foreign market or to domestic demand.

5. Conclusions

The main results of this paper can be summarized as follows:

1. Conducting MFA on the dataset of all Russian regions and 34 variables showed
the differences in forestry development between Russian regions. This result is
consistent with the previous comparative advantage analysis and emphasizes the
export-oriented direction of Russian timber industry development.

2. The factors making the largest contributions to spatial heterogeneity in Russian
forestry are: wood stock, share of FSC-certified forests, losses from fires and pests,
public expenditures in the forestry, employees and salaries, cut volumes, comparative
advantages in wood trade, profitability, and net profits of the enterprises. Although
the initial dataset gives a good description of Russian forestry, other important indica-
tors were not included in the analysis. For instance, the road density has a significant
impact on land-use outcomes [15]. This is particularly true in the comparison of
European and Asian territories of Russia. Another important difference between the
regions of Russia concerns the structure of harvested tree species. Coniferous timber
accounts for 80% of the logging in Siberia and the Far East. By comparison, in the
North-Western Federal District the share of conifers is only 62%, whereas more than
40% of all Russian hardwoods are harvested in this territory. These differences can
have a major impact on the performance of timber companies in the markets and
should be studied more thoroughly in future research.

3. A positive linkage was found between the share of illegal logging in the total wood
stock and the proportion of forest area affected by fires. Furthermore, the volume of
public expenditures is negatively related with the regional forested area and wood
stock. This emphasizes the underfunding of the forest management activities in the
vast territories of Siberia and the Far East, which suffer from deforestation more than
other Russian regions. This pattern leads to negative consequences such as increased
CO2 emissions, and severe damage to undisturbed forests and ecosystems.

4. The leaders of the timber industry in Russia are mostly located at the Northwestern,
Siberian and Far Eastern federal districts. The North-Caucasian and Southern regions
do not participate actively in timber production and trade, whereas Central, Volga
and Ural regions are distributed relatively evenly on the factor map.

5. The Western and Eastern regions of Russia are opposed to each other in terms of
the effectiveness and sustainability of forestry and forest management. The success
of the Northwestern regions is due to several historical and geographical reasons,
including foreign investments, closeness to Moscow and Saint-Petersburg as the
most powerful financial and economical centers, productive connections with the EU
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market leaders, and a dense road network compared to the Asian part of Russia,. On
the contrary, there are many factors that create the path dependence problem that
limits the future development of Siberia and the Far East, including the labor market,
geographic location, climatic change, lack of control, insufficient forestry funding,
and poor quality of available forestry statistics.

6. In our opinion, the future drivers of forestry development in Russia should involve
the government support of investment projects, including small enterprises and
professional development programs for the employees. Establishment of the private
forest ownership mechanism for some pilot areas can also be considered. More
than 75 mln ha of abandoned agricultural lands could be used for forestry purposes.
This possibility is now being widely discussed by the scientific community and
policymakers. Approval of this initiative would exempt farmland owners from fines
for illegal afforestation, in addition to enhancing the climate-regulating functions of
the forest in the area. In the territories of Siberia and the Far East, more attention
should be paid to measures to prevent fires because most occur near populated areas.
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