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Abstract

The article is devoted to the developing methodological approaches to multi-criteria resource
optimization of technological solutions in Nature Use Projects considering the growing shortage of
water and energy resources, climate change, and post-war transformation of Ukraine’s agricultural
sector. The need to transition from traditional technical and economic optimization models to
integrated assessment approaches which consider ecological, resource, and economic aspects of the
project implementation effectiveness is substantiated. The methodological basis of the study is a
combination of Multi-Criteria Decision-Making and the Water-Energy-Food Nexus concept, enabling
the necessary adaptive management and formalizing the process of project decision-making under
multifactor uncertainty. A set of indicators of resource-ecological and economic efficiency is
proposed, including indicators of productivity, weather and climate risk, resource use,
environmental reliability, investment attractiveness, etc. A key feature of this approach is the
transformation of resource-ecological indicators into a value form, ensuring their integration with
economic indicators within a single optimization model. Based on a machine experiment for the
conditions of the Kherson region, an assessment of the effectiveness of various irrigation regimes,
which differ from the project irrigation regime in terms of watering and irrigation norms in terms of
their level of provision with water and energy resources, was carried out. It was determined that,
under the studied conditions, the permissible deficit threshold is approximately 30%, achieving a
compromise between economic efficiency and environmental acceptability. Adaptive management
of irrigation regimes has been shown to reduce the resource intensity of production without a
significant loss of productivity. This creates a basis for revising outdated design standards, which
focused on 100% satisfaction of water needs, in favor of adaptive models that account for the real
resource potential of the territory. This approach transforms irrigation from a resource-intensive
industry into a tool for sustainable territorial development, where the priority is the efficiency of each
cubic meter of water and kilowatt-hour of energy used, rather than gross collection. It has been
proven that the implementation of resource optimization as a basic principle of natural resource
project management contributes to increasing the efficiency of natural capital use, minimizing
environmental risks, and ensuring the sustainable development of the agricultural sector. The
obtained results can be used to substantiate engineering solutions in projects for the restoration and
modernization of water management and land reclamation systems in Ukraine.
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1. Introduction

Global crises—food, water, and energy, intensified by climate change — put forward new
demands on all sectors of the economy and the agricultural sector in particular. The issue of effective
use of land resources, which are a valuable strategic resource for ensuring food security not only in
Ukraine but also in the world, is extremely acute. This has become especially relevant against the
backdrop of Russian aggression, which has demonstrated the importance of Ukrainian exports of
agricultural products.

The situation in Ukraine at the current stage of development is characterized by a combination
of chronic problems (outdated infrastructure) and critical consequences of the war. According to the
analysis of the World Bank and the Ministry of Environmental Protection and Natural Resources of
Ukraine, the current state of water and land resources is characterized by a number of problems that
lead not just to temporary difficulties, but to critical depletion of natural capital, and in the long term,
to large-scale economic, technological, social, and geopolitical consequences [1-3]. Such facts indicate
that the scale of the destruction of Ukraine’s agricultural potential has gone beyond the usual
technical damage to assets. There is a systemic collapse of the resource base, where chemical
poisoning of soils, hydrological shock, and climate change lead to the destruction of traditional nature
use. A particularly difficult situation is observed in the field of agricultural production on reclaimed
lands, since the implementation of irrigation is characterized by excessive consumption of water and
energy resources and untapped potential for crop yields, and this is in conditions of increasing
scarcity and cost of water and electricity.

Such a scale of challenges and the need to implement the concept of sustainable development
dictate the need for a fundamental transformation of approaches to justifying development directions
and economic decisions in the areas of active use of natural resources in the following key areas:

1. Designing technological facilities and restoring technical infrastructure cannot be a simple
copying of traditional engineering solutions. Modern projects should be based on the principles
of Nature-based Solutions, taking into account new climatic realities and the ecological
vulnerability of agricultural landscapes. This means a transition to intelligent, energy-efficient,
and adaptive systems for managing water and other natural resources. Nature-based solutions
are a modern paradigm for justifying the feasibility of management decisions regarding any type
of economic activity and a way to meet people’s needs and overcome social challenges with the
help of nature in a way that is friendly to it [4-6].

2. Project management in the agricultural sector requires a transition from the “yield maximization
at any cost” model to the “resource restoration” model. Agricultural project management should
now include mandatory blocks of environmental insurance, risk monitoring, and biodiversity
restoration.

3. A conscious choice in favor of minimal water consumption becomes a basic parameter of
agribusiness sustainability. Abandoning traditional resource-intensive models in favor of
innovative solutions is the only way to level the geopolitical and economic consequences of
resource degradation.

The specifics of project management in the areas of nature use, in particular in the areas of
agricultural production, water management, and land reclamation, at the current stage of
development consist in the transition from traditional domestic feasibility studies to comprehensive
planning and assessment, taking into account the socio-ecological value and features of the life cycle
of projects involving natural resources. Today, in the scientific discourse, there are attempts to adapt
classical methodologies and project management tools to the specifics of nature-oriented systems,
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which are characterized by a high level of uncertainty of biological processes and a long time lag
between processes and results.

Despite the sufficient level of research in the field of sustainable nature use, the fundamental
contradiction between theoretical concepts of environmental safety and practical tools of project
analysis remains unresolved. Traditional methods of evaluating investment projects are of limited
use when working with natural resource assets; they do not take into account and do not allow for
the integration of non-financial indicators, which are most often used to evaluate natural resources
and environmental processes. This necessitates the development of methodological principles for
comparing and substantiating technological options for project solutions based on multi-criteria
resource optimization.

Resource optimization in nature use projects is a complex process of multi-level balancing,
where each technological solution causes a chain reaction of changes in natural objects and processes.
Therefore, the object of such optimization is not a separate technical parameter, but the synergistic
effect of the interaction of anthropogenic interventions and natural cycles.

This approach requires the implementation of a system of integrated indicators that would serve
as a “measure” of the efficiency of natural capital use at each stage of the project’s life cycle. This is
especially relevant in Ukraine, where the areas of nature use traditionally “lag behind” business areas
in terms of practical implementation of modern concepts, approaches, and tools, which requires
finding common ground between the domestic engineering school, the Western management
paradigm, and the global concept of sustainable development [7-9].

2. Literature Review

Scientific directions of recent years are closely related to the integration of environmental and
resource components directly into the modern project management system. Over the past 5-7 years,
the following approaches can be distinguished in the international scientific space, which are used in
project analysis to take into account ecological factors and calculate indicators of the efficiency of
natural resource use.

In particular, the concept of Water Productivity [10] reflects water productivity by determining
the amount of biomass or financial income obtained per cubic meter of water used. This allows
comparing different irrigation technologies in terms of real resource efficiency. The integrated Water
Productivity Score is used as an evaluation indicator, which allows comparing different climatic zones
and irrigation technologies in the same project [11,12].

As indicators of the technological efficiency of the project, the indicators of Energy Intensity of
Water have become popular — it estimates the amount of energy required to supply and distribute 1
m? of water; Specific Energy Consumption — it estimates the amount of energy consumed per unit of
produced product. In modern projects, the indicator of energy intensity of water is integrated into
the decision-making model to assess the carbon footprint of the project and its dependence on energy
prices, because conscious restriction of water use is not only environmental ethics but also
minimization of energy risks [12]. Specific energy consumption is one of the best indicators for
comparing different technologies within the same project, and its reduction when switching to new
irrigation methods is direct evidence of the success of project management.

The foundation of energy analysis can be considered the criterion of Energy Return on Investment
— the ratio of energy obtained in the form of a crop (calories) to the energy spent on its cultivation
(fuel, fertilizers, logistics) [13].

The main indicator of economic efficiency used by the World Bank and FAO to assess the
agricultural sector of countries is Total Factor Productivity. This indicator measures the ratio of total
agricultural output to the total of all resources (factors of production) used: land, labor, capital,
fertilizers, energy, and water. An increase in this indicator means that you get more output with the
same (or fewer) resources due to technological progress [14].

In recent years, Ukrainian scientific thought has emphasized balanced environmental
management (scientists of the National University of Water and Environmental Engineering of the
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Ministry of Education and Science of Ukraine (NUWEE, Rivne), the Institute of Water Problems and
Land Reclamation of the National Academy of Agrarian Sciences of Ukraine IWP&LR, Kyiv), etc.).
The key domestic approaches to assessing resource productivity in agricultural production and the
water management and reclamation complex include: the concept of ecological and economic efficiency of
reclamation [15]; assessment of irrigation water productivity [16]; soil classification and assessment of potential
productivity [17,18]; bioenergy assessment method [19,20].

Unlike Western methods, which are often purely monetary, domestic approaches are
traditionally more deeply integrated with standards and resource certification. They have high
accuracy in measuring physical indicators (soil, water, energy), but they require integration with
foreign methods of market and strategic assessment. Combining the domestic school of resource
rationing with Western methods of adaptive management will allow the creation a new model of
decision-making for projects aimed at intensive resource use. At the same time, the issues of economic
assessment of natural resources and environmental consequences, as well as the integration of
environmental and resource assessment into the model of technological decision-making, have not
been fully resolved. Modern project analysis should move from monitoring the volume of resource
extraction to tracking indicators of their productivity, to balancing between needs for natural
resources and ethical nature management. Only in this way can the sustainability of the agricultural
sector be ensured in the future under conditions of water shortage and soil degradation.

3. Materials and Research Methods

The methodological justification of resource optimization in this study is based on the principles
of Multi-Criteria Decision-Making and the Water-Energy-Food Nexus concept, which are leading in
modern world practice of natural use project management [21-23]. Unlike traditional monetary
approaches, which often ignore the nonlinearity of ecosystem processes, multi-criteria optimization
integrates physical parameters of resource potential with indicators of economic efficiency.

This approach is consistent with foreign research in the field of Deficit Irrigation [24,25], where
the key task is to find the optimal compromise between resource scarcity and biosystem productivity.
The principles of studying the limits of “acceptable deficit” are used, which correlates with global
strategies for adaptation to climate change.

In the development of the above approaches, this article solves the problem of the lack of tools,
namely, the ability to assess the efficiency and productivity of the use of limited resources in cost
terms through the proposed array of indicators for various options for technical and technological
solutions. The set of author’s indicators proposed in this paper actually implements the concepts of
Integrated Resource Management and Resource Productivity, adapting them to the specifics of the
irrigation and drainage systems in Ukraine. This allows us to transform the regime and technological
parameters of water and energy costs into a vector of comprehensive assessment of the project’s
effectiveness, which meets global standards of sustainable development.

The approaches we propose to build a decision-making model when comparing alternative
engineering options and assessing the resource component are based on the author’s many years of
development on ecological and economic optimization, which allows us to consider engineering
infrastructure as a complex natural-technical and ecological-economic system [26-28]. The author’s
approaches (A. Rokochynskyi, P. Volk, N. Frolenkova, N. Prykhodko, etc.) are implemented on the
basis of the application of modern computer and high-information technologies at the research
laboratory “Optimization and automation of management in water engineering and water
technologies” of the National University of Water and Environmental Engineering. They allow
assessing the efficiency of using diverse resources for the implementation of water management and
reclamation measures as part of the overall technical, technological, ecological, economic, and
investment efficiency of reclamation when substantiating optimal technical and technological
solutions in construction, reconstruction, and operation projects of water management and
reclamation facilities. The implementation of such approaches allows us to compare and substantiate
such technological variants of project solutions that provide maximum economic effect with
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minimum permissible load on the environment. In this case, methods of mathematical modelling of
various meteorological scenarios are used to take into account the climate variability factor, which
allows the system to be resistant to weather risks, and the assessment is carried out taking into
account the author’s indicators, such as the weather and Climate Risk Indicator [29] and the Coefficient
of Environmental Reliability [30].

Methodological approaches and criteria for resource optimization of technological solutions for
projects in the sphere of nature management were considered by us on the example of assessing the
efficiency of using water and energy resources in irrigation in conditions of their growing shortage.
Based on the software package [31], a machine experiment was planned and conducted to assess the
overall efficiency of various irrigation regimes that differ from the project irrigation regime in terms
of its provision with regard to watering and irrigation norms. This software package is based on the
use of a complex of optimization, economic-mathematical, and forecasting-simulation methods and
models, including models of climatic conditions of the area, models of water regime and water
regulation technologies, and models of crop yields grown on reclaimed lands, for predictive
assessment on a long-term basis of indicators and parameters of technological, ecological, economic,
and investment efficiency of water management and reclamation facility’s functioning, the use of
which is regulated by the relevant industry standards of the State Agency of Water Resources of
Ukraine.

For its implementation, we used the data obtained during the assessment of the effectiveness of
the use of a vibrating filter-settlement for the purification of irrigation water of various degrees of
pollution at LLC “S-Rostok” of the Kherson region. The agricultural enterprise LLC “S-Rostok” is
located in the Kakhovka district of the Kherson region of Ukraine. Agricultural lands, with an area
of 450 hectares, are represented by southern low-humus black soil. The main areas of production
activity of the agricultural enterprise are the cultivation of cereals, including high-quality food grain,
and technical and vegetable crops. Irrigation of cultivated crops is carried out by sprinkling irrigation
using the sprinkler machine “Fregat” modification DMU-Bnm463-57-01.

The initial conditions of the machine experiment: region —Kherson; natural and climatic zone—
steppe; estimated groups of years according to a comprehensive assessment of the conditions of heat
and moisture provision of the vegetation periods according to [29,30] (very wet (p=10%); wet
(p=30%); middle (p=50%); dry (p=70%); very dry (p=90%)); soils —southern low-humus black soils; a
set of crops of the project crop rotation with the share of their content (perennial grasses (green mass)
- 0.4; winter wheat (grain) — 0.2; vegetables (tomato) — 0.2; corn (grain) — 0.2).

As the main options for the study, a set of sprinkling irrigation regimes was considered, which
differ from the project irrigation regime in terms of watering and irrigation norms in terms of their
level of provision with water and energy resources (¢m, %):

—  control — project regime of irrigation by sprinkling, om=100%;

—  option 1- sprinkling irrigation regime, which corresponds to gum =73%;
—  option 2— sprinkling irrigation regime, which corresponds to gum =70%;
—  option 3— sprinkling irrigation regime, which corresponds to pum =67%;
—  option 4- sprinkling irrigation regime, which corresponds to gum =62%;
—  option 5- sprinkling irrigation regime, which corresponds to ¢m=52%.
—  option 6- sprinkling irrigation regime, which corresponds to ¢m=0%.

4. Results

Therefore, despite the significant development of methodologies for assessing and determining
resource productivity in the areas of natural resources management, the problems of instrumental
deficit remain unresolved. After all, most of the existing generally accepted indicators and metrics
are universal and do not sufficiently take into account the specifics of the industry and also require
contextualization and adaptation to the specific challenges that Ukraine faces today. In particular,
land capital degradation is intensifying: according to monitoring data, the area of degraded and low-
productive lands in Ukraine has already exceeded 10 million hectares, and economic losses from crop
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failure due to erosion are estimated at over 470 million USD annually. Over 5 million hectares of
farmland have been directly affected by the war (mining, heavy metal contamination). According to
scientific forecasts, by 2050, almost half of arable land may be in the zone of risky agriculture. This
threatens not only a decrease in the efficiency of agricultural production in conditions of acute water
shortage but also desertification of territories and a critical undermining of food security in Ukraine
and beyond. A structural analysis of degradation and anthropogenic pressure on land capital in
Ukraine is shown in Figure 1.

mLand in a state of active erosion

B Polluted and mined areas

11.70%

m Critical loss of irrigation
(south)

Conventionally suitable land
(operational status)

Figure 1. Structural analysis of degradation and anthropogenic pressure on land capital in Ukraine. Source:
Author’s illustration based on data from the World Bank, FAO, etc.

As for water resources, the key problem for Ukraine’s agricultural sector is not just the
availability of water but the availability of irrigation infrastructure and water quality due to hostilities
and climate change. For example, after the destruction of the Kakhovka hydroelectric power station,
more than 500 hectares of land in southern Ukraine were left without a stable source of irrigation,
and in general, only 6.7% of the pre-war irrigation potential is operational. The World Bank estimates
the damage from the destruction of water systems alone at 14 billion USD and the need for their
restoration at 15 billion USD. A structural analysis of the degradation and loss of water resources for
irrigation in Ukraine’s agricultural sector is shown in Figure 2.

m [ oss of irrigation (due to the
destruction of the hydroelectric
power plants)

0,
16.70% m Occupied irrigation systems

(unavailable)

18.30% 58.30%

B Area of critical pollution and
network destruction

Active irrigation (restored and
preserved)

Figure 2. Structural analysis of degradation and loss of water resources for irrigation in Ukraine’s agricultural
sector. Source: Author’s illustration based on data from the World Bank, FAQ, etc.

The data presented prove that over 35% of land capital is in a state that requires not just
“support”, but a radical change in technological solutions through the implementation of restoration
projects, where minimizing additional load on the soil and consciously limiting water use should
become priority selection criteria.

The implementation of a modern project approach as a standard for managing complex natural-
technical and ecological-economic systems allows integrating engineering infrastructure and natural
capital into a single, holistic system, where efficiency is measured by the ability of technologies to
rationally transform limited resources into economic results. This fully corresponds to the global
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concept of sustainable development, which requires harmonizing economic growth with
environmental safety and social responsibility.

In this regard, the conceptual apparatus also needs clarification, in particular, the concept of a
project implemented in the field of nature use. In the context of the study, we propose the
introduction/clarification of the category of “natural resource projects” as the basic object of ecological
and economic optimization. This term can be considered universal for designating a wide group of
projects in the field of nature use (agricultural, land reclamation, water management, etc.).

We propose to consider natural resource projects as complex investment and technical measures
aimed at attracting, transforming, and using the potential of natural assets (land, water, and energy)
using engineering infrastructure. In such projects, the technological component (irrigation systems,
hydraulic structures) is a necessary condition for converting a natural resource into economic value.
The effectiveness of such projects is determined by the ability of the engineering system to ensure the
maximum transformation of natural potential into added value with minimal specific energy and
natural resource costs.

Given the current state, industry problems, and the global situation as a whole, the management
of such projects should be based on resource optimization. This is a strategic approach to
management that aims to ensure maximum efficiency in the use of available assets (natural, energy,
financial, and human) while minimizing their costs or losses. To systematize the scale of these
challenges and determine the target benchmarks for further optimization of technological solutions,
we have formed a matrix of challenges (Table 1). It allows us to identify strategic areas of greatest
risk where traditional approaches to resource management require further development and
improvement. At the same time, directions for resource optimization are proposed, based on the
transition from extensive use of natural capital to a strategy of its technological replacement and
adaptive management of the return of each type of scarce resource.

Table 1. Matrix of challenges and strategic guidelines for optimizing natural resource projects in the context of

modern destructive influences.

Category Problems Expected Are.as .of r‘esource
consequences optimization
e erosion and o depletion of genetic fertility, e the need to move from
degradation of the humus  transition of land resources to = maximizing yield to
layer; the category of “non- maximizing total resource
e critical “water stress” ~ renewable”; productivity;
and shortage of available e impossibility of expanding e introduction of energy-
water resources; irrigated areas, risk of efficient technologies;
e technogenic complete loss of cropsindry ¢ “conscious limitation” of
compaction and disruption ~Y€ars; water use volumes
2:::111% of the soil cover structure; e the emergence of fierce

e degradation of local
hydraulic systems and

protective infrastructure;

e destruction of the
Kakhovka hydroelectric

complex and loss of

resource competition, the
struggle for access to water
between the agricultural
sector, industry, and

household consumers;

e launch of desertification

systemic water supply to processes, complete change in

southern part of Ukraine specialization of entire regions,
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change in agroclimatic profile
of southern part of Ukraine
. technological . increasing operating . transition to a crisis

degradation of

infrastructure;

) physical damage to

land assets;

° large-scale loss of

arable land

° loss of access to basic

natural assets;

° environmentally

driven forced migration;

° conflict of interest in
water use (resource
shortage at the community

level)

° chemical and
toxicological contamination

of soil cover;

costs and loss of profitability;
° under-receipt of income;

° the need for colossal

investments in restoration and

restructuring;

° depreciation of land
capital;

° mass bankruptcy of
farms;

. local food shortage

° loss of unique skills in

reclamation agriculture;

. depopulation of
territories due to loss of

resource base;

. social tension due to
resource competition between
large agribusiness, small

farmers, and household needs

. accumulation of toxins
in food chains, inability to
certify lands according to

international standards;

cost management model
through the concentration of
limited financial resources on

the most productive projects;

. implementation of
“lean production” systems
that minimize cost and
ensure profitability projectin
the context of a reduction in
the land bank;

. bridging the
technological gap by
implementing energy-
independent solutions;

. implementing
regenerative agriculture

strategies;

) transition to biological
reclamation methods that
increase the market
attractiveness of land in the

long term

. restoring the economic
attractiveness of regions by
introducing high-tech jobs
within a modernized
infrastructure based on the
“smart” use of remaining

resources;

° reorientation towards
niche, high-tech crops;

. using objective
indicators to determine the

priority of resource use

. adaptive
transformation of

agriculture;
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) biological depletion

and loss of soil “viability”;

° falling yields, increasing

costs for soil rehabilitation;

° implementing

precision farming systems to

° destruction of ° launch of desertification Minimize chemical loads;
natural biodiversity; processes, changes in local ° transition from a
° violation of the climate, loss of natural depletion model to a fertility

hydrological regime and

immunity of the agricultural

restoration model;

“salination” of soils; landscape; . optimization of
. global climate . irreversible loss of soil ~ investments in
change and shifting structure, increased climatic biotechnological methods of

agroclimatic zones

vulnerability of the region,

impossibility of traditional

soil rehabilitation;

° using engineering

agriculture infrastructure to support
natural biodiversity
. loss of the status of ° destabilization of world e maximizing export

guarantor of world food
security;

° transformation of
Ukraine into a zone of high

environmental risks

food markets, rising prices on
the global market, risk of

famine in Africa and Asia;

° change in Ukraine’s
international image and
investment ratings, perception

by the world as a “risk

potential by optimizing
resource costs per unit of
final product, which makes
Ukrainian products
competitive and accessible to
the poorest regions of the

world;

Geopolitical
territory” °

transition to project
management based on
digital data and international
resource audit standards;
optimization projects
according to environmental

and social responsibility

criteria

The forecast given with expected consequences indicates the exhaustion of the potential for
extensive development of natural resource projects, which makes traditional methods of assessing
their effectiveness and making strategic and operational decisions unsuitable. In this regard, new
methodological approaches to the creation and functioning of engineering systems in the fields of
natural use, improving the regime and technological aspects, types, designs, and parameters of
engineering systems adapted to these changes should be based not only on the results of assessing
the economic efficiency of the adopted technical and technological solutions but also take into account
the real conditions of the facility’s functioning, the direction and level of production, as well as the
amount of resources spent to ensure it.

Management of natural resource projects today is the integration of sustainable development
principles into the project life cycle for the efficient and responsible use of land, water, flora, fauna,
and minerals to minimize negative impacts and maximize benefits, including planning for their
acquisition, distribution, control, and restoration, which requires collaboration, transparency, and
consideration of environmental requirements. Such management requires a deep understanding of
the project’s impact on the environment and the implementation of environmentally conscious
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practices as part of overall project management. The main challenge is to combine economic efficiency
with environmental safety and social responsibility.

This is also emphasized in the strategic state policy on the further development of water
reclamation; as one of the key priorities of the Ministry of Agrarian Policy and Food to ensure
sustainable and ecologically balanced development of irrigated agriculture, a number of national
documents have been developed. Foremost, these are the Irrigation and Drainage Strategy until 2030,
the Water Strategy of Ukraine until 2050, and the Long-term Development Plan for the Irrigation
Complex of Ukraine until 2050 [32-34].

Based on the content and objectives of these national documents, modern approaches to the
development of irrigation should take into account the socio-economic transformations that have
occurred in the agricultural production of the state at the stage of transition to another socio-economic
formation, the growing shortage of water resources, and the environmental aspects of land
reclamation. The development of irrigation should be based exclusively on a new technical and
technological basis, in particular, the introduction of modern resource- and energy-efficient irrigation
methods. An important component is the development of sustainable agricultural production and
the implementation of measures to minimize the impact of climate change. Taking into account global
trends, it is promising and relevant to transfer irrigation to a model of sustainable development as a
process of harmonizing productive forces, ensuring guaranteed satisfaction of the minimum
necessary needs of all members of society, provided that the integrity of the environment is preserved
and gradually restored, ensuring a balance between the potential of nature and the requirements of
consumers.

The Resource-Based View in project analysis allows us to consider a water management and
reclamation facility not just as an engineering system, but as a set of strategic assets, including natural
ones, which create a competitive advantage for agribusiness and the state. In the context of the
concept of sustainable development, such a system should be characterized by resource efficiency,
minimizing costs and losses of scarce resources, primarily water and energy. Taking into account the
problems and consequences considered above, in the coming years there is a need to transition to a
strategy of conscious resource limitation and ensuring project sustainability, which accordingly
requires the development and integration of specific resource indicators into decision-making
models.

It is well known that irrigation is one of the most water- and energy-intensive sectors of
agricultural production, which directly affects the economic and ecological impact of its
implementation. However, when implementing agricultural production on irrigated lands, in
addition to the main resources (water and energy), other important and limited resources are
involved, such as land, labor, etc.

The challenge in implementing this methodology lies in the need to account for a range of
resources that are diverse in nature—water and electricity—which are simultaneously
interdependent and interconnected in terms of their parameters. At the same time, achieving the
necessary savings of the specified resources is possible by developing and implementing appropriate
nature-oriented and environmentally friendly solutions to increase the efficiency of irrigation, in
particular, regime, technological, and technical resource-efficient measures and means related
primarily to improving the irrigation regimes of agricultural crops and the regimes of water supply
to the irrigation system and its structural elements.

In the development of our previously conducted research on the ecological and economic
optimization of project solutions [28], during resource optimization, the justification of optimal
solutions in projects for the construction, reconstruction, and operation of irrigation systems, as
complex natural-technical and ecological-economic systems, can be performed using the following
comprehensive optimization model:
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where U, — the extreme value under the accepted condition of the selected criterion of economic
optimality U, which corresponds to the optimal technical and technological solution from the set of
possible options I = {i}, i = 1,n,;

Ri—aset] ={j}, j=1, n, of criteria of resource use for relevant technical and technological

solution options;

R} — substantiated indicators of the use rate of this resource.

Resource optimization, the peculiarity of which is the consideration of the quantity of spent
resources for the implementation of the relevant options of technical and technological solutions,
allows us to resolve an important issue regarding the complexity of adequately presenting the criteria
of ecological efficiency in a cost form similar to the criteria of economic efficiency. The presented
complex optimization model is devoid of this drawback, where the criteria of environmental
efficiency can be presented in a cost form through absolute and reduced costs of water and energy
resources when implementing the relevant options of the regime and technological and technical
solutions.

Such a system of equations in a general implicit form makes it possible to theoretically
substantiate the possibility of setting a problem, searching for and consistently determining optimal
(economically and ecologically acceptable) regimes and technological and technical solutions for
heterogeneous component elements and the system as a whole in their relationship, both at the
empirical and empirical-functional levels of determining the dependence between them, taking into
account the real conditions of the facility’s functioning, the direction and level of agricultural
production, as well as the resources spent to provide it. At the same time, a natural question arises
regarding the choice of resource efficiency criteria when implementing the appropriate optimization
model, the minimization of which will objectively reflect the environmental aspects of irrigation.

Based on a machine experiment for the conditions of a real object located in the Kherson region,
a set of heterogeneous indicators for assessing the resource-ecological and economic components of
the efficiency of various irrigation regimes has been investigated, substantiated, and proposed. In
terms of value and relative form, this set combines, foremost, indicators of water and energy resource
costs and indicators of productivity of cultivated crops (crop rotation) and best meets the
requirements of resource optimization:

—  (AY) indicator of crop rotation productivity decrease, % — an indicator that in relative form
reflects the decrease in crop rotation productivity for the studied variant of irrigation regime
compared to the control variant;

-  (Rp) weather and climate risk, USD/ha — an indicator reflecting the value of the shortfall in
agricultural production due to weather and climatic conditions under the implementation of the
studied variant of irrigation regime in comparison with its potentially possible (climatically
provided) value [29];

—  (Wp) weather and climate resource use, USD/ha — total costs associated with the use of resources
for irrigation according to the studied variant of irrigation regime, which depends on weather
and climatic conditions;

—  (ARy) relative change in weather and climate risk, share — an indicator that in relative form
reflects the change in the value of the shortfall in agricultural production due to weather and
climatic conditions under the implementation of the studied variant of irrigation regime in
comparison with its potentially possible (climatically provided) value under the control variant;

- (AW)) relative change in weather and climate resource use, share — an indicator that, in relative
form, reflects the change in total costs associated with the use of resources for irrigation
according to the studied variant of irrigation regime in comparison with the control variant;

© 2026 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202604.1222.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 17 April 2026 d0i:10.20944/preprints202604.1222.v1

12 of 18

— (ks resource use sensitivity coefficient, share — an indicator that reflects the ratio of weather and
climate risk to weather and climate resource use, thereby reflecting how a change in resource
use affects the amount of shortfall in agricultural production due to weather and climate
conditions;

—  (kx) coefficient of environmental reliability, share — an indicator that reflects the environmental
component of irrigation efficiency based on an integrated assessment of a set of physical
indicators (water regime, salt regime, and productivity of reclaimed lands) according to the
studied variant of irrigation regime. The scale of gradation of the level of ecological reliability
depends on the value of the ecological reliability coefficient: 0.0-0.25 — unreliable; 0.26-0.50 —
insufficiently reliable; 0.51-0.75 — sufficiently reliable; 0.76-1.0 — reliable [30];

—  (PD) investment return index, share —an indicator reflecting the discounted profitability of the
project (efficiency of a unit of investment) and equal to the ratio of discounted income to the
total amount of investment under the studied variant of irrigation regime;

—  (DPP) discounted payback period, years —an indicator reflecting the period of time required to
return investments at the expense of net income, taking into account the discount rate for the
studied variant of irrigation regime.

The generalized results of multi-criteria regression analysis showed a fairly high level of
correlation between the studied indicators, thereby confirming the feasibility of their use as criteria
for assessing the resource-ecological and economic efficiency of implementing irrigation regimes
with respect to different levels of water and energy resources (Table 2).

Table 2. Matrix of paired correlation coefficients between indicators characterizing the resource-ecological and
economic components of the efficiency of the implementation of irrigation regimes different in terms of the level
of provision with water and energy resources (R?=0.9357).

Indicator AY Rp Wp ARp AWp ks kn PI DPP 4
AY 1.0000 0.7446 0.6533 0.9586 09133 0.7652 0.8133 -0.0376 0.6676  0.7495
Rp 0.7446  1.0000 0.0509 0.5524 0.8992 0.1723 0.7246 -0.5170 0.4358 0.1344
Wp 0.6533  0.0509 1.0000 0.8334 03153 0.9704 0.8533 0.3563 0.6604 0.9747

ARp 0.9586 0.5524 0.833¢  1.0000 0.7705 0.9016 0.7586 0.0650 0.7566  0.8983

AWp 09133 0.8992 0.3153 0.7705 1.0000 0.4541 0.8933 -0.2283 0.4922 0.4435

ks 0.7652 0.1723 0.9704 09016 0.4541 1.0000 0.7652 0.3855 0.6194  0.9885
kn 0.8133 0.7246 0.8533 0.7586 0.8933 0.7446  1.0000 0.0366  0.6576  0.7445
pI 0.0376 -0.5170 0.3563  0.0650 -0.2283 0.3855 0.0366  1.0000 -0.3715 0.3710
DPP 0.6676 04358 0.6604 0.7566 04922 0.6194 0.6576 -0.3715 1.0000 0.6556
4 0.7495 0.1344 09747 0.8983 0.4435 0.9885 0.7445 0.3710 0.6556  1.0000

Source: own research.

A comparative characteristic of the set of resource-ecological and economic indicators for
assessing the effectiveness of the implementation of the studied irrigation regime variants, which
differ in terms of water and energy resource provision levels in estimated groups of years according
to a comprehensive assessment of the heat and moisture provision conditions of the vegetation
periods for the Kherson region, is presented in Table 3.
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Table 3. Comparative characteristics of the set of resource-ecological and economic indicators for assessing the
effectiveness of implementing irrigation regimes that differ in terms of water and energy resource provision

levels in estimated groups of years for the conditions of the Kherson region.

Estimaed
Studied ', Ry, Wi, AR, AW, k, . Pl DPP,
year groups  y..dants " USD/ha USD/ha share share share share  years
(PI 0/0)
control
0 1088.2 142.9 0 0 761 035 138 6
(100%)
optionl 05 11905 1375 0094 0038 866 042 123 6
(73%)
option 243 13088 1369 0111 0042 88 041 118 7
(70%)
middle  PHOR3 o400 45153 1362 0115 0047 891 041 113 7
(p=50%)  (68%)
option 47 65 12203 1353 0121 0053 9.02 040  1.06 8
(62%)
oPHOLS g7 12523 1333 0151 0067 939 039 101 8
(52%)
OPHONG o83 15418 00 0417 - - 036 105 8
(0%)
control 509 910.2 184.7 0 0 493 036 203 5
(100%)
option Ty 408 11771 1721 0293 0068 684 041 149 6
(73%)
OPHORZ 1681 12245 170.6 0345 0076 718 041 139 7
(70%)
. oPHOR3 1908 12706 169.0 039 0085 752 040 128 8
dry (p=70%)  (68%)
optiond 5112 1305.0 1667 0434 0097 7.8 039 12 9
(62%)
oPHOMS hs 60 13887 1621 0526 0122 857 038 104 11
(52%)
option 6
. 2006. . 1.2 - - : - -
(%) 9868 20068 0.0 05 0.35
control 500 799.0 264.2 0 0 302 037 281 4
(100%)
option o307 12596 2431 0577 0080 518 041 135 10
(73%)
very dry "P;(’)‘:;z 2308 12559 2406 0572 0089 522 039 142 10
(p=90%) (70%)
OPHONS hc61 13258 2380 0659 0099 557 039 116 16
(68%)
option 4 1374.7 2342 0721 0113 587 038  1.01 23
(62%)
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oPHORS 3799 15512 2264 0942 0143 685 037 - -
(52%)

option 6

o) 7547 22934 0.0 1.870 0.34

Source: own research. Based on the average dollar exchange rate for 2025, according to data from the National
Bank of Ukraine.

Figure 3 shows a comparative analysis of the values of (a) the indicator of relative change in
weather and climate risk, AR, and (b) the resource use sensitivity coefficient, ks, for the studied
irrigation regime variants that differ in water and energy resource provision levels. These values were
determined for estimated groups of years based on a comprehensive assessment of heat and moisture
provision during vegetation periods in the Kherson region, reflecting the change in water and energy
resources in relation to changes in weather and climate resources under the studied conditions.
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Figure 3. Comparative characteristics of the values of (a) the indicator of relative change in weather and climate
risk, ARy, and (b) the resource use sensitivity coefficient, ks, for the studied variants of irrigation regimes that
differ in terms of water and energy resource provision levels in estimated groups of years for the conditions of
the Kherson region. Source: own research.
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5. Discussion

Considering the effective use of the minimum volumes of water and energy resources as a
determining resource in the implementation of irrigation, primarily in conditions of increasing their
deficit, the obtained results allow for determine acceptable options regarding resource, ecological,
and economic efficiency of irrigation regimes that differ in terms of water and energy resource
provision levels according to watering and irrigation norms in relation to their project levels for the
conditions of the Kherson region. Under in the studied conditions, the lower limit of acceptable
solutions for resource-ecological and economic efficiency for the estimated year of 70% provision
corresponds to an irrigation provision level with water and energy resources @um = 70%: indicator of
crop rotation productivity decrease AY = 16.81%; weather and climate risk indicator R, = 1224.5
USD/ha; weather and climate resource use indicator W, = 170.6 USD/ha; relative change in weather
and climate risk ARy = 0.345; relative change in weather and climate resource use AW, = 0.076; the
value of the resource use sensitivity coefficient ks = 7.18. Concurrently, the value of the coefficient of
environmental reliability k» = 0.41, which still corresponds to the level of insufficient reliability but is
greater than the corresponding value for the project regime option.

This indicates that the maximum acceptable value of reducing the volumes of water and energy
resources or the maximum acceptable value of their deficit is at the level of 30%, when sufficient
economic efficiency of irrigation is still achieved according to the indicator of investment return index
PI=1.42 and the discounted payback period of investments in the implementation of the project DPP
=7 years, which for natural resource projects is limited to a period of up to 10 years [35].

When considering the possible further implementation of the obtained results and choosing the
optimal option for implementing irrigation regimes with different water and energy resource
provision levels, must be considered the specifics of each individual case. Firstly, restrictions on the
availability of water and energy resources suitable for irrigation, the interests of investors, water and
land users, available labor and economic resources, financial capabilities, the scale of activity or the
strategic importance of the facility for the economy, environmental acceptability, and other
conditions and criteria are critical for each specific facility. Amidst the post-war reconstruction of
Ukraine, with significant damage to irrigation infrastructure and limited access to energy, the
proposed approach gains strategic importance. Comparing alternative options and choosing the
optimal one will allow for the operation of larger land areas with lower capital costs per unit of area,
which is critically important for the rapid restoration of food security.

At the same time, the modeling results indicate the existence of a critical threshold for resource
provision. If, in years with average water content, cost reduction maintains acceptable profitability,
then in extremely dry years the pay-back period of investments increases significantly, which makes
such projects risky in terms of investment. This confirms the need for flexible maneuvering of
irrigation regimes.

This creates a basis for revising outdated design standards, focusing on 100% satisfaction of
water needs, in favor of adaptive models that take into account the real resource potential of the
territory. This approach transforms irrigation from a resource-intensive industry into a tool for
sustainable territorial development, where the priority is not gross collection but the efficiency of
each cubic meter of water and kilowatt-hour of energy used.

6. Conclusions

Thus, today Ukraine and its agricultural production face with unprecedented challenges in
terms of their consequences: climate change and the destructive effects of Russian military aggression.
In these conditions, the implementation of economic projects in areas where natural resources are
intensively used requires adaptation and a change of approaches in accordance with modern
conditions and requirements, which is a critical task for maintaining food security and Ukraine’s
competitiveness in world markets. Implementing natural resource projects based on resource
optimization minimizes anthropogenic pressure on ecosystems, ensures the reproduction of natural
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potential for future generations, and creates a foundation for the long-term sustainability of agri-food
systems.

The analysis shows that traditional criteria for assessing the success of agribusiness under
conditions of water stress and infrastructure degradation are losing their representativeness. The
need to transition from traditional assessment criteria to a system of indicators based on the concepts
of Resource Productivity and the Water-Energy-Food Nexus, which will allow for the quantitative
assessment of project viability within the framework of a strategy of conscious resource self-
restriction, is substantiated.

The use of the proposed set of indicators as criteria for resource and ecological efficiency in the
implementation of the corresponding model for optimizing project solutions allows them to be
presented in cost form, alongside criteria for economic efficiency, which previous optimization
approaches lacked. In addition, this approach allows for the consideration of the real conditions of
the facility’s functioning, the direction and level of agricultural production, and the amount of
resources spent to ensure it.

Thus, the implementation of natural resource projects based on resource optimization not only
strengthens Ukraine’s food security but also meets the Sustainable Development Goals, creating the
foundation for long-term environmental reliability and the competitiveness of the domestic
agricultural sector in global markets during the difficult conditions of post-war recovery.
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