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ECONOMIC EVALUATION OF ENVIRONMENTAL
IMPACT OF MINING: ECOSYSTEM APPROACH

Introduction

Nowadays one of the main sources of environ-
mental problems continues to be the mining sec-
tor, under the anthropogenic impact which hurts
almost all elements of the biosphere. According to
the authors’ estimates [1], in the industry break-
down, the greatest damage of unit production is
caused in the power industry and the coal industry.
The proportion of damage caused by the produc-
tion in mineral industries such as fuel, ferrous and
nonferrous metallurgy is about 70% of the total
damage impaired by pollution of the atmosphere
and water bodies. Given the link between the level
of economic advance, which is determined, first of
all, by the development of the primary sector, and
the degree of environmental pollution, we cannot
expectimprovement in the environmental situation,
because mining today and in the foreseeable future
is the unalienable necessity of mankind existence.

The Russian Strategy Concept of Socio-Eco-
nomic Development until 2020 declares one of

The article considers the most important aspects of ecosystem approach imple-
mentation in mining. It requires the integrated economic assessment of the environmental
consequences and the entire list of ecosystem services supplied by forest ecosystems most
subjected anthropogenic impact of mineral mining. The authors identify the main ecosys-
tem services supplied by forests and indirectly providing economic benefits to their consum-
ers: maintenance of air composition in the atmosphere (carbon sequestration and oxygen
production); air purification and water protection associated with an increase in precipita-
tion and soil protection from erosion. The scientific novelty consists in the improvement of
guidelines for economic assessment of ecosystem services generated by natural capital of the
territories under consideration. The guidelines are developed for assessing the ecosystem
service on air composition maintenance at various degree of detalization. The introduction
of the decrease in precipitation due to rainfall retention by forest canopy in the economic
assessment of water protection service is substantiated. The article systematizes approaches
to economic assessment approaches of soil protection ecoservice, which allows selecting the
most appropriate method for the specific conditions. The experience of using the discount-
ing procedure in economic valuation of ecosystem services is summarized and analyzed.

Key words: mining, impact, consequences, economic assessment/evaluation, eco-
system services, economic damage.
DOI: 10.17580/em.2020.01.06
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the Russian economy priorities to be the abandonment of the
raw material development model and the need of transition to
a “green economy”. The most important specific characteris-
tic of this priority is to prevent the threat to ecosystem services
and biodiversity, to conserve the natural capital and to ensure
human well-being and social justice. The plurality of the most
urgent goals and indicators of the national project implementa-
tion in the field of ecology confirms the requirement of the eco-
system potential preservation. It is approved by Decree of the
President of the Russian Federation, No. 204 as of 07.05.2018
(ed. of 07/19/2018) “On the national goals and strategic objec-
tives of the Russian Federation development for the period up
t0 2024”, which is focused on reducing the anthropogenic envi-
ronmental load and expanding areas with natural ecosystems.
Under these conditions in order to prevent or mitigate adverse
anthropogenic impacts, environmental impact assessment
with a full-fledged consequence analysis becomes particularly
important. This assessment helps predict potential economic
damage and make decisions that balance interaction in the
society—nature system.

An important point in determining the economic damage
is the economic assessment of natural resources and ecosys-
tem services. Meanwhile the economic assessment of natural
resources has been carried out for a long time, the guidelines
for the economic assessment of ecosystem services are at the
start point. As aresult, only a small amount of ecosystem services
becomes involved in the modern economic system, and most of
them remain unvalued. At the same time, those not so numerous
assessments of ecosystem capital show its significant superiority
in value compared to natural resource capital, which actualizes
the problem of economic valuation of ecosystem services.

The current status of research

Ecological and economic interactions with the assessment
of ecosystem services and economic damage is the research
field of many Russian and foreign scientists such as A. L. Bobrov,
S.N.Bobyley, |. P.Glazyrina, A. A. Golub, A. A. Gusev, V. |. Danilov-
Danilyan, K. Ya. Kondratiev, K. S. Losev, N. N. Lukyanchikov,
A. S. Martynov, O. E. Medvedeva, T. E. Mekush, G. A. Mot-
kin, R. A. Perelet, I. M. Potravny, K. V. Papenoy, E. V. Ryumina,
A. A. Tishkov, A. G. Rosenberg, G. A. Fomenko, M. A. Fomenko,
V. V. Yurak, E. B. Barbier, J. Bishop, R. H. Born, A. G. Bruner,
H. E. Daly, J. Dixon, R. Costanza, S. Pagiola, D. W. Peare,
P Y. Ferraro, W. M. Hanemann and others.

With all the detailed development of theoretical and
methodological foundations and a variety of methodological
approaches to the economic valuation of ecosystem services,
a number of issues of theory and practice remain yet little stud-
ied due to the novelty of the problem, the appearance of which
dates back to the beginning of the 20th century. A preventive
approach to the assessment of the damage from different min-
ing scenarios helps prevent loss or reduction of ecosystem
services to human well-being. A key step towards achieving a
positive result is the development of reliable tools for the eco-
nomic evaluation of the natural capital components.

Purpose, objectives and scientific novelty of research

The aim of the study is to improve the methodological tools
for the economic assessment of environmental impacts caused
by the anthropogenic environmental loads during mining.

The objectives of the study are: 1) to identify the most dan-
gerous mining impacts and to form ecological zones; 2) to justify

the possibility of using the resource approach to determining
the economic damage; 3) to improve the guidelines for the eco-
nomic assessment of the environmental impacts of mining.

The scientific novelty of the research lies in the develop-
ment of the theoretical framework for the formation of natural
capital and in the improvement of the guidelines for the eco-
nomic evaluation of its components.

Anthropogenic impact of mining industries on the
environment with the formation of ecological zones

Modern conditions are characterized by the aggravated
contradictions in the society—nature system. The rise of the
economic potential, that satisfies the needs of the growing
population, is accompanied by ever-increasing destructive
manmade pressure on natural systems. Improvement of eco-
nomic indicators is going with the environmental degradation:
depletion of fish resources, decrease in forest area, expansion
of erosion, loss of pastures, growth of deserts, melting of gla-
ciers, etc. According to V. A. Koptyug the implementation of
social equality in the world requires raising income by almost
5 times to 80% of the population and increasing further pro-
duction on the planet. This will cause the rising use of natural
resources by almost 20 times [2], which will undoubtedly lead
to ecological disaster [3].

Nowadays one of the main sources of environmental prob-
lems is the mining industry, which has the strongest influence
on the atmosphere and land resources in case of the open
method of mining and on the groundwater and lithosphere in
underground method of mining. The effect on the atmosphere
appears in the form of dustiness and gas pollution. The particular
danger is dust containing toxic metals—lead, mercury, arsenic,
manganese, zinc, etc.: it affects both plants and animals. Pollut-
ing gases mainly enter the atmosphere from underground min-
ing. In particular, in coal mines, emissions contain sulfur gases,
methane, carbon dioxide, hydrogen sulfide and other pollutants,
which contributes to the greenhouse effect. Emissions of carbon
dioxide and sulfur dioxide lead to acid rain, which, for example, in
the countryside of Norilsk, led to destruction of forests in an area
of more than 180 thousand hectares [4].

The consequences of the impact on water resources are
no less destructive: changes in the water regime, water pollu-
tion. Mineral water may contain a set of salts of heavy metals:
copper, zinc, manganese, mercury, lead, etc. The discharge
of polluted wastewater into water bodies contributes to the
accumulation of toxic substances in aquatic organisms, dis-
ease and death of the latter. Contamination of water bodies is
the most sever at the points of polluted wastewater discharge.
Lands suffer as well. The mineral mining governs withdrawal of
considerable agricultural and forestry lands and their transition
to the category of industrial areas. As a result, soil in the mine-
adjacent areas becomes unsuitable for the normal functioning
of ecosystems; the earth’s surface is disturbed and polluted.
Waste containing toxic substances, which become a source of
environmental pollution, is placed on ground surface. Waste
occupies tens thousands hectares in old industrial regions and
is often stored on the industrial infrastructure sites of under-
ground mines or in abandoned quarries.

Ecological changes at the impact sources lead primarily
to disturbances in the biocenosis as the most sensitive ele-
ment of ecosystems. Accumulated pollutants in vegetation are
considered as markers in territorial differentiation by the rate
of anthropogenic pollution. The successive transformation of
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ecosystems is assessed as a phase of suppression of species,
phase of loss of sensitive species, phase of structural rear-
rangements of ecosystems and, finally, a phase of destruction
of ecosystems [5]. According to the research [6], the opera-
tion area of Severonikel is discriminated into zones of the initial
disturbance of forest ecosystems, partial disturbance of forest
ecosystems, strong disturbance and completely disturbed eco-
systems. Numerous studies by the present authors confirm the
formation of ecological zones around the impact sources with
varying degrees of ecosystem disturbance. Depending on the
impact and ecological sustainability of exposed ecosystems,
the sizes of ecological zones vary but their pattern remains.

Natural capital structure and resource approach
to economic damage assessment

While satisfying needs and wants, a human affects nature
(natural capital), including mineral mining. By extracting min-
eral reserves, the mining industry depletes natural resources
and leads to the degradation of ecosystems exposed to the
adverse effects. Back in 1998, G. Daly defined natural capi-
tal as a stock of natural resources, which provides a flow
goods and services. The latter definitions include the follow-
ing: “natural capital is an economic model of organic reserves
of physical and biological resources and the limited ability of
ecosystems to provide ecosystem services” [7] or, as defined
by authors [8], “Natural reserves that ensure the availability of
natural resources and ecosystem services for economic pro-
duction and human well-being”.

The economic assessment of natural resources requires
specification of the components of natural capital. We con-
sider it is necessary to distinguish between two types of natu-
ral capital functions: resource and ecosystem (See figure).

The resource functions of natural capital satisfy the needs
of a human (society) for the subjects of labor, instruments of
labor, materials and consumer goods. The ecosystem func-
tions are implemented as a flow of ecosystem services directly
(social ecoservices) or indirectly (regulative ecoservices) are
consumed by a human.

Forest ecosystems more often fall under the anthropo-
genic impact since mining is carried out in the forestry areas.
The rate of disturbance varies in different ecological zones.

According to [9-12], the resource approach can be suc-
cessfully used to assess economic damage determined by the
loss of the economic value of a resource transformed under
impact of mining initiated by a human:

Y¥,=07, (1)
where Y;is the economic damage due to decrease in the eco-
nomic value of an i-th natural resource; O; is the ecological as-
sessment index of the i-th natural resource; a is the coefficient
of reduction in economic value of the i-th natural resource.

Experience shows that the decrease in economic value is
to some extent correlated with the damage rate of a natural
resource. The methodological recommendations [5] propose
to use a system of indicators characterizing the succession of
ecological zones (Table 1).

As follows from the table, there are four ecological zones
with tremendous, severe, moderate and weak damage of eco-
systems. Disturbance increases with a decreasing distance
to the source of anthropogenic impact. At the industrial infra-
structure, the rate of damage is estimated by coefficient 1.0,
which means the biota is killed. When determining the rate of
disturbance, itis indicated that at the first level of disturbance,

Resource Natural capital Functions

—_> <

Function Ecosystem
\

Flow of environmental
goods that meet
demands for instruments
of labor, raw materials,
subjects of labor, etc.

[Flow of ecosystem services‘

Improvement of
the spiritual and
aesthetic wealth

Maintenance
or raising of
human welfare

v of human v
Direct use of natural 17 Indirect use
resources of ecosystem
v v services
Depletion | | Mineral raw Health i 2
of natural materials, improvement, Ecosystem Maintenance
resources | | hydropower, | | raising of the degradation | | of atmospheric
wood, etc. educational air composition
level, etc. air purification

from pollutants,
etc.

Natural capital structure

Table 1. Coefficient of reduction in economic value of
natural resources [5]

Rate of damage of ecosystem
Types of Moderate
resOUTGes | tactory)| COTOMaIY | roph)
b satisfactory) P
Forest,
wild-growing ~ _ 0.66- _
herb, hunting 0.1-0.3 0.31-0.65 0.85 0.86-1.0
areas, land

suppression of most species is observed but self-recoverabil-
ity is preserved. At the second level, there is a decrease in the
productivity and sustainability of flora and fauna, as well as an
increase in the degree of their instability. The third level fea-
tures significant losses in productivity and sustainability, and
the fourth level of damage means the total loss of productivity
and stability of plant and animal communities.

An important point in determining the economic damage in
these conditions is the economic assessment of natural resources
and ecosystem services. Methodical approaches to the economic
assessment of natural resources supplied by forest ecosystems
are described in sufficient detail in [13, 14]. This article focuses
on the economic assessment of the most significant (according to
the results of an expert survey) ecosystem services.

Ecosystem services are the benefits that humanity receives
from ecosystems, including providing services (supply of food,
water, forest, raw materials), or in the definition of the present
authors—the economic benefits from implementation of resource
functions, including regulating (climate regulation, water regu-
lation, water purification, control over natural disasters, etc.),
social (aesthetic, spiritual values, educational services, recre-
ational resources) and supporting services (soil formation, nitro-
gen cycle, photosynthesis, etc.). The economic assessment of
ecosystem services allows increasing validity of managerial deci-
sions by economic damage amendment and comparison with
the estimated economic effect of mineral mining.

Economic assessments of environmental impacts of
mining as the basis for economic damage calculation

One of the most significant ecosystem services related to
forest ecosystems is maintaining the air composition of the
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atmosphere. Until recently, it was believed that phytoplankton
was the main absorber of CO, from the atmosphere, but the
recent studies show that the phytomass productivity is 2 times
higher than phytoplankton has; it means that forest ecosystems
are the main absorber of CO,. Carbon dioxide in the atmo-
sphere or carbon dioxide dissolved in water and water ensure
the formation of organic matter and the release of oxygen (O,)
during photosynthesis, while the oxidation and decomposition
of organic matter consume O, and produce CO, and water. The
calculation of the economic value of these ecosystem services
(oxygen production and carbon sequestration) can be per-
formed with varying degrees of detail. In the very first approxi-
mation, the economic assessment of CO, sequestration and O,
production can be carried out on the basis of averaged plant-
ings, the relevant increase in biomass and averaged values of
CO, sequestration - 1.83 tons per ton of dry organic matter and
O, production - 1.4 tons per ton of dry organic matter:

0;302= 1.83GCCCPCo2 (2)
where Ogq, is the economic value of ecosystem service on
CO, sequestration per hectare, rubles per ha; G is the annual
growth of vegetation, tons per ha; CCg, is the coefficient of
conversion of biomass into dry organic matter, decimal quan-
tity (it is assumed that drying reduces weight of wood by 50%);
Pco, is the price of 1 ton of CO,, rubles.

The economic assessment of a forestland (Ocoz) requires
the information about the forested area:

Oco, = Oco,S: (3)
where S is the forested area, ha.

Detailing involves taking into account the plantation types
and the areas they occupy:

(4)

m
Oco, = pa Oco,; Sy
where O, is the economic value of ecosystem service for
CO, sequestration per 1 ha occupied by an j-th plantation
type, rubles per ha; Sj is the area occupied by the j-th planta-
tion type, ha;jis the plantationtype (j=1... m).

If the increment value is in cubic meters, then conversion
to tons is performed using data on the density of wood in com-
pletely dry state, which is taken into account in tons per cubic
meter. Thus, according to [14], the density of wood in the forests
of the Middle Urals is 0.44-0.524 for all types of forests, where
0.44 tons per cubic meter is the density of young forest, 0.477
for middle-aged and 0.524 for maturing forest. In the case of
using density, the coefficient (CC.) in formula (2) is not taken
into account. Calculation of oxygen production (ecosystem ser-
vice) is carried out similarly, using information about O, produc-
tion by various types of vegetation and the price of 1 ton of O,,.

The cost of 1 ton of CO, can be taken according to the
Kyoto Protocol from USD 10 to 50, on average USD 30, with
regard to the rate of the Central Bank at the date of the calcula-
tions. In the capacity of cost, it is also possible to use the value
of substitute expenses determined as the expenses connected
with creation of CO, emission prevention system. Regarding
production of 1 ton of O,, the substitute expenses connected
with industrial production of O, are taken into account. Some
researchers assume the cost of 1 tone of O, as 2000-3000
rubles. The authors of [15] determine the substitute cost as
960-11000 rubles per ton depending on the process solution.
According to [16] the cost of O, is 8200 rubles per ton.

The similarly simplified guidelines to the economic evalua-
tion of the ecosystem services are proposed in [17]:

m
OCO2 =0.5-3.66% G1CCCSJ.PCOZ, (5)
=1
where 0.5 is the ratio of carbon to the total dry phytomass of
plants [18]; 3.66 is the C to CO, conversion coefficient;

0,,=0.5-3.66- o.727§1e1cccsjpcoz, (6)

where 0.727 is O, produced in sequestration of 1 ton of CO,,.
The next detailing step is to take into account the age of
planting, the corresponding values of forest yield and the
values of CO, sequestration and O, production, information
about which is rather limited. As follows from [14], the greatest
absorption of CO, is primarily characteristic of young forest,
the least CO, is absorbed by mature and overmature forest.
Refinement by the criterion of age group makes the economic
value of ecosystem services often incomparable with the esti-
mate based on averaged parameters, which is explained by
the significant influence of the forest age on the forest yield.
Further specification concerns the magnitude of gain in phyto-
mass and associated carbon it in the framework of same-aged
forest stands, which involves the conversion—-volume method
[19, 20] conditionally called group—age method. Conversion
factors, which are the ratios of phytomass of different fractions
to the stock of wood, are usually determined for the age groups
of stands of individual forest-forming species, and make it
possible to take into account the total gain in the whole phy-
tomass of forest stands. The generalization and analysis of the
available experience in economic assessment of ecosystem
services for the CO, sequestration and O, production shows
that the conversion—-volume method is used very seldom, and
there are no direct calculations to prove the actual application
of the method. The economic assessment of the ecosystem
service of air purification from dust by forest resources is rec-
ommended to do by using the cost approach. The expert sur-
vey shows that every 1 hectare of the northern forest can catch
about 30 tons of dust [21]. Approximately the same range is
indicated in [22, 23]: coniferous forests trap 30—-40 tons of dust
on crowns, oak dust—about 54 tons, beech forests—68 tons;
in some cases the filtered mass of dust can reach 50-70 tons
per year. For the conditions of the Middle Urals, dust capture
by forest crown is estimated at an average of 50 tons per ha. In
addition to dust, forests trap gaseous and aerosol pollutants.

m
0, :Iz1SjDEp, (7)

where O, is the economic value of air purification ecosystem
service, rubles; t,; is the dust trapping by a j-th plantation type,
tons per ha; Sj is the area occupied by the j- plantation type,
ha; DEp — is the day-to-day expenditures on air purification
from dust, rubles per ton.

Taking into account the most common air purification
methods, the day-to-day or substitute cost make 1.2-3.5
thousand rubles per ton [15, 24], or 2.8-4.5 thousand rubles
per ton sometimes. The recommended value for the substitute
costs is 3.5 thousand rubles per ton.

All researchers recognize the water protection role of for-
ests, which results in the increase in precipitation, decrease in
surface runoff, and in the soil protection from erosion.

First of all, precipitation in the forest-covered territory
increases. Numerous researches prove the effect of forest
on rainfall. On average, rainfall grows by 2% per each 10% of
the forest-covered territory compared with the nonforest area
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[25]. V. V. Rakhmanov confirms this consistent pattern by the
correlation equation. In the Middle Urals 1% growth in woodi-
ness increases rainfall by 1.5 mm (15 cubic meters per year);
10% growth in woodiness increases rainfall by 8—12 mm in the
European territory and by 12—13 mm in Siberia, including con-
densation precipitation. The increase in precipitation reduces
the cost of field irrigation in summertime. The proposed eco-
nomic equivalent is cost of 1 cubic meter of water per ecologi-
cal zone.

Guided by the recommendations [26], the economic value
of ecosystem service (O) is given by:

m
Onc=2 XaBSCor (8)

where O, is the economic value of ecosystem service of hu-
midity growth, rubles; X, is the precipitation in summer, mm
or cubic meter per ha; B,- is the coefficient of precipitation gain
in the territory covered by a j-th plantation type, %; S; is the
area occupied by the j-plantation type, ha; C,, is the cost of
1 cubic meter of water in a given economic zone, rubles per
cubic meter.

B=WGP/X,,, (9)
where Wis the woodiness, %; GP is the gain in precipitation per
increment percent of woodiness, mm or cubic meter per ha.

We think formula (8) should be adjusted by introducing a
coefficient that takes into account retention of liquid precipita-
tion by vegetation, which is proved by numerous observations
over forest canopy. According to [18], in different physical and
geological conditions, on average 12-13% of liquid precipita-
tionis retained by forest as against the nonforest area. The held
precipitation is 19-25% for coniferous and deciduous forests,
27-31% for spruce forest, 26—-32% for fir forest, etc. Hence, it
is recommended to introduce the retention coefficient of pre-
cipitation of the j-th plantation type (Y,) in formula (8).

The soil protection service is also inherent to forest,
which means protection of soil from water and wind erosion.
Researchers state that up to 10-15 tons of soil is washed off
from 1 ha of land with medium slope, while soil contains P, N,
Co, humus-layer, etc. As a result, crop yields fall. Forests arrest
land-loss and, accordingly, loss of chemical elements and
humus-layer. Generalization of guidelines on the economic
assessment of this ecosystem service shows numerous and
equally valid methodical tools for:

— the reduction in cost of removal of sediments washed
into water bodies based on the cost of extraction of 1 ton sedi-
ment by dredger;

— the increase in yield of agricultural land adjacent to the
estimated forest area and, accordingly, by the income gain;

— the evaluation of crop shortage provided that 1 ha of for-
est ecosystem prevents erosion on an area of 0.5 ha, and the
crop shortage is 10-30% on little lost land, 30-50% medium
lost land and 50-80% on greatly lost land [27]);

— evaluation of chemical elements lost in land-loss based
on the prices of mineral fertilizers;

— percentage of total economic value of supporting eco-
system services (0.53 as per [28]).

We assume to be the most reliable to undertake economic
assessment by the cost of washed-out chemical elements
based on the prices of mineral fertilizers at the average refer-
ence land-loss of 10-12 tons per 1 ha in the absence of for-
est fertilizers. It is possible to take into account the anticipated
crop yield increase on agricultural land adjacent to the forest:

Table 2. Discount rates

Discount | Discount | Discount | Discount | Discount | Discount
period rate period rate period rate
5 0.17 17 0.08 70 0.03
6 0.15 0.07 75 0.02
7 0.14 25 0.06 80 0.02
8 0.12 30 0.05 85 0.02
9 0.12 35 0.05 90 0.02
10 0.11 40 0.04 95 0.02
11 0.1 45 0.04 100 0.02
12 0.1 50 0.03 120 0.02
13 0.09 55) 0.03 150 0.01
14 0.09 60 0.03 200 0.01
15 0.08 65 0.03
P
Osp =p-0.5 %Hcropscroppcrop' (10)

where Osp is the economic value of soil protection ecosystem
service, rubles; p is the probability of erosion prevention, deci-
mal quantity; 0.5 is erosion prevention per 1 ha of forest eco-
system, ha per ha; SCrop is the area occupied by a j-th crop, ha;
Reop is the gain in agricultural crops, kg per ha; P, is the price
of 1 kg of agricultural crop, rubles per kg; yiscrop (y=1... p).

All previous formulas offer the economic evaluation of
ecosystem services per year. However, the effectiveness of
the ecosystem potential of forests is materialized pursuant
to the spatial and temporal dynamics of forest ecosystems,
which requires taking into account the time factor. In some
cases, the discounting procedure is neglected, which seems
to increase the economic values of ecosystem services. The
total economic value is determined in this case by summing up
the annual economic values for the period equal to the lifetime
of an object (or an estimated period). V. P. Krasovsky wrote
about the inexpediency of discounting in the long-term period,
he considered that this procedure should be applied only in
the short term [29]. T. Kislova [30], as well as the authors [31],
point at the risk of obtaining far from reality results with dis-
counting for periods of 50-100 years.

Recommendations often involve discounting at a reduced
discount rate up to 2-3% or less. I. V. Voronin and V. P. Smoro-
din [32] propose to use the discount rate in the range of 0.05-
0.15. The Forestry Commission in England recommends the
discount rate on the level of 5%; and P. Pierce [33] reduces
the rate to 1-2%. The reduced discount rate of 0.02 in the
economic evaluation of forests was also recommended by the
working group of the USSR Academy of Sciences Commis-
sion. The validity of the application of the minimum discount
rate is supported, in particular, by E. V. Ryumina [34]. The
same approach to setting of a discount rate was once pro-
moted by K. G. Hoffman, who proposed the introduction of a
discount standard of 0.04-0.05 for evaluating agricultural land
and 0.02-0.03 for evaluating forest land [35]. V. A. Gavrilov
suggests using a sliding discount rate, which decreases with
extension of the discounting period [36].

Later on, it was proposed to rate discounting depending on
the length of a discounting period (Table 2) [14, 15].

It follows from the analysis that forest assessments most
often use the discount rate of 1-3%, which implies a unified
approach to evaluation of forest benefits. Thus, the discount-
ing application research is continued, and specific difficulties
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are connected with the economic assessment of ecosystem
services. In the meanwhile, without officially approved guide-
lines, researchers use the capitalization procedure with a capi-
talization rate from 0.01 to 0.03.

Conclusion

1. The mineral sector, which is the basis of civilization, is
at the same time a threat to natural biota. The anthropogenic
impact of mining on the environment leads to the formation of
ecological zones with different rate of change in the bioceno-
sis in mine-adjacent areas. The transformation rate difference
is explained by a decrease in the anthropogenic impact with an
increasing distance from the impact source.

2. As experience shows, the main object of the anthro-
pogenic impact is forest ecosystems as mineral deposits are
located more often among forests. The resultant damage hurts
flows of environmental goods and services supplied by them in
the implementation of the resource and ecosystem functions.

3. Toassess the economic damage that reflects the dam-
age to forest ecosystems, it is proposed to use the resource
approach that assumes comparability between the degree of
ecosystem disturbance and the loss of its economic value.

4. The reliability of the economic damage determina-
tion rests upon the comprehensive economic assessment of
natural resources and services of ecosystems subjected to
the impacts. The greatest difficulties are associated with the
economic assessment of ecosystem services due to the insuf-
ficient development of the relevant procedures and tools.

5. The generalization and analysis of methodical
approaches to the economic assessment of ecosystem ser-
vices in maintenance of atmospheric air composition has
made it possible to substantiate a consistent implementation
procedure meant for increasingly detailed calculations. It is
recommended to perform preliminary economic studies using
averaged values of the initial information.

6. The economic assessment of the ecosystem service
on the humidity buildup through the retention of liquid precipi-
tation by the plant canopy has been clarified. We systematized
the methodical approaches to assessing the ecosystem ser-
vice of soil protection from erosion, which makes it possible
to choose the most appropriate assessment method for the
specific conditions.

7. The studies confirm the absence of generally accepted
decisions on implementation of the discounting procedure
in economic assessment. In most cases, researchers use the
reduced discount rates or even perform simple summation of
annual economic values over a period equal to the lifetime of an
object (or an estimated period).
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THE SOCIAL AND MARKET MECHANISM
OF SUSTAINABLE DEVELOPMENT OF PUBLIC
COMPANIES IN THE MINERAL RESOURCE SECTOR

Introduction

In the present time, the world’s attention is focused on issues regarding the

The need for the global economy to transition
to a sustainable development path is no longer in
doubt. There is also no question that industrial
enterprises should contribute to this process.
Today, the most frequently discussed matter is the
extent to which private investment is required for
this transition, whether it is necessary to differenti-
ate requirements depending on the industry, what
measures should be applied to enterprises that are
unable to implement waste-free process chains
etc. In fact, to this day no feasible path to achiev-
ing sustainability, which would suit multiple indus-
tries and help to preserve them has been proposed.
Both from the point of view of preserving the ability
of future generations to meet their needs, and from
the point of view of economic stability of companies
in the long term.

Itis relatively easy to talk about sustainable devel-
opment (SD) when it comes to industries which have
always been “green”, such as renewable energy,

transition of mining enterprises to a path of sustainable development, which is deter-
mined by their role in the functioning of all sectors of the economy. The numerous the-
ories, concepts and methods associated with this transition invariably face difficulties
at the stage of practical implementation which as yet have not been resolved. The
main disadvantage of the existing approaches is their orientation towards forming a
policy of state regulators, which contradicts the very essence of market relations. This
paper proposes a different approach to ensuring the sustainability of public mining
companies, based on the creation of incentives for the development of corporate social
responsibility policy. The main element of the proposed mechanism is stock exchanges
with enough influence and resources to promote and popularize companies striving to
make their production more environmentally friendly and to maximize their social
effects. The viability of the proposed approach is confirmed by the growing “green”
investment market, which at present is somewhat limited in the industry but has enor-
mous potential for further expansion, including with support from mining companies.

Key words: sustainable development, social and market mechanism, mining
industry, public companies, corporate social responsibility, sustainable investments,
social license, stock exchanges
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