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Abstract. Ukraine's forestry has been experiencing systemic political, economic, social, and 
environmental problems for many years. This article aims to find new ways to balance production, 
taxation, and forestry investment to ensure sustainable development. We sought answers to three main 
questions: Does the modern mechanism of state regulation and forestry financing in Ukraine meet 
sustainability requirements? What changes will the critical problems of forest ecosystems arise in 
Ukraine in the long run? What are the prospects for the development of investment in forestry in 
Ukraine? To answer these questions, we conducted exploratory analyses of taxation and investment in 
forestry management. Then, we developed a multifactorial forecasting model to predict forest 
ecosystems' restoration state by 2035. Using the model, we characterized the relationship between 
ecological and economic factors for reforestation in the border regions of Ukraine. Finally, we analyzed 
the coefficients of forest capacity, yield and dynamics of afforestation. According to the results, we 
proposed: 1) to separate the functions of standard-setting and forest inventory from the function of 
forest land management; 2) to separate the function of economic activity and control over the 
implementation of forestry development plans; 3) to stimulate public control and increase effective 
monitoring of anthropogenic load, forest use and rehabilitation; 4) to improve the organizational and 
institutional management mechanism as a component of forest production which is the key to 
improving the forestry sustainability. 
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1. INTRODUCTION 
One of the Sustainable development goals 

is to ensure sustainable forests management 
(United Nations, 2015). This goal concerns 
biodiversity and the ability of governments to 
ensure effective policies, particularly in the area 
of sustainable forestry (Sobkowiak, M., 
Cuckston, T., & Thomson, I., 2020). 

Today in the forest sector in most regions 
of Ukraine, the state of forest ecosystems does 
not meet environmental and economic 
standards. Therefore, the balanced use of forest 
resources requires a forest management 
organizational and institutional system, which 
involves the market transformation of the 
forest industry. Under such conditions, for the 
development of a market economy at the stage 
of its formation, it is necessary to increase the 
efficiency of forest ecosystems, improve the 
quality of forest products, the competitiveness 
of domestic timber producers, increase 
revenues from the market of forest products, 
replenish the State and local budgets for 
development forest and other sectors of the 
economy. 

Every year both the initiative and the 
support of the state for forestry production 
decrease, but the tax burden increases, the 
number of working capital decreases, the price 
of forest products decreases, credit conditions 
become inaccessible to most enterprises. Every 
year both the initiative and the support of the 
state for forestry production decrease, but the 
tax burden increases, the number of working 
capital decreases, the price of forest products 
decreases, credit conditions become 
inaccessible to most enterprises. Erler, J. (1997) 
rightly noted that processes in forestry are 
usually not sustainable, for their assessment 
should be considered in addition to economic 
factors, environmental, social and ergonomic 
"compatibility". Similarly, Johansson, J. (2018) 
emphasized the growing demand for 
interdisciplinary research on sustainable forestry 
from the standpoint of social sciences, natural 
resources policy and practical management. 
Rout, S. (2010) substantiated the institutional 
approach in the study of forest management 
but, at the same time, stressed that institutions 
alone are not always sufficient to achieve 
sustainable results. Finally, we agree with Burt, 
G., Mackay, D., & Mendibil, K. (2021), who 

emphasized: "Land, forest and forestry policies 
continue to evolve and economic, social and 
environmental challenges are emerging in 
response and opportunities". 

The problems as mentioned above 
provides the necessity of ensuring a balance of 
both forestry and forestry production with the 
use of economic, ecological, social and legal 
components in market conditions: 

− the economic component aims to assess 
the financial and economic potential of forestry 
enterprises; it has to reflect a systems approach 
if we pay attention to the essence of effective 
management. The structure of this approach 
should include such elements as mission, 
objectives, evaluation criteria of the objectives 
within its target block. In the context of the 
functional block, it should include planning and 
organization of activities, accounting and 
control of achieved results; 

− the ecological component aims at 
increasing the ecological potential of forest 
ecosystems; increasing their resistance to 
negative natural influences and technogenic 
load; introduction of a fee-based forest use 
instrument, which will be based on normative 
legal acts; 

− the social component aims at 
maintaining the infrastructure in the settlements 
located in the wooded area; consideration of 
the social consequences of forest planning and 
management process; 

− the legal component aims at improving 
environmental legislation and environmental 
standards in the process of economic reform. 

This paper aims to clarify the links between 
sustainable forest management, taxation, 
investment, and institutional transformation. 

1.1. Literature Review 
The issue of sustainable forestry is 

interdisciplinary and has a broad background. 
Gillespie A. J. R. (2017) points out that forestry 
is an interdisciplinary industry that combines 
environmental, economic and social 
dimensions. The science of sustainable forestry 
has been developing since the mid-1960s in 
parallel with the anthropocentrism establishing 
and the sustainable development emergence 
(Brown, P., Pröbstl-Haider, U., & Koch, N. E., 
2016). Sahide, M. A. K., et al. (2020) 
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emphasized that governments worldwide 
promote social forests as part of their stated 
commitment to sustainable development and 
social justice. 

However, Uibrig, H., Hilbrich, A., & 
Hutter, G. (2014), studying the current forest 
management practice against the background of 
the broad problem of rural land management, 
noted the spread of a technocratic approach the 
presence of concomitant problems of 
sustainable development. Insufficient 
orientation of forestry on the principles of 
sustainability has been known since the 90s. In 
1993, Saxena, K.G., Rao, K.S., & Purohit, A.N. 
noted gaps in sustainable forest development 
standards related to the opposition of economic 
and environmental interests (Saxena, K.G., 
Rao, K.S., & Purohit, A.N., 1993). Wood, P. J. 
(1996) also stressed the importance of 
institutional transformations to disseminate 
good forest management standards for a 
particular country. Over time, the idea of 
sustainable forestry gained momentum, and 
already in 2008, Wintle, B.A., & Lindenmayer, 
D.B. emphasized that more than 200 million 
hectares of forest in the world are certified as 
harvested in compliance with the principles of 
sustainability (Wintle, B.A., & Lindenmayer, 
D.B., 2008). 

The idea of sustainable forestry is now 
quite popular. Douglas Brodie, J. et al. (2016) 
explain this idea as "forest management to meet 
society's current needs for forest resources… 
without compromising their accessibility to 
future generations". Boyle, J. R., et al. (2016) 
share the same view and emphasize the 
importance of creating and maintaining 
sustainable forests and developing 
recommendations to overcome uncertainty 
about sustainable forestry. 

Evaluation and monitoring of sustainable 
forest management policy are necessary 
conditions for long-term conservation and 
sustainable development of forest ecosystems 
and resources Montgolfier, J. de. (1999). At the 
same time, Vierikko, K. et al. (2010) 
emphasized that the selection of indicators 
assessing forestry's sustainability always 
depends on the socio-cultural context and 
biogeographical factors. 

Cooperation between the state, 
organizations and local communities is vital for 

sustainable forest management (Pokharel, R. 
K., et al., 2015). Johansson, J. (2018) noted that 
achieving sustainable development in forest 
management systems depends on the state's 
initiation of cooperation processes and various 
voluntary initiatives. 

The financial analysis of forestry in 
Ukraine from a sustainable approach was 
carried out by Ievdokymov, V. et al. (2021). 
However, their conclusions apply to a greater 
extent to forestry enterprises. Unfortunately, 
researchers of financial aspects of forest 
management are often abstracted from issues of 
sustainable development. 

Fiscal policy towards forestry should be 
dynamic, responsive to market and 
technological changes (Hansen, C.P., & Lund, 
J.F. (2018). Lund, J.F., et al. (2014) explored the 
issues of beneficiaries of forest taxation and 
some social aspects Chhetri, B.B.K., Lund, J.F., 
& Nielsen, Ø.J. are insignificant compared to 
the personal benefit of households, which 
showed limited potential for redistribution of 
benefits within the current taxation system. 

In the example of Western Australia, Nery, 
T. et al. (2019) studied the transformation of 
approaches to investment in forestry and the 
impact of tax benefits on the implementation of 
development policies. West, T. A. P., et al. 
(2021) emphasized the riskiness of investing in 
forestry and justified ways to reduce risks by 
diversifying forestry regimes. 

Hardaker, A. (2018) justified the significant 
role of government support for forestry 
investment subsidies due to the weak influence 
of markets on the creation of new forests. 
Ludwig, A. et al. (2021) focused on the link 
between public policy, social innovation and 
investment to address social issues related to 
forestry. 

For forest management in market 
conditions, in addition to reliable information 
on the availability and status of use of forest 
ecosystem components, it is necessary to have a 
system of assessment indicators that would 
characterize the level of financial regulation and 
take into account destructive ecological and 
economic changes in the forest sector. 

We ask three main research questions that 
we will try to solve in this paper: 
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RQ1: Does the modern mechanism of state 
regulation and financing of forestry in Ukraine 
meet sustainability requirements? 

RQ2: What changes will the critical 
problems of forest ecosystems arise in Ukraine 
in the long run? 

RQ3: What are the prospects for the 
development of investment in forestry in 
Ukraine? 

2. METHODS 
The theoretical basis of the research 

consists of fundamental provisions of 
economic theory, system theory, the economics 
of natural resource use and environmental 
protection. In addition, we took into account 
the works of domestic and foreign scientists on 
environmental, economic mechanisms for 
managing forest products based on market 
economy protection.  

First, we investigated the structure of 
forestry financing in Ukraine. Second, we 
conducted exploratory analyzes of taxation and 
investment in forestry management. We 
determined the tax burden on the enterprises of 
Regional Forest and Hunting Departments of 
Ukraine on forestry land with open data. We 
have described the legal framework for state 
regulation and financing of forestry in Ukraine. 
Further, we developed a multifactorial 
forecasting model to predict the state of forest 
ecosystems restoration by 2035. Using this 
model, based on data from the State Statistics 
Service of Ukraine, we characterized the 
relationship between ecological and economic 
factors for reforestation in the border regions 
of Ukraine. Finally, to assess the prospects for 
investment in forestry in Ukraine and analyzed 

the coefficients of forest capacity of forest 
products and forest yield of forest products and 
dynamics of afforestation cost coefficients and 
cost-effectiveness of forest fire protection. 

Conducting the research, we used the 
following research methods: 

− an economic and statistical method (the 
processing of statistical data in assessing the 
quantitative dependence of various phenomena 
and the production of forest products) 

− methods of correlation and regression 
analysis (the study of the impact of forestry 
activities) 

− the mathematical modelling (the 
establishment of the optimal production and 
industry structure of forest enterprises) 

− the abstract and logical method (the 
theoretical generalizations and formation of 
conclusions) 

3. RESULTS 
The high efficiency of forestry 

management is to ensure profitability in using 
all resources and valuable properties of forest 
ecosystems. However, effective management of 
this process is impossible without fiscal policy 
as a means of financial regulation of the 
economy, including forestry, which is carried 
out through economic levers (taxes and public 
expenditures), i. e. through their transformation 
and effective use (Furdychko O.I. et al. 2019). 

As we see from Table 1, a part of the 
payment of taxes is charged for the particular 
use of forest resources to the State Budget from 
2010 to 2019. Therefore, every year it tends to 
increase by 253.3 million UAH. 
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T
able 1  

D
ynam

ics and structure of financing of state enterprises of the State A
gency of Forest R

esources of 
U

kraine for 2010–2019 
                            Indicator 

 Years 
Deviation 

+/- 2010 2012 2013 2015 2016 2017 2018 2019 

Expenditures  
The State Agency of Forest 

Resources of Ukraine, 
total, million UAH 

613,60 657,22 695,59 462,14 137,45 219, 64 274,10 327,69 -285,92 

Share in the State Budget, % 0,199 0,159 0,166 0,079 0,021 0,028 0,029 0,032 - 0,167 
Including forestry,  

million UAH 374,93 602,20 640,57 412,72 79,85 123,94 132,85 145,48 - 229,45 

Share on forestry, % 61,1 91,63 92,09 89,31 58,09 56,40 48,40 44,30 - 16,80 
Consumption,  
million UAH 503,21 530,77 119,36 115,98 126,74 186,96 256,52 271,05 - 232,16 

Share, % 82,01 80,76 17,16 25,10 92,21 85,10 93,50 82,70 0,69 
Development,  
million UAH 110,38 126,45 576,23 346,16 10,71 32,68 17,57 15,93 - 94,45 

Specific weight, % 17,99 19,24 82,84 74,90 7,79 14,80 6,40 4,86 - 13,13 

Revenues 
Rent for special use of forest resources 

to the State budget, million UAH 156,60 182,50 201,00 334,80 431,40 461,90 541,60 409,90 253,3 

Share in the State budget, % 0,061 0,049 0,057 0,089 0,083 0,075 0,058 0,040 - 0,021 
Rent for special use of forest resources 

to the local budget, 
million UAH 

14,00 82,40 105,50 212,90 309,20 456,00 480,60 748,50 734,50 

Share in the local budget, % 0,020 0,093 0,114 0,239 0,257 0,267 0,182 0,198 0,178 
Taxes and contributions paid to the 
Consolidated Budget, million UAH 1151,50 1372,20 1498,60 1972,70 3159,60 4207,90 6211,50 6245,60 5094,10 

Share of tax payments and contributions, % 0,378 0,317 0,349 0,444 0,485 0,538 0, 576 0,583 0,205 
 

Source: calculated by the authors according to the law
s on the State Budget of U

kraine (2010–2019) and data 
of the State A

gency of Forest Resources of U
kraine. 
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The rent for the special use of forest 
resources has rapidly increased by 734.5 million 
UAH to the local budget compared to 2010. 
Likewise, the payment of taxes and 
contributions has increased by 5,094.1 million 
UAH to the Consolidated Budget. Thus, all the 
indicators have a positive trend of increasing 
revenues to the State and Consolidated 
Budgets; this made it possible to identify 
revenues and expenditures during the study 
period. Nevertheless, the most significant of 
them, represented in Table 1, is the 

development and management of forestry and 
taxes, which the financial and social position of 
economic entities of the State Forest Agency of 
Ukraine depends on. 

According to the analysis, it is necessary to 
consider aspects of the impact on production, 
namely: climatic, weather and relief ones. 
Therefore, taxes and fees should be correlated 
for forest management so that the more 
unfavourable the climatic conditions, the lower 
the tax burden (Figure 1). 

 

 
Figure 1. Dynamics of the tax burden of the enterprises of Regional Forest and Hunting Departments 

of Ukraine on forestry land for 2019 
Source: calculated by the authors. 

 
The central part of the taxes of the forestry 

enterprise is the only social contribution, which 
is the lion's share of budget revenues not only 
in Ukraine but also in the Steppe, Forest-
Steppe, Polissya and Carpathian areas. The rent 
for the particular use of forest resources is on 
average 29.8 % for Ukraine; the value-added tax 
is 20.6 %; the corporate income tax is 6.3 %; 
personal income tax is 15.4 %. A particular part 
of the tax is on salaries, which companies pay 
for full-time employees. On the other hand, 
such a tax as rent for the special use of forest 
resources stimulates the efficient, rational, and 
environmentally balanced use of forest 
resources. Since 2015 there have been positive 

changes when the State Budget of Ukraine 
received all revenues from forestry enterprises. 
It is a change in the regional direction to 
centralized funds (Dulik, T.O. and 
Aleksandriuk, T.Yu. 2016). 

According to M.V. Rymar and H.Ya. 
Il'nyts'ka-Hykavchuk, one of the main reasons 
for the irrational use of forest resources is the 
imperfection of the financial mechanism, the 
lack of investment in reforestation and other 
environmentally oriented measures. Therefore, 
as forestry carries out environmental activities 
and forest resources produce positive internal 
and external effects, stimulating forest 
management should be included to provide the 
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industry with the necessary financial resources 
as part of the financial mechanism (Il'nyts'ka-
Hykavchuk, H.Ya. and Rymar, M.V. 2006). 

Measures that increase productivity and 
improve the quality of forests, their protection, 
conservation, and reproduction are financed 
from the State Budget and the resources of 
enterprises, institutions, and organizations. 
According to Yu.V. Volynchuk and I.V. 
Bakalejko, an essential element of increasing 
financial flows to forestry enterprises is the 
establishment of a regional fund for 
reproduction, protection and conservation of 
forests, which can simplify the movement of 
financial flows in some way following their 
purpose (Volynchuk, Yu. V. and Bakalejko I.V. 
2014).  

The primary sources of financing for 
forestry development are State and local forest 
users' budgets and other sources, including 
international organizations and foreign 
investors. According to article 98 of The Forest 
Code of Ukraine (The Forest Code of Ukraine, 
1994), expenditures on increasing productivity, 
improving the quality of forests, their 
reproduction and protection are financed from 
the State Budget and the own resources of 
enterprises, institutions and organizations of 
forestry and forest production. Expenditures 
on increasing productivity and improving the 
quality of public and communal forests, their 
protection, conservation and reproduction are 
financed through the earmarking of funds from 
the State and local budgets to implement State 
and regional (local) forestry programmes. 
Today, attracting investments has been 
minimal, as the state has not created 
appropriate conditions for the formation of 

institutional support for attracting investments 
of foreign governments, domestic financial 
credit, and business structures. 

We have selected ecological and economic 
indicators such as investments in the rational 
use of natural resources, environmental tax, 
gross regional product, restoration of forest 
ecosystems to calculate the forecast multifactor 
model, which provides for the relationship 
between the ecological and economic system of 
forestry development (Table 2). The forecast 
model makes it possible to assess the impact of 
investment on the rational use of natural 
resources to restore forest ecosystems. A 
multifactorial forecasting model was built based 
on statistical indicators to determine the 
correlation, which predicts the state of 
restoration of forest ecosystems by 2035. 

As shown in Table 2, the investments in 
the rational use of natural resources (thousand 
USD) increased in 2017 compared to 2000 by 
45.3%, the environmental tax increased by 
65.6%. 

There is a high correlation between the 
proposed criteria and the efficiency of forest 
reproduction, which depends on several factors. 
Firstly, the time dependence: a forest has a 
natural reproduction property in the absence of 
external factors; secondly, the forest 
reproduction also depends on the investment in 
natural resource use, the environmental tax and 
gross regional product (GRP). The high level of 
correlation makes it possible to assume that the 
given data can be used to build a predictive 
model using linear multifactor regression, 
which characterizes the ecological and 
economic parameters. As a result, the equation 
was constructed: 

 
𝑌𝑌 = 𝑘𝑘1 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐1 ∙ 𝑇𝑇 + 𝑘𝑘2 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐2 ∙ 𝑙𝑙𝑙𝑙(𝐼𝐼) + 𝑘𝑘3 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐3 ∙ 𝑙𝑙𝑙𝑙(𝐸𝐸) + 𝑘𝑘4 ∙ 𝑐𝑐𝑐𝑐𝑐𝑐4 ∙ 𝑙𝑙𝑙𝑙(𝑉𝑉) + 𝑘𝑘5, (1) 

 
where Y – reforestation, thousand 

hectares; T – time in years; I – investments in 
the rational use of natural resources, thousand 
USD; E – environmental tax, thousand UAH; 
V – GRP, thousand UAH; 𝑐𝑐𝑐𝑐𝑐𝑐1 – 𝑐𝑐𝑐𝑐𝑐𝑐4 – 

correlation coefficients selected by correlation 
analysis; 𝑘𝑘1 − 𝑘𝑘4 – model weight coefficients; 
𝑘𝑘5 – compensating component. 
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Table 2 
Statistical data of Ukraine for the construction of a forecast model for the restoration of forest ecosystems,  

thousand hectares 

Criteria 
Years 2000-

2017 
2000 2005 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017  

Investments in 
the rational use 

of natural 
resources, 

thousand USD 

5587,41 7941,59 12584,49 6562,93 4465,02 5246,58 3160,83 4487,45 2872,03 1516,48 910,97 1065,17 4522,24 

Environmental 
tax, thousand 

UAH 
2634,03 5060,36 21069,18 17484,24 17464,83 41493,83 25297,79 39721,58 41869,41 44556,03 60217,91 64441,92 6 807,89 

Reforestation, 
thousand 
hectares 

2336,33 3430,16 4308,91 4019,5 3417,5 3623,16 3830,42 3919,58 3724,083 4122,5 4252,42 4668,58 2332,25 

Gross regional 
product, 
thousand 

UAH 

3611,83 10081,42 20935,58 20970,17 24508,92 30130,75 34313,67 35489,00 40792,25 52963,5 62958,75 67625,50 64013,67 

Source: formed by the authors based on the statistical data (State Statistics Service of Ukraine 2017, Statystychnyj schorichnyk Ukrainy za 2018 rik, 
2019). 
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The least-squares method (LSM) was used 

to find the values of the coefficients. This 
method takes as an estimate of the parameter 

values that minimize the sum of the squares of 
the residuals for all observations: 

 

𝑘𝑘� = arg minβ��𝑦𝑦𝑖𝑖 − β0 −�𝑋𝑋𝑖𝑖𝑖𝑖β𝑗𝑗

𝑘𝑘

𝑗𝑗=1

�

2𝑛𝑛

𝑖𝑖=1

, 

 

(2) 

where k�  –  the vector of estimates of 
the values of the parameters (𝑘𝑘1,𝑘𝑘2, … ,𝑘𝑘M); 
𝑦𝑦𝑖𝑖 – data that are evaluated; 𝑋𝑋𝑖𝑖𝑖𝑖 –  input data 
(Mayboroda, R. 2007). 

 Using the least-squares method, the 
weight coefficients and the compensating 
component are calculated based on the initial 
data. After substituting them into the formula, 
we obtain the equation: 

 
𝑌𝑌 = 237461 ∙ 𝑇𝑇 + 840382 ∙ 𝑙𝑙𝑙𝑙(𝐼𝐼) − 399929 ∙ 𝑙𝑙𝑙𝑙(𝐸𝐸) − 478082   (3) 

 
We established the relationship between 

ecological and economic factors for 
reforestation in the border regions of Ukraine. 
Furthermore, we found the correlation of the 
reforestation indicator (thousand hectares) 
according to the following indicators: 
investments in the rational use of natural 
resources, environmental tax, gross regional 
product. According to the model estimations, if 

current forest regeneration trends continue, 
investments in natural resource management 
will gradually reduce, and the ecological tax will 
rise to 88,790 thousand UAH in 2035. 
Therefore, the developed model makes it 
possible to predict the restoration of forests 
(thousand hectares) in the border regions by 
2035 (fig. 3). 

 

 
 

Figure 3. Construction of forecast indicators for the restoration of forest ecosystems 
Source: calculated by the authors based on statistical data (Statystychnyj schorichnyk Ukrainy za 2018 rik, 2019 
and Official site of the State Statistics Service of Ukraine, 2019). 
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When investing, one should consider the 
integrated impact of investing in the 
regeneration of forest resource potential. Unlike 
other sectors of the economy, forestry 
produces significant positive ecological and 
social effects, which can significantly exceed the 
economic effect. Thus the forest industry is 
significant for society in creating favourable 
living conditions, the positive impact of forests 
on the environment, et cetera (Zakon Ukrainy, 
2004). 

Torosov, A.S.; Zhezhkun, I.M.; Zuiev, 
Ye.S., (2011), studied the diagnosis of the 
financial condition of forestry enterprises, focus 
on the following indicators: liquidity and 
solvency (total coverage ratio, quick liquidity 
ratio, absolute liquidity ratio, estimated solvency 
ratio); financial stability (coefficient of 
concentration of own capital, coefficient of 
financial dependence, coefficient of the 
structure of attracted capital, coefficient of 
long-term attraction of borrowed funds). 

Tkachiv, S.M. and Nykytiuk, P.A., (2017), 
analyzed the financial and economic indicators 
of forestry, using quantitative indicators, in 

particular: the total area of land in use and the 
area of deforestation; the volume of forestry 
products; the forest reproduction area; the 
financial and economic indicators (the volume 
of sales of forestry products; the funds directed 
to forestry). 

Nestoriak, Yu.Yu. (2009), analyzing the 
economic efficiency of forestry activities uses 
the following indicators: the cost of felling; the 
revenues and labour efficiency in forestry; the 
effect of forest growing. However, all the 
mentioned approaches do not consider the 
specifics of the forestry enterprise and do not 
determine the qualitative indicators of its 
activities. 

A particular disadvantage is that the 
available sources of information do not cover 
statistical data for the calculation or analytical 
evaluation of forestry and production activities. 
However, in our opinion, it helps analyze such 
indicators indicated in Table 3. After all, the 
analysis of harvesting of forest products 
involves evaluating the fulfilment of harvesting 
activities by the forestry enterprise. 

 
Table 3  

Systematization of forestry production indicators 
Group of coefficients Indicator 

The coefficient of produced 
forest products 

Volume of harvested liquid wood, m3. 
Actual deforestation, hectare 
Tax burden, thousand UAH 

The coefficient of forest 
capacity 

Volume of harvested liquid wood, m3. 
Actual deforestation, hectare 

The coefficient of the tree 
yield of restoration of forest 
plantations 

Actual volumes of harvested wood, m3. 
Reforestation of permanently managed forests, hectare 

The coefficient of relative 
annual growth of wood 

Volume of harvested liquid wood, m3. 
Reforestation of permanently managed forests, hectare  

The coefficient of conservation 
of the nature reserve fund 

Reforestation of permanently managed forests, hectare  
Afforestation on permanent used lands, hectare 
Deforestation and reforestation, hectare 

The coefficient of 
expenditures on the protection 
of forest ecosystems 

Volume of forest products (works, services), million UAH 
Forest fire protection, hectare 

The coefficient of 
expenditures on afforestation 

Afforestation on permanent used lands, million UAH 
Volume of forest products (works, services), million UAH 

The coefficient of  
reforestation of forest 
plantations 

Volume of forest products (works, services), million UAH 
Reforestation of permanently managed forests, hectare  
 

Source: formed by the authors. 
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Through the correlation analysis, we have 
researched the extent of correlation between 
the indicators of forest capacity and forest yield 
of forest products using a linear graph. As a 
result, the share of variation in forest сapacity 

tends to increase. The equation of this linear 
trend has the form y = 0,9248x-1828. The 
reliability of the approximation is R2 = 0.546 
(fig. 4). 

 

 
Figure 4. Dynamics of coefficients of forest capacity of forest products and forest yield of forest 

products  
Source: formed by the authors. 

 

 
Figure 5. Dynamics of coefficients of forest capacity and produced forest products  

Source: formed by the authors. 
 

Figure 6 shows that the highest costs are 
for forest fire protection and the costs of 
afforestation tend to decrease every year. Thus, 
the rational ratio of unproductive costs to 

measures to minimize was the costs of forest 
protection from fires, i. e. 1 UAH of funds 
invested in forest protection from fires is 0.55 
UAH of lost forest from fires. 
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Figure 6. Dynamics of afforestation cost coefficients and cost-effectiveness of forest fire protection 
Source: formed by the authors. 

 
Calculation of the coefficients of analytical 

indicators allows assessing the effectiveness of 
investments in forestry, planting, fighting fires 
and illegal logging. 

It is possible to assess the quality of such 
measures in correlation with the volume of 
harvested liquid wood and other types of 
forestry products, which is a robust analytical 

basis for assessing the effectiveness of the 
forestry enterprise. 

For a detailed description of the dynamics 
of the structure of indicators of the volume of 
harvested liquid wood, the actual felling of 
wood and the tax burden, polynomial functions 
of the second-order were obtained (Fig. 7).  

 

 
Figure 7. Dynamics of coefficients of the produced forest products 

Source: formed by the authors on the basis of statistical data and data of the State Agency of Forest Resources of 
Ukraine. 
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Ecological and economic content of the 

obtained result is as follows: in 2019, the tax 
burden increased by 13.0245 (thousand UAH). 

The average value is determined by the 
formula: 

 
Y1 (xmid) = 10,998 хmid   + 2,0265; 

 

𝑥𝑥mid  =
10(10 + 1)/2

10
= 5,5 

 
Y (5,5) = 10,998*5,5+2,0265 = 62,5155 (thousand UAH) 

 
The results show that, on average, during 

the study period, the tax burden increased by 
65.5155 thousand UAH per year. 

The derived function of the volume of 
harvested liquid wood Y2: 

 
Y2 = 67,168x – 836,41. 

 
After all, for 2019: 
 

(xmid =1): Y2   = 67,168*1 - 836,41 = - 769,24 (m3). 
 
Ecological and economic essence of the 

obtained result from the volume of harvested 
liquid wood decreased by 769,24 m3. 

The average value for the analyzed period 
was: 

 
Y2 = 67,168*5,5 - 836,41 = - 466,99 (m3). 

 
On average, during the study period from 

2010 to 2019, the volume of harvested liquid 
wood increased by approximately 466.99 m3 
per year. In order to compare the calculations 
obtained based on the volume of harvested 
liquid wood, an assessment of chain growth 
trends. The calculations of the tax burden for 
the study period are in fig. 7. As we see from 
fig. 7, the rate of liquid wood exceeded tax 
revenues, including rent for the special use of 
forest resources, i. e., payment for the use of 

forest resources, which negatively characterized 
the filling of the local budget. 

We calculated approximation coefficients 
to show a relatively high quality of the 
constructed models (R2 = 0.8664) (fig. 8). 

For each received function, a derivative is 
defined that characterizes the acceleration of 
reproducible processes in forestry. The 
derivative function of reforestation of 
permanently owned forests, (y): 

 
Y = 172,54х + 1334,4х 

 
where (х=1): 
 

Y(1) = 172,54*1+1334,4 = 1 506,94 (hectares) 
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Figure 8. Dynamics of reforestation coefficients  
Source: formed by the authors on the basis of statistical data and data of the State Agency of Forest Resources of 
Ukraine (Statystychnyj schorichnyk Ukrainy za 2018 rik, 2019; Official site of the State Statistics Service of 
Ukraine, 2019 and Public report of the State Agency of Forest Resources of Ukraine for 2019). 
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rate of timber harvesting exceeded the 
restoration of permanently managed forests, 
which negatively characterized the dynamics of 
reforestation in forestry and forest production. 

Using correlation analysis, we have 
determined that the amount of harvested 
timber is 75 % of the regeneration of forests 
for permanent use R2 = 0.8664. As we can see, 
there is a close statistical relationship. The 
calculated approximation coefficients show the 
adequacy of the constructed models and their 
high correlation. The derivatives have been 
calculated from the above functions, which 
characterize reforestation efficiency indicators 
over time and the corresponding growth rates, 
including forestry development. 

4. DISCUSSION 
The regulation of ecological and economic 

problems of forestry production is a complex 
issue that calls for research and a relatively wide 
range of components of the mechanism of 
ecologically and economically oriented 
management of forestry. Therefore, we 
recommend the government consider the 
following steps to improve the control process 
and secure sustainable forestry management: 
the separation of the functions of setting 
standards, planning, forest inventory from the 
function of management of forestry lands; the 
delineating the management and monitoring of 
forestry plans, standards and limits; the 
development of an effective mechanism of 
preliminary public control (compliance of plans, 
strategies, programs, et cetera with the interests 
of the population) and absolute control (control 
over the activities of state forest enterprises, 
associations through reports on their activities 
for a certain period); the introduction of forest 
certification will provide an opportunity to 
obtain independent objective control and 
evaluate the activities of forest enterprises. It 
will also increase public confidence and allow 
access to international markets for certified 
products. 

Today the world is more interconnected 
than ever before. After all, improving access to 
technology and knowledge is an essential means 
of exchanging ideas and developing innovative 
activities in the context of environmental 
protection (Global Sustainable Development 
Goals by 2030). 

The financial support of the investment 
environment for the development of the forest 
sector is an essential component of the 
relationship between the industry, state, 
consumers of forest products, and the 
environment (Antonenko, I.Ya., 2011). The 
institution of state ownership of forest lands 
and forest plantations should be recognized as a 
critical institution in the institutional structure 
of financial support of the investment 
environment for the development of the forest 
sector. This institute is fundamental for forestry 
activities. However, the current institutional 
structure for financing the investment 
environment for sustainable forestry does not 
meet the new challenges of economic 
transformation.   

There are a large number of systemic 
contradictions and pitfalls due to the low 
degree of adaptation to the modern market 
realities of institutions inherited from the 
command system of central administration, as 
well as the weak ability to actively participate in 
the reproduction process of institutions, 
resulting from transformational changes 
(Volynchuk, Yu.V. and Bakalejko, I.V. 2014). 
The budget financing for the development of 
the forest sector, both directly and indirectly, 
has a significant impact on the volume of 
investment revenues in forestry, as 1) the state 
directly finances investment in forestry; 2) the 
state can stimulate private sector investment in 
forestry through the establishment of tax 
benefits, grants and soft loans; 3) the state is 
responsible for implementing the policy of 
stimulating private investment (Labenko, O.M. 
and Ivolha, I.H. 2013). 

5. CONCLUSIONS 
Our research has shown that crucial 

ecological problems are currently associated 
with specific characteristics, such as: 

− the slow implementation of financial 
mechanisms in the forestry development, as 
well as the attracting funds to local budgets 
through the sale of forest products; 

− the imperfection of the current 
environmental legislation; 

− the lack of an incentive mechanism for 
innovation and investment in forests and 
environmental protection. 
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The deliverables include the qualitative 
assessment of the conformity of the forest 
management system with the basic design 
parameters and the interaction between 
subsystems and elements; the assessing the 
impact of individual institutional and economic 
changes on its social, economic and 
environmental performance. The qualitative 
assessments describe the completeness and 
viability of new and modified elements of 
sustainable forest management. 

The study established the relationship 
between ecological and economic factors for 
the restoration of forest ecosystems. It 
examined the degree of correlation of the 
indicator of restoration of forest ecosystems on 
such indicators as the investments in the 

rational use of natural resources, the 
environmental tax, gross regional product. 

In order to secure sustainable forestry in 
Ukraine, we propose to 1) separate the 
functions of standard-setting and forest 
inventory from the function of forest land 
management, 2) separate the function of 
economic activity and control over the 
implementation of forestry development plans, 
3) introduce public control and increase 
effective monitoring of anthropogenic load, 
forest use and rehabilitation, 4) improve the 
organizational and institutional management 
mechanism as a component of forest 
production which is the key to improving the 
forest economy. 
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