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» Abstract. Using land resources does not comply with the requirements of balanced nature management.
Much of the land has lost its economic fertility through excessive cultivation and intensive degradation
processes. The ecological condition of the land involved in agricultural use has deteriorated to such an extent
that currently since land resources in agribusiness are used as a means of production, the economic condition
of economic entities and the food security of the country depend on them. The purpose of the research - to
develop a scientific vision of strategic land use management in the context of nonlinear changes based on
the investigation of qualitative and quantitative features of soil processes, possible risks and modelling of
development scenarios. A combination of methods, principles and techniques of scientific cognition was
used: statistical analysis — in the description of long-term regional target programs for the protection and
rational land use (environmentally friendly) on the example of the Black Sea region; comparative analysis
- in determining the level of provision of the regions of Ukraine with ecologically safe lands, the state of the
environment in the zone of ecologically safe land use, the provision of ecological areas and areas suitable
for transformation, comparing the target values of agricultural land use areas under organic production;
graphical - for visual display of the model of non-linear two-stage management of agricultural land use in
conditions of uncertainty of its components. Proposed: ways to develop ecologically safe lands (organic)
about target values, provisions and state of land use; interrelation of plans of target and existing state of land
use; accounting of benefits and losses of achieving target values with an appropriate number of ecologically
suitable land uses. The strategic vectors, areas and expected results of agrarian land use management in
the context of a non-linear approach are determined. The scientific originality of the research lies in the
substantiated algorithm of the model of nonlinear two-stage agrarian land use management under
uncertainty. The miscalculations of state management of land resources as a prerequisite for strategic
management of agrarian land use are substantiated. The model of nonlinear two-stage agrarian land use
management under uncertainty is presented. The strategic vectors of agrarian land use management in the
context of a non-linear approach are developed
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» Problem statement

One of the most significant objectives currently
confronting the management of economic and
ecological systems is the development of efficient
management strategies to cope with the growing
potential of complex and unexpected changes
and at the same time preserve ecosystems (natu-
ral — marine, terrestrial, freshwater or artificial and
anthropogenically modified ecosystems as a re-
sult of human economic activity, which can exist
only with the support of the latter, as they are not
self-sufficient and self-regulating and quickly col-
lapse in the absence of such support).

In the economics of nature management,
there is an understanding of such a category as
“economic and ecological system”. Economic-eco-
logical systems are a specific class of systems where
the main components are the economy and the en-
vironment. They are considered the integrity of eco-
logical and economic systems, characterised by the
presence of internal links and emergent properties.

The economic-ecological system is a natu-
rally open, complex dissipative dynamic system
with inherent properties of nonlinearity. Accord-
ing to the theory of complex systems, the main
driving force for the development of economic and
ecological systems is the conflict between its sub-
systems and elements. This conflict is constantly
growing and is conditioned upon a large number
of connections and functions, i.e., their complex
hierarchy. However, the main conflict is the con-
tradiction between the model of economic growth
and resource consumption.

Nonlinearity is characterised by two processes.
Itis a stable disequilibrium of the entire system and a
stable equilibrium of its subsystems. The first state is
more difficult to maintain than the second. And this
is the foundation for the development of managerial
influences in the system of management hierarchy.

The necessity of changing the management
paradigm is obvious, as anthropogenic pressure is
growing, and economic activity significantly vio-
lates the stability of natural ecosystems. Thus, the
objective is to switch to applying management strat-
egies that consider the nonlinearity and non-equi-
librium of such systems. However, the development
of management strategies involves diagnosing the
nonlinear dynamics of such systems, analysing their
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functioning and identifying trends that were not
properly considered in conventional management
approaches. It is the non-linear approach that can
improve understanding and better organise sustain-
able management of economic and ecological sys-
tems for more efficient use of natural resources and
improvement of living conditions of the population.

Although the predominance of mainly nonlin-
ear and chaotic processes in the natural world is now
established, the inclusion of these types of dynamics
in management is still not considered. Ignoring these
approaches can result in unexpected economic, envi-
ronmental and social consequences.

Thus, the diagnosis of nonlinear processes is a
prerequisite for the definition of new management
approaches that can consider this type of dynamics.

The analysis of the development of eco-
nomic-ecological systems has long identified the
constraints between growth and the environment.
Practice demonstrates the necessity of developing
anew systemic understanding of the complexity of
the economy and ecology, which, like any complex
system, constantly reconfigures itself in response
to any impacts, often with unforeseen or unde-
sirable consequences. Complexity is a common
feature of modern economic and environmental
policy, which is developed in the context of grow-
ing consumption, the complexity of technologies
and limited resources. The complexity of eco-
nomic-ecological systems demonstrates nonlinear
development and is manifested by unpredictable
dynamics and uncontrolled behaviour.

The lack of consideration of the non-linear
structure of agroecosystem development should be
mentioned as the main drawback of the agricultural
sector management system. Changing reactions in
the structure of the agroecosystem occur unexpect-
edly, depending on the variety of natural factors that
arise according to their unique laws. The unexpect-
edness of the reactions is due to long-term anthro-
pogenic intervention that causes warming, environ-
mental pollution, etc. Nonlinearity is an essential
component of agroecosystem dynamics during the
period when the system is between alternative states.
The system is described by two influences — exoge-
nous and endogenous, namely: internal laws of
agroecosystems and external anthropogenic fac-
tors. The nonlinear system is indeterminate and
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chaotic and requires substantiation of scenario
options for adaptation of management and devel-
opment of models of changes in agroecosystems
by exogenous and endogenous influences. Mod-
els, in turn, require consideration of a wide range
of components, a range of possible conditions,
multiple development trajectories, adaptability,
unpredictability, and variability in time and space.

The establishment of the land market and
other transformations in the system of land own-
ership means a long-term process of development
of even the most successful sectors, including ag-
riculture. It requires the development of a global
agricultural strategy highlighting potential partic-
ipants and trends in the industry in the context of
global challenges.

Management of the agrarian sector as a
system has several disadvantages and causes, ac-
cordingly, the emergence of miscalculations: lack
of proper development of mechanisms to stimu-
late landowners and land users in the rational and
environmentally oriented use of land resources;
land valuation without involving the environ-
mental component; due to the universality of
land use for all types of land, without regard to the
specifics or local conditions of their use; neglect
of the interests of land users, traditions, environ-
mental experience.

Strategic management of agrarian land use
in the context of a non-linear approach requires
a preliminary assessment of current practices, the
necessity of achieving the targets of the Sustain-
able Development Objectives and ecologically ori-
ented land use.

» Analysis of recent studies and publications

According to the definition of A.I. Solovyov, the
management of agricultural production is a com-
plex, nonlinear multifactorial process, the model-
ling of which it is required to use modern tools and
powerful nonlinear multidimensional methods
based on artificial intelligence, based on neuro-
technologies. It provides high reliability of approx-
imation of highly complex processes in space and
time, which are reflected in the universal scheme
of the neural network (Soloviov, 2015).

According to A.O. Gutorov, most quantitative
dependencies in the agricultural sector are non-
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linear and the variability of parameters is within
large limits (Hutorov, 2009). At this stage, there
are practically no economic and mathematical
models that reflect the specific features of the re-
production process in agriculture, in particular
agricultural land use. Declaring the above state-
ment, .V. Khlivha emphasises its stochastic na-
ture, interconnection of industries, nonlinearity
and variability in economic conditions (Khlivna,
2013). Along with other prominent scientists, non-
linear dependence is distinguished by P. Kubach in
the investigation of the development of agriculture
and rural areas (Kubakh, 2021)

Using the results of nonlinear and global
equivalent approximations for solving stochas-
tic problems and comparing their accuracy with
conventional linear and local equivalent methods
was described in their work by Cai Yongyang, Judd
Kenneth, and Steinbuks Jevgenijs (Cai, Judd, &
Steinbuks, 2016). The nonlinear concept is cho-
sen as a foundation by scientists Yan Zehao, Li Mo,
and Li Zhong to develop a stochastic multi-objec-
tive model for irrigation water distribution under
uncertain conditions. This approach balances the
conflicting goals of maximising net economic ben-
efit and natural resource efficiency. It may reflect
the random nature of water availability and re-
sponse to climate change (Yan, Li, & Li, 2021). An-
other opinion on using the concept of nonlinearity
in the development of a control model for optimal
management of agricultural irrigation water under
uncertainty was proposed by Zhang C., Yue Q. and
Guo P. (Zhang, Yue, & Guo, 2019).

A nonlinear model for optimising the alloca-
tion of water resources was developed by scientists:
Aljanabi Ahmed A., Mays Larry W., and Fox Peter
(Aljanabi, Mays, & Fox, 2018). Predictive manage-
ment of natural resources based on nonlinearity
is proposed in the work of scientists: Wu Z, Zhang
Junfeng, Zhang Zhihao, Albalawi Fahad, Durand
Helen, Mahmood Maaz, Mhaskar Prashant,
Christofides Panagiotis D. (Wu, et al., 2018).

The purpose of the research — to develop a sci-
entific vision of strategic land use management in
the context of nonlinear changes based on the in-
vestigation of qualitative and quantitative features
of soil processes, possible risks and modelling of
development scenarios.
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» Summary of the main results of the study

Land use as an ecological and economic system
is dynamic. Its main element is a society with its
economic and social subsystems. As a rule, it is a
nonlinear system, with nonlinear interactions and

nonlinear laws of development. Changes in ecosys-
tems increase the probability of nonlinear transfor-
mations in the ecosystems themselves (Ministry of
Economic Development..., 2017) (Fig. 1).

Nonlinear
transformations

( Acce‘lerated ) ( Abr!pt ) ( Potentially ir\ﬁeversible )
I |
Accumulation

v

( Disease emergence ) ( Deterioration of water ) (
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Establishment
of “dead zones”

1
) ( Climate change )

Figure 1. Typification and consequences of nonlinear transformations in land use

Source: Author’s development

They are divided into accelerated, abrupt
and potentially irreversible. The changes oc-
curring in the system accumulate, as a result of
which the system loses stability, moves to another
trajectory and further develops within other sta-
bility limits. These changes are characterised by
serious consequences for human welfare and
health. Examples of such changes are the emer-
gence of diseases, deterioration of water qual-
ity, the establishment of “dead zones” in coastal

Gnvestigation of qualitative features of soil processeD

waters, etc. In ecosystems, they tend to occur pro-
gressively. When the threshold value is crossed,
the system switches to a completely different
state. Changes can be rather significant in mag-
nitude, thus making them difficult, expensive or
impossible to reverse. To prevent adverse impacts
and develop scenarios for the development of ag-
ricultural land use, it is necessary to develop pos-
sible models of non-linear changes for the com-
ponents of the agricultural sector (Fig. 2).

Clnvestigation of quantitative features of soil processes)

Rationale for risk development

)‘_

C Economic activity )
T

C Natural changes )
T

Modelling of nonlinear changes detection

Components:
¢ indicators of land use quality;

factors and conditions that determine their level;

processes of land use quality development (state of agro-ecological characteristics);
interrelation of components and consequences;

the relationship between ecosystem services of land and human welfare

Strategising

C Approach 1

v )
C The solution to obvious problems is based on a )

combination of reactive actions

)
( Approach 2 )

Active management of ecosystems stable support of ecosya

services over a long period

Diversification of the production

Figure 2. Stages of strategic land use management in the context of non-linear change

Source: author’s development
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First of all, this concerns land use, which
requires a thorough investigation of both quanti-
tative and qualitative characteristics of their de-
velopment and possible risks. The specific quan-
titative and qualitative features of soil processes
are considered. Natural changes and economic
activity have a significant impact on soil processes,
and through them on soil properties and fertility,
i.e. its quality. It ensures further diversification of
production in the relevant zones depending on the
quantitative and qualitative characteristics of land
resources, the geography of their location, resource
capabilities and climatic features of natural zones.

Models for detecting non-linear changes are
designed by the established standard of agroeco-
logical quality of the land mass, using agrotech-
nologies to obtain it, constant comparison of the
obtained quality with the standard, and in case of
deviations — implementation of measures for their
transformation. The components of the models
are indicators and processes of land use quality de-
velopment, factors and conditions that determine
their level, features and properties that affect the
patterns of soil functioning and ensure the vital ac-
tivity of plants, animals and humans (Tiutiunnyk,
& Kupinets, 2020).

Strategic management should be based on
two various approaches to ecosystem manage-
ment: the first is developed based on a complex
of reactive actions to eliminate adverse results
of land use. According to this scenario, the most
complicated problems are solved only after they
are obvious; the second scenario involves active
management of ecosystems with stable support
of eco-system services before adverse results (soil
development and primary production, water regu-
lation and diseases, etc.) appear for a long period
(Khlivna, 2013).

Non-linear management of agrarian land use
is limited by the lack of information on the quality
of land, imperfection of the cadastral database, and
failure to consider the environmental component
in land use assessment and economic calcula-
tions. The state of agricultural land use is re-
corded in statistical information collections based
on land monitoring data. Strategic land manage-
ment should be based on purpose setting, plan-
ning and forecasting. Accordingly, to improve the
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quality of management, predictive assessments
of both the general state of the ecosystem and the
impact of newly established land use are required,
considering the (model) relationships between
its components and possible consequences. Such
models can be used to develop strategic decisions
or adjust existing ones.

Scenario models for the purpose of further
strategic management of agricultural land use in-
clude links between land ecosystem services and
human welfare, which are, therefore, not linear. If
ecosystem services are sufficient compared to the
demand for them, the marginal increase in ecosys-
tem services, as a rule, provides only a small con-
tribution to the welfare of the population (Khlivna,
2013). However, when ecosystem services are
scarce, a small impact in the field of their reduc-
tion can significantly reduce the available welfare.

The Resolution of the Cabinet of Ministers of
Ukraine “On Development of Forecast and Program
Documents of Economic and Social Development
and Draftingofthe Budget Declaration and the State
Budget” of April 26, 2003, No. 621 (Law of Ukraine
Ne 1264-X11, 2021) does not include environmental
protection, use of natural resources and environ-
mental safety in the list of economic sectors for
which a five-year forecast is developed. However,
in the Law of Ukraine “On Environmental Protec-
tion” of June 25, 1991, No 1264-XII (Law of Ukraine
Ne 1264-X11, 2021) environmental protection man-
agement is defined as the implementation in this
area of the functions of observation, research,
strategic environmental assessment, environ-
mental impact assessment, control, forecasting,
programming, informing and other executive and
administrative activities. The state environmental
monitoring system is responsible for this (Fig. 3).

Article 22 of the Law of Ukraine “On Environ-
mental Protection” of June 25, 1991, No. 1264-XII
determines that state bodies together with rele-
vant scientific institutions ensure the organisa-
tion of short-term and long-term forecasting of
environmental changes, which should be consid-
ered in the development and implementation of
programmes and measures for the economic and
social development of Ukraine, including environ-
mental protection, use and reproduction of natu-
ral resources and ensuring environmental safety.
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Lack of regulation of segments of free
circulation of land resources for the
transformation of them into ecologically
safe ones for the sake of competitiveness

Lack of proper and accessible statistical

information for a detailed analysis of the
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of land use )
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Figure 3. Miscalculations of state management of agrarian land use

Source: author’s development

Forecast assessments, planning of rational
land use and development of long-term pro-
grammes for the protection and rational land

use (environmentally safe) in the Black Sea re-
gion have not been performed in recent years
(Table 1).

Table 1. Availability of long-term regional target programmes on protection and rational land use

(environmentally safe) on the example of the Black Sea region

Region Number of regional programmes Title
Odesa 0 -
Mikolaivska 0 -
Kherson 1 Regional programme on use and protection

ofland in Kherson region for 2020-2024

Source: Developed by the authors based on (List of regional target..., 2021)

It can be stated that there is a necessity to es-
tablish the concept of a comprehensive information
resource, which contains coordinated information
on all-natural properties of economic land use, ac-
tual and planned use, and forecast estimates.

Improvement of the land management pro-
cess, including its institutional component in the
short and long term, should consider both sus-
tainable land use and socio-ecological, economic
and informational development of agrarian land
use. The rational use of land resources determines

both their protection and conservation for the
long term and reasonable use of the natural com-
ponent, which is the key to the environmental sta-
bility and competitiveness of the regions and the
country in general.

Tabular and illustrative data indicate a high
level of provision of countries of the European
Union by ecologically safe lands, namely organic
ones, and, accordingly, about the low level in
Ukraine, namely in the Black Sea region, which will
be demonstrated below (Table 2-4, Fig. 4, 5).
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Table 2. The level of provision of environmentally safe lands in the example of the Black Sea region, 2019
Share of ecologically safe areas and suitable for

Region ecotransformation in relation to the total area of the country, %.
Odesa 2.39
Mikolaivska 4.75
Kherson 0.56

Source: (Organic production in Ukraine, 2021; Ministry of Ecology..., 2020)

Table 3. The state of the environment in the zone of environmentally safe land use in 2019 on the example
of the Black Sea region

Characteristics of the ecological state of land use

Region Coefficient of gnyironmental Score of anthropogenic Environmental sustainability
stability load
Odesa 0.32 4 Environmentally unstable
Mikolaivska 0.29 4 Environmentally unstable
Kherson 0.34 3 Steadily unsustainable

Source: Developed by the authors based on (Ministry of Ecology..., 2020)

Less than 0.33 - the territory is ecologically points — significant (arable land, perennial plan-
unstable; from 0.34 to 0.50 — refers to stable unsta- tations); 3 points — average (natural fodder lands,
ble; from 0.51 to 0.66 — passes within the limits of grassed beams); 2 points — minor (forest belts,
medium stability; if exceeds 0.67 — the territory is shrubs, forests, swamps, under water); 1 score —low
ecologically stable. (micro-reserves). Ukraine occupies one of the last

2 points — a high degree of anthropogenic places compared to the European Union in terms
load (industrial land, transport, settlements); 4 of the share of areas of high natural quality.

Table 4. Indicators of provision of ecological areas and suitable for transformation into such areas in 2019

Amount of land with ecologically safe soil quality indicators, %.

Region of the total country territory
Odesa 2.00
Mikolaivska 0.53
Kherson 3.28

Source: (Organic production in Ukraine..., 2021; Ministry of Ecology..., 2020)
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Figure 4. Share of organic areas to the total country’s territory in 2019 in the EU, %.
Source: Developed by the authors based on (Kubakh, 2021)
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Figure 5. Dynamics of areas under organic agricultural lands in Ukraine, 2002-2019

Source: (List of regional target..., 2021)

It demonstrates the imperfection of the man-
agement system in the field of land use, its specific
features as a complex system and the inefficiency
of using the existing advantages of the properties
of land resources of Ukraine. In addition, this is
confirmed by the investigation of the state of the
environment in the zone of ecologically safe land
use based on the calculations of the coefficients of
ecological stability of landscapes.

Kesl = Fstab/Funstab.’
where K is the coefficient of ecological stability
of landscapes, F_, is the area of stable landscapes
(forests, protective forest plantations, floodplain

meadows, reserves, nature reserves, natural res-
ervoirs, swamps, shrubs, pastures, hayfields, ara-
ble land under perennial crops); F_ .. - the area
of unstable landscapes (land under construction,
silted water bodies, mining sites, ravines, arable
land under annual crops).

In the National Report “Sustainable Devel-
opment Goals: Ukraine” (Ministry of Economic...,
p. 109), within the framework of Goal 15

“Protection and restoration of terrestrial eco-
systems”, indicator 15.3.4. — the area of agricultural
land under environmentally friendly, namely or-
ganic production, is represented by the following
target values (Table 5).

Table 5. Target values of agricultural land use areas under organic production, 2015-2030

Year 2015 2020 2025 2030
Target value, area, ha 410.6 500 1500 3000
Growth rate, % - 121.8 300.0 200.0

Source: (Ministry of Economic, 2017, p. 109)

Therefore, it becomes obvious that the rate
of expansion of organic land areas from 2020 is
significantly accelerating. Thus, in 2015, the area
of land under organic production of 410.550 thou-
sand hectares was described as satisfactory for the
target value of 410.6 thousand hectares. In 2019,
467.980 thousand hectares compared to the target
value of 500.0 thousand hectares in 2020, was con-
sidered as not optimally performed.

Significant changes are envisaged in 2025 — a
threefold increase from the current state of organic
land use, 2030 - twice the area of land in 2025.

However, achieving the targets may become
problematic due to various risk situations, in par-
ticular, the implementation of climate change
impacts, which is described as uncertain and
non-linear.

The availability of suitable land for conver-
sion to organic is regulated by several factors,
the values of which cannot be known within a
specific time interval. However, this does not
prevent establishing the target function of max-
imising economic benefits and the system of
constraints (Fig. 6).
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( Agricultural land use management under uncertainty )
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in conditions of risk and limited
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The task of optimisation under the
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specificconstraints
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scenarios in case of changes in the
initial data (qualitative state)

o =
CTwo-stage stochastic programming> C Quadratic programming ) C Parametric programming >
I

( A nonlinear model of two-stage agrarian land use management under uncertainty )

Figure 6. Model of nonlinear two-stage agrarian land use management under uncertainty

Source: Author’s development using (Millennium Ecosystem Assessment, 2005; Organic crop area by..., 2012; Institute

of Soil Protection..., n.d.)

Thus, information on the qualitative state of
soils according to the latest research is presented
in the time frame of 2011-2015 (Institute of Soil
Protection..., n.d.). Full information is given in
the National Report on the State of Soil Fertility of
Ukraine in 2010 and periodic reports with insuf-
ficient information (Law of Ukraine Ne 1264-XII,
2021; 23).

The achievement of the targets specified in
the Sustainable Development Goals is based on
the justification of indicators for each area. Ac-
cording to the specific features of the territory, the
results will vary.

Since the standard deviation of the informa-
tion data is unknown and some data are completely
missing, interval values are used. According to the
developed scheme, several plans are required to es-
tablish environmentally safe land use (Fig. 7). Thus,
the initial plan is used to determine the targets by
years, the adjusted plan reflects the current state of
land use. Only in the case of compliance with the
adjusted and initial plans, it can be stated that the
quantitative and qualitative indicators of land use
have reached the target value. The task of achieving
strategic purposes; the task of making decisions un-
der conditions of risk and limited information.

accepting the development of

v
_>< Soil quality ) _’C

—C Suitability of land use > —C Ecological purity of land use > ( 4 Target values — the task of )

Heavy metals )

ecologically safe lands, including

organic ones
- J

Radionuclides
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Climatic conditions, ecotope .(
temperatures

—»( Chemicals

of ecologically safe lands,

Relief conditions,
distribution of solar heat on
slope exposures _H

Pesticides

) including organic ones

L The current state of ecologically
safe lands, including organic ones

Figure 7. Scheme of development of ecologically safe (organic) lands about target values,
provisions and current state of land use

Source: Based on (Tiutiunnyk, & Kupinets, 2020, p. 140)
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Evidently, most of the actual data can-
not satisfy the requirements of the target plan.
Therefore, the optimisation of economic bene-
fits for the farmer (community, state), with cur-
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rent opportunities, is to adjust investment flows
about the innovative component, through which
it allows bringing land use to the required level
(Fig. 8).

( The task of optimising (maximising) economic benefits under specific restrictions )
= j . .
< Adjusted plan (betweep gctual and Adjustment of investment flows
a2 target) (based on the existing state of X X N
= land use) regarding the innovation component
%o
H

Figure 8. Diagram of the relationship between the target and existing land use plans

Source: author’s development

(The task of developing optimal scenarios in case of changes in the initial data (qualitative state))

I C

Benefits ) ¢

Reduction of specific benefit per unit
area of land use

Number of suitable land
uses of appropriate quality

Growth in specific
benefit per unit
land use areas

)( When the target values are reached

}—

{ C

Losses ) ;

Lack of suitable land for

Lack of available financial resources

transformation into ecologically safe
(organic)

Availability of the required amount of
financial resources

D( When the target values are reached
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Figure 9. Benefits and losses with an appropriate amount of quality ecologically suitable land use

Deviation of plans is determined by a decrease
in the specific benefit from the development of envi-
ronmentally sound land use. Due to insufficient data,
it is difficult to determine the exact value of benefits
and costs when solving the problem of achieving the
target values of environmentally sound land use.

The benefits for each community (oblast) in-
clude consideration of the deviation and conformity
ofthebenefitsin achieving the targetvalues according
to the respective availability of suitable land for trans-
formation into environmentally safe ones. The losses
are conditioned upon the lack of financial resourc-
es as a result of the transformation of suitable lands
into environmentally safe ones. The result of solving

the problem of developing optimal scenarios in case
of changes in primary data (qualitative condition)
is socio-ecological and economic improvements.

Economic improvement is the ratio of the
sum of benefits from using the land and the costs
of maintaining the land (the effect of improved
product quality). Environmental improvement is
the ratio of the sum of monetary estimates of en-
vironmental benefits to the sum of monetary es-
timates of environmental costs, compensations,
and fines. Social improvement is the ratio of the
sum of monetary estimates of employment gains
to the sum of monetary estimates of employment
development costs (Fig. 10).
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-

Economic improvements
Economic improvement = > benefits from land use, UAH/> costs of land maintenance, UAH (Effect of improving

roduct quality)
\_ p quality )

~

-

Environmental improvements
Environmental improvement = > monetary estimates of environmental benefits,
UAH/Y. monetary estimates of environmental costs, reimbursements, fines, UAH
\_ (Effect of increased profitability of production) )

~

.

Social improvements
Social improvement = > monetary value of habitat improvement,
UAH/%. monetary value of baseline costs, UAH
(The effect of increased employment expressed through the value of employment)

Figure 10. Socio-ecological and economic improvements to establish ecologically safe lands

Source: Author’s development

where the sum of benefits from land use — expected
income from production, UAH/ha; the sum of costs
of land maintenance — production costs, UAH/ha;
the sum of monetary estimates of environmental
benefits — producer’s profit from obtaining prod-
ucts from an ecologically clean area; the sum of
monetary estimates of environmental costs, com-
pensations, fines — producer’s costs calculated for
the total area of the plot; the sum of monetary esti-
mates of habitat improvement — costs of establish-
ing additional employment; the sum of monetary
estimates of base costs — base costs for existing em-
ployment. It requires each local authority to decide
on the organisation of activities to obtain benefits
and prevent significant losses and risks. The target
process is to identify and justify the difference be-
tween the benefits and costs of the restriction:

- availability of environmentally safe land uses;

- the most suitable land uses for transformation
into environmentally safe ones;

- deficit of environmentally safe (clean) land uses.

According to the target indicators of sustain-
able development, the total area of ecologically
safe land, in particular, organic land, should be
expanded, and costs should be optimised. It will
allow farmers (local authority, regions) to maintain
the ecological state of land use without incurring
losses and reducing motivation. The scenarios are
considered as follows:
Scenario 1. Current conditions support the

target values. The plan is being implemented.
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Scenario 2. Existing conditions are lower
than or equal to <10% of the target values, which is
>90% of the current level. The plan is being imple-
mented through several activities.

Scenario 3. Existing conditions are 20-30%
lower, which is 70-80% of the current target level.
This scenario means that the overall land use re-
quires adjustments.

Scenario 4. Existing conditions are >30% be-
low, which is <70% of the current target level. This
scenario appears to be a case where significant im-
provements are required.

Optimal solutions may involve a trade-off be-
tween economic benefits and predetermined tar-
gets. In addition, it specifies the effects of marginal
utility between the specific benefit and the amount
of environmentally safe land. The obtained solu-
tions are given in the form of determined or inter-
val values. As a rule, solutions expressed as inter-
vals demonstrate sensitivity to uncertainties in the
model. Interval solutions can provide a range of
options within a changing range of risks of loss of
economic benefits.

Expected economic benefits as a result of
spacing can fluctuate in a specific range and result
in the establishment of alternative solutions. As
the limits approach the lower limits, fewer benefits
may be obtained for the ecologically oriented agri-
cultural land use system. Therewith, when the lack
of suitable land is low, it corresponds to a lower
transition risk.




C Institutional >

Intentions and means of implementation of
environmentally safe land use development by public
authorities

- J
éa )

— System of support (benefits, compensations,
reimbursements) for landowners, and land users of
environmentally safe lands;

— The environmentally oriented policy of land
resources use;

— Distribution of powers of authorities specifically
related to environmentally oriented land use;

— Increasing the level of control and supervision over
the observance of legislation, the level of corruption,
and thelevel of possibility ofimplementing appropriate
measures;

—Development of a regulatory framework that covers
general issues of environmental safety of land use in
general and individual categories;

— Improvement of the current land legislation with a
strong emphasis on the environmentally safe use of

\land resources
C Social
(

The socio-educational and cultural level of landowners
N and land users, smart urbanisation

J

AN

- Improvement of the level of educational training o
specialists, provision of the educational base;

- Improvement of social conditions and protection
of employees;

— Development of ecological outlook, information,
awareness, feedback, ecological culture, and traditions;
- Development of the concept of inclusiveness of
both the multifunctionality of natural resources and
the inclusion of all segments of the population;

— Reducing the areas of anthropogenic impact,
transforming the nature and forms of land
management in an environmentally oriented area;

— Smart development of urban processes

Kupinets & Tiutiunnyk e
C Economic >

Investment attractiveness of environmentally safe
land use as a foundation for the production of quality
products and environmental safety
\- J

4 )

— Introduction of economic and monetary
assessment of environmentally safe lands using
the environmental component as a foundation for
increasing investment attractiveness, rent;

— Increased demand and production of
environmentally safe products;

— Determination of income and expenses of
landowners and land users from the development of
environmentally safe land use;

—Regulation of ownership forms in the land market;
— Development and design of compensation and
other economic motivational mechanisms for
reimbursement of costs for the establishment and
functioning of environmentally safe land use.

- J

( Technological >

The level of implementation and functioning of the
innovation component, its impact on the environment
and the development of environmentally friendly land

use

4 )

—Improvement of technological equipment;

— Control over compliance with modern trends and
the most successful world practices;
—Implementation and control of inclusiveness in the
field of land use;

- Orientation towards land use security

- J

- J

C Environmental >

( Mutual influence of the state of the natural environment on environmentally safe land use )

— Development of environmentally sound land use within the context of climate change mitigation;
— Determination of agro-climatic features of the territory and the impact of environmentally friendly land use

Figure 11. Strategic vectors of agrarian land use management in the context of a non-linear approach
Source: Author’s development using (Tiutiunnyk, & Kupinets, 2020)
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Otherwise, when the requirements for the
availability of ecologically oriented land use are
satisfied, higher benefits for agricultural land use
can be obtained. However, the level of adverse fac-
tors may increase and increase the risk of system
disruption. Thus, the results are capable of reflect-
ing the relationship between the target values in
the number of ecologically oriented land use areas,
economic benefits and risk levels.

Strategic management should be imple-
mented through the measures, plans and mecha-
nisms of regional development strategies in which
they are prescribed. Such measures should be in-
cluded in the “Procedure for the development of
regional development strategies and action plans
for their implementation, and monitoring and
evaluation of the implementation efficiency of
these regional strategies and action plans”. It in-
cludes vectors and required measures for the de-
velopment and management of agrarian ecologi-
cally safe land use (Fig. 11).

Considering the above, the areas of strategic
management of agrarian land use in the context
of a non-linear approach are as follows: improve-
ment of the current regulations (including re-
gional programmes) on the environmentally safe
use of land, their establishment, development and
functioning; development of a land quality man-
agement system as part of monitoring, zoning
and information and communication platform to
ensure compliance of soil quality with the estab-
lished standards of Ukraine and the EU, continu-
ous monitoring and management of state authori-
ties; development of a detailed cadastral database
and cartographic representation, including inno-
vation, investment and environmental compo-
nents; training and raising the level of scientific
and educational sphere, innovation provision of
the scientific sphere of nature management, in
particular environmentally sound land use, inter-
national cooperation; development of motiva-
tional mechanisms for environmentally sound
use and valuation of land, transition to environ-
mentally oriented management, considering the
environmental component.

The expected results of strategic manage-
ment of agrarian land use will be: research, control
and improvement of soil quality characteristics
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(bio-productivity, humus establishment), im-
provement of biodiversity, groundwater; control
and management of non-linear transformations
in the system of land use; development of educa-
tional, innovative and research sphere in the field
of practical use, the introduction of innovative
methods of organising land use and their devel-
opment, improvement of the information compo-
nent for scientific research; improvement of oper-
ational control and management of agrarian land
use by authorities, landowners and land users; in-
creasing the competitiveness of the country as an
exporter of environmentally friendly products and
services, generating income, increasing invest-
ment attractiveness.

» Conclusions

It is substantiated that agricultural land use should
be considered from the standpoint of nonlinear-
ity, and all aspects of this type of system should be
considered in further decisions, which will result
in different economic benefits and levels of risk or
development of land use. From here:

1. A scientific approach to strategic land use
management in the context of nonlinear changes
based on the study of qualitative and quantitative
features of soil processes, possible risks, modelling
and definition of scenarios for the development of
strategy is proposed.

2.The algorithm of the model of nonlinear two-
stage agrarian land use management under uncer-
tainty is based on:

- approach to the development of environmen-
tally safe lands in terms of target values, provisions
and the existing state of land use;

- approach to the relationship between the tar-
get plan and the existing land use plan;

- approach to the benefits and costs of achiev-
ing target values with an appropriate amount of
quality environmentally suitable land uses.

3.The strategic vectors and areas, the expected
results of agrarian land use management in the con-
text of a non-linear approach, namely the improve-
ment of soil quality characteristics, management of
non-linear transformations in the land use system,
the development of the scientific and educational
sphere, the improvement of the information com-
ponent for scientific research, the improvement of
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operational control and management of agrarian tiveness as an exporter of environmentally friendly

land use, the increase of the country’s competi- products and services are determined.
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Kupinets & Tiutiunnyk

ynpaBniHHq arpapHvMm seMeKoOpUCtyBaHHAM
Y KOHTEKCTi HeniHinHoro nigxony
JNlapuca €BreHiBHa KyniHeub, MaHHa OnekciiBHa TIOTIOHHUK

[ep>kaBHa yCTaHOBa «|HCTUTYT PUHKY | EKOHOMIKO-eKOMOTiYHMX gocnigyxeHb HAH YKpaiHun»
65000, ®paHLuy3bkMin BynbBap, 29, M. Opeca, YkpaiHa

» AHoOTauida. BuKopHUCTaHHsS 3eMeJIbHUX pecypciB He BiilOBimae BuUMoOramM BpiBHOBa)KEHOTO
NIPUPOJOKOPUCTYBAHHA. 3HAYHA YaCTUHA 3e€MeJIb Yepe3 HaJMIipHy pO30paHiCTh, IHTEHCUBHI IIpoecu
Jerpajarii BTpaTu/ia eKOHOMIUHY pofiodicTh. EKOJIOTiYHUI CTaH 3aJy4yeHUX Y CiIbCBKOTOCIIOapChKe
BUKOPUCTAHHS 3€MeJIb HACTIJIBKU MOTIPIIMBCH, [0 Telep, OCKIIbKHU 3eMeJIbHI pecypcHu B arpobisHeci
BUCTYIIAIOTh AK 3acib BUPOOHUIITBA, BiJl HUX 3aJIeKUTh EKOHOMIYHHI CTaH rOCIOJapIoI0uMX CyOEKTIB, TaKk
i mpomoBoJibya Oesnexa KpaiHu. MeTa cTarTi — pO3BUHYTH HayKOBe OaueHHsI CTPATerivHoro yIpaB/IiHHSA
3eMJIEKOPUCTYBAHHSM Y KOHTEKCTI HeJTIHIMHUX 3MiH Ha 3acafiax qOC/IiIPKeHHS TKICHUX i KIbKICHIX 03HAK
I'PYHTOBUX IIPOILIECIB, MOKJINBUX PU3UKIB Ta MOJIEJIIOBAHHS CIIeHaPilB pO3BUTKY. BUKOPHCTAHO CYKYITHICTh
MEeTOZiB, MPUHIUIIIB i TpUIOMiB HayKOBOr'O Mi3HAHHS: CTaTUCTUYHUUN aHaJi3 — MPU XapaKTepPUCTHUII
JIOBTOCTPOKOBHUX PEriOHAIBHUX [IiJIbOBUX IIPOrPaM 1010 OXOPOHHU TA PalliOHAJIbHOI'0 3€MJIEKOPUCTYBAaHHSI
(exoJsioriuHO OesmevHoro) Ha Ipukaagi [IpUYOPHOMOPCHKOTO PETiOHY; MOPIBHAIBHUN aHAi3 — IpH
BU3Ha4YeHHi piBHA 3a0e3I1e4eHOoCTi perioHiB YKpaiHU eK0JIOTiYHO 0e3IeYHUMHU 3eMJISIMU, CTaHy JOBKIJIA
B 30HI €KOJIOTiYHO 0€e3MeYHOro 3eMJIEKOPUCTYBAHHsS, 3a0e3[eYeHOCTi eKOJIOTIYHUMH TepuTopiamu i
MPUIATHUMU 10 TpaHcdopMallii, ToOpiBHAHHI Ii/IbOBUX 3HAaY€Hb IIJIOI arpapHUX 3eMJIEKOPUCTYBaHb Iif
OpraHiYHUM BUPOOHUIITBOM; rpadiuHui — /11 HAOUHOTO BiToOpakeHHA MOIeJTi HeJTiHiTHOTO JJBOETAaITHOTO
VIIPaBJIIHHA arpapHUM 3€MJIEKOPUCTYBAHHAM B YMOBAX HEBU3HAYEHOCTI 1i CKJIaLOBUX. 3alIPOIIOHOBAHO:
nIsIxu POPMyBaHHSI €KOJIOTIYHO 0e3meyHuX 3eMeJib (OpraHivHUX) IIOAO0 IJILOBUX 3HAY€Hb, HOPMU i
CTaHy 3eMJIEKOPUCTYBAaHH:; B3a€EMO3B)SI30K IIJIAHIB [IJIbOBOTO Ta HAABHOTO CTaHy 3€MJIEKOPUCTYBaHHS;
00JTiK BUTIf i BTpaT MOCATHEHHs IiTbOBUX 3HAYEHb 3a BilMOBiTHOI KiTBKOCTI €KOJIOTIYHO MPUAATHUX
3eMJIEKOPUCTYBaHb. BU3HAUeHO CTpareriyHi BEKTOPH, HAIIPAMU Ta OYiKyBaHI pe3y/bTaTU yIpaBJ/iHHA
arpapHUM 3eMJIEKOPUCTYBaHHAM y KOHTEKCTi HeJliHiiHOTO miaxomy. HaykoBa HOBU3HaA NOC/IiIKeHHA
1oJisirae B OOIPYHTOBAHOMY aITOPWUTMi Mopesi HeJIiHIfHOTO ABOETAIHOTO YIIPaBJiHHA arpapHuUM
3eMJIEKOPHUCTYBAHHSIM B YMOBax HeBU3Ha4YeHOCTi. OOI'PyHTOBAHO IIPOPAXYHKU Aep>KaBHOIO YIPABJIiHHSA
3eMeJIbHUMU pecypcaMu fIK IepeJyMOBHU CTPATETiYHOTO YIIPABJIHHSA arpapHAM 3€MJIEKOPUCTYBaHHSAM.
[IpencraBieHO Mofe/b HEJIHIHHOTO ABOETANIHOIO YIPABJIHHS arpapHUM 3eMJIeKOPUCTYBAaHHSIM B
yMOBax HeBU3Ha4eHOCTi. Po3po0JieHo cTpareriyHi BEeKTOPH YIIpaBJ/IiHHA arpapHUM 3eMJIEKOPUCTYBaHHAM
V KOHTEKCTi HeJIiHIHHOTO ITiX0y

» KniouyoBi cnosa: crpareriuHe ynpaBJliHHS, HEJIHIHHICTb, CTpareryBaHHs, IiJIi CTAJIOr0 PO3BUTKY,
MOJIEJTIOBAHHS
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