JOURNAL OF EASTERN EUROPEAN AND CENTRAL ASIAN RESEARCH Vol.7 No.2 (2020)

ASSESSMENT OF THE IMPACT OF GOVERNMENT
EXPENDITURE OF ENVIRONMENTAL PROTECTION ON THE
GDP IN THE CONTEXT OF ENVIRONMENTAL LEGISLATION

Oksana Levytska
Lviv Polytechnic National University, Lviv, Ukraine

Aliona Romanova
Lviv Polytechnic National University, Lviv, Ukraine

ABSTRACT

This article presents a neural network model to forecast government expenditure on environmental
protection in the Ukrainian economy. This study focuses on the assessment of the impact of government
expenditure on environmental protection on the GDP considering factors that reflect the main elements
of economic and environmental policies in developed countries. The result of the study clarifies the
extent to which government expenditure on environmental protection should be modified to increase
GDP and to strengthen funding for important environmental programs. The relationships between the
variables were analyzed by making use of the neural network model. Subject to an increase of public
environmental protection spending by 0.01%, GDP will rise on average by 0.36%.
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INTRODUCTION Environmental costs are an indirect
attitude indicator to the environmentalissues of
the human population and  government.
Environmental costs include research and
development (R&D) expenses, expenses on
education, and so forth. All of this determines
the level of environmental culture in society

Protecting the natural environment, optimally
using natural resources, and enhancing
environmental security is important for the
Sustainability of a developing country. There is a
tendency in developing countries (McCormick,
2001; Eccleston, Charles, 2010; Mirzabaev, . . 4
Annagylyjova, & Amirova, 2019) for continual E_Ifauvl\;erys,z(}gg?lé' VIVor;Belré.lzw?zg?gf, 200T;
environmental degradation in the form of land orn org,' > FINKE, > £apl, i )
cultivation, water consumption, deforestation, A consistent and coherent environmental
atmospheric air pollution, underground water ~ Policy can provide greater certainty about the
pollution, surface water pollution, soi/ value of investments and incentivize
contamination, and low-quality food.
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environmental R&D further towards a socially
optimal level (Andrews, 2008).

Scientists, economists, and ecologists have
argued that governments should increase the
total expenditure of the general government on
innovation and environmental protection
(Yurynets, 2016; Vytvytsky & Kernychna, 2012).

A low level of environmental protection
expenditurecan lead to  environmental
problems in the future and negative

consequences for health.

This paper has a specific objective to assess
the impact of government expenditure on
environmental protection and different types of
social and economic variables on the gross
domestic product (GDP). This study focuses on
the environmental situation in Ukraine,
forecasting government expenditure on
environmental protection, taking into account
factors that reflect the main elements of
economic and environmental policies in
developed countries.

In 2016 within Ukraine, the total expenditure
of the general government on environmental
protection amounted to 0.3% of GDP. General
government expenditure in Ukraine on
environmental protection amounted to 0.2 % of
GDP in 2017. The trend of expenditures on
environmental protection from the State Budget
of Ukraine for 2000-2017 has been studied and,
after having analyzed it, we have set out several
problems: a small number of environmental
measures, low level of motivation among
enterprises to invest capital in environmental
protection and modernization, non-completion
of the environmental measures (State budget
2017 and environmental protection, 2017). The
main reasons for the annual non-completion of
the environmental measures in Ukraine are the
following: under-funding of environmental
protection programs from the state budget,
imbalance in financing for the implementation
of environmental programs throughout the
year, and postponement of program
implementation.

Measuring the efficiency of environmental
policy can help the government of Ukraine to
benchmark its own environmental protection
investment relative to developed countries,
identify gaps, and learn from best practices
around the world. The result of the study

clarifies the extent to which government
expenditure on environmental protection
should be modified to increase GDP.

LITERATURE REVIEW

A review of the literature reveals a limited
analysis of the concept of the relationship
between government policy on environmental
protection and the relationship with economic
growth,  especially using mathematical
modeling, indicating a gap in the research. As
part of the literature review, methodologies
from various academic publications and books
were analyzed, and experience with measuring
the impact of expenditures on environmental
protection on GDP growth in Ukraine and
evaluating environmental protection policies
were studied.

For the economists Bithas and Kalimeris
(2018) and Rosen (2019), several aspects are
important, for example, how environmental
policy will impact macro variables, such as the
level of output in an economy and how
environmental policy will impact the long-term
growth rate of the economy.

Levinson, Rasmussen, Staehr, and Wrang
(2006) asserted that government policies might
lead to win-win outcomes, where the
environment and the economy are improved at
the same time. The traditional approach sees
environmental policies as a burden on economic
activity, at least in short to medium term, as
they raise costs without increasing output and
restrict the set of production technologies and
outputs. At the same time, Porter’s (1995)
hypothesis claims that  well-designed
environmental policies can provide a “free
lunch” - encouraging innovation, bringing about
gains in profitability and productivity that can
outweigh the costs of the policy. For long-term
stability and economic growth, increased
improvement in the measurement of
environmental policy stringency is needed
(Kozluk & Zipperer, 2015).

Different modeling approaches meet these
requests and are broadly used. Miller and Blair
(1985) identified the main types of
environmental models: economic-ecological
models, generalized 1/O, and commodity-by-
industry models. The neural networks yield
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statistically lower forecast errors for the year-
over-year growth rate of real GDP relative to
linear and univariate models, the classical
GARCH family of models (Saleem & Ahmad,
2011). Neural networks provide the ability to
use a powerful mathematical computing tool for
a more efficient and reliable outcome (Zarra et
al., 2019).

The use of artificial neural networks for
research on ecological politics and the economy
has grown significantly over the years. Artificial
neural networks have been applied to the
simulation of a hybrid renewable
microgeneration system with neural network
predictive control (Entchev et al., 2018), and for
contribution in the environmental and resource
economics of Monte Carlo method applications
(Baiocchi, 2005).

Some scientists are using neural networks for
environmental damage assessment. Moffatt and
Hanley (2001) discussed alternative approaches
to modeling economy-environment systems
from the  perspective of  sustainable
development that use such indicators as the
most appropriate population, output, vehicle
kilometers, aircraft movements, emissions and
GDP. Kohler et al. (2016) provided an overview
of modeling activities in the context of EU
environment policy that is structured around
natural capital, resource efficiency, a low carbon
economy, and human health and wellbeing
along with the horizontal priority objectives.

Questions are often asked as to how
environmental policies designed to protect the
environment may harm economic growth. Guo,
Xingneng, Sheng and Zhang (2018) showed that
policies that stimulate environmental R&D,
technological innovation, green technology
innovation and diffusion may provide firms
with the correct incentives to prevent damaging
the environment, while preserving their
competitiveness in the market.

The costs of environmental regulation have
been estimated by Boyd and Uri (1991) and
Conrad and Schroder (1993) for Germany and
the USA. In their analysis of the impact of
tracking company environmental spending on
environmental and economic performance, Park
and Ban (2019) found that environmental
performance is positively associated with
economic performance.

Scientists are exploring GDP as one of the
most important tools to understand the
economic health of a country. Pabreja (2018)
showed a clear correlation among health,
climate, and education-related indicators of
various countries as per their development
status. Rosen (2019) found that economic
intensity and affluence, respectively, and
material, resources or pollutants have an impact
on continual GDP growth. Ward et al. (2016)
demonstrated that growth in GDP ultimately
could not be decoupled from growth in material
and energy use. The relationship between
different factors and GDP has been primarily
evaluated in the literature: domestic extraction
use (Yu et al., 2013), energy, and material use
(Wood et al., 2015).

Pearce and Palmer (2005) found little
evidence to show that environmental
expenditures negatively impact on economic
growth. Krajewski (2016) explained that an
increase in public environmental protection
expenditure has a positive effect on economic
growth. Results revealed that public
environmental protection expenditure has a
more substantial influence on GDP during a
crisis, and its positive effects are most
influential in the case of economies affected by
the global financial crisis. Based on descriptive
statistics and regression analysis of 30
developing countries, Lich and Cam Tu (2019)
found that public expenditure increases along
with the development level of nations, and
economic growth have a positive relationship
with investment.

Moreno-Enguix and Bayona (2017) showed
significant evidence of an association between
public efficiency and state of development, as
well as population density, especially in
environmental protection. The direction of the
association between public sector size and
public performance differs per function. Meyer
(2019) argued that effective government
spending and management have a positive
impact on the economy.

Yurynets (2016), Kruglyakova (2016) analyzed
the relationship between government policy
and economic growth (GDP) and used
government revenues and expenditures on
research and development, in particular in the
area of environmental protection. Government
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spending on environmental protection is a part
of total government expenditures, which in a
short run wusually stimulate the economy
(Blanchard & Leigh, 2013).

Therefore, comprehensively studying the
assessment of the impact of government
expenditure on environmental protection on the
GDP of Ukraine would be reasonable.

The paper is organized as follows. First, the
theoretical model, which explains the
macroeconomic  effects of government
expenditure on environmental protection, is
presented. Then the results of empirical
research, based on the neural network model,
are shown. The last paragraph of the paper
provides concluding remarks.

METHODOLOGY OF RESEARCH AND

EMPIRICAL DATA
Neural network modeling tools were
considered for evaluating the impact of

government expenditure on environmental
protection on the GDP. Social and economic
indicators reflecting budget revenues and
expenditures as a percentage of GDP are
included in the model. A neural network model
based on social and economic indicators of nine
developed countries (USA, Austria, Denmark,
Great Britain, Norway, Netherlands,
Switzerland, Belgium & Sweden). The study took
into account countries that show a high level of
social, economic and environmental
development and state environmental policy
towards the development of environmental
protection. In 2017 in the EU-28 and the United
States, the total expenditure of the general
government on environmental protection has
averaged 0.8 % of GDP: Austria - 0.61 %,
Denmark - 0.6 %, Great Britain - 0.66 %, Norway
- 0.9 %, Netherlands - 1.3 %, Switzerland - 0.6 %,
Belgium - 1.23 %, Sweden - 0.58 %, USA - 0.65 %.
For the next long-term EU budget 2021-2027,
the Commission proposed to increase funding
by almost 60% for LIFE, the EU program for the
environment and climate action (Long-term EU
budget 2021-2027, 2018). These countries
illustrate an example of a quite high level of

successfully implemented programs and the
optimization of the costs relative to budget
revenues (Environmental protection in the
association agreement between Ukraine and the
EU, 2017).

During the course of the study, the neural
network model was developed as an element of
economic and mathematical modelling. The
model has been constructed for predicting and
explaining state environmental policy towards
the development of environmental protection.

The model looks into connections between
input and output factors, comparing the budget
revenues to its costs. The model shows what
expenditures should be in Ukraine in line with
available budget revenues. The modelling
concept primarily provides a framework for
building a forecast based on actual performance,
preparation of perspective plans considering the
forecast and decision analysis within a long-
term forecast time.

The most popular neural networks are
multiple networks. The multiple networks are
put together by hooking together simple
neurons. The choice of the structure of the
neural network is a problem faced at the
beginning of the development of a neural
network model. To solve the approximation
problem, the following methods can be used:
multilayer perceptron, radial basis functions
neural networks, generalized regression
networks, linear networks.

We developed a modified generalized
regression network model, which included the
radial basis function (RBF) and multilayer
perceptron (MLP). As a result of the work and
training of the neural network, it was found that
the generalized regression neural network has
the radial base layer as the first intermediate
layer, and the second middle layer is linear.

The activation value of the neuron is
estimated as the difference between the
weighted sum of the inputs and the threshold
value. The activation function converts the
activation signal. The result is the output signal

of the jth neuron ( uj ):
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second layer and the /" neuron of the output
layer of the perceptron; X; is /" input signal of
a neuron.

Input variables were selected: paid taxes and
fiscal charges, % of GDP (C1); business profits
tax funds, % of GDP (C2); personal tax returns, %
of GDP (C3); VAT and excise duty receipts, % of
GDP (C4); summary budget non-tax receipts, %
of GDP (C5); local budget tax receipts, % of GDP
(C6); money supply MS1, % of GDP.

Statistics variables from 2000 through 2017
for the construction of a model to evaluate state
environmental policy and development of
environmental protection of Ukraine are
presented in Table 1.

Table 1. Statistics variables for the construction of model to evaluation of state environmental policy
and development of environmental protection of Ukraine (% of GDP)

Variables [2000(2001|2002(2003{2004(2005|2006{2007|2008{2009(2010{2011(2012|2013| 2014 201520162017
c1 29,1|27,9 (30,6 |29,8(26,3|30,3|31,6 305 |31,4(31,7| 29,0 [30,6|31,6(29,5 | 235 |29,2|27,1|274
c2 451(4,13|421(492|470|531|4380|481| 51 |3,60| 3,71 [4,22| 40 | 3,72 | 2,60 |4,52|4,13|4,25
c3 3,73 (4,354,383 [5,10 | 3,81 (3,92 | 4,23 | 4,82 | 4,80 |4,92| 4,72 | 4,63 | 4,85 | 4,80 | 4,80 |3,74|4,13 4,12
c4 691|642 (7,77 (6,70 | 6,79 |9,48| 10,8 | 9,72 | 11,1|11,6| 11,7 | 13,3 | 13,1 | 12,1 | 14,0 |13,7[12,6[12,9
c5 739691722619 (591592590 |533|483|7,01| 571 |463|572|562| 510 |7,40|6,92 (6,97
C6 6,89 (7,22 |733(571|521|522]|5,61]6,12|6,20|6,41| 6,23 |561|6,10|6,11 | 560 |6,90|7,45|7,34
c7 12,3|14,6 17,8193 |19,5|22,3 | 22,7 | 252 | 23,8 | 25,6| 26,5 | 24,1 [26,1|29,9 | 34,8 |35,1|36,3|36,4
MS1 |13,9]159(165(19,1|219|21,1|23,0 262 |24,5|16,6| 13,9 [ 15,5 | 154|143 | 13,1 |14,2 |14,5 147
N1 03|03|03|03|03|04|04[03[03/03/03/03/03|03]| 02 [03|03]|02
N2  |0,005/0,028/0,020|0,034|0,018|0,006/|0,0210,020|0,036/0,014|0,008 [0,012(0,015/0,002| 0,019 [0,005/0,028/0,029
N3 0,36 (0,38 |0,32{0,40|0,42|0,39| 0,37 | 0,39 0,41|0,38| 0,35 | 0,29 (0,32| 0,29 | 0,29 |0,36| 0,3 |0,32
N4 283 (27,2 (267 (284293 (321|322 |31,4|32,6(33,6| 349 (320349336 334 [303(31,2(31,3
N5 3,89 (3,81 (3,82 (3,72 |3,64(3,52|3,71(3,41(3,19|3,71| 4,10 | 3,82 3,91 | 4,10 | 3,70 |3,89|3,82(3,80
N6 2,31(233(2,12(220(2,11|2,21|2,223|2,10231|2,61|2,70|2,12|2,10|2,10 | 1,80 |2,32(2,33 (2,32

Source: formed according to (State Statistics Service of Ukraine, 2018).

Output variables also were selected: protection, % of GDP (N1); state budget

government expenditure on environmental

expenses for innovation activity, % of GDP (N2);
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state budget expenses for R&D, % of GDP (N3);
summary budget expenditures, % of GDP (N4);
local budget expenses for the countrywide
functions, % of GDP (N5); state budget expenses
for education, % of GDP (N6).

During the automatic formation of the neural
network, the STATISTICA Automated Neural
Networks was applied. An option to create a
network in the initial dialog box was chosen for
time series regression and forecasting. After
that, a set of dependent and independent
variables were selected.

The statistical data over the period 1979-2017
was employed for modelling and forecasting.
Data collected by OECD, IMF and the State
Statistics Committee of Ukraine for statistical
purposes were used for data analysis.

A predicted level of financing of
environmental protection from the state budget
is the final result of neural network modeling.

In the simulation, an expert evaluation has
been used within [0; 1]. The high level of state
environmental policy towards the development
of environmental protection is represented by 1.
In contrast, the low level of state environmental
policy  towards the  development of
environmental protection is represented by 0.

RESEARCH RESULTS

A maximum and a minimum number of
neurons, the networks for training, the

Answer of neural
network

2500.00
2490.00
2480.00
2470.00
2460.00
2450.00
2440.00
2430.00
2420.00

interfaces for selection and evaluation were
determined before the training of the neural
network. Then the training and selection of the
necessary networks were started. The neural
model correctly and logically interprets the data
content.

During the simulation, the multilayer
perceptron MLP 12-14-1 was received. This
neural network had the smallest learning error
and the highest performance.

During 2000-2017, a decreasing trend of the
specific weight of the government expenditure
on environmental protection in GDP was
noticed in Ukraine (Table 1). The study took into
account real GDP adjusted to remove price
changes.

There is a direct correlation between the
amount of government expenditure on
environmental protection and the evaluation of
a neural network of how well an existing public
environmental policy was functioning.

As shown in figure 1, the increase in
government expenditure on environmental
protection leads to GDP growth. Subject to the
increase of public environmental protection
spending by 0.01% GDP will rise on average by
0.36%. The neural model shows that
environmental expenditures in Ukraine should
be higher, taking into account available budget
revenues. The calculations would represent a
realistic scenario.

0.20 0.21 0.22 0.23 0.24 0.25

Figure 1. The influence of government expenditure on environmental protection over GDP (% of

GDP).
Source: Developed by authors.
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One dimension of the strengthening of
developed countries was the promotion of
environmental protection activities. The
expenses provide environmental protection
projects for environmental activities. Besides
the increase of state budget expenses for
environmental protection, also required is the
provision of alternative sources of funding:
formation of environmental funds in Ukraine
with the use of venture financing; ecological tax
base expansion; increase fines for violations of
environmental laws; improve management of
official development assistance to Ukraine in
the area of environmental protection; provide
loans for the development of businesses
introducing eco-innovations.

We do not agree that the cost of stabilization
and rehabilitation of the environment
(Explanatory note to the Draft Law of Ukraine,
2019) should be reduced. We support the ideas
of scientists (Yurynets & Kruglyakova, 2016;
Yurynets, Bayda & Petruch, 2015; Marushevsky
& Rudenko, 2017) who believe that the
sustainable development of Ukraine, high
quality of life and health of the population can
be achieved only through conservation and
improvement of the environment. To this end, it
is necessary to formulate and consistently
implement uniform state policy in the field of
ecology to preserve environmental protection
and rationally use natural resources. The
restoration and preservation of the environment
must be one of the state’s and society’s
priorities. The implementation of environmental
projects allows us to achieve the desired result
in addressing environmental problems. The
state will gradually receive results from
environmental protection projects.

CONCLUSIONS

A review of the literature and empirical results
from previous research indicate the importance of
identifying the impact of factors on GDP growth.
The primary objective of this study was to define,
using neural network modelling, the impact of
government expenditure on environmental
protection and different types of social and
economic variables related to government activities
on GDP growth.

The results confirmed that the independent
variable (government expenditure on
environmental protection) causes changes in GDP.
Subject to the increase of public environmental
protection spending by 0.01% GDP will rise on
average by 0.36%. The implications of the study are
that the government of Ukraine can improve the
environmental situation in the country and play a
considerable role in GDP growth and development
of environmental activities, as is shown in this
study by using neural network modelling on input
and output variables reflecting the social and
economic policies of the country. The advantage of
the study is that the time frame is relatively current
- from 1979 to 2017. A recommendation from the

study is that funding for important
environmental programs should be
strengthened.

Future study should include other factors and
some comparative research. With respect to
comparative research we plan to perform an
analysis of post-Soviet countries, and to compare
these countries to European states and to use the
model to  forecast expenditures on
environmental protection in  developed
countries and compare the growth in these
expenditures with the forecast for Ukraine.
Because the proposed model does not take into
account all the factors that may affect the formation
of economic and environmental processes in
Ukraine, such as the exchange rate, political factors,
risks. A future study should analyze the impact
these factors have on gross national product.

In conclusion, the study’s results confirm that
full financing of environmental programs will
allow the timely implementation of ecological
programs made for Ukraine’s sustainable
development to eliminate one of the reasons for
non-compliance with environmental measures
and low efficiency of their use in Ukraine.

This question is relevant to various
environmental issues: waste disposal, rational
use of natural resources; implementation of
environmental protection measures; and state
support for the most effective ways to decrease
greenhouse gas emissions. Any of these positive
effects, however, can be increased utilizing an
increase in government expenditure on
environmental protection.
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