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Abstract: The paper presents a framework for the financial analysis of the environmental measures
(programmes) for forestry enterprises. The indicators of the economic and social effectiveness of
environmental measures are discussed. The prospects for their implementation in the context of
sustainable forest management in Ukraine are analysed. The research focuses on the effectiveness
of environmental measures at the level of forestry enterprise. The proposed framework allows for
determining the economic and social effectiveness of environmental measures at the enterprise level.
To this end, the net discounted income is used to measure the profitability of environmental measures.
The payback period is determined to provide an intuition behind the decision to participate in the
environmental measures. The proposed framework allows for improving decision support for the
national sustainable forestry development programmes not only at the macro level, but also at the
level of enterprises.

Keywords: environmental activities; management decisions; mathematical model; environmental
performance assessment; net discounted income; forestry

1. Introduction

Today, forest resources are of paramount importance for all those living on the planet, and, in
particular, for ensuring human life. In the economy of the state, the forest industry plays a special role,
since it is both a strategic resource of the economy and a factor of stability. The Food and Agriculture
Organization of the UN (FAO) [1] emphasizes that forests play a fundamental role in ensuring food
security and improving the living conditions of people, ensuring the most effective use of the full
range of economic, social and environmental benefits associated with the integration of forests into
agriculture and recreation. Forests and agriculture have a significant role to play in meeting the historic
challenge, which is stated in the document “Transforming our World: The 2030 Agenda for Sustainable
Development” to rid the world of two scourges—poverty and hunger.

A significant role in the sustainable development of forestry is played by the Forest Stewardship
Council and the Sustainable Green Ecosystem Council through the proposed scheme of the international
forest certification. Cooperation with such organizations should be increased to ensure reliable

Sustainability 2020, 12, 2998; doi:10.3390/su12072998 www.mdpi.com/journal/sustainability

http://www.mdpi.com/journal/sustainability
http://www.mdpi.com
https://orcid.org/0000-0002-6075-095X
https://orcid.org/0000-0002-1870-7915
https://orcid.org/0000-0002-2185-0341
https://orcid.org/0000-0002-3906-1711
https://orcid.org/0000-0002-3247-9912
http://www.mdpi.com/2071-1050/12/7/2998?type=check_update&version=1
http://dx.doi.org/10.3390/su12072998
http://www.mdpi.com/journal/sustainability


Sustainability 2020, 12, 2998 2 of 15

monitoring of forest use in countries around the world [2,3]. It is clear that the proposed certification
scheme requires the usage of appropriate methodological accounting tools.

Despite the improvements evidenced by the main statistical indicators of the state of forests in
Ukraine [4], there is a number of significant problems in forest management. Some of them are the
unsustainable use of forest resources, illegal logging, industrial air pollution, excessive use of chemical
means of protecting forests from diseases and pests of forest vegetation and also forest wildfires.

The solution to these problems requires the board of the national system of eco-oriented forest
management by the industry, taking into account the Sustainable Development Goals for 2016–2030.
The sustainability issues are important not only at the macro level, but also at the level of forest
subjects. The goals of sustainable development in the forestry of Ukraine provide environmental
and economic aspects of sustainable development. The environmental aspect of sustainable forestry
development implies the preservation of the environment, the biological diversity of forest ecosystems,
the rational use of natural resources, the protection of the atmosphere, land, subsoil, forests, water,
and the ecologically safe use of biotechnology (Goals 6, 12, 13, 15). The economic aspect reflects the
balance of economic interests of the main subjects of forest relations: the state, the owner of the forests,
forest users, the management authorities of forests at all levels and the public (Goals 2, 3, 7, 8, 12) [5].
To show the importance of the analysis of the effectiveness of the implementation of environmental
measures in forestry, Table 1 depicts the dynamics of the main financial and economic indicators of
forestry enterprises in Ukraine for 2015–2018.

Table 1. Main financial and economic indicators of activity of forestry enterprises of Ukraine for
2015–2018 [5,6].

Indicator, Dimension 2015 2016 2017 2018 Rate of Growth, %

Forest area, thousand ha 10,630.3 10,423.1 10,674.9 10,674.9 0.4
out of which covered with tree cover 9695.2 9690 8424.6 8424.6 −5.6

Cutting area, thousand ha 399.3 386.3 419.1 445.5 4.1
Volume of harvested liquid wood,

thousand m3 21,924.2 22,602.3 21,923 22,529.7 0.5

Area of forest reproduction, thousand ha 60.4 63.2 64.7 51.5 −4.5
Net income from the sale of forest products,

thousand EUR 429,997.8 426,047.3 455,772.7 511,986 5.9

Cost of sold forest products, thousand EUR 296,613.3 306,352.1 340,421 390,021.8 9.3
Operating expenses, thousand EUR 36,751.16 23,622.66 25,728.49 30,803.71 −4.4

Net profit, thousand EUR 41,326.67 26,119.21 16,757.6 14,526.34 −35.8

Note: stochastic annual rates of growth based on the lin-log regression are given.

According to Table 1, one can observe that the increasing cutting and slightly increasing volume
of the harvested wood led to a decline in the net profit of the Ukrainian forestry enterprises during
2015–2018. The area covered with the tree crown cover and the area of forest reproduction also declined.
This indicates the need for analysis of the profitability and environmental performance of the Ukrainian
forestry sector.

Many types of environmental problems arise which require diverse indicators and protocols
for their analysis. The environmental performance indicators (EPIs) can assist the analysts in these
instances. The EPIs relate the economic activities to the environmental pressures. Indeed, these
environmental pressures may often remain external to the companies and would not be accounted for
in such traditional performance measures as, e.g., financial indicators. The environmental measures
(and the associated EPIs) can be measured in a number of ways [7–9]. In particular, EPIs are designed
to describe such issues as pollution, biodiversity, climate, energy use, erosion, ecosystem services, and
environmental education, among others [10,11]. The EPIs are often combined with other indicators by
establishing indicator systems for sustainability assessment [12,13].

One of the main factors influencing the efficiency of enterprise management is the provision of an
effective accounting and analytical system, which, with the help of relevant information, will allow
controlling the volume and condition of forest resources, to characterize the efficiency of environmental
activities of forestry for the purpose of making management decisions.



Sustainability 2020, 12, 2998 3 of 15

The purpose of this study is to define the peculiarities of environmental performance analysis of
forestry enterprises in accordance with the requirements of the Sustainable Development Goals for
2016–2030. In order to build the methodology of such analysis which will contribute to the effectiveness
of measures for the protection and reproduction of the country’s forest resources, the following tasks
were undertaken: developing the methodology for environmental analysis by establishing a system of
indicators to assess the economic, environmental and social effectiveness of environmental measures;
constructing an economic-mathematical model of efficiency analysis of environmental performance
of forestry enterprises (public and private forms of property). The research is based on the official
data from the State Forest Resources Agency of Ukraine, State Statistics Service of Ukraine, the actual
information of the forestry enterprises of Ukraine and the results of the questionnaire of the heads of
such enterprises.

2. The Status of Implementation of Environmental Measures for Forestry in Ukraine

On the basis of processing and generalization of theoretical studies and taking into account the
practical experience of forestry enterprises, environmental measures are systematized depending
on the content, purpose and objects of environmental activity [14,15]. The main environmental
activities of forestry are: the construction and maintenance of waste disposal facilities for timber and
woodworking industry; the prevention, timely detection and control of forest fires; the prevention and
management of windbreaks, snow breaks and other natural disasters; the prevention and elimination of
negative effects of technogenic effects on forest plantations; the protection of forests from unauthorized
logging, damage and other forest violations; monitoring forest users’ compliance with forest leave
regulations; and control of harmful insects and forest diseases; conservation and reproduction costs;
the construction and maintenance of permanent forest roads, providing access to all areas of the
forest; and the establishment of plants and laboratories for the biological and chemical protection of
forest plantations.

The technological specificity of the environmental activities of forest farms is due to the
following characteristic features of forest management: the direct relationship between environmental
activities and their dependence on the main technological process, which makes it difficult to
allocate environmental costs in their entirety; versatility of environmental measures related to forest
management in accordance with types of logging technology, reforestation, wood processing; technology
dependence for environmental management from the use of forest resources.

Considering that Ukraine has not yet approved the project Forests of Ukraine–2030, whose main
purpose is to intensify its work on forest reproduction and protection, the only relevant source of
size and composition of nature conservation measures in forestry is the report on the results of the
implementation of the state target programme “Forests of Ukraine” for 2010–2015. The results of the
implementation of environmental measures in accordance with the tasks of the state target programme
“Forests of Ukraine” for 2010–2015 testify the positive dynamics of their volumes and confirm the
achievements of the planned results (Figure 1).
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Figure 1. Dynamics of environmental measures in accordance with the tasks of the state target
programme “Forests of Ukraine” for 2012–2015. Source: development of authors using the results of
state target programme “Forests of Ukraine” for 2012–2015 [16].

The expenses for environmental protection are rising annually and are carried out at the both the
state budget and own sources of funds of forestry enterprises. Analysis of costs for environmental
protection in forestry and logging testify to positive dynamics of their sizes and confirm the relevance
of the study of such costs, particularly within the private forestry enterprises (Figure 2).

Figure 2. Analysis of costs for environmental protection in forestry and logging for 2015–2018. Source:
development of authors using the results of Environment of Ukraine 2018, 2019 [4].

The sources of expenses for environmental protection in forestry and logging were rather stable
during 2015–2018 (Figure 3). As the State Statistics Service of Ukraine provides data about expenditures
by the state budget from the General Fund and special funds and private sources (i.e., funds of the
forestry enterprises), one can identify the major contributors to the environmental measures in the
forestry sector of Ukraine. Obviously, more than 90% of the funding comes from the forestry enterprises
themselves [4]. Therefore, there is a need to identify the effectiveness of these measures.
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Figure 3. Expenditure on environmental protection in forestry from financing sources for 2015–2018.
Source: developed by the authors using the results of Environment of Ukraine 2018, 2019 [4].

3. Literature Review

The integration of environmental considerations into economic analysis rewards attention [17–19].
Indeed, issues related to the environment in the economic, social and ecological performance of the
forestry sector which are important in the context of sustainability [9].

The environmental accounting of enterprises is becoming more and more important. The growing
complexity of business in the face of the exhaustion of natural resources leads to relevant information
requests. It is important to adapt to the changing environment in a timely manner, applying creativity
and forecasting for modern efficient management. Therefore, in European countries, environmental
accounting is a complex system which combines the features of the main functions of management; that
is, organization, planning, analysis and control [20]. Equally important is the empirical assessment and
study of factors that influence environmental management accounting and economic performance [21],
particularly with regard to assessment and reporting prepared by enterprises, taking into account the
integration of performance appraisal indicators into the overall management system [22].

The use of an appropriate environmental management accounting system helps to improve the
environmental performance of business entities [23]. The role of accounting management systems
in influencing environmental uncertainty and energy efficiency on economic and environmental
performance of enterprises is becoming increasingly important in scientific research [24].

The solution of individual theoretical and methodological problems is devoted to fundamental
scientific research [25,26]. However, development issues in the accounting of environmental activities
remain relevant, in particular the possibilities of information provision for assessing the effectiveness of
environmental activities. Current publications have covered the role of environmental accounting and
general principles of the organization at the enterprise [27]. Krivačić, and Janković also demonstrated
the importance of establishing due environmental reporting for the management needs [28]. The impact
of harmonising the environmental accounting information system on the environmental performance
of small and medium-sized enterprises was also analysed [29]. In addition, there has been research
on the relationship between environmental accounting and management in the context of both
environmental and economic performance of enterprises [30]. Cavatassi proved the influence of proper
planning, accounting and control of environmental activities on the formation of financial results of
the enterprise [31].
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In the framework of the growing role, the issues of the effectiveness of the use of forest resources
become an exhaustive natural resource, in which the development of measures for its conservation
is required. In order to provide adequate information support for optimal management decisions,
environmental accounting has to be integrated into the economic structure of the enterprise and to
take maximum account of the sectoral features of forest management [32].

Current research is on trends in the development of the accounting of environmental activities in
the European forest industry [33]. In particular, Toscani and Sekot claimed that the Forest Accountancy
Data Network is a modern European information source of research in forest economics at the enterprise
level [34]. The proposed method involves the multiple use of the forest resources according to the
aspects of sustainable development.

The effective forestry activities are widely investigated in the eastern countries. Scientists are
exploring the role of accounting and environmental management systems in assessing the impact of
environmental strategy tools, uncertainty, and management commitments on China’s environmental
performance [35]. The frontier methods can also be applied for measuring environmental performance,
e.g., analysis of state forestry enterprises in Northeast China [36].

Life cycle analysis has become an important concept in the environmental performance of forest
enterprises [37]. Carbon budgeting can be established for the life cycle of the forest products. These
indicators can supplement the economic dimension of the analysis. However, life cycle analysis is
data-intensive and requires detailed descriptions of the operations involved in the production of each
specific product.

The analysis of the efficiency of ecologically balanced systems of forest management in Ukraine,
on the basis of which a modern system of social and economic measures to improve the functioning of
the industry, was proposed [38,39]. However, the holistic accounting and analytical support system for
environmental management is absent in forestry. Taking into account the economic, ecological and
social aspects is still needed in the accounting practice of Ukrainian forest management. The activities
of forestry enterprises have many branches. Therefore, for proper accounting and analytical support of
environmental management n such enterprises it is necessary to have detailed research and to take into
account the influence of such features, while developing systematic methodologies and assessment
of the effectiveness of forest enterprises’ environmental measures, which will take into account the
economic, environmental and social aspects of the forest resources use.

4. Results

4.1. Accounting of Environmental Activities in Forestry

As part of the usual activities of economic entities, operational, financial and investment activities
are distinguished. Economic activity for the majority of enterprises, including forest farms, should
be based on the maximization of the effectiveness of operational activity that is a significant and
fundamentally important activity of the enterprise, and corresponds to the main purpose of its creation
and functioning. The main features of the operational activity, which distinguishes it from other
activities, are the constant repeatability and regularity of economic operations. The operational activities
of forest enterprises include such processes as afforestation, reforestation, logging, woodworking and
implementation. The above processes form an industry affiliation, and therefore have a direct influence
on the construction of the accounting system.

The organizational characteristics of the forestry enterprises are related to the presence of different
types and purposes of production processes [40]. However, the accounting system is most influenced
by the technological features of the main forestry activity; in particular, the completeness of the
technological process (the presence of advanced logging and woodworking production), and high labor
capacity (logging) and material capacity (wood processing) availability of primary related products
and waste (Figure 4). A significant amount of accounting information is about tools and work items.
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Figure 4. Influence of forestry industry features on accounting system. Source: development of authors
using the results of [18,41].

Thus, the process of using forest resources is connected with their depletion, as a result of which the
enterprises of forest hectares of meadows actively participate in their protection and reproduction. This
confirms the direct relationship between forest management and environmental protection. We propose
to consider the activities aimed at achieving the maximum socio-economic effect of improving the state
of forests, their management, integrated processing and conservation of forest resources.

Based on the identified aspects of environmental activities in forestry, their impact on the
accounting and analysis system is determined, namely, the need to improve the analytical nature of
accounting information on environmental activities through its diversity, and the need to organize the
collection, processing and timely submission of information to users in a rational manner.

The study identified a number of factors that negatively affect the implementation of environmental
activities, in particular, non-compliance with logging technology and the increase in purchasing prices
for raw materials, fuel and lubricants and energy resources [42]. These factors have a significant impact
on environmental performance. In order to eliminate them quickly, it is necessary to have complete
information on the costs of environmental activities, formed mainly in the accounting system and
ensuring the timeliness of its receipt [18,43]. It is obvious that it is impossible to evaluate environmental
performance without information from the accounting system and the introduction of organizational
and methodological provisions for environmental analysis. This will provide information and needs
and users at all levels of management.

Most of the input information necessary for environmental performance analysis is formed in the
accounting system. Reviews of the current environmental accounting techniques were proposed in the
scientific literature. They were based on the use of a separate synthetic account (subaccount) and/or
the use of special accounting articles for production cost accounting. The use of a combined method of
accounting for current environmental costs has been proved, which provides the use of sub-account
237 “Environmental costs”, which is of a costing nature. Analytical accounting is proposed to be
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carried out by structural units, within the framework of specific environmental activities, with division
by place of occurrence of costs and objects of expenditure. In the case of the complexity of attributing
environmental costs to the cost of specific products, it is proposed to use sub-account 915 “Expenditure
on environmental protection” in accordance with the developed nomenclature of costs.

In order to streamline the accounting of environmental costs, taking into account the nature
protection characteristics of forestry enterprises and a certain range of environmental expenditure
items, it is proposed to fill in such registers of synthetic and analytical accounting of environmental
costs: “Statement of cost accounting for environmental activities of forestry”; “Summary statement of
environmental cost accounting by sources of financing” [41].

4.2. The Effectiveness of the Environmental Activities

Environmental performance and effectiveness are determined from different perspectives, ranging
from the assessment and analysis of income from environmental activities to the assessment of damage
prevention. The complex and multidimensional nature of the relationship between the production and
environmental activities of forest enterprises does not provide an opportunity to accurately assess the
transition of ecological and economic systems to a higher level of operation.

The objectives of the environmental performance analysis are: assessing the implementation of
the plan in accordance with the relevant indicators; assessing the factors that affect the results achieved;
to determine, in accordance with the results achieved, the permissible pollution of environmental
components and the average industry standards for the use of natural resources; assessment of the
existing organizational and technical level of environmental activities and planned environmental
activities according to the data obtained in the analysis of the results of activities to improve the use of
natural resources; and the choice of environmental measures that will further improve environmental
performance [44].

The improvement and significant growth of economic criteria of efficiency of production and
financial activity does not necessarily lead to improvement of environmental performance indicators.
A qualitative change in these indicators occurs when the level of utilization of production resources
is sufficiently high [42]. It is possible to determine this despite the whole variety of its forms, by
using the whole complex of analytical instruments. Here, it is important to find the optimal ratio
in the middle of each of the applied methodological techniques, ensuring a differentiated approach
to the phenomena and processes studied. In environmental management, this means the need for a
quantitative perception of the conditions and scope of reconstruction and modernization of production,
according to which the transition to a different level of environmental activity begins.

The analysis of environmental performance in the overall context of resource conservation does not
solve the question of assessing the effectiveness of environmental measures themselves. Environmental
protection has long been a relatively independent area, although without institutional foundations.
Most of economic entities allocate financial and other resources to some extent for conservation [45].
The establishment and operation of environmental units raises the question of monitoring their
implementation, taking into account the effectiveness assessment.

As a result of the study and synthesis of environmental performance indicators systems, we propose
analysing the effectiveness of environmental activities of forestry enterprises in the following stages:
economic, environmental and social (Table 2).

The testing of all the indicators in Table 2 is currently not possible for forestry enterprises, since in
practice current and capital conservation costs are not allocated to a separate group, but are included
in the total cost of production, which requires time-consuming sampling of primary documents,
statistical calculations and expert estimates, and complicates the expediency of their implementation.
In addition, a large part of the sources cited is purely internal and confidential information of forestry
enterprises. In view of this, Table 2 proposes the introduction of a number of analytical accounts
intended for the accumulation and movement of current and capital environmental expenditures in
the accounting system.
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Table 2. Indicators for environmental performance in the forestry sector of Ukraine.

Dimension Indicator Definition Desirable Trend of
the Indicator

Sources of Information for
Calculation

1 2 3 4 5

Economic
impact

Overall economic
effectiveness of
environmental
expenditures

Egen =
EE f g

CEE ,
where Egen is the overall effectiveness of

environmental costs;
EE f g is the ecological and economic impact of

environmental measures implemented (the total
increase in the forest resource value);
CEE is the cumulative environmental

expenditure that has contributed to this effect.

max

Data of analytical account 237
“Environmental expenses”, 915
“Environmental expenses”, 719

“Operational income from
environmental activities”, 747

“Income from capital environmental
measures”. Analytical accounting on
accounts 15 “Capital construction”, 98

“Tax on profit”.

Effectiveness of
capital environmental

expenditure

Ek =
EE f g−Eo

CNE ,
where Ek is effectiveness of capital

environmental costs;
Eo is operating expenses for maintenance of

environmental objects;
CNE is the capital expenses for nature

protection.

max

Normative
effectiveness of

environmental costs

Ecom = Eo + CNE × En,
where Ecom is normative effectiveness of

environmental protection En is the normative
coefficient of capital investments.

min

Net economic impact
of environmental

measures

NEE = Egen – Ee,
where NEE is the net economic effect;

Ee is the costs of relevant environmental
activities;

Egen - the economic effect of the implementation
of nature protection activities:

Egen= EL + ∆I
EL is prevented loss from pollution of forests;

∆I is the growth of income from the activities of
the enterprise due to environmental

improvement.

max

Environmental
impact

Average reduction in
negative impact on

forest resources

Ere =
∆Ire
TEE ,

where Ere is the average reduction in the
negative impact on forest resources;

∆Ire - reduction in negative impacts on forest
resources;

TEE is the total environmental expenditure that
has contributed to this effect.

max
Management reporting data:

“Statement of cost accounting for
environmental activities of forestry”,

“Summary of cost accounting for
environmental activities by sources of

financing”, form 10-LH “Report on
the implementation of the production

plan for forestry”.Average impact on
forest resources

Eimpr =
∆Iimpr
TEE ,

where Eimpr is an indicator of the average
increase in the impact on forest resources;

∆Iimpr is improvement in the value of forest
resources.

max

Social impact

Profitability of
environmental

activities from the
social viewpoint

R =
∑M

m=1 ∆ym+Pw∑n
i=l Zi ,

where R-profitability of environmental activities
from the point of view of society; ∆ym is

reduction in environmental fees and payments;
Pw is additional profit from the sales of waste to
third party enterprises or their own processing
and sale of products to buyers; Zi is the costs of

implementation of I environmental action.

max

Data of analytical accounting on
accounts 36 “Calculations with buyers

and customers”, 37 “Calculations
with other debtors”, 915 “Expenses on

environmental activity”.
Tax and financial reporting data.

Note: enterprises need to keep records of such expenses as total environmental costs in order to calculate the
absolute profitability of the environmental costs; environmental operating and capital costs in order to calculate
their effectiveness in the implementation of environmental protection measures. Source: developed by the authors.

The objective of the analysis of environmental performance of forestry enterprises is to prepare
analytical information necessary for making sound management decisions that would allow enterprises
to achieve maximum cost-effectiveness of environmental activities with maximum consideration of
requirements of the sustainable development goals in the area of forest resources.

Environmental performance indicators reproduce the environmental impact of the environmental
project, which can be expressed in the ecological capacity of the territory, increasing biodiversity and
increasing the assimilation potential of the territory [46]. Also, indicators of environmental efficiency
can be included that characterize the dynamics of emission reductions and discharges. As a result, the
environment becomes less polluted, and thus more resistant to negative anthropogenic influences due
to human economic activity.
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The objectives and results of environmental activities are also linked to the cost-effectiveness of
the environmental performance of the enterprise—environmental profitability (R) [47]:

R =

∑n
i=1 Pi∑n
i=1 Zi

, (1)

where P is the benefit of implementation of environmental action i; Z is the cost of implementation of
environmental protection measure i; and n is the number of environmental measures.

From the point of view of the enterprise, the environmental damage is not accounted for in the
case it is not properly internalized through, e.g., administrative actions of the government authorities,
which then decrease the profitability of the enterprise. For this external effect, economic methods for
reducing the pollution of the environment used by the enterprise include profit taxes or increases
in the production costs through, e.g., value-added tax. Thus, the result of the environmental action
is a reduction in the cost of production or a reduction in the payments from profit. The enterprise
is also interested in obtaining additional profit through the sale of production waste. In addition,
for the implementation of environmental activities, the enterprise can receive a preferential credit,
which serves as an incentive for the implementation of environmental measures and increases their
effectiveness, and receive funds of targeted financing (subsidies) from local or regional budgets, which
affect the assessment of the effectiveness of environmental measures. Taking into account all the
above factors, the profitability of an environmental strategy at the level of an individual enterprise is
obtained as:

R =

∑M
m=1 ∆ym + Pw + Pcr∑n

i=1 Zi −Zgr
, (2)

where ∆ym is the reduction in environmental fees and payments; m indicates the types of environmental
fees and payments (fees, environmental tax, special use of forest resources); M is the number of
environmental payments; Pw is the income from the sale of waste to third-party enterprises or their
own processing and sale of products to buyers; Pcr is the reduction in the payment for the received
credit; Zi is the costs of implementation of environmental management measure i; and Zgr is the value
of grants received by the enterprise. In addition to profitability, the payback period can also be used
to assess the cost-effectiveness of environmental measures, which is calculated as a reverse ratio to
profitability, that is, 1 / R.

The social effectiveness of environmental activities is primarily assessed by harm reduction caused
by exploitation of the forest resources. A company is also interested in waste processing, coinciding
with the interests of the enterprise. Thus, the profitability of environmental activities from the point of
view of society, we suggest, is expressed by the formula:

R =

∑M
m=1 ∆ym + Pw∑n

i=1 Zi
. (3)

The social effectiveness of environmental measures is determined by comparing the indicators
that characterize the social result (effect of changes in social indicators before and after the introduction
of environmental measures) to the costs necessary to achieve them.

We will build a simple optimization model for evaluating the effectiveness of environmental
measures at the enterprise level on the basis of the net discounted income (NDI) indicator:

NDI =
∑T

t=1

∆yt + Pw,t + Pcr,t

(1 + r)t −

∑T

t=1

Zt −Zgr,t

(1 + r)t , (4)

where r is the discount rate for social and environmental measures, which is taken at the level of 50%
of the inter-bank interest rate; and t is the time period. Note that variables with sub-indexes t denote
the sums of respective indicators, i.e., ∆yt,m =

∑M
m=1 ∆yt,m and Zt =

∑n
i=1 Zt,i.
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Due to limited data availability, we embark on an illustrative example to show the possibilities for
applying the proposed indicators for valuation of the environmental measures (programmes). Suppose
that the annual loss prevented (i.e., savings) due to implementation of the conservation measure is 50
thousand Euro per year. The capital costs ensuring eligibility for the participation are incurred in the
first year (80 thousand Euro) and in the second year (60 thousand Euro). The observed inter-bank loan
rate is 10%. Ignoring the time effect, the simplest measure of the profitability of the participation in
the programme is 50 / (80 + 60) = 0.36 = 36%. However, a more detailed analysis can be applied by
following the logics outlined in Equation (4). As we equate the discount rate to 50% of the inter-bank
loan interest rate, the discount rate of 5% is used for calculation of the discount factor. The calculation
of the NDI for the time horizon of eight years is presented in Table 3.

Table 3. Calculation of the net discounted income (NDI) for an environmental measure.

Year

Annual Reduction
in Damage to

Forest Resources,
Thousand Euro

Annual Amount
of Capital

Conservation
Expenditures,

Thousand Euro

Cash Flow,
Thousand

Euro

Discount
Factor

Discounted
Cash Flow,
thousand

Euro

NDI,
Thousand

Euro

1 – 80 −80 1 −80.0 −80.0
2 – 60 −60 0.95 −57.0 −137.0
3 50 – 50 0.91 45.5 −91.5
4 50 – 50 0.86 43.0 −48.5
5 50 – 50 0.82 41.0 −7.5
6 50 – 50 0.78 39.0 31.5
7 50 – 50 0.74 37.0 68.5
8 50 – 50 0.71 35.5 104.0

Source: developed by the authors.

On the basis of these calculations, a schedule of changes in the NDI by years is established
(Figure 5). Following the assumptions of the model, the lowest NDI is achieved if the environmental
programme stops in Year 3, i.e., after consecutive investments are done and no positive impacts are
obtained yet.

Figure 5. Schedule of net discounted income from the implementation of the environmental measure.
Source: developed by the authors.

If, for a given period of time, t0, the positive NDI is observed, i.e., NDI > 0, the programme
is economically justified. On the contrary, if NDI <0, then the environmental programme is not
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economically justified. The data in Table 3 and Figure 5 suggest that the NDI schedule crosses the time
axis (i.e., changes sign from negative to positive) in between Years 5 and 6. Thus, the payback period is
over 5 years (and less than 6 years). The specific length of the payback period is obtained as

T0 =
t0 − NDI(t0)

NDI(t0−1) −NDI(t0)
(5)

According to Equation (5), we get T0 =
5 −(−7.5)

31.5−(−7.5) = 5.2 [years]. This implies that the payback
period is 5.2 years. If the environmental programme ensures the flow of income beyond this time point,
the forest enterprise can commit to such a programme.

5. Discussion

The method of evaluating the environmental performance in forestry which is proposed in the
research is the result of scientific works in the sphere of accounting and analysis of environmental
activities of forestry enterprises [17,40]. No analogues have been found in Ukraine and the world at
this time.

The factors for achieving high environmental performance are: the close relationship of the
environmental action plan to the following sections, such as production and sales (all of these changes
in the volume and nomenclature of products produced should be harmonized with the capabilities
of existing environmental facilities, and if they are insufficient, appropriate changes should be made
to production plans or environmental action plans); technological and organizational development
(the application of new technology and technologies should also take into account the need for
environmental protection); standards and norms (because the necessity of environmental measures
and the results of environmental activities depend to a large extent on the availability and observance
of progressive norms of consumption of materials, fuel and other natural resources by the enterprise);
successful implementation of planned environmental measures; high organizational and technical
level of production in general and especially environmental activities; concentration of production and
increase in capacities of technological units; condition and compliance with the rules of operation of
technological and environmental equipment, as well as optimal technological regimes. This factor
should be particularly important, as it allows for better environmental performance, not only at no
additional cost, but also with a noticeable production effect.

In the context of economic imbalance at the local and regional levels and the influence of many
factors on the results of forest operations, it is advisable to use mathematical modeling methods
(in particular, simulation modeling) as a powerful tool to identify the weak and strong sides of the
enterprise’s activity, to determine the imbalances that hinder its development, and to simulate the
results of environmental activities with a high degree of reliability.

However, in order to achieve reliable results, a database should be established that could be used
in the modeling of performance. Simulation results can be used to develop a system of experiments of
environmental activities processes for the design, analysis and evaluation of the functioning of the
modeling object. It will also allow researchers to investigate and experiment with internal relations in
the system. In addition, based on the knowledge gained in the design of the simulation model, it is
possible to determine ways to improve the system that is modeled. By modifying input data, it is
useful to identify which variables are most important and how they interact.

6. Conclusions

In order to establish a reliable accounting and analytical framework for assessing the effectiveness of
environmental measures and implementation of the management objectives, the sectoral characteristics
of forestry should be taken into account. These include the structure and volumes of production, the
control system, the nature and purpose of production processes, the complexity and complexity of
production, high labor intensity and material intensity.
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A decision-making system for assessing and analysing economic, environmental and social effects
of environmental activities of forestry enterprises should be established, which will allow researchers to
optimize the process of making management decisions on the effectiveness of environmental activities
of forest farms.

The economic optimization model of profitability of environmental measures based on net
discounted income indicator was constructed in this study. It allows one to determine the optimal level
of involvement in the voluntary environmental programmes. Indicators of economic, ecological and
social effectiveness of environmental costs, profitability of environmental activities and net discounted
income form the environmental activities can act as a basis for adjusting the needs of financing from
the state budget or extra budgetary funds of the environmental programmes.

In this paper, we carried out algebraic calculations to demonstrate the operation of the proposed
measures. However, further research could embark on developing more complex models seeking to
optimize the net discounted income over a certain time horizon with respect to different scenarios.
This can be achieved by developing mathematical programming problems.
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