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SUMMARY

Land use for agriculture significantly affects the overall structure of land cover and often
destroys natural connections in landscapes, which leads to the loss of landscape and
biodiversity. In addition, using mineral fertilizers and plant protection products pollutes the
environment, negatively affecting human health. It is important to introduce innovative
methods of soil cultivation, particularly precision agriculture, which allows you to control and
prevent these hazardous environmental processes. The main method of monitoring land use
impact on the state of the environment is the analysis of satellite images. The publication
examines a watershed area of 1000 hectares in the upper reaches of the Kolomyika River (left
tributary of the Prut River). Several negative processes and changes in the land cover structure
have been identified as a result of land consolidation. The importance of taking into account
environmental protection requirements in land management was emphasized, in particular, the
demarcation of the boundaries of protective coastal strips of water bodies and ecological
networks.
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Introduction

Intensive farming is a key factor in global food security, but at the same time, agricultural production
with the use of fertilizers and heavy agricultural machinery causes significant environmental risks, such
as soil degradation, pollution of water resources with pesticides, reduction of biodiversity, deforestation,
and the development of resistance in pests and weeds to chemicals. In addition, the loss of fertile land
and reduced productivity leads to the need to cultivate new areas for agricultural use. This, in turn, can
lead to even greater deforestation, worsening climatic conditions, and reduced availability of clean
water. The pollution of water resources by agrochemicals threatens both ecosystems and human health.
In addition, increasing resistance of pests and weeds to pesticides will require the use of even more
aggressive chemicals, which will only exacerbate the problem.

As part of the land reform in Ukraine, land consolidation is planned to prevent land fragmentation and
ensure sustainable land use (Draft Law No. 7203).

Legally, individuals and legal entities are allowed to become owners of up to 10 thousand hectares of
agricultural land (Law of Ukraine No. 552-1X).

An economic assessment of the impact of such reforms cannot be objective without taking into account
global experience in land resource management, river basins, and environmental conservation
strategies. For example, the scientific community is currently concerned about the rate of destruction
of natural linkages in the environment, particularly the disruption of lateral connections between rivers
and terrestrial landscapes, which are of key importance both for the health of rivers and landscapes and
for their biodiversity (Mason et al., 2025). It is necessary to restore the lateral connections of the river
with floodplains, coastal zones, and wetlands. Such connections should become the subject of
comprehensive research in natural sciences, particularly geology, hydrology, geomorphology, ecology,
and biogeochemistry, considering the social aspects of nature management.

An important direction for further environmental policy should be developing international cooperation
in land use monitoring. Given the global nature of environmental problems, joint scientific research,
data exchange, and the implementation of unified risk assessment standards are especially important.
In this context, satellite monitoring of the impact of agricultural production on the environment, along
with the use of artificial intelligence for processing large volumes of data (Big Data), and the adoption
of environmentally responsible farming methods, play a significant role.

The purpose of this publication is to consider the impact of agricultural land use on the state of natural
landscapes and land cover structure.

Method and Theory

Main monitoring methods of the environment's ecological state are remote sensing (analysis of satellite
images and aerial photography using drones); geographic information systems (GIS) for modeling the
distribution of pollutants; Soil and water research (chemical analysis, use of bioindicators); Biodiversity
assessment (monitoring of species, changes in vegetation cover) and the habitat analysis (soil condition,
erosion processes); Climate and air quality monitoring (tracking of CO2 and CH4 emissions).

This study used satellite imagery from Google Earth Pro, materials from our research, thematic
publications, and regulatory materials.

The coefficients of anthropogenic load and ecological stability are key qualitative indicators reflecting
the balance of agricultural landscapes, their stability, and the degree of transformation due to
economic activity.
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Kozlov M. V. et al. (2004) propose to carry out an ecological assessment of agricultural landscapes
based on the ratio of arable land (A.L.) to the total area of ecologically stabilizing lands (T.L.) — forests,
meadows, pastures, swamps, water bodies.

The degree of ecological imbalance in the actual ratio is determined using a modified five-point scale,
which allows for a highly accurate assessment of the ecological state of agricultural landscapes. The
scale ranges from optimal proportions (<20% A.L.: >80% T.L.), characteristic of ‘reference’
landscapes, to completely unacceptable (>70% A.L.: <30% T.L.), corresponding to a catastrophic state
of agricultural lands.

Results

The authors studied the structure of land cover and types of land use of the upper reaches of the
Kolomyika River, a left tributary of the Prut. The river is 22.5 km long, and its basin covers an area of
42.5 km?. Approximately half of the basin is occupied by agricultural lands (Bortnyk et al., 2024). The
assessment was carried out using the example land plot in the upper part of the Kolomyika river basin
(Fig. 1). Analysis of satellite images using NDVI and EVI indices demonstrates a significant imbalance
in land cover types, indicating a decline in vegetation health and increased soil degradation.

According to our calculations on a plot of 1,000 hectares, arable land was 64% in 2015 and increased
to 69% in 2018. This trend indicates a growing expansion of arable land, which corresponds to the
ecological crisis state of agrolandscapes, as described by Kozlov V. M. et al. (2004). The intensification
of soil degradation is evidenced by the formation of erosion networks, increased runoff coefficients,
and the expansion of ravine systems, which accelerate the loss of fertile soil layers.

Given the study area location on the watershed, agricultural land use and modern intensive soil
cultivation methods negatively impact the surrounding landscapes. In particular, the integrity of the
ecological network is disrupted, preventing it from effectively supporting biodiversity. Additionally,
surface and groundwater resources are increasingly polluted and depleted, while soil erosion intensifies.

2015 2018
Figure 1. Agricultural land use of the Kolomyika river upper basin (S=1000ha) (Processing of satellite
images in Google Earth Pro).

In the context of land consolidation, it is essential to preserve existing or create new protective forest
belts that enhance precipitation distribution across fields, reduce surface runoff from melting and
stormwater, and mitigate the intensity of water erosion and deflation. It is even better if the protective
belts are connected to natural landscapes — forests, ravines, water bodies, and serve as elements of the
ecological network. In addition to forest plantations, grassy cenoses (hayfields, meadows, pastures) are
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of great importance for the stability of agricultural landscapes. Alternating plowed and unplowed belts
or individual areas allows you to prevent soil erosion and improve the ecological state of the territory.

Implementing a landscape approach, where agricultural fields are interspersed with buffer zones of
natural vegetation, helps control erosion, supports biodiversity, and enhances soil resilience.
Establishing riparian buffer zones along small rivers, such as the Kolomyika, can significantly reduce
nutrient runoff and improve water quality by filtering out agricultural pollutants before they reach
aquatic ecosystems.

The main negative consequence of deforestation and the plowing of land is the intensification of erosion
processes. The required forest cover of the territory can be calculated based on the correlation between
forest cover and the runoff coefficient. The value of the runoff coefficient at which erosion is limited is
close to 10-15%. To achieve this, the forest cover must be 15%.

The problems of agricultural land use monitoring are associated with the lack of relevant and reliable
data on the state of land resources and the impact of agricultural production on the environment. This
is due to the lack of unified standards for data collection and processing, and limited access to high-
precision satellite images due to their cost; inconsistency of monitoring methods between state bodies,
scientific institutions, and private enterprises, which complicates the analysis of changes in the structure
of the land cover.

The development of the soil monitoring system and international cooperation in the field of
environmental monitoring, as well as the improvement of national data collection programs, can
contribute to solving these problems.

The use of artificial intelligence (Al) and machine learning methods is important, as it can significantly
improve the accuracy of forecasts of environmental changes related to agriculture. These technologies
can automatically analyse satellite images and detect land use changes, predict soil degradation and
water pollution risks, optimize agricultural technologies, reduce the need for fertilizers and pesticides,
and create interactive models of climate change and its impact on agricultural productivity.

The implementation of international environmental policies, such as the European Green Deal and the
FAO’s Global Soil Partnership, provides a framework for sustainable land management and reducing
the environmental footprint of agriculture. For example, the Food and Agriculture Organization of the
United Nations (FAO) develops recommendations for sustainable land use, supports scientific research,
and implements initiatives to combat soil degradation (FAO, n.d.).

The United Nations Environment Program (UNEP) is engaged in global environmental monitoring and
environmental agriculture policy. For example, the World Environment Situation Room implements
the Big Data Initiative (UNEP, n.d.).

The European Space Agency (ESA) and NASA provide satellite data for scientific research and policy
development to assess the impact of land use changes on the environment (ESA, n.d.; NASA, n.d.)

An important aspect of solving agricultural land use problems is strategic spatial planning at the local
and regional levels based on international standards. It is necessary to plan an ecological network at the
level of territorial communities. The same applies to the implementation of precision agriculture and
minimizing the impact of chemicals on ecosystems and human health (Bortnyk, Lavruk, & Peresadko,
2024).

Conclusions
Monitoring and environmental risk assessment associated with intensive agriculture are critically

important for preserving ecosystems and ensuring the sustainable development of the agricultural
sector.

XVIII International Scientific Conference “Monitoring of Geological Processes
and Ecological Condition of the Environment”




Monitoring’2025 EAGE

The use of modern monitoring methods allows for the timely detection of negative changes in the
environment and the prevention of degradation of natural resources.

The systematic approach to monitoring and environmental risk assessment in agriculture will contribute
not only to environmental protection but also to increasing the efficiency of agricultural production.
This will reduce the negative impact on natural ecosystems and ensure food security for future
generations while maintaining a balance between economic needs and environmental responsibility.
The analysis of agricultural land use in the upper reaches of the Kolomyika River basin showed an
unacceptable degree of ecological imbalance in the actual ratio of arable land to stabilizing natural land
cover types. This situation requires enhanced monitoring of hazardous environmental processes that
spread not only within agricultural landscapes but also destroy lateral connections and the balance
between natural landscapes and contribute to the spread of pollutants, which, in particular, threatens
small rivers, negatively affects human health, and impoverishes geodiversity and biodiversity.
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