
7Environmental Research, Engineering and Management          2026/82/2

Biological and Landscape 
Diversity Conservation as a 
Systemic Tool of Sustainable 
Development in the Context of 
European Environmental Policy 

EREM 82/2
Journal of Environmental Research, 
Engineering and Management
Vol. 82 / No. 2 / 2026
pp. 7–21
10.5755/j01.erem.82.2.43976

Biological and Landscape Diversity Conservation as a Systemic Tool of 
Sustainable Development in the Context of European Environmental Policy 

Received 2025/12 Accepted after revisions 2026/03

https://doi.org/10.5755/j01.erem.82.2.43976

Serhii Rudyshyn1*, Yurii Yefimov2, Raifa Salmanova3, Oleksandr Govorun4,  
Lesia Buslenko5

1  Department of Theory and Methods of Teaching Natural Sciences, Faculty of Natural and Physical and Chemical 
Education, Olexander Dovzhenko Hlukhiv National Pedagogical University, Ukraine
2  State Environmental Inspectorate in Kharkiv Region, Ukraine
3  Department of Biology, Faculty of Natural Sciences and Agriculture, Nakhchivan State University, University campus, 
Republic of Azerbaijan
4  Department of Biology and Biology Teaching Methodology, Faculty of Natural Sciences and Geography, Sumy State 
Pedagogical University named after A. S. Makarenko, Ukraine
5  Department of Zoology, Faculty of Biology and Forestry, Lesya Ukrainka Volyn National University, Ukraine

*Corresponding author: rud.prof.geo@gmail.com

The relevance of this study lies in the need to preserve biodiversity and enhance the effectiveness of environ-
mental policy in the context of unprecedented climate change and continually changing anthropogenic pres-
sures. The purpose of the study was to conduct a well-founded comparative analysis of the current state of 
biodiversity and protected areas, covering Ukraine, Azerbaijan, as well as the countries of the European Union, 
in particular Germany and France. To achieve this goal, an interdisciplinary approach was employed: a com-
bination of statistical analysis, economic and mathematical modelling, correlation and regression analy-
sis, as well as the use of forecasting tools to determine current development scenarios. It was found that in 
Ukraine, the area of the protected area fund remains significantly lower than average European stand-
ards, while in France and Germany, this indicator consistently exceeded 19% of the total area of the country.  
Obviously, targeted financing of nature conservation initiatives is a decisive factor that significantly stimulates the 
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expansion of protected areas, but uncontrolled urbanisation and high industrial loads have a clearly expressed 
negative correlation with the nature of the protected areas. Forecast models, calculated for the period 2025–2030, 
indicate an excessively complete, almost stagnant, increase in protected areas in both Ukraine and Azerbaijan, 
which is an alarming signal that clearly increases the current acceleration of the pace of fund expansion and 
deep integration of European strategies into the domestic nature conservation policy. The practical value of the 
study is explained by the fact that the recommendations and multi-criteria assessments provide an opportunity to 
increase the efficiency of management of existing protected areas, ensure the systematic development of a cel-
lular ecological network, and contribute to the formation of a qualitatively new level of environmental awareness 
among a wide range of the population.

Keywords: nature conservation, ecosystem services, nature reserves, climate challenges, European integration, 
environmental management, economic and mathematical modelling, scenario analysis.

Introduction
Biological and landscape diversity conservation is a 
strategic challenge and a fundamental condition for 
achieving sustainable development goals. Biodiversity 
determines ecological balance, forms the basis of ag-
ricultural sector productivity, ensures the resilience of 
ecosystems to climate change, and creates opportu-
nities for the development of tourism, recreation, and 
preservation of cultural heritage. Landscape diversity, 
in turn, is a material and spiritual resource that reflects 
the harmony of the interaction of nature and society, 
creates a living environment and determines the eco-
logical quality of territories (Bhatia et al., 2023, Ma et 
al., 2021). That is why modern European environmental 
policy considers the protection and restoration of biodi-
versity as a systemic tool that combines environmental 
protection measures with economic development and 
social stability. 

The relevance of the study is determined by glob-
al environmental changes, including the reduction of 
species populations, land degradation, urbanization 
pressure, and climate change. As a result, there is a 
gradual loss of unique natural complexes in Europe 
and adjacent regions, which negatively affects both 
natural ecosystems and the well-being of society, eco-
nomic security and the quality of life of the population. 
In view of these challenges, the European Union (EU) in 
strategic documents, in particular the European Green 
Deal and the Biodiversity Strategy for 2030, emphasizes 
the need for an integrated nature protection policy. It 
provides for the development of the Natura 2000 net-
work, the implementation of nature-based solutions, 
and strengthening international cooperation (Hogan et 
al., 2021; Fischer et al., 2021).

It is important to note that the problem of biological 
and landscape diversity conservation goes beyond the 
European context. Similar environmental challenges 
are observed in the Eastern Partnership countries, in 
particular in Azerbaijan: a decrease in populations of 
rare species, soil degradation, depletion of water re-
sources. Therefore, there is a need to find common ap-
proaches to nature protection, harmonization of leg-
islation, and integration with European environmental 
standards (Herrero-Jáuregui and Concepción, 2023).

Despite the difficult socio-economic situation and 
military challenges, Ukraine is gradually moving 
in this direction: it is implementing the principles of 
the European Ecological Network, expanding the na-
ture reserve fund and adapting the national environ-
mental policy to the requirements of the Association 
Agreement with the EU. The experience of individual 
countries of Central and Eastern Europe, which have 
gone from national programmes to European envi-
ronmental strategies, can become an effective model 
for forming a biodiversity management system in the 
region.

The aim of the study is to assess the state of biodiver-
sity and the protected areas in Ukraine, Azerbaijan, and 
some EU countries, as well as to develop recommen-
dations for increasing the resilience of ecosystems and 
harmonizing national policy with European standards.

Research objectives:
1	 Analyse the dynamics of the hectarage of the protect-

ed areas and the ecological network in Ukraine, Azer-
baijan, Germany, and France for 2010–2024.

2	 Assess the volume and effectiveness of measures for 
forest restoration, species reintroduction and ecosys-
tem monitoring in four countries.
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3	 Identify the relationship between socio-economic fac-
tors and the state of the protected areas using correla-
tion and multivariate regression analysis.

4	 Predict the dynamics of the hectarage of the protected 
areas for 2025–2030 and assess the prospects for the 
development of the ecological network.

The academic novelty of the issue under research is the 
treatment of biological and landscape diversity not only 
as an object of protection, but also as a sustainable de-
velopment tool that integrates environmental, social, 
and economic priorities.

The scientific novelty and original contribution of this 
work are expressed through the use of an integrated 
approach. That is, biological and landscape diversity 
are considered not just as an object that requires pro-
tection, but also as a full-fledged, effective tool for sus-
tainable development, which successfully integrates 
critically important environmental, social and economic  
priorities. In addition, an equally important component 
is a quantitative assessment of how constantly chang-
ing socio-economic factors affect the current state of 
the nature reserve fund, to which is added a meticulous 
forecast of the further development of the ecological 
network, which covers both the territory of Ukraine and 
Azerbaijan, while a detailed comparative analysis is 
necessarily carried out against the background of the 
experience of the EU countries.

The hypothesis of the study is that the level of effective-
ness of environmental protection policy and the sus-
tainability of ecosystems directly depend on the scale 
of the nature reserve fund. An important factor is also 
the implementation of nature-oriented solutions and 
the harmonization of national practices with European 
standards.

Literature review
Existing ecological science and environmental practice 
emphasise the critical issue of preserving biological 
and landscape diversity, which is the basis of biosphere 
stability and sustainable development (Ombashi 
and Løvschal, 2022). Research shows that biodiver-
sity plays the role of a kind of «cybernetic memory» 
of global ecosystems, ensuring their resilience and 
ability to adapt in response to change (Vakulyk, 2022; 
Rudyshyn, 2021). This idea is supported by empirical 

observations of large natural complexes in countries 
such as Canada (65% of preserved areas), Russia 
(41%), Australia (33%), Brazil (28%), China (20%) and 
Algeria (64%). These territories form a kind of «islands 
of stability», which serve as a potential basis for global 
ecological security.

Landscape strategy planning discusses the balance 
between cultural and natural landscapes. Rudyshyn 
(2023) suggests an optimal ratio of 62% cultural and 
38% natural areas. However, reality often deviates from 
this model because of social, economic, and climatic 
factors. This requires adapting theoretical approaches 
to the conditions of specific regions.

Another area of research emphasises the threat of 
resource depletion for the natural self-renewal of the 
biosphere. In response, experts propose measures 
aimed at integrating human activity into natural cycles, 
limiting excessive use of resources and developing a 
culture of environmental responsibility (Špulerová et 
al., 2023; Terpay, 2021).

However, this approach partially underestimates the 
potential of natural ecosystems for self-regulation, 
especially where there is low human impact. The con-
cept of the noosphere by V. Vernadsky, as described by 
Loreau et al. (2021), is considered an effective tool for 
adapting noospherogenesis to current environmental 
conditions. It allows the integration of academic knowl-
edge with natural resource management and policy 
development (Chumachenko et al., 2022; Abbasov et 
al., 2023).

Analysis of national experiences shows that success 
in biodiversity conservation depends primarily on the 
scale of nature reserves and the level of integration 
of nature conservation solutions into the state devel-
opment strategy (Fair et al., 2020). For example, the 
area of protected areas in Ukraine is only 7%, which 
is much less than the average European indicators. 
Meanwhile, Azerbaijan is actively expanding its nature 
reserves and working on the restoration of forest are-
as (Vakulyk, 2022; Rudyshyn, 2021). Therefore, there is 
an importance of harmonising theoretical models with 
state policy and the need to assess the effectiveness of 
implemented measures.

Thus, the literature review highlights two key ap-
proaches to understanding biodiversity conservation: 
1) ensuring biological balance through the protection 
of natural areas; 2) integration of human activity into 
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natural processes. The above approaches complement 
each other, forming a methodological basis for ana-
lysing the dynamics of protected areas, assessing the 
impact of anthropogenic pressure, and predicting the 
development of the ecological network. All this is di-
rectly related to the main research hypothesis.

Methods

Research design
The research is based on an interdisciplinary approach 
that integrates environmental, legal, economic, and 
social aspects of sustainable development. The chosen 
design combines qualitative and quantitative methods, 
which provides a comprehensive assessment of the 
state of biological and landscape diversity, identifica-
tion of trends in its transformation, and assessment of 
the effectiveness of political and management mecha-
nisms in the field of environmental protection. 

The methodology is based on a systems approach, ac-
cording to which biodiversity and landscapes are con-
sidered as components of an open socio-ecological and 
economic system, interconnected with other areas of 
social development. In this context, attention is focused 
on global challenges: climate change, loss of ecosys-
tem services and increasing anthropogenic pressure, 
which determines the need to harmonize national poli-
cy with the EU standards and strategic guidelines.

Research procedure
The research was conducted in several successive 
stages. The first stage involved a theoretical and meth-
odological analysis of academic literature, as well as a 
study of international and national regulatory and legal 
documents regulating environmental and agricultural 
policy in Ukraine, Azerbaijan, and the EU countries. 
The next step was the collection of an information 
base for the study, which included statistical materi-
als from international organizations such as Food and 
Agriculture Organization (FAO), Eurostat, Organisation 
for Economic Co-operation and Development (OECD), 
and the World Bank, as well as data from national 
statistical services. At the second stage, the collected 
information was systematized and subjected to quan-
titative and qualitative analysis in order to identify the 
main patterns and trends. The third stage involved the 
application of economic and mathematical methods 

to model the impact of key socio-economic factors on 
the state and dynamics of the preservation of biolog-
ical and landscape diversity. The fourth stage was a 
comparative analysis of Ukraine, Azerbaijan, and the 
EU countries in the context of European environmen-
tal policy. The final stage was the provision of practical 
recommendations for improving mechanisms for pro-
tecting biological and landscape diversity in connection 
with European environmental strategies and sustaina-
ble development principles.

Research sample
The research sample was based on statistics for 
2010–2024, which ensured representativeness and 
made it possible to trace the dynamics of changes in 
the long run. The main sources were official data from 
national statistical agencies in the field of environ-
mental protection and natural resource management 
of Ukraine, Azerbaijan, Germany, and France, as well 
as international databases of FAO, Eurostat, and the 
World Bank, which allowed integrating national char-
acteristics into a broader European and global context. 
In addition to quantitative indicators, the sample in-
cluded programme and strategic documents, in par-
ticular the European Green Deal, the EU Biodiversity 
Strategy for 2030, the Concept of Environmental Policy 
of Ukraine, and the Strategy of Environmental Security 
and Adaptation to Climate Change of Azerbaijan. This 
approach made it possible to comprehensively assess 
the relationship between economic development and 
environmental security in different countries, compare 
their results and outline the directions of integration in 
the field of sustainable development.

Research methods
The research employed a combination of general sci-
entific, statistical, comparative, econometric, and geo-
information approaches. The methods of analysis, 
synthesis, induction, deduction, and generalization en-
sured the formation of a holistic conceptual basis for 
the study. Statistical analysis was used to assess the 
dynamics of changes in biological and landscape di-
versity, determine the scale of ecosystem degradation, 
and also assess the level of funding for environmental 
protection programmes. Time series, averages, coef-
ficients of variation, and other descriptive statistical 
indicators were used to quantify trends and assess the 
effectiveness of existing measures.
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The comparative analysis was carried out to identi-
fy similarities and differences in the approaches of 
Ukraine, Azerbaijan, and EU countries (Germany and 
France) to the environmental policy implementation. 
The analysis included a comparison of reserve indica-
tors, financing of nature protection, legislative frame-
work, and structural mechanisms for natural resource 
management. Geographic information systems (GIS) 
were used for spatial analysis of landscape diversity 
and identification of changes in the territorial struc-
ture of ecosystems. Digital maps, satellite images and 
remote sensing were used to model spatial patterns, 
zone ecologically important areas, and assess anthro-
pogenic impact on natural landscapes. Correlation and 
regression analysis was used to identify relationships 
between socio-economic factors (investments in envi-
ronmental protection measures, level of urbanization, 
demographic indicators) and the state of the environ-
ment (biodiversity indicators, areas of degraded areas, 
level of reserve).

Scenario modelling was used to predict potential tra-
jectories of environmental policy development in 
the face of increasing climate and anthropogenic  
challenges. Alternative scenarios were developed 
based on variable demographic, economic, and natural  
parameters, which made it possible to assess the 
likely consequences of political decisions and choose  
optimal environmental management strategies. 

The method of economic and mathematical modelling 
was the key tool for quantitative assessment, which 
made it possible to determine the nature and strength 
of the impact of the main socio-economic factors on the 
state of biological and landscape diversity. The analysis 
took into account the level of funding for environmental 
protection programmes, land use intensity, the scale of 
urbanization, the volume of industrial load, and indica-
tors of ecosystem degradation. A multifactor regres-
sion model was used for this purpose to quantitatively 
assess the contribution of each factor to changes in the 
state of biodiversity. The model was defined as:
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where β0 – model constant, β1…β5 – coefficients of in-
fluence of the corresponding factors, and ε – random 
error reflecting the influence of unaccounted variables.

Econometric analysis of time series was also used to 
trace long-term trends and predict potential scenarios 
for the development of environmental policy and the 
state of ecosystems under increased anthropogenic 
and climatic pressure.

Variable selection approach and statistical 
limitations
To build a multivariate regression model, we ap-
proached the selection of variables based on two key 
pillars: first, their proven theoretical significance, and 
second, their impact on the state of the nature reserve 
fund. Among the most significant ones that were di-
rectly included in the analysis, it is worth highlighting 
the following indicators: the amount of funding for 
environmental initiatives, the actual intensity of land 
use, the general level of urbanization of the region, the 
scale of industrial load, as well as indicators reflecting 
the degree of ecosystem degradation.

At the same time, one of the strict selection criteria 
was the need to have reliable and comparable time se-
ries of data for all countries studied, covering the pe-
riod from 2010 to 2024, as well as a real opportunity 
to quantitatively assess their interdependence with the 
target indicators of protected areas.

It should be recognized that any model that tries to 
cover such complex ecological processes inevitably 
faces a number of potential statistical obstacles. The 
main limitations that may affect the results of this 
study are the danger of multicollinearity between in-
dividual variables and the influence of external fac-
tors, such as sudden and rapid climate shocks or 
large-scale socio-economic crises, which are phys-
ically impossible to fully account for within the avail-
able data. 

Instruments
The study used comprehensive software for statistical, 
spatial, and econometric analysis. Statistical analysis, 
as well as correlation and regression analysis was per-
formed using R (version 4.3.2) with the tidyverse, fore-
cast, and lmtest packages. Large-scale data proces- 
sing and scenario modelling were performed in Python 
(version 3.12) using the pandas, numpy, matplotlib, 
seaborn, statsmodels, and scikit-learn libraries. Spatial 
analysis and geoinformation modelling of landscape 
diversity were implemented in QGIS (version 3.38) 
and ArcGIS (version 10.9) for assessing anthropogenic 
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impact and creating thematic maps. Primary data pro-
cessing and tabulation were performed in Microsoft 
Excel (version 2021), which ensured data integration 
into statistical and spatial models. The use of these 
tools made it possible to comprehensively assess the 
state of biological and landscape diversity, track the 
dynamics of ecosystem changes, and predict the effec-
tiveness of political and management decisions in the 
field of environmental protection.

Results and Discussion
Quantitative indicators were used to assess the state 
of biodiversity. The area of the NRF (Nature Reserve 
Fund), the share of territories preserved in a natural 
state, as well as the ecosystem degradation level were 
among the key ones. Such parameters were used to 
determine how effectively a country or region sup-
ports ecological stability and what measures need to 
be implemented to increase it. In 2023, the hectarage 
of the protected areas of Ukraine was about 7% of the 
territory, which is significantly lower than the average 
European indicator (18–20%) and emphasizes the need 
to strengthen environmental protection policy and im-
plement European practices.

This indicator was higher in Azerbaijan – about 11%, 
which indicates progress in the development of the 
national nature protection system, but remains below 
average European standards (Fig. 1).

Analysis of the dynamics of the hectarage of the pro-
tected areas in Ukraine, Azerbaijan, Germany, and 
France for 2010–2024 revealed a steady growth trend, 
while the pace and levels of development differ between 
countries. In Ukraine, the share of the NRF in 2010 was 
5.8%, and by 2024 it gradually increased to 7.6%. This 
indicates a gradual but stable increase in protected ar-
eas. Azerbaijan demonstrates a slightly higher level – 
from 9.5% in 2010 to 11.4% in 2024, maintaining sta-
ble annual growth. Germany and France demonstrate 
significantly higher indicators of the NRF: in Germany 
the area increased from 17% to 19.6%, and in France – 
from 18% to 20%, with stable growth in France since 
2018, which indicates an optimal level of protection and 
effective management of natural areas (Fig. 2). 

The data show that Ukraine, despite the lower absolute 
level of NRF, demonstrates consistent progress, while 
Western European countries have already achieved high 
and stable development of the nature reserve network.

The above general indicators enable moving on to a 
more detailed analysis of specific tools and mecha-
nisms through which nature conservation is imple-
mented. In Ukraine and Azerbaijan, the principles of 
balanced territorial planning have already been partial-
ly implemented through the development of national 
parks, biosphere reserves, and agro-landscape zones. 
For example, in 2024, the total area of national parks 
in Ukraine was about 900 thousand hectares, and bio-
sphere reserves – 1100 thousand hectares. Despite the 
creation of an ecological network, its coverage remains 
relatively low and is estimated at approximately 7% of 
the country’s territory. 

In Azerbaijan, similar measures allowed increasing the 
area of national parks to 1200 thousand hectares, and 
biosphere reserves – to 1400 thousand hectares, which 
provided a slightly higher indicator of the ecological 
network – about 11%. Therefore, it is possible to outline 
active work on the integration of national environmen-
tal policy into European standards, although there is a 
gap with EU countries, where the coverage of protected 
areas is much higher. In particular, in Germany, the 
area of national parks reaches 3000 thousand hectares, 
biosphere reserves – 4500 thousand hectares, and the 
ecological network covers about 19% of the territory. In 
France, national parks occupy 3500 thousand hectares, 
biosphere reserves – 5000 thousand hectares, and the 
ecological network covers 20% of the territory (Table 1).

Fig. 1. Dynamics of the share of terrestrial protected areas,  
2010–2024

Source: Source: developed by the authors based on Eurostat (n.d.), 
State Statistical Committee of the Republic of Azerbaijan (n. d.), 
Ukrstat (n. d.).
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Fig. 2. Dynamics of the hectarage of the protected areas and the ecological network

protected areas to maintain the species composition of 
flora and fauna and ensure the integrity of ecosystems.

Ukraine and Azerbaijan are gradually integrating 
similar practices through international programs, 
in particular with the support of the United Nations 
Development Programme (UNDP), the Deutsche 
Gesellschaft für Internationale Zusammenarbeit (GIZ), 
as well as within the framework of bilateral projects 
with EU countries.

It is worth noting that about 250 thousand hectares 
of forest areas were restored in Ukraine, 15 species 
were reintroduced, and monitoring covered 50 sites 
during 2010–2024. In Azerbaijan, the volume of work 
was somewhat larger: 300 thousand hectares of forest 
were restored, 20 reintroductions were carried out, and 
monitoring covered 60 sites. In Germany, 400 thousand 
hectares of forest were restored, 25 reintroductions 
were carried out, and 80 sites were monitored, while 
in France the corresponding figures are 450 thousand 
hectares, 30 reintroductions, and 90 monitoring sites 
(Table 2). 

Effective management of natural resources and con-
servation of biodiversity affects not only environmental 
stability, but also the economic and social sustainabil-
ity of the state. Biodiversity conservation directly con-
tributes to economic stability by supporting key sec-
tors such as agriculture, tourism, and forestry. Healthy 

Table 1. Dynamics of development of protected areas and ecolog-
ical networks

Country
Area of national 
parks (thousand 

hectares)

Area of biosphere 
reserves (thousand 

hectares)

Econet-
work (%)

Ukraine 900 1100 7

Azerbaijan 1200 1400 11

Germany 3000 4500 19

France 3500 5000 20

Source: developed by the authors based on Eurostat (n.d.), State 
Statistical Committee of the Republic of Azerbaijan (n. d.), Ukrstat (n. d.).

Source: developed by the authors based on EC (n.d.), MEPNR (n.d.), State Committee on Ecology and Natural Resources of the Republic of 
Azerbaijan (n. d.).

 

5 

 1 
Results and Discussion 2 

 3 
Quantitative indicators were used to assess the state of biodiversity. The area of the NRF (Nature Reserve 4 

Fund), the share of territories preserved in a natural state, as well as the ecosystem degradation level were among 5 
the key ones. Such parameters were used to determine how effectively a country or region supports ecological 6 
stability and what measures need to be implemented to increase it. In 2023, the hectarage of the protected areas of 7 
Ukraine was about 7% of the territory, which is significantly lower than the average European indicator (18–20%) 8 
and emphasizes the need to strengthen environmental protection policy and implement European practices. 9 

This indicator was higher in Azerbaijan – about 11%, which indicates progress in the development of the 10 
national nature protection system, but remains below average European standards (Fig. 1). 11 

 12 

 13 
 14 
Fig. 1. Dynamics of the share of terrestrial protected areas, 2010–2024 15 
Source: Source: developed by the authors based on Eurostat (n.d.), State Statistical Committee of the Republic of Azerbaijan (n. 16 
d.), Ukrstat (n. d.). 17 

 18 
Analysis of the dynamics of the hectarage of the protected areas in Ukraine, Azerbaijan, Germany, and France 19 

for 2010–2024 revealed a steady growth trend, while the pace and levels of development differ between countries. 20 
In Ukraine, the share of the NRF in 2010 was 5.8%, and by 2024 it gradually increased to 7.6%. This indicates a 21 
gradual but stable increase in protected areas. Azerbaijan demonstrates a slightly higher level – from 9.5% in 2010 22 
to 11.4% in 2024, maintaining stable annual growth. Germany and France demonstrate significantly higher 23 
indicators of the NRF: in Germany the area increased from 17% to 19.6%, and in France – from 18% to 20%, with 24 
stable growth in France since 2018, which indicates an optimal level of protection and effective management of 25 
natural areas (Fig. 2).  26 

The data show that Ukraine, despite the lower absolute level of NRF, demonstrates consistent progress, while 27 
Western European countries have already achieved high and stable development of the nature reserve network. 28 

 29 

 30 
Fig. 2. Dynamics of the hectarage of the protected areas and the ecological network 31 
Source: developed by the authors based on EC (n.d.), MEPNR (n.d.), State Committee on Ecology and Natural Resources of the 32 
Republic of Azerbaijan (n. d.). 33 

 34 

0

10

20

30

40

50

60

2010 2012 2015 2018 2021 2024Sh
ar

e 
of

 p
ro

te
ct

ed
 a

re
as

, %
 o

f 
to

ta
l a

re
a

Year

EU (average)

Azerbaijan

Ukraine

The presented data indicate that the basic principles of 
forming balanced landscapes and ecological networks 
in Ukraine and Azerbaijan are being implemented, but 
there is significant room for improving the effectiveness 
of environmental protection activities and approaching 
European standards. Achieving higher ecological net-
work indicators requires not only expanding the are-
as of nature reserves, but also developing monitoring 
mechanisms, supporting biodiversity, and integrating 
environmental protection measures into socio-eco-
nomic strategies. Particular attention should be paid 
to the implementation of comprehensive measures 
to preserve biodiversity, similar to the practices of EU 
countries under the Natura 2000 system, which unites 
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ecosystems provide soil fertility, water supply and re-
sources for recreational activities, which creates addi-
tional economic value and increases the competitive-
ness of national economies. Ecological sustainability is 
ensured by reducing soil degradation, conserving wa-
ter resources and adapting to climate change, which 
reduces the risks of natural disasters and losses in 
agriculture. Social sustainability is implemented by im-
proving the quality of life of the population, developing 
educational programmes ton environmental literacy, 
preserving cultural values and forming responsible en-
vironmental behaviour of citizens (Fig. 3).

Table 2. Main types of biodiversity conservation mea-
sures (2010–2024)

Country
Forest restoration 

(thousand hectares)
Species  

reintroduction
Ecosystem 
monitoring

Ukraine 250 15 50

Azerbaijan 300 20 60

Germany 400 25 80

France 450 30 90

Source: developed by the authors based on EC (n.d.), MEPNR 
(n.d.), State Committee on Ecology and Natural Resources of 
the Republic of Azerbaijan (n. d.).

Fig. 3. The relationship between biodiversity protection and sustainable development indicators

Variables Ukraine Azerbaijan Germany France

Financing of 
environmental 
protection 
programmes

0.98 0.97 0.99 0.99

Land use intensity −0.92 −0.90 −0.88 −0.85

Urbanization −0.85 −0.82 −0.80 −0.78

Industrial load −0.88 −0.86 −0.83 −0.81

Ecosystem 
degradation

−0.95 −0.94 −0.91 −0.90

Source: developed by the authors.

Table 3. Correlations between socio-economic factors 
and NRF

Source: developed by the authors EC (n.d.), MEPNR (n.d.), State Committee on Ecology and Natural Resources of the Republic of Azerbaijan 
(n. d.).
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Given the above results on the dynamics of the hec-
tarage of the protected areas and the main biodiversity 
conservation activities, the next step is to quantitatively 
assess the relationship between socio-economic fac-
tors and the state of protected areas. Such an analysis 
determines which economic and management factors 
have the greatest impact on the effectiveness of bio-
diversity conservation and where there is potential for 
improving the effectiveness of environmental policy. 
For this purpose, a correlation analysis of the main var-
iables characterizing the socio-economic development 
of countries and the hectarage of the protected areas 
was conducted. The results (Table 3) demonstrate a 
clear interdependence between socio-economic factors 
and the state of the protected areas in four countries. 
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The greatest positive interdependence is noted for the 
financing of nature conservation programmes: this 
indicator ranges from 0.97 to 0.99 in all countries. At 
the same time, land use intensity, urbanization level 
and industrial load have a noticeable negative impact 
on the area of NRF. These negative correlations are 
somewhat stronger in Ukraine and Azerbaijan than in 
Germany and France. This reflects the greater pressure 
of anthropogenic processes in the countries of Eastern 
Europe and the Caucasus, while more effective reg-
ulatory mechanisms in the EU countries reduce the 
harmful effect of these factors. Ecosystem degrada-
tion is still the strongest limiting factor, especially in 
Ukraine and Azerbaijan, where its correlation with the 
hectarage of protected areas reaches of −0.94 to −0.95. 

This indicator is somewhat lower in Germany and 
France, which indicates a more stable state of natu-
ral environments and the effectiveness of biodiversity 
protection activities. Overall, the obtained data confirm 
that supporting the financing of environmental protec-
tion programmes is critically important. Control over 
intensive land use, urbanization and industrial impact 
can significantly reduce the risks of ecosystem degra-
dation and preserve biodiversity.

The results of the multivariate regression (Table 4) 
give grounds to assess in more detail the contribution 
of individual socio-economic factors to the change in 
the hectarage of protected areas in each of the four 
countries. The model constant, which ranges from 2.1 
in Ukraine to 3.2 in France, reflects the baseline level 
of protected areas in the absence of the influence of 
other factors. Positive financing coefficients indicate 
that investments in nature conservation programmes 
directly increase the hectarage of protected areas, 
with the strongest effect observed in Germany (0.035) 
and France (0.034). This is consistent with the high 

Table 4. Multivariate regression

Variable Ukraine β Azerbaijan β Germany β France β

Constant β0 2.1 2.5 3.0 3.2

Financing 0.03 0.028 0.035 0.034

Land −0.05 −0.045 −0.04 −0.038

Urbanization −0.04 −0.038 −0.035 −0.033

Industry −0.06 −0.055 −0.05 −0.048

Source: developed by the authors

effectiveness of environmental programmes in the 
EU countries. Negative β values for land use intensi-
ty, urbanization, and industry confirm that these fac-
tors constrain the development of protected areas. The 
most significant negative impact is exerted by industry, 
especially in Ukraine (−0.06) and Azerbaijan (−0.055), 
which indicates a high anthropogenic pressure on eco-
systems in these countries. This effect is somewhat 
mitigated in Germany and France, which reflects effec-
tive mechanisms for regulating industrial impact and 
the integration of environmental protection measures 
into public policy.

The obtained multifactor models and the dynamics of 
the protected areas for 2010–2024 were the basis for 
making a forecast for 2025–2030 using the linear ex-
trapolation method (Fig. 4). The forecast data indicate a 
gradual increase in the hectarage of the protected are-
as in all four countries, which reflects a stable trend of 
strengthening environmental protection activities and 
the implementation of environmental programmes. 
The forecast for 2025–2030 predicts an increase in the 
protected areas in Ukraine from 7.93% to 8.59%, which 
indicates a gradual but slow increase in protected areas 
and emphasizes the need to accelerate the integration 
of national environmental policy with European stand-
ards. In Azerbaijan, the protected areas are predicted 
at 11.8–12.49%, which reflects a stable expansion of 
the ecological network, but the indicator remains lower 
than the European average. 

In Germany and France, the expected growth to 21.14% 
and 22.15%, respectively, reflects the high effective-
ness of national environmental policies and long-term 
experience in implementing environmental protec-
tion measures. The gradual growth in these countries 
demonstrates not only a steady expansion of protected  
areas, but also the support of already existing ecosys- 
tems through systematic monitoring and resource 
management.

Having considered the current state of biodiversity 
protection and a comparative analysis of practices, it 
becomes obvious that there is a need for systematic 
improvement of national policy in this area. First of all, 
achieving European standards requires a significant ex-
pansion of the hectarage of protected areas. In Ukraine 
and Azerbaijan, 7% and 11% of the state territory are 
currently protected, respectively, which is significant-
ly below the average European indicator of 18–20%.  
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To get closer to European practices, it is appropriate 
to set target indicators of 15% for Ukraine and 14% for 
Azerbaijan. This approach will allow creating a sufficient 
number of “islands of stability” to support ecosystems 
and preserve the genetic diversity of flora and fauna.

One of the key steps is to create a network of national 
and regional biodiversity monitoring centres integrated 
into the European data exchange system. As a result, it 
will be possible to monitor the state of ecosystems in 

Fig. 4. Forecast of the dynamics of the hectarage of the protected 
areas for 2025–2030

Table 5. Proposals for improving biodiversity conservation policy

Direction of improvement Ukraine Azerbaijan Expected effect

Expansion of the hectarage of 
the protected areas

15% of the territory 14% of the territory
Increase in “islands of stability”,  
support of genetic diversity 

Network of national and  
regional monitoring centres

Establishment of 5  
national centres +  
regional branches

Establishment of 4  
national centres + 
regional branches

Monitoring the state of ecosystems, 
assessing the effectiveness of 
measures

Balanced ratio of cultural and 
natural landscapes

62% / 38% 62% / 38%
Harmonization of economic activity 
and nature protection

International cooperation with 
the EU

Participation in species 
and landscape restoration 
programmes

Participation in species 
and landscape restora-
tion programmes

Exchange of experience,  
technologies, increasing the  
effectiveness of measures

Education and educational 
programmes

Implementation of 
educational and public 
initiatives

Implementation of 
educational and public 
initiatives

Raising environmental awareness of 
the population and forming a culture 
of responsible nature management

Source: developed by the authors

Source: developed by the authors.
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real time, respond more effectively to degradation pro-
cesses, and evaluate the results of natural landscape 
restoration programmes. Along with the expansion of 
the protected areas and the development of monitoring 
infrastructure, it is important to implement the golden 
proportion concept, which provides for a ratio of 62% of 
cultural and 38% of natural landscapes. Such a balance 
ensures a harmonious combination of economic activ-
ity with the protection of natural resources and contrib-
utes to the sustainable development of territories.

International cooperation is another effective mecha-
nism for increasing the effectiveness of environmental 
protection measures. Programmes for the restoration 
of species, the reintroduction of flora and fauna, and 
the restoration of degraded landscapes, implemented 
with the participation of the EU, allow for the exchange 
of knowledge, technologies and methods for assessing 
the state of ecosystems.

An equally important aspect is educational activities 
and the establishment of an ecological culture among 
the population. Educational programmes, public initia-
tives, and information campaigns contribute to raising 
public awareness of the value of biodiversity and the 
need for its conservation, forming a socially responsi-
ble attitude towards the environment (Table 5).

So, the comprehensive implementation of the pro-
posed measures will allow Ukraine and Azerbaijan to 
approach European standards for biodiversity conser-
vation, ensure the sustainability of ecosystems, and 
create the prerequisites for a harmonious combination 
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of economic development, nature protection, and so-
cial stability.

The study clearly demonstrated that both in Ukraine 
and Azerbaijan, biodiversity status indicators and the 
level of integration of national ecological networks are 
significantly inferior to average European standards. 
As for the key contribution, it comes down to a com-
prehensive assessment of how socio-economic factors 
correlate with the status of the nature reserve fund, as 
well as to identifying those critical constraints that re-
duce the overall effectiveness of all nature conserva-
tion initiatives.

The analysis conducted irrefutably proves the impor-
tance of financing nature conservation programs, as 
this directly correlates with an increase in the area of 
protected areas. In contrast, factors such as ongoing 
ecosystem degradation, intensive urbanization, and 
significant industrial load systematically undermine 
the overall effectiveness of environmental protection 
measures. Such patterns are fully consistent with the 
studies of Addy and Wilkinson (2021), which empha-
sized the fundamental importance of the size of pro-
tected areas for ensuring the stability of both agricul-
ture and forestry. Furthermore, they confirm the work 
of Atkinson et al. (2022), who established a direct link 
between ecosystem degradation and a significant de-
cline in water productivity and biodiversity.

Equally important is the social dimension: Bradbury’s 
et al. (2021) observations on the need for active public 
involvement in environmental initiatives and the im-
portance of quality environmental education fully con-
firm this aspect of sustainable development.

It should be added that a balanced ratio of cultural and 
natural landscapes is one of the cornerstones of this 
system. Correia and Lopes (2023) argue that only an 
optimally adjusted proportion guarantees long-term 
ecosystem stability. Markl et al. (2022) emphasize the 
urgent need for an integrated approach to planning 
ecological networks, while the critical importance of 
public and international investments for ecosystem 
stabilization is confirmed by Wang et al. (2021) and 
Nakamura et al. (2020).

It is noteworthy that in the countries of the EU, pro-
grams function effectively due to the close integration 
of financial flows directly into overall sustainable de-
velopment strategies (Girardin et al., 2021; Gonzalez 
et al., 2020). And Genung et al. (2020) and Hermoso 

et al. (2021), clearly confirm the detrimental impact of 
intensive land use and urbanization processes on the 
functional integrity of natural systems.

At the same time, Radulescu et al. (2025) note that 
effective regulatory mechanisms and thoughtful 
planning of ecological networks in countries such as 
Germany and France can significantly mitigate the im-
pact of these destructive factors. However, according to 
the predictive modeling conducted by Mori et al. (2021), 
Ukraine, unfortunately, has a chance to achieve only 
8.6% of protected areas by 2030, and this is a very clear 
signal that requires the immediate implementation of 
a truly integrated approach.

According to Soininen et al. (2023), the introduction 
and integration of international experience, especial-
ly practices similar to the European Natura 2000 net-
work, provides an opportunity to significantly acceler-
ate restoration processes in ecosystems and, no less 
importantly, significantly optimize the use of available 
natural resources.

So, in summary, the original value of the research is 
precisely that it systematically combines a thorough 
quantitative analysis, high-precision predictive mode-
ling and absolutely specific practical recommendations 
aimed at integrating European environmental stand-
ards directly into national policies. Such an approach 
allows us to clearly identify priority areas that will en-
sure a significant increase in the effectiveness of envi-
ronmental protection activities in the future.

The results of the study confirm the initial hypothe-
sis that the state of biodiversity and the development 
of eco-networks in the countries of Eastern Europe 
and the Caucasus lag significantly behind the average 
European indicators. The integration of environmental 
protection measures into socio-economic policies is 
a key factor in increasing the efficiency of natural re-
source management. 

Correlation and predictive analysis indicates a direct 
relationship between the financing of environmental 
protection programmes, the scale of urbanization and 
the intensity of land use with the level of protected are-
as and biodiversity conservation. At the same time, the 
experience of Germany and France demonstrates that 
systematic planning of eco-networks, the integration of 
environmental protection measures into national strat-
egies, and the active participation of communities en-
sure the sustainability and stability of natural systems.
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The practical use of the results is the possibility of de-
veloping strategic recommendations to increase the ef-
ficiency of environmental protection policies in Ukraine 
and Azerbaijan. Such measures include expanding the 
hectarage of protected areas, implementing system-
atic biodiversity monitoring, integrating conservation 
measures into socio-economic development plans 
of regions, as well as actively involving international 
experience and participating in programmes similar 
to Natura 2000. The proposed measures will not only 
bring national indicators closer to average European 
standards, but also ensure the long-term environmen-
tal, economic, and social sustainability of the state.

Limitations
The study, despite its contribution, has a number of 
significant limitations. Although the use of a multivar-
iate regression model is a valuable tool that allows for 
a fairly accurate assessment of the relationships be-
tween numerous socio-economic factors and the gen-
eral state of the nature reserve fund, it is not able to 
definitively establish direct cause-and-effect relation-
ships. In addition, the model may be extremely sen-
sitive to the phenomena of multicollinearity and the 
influence of unaccounted for, hidden variables.

The statistical data set used, which covers the period 
from 2010 to 2024, may not reflect the latest develop-
ments that have occurred both in environmental policy 
and in the dynamics of the state of ecosystems them-
selves or in the process of integrating the latest inter-
national environmental programs. A critical limitation 
is also the partial and often fragmented availability of 
information on local monitoring, especially regarding 
the actual anthropogenic load, which inevitably redu- 
ces the accuracy of assessing the effectiveness of the 
environmental measures taken.

As for forecast scenarios, they are traditionally based 
on mechanical extrapolation of observed trends and 
only a limited, fixed set of factors, so actual results may 
differ from those expected. Such a divergence may be 
triggered by unpredictable macro-political, abrupt eco-
nomic or global environmental changes, as well as by 
sudden climatic shocks, a series of extreme natural 
disasters or other unexpected crisis situations.

Recommendations
Gradual increase in the hectarage of protected areas to 
target values (Ukraine – 15%, Azerbaijan – 14%) with 
priority for areas with high biodiversity. Development of 
monitoring infrastructure – creation of national and re-
gional biodiversity monitoring centres with integration 
into international data exchange systems. Strengthening 
financing of environmental protection programmes –  
increased investment in forest restoration, species 
reintroduction, control of ecosystem degradation and 
support for academic research.

Conclusions
The study revealed discrepancies in the dynamics of 
the development of the nature reserve fund between 
Ukraine, Azerbaijan and two key countries of the EU: 
Germany and France. Over the period 2010–2024, the 
area of protected areas in Ukraine increased only from 
6.2% to 7.8%. In Azerbaijan, this figure is somewhat 
higher – a jump from 10.2% to 11.7%. In contrast, 
Germany and France demonstrate truly high efficiency 
of national environmental policies and systematic man-
agement of natural resources, as their indicators have 
long crossed the 19% and 20% marks, respectively.

Regression analysis confirmed the fundamental role of 
targeted financing of nature protection programs in the 
expansion of protected areas. At the same time, there 
is a completely expected negative impact of urbanisa-
tion, overly intensive land use and industrial load, which 
is especially noticeable in countries with economies in 
transition. According to the forecast, by 2025–2030, 
Ukraine will reach only 8.6% of the nature reserve fund, 
Azerbaijan – 12.5%, while Germany and France will al-
ready have more than 21%, although these results are 
certainly still far from the international target of 30%.

The data obtained serve as the basis for the formation 
of a number of practical recommendations. In particu-
lar, at the national level, it is necessary to increase 
funding for nature conservation programs, integrating 
these measures directly into state strategies for so-
cio-economic development. It is important to introduce 
systematic planning of ecological networks, which will 
be accompanied by regular monitoring of the state of 
biodiversity. In addition, the introduction of «green» 
technologies and more rational land use should be ac-
tively stimulated. And at the regional level, a key step 
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will be to strengthen the involvement of local commu-
nities in nature conservation initiatives, increase the 
general level of environmental awareness and man-
datory implementation of best international practices, 
in particular, the adaptation of Natura2000 network  
practices.

Only through the implementation of these measures 
will it be possible to significantly reduce the existing 
gap with the EU countries, increasing not only the ef-
fectiveness of preserving biological but also landscape 
diversity, which will ensure long-term ecological, eco-
nomic and social stability. Further scientific research 
should focus on a careful assessment of the effective-
ness of policies at the local level, as well as on studying 
the impact of new socio-economic and climatic factors. 

Undoubtedly, it is necessary to model scenarios for the 
development of ecological networks, taking into ac-
count unpredictable external conditions.
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