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Abstract

Due to expected climate changes, there is a forecast for arising of variety of interconnected and interdependent
threats, leading to growth of risks in forest-based sector of economy.

Study of risk, as an economic category, has substantial significance for scientific and practical activity in
forest-based sector, as it allows identifying the most dangerous threats for economic security.

This research includes the systematization of risk factors, caused by possible climate changes, with the allocation
of the most dangerous ones which generate threats in forest-based sector of economy. Analysis of revealed risks
is conducted on the basis of statistical methods of expert evaluation.

It has been established that most of threats for economic security in the sphere of forest use are related to climate
change and have stochastic nature, which is determined by a large share of uncertainty of existing factors (air
temperature, air and soil humidity, extreme weather phenomena). All of this significantly complicates the
planning of work of forest relations members which in this case are the subjects of economic security.

The article emphasizes that the main problems of future forest-based sector will be caused by the change of
forests productivity. Climate change, which could lead to forests’ drying out, change of forest ecosystems,
increase of the level of fires and broad-scale natural disasters will inevitably cause the difficulties in material and
technical provision of forest-based sector and increase of expenses for all forestry operations. Consequently,
there is a forecast for growth of risk factors in entrepreneurial activity, which will lead to risks of decrease of
employment of population in forest husbandry, aggravation of labor conditions, reduction of profits of the sector,
and decrease of employees’ income. Economic and ecological consequences of climate change will have a vivid
regional character.
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1. Introduction

Risks accompany any economic activity, but in forest-based sector they are most dangerous due to the difficulty
of their complex evaluation with regard to indirect factors and factors that have long-term consequences.

Economic efficiency of forest economy supposes, as a rule, the quantity of production (products and services),
manufactured by forests. These are economic indicators which can be easily measured; they are related to the
results of forest industry work (Morkovina, 2014). In forest-based sector, besides influence of internal risk
factors, caused by high level of unpredictability of results of forestry production, which, in its turn, is caused by
long production cycle, technologies, and techniques of forestry works, the significant role belongs to external
uncontrolled factors — primarily, natural, climate, and anthropogenous. In such cases, evaluation of efficiency of
processes and probability of manifestation of risks often includes methods of indirect evaluation (FAO UN
Global Forest Resources Assessment 2010; State of forests in Europe by 2011/ Short review for persons making
decisions, 2011).

2. Methods

In order to allocate and analyze risks, caused by the influence of natural factors, the authors used the expert
evaluation method, based on the survey of leaders of scientific and research organizations of forest-based sector.
The respondents included five scientific-research institutes within the jurisdiction of Federal Forestry Agency.
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In order to process the results of survey and evaluation of risks and threats in the forest economy system, 2
criteria were chosen:

(1) result (value of consequences) of the risk manifestation (scale: from “minimal consequences” to “huge
consequences”);

(2) probability of risk manifestation (scale: from “manifestation is unlikely” to “constant manifestation”).

For evaluation of risk values, the Harrington desirability scale was used, supplemented by verbal description of
every interval of scale (Bezborodova, 2014). Evaluating such indicator, as risk level, it was supposed that
(Morkovina et al., 2014):

e  “critical risk level” corresponds to numerical value in the interval 1.0-0.8;
e  “dangerous risk level” — numerical estimate = 0.79-0.60;

e “acceptable risk level” — 0.59-0.40;

e low risk level 0.39-0.2;

e insignificant risk level 0.19-0.0.

Evaluation of consequences and probability of realization of risks was performed by expert method, using the
following formulae:

" (1)

where, Pn — risk consequences of realization of i-risk;
P;; — risk consequences of realization of i-risk, according to j-expert evaluation;

j— No. of expert (from 1 to N).

Peyzf(Pni~Wi)=/:]T ()

where Ps;;— evaluation for probability of manifestation of i risk by expert No. j.
Wij- probability of manifestation of i risk, according to expert No. j.

Based in the study of factors that determine the emergence of risk situations, there was performed a
systematization of risks with allocation of the most dangerous ones, which generate threats in forest-based sector
of economy.

Informational basis for analysis and allocation of tendencies consisted of the data of Ministry of Natural
Resources and Ecology of the Russian Federation, Government reports on the state of natural environment, state
and use of forest resources, development of forest economy and forest management in the Russian Federation.

3. Results

Study of risk, as an economic category, has a substantial significance for scientific and practical activity in
forest-based sector, as it allows identifying the most dangerous threats for economic security.

Most of the threats for economic security in the forest economy sphere, caused by climate change, have
stochastic nature, which is determined by a high level of uncertainty of existing factors (air temperature, air and
soil humidity, extreme weather conditions). This largely complicates the planning of work of members of forest
relations, which are, in this case, the subjects of economic security (Konstantinov, 2014).

For classification of threats for economic security of forest husbandry sphere under conditions of
anthropogenous change of climate, the following functional constituents are allocated: change of forest
productivity, biodiversity, water resources, increase of the risk of natural fires, diseases, and forest pests, extreme
weather conditions, socio-economic and institutional component (Table 1).

Multidimensionality of the risk of forest husbandry under the condition of change of natural and climate
situation causes the possibility for its many interpretations — firstly, as uncertainty of losses and income, and
secondly, as probability (threat) of loss by the real sector of economy of the part of resources, loss of revenue, or
emergence of additional expenses as a result of chosen policy.
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Table 1. Classification of threats for economic security in the sphere of forest economy under conditions of
anthropogenous change of climate

Functional components of
economic security

Names of threats for economic security

Change of forest productivity

Changes in the level of
biodiversity

Changes in accessibility of water
resources

Increase of risk of natural fires in
forests

Increase of risk of massive
distribution of pests and forest
diseases

Increase of risk of emergence of

extreme weather conditions

Changes in socio-economic and
institutional conditions

Decrease of forest productivity, caused by change of temperature and air humidity,
leading to reduction of their material and financial assessment

Increase of forest productivity, caused by change of temperature and air humidity,
leading to growth of their material and financial assessment

Changes of life status of species on the administered territories, leading to decrease of
investment attractiveness of forest ranges

Implementation of migrating species on the administered territories

Fragmentation of administered territories

Lack of water, water stress, and increase of drought, decrease of crop yield of
agricultural lands due to desertisation of territories

Rise of humidity and changes in seasonal patterns of falls, decrease of crop yield of
agricultural lands due to mire formation

Rise of the number, frequency, and size of natural fires in forests, leading to reduction of
volume of forest resources and timber harvesting, outflow of enterprises and labor
resources from the sphere

Rise of number of outbreaks of massive breeding of insects, pathogens, and invasive
types, leading to decrease of quality of forest resources, volumes of timber harvesting,
and value of forest

Rise of the frequency and intensity of floods

Rise of frequency and intensity of storms

Rise of frequency of late autumn and prevernal frosts

Changes in sectorial markets

Rise of risk of economic losses

Development of shadow market of timber

Table 2. Systematization of risks in the system of forest husbandry

Complex risks  Simple risks

Risk of limiting export of products and resources

Risk, caused by actions of authorities: confiscation of assets, termination of contracts, cancellation of

licenses

Political and
law risks

Risk of nonpayment from government buyers and customers
Risk of unfavorable change of tax legislation

Risk of administrative barriers, constant revisions, and corruption

Risk of unreasonable growth of requirements from management bodies of forest husbandry
Risk of unstable economic situation (inflation growth)

Risk of unfavorable change of forestry legislation

Risk, caused by sale of finished products or service rendering
Risk of the growth of rent
Risk, caused by organization of manufacturing process

Productive-eco
nomic risks

Risk of technological process
Risk, caused by growth of prices and tariffs for services of third parties

Risk, caused by high interest rates on loans; investment risks
Risk of investment limitation and low attraction of forest husbandry
Risk of underdevelopment of transport infrastructure

Risk of forest fires
Risk, caused by weather and climate changes

Natural and
climate risks

Risk of breeding of insects and forest pests
Risk of harm dealt by wild animals

Risk, caused by unfavorable weather conditions, windfall, flood

Risk of increase of anthropogenous stress

Risk, caused by long production cycle
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Variety of risks in the system of forest husbandry under condition of possible climate changes is reflected in
Table 2. At that, the number of complex risks, together with natural and climate, include the regulatory and law
group and productive-economic group. Each complex risk, in its turn, was represented by variety of simple risks.

For purposes of the research, the special emphasis was made on the evaluation of natural and climate risks for
forest-based sector of economy.

Climate warming leads to the risk of substantial loss of biodiversity (Klaptsov, 2012) due to change of
reproduction cycles of animals and plants and/or migration of animals, length of vegetation period, distribution
of species and size of populations, or even extinction of species in many forest regions due to reaching the warm
limit of the suitable area of circulation. This relates to substitution of some tree species by other — as a rule, less
valuable — reduction of net productivity of ecosystems and biomes, domination of opportunistic, “agrestal”
species (IPCC Fourth Assessment Report, Climate Change, 2007; Edwards et al., 2005).

In the forests, where the main task is timber production, strong storms can create big problems of economic,
ecological, and social character, and, together with fires, are, probably, the most significant and large-scale type
of intrusion into product value of timber stand both in natural and administered forests. Drying-out of forests
inflicts a lot of damage to forest husbandry and creates background for emergence of catastrophic forest fires
(Global change of climate and its manifestations and consequences for Russia: socio-economic and ecological
aspects. Review of the most significant publications in Russian, 2005).

Reduction of length of winter season due to warming leads to reduction of timber harvest period in the forest.
Reduction of seasonal durability of winter roads, in its turn, leads to problems with transportation, including
all-terrain transport. Consequently, it leads to significant violation of plant cover, impossibility for use of old
track, and need for a new road. Except for ecological damage with soil disturbance on large territories, large
financial expenses for new roads are expected.

Sporadic outbreaks of pest activity can have negative consequences for growth and length of tree life, crop yield,
and quality of woody and non-woody forest products, environment of wild animals and plants, and also
recreational, aesthetic, and cultural value of forests. In some cases, outbreaks of quantity of pests threaten the
trade of forest products, reduce the product value of timber, and lead to loss of revenue and direct economic
losses (FAO UN Global Forest Resources Assessment, 2010).

In whole, the situation can lead to reduction of forest territories with valuable tree species (Edwards et al., 2005;
ACIA, Arctic Climate Impact Assessment, 2005), which will cause economic losses of raw timber exporters and
consumers and difficulties for timber processing industry. The situation can lead to increase of social tension in
the population employed in forest and timber processing industry.

As a result of processing of statistical information, received during expert survey of respondents, the expert
evaluation of the level of risk, significance (rankings) of revealed risk factors, and values of indicators of risk
factors was conducted.

It was found that the most dangerous risks for forest-based sector are natural and climate complex risks, which
can be presented as variety of simple risks, caused by increase of the number, frequency, and size of natural fires
in forests; increase of anthropogenous pressure and massive distribution of pests and forest diseases (Table 3).

Table 3. Critical risks in forest-based sector

Evaluation of factor . Final
. . Evaluation of frequency of )
Risk factor importance (value of . . o evaluation of
manifestations (probability) .
consequences) risk
Risk, caused by increase of the number,
frequency, and size of natural fires in 0.92 0.86 0.89
forests
Risk of increase of anthropogenous 0.96 0.80 0.88
pressure
Risk of massive distribution of pests and 0.94 072 0.83

forest diseases

It should be noted that occurrence of above mentioned risks in the forest-based sector possesses not only critical,
but sometimes catastrophic consequences.
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4. Discussion

Over the last 50 years, there has been a quick increase of expenses in forest-based sector of economy, caused by
extreme weather conditions. Global economic losses due to catastrophic events increased by 10.3 times,
beginning from 1950s (IPCC Third Assessment Report, Climate Change, 2001).

Economic literature of recent years, devoted to problems of risk, gives the classification of risks with allocation
of four spheres of their manifestation: productive, commercial, financial, and innovational (Baldin, 2006). At the
same time, study of risks and their consequences in forest-based sector appears to be of great interest
(Morkovina et al., 2014).

Natural forest ecosystems are especially vulnerable from the point of view of climate change. The expected
climate changes can violate the stable relations between tree species at the stage of natural restoration of forests
after cuttings and fires, and in the centers of forest disease and pests. Most of researchers agree that in the
long-term the expected changes of temperature can lead to shift towards the north of the boundaries of climate
zones. Air temperature increase and related decrease of soil moisture content will lead to gradual disappearance
of boreal forests and substitution of tropical forests by savannas. There will be a tendency for substitution of
plants of semiarid region by plants of arid region.

Despite the fact that consequences of climate change for forest productivity manifest themselves slowly, they
will be seen after a long period of time, while some changes can be irreparable (IPCC Fourth Assessment
Report , Climate Change, 2007; Williamson et al., 2009; Smith et al., 2009; Perspective research on forest-based
sector of North america for 2006-2030. Geneva research on forest husbandry sector and forest industry Ne 29,
2012; Olsson, 2013; Olsson, 2009).

The main problems refer to the productivity of forest husbandry. Change of climate, which can lead to
drying-out of forests, change of forest ecosystems, and shift of forest areas will lead to difficulties in material
and technical provision of forest-based sphere and rise of expenses on all forest husbandry operations — from
taxation to timber harvest and timber transportation. The making of new roads will be necessary.

Consequences of climate change will influence market sector, which will lead to change of volume, quality, and
prices for timber, other products and services. The share of forest-based sector, including timber processing and
production of paper and cellulose constitutes approx. 1% of the total gross product of European countries.
However, as a result of above mentioned negative consequences of climate change, the situation can
significantly change (State of forests in Europe by 2011/ Short review for persons making decisions, 2011;
Geneva research on forest husbandry sector and forest industry Ne 32, 2013).

Besides, the influence on the market will be expressed in change of demand for energy products made of timber,
in change of transport accessibility of forest-based sector of economy, tourism and building on the basis of raw
timber, in increase of material damage and insurance loss as a result of extreme climate phenomena, in necessity
for decision making regarding the location and change of location of objects of development and population, in
change of need for resources, and in rise of cost of measures for adapting to the climate changes. Consequently,
there will be reduction of employment in forest-based sector, aggravation of labor conditions, reduction of
profitability, and decrease of employees’ income.

Climate change and expected changes of events related to weather, which, as is believed, are caused by climate
change, will raise the insurance uncertainty for evaluation of risk in forest-based sector and related industries.

Beliefs that some states, including Russia, will receive profits from global warming are, according to variety of
scientist, not true; it is proved when taking into account local damages from accidental fluctuations of climate
system and cases of extreme weather conditions, and also damages of global character.

At that it should be noted that influence of climate in economic aspects of forest husbandry could have direct and
indirect character. Consequences of direct influence include real and expected changes of conditions of
husbandry, determined by vulnerability of economy in whole and its certain industries to climate fluctuations. At
the macro-economic level, it is manifested in change of dynamics, structure, and technological mode of economy.
Indirect consequences are caused by reaction of economic system to these changes: weakening of husbandry
influence on climate forcing or adaptation of main elements of economic system to new circumstances. It should
be noted that changes of husbandry conditions could both aggravate the development of specific industries and
territories and facilitate it (IPCC Third Assessment Report, Climate Change, 2001).
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5. Conclusion

Risks and threats for economic security of forest-based sector under condition of possible climate changes were
assessed with the use of content analysis. Based on the systematization and analysis of the data of literary
sources and on the processing of results of survey, the main risks for economic security of forest-based sector
were found which are specific for it (i.e. requiring special methods of management), and the nature of which is
largely determined by the peculiarities of the sector itself.

It was found that the most dangerous risks for forest-based sector are natural and climate complex risks, which
can be represented as variety of simple factors, caused by increase of burns, frequency and size of natural fires in
forests; increase of anthropogenous load and massive distribution of pests and forest diseases. The conducted
numerical estimates of probability and size of consequences of above mentioned factors for forest husbandry
show that they lie in the interval that corresponds to the critical risk level.

In this situation, the task of development of conduct of measures, aimed at the easing of consequences of climate
change for forest-based sector and increase of sustainability of forest plants becomes more significant.
Development of the strategy for adaptation of the system of forest husbandry to possible climate changes is also
important.
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