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Abstract

An information system for the automated detection of abandoned arable land, based on Sentinel-2 satellite
images, is developed. The system provides monitoring of agricultural land, even in areas where ground
surveys are challenging to conduct. Integrated with Google Earth Engine (GEE), the system classifies
agricultural areas as cultivated or abandoned in near real time based on Normalized Difference Vegetation
Index (NDVI) time series. It supports two modes of operation: local analysis of GeoTIFF files and cloud
analysis using an interactive map. Its classification method compares the maximum NDVI values for the
target and reference years, enabling the detection of the characteristics of the vegetation cover degradation
of abandoned land. The results were experimentally validated for a sample of agricultural areas in the
Dnipropetrovsk and Donetsk Oblasts. The proposed system can detect abandoned arable land with an
accuracy of up to 92.5% (Fi-score: 0.898), even in areas of military conflict where ground observations are
unavailable.
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1. Introduction

The problem of abandoned arable land has become particularly important in Ukraine in recent years
due to the adverse environmental effects of the Russian invasion [1]. Even before the start of the
Russo-Ukrainian War, numerous fields remained uncultivated. Still, military operations, the mining
of territories, the disruption of logistical links, and general economic instability have significantly
accelerated the degradation of agricultural land [2]. This has resulted in the loss of agricultural
potential in many productive areas and the gradual overgrowth of the land by ruderal vegetation [3].
According to experts, approximately 2.4 million hectares of arable land have been abandoned since
the start of the full-scale invasion of Ukraine, accounting for around 7.2% of the total area under
cultivation [2]. The largest clusters of abandoned fields are concentrated in border regions affected
by the conflict, particularly in eastern and southern Ukraine. The loss of cultivated land has complex
negative consequences for food security, economic stability, and environmental conditions in
agricultural regions [4].

2. Literature Review
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Traditional ground-based monitoring is complicated and dangerous in wartime conditions, so
satellite and GIS technologies are relevant, particularly Sentinel-2 data analysis. Ma et al. [5]
demonstrated the effectiveness of remote sensing and GIS technologies for assessing the impact of
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war on agricultural land in Ukraine. Nikulin et al. [6] proposed a method for detecting war-induced
degradation of agricultural landscapes based on contrast edge changes in Sentinel-2 imagery.
Hnatushenko et al. [7] developed a cloud-based geospatial information system for agricultural
monitoring using Sentinel-2 data.

The Normalised Difference Vegetation Index (NDVI) has been successfully applied to detect
abandoned agricultural land. Wei et al. [8] analysed spatial and temporal patterns of farmland
abandonment using long-term satellite data. Morell-Monzé et al. [9] demonstrated the detection of
abandoned citrus crops from Sentinel-2 time series. Wu et al. [10] monitored cropland abandonment
in China using long-term NDVI dynamics.

In cultivated fields, the vegetation cycle is characterised by an increase in average NDVI values
during the active growing season, reaching a maximum, and a subsequent decrease after harvest.
However, on abandoned arable land, the seasonal dynamics of NDVI may differ. The amplitude of
fluctuations varies depending on uncontrolled changes to the land's surface. At the same time,
average NDVI values remain relatively high during the growing season due to the gradual
development of wild vegetation, such as weeds, perennial grasses, shrubs, and trees. This indicates
the formation of natural ecosystems with a predominance of spontaneous vegetation on such sites.
A typical indicator of abandoned land in NDVI time series is a change in the cyclical growth curve
and seasonal variability of vegetation indices [11, 12].

Traditional methods for analysing time series of vegetation indices focus on the maximum and
minimum NDVI values during the growing season and the amplitude of seasonal fluctuations. This
distinguishes cultivated and abandoned agricultural areas: the NDVI amplitude usually exceeds 0.6
for cultivated fields, while it is significantly lower for abandoned fields, often below 0.3 [2]. Changes
are monitored by comparing NDVI maps from different years and analysing long-term observation
series, which makes it possible to identify trends using linear or non-linear regression [13].
Analysing NDVI time series using maximum composite methods or comparing maximum index
values for different years allows for the distinction between cultivated and abandoned fields [2].

In addition to NDVI, other spectral indices are used to identify abandoned arable land. These
include the Enhanced Vegetation Index (EVI), which corrects for atmospheric and soil influences,
and the Normalised Difference Moisture Index (NDMI), which reflects the moisture level in
vegetation and soil cover, and indicates the cessation of irrigation and the beginning of degradation
[9, 14]. Combining these indices enables the creation of composite maps of vegetation status;
however, such approaches require high-quality data and may be less effective in complex terrain.

Analysing NDVI phenological profiles helps distinguish between cultivated crops at different
development phases and abandoned areas dominated by spontaneous vegetation. Furthermore,
digital elevation models (e.g., those based on LiDAR data) enable changes in vegetation height to be
assessed, confirming the transformation of vegetation cover [12, 15].

Machine learning (ML) methods are increasingly being used due to the limitations of index
methods, particularly with regard to their dependence on environmental conditions, incomplete time
series data, and phenological variability [16]. The Random Forest (RF) method works effectively with
a large set of spectral and auxiliary features, making no assumptions about their distribution and
ensuring high classification accuracy [18]. The Support Vector Machine (SVM) method also enables
binary classification with a limited training sample [19]. The most modern approaches combine
image segmentation into objects with similar features, followed by ML classification. This allows
objects' shape and texture to be considered, reducing errors associated with individual anomalous
pixels [20]. However, existing algorithms have certain limitations: methods based on spectral indices
can misinterpret natural changes as degradation, and ML models depend on local data and must be
adapted to new regions. Difficulties arise in conflict zones due to the instability of agricultural cycles
and situational land abandonment, which distorts time series. For this reason, the most effective
approach is a combined one that analyses time series of spectral indices while considering the
characteristics of the specific environment.



3. Aim and Objectives

This study aims to develop a methodology for identifying abandoned arable land based on the
analysis of NDVI time series and classification results. The methodology is implemented and tested
using a specially designed information system, which enables the distinction between cultivated and
abandoned fields, essential for assessing the state of agroecosystems and for planning agricultural
activities under conditions of environmental change, including those caused by armed conflict.

To achieve this aim, the following objectives were set:

1. Analyse the existing approaches to detecting abandoned agricultural land using remote
sensing data.

2. Develop an NDVI-based classification method for distinguishing between cultivated and
abandoned arable lands, including formulating classification rules and thresholds.

3. Design and implement an information system that automates data acquisition, NDVI
calculation, time series analysis, and classification.

4.  Validate the proposed methodology and the system’s performance using reference data for
selected arable areas in the Dnipropetrovsk and Donetsk Oblasts.

5. Assess the limitations of the proposed method and identify possible directions for further
improvement.

4. Materials and Methods

4.1. Study area

The study examined agricultural areas in Ukraine, focusing primarily on the central region
(Dnipropetrovsk Oblast), which was not directly affected by hostilities, and the eastern region
(Donetsk Oblast), which was temporarily occupied at the time of the study and had suffered
significant damage as a result of military operations. A sample of 53 test fields was analysed. The
condition of the test fields in the Dnipropetrovsk Oblast was determined based on ground survey
results, while the condition of the occupied and unoccupied territories was determined based on
visual interpretation of Sentinel-2 satellite images.

The user interface of the developed system (Figure 1) enables users to define areas of analysis
directly on the map and configure analysis parameters via the control panel. First, the range of years
of study is set (e.g., 2020-2024), then the time limits of the growing season are selected (e.g., May to
October). The system can check the availability of Sentinel-2 satellite images for a given territory
and period, thus enabling the completeness of the input data to be assessed.

4.2. Satellite data

The study used Sentinel-2 L2A images with a maximum cloud cover of 15%. These images contain
surface reflections (BOA) after atmospheric correction and were provided via the Copernicus Open
Access Hub (https://scihub.copernicus.eu/) under an open access licence. The spectral bands B04 (665
nm), and BO8 (842 nm) were used for the calculations. Access to the Sentinel-2 archive is available
upon user request via the Google Earth Engine (GEE) platform using the API, with subsequent
integration into the analysis toolkit [21].

The system is based on Sentinel-2 satellite data (COPERNICUS/S2_SR_HARMONISED collection)
that have been pre-corrected for atmospheric effects using the Sen2Cor algorithm. The Scene
Classification Layer (SCL) band, which contains data on the pixel-by-pixel classification of surface
types, was used for preliminary image processing [22]. Based on this, a procedure was implemented
to mask cloud cover and shadows to remove non-informative pixels from the input data [23].
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Figure 1: The interface of the mapping mode of the developed information system with visualization
of the studied territory of Ukraine. Basemap: OSM Standard (EPSG:4326-WGS 84).

4.3. Abandoned arable land detection
4.3.1. Method for determining the arable land condition using NDVI time series

The Normalized Difference Vegetation Index (NDVI) is one of the earliest quantitative indicators of
photosynthetically active biomass in vegetation cover [24]. Its values range from -1 to 1. Dense
vegetation has NDVI values close to 1, while open ground has values around 0.2. NDVI is calculated
as the difference between the reflectance values in the near infrared (NIR) and Red bands, divided by
their sum:

(ONIR — PRea) _ (PBanas — Peanda) 1)
(onir + Prea)  (PBanas — Peanas)

where pyir, Prea — reflectance in NIR and Red spectral ranges, respectively,

Peands, Peands — NIR (B08) and Red (B04) bands of sentinel-2 images.

A time series of NDVI values is formed for each field, which is pre-filtered by the specified years
and months. The analysis is not performed if fewer than two years remain after filtering. The target
year is determined from the available data — the last year in the set — and all previous years are
considered as reference. The maximum NDVI value for the target year is calculated, as are the
maximum values for each reference year [2]. The average of these maximums is compared with the
maximum NDVI value for the target year. The difference between the maximums, or ANDVI, is
calculated as an indicator of changes (2).

NDVI =

ANDVI = NDVIL¥9¢t _ ypyTeference, (2)

max
where NDVIE9°" _ maximum NDVI value for the target season,

NDVIESerence _ average value of NDVI maximums for reference seasons.
If this change is non-negative (i.e., NDVI has not decreased) and greater than the specified
threshold T, the field is classified as cultivated. The field is considered abandoned if the change is

negative and exceeds the predefined threshold absolute value (3). In the case where ANDVI=T, the



field is considered abandoned, but additional clarification is desirable to determine the condition of
the field by changing the data search criteria.

Classification rule:

If ANDVI > T — field is dassified as cultivated arable land.

If ANDVI < -T — field is dassified as abandoned arable land,

where T - threshold value for ANDVL

The method used to classify agricultural areas as cultivated or abandoned is based on analysing
changes to the NDVI index over time (Figure 2).

—

Average NDVI maximums
L (reference seasons) ST Cultivated arable land
Sentinel-2 ——‘ ANDVI <T
NDVI A Abandoned arable land ]
JFI.L NDVI maximum

(target season)

Figure 2: Method for determining the condition of arable land.

Generally, according to Figure 2, NDVI time series is formed by filtering Sentinel-2 L2A images
by date, cloud cover (<15%, or any other value defined by user) and observation period limits (for
example, January-December for the calendar year, or May-September for the growing season).
Cloud and shadow pixels are masked using the Scene Classification Layer (SCL) and the NDVI is
then calculated for each image. For each arable land polygon analyzed, the NDVI values are averaged
over all pixels inside it to produce a chronological sequence. The maximum NDVI values are
extracted for each observation period to apply formula (2) and the classification rule.

Data is processed in near real time. When working in cloud mode (GEE), calculations, including
data visualization and the generation of an NDVI time series plot, take less than 10 seconds and
depend on the field area.

4.3.2. Information system for abandoned arable land detection

An information system has been developed to automate the analysis of Sentinel-2 satellite data based
on NDVI time series and to facilitate the classification of arable land as cultivated or abandoned. Its
decision component uses a method that compares NDVI vegetation index maximums over multiple
years and identifies deviations from typical seasonal dynamics. The Google Earth Engine (GEE)
platform was used to access a global archive of satellite images and their pre-processing in the cloud.
This allows users to select an area and configure analysis parameters. The system can request data
independently, calculate the NDVI, analyse changes over the years, and make decisions about the
condition of arable land.

The information system's architecture is modular (Figure 3), with function distribution between
components. The system supports two operating modes: local analysis of NDVI time series using
GeoTIFF data and remote analysis using GEE. The input data is pre-processed and normalised, after
which NDVI is calculated, and a classification rule is used to determine fields as “cultivated” or
“abandoned” based on temporal dynamics. The results are exported in tabular form and displayed to
the user via an interactive map and plot.

The system consists of several interconnected components that provide a complete cycle of
satellite data processing. Access to the Sentinel-2 image archive is supplied via the GEE API.
Geospatial data processing uses the Rasterio 1.4, NumPy 2.2.0, Pandas 2.2.3, and Shapely 2.1.1
libraries. Visualisation is performed using Matplotlib 3.10.0 and Folium 0.19.7 [25]. The graphical
interface, which is based on PySide6, enables users to interact with the system, set analysis polygons,
and view the classification results in the form of interactive maps and plots. The classification
method is based on analysing NDVI changes over time. It is deterministic, resistant to data gaps, and
adaptable to research conditions.



The information system has two operating modes: local analysis of satellite GeoTIFF images and
cloud analysis via integration with GEE. The main interface window is used to select the operating
mode and serves as the entry point to the system. In local analysis mode, tools are available for
downloading and processing data from local media. These include flexible configuration of study
period parameters and output of key NDVI metrics. In cloud mode, users work with an interactive

map on which they can draw polygons to define analysis areas and obtain classification results as
pseudo-colour layers.
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Figure 3: Class diagram of the developed information system.

The visualisation system enables viewing NDVI time series, and the programme menu allows
managing operating modes, saving results, and accessing supporting information. The entire system
focuses on intuitive interaction and supports cross-platform compatibility.

4.3.3. Accuracy assessment

This study used two approaches to assessing the accuracy of results: overall accuracy and F;-score
[26].

Accuracy is the percentage of correctly classified fields relative to their total number.
A confusion matrix is generated to calculate the F;-score:

e  True Positive (TP) — correctly identified as positive (e.g., “abandoned arable land”);
e True Negative (TN) — correctly identified as negative (e.g., “cultivated arable land”);
o False Positive (FP) - incorrectly identified as positive;

o False Negative (FN) - incorrectly identified as negative.

Precision is the proportion of objects belonging to a given class among all objects that the
algorithm assigned to that class (the proportion of the “abandoned fields” class among all areas
classified as “abandoned fields” by the classifier).

TP (3)

p .. -
recision TP + FP



Recall is the proportion of objects of a class found among all objects of that class (the probability
that an object of the “abandoned fields” class will be classified as “abandoned fields”).

TP 4)
TP + FN

The metric that combines information about the accuracy and completeness of a classifier is the
Fi-score. The Fi-scoreis the harmonic mean between accuracy and completeness. It tends toward zero
if accuracy or completeness tends toward zero.

Recall =

Precision X Recall 2TP 5)

F, =2X —
L Precision + Recall ~ 2TP + FP + FN

5. Results

To demonstrate the practical application of the developed information system, a complete cycle of
analysis of arable land conditions was implemented in local and cloud modes. The procedure in local
mode is described below as an example of a typical scenario for using the system.

After launching the main executable file in the Python environment, the system automatically
initialises the necessary components, including checking the availability of external libraries,
connecting to GEE, and loading configuration parameters. If initialisation is successful, the main
window appears on the screen with two options: 'Run local analysis' and 'Run cloud analysis' from an
interactive map.

To perform a local analysis, the user activates the 'Load from folder' mode, which opens a dialogue
box for selecting a directory containing satellite images in GeoTIFF format. After selecting the folder
and setting the analysis parameters (e.g., the years and seasons of observation), the system filters the
input data, calculates the basic statistical metrics of the NDVI index, and applies an algorithm to
classify areas by condition.

The analysis results are displayed directly in the information panel. In particular, the user receives
the following numerical characteristics:

¢ maximum NDVI value, which indicates maximum vegetation activity (e.g., 0.89);

e minimum NDVI, characteristic of the period of no vegetation in the field (e.g., 0.21);

e average NDVI, which summarizes the intensity of plant growth (e.g., 0.55);

¢ NDVI amplitude, which characterizes the strength of seasonal fluctuations (e.g., 0.68);

o field classification (e.g., “abandoned arable land”) determined by the results of an algorithmic
comparison of NDVI over the years.

In addition to numerical metrics, the system automatically generates an NDVI time series plot for
a given area. This plot opens in a separate window, enabling the user to visually assess seasonal
NDVI dynamics, identify typical maxima and minima, and detect long-term trends indicating
degradation or active land use.

Cloud mode runs similarly, processing data via the GEE platform based on an area defined by the
user on an interactive map.

Consider the following example: using the developed information system to determine the
condition of four fields near the Igren area in the eastern part of Dnipro city (Figure 4). Field 1 and
Field 2, which are approximately 60 and 70 hectares, respectively, are cultivated using an annual crop
rotation system. As of 1 June 2024, Field 1 had been sown with winter rapeseed and Field 2 with
wheat. Field 3 has been abandoned for over 20 years and is overgrown with shrubbery. Field 4 had
been abandoned for three years and, at the time of the 24 May 2025 survey, was covered in the dry
remains of last year's vegetation.
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Figure 4: Location of cultivated and abandoned fields in the Dnipropetrovsk Oblast. Basemap:
Google Satellite.

Figure 5 shows Sentinel-2 RGB images of the study fields acquired on 9 July 2024 and 29 July 2025.
In 2024, Field 1 and Field 2 were planted with winter crops. By the time the images were taken, the
harvest had already been completed (Figure 5a). Field 1 was also planted with winter crops in 2025,
and the harvest had been completed by 29 July 2025 (Figure 5b). Field 2 was not sown in the 2025
season, and after spring cultivation, it was left as temporary fallow land. Field 3 and Field 4 have
been abandoned for several years, and their appearance in summer remains unchanged each year
(Figure 5). These abandoned areas are evenly covered with weeds and exhibit a typical growth and
wilting cycle, with no pronounced signs of technological impact such as cultivation, harvesting, or
ploughing.

Figure 6 shows the time series of maximum NDVI values for each date for two cultivated fields
(Fields 1 and 2, Figures 6a and 6b) and two uncultivated fields (Fields 3 and 4, Figures 6¢ and 6d), as
shown in Figure 4. The long-term average maximum NDVI values are 0.964 for Field 1, 0.956 for
Field 2, 0.949 for Field 3, and 0.937 for Field 4. While all the fields demonstrate maximum NDVI values
exceeding 0.93, the dynamics of the vegetation index vary depending on land use.

Field 3
Field 4 wer= i . Fielda \

e : - S\
9 July 2024 Spaghdiia 29 July 2025

Figure 5: Sentinel-2 RGB-images of cultivated and abandoned fields: (a) 9 July 2024; (b) 29 July 2025.



Stable NDVI mode values are observed throughout the observation period for cultivated fields,
indicating active agricultural production. Uncultivated fields also demonstrate high mode values;
however, the overall shape of the time series differs, with clear seasonal intermodal minima visible.
These local decreases in NDVI indicate natural seasonal changes in vegetation cover characteristic
of degraded or abandoned land and the presence of dry residues of last year's plants in the field in
late spring.
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Figure 6: Time series of maximum NDVI for cultivated (a, b) and abandoned (c, d) arable land:
(a) Field 1; (b) Field 2; (c) Field 3; (d) Field 4.

In comparison, such intermodal minima are less pronounced in cultivated fields. This may be due
to the cultivation of winter crops, which produce relatively high NDVI values during the cold season
and thus smooth out seasonal fluctuations in NDVI.

For quantitative comparison, the average minimum NDVI values for all years of observation were
calculated. These are: 0.412 for Field 1, 0.418 for Field 2, 0.304 for Field 3, and 0.286 for Field 4. While
the values are similar, the dynamics - specifically, the presence or absence of seasonal declines in
NDVI - are a key indicator of land use patterns. The stability of mode values alongside a change in
the inter-seasonal structure of NDVI is a characteristic feature of abandoned land. This pattern is not
observed for cultivated fields due to the peculiarities of crop rotation.

An analysis of the difference (ANDVI) between the long-term average maximum NDVI and the
current year's maximum showed that, for uncultivated fields, this difference generally does not
exceed the threshold value of 0.07. This threshold value was used as a classification criterion within
the developed system. According to the validation results, this value ensured an accuracy level of
92.5% for classifying field condition (cultivated/abandoned) in Ukraine, with an F;-score for
abandoned arable land: 0.898, cultivated: 0.912. The reported accuracy refers specifically to the tested
sample of fields and should not be directly generalized to the entire territory of the Dnipropetrovsk
and Donetsk Oblasts.

Field conditions in the Dnipropetrovsk Oblast were determined using ground surveys. In the
Donetsk Oblast, where access was restricted due to hostilities, field conditions were determined via
expert visual interpretation of multi-temporal Sentinel-2 imagery (10 m resolution) for multiple
years. While such data provides valuable insights into inaccessible regions, it is inherently less
reliable than ground truth measurements and is considered accordingly in the accuracy assessment.



6. Discussion

The developed information system for detecting abandoned arable land confirms the feasibility of
combining geoinformatics and satellite monitoring methods [27, 28]. The system is based on
analysing NDVI time series obtained from Sentinel-2 images with high spatial and temporal
resolution, which are available via the GEE platform. This approach enables land conditions to be
assessed without field surveys, which is particularly relevant when access to territories is limited.

Abandoned arable lands are identified by comparing maximum NDVI values in reference and
target periods, enabling changes in vegetation activity associated with cessation of land use to be
detected. Using the proposed threshold classification method reduces the impact of seasonal
anomalies, weather factors, and war-related damage, and simplifies the interpretation of results.
Forming a temporal NDVI map for each field allows changes in land use intensity to be visualised
and the extent of agricultural landscape degradation to be assessed.

The system has a dual architecture that supports two modes: local analysis of GeoTIFF files and
cloud-based processing of GEE data. This provides flexibility and adaptability to different conditions,
from working with local archives to interactive, real-time analytics [29]. Users can outline an area
directly on the map, set analysis parameters, and visualise the results as pseudo-colour layers and a
time series plot. A statistical analysis module has also been implemented, which outputs key metrics
such as maximum, minimum, average values, and NDVI amplitude. It classifies the field according
to the proposed criteria.

The data preprocessing stage includes cloud masking based on the Scene Classification Layer,
calculating the Normalised Difference Vegetation Index (NDVI), and aggregating by vegetation
periods. This improves the accuracy of the estimates. According to the validation results, the
accuracy of classifying abandoned fields was 92.5% (Fi-score for abandoned arable lands: 0.898,
cultivated: 0.912) in typical Ukrainian agricultural landscapes. The accuracy of the results obtained
is comparable to that of other researchers. For example, Du et al. [26] provided the results of
agricultural land abandonment and retirement mapping in Northern China using a trajectory-based
change detection approach with 87-92% overall accuracy and F;-score for abandoned lands: 0.74,
retired: 0.83. The results of agricultural land mapping by He et al. [11] showed that rain-fed
abandoned agricultural land had lower Fi-score values (from 0.759 to 0.8) compared to irrigated
agricultural land (from 0.836 to 0.879) at an overall accuracy of about 90%. Xie et al. [30] developed
a USA nationwide, 30 m resolution map of croplands abandoned from 1986 to 2018 using satellite
images at up to 91% accuracy.

It should be noted that the experimental validation was based on a relatively small dataset of 53
fields, which limits the ability to generalize the obtained accuracy metrics to larger territories.
Furthermore, the reference data were obtained via expert visual interpretation of satellite imagery
rather than direct ground observations for areas in the Donetsk Oblast under temporary occupation.
This factor may introduce additional uncertainty into the validation results. Future work will address
these limitations by expanding the sample size and incorporating more comprehensive ground truth
datasets from multiple regions of Ukraine.

Additional limitations of the proposed method relate to situations where a field remains unsown
due to non-war-related factors, such as drought or economic constraints, or where cultivation occurs
but vegetation fails to develop due to severe soil degradation. In such cases, the NDVI time series
may resemble the pattern of abandoned land, leading to false positives. Similarly, temporary land
abandonment or shifts in cropping schedules can distort the seasonal NDVI profile. These situations
are particularly relevant in combat zones, where infrastructure damage, soil contamination, and
irregular management practices can disrupt regular phenological cycles. To address these cases,
future system iterations will incorporate additional data sources such as meteorological observations,
Synthetic Aperture Radar (SAR) imagery, and optional expert review for ambiguous results.

It should be noted that, in its current implementation, the system uses only NDVI as the primary
indicator for classification. Other indices, such as EVI and NDMI, have not yet been integrated into
the operational workflow. This limitation may reduce robustness under conditions of high cloud



cover, seasonal anomalies, or phenological variability. The planned integration of these additional
data sources will enable the system to operate more reliably in challenging weather conditions,
improve classification accuracy in heterogeneous landscapes, and extend the analysis to periods or
regions where optical data are insufficient. Further proposed developments to the system include
integration with additional data sources, particularly Sentinel-1 SAR images, to enable all-weather
monitoring [31, 32]. The range of vegetation indices can also be expanded for better crop
differentiation, and machine learning algorithms can be developed for automatic land cover
classification. A mobile version can also be implemented for use in the field [33, 34]. Furthermore,
creating an API will enable integration with other GIS solutions and connection to databases for the
long-term storage of results [35]. The developed system demonstrates the practical value of
integrating satellite data, mathematical processing methods, and software technologies for decision
support tools in land resource management. System implementation will improve agricultural land
use and food security management.

7. Conclusions

The information system is developed to provide automated classification of arable land as cultivated
or abandoned, based on an analysis of the NDVI time series from Sentinel-2 images, with an accuracy
of up to 92.5% and F;-score 0.898 for abandoned arable land. Integration with Google Earth Engine
enables processing large volumes of satellite data in the cloud for near-real-time monitoring. The
system is based on a proposed method of classifying agricultural field conditions that compares
maximum NDVI values for different years. This allows land degradation to be detected even without
ground surveys under war conditions. Further system development includes integrating Sentinel-1
data for all-weather monitoring and expanding the range of vegetation indices to improve
differentiation of land use types. Developing machine learning algorithms and a mobile version will
also enhance classification accuracy and facilitate rapid on-site analysis.
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