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Abstract. One of the priorities of the modern economy is the optimal use of natural resources in economic
activity. This is because the organization and management of production impacts the environment, which in
turn affects both the well-being of society and the indicators of economic development. Which is why
methodology and practice of public non-financial reporting reflecting indicators related to the conservation and
assessment of natural resources, pollution control, waste management and recycling, and creating emission
standards are actively developing. Environmental costs are becoming an important tool for making informed
management decisions aimed at harmonizing the economy and the environment. At present, despite a large
number of methodical developments, there is no solid theoretical basis for the formation of environmental
indicators that adequately characterize the interaction of the economy and the environment and economic
decision-making at all levels. The article clarifies the content, classification, performance evaluation system,
environmental cost assessment methods for their application in management activities for deeper analysis,
modelling and predicting economic phenomena and processes within the framework of the concept of
sustainable development. The authors show approaches to the valuation of anthropogenic damage to nature,
determined by the disproportionateness of natural and value indicators; the lack of prices of non-market goods,
great uncertainty about the true value; the duration of the effects of man-made impacts and the long-term
investment in environmental protection. Modern approaches to modelling and interpretation of results are
generalized, as well as the possibilities of developing new (or improving existing) models for optimizing
environmental costs. The direction of analysis of environmental indicators in the existing management system
has been defined, in particular, through the study of non-financial reporting, which acts as a basis for
calculating resource utilization, environmental quality and sustainability.
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1 Introduction

The reporting requirements for organizations are now
beginning to change. Investors take into account not only
financial but also non-financial factors in making
strategic decisions, which allows them to assess the
strategic investment attractiveness of the company, as
well as to predict the duration of the company's
activities. Thus, only financial indicators, formed in
standard reporting forms, are not enough to assess the
prospects for the company's development.

Economic decision-making requires accounting to
fully and reliably reflect the full and true range of
relationships between strategic, managerial, operational,
financial and non-financial components, showing how
the organization implementing its successful business
model, uses a variety of capitals (financial, production,
intellectual, human, natural and social), interacts with the
external environment and assesses its ability to continue
to operate on for the sufficient time.

Efforts have already been made at the international
level to address the problem. In 1997, for example, the
Global Reporting Initiative (GRI) was established by the
Environmentally Responsible Business Coalition, which
developed the "extended" report needed to provide a
sustainable development summary to all the interested
parties.

The purpose of such reporting is to improve business
on the way to a sustainable global economy, in which
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long-term profitability is
responsibility and environmental care.

GRI management is constantly improving approaches
to reporting information. In early 2014, an updated G4
guide was published, the fourth version of the
requirements for the presentation of non-financial and
financial information [1].

The development of sustainable development
reporting involves disclosing not only financial
indicators, but also information related to conservation
and assessment of natural resources, pollution control
management and recycling of waste, as well as the
creation of emission standards. Environmental costs are
becoming an important tool for making informed
management decisions aimed at harmonizing the
economy and the environment.

At present, despite a large number of methodical
developments, there is no solid theoretical basis for the
formation of environmental indicators that adequately
characterize the interaction of the economy and the
environment, and are required for economic decision-
making at all levels.

2 Literature review and research

methods
The inclusion of the concept of sustainable
development in the strategies of countries, regions and
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enterprises has predetermined the revitalization of
research in the sphere of mutual impact of economic
development processes and changes in the state of the
natural environment. The main challenge of such studies
is to achieve the optimal effect while maintaining a
dynamic equilibrium of ecosystems [2]. From an
economic point of view, the best solution to
environmental problems is to achieve this level of
environmental impact in which environmental costs,
including both environmental damage and recovery
(prevention) costs, are minimal. Particular attention is
paid to identifying patterns linking environmental and
economic characteristics, which is related to the search
for a balance between interests in development in a
particular area of certain types of economic activities and
the need to ensure the reproduction of self-regulating
natural systems [3].

Environmental constraints affect the productivity of
an individual enterprise, an industry [4], and economic
development of a region, a country and humanity as a
whole. Economic actors, on the one hand, are looking for
ways to reduce costs and, on the other hand, are
interested in preventing critical environmental impacts,
i.e. reducing environmental risks. At the same time, an
important problem in assessing the effectiveness of
environmental measures is that the indicators in the
"goals—environmental cost-result”" chain are of different
nature [5]. If the goals and expected effect of
environmental  measures are  determined by
environmental indicators of the state of the environment
(reducing the concentration of harmful substances,
preserving species diversity and population size, etc.),
expressed in natural measurement units, then economic
goals, environmental costs and their expected economic
result are evaluated.

Therefore, the goal of optimizing environmental
costs by incorporating them into economic analysis
environment at different levels of government
(enterprise, region, national economy in whole) has
spawned many approaches to addressing it.

In the scientific and methodical literature, the costs of
environmental activities are linked to additional costs
and losses to the economy, which are a consequence of
the poor state of the natural environment and represent
an economic damage from environmental violations [6].

However, the methods used to determine the damage
do not provide an objective assessment, which is
necessary in the development of pre-project and project
documentation, conducting environmental audits of
enterprises, assessing the effectiveness of investment
projects, or insuring environmental risks.

Among the significant problems we can highlight the
following:

Firstly, the lack of a unified methodology for all the
types of natural environments, technologies and
industries; the mismatch of damage calculated using
different methods; the lack of accounting for a number
of physical and chemical properties of harmful
substances, and the fact that accumulated damage to
natural systems is not taken into account [7]. Thus,
research in this direction continues to be among the
pressing issues of the environmental economy.

Secondly, the approach considered, based on the
category of economic damage from environmental
violations, assesses not the negative processes in
ecosystems, but their impact on economic activity,
which can be evaluated. At the same time, environmental
aspects of environmental harm are restricted by
established limits, and the possibility of a catastrophic
outcome of events, humanistic and moral issues remains
outside the scope of economic assessment. This means
that environmental costs should be planned not only in
terms of the cost-effectiveness of environmental
measures (to phrase it differently, the costs are less than
the damage prevented plus compliance with pollution
standards is achieved) but also in terms of the
opportunities available to society in the current state of
the economy and the level of technological and technical
development.

Thirdly, environmental costs are borne by economic
agents of different scales: countries, regions, enterprises,
individuals. This means that there is a need to match
costs and benefits at different levels of economic
decision-making.

Fourthly, assessment and evaluation of damage is
due to the economic assessment of natural benefits, the
complexity and dubitability of which, despite the
presence of a large number of practical methods, is due
to the disproportionateness of natural and value
indicators, lack of prices of non-market goods,
uncertainty about their true value, duration of damage
and long-term environmental investment and the
associated uncertainty in choosing a discount rate in
which the economic and moral aspects are intertwined
[8].

One of the most acute and complex problems the
environmental economy faces is the economic evaluation
of environmental assets. The main reasons for the need
to obtain a monetary value of environmental resources
include: cost-benefit analysis; environmental accounting;
assessment of damage to natural resources and proper
pricing; development of environmental accounts and
their integration with national accounts, creation of
environmentally adjusted macroeconomic indicators,
including green GDP; search for universal criteria for
sustainable development [9, 10, 11, 12, 13, 14].
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The approaches presented above (Table 1) do not
take into account, at least, those natural benefits that are
not used to achieve production goals, but are viewed as
elements of the well-being of society.

In international practice, environmental economists
distinguish between types of economic values depending
on the use and non-use of the value of environmental
goods (see Figure 1). Use values (UV) are divided into
direct (for example, the cost of wood in the forest) and
indirect (for example, the cost of carbon sequestration by
forests). Non-use value (NUV—the cost of non-use) is
the value that people attach to the environmental good,
regardless of whether they use it themselves or not [16].
The total economic value of natural goods (TUV)
consists of individual use values and non-use values (see
Figure 1) [17].

Tofal cost

‘ Use value (UV) | L Non-usevalue (NUV)
I . :
Dietuse | | Indiectuse | | Cotofuseln | Beguetvae | | Existencevalue
thefore | -
(option vlug)

Fig. 1. Total economic value of environmental benefits
(Source: [17]).

The choice of method and valuation depends on the
forms of cost (UV or NUV) [18]. Market prices provide
an equilibrium assessment at the current level of supply
and demand, can be used to calculate the cost of
damages caused by environmental violations, for
example, if products cannot be produced or a loss of
property occurs, but they cover only direct consumer
value. Therefore, they are not a measure of the total
economic value for natural goods.

The basic methods of value assessments of natural
goods are presented in table 2.

Critics of monetary assessment of natural benefits
point to its laboriousness and resource-intensiveness; the
need to update previous assessments and, as a result,
being forced to wuse outdated or inappropriate
assessments; ethical problems, as well as many other
shortcomings [21]. Meanwhile, they indicate that the
economic value of environmental goods depends on the
level of socio-economic development achieved by
society: a natural resource that has a consumer value
today, tomorrow can be awarded the highest value as
part of the general heritage of society [22].

Over the past two decades, there have been major
changes in the empirical methods used by economists to
explore the problem of sustainable development. The
development of the research design was facilitated by
increased computing power and the availability of large
datasets [2].

W. Nordhaus, winner of the 2018 Nobel Prize in
Economics "for integrating climate change into long-run
macroeconomic analysis ", pioneered in modeling
interconnections between economic and ecological
indicators [23]. An important innovation of the Nordhaus
DICE and RICE models is the idea of combining into a
single system equations containing economic variables
and physical variables (characteristics of the carbon
cycle, radiation exposure of greenhouse gases) to study
the relationship between climate and economic damage.

3 Results and Discussion

Environmental costs accompany "a system of
negative impacts of the economy on nature and the
reverse negative impacts of the disturbed natural
environment on the economy" [6] and are the sum of
interdependent economic costs: the cost of compensating
for environmental violations and environmental costs to
prevent these violations (see Figure 2).

The amount of such costs is called economic damage
caused to the national economy by environmental
violations [6, 24, 25]. It is not permanent and depends on
many reasons, including the physical, chemical and
biological parameters of the natural environment and
negative factors of economic activity. The relationship
between the two types of costs is supposed to be
divergent: as environmental costs increase, the cost of
damages should be reduced, and vice versa.

Such an approach to environmental costs allows us to
give an economic justification to the goals of
environmental activities by assessing the economic
damage from environmental violations and correlating
the costs and benefits of environmental measures, as
well as to show the validity of the assessment of natural
resources by determining the damage from the loss of a
unit of this resource as a result of environmental
violations, and propose various methods for evaluating
damage (for example, using the intersectoral balance
based on expert estimates) [6, 24, 25, 26, 27].
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Table 2. Methods for evaluating natural goods.
Methods Essence Problems
Revealed Market price | Total cost of damage based on information on need to collect information on
Preference proxies the costs of related market goods: the value of market prices, accounting for
Methods lost property, the cost of production losses seasonal price fluctuations and
inflation;
market failures distort prices;
Transport costs Modeling the function of the demand for rest need to link market data to
method and calculating the surplus of the consumer. environmental characteristics;
The cost of paying for quality is determined
by differences in the cost of visiting tourism
destinations with varying quality.
Hedonic property | Value of a product, such as real estate, is
pricing explained as a set of characteristics of which
one or more may be environmental. We are
using regression analysis to assess the
influence of various factors on the value of the
object.
Stated Appraisal method | Individuals evaluate environmental quality bias of assessments may be
Preference values through surveys asking them to related to the design of the
Methods indicate their preferences. Both UV and NUV survey, the interview scenario, the
are taken into account [19]. information provided to
Choice modeling | Multicriterial method, where one of the respondents, etc.;
(market attributes is the costs [19]. surveys are costly both in
simulation) resources and time;

Production Function Approach

Assessing the function of physical harm for
projects impacting environment

difficulties with complex
environmental and  economic
interdependencies, and  the
presence of feedback [20];

Replacement Cost Method

Use of information about the relationship
between a product that does not have a market
and a product that has a market. Direct
replacement of a product that does not have a
market with a product that has a market. The
indirect ~ substitution method combines
substitution and production function.

provides an approximate estimate
of the value of a product or
service;

the accuracy of the assessment
depends on the degree of
interchangeability of the
substituted resources;

Preventive Cost Method (to reduce
negative impact)

Measures the cost of preventing damage, can
be used to measure the impact of biodiversity
loss on market and non-market goods and
services, with the exception of unused values.

data on actual costs incurred to
alleviate environmental concerns
is needed;

Dose-Reaction Method

Based on the connection between pollution
and public health indicators, requires data
reflecting the relations between human,
animal or plant response to pollution

uncertainty of the function of the
reaction is related to the
complexity of the relationship
between pollution and health;

the accuracy of the method is not
known and can lead to errors in
assessing  the  benefits  of
improving the quality of the
environment;

Alternative Cost Method

Instead of assessing the benefits of improving
the quality of the environment, we consider
the benefits of activities that lead to
environmental damage, which are accepted as
lower limits on the value of environmental
objects, showing how valuable it should be to
preserve them in their current form

Since the averted and caused damage are the cost of the
same economic agent that seeks to minimize their sum, it
becomes possible to minimize the amount of
environmental costs and economic damage from
pollution and to define an economic optimum of

pollution. The resulting economically optimal level
should be compared with the maximum allowable level
according to the established standards. If the economic
level does not exceed the standard one, then the results
of the optimization problem are accepted, otherwise the
economically optimal solution is discarded [25].

Based on an understanding of the environmental
costs presented in the Figure 2, the formation of
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etc.)
'

Damage prevented

f
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Fig. 2. Environmental costs and economic damage from environmental violations.

information begins with getting adequate assessments of
the damage caused and the averted damage.

As discussed above, the different nature of the
indicators characterizing targets, means and expected
results of environmental protection measures is an
important issue in assessing environmental costs. One of
the approaches to solving this problem is the
development of Integrated Assessment Models (IAM).
The aim of developing such models is to provide
information for sound management decisions in the areas
of economic and environmental policy. Environmental
characteristics in these models tend to be selected in the
context of climate change, so they describe the processes
that produce greenhouse gases. At the same time, all
climate models of integrated assessment include the
characteristics of the economic processes.

The features of integrated assessment models are
their interdisciplinary approach, different levels of detail
and complexity of the relationships taken into account,
global geographical coverage, and long-term time
horizon.

We can use two types of [AM:

1. Process-based Integrated Assessment Models that
focus on quantifying development scenarios and provide
industry-based information based on complex processes
modeled.

2. Cost-benefit Integrated Assessment Models that
are models of policy optimization, they have a goal
function or a welfare function, which gets maximized
and can be used to evaluate alternative trajectories or
policies [28].

Integrated modeling of the relationships between
natural changes and macroeconomic processes is aimed
at assessing the damage from emissions of a greenhouse
gas unit — the “social cost of carbon emissions” (SCC,
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social cost of carbon) [29], analysis of complex
scenarios for fighting climate change; at the assessment
of costs and benefits, divided in time and falling on
different generations, under conditions when neither the
economic damage from climate change, nor the costs of
reducing greenhouse gas emissions can be accurately
known; at the development of economic and
environmental policies at the global level, etc. [28].

We should also note that there are important flaws in
integrated modeling, which make it virtually useless as a
tool for policy analysis because IAM-based analysis of
climate policies creates a perception of knowledge and
accuracy that is illusory, and can make policymakers
think that the predictions generated by the models have
scientific legitimacy of sorts [30, 31].

Among these drawbacks are the following:

1) Unreasonable choice of functional forms and
values of model parameters, such as the discount rate
when determining SCC, the choice of which leads to
strikingly different conclusions about the optimal
reduction in emissions. The equations, which are part of
most IAM, are nothing more than reflections of the
modeler’s own "expert" opinion, and thus the model can
be used to obtain almost any desired result to legitimize
subjective views on climate policy.

2) Attempt to take into account in IAM the
relationship between increasing CO2 concentrations and
rising global temperatures in the absence of accurate

knowledge of physical mechanisms of such
interconnection,  uncertainty  regarding  climate
sensitivity.

3) Lack of understanding of the actual form of
function of damage, which is one of the most important
parts of IAM and describes the relationship between
temperature growth and GDP (or GDP growth). The
scientific literature contains very little information about
the damage to the economy that can ensue from rising
temperatures.

4) The probability of a climate catastrophe
developing due to a sharp rise in global temperature,
which will cause significant damage to the economy, is
unknown, but it is these events that should be the focus
of environmental policy [31].

The final stage in the formation of information on
environmental costs is their reflection in accounting.
Within the framework of the concept of sustainable
development, environmental responsibility is an
important component of business sustainability. Using
non-financial ~ reporting  indicators  will  allow
stakeholders to analyze spending on environmental
protection; estimate emissions in the atmosphere, use of
water resources, waste generation, impact of land and
vegetation conservation, as well as the conservation of
biodiversity, energy and energy efficiency.

4 Conclusion

As part of the concept of sustainable development,
environmental costs have become an important tool for
assessing economic development and the well-being of
society. Lately, a lot of attention is paid to clarification

of their content, classification, methods and
methodology of their assessment, modeling the
relationship between economic and environmental
indicators.

Despite this, we should note that there is a problem
of lack of data, as well as overestimation and
underestimation of environmental costs due to the
divergence of estimates obtained using different
methods.

Given that the level of confidence in reporting
environmental costs in non-financial reporting
determines the quality of management decisions made,
the issues of presenting systematic data on the value of
environmental costs in accounting need further
development.

Ways of organizing environmental accounting
require comprehensive analysis as well; further
development of the methodology for integrating
environmental indicators into the accounting system is
needed, as well as the use of such accounting data for
adoption of better sustainable development solutions.
This is because it is the environmental accounting that
provides valuable tools for analyzing the economic
impact of environmental problems.
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