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ABSTRACT

This study, using satellite imagery and photometry, examined the current state of agrocenoses (beans
and soybeans) in 2025 (May—September) and determined changes in vegetation cover across the entire
Ujar district between 1987 and 2021. Data obtained from Landsat 5 and Landsat 8 satellites were
processed in ArcGIS software, using the maximum likelihood classification method. The analysis revealed
that over the past 34 years, the area of water bodies has significantly decreased, while the areas of
vegetation and residential areas have increased. At the same time, some agricultural land has become
unproductive. These results provide practical recommendations for optimizing land management and
environmental planning in the region and demonstrate the effectiveness of applying remote sensing
technologies at the local level. The soils of the Ujar region have been mainly used for agricultural purposes
for many years and are more susceptible to soil erosion than other regions of Azerbaijan. Based on this, it
is considered relevant to study the soil and vegetation cover of agrocenoses using innovative methods.
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1. INTRODUCTION

Information on crop yield and production forecasts over large areas is essential for government agencies
involved in food import and export, food security agencies and domestic and international organizations monitoring
food production and trade. The imbalance in global crop production due to crop failures in many countries has led
to significant increases in agricultural prices (Akbarova & Mammadova, 2024; Akhundova et al., 2025). The
analysis of agrocenoses (agricultural ecosystems) using remote sensing is a fundamental requirement for modern
precision agriculture. It replaces time-consuming and expensive traditional field surveys with efficient, large-scale
monitoring of crop health, soil quality, and biological productivity. Remote sensing provides the data needed for
real-time decision-making regarding irrigation, fertilization, and weed control (Ali et al., 2025; Ahmad et al., 2026;
Ali et al., 2026). These events have sparked widespread concern about global agricultural production The spectral
characteristics and reflectance of plants generally depend on the optical properties of leaves, stems, and other
elements, as well as their orientation and structure. As plants develop, their biomass increases, accumulating
chlorophyll and other pigments, which in turn lead to changes in crop absorptivity and reflectance. Changes in the
luminance spectra of agricultural crops during their vegetation, despite general patterns, occur in different ways.
The spectral luminance coefficient of all plants is almost identical during the first period of vegetation
(Bakshaliyeva et al., 2020a; Bakshaliyeva et al., 2020b; Bahram et al., 2025). Furthermore, reflectance depends on
the volumetric density of phytoelements - crops with different vegetative masses have different spectral luminance.
Thus, the spectral luminance coefficient can be used to assess plant physiological state, monitor their development,
determine the species composition of these communities, detect disease outbreaks, and predict crop yields. The lack
of proper state control over the state of land resources and the extensive nature of land use give rise to negative
environmental and socio-economic consequences in the form of reduced soil fertility, loss of inhabited areas,
demographic degradation of the village, and food security (Chuvas et al., 2020; Gudmann et al., 2020;
Gahramanova et al., 2026). Land cover classification and analysis of long-term changes are important areas of
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research in modern landscape ecology and environmental management. In particular, processes such as the
expansion of agricultural and residential areas, the modification of natural ecosystems, and land degradation have
led to significant changes in land cover. Accurate assessment of these changes is possible thanks to modern
technologies, including satellite imagery and remote sensing. Increased demand for biofuels, which require grain
and oilseed crops, will increasingly compete with food crop demand (He et al., 2023; Ikhtiyar et al., 2026; Ismayil
et al., 2025). Against this backdrop, the need for a state monitoring system for agricultural production is undeniable
and has been designated as a priority topic by the Ministry of Agriculture of the Republic of Azerbaijan.
Researchers have used a variety of methods to study land-use change over time. The most advanced methods
include remote sensing, machine learning, and deep learning In our study, we conducted the first land cover and
landscape mapping in Azerbaijan using object-based image analysis and analyzed the impact of landscape metrics
on improving the accuracy of land cover classification based on satellite imagery (Ismayilova et al., 2025a;
Ismayilova et al., 2025b). In the first time we analyzed land cover changes in the Ujar region of Azerbaijan, located
in the Kur-Araz Lowland, from 1987 to 2021. This region, one of the country's strategically important agricultural
areas, has been subject to anthropogenic impacts in recent decades. Therefore, our study provides important
information for understanding land cover classification, regional landscape dynamics, and environmental
impacts.This study applied classification methods supported by remote sensing and GIS technologies. The results
obtained can contribute to the development of sustainable land management strategies and provide a detailed
explanation of landscape changes occurring in the area (Kulmatov et al., 2021; Jridi et al., 2023; Jalilova &
Hasanova, 2024).

2. MATERIALS AND METHODS
2.1. Study Area

The Ujar region (Fig. 1) was chosen as the study site. Ujar is part of the Central Aran Economic Region and
covers an area of 830 km2. The Ujar region is predominantly flat, with the lowlands located below sea level. An
unmanned aerial vehicle (UAV) was used to create an orthophotomap of the study area. Aerial photography data
was processed using the Agisoft Photoscan software. The aerial photography area covered 60 hectares. The
resulting orthophotomap enables refinement of crop boundaries and acreage (soybeans and beans), monitoring of
various crop types, and visual analysis of vegetation conditions. The use of UAVs in agriculture enables real-time
monitoring of the area while flying at altitudes ranging from a few centimeters to several hundred meters, and also
provides photographic data (photometry). The obtained information serves as the basis for the creation of digital
field maps in the form of orthophotos and vector plans; for farmland inventory; for crop condition monitoring; and
for various vegetation indices (Khudaverdi et al., 2025; Khudaverdi et al., 2026; Mammadova et al., 2026).

Fig. 1: Study area (Ujar
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2.2. Implementing Radical Land Reclamation Measures

The fact that saline soils cover vast areas of the Ujar region is one of the main factors hindering agricultural
development. This requires implementing radical land reclamation measures in the region. The Ujar region plays a
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significant role in the country's economy due to its agricultural production. Although cotton and vegetable crops
predominate, this sector has been shifting toward grains and legumes in recent years. Multispectral images are a
highly effective method for calculating environmental indices. These images enable analysis of environmental
elements based on their reflectance properties. In the images, different objects - water, soil, and vegetation - are
represented by different pixels. Each pixel is characterized by specific values, which are used to identify it.
Classification methods come in two types: trained and untrained. Both methods perform an automatic vectorization
process, determining the most probable class of pixel values (Mammadova et al., 2024; Maharram et al., 2024;
Mammadova et al., 2024; Macnunlu et al., 2025; Mammadova et al., 2025).

2.3. Classification Methods

2.3.1. Supervised classification: In supervised classification, the user selects test samples, generates a series of
combinations, and applies these samples to all image pixels. The number and type of samples selected are
determined by the user's personal knowledge and experience, enabling more accurate pixel selection.

2.3.2. Unsupervised classification: In unsupervised classification, the user does not select example classes. In this
case, the software automatically identifies related pixels and groups them into appropriate classes. This approach
helps analyze environmental characteristics more efficiently and accurately (Fig. 2a-b).

Fig. 2: Landsat 8
multispectral satellite images
1987 (A); 2021 (B); Maps
obtained  from  training
samples 1987 (C); and 2021

D).

2.4. Data Analysis

Satellite images were selected because the two images were taken close together and there was no cloud cover
over the study area. Several satellites provide images with varying spatial and temporal resolutions. Landsat data is
one of the best sources for land use studies, being useful for land surface mapping, change detection, and monitoring
(Fig. 2c-d). When studying crops remotely, counting plants is virtually impossible. Crop thinning is assessed
indirectly by changes in the intensity and spectral composition of reflected radiation, caused by shifts in the
contributions of components of the soil-vegetation-shade system to the formation of this radiation (Mammadzada et
al., 2025; Mirzezadeh et al., 2025; Makki et al., 2025). More reliable reference values are obtained by direct
spectrometry of crops with varying sparseness in the test plot. It should be noted that crops belong to complex
polychromatic geosystems. The spectral composition of radiation reflected at different angles relative to the vertical
and the sun's direction will change. Therefore, more complete information can be obtained, for example, from an
aerial photograph of the test plot using image photometry. Similarly, areas with various plant lesions, damage, and
lodging are studied. Lodging significantly alters the spectral reflectivity of crops. The soil is almost completely
covered by plants. The spectral composition of the reflected radiation is largely determined by plant stems. The
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surface structure changes significantly, and fragments of lodging crops appear differently. On conventional wide-
field aerial photographs, such areas are reliably identified by their integral tone and distinctive texture (Nasirova et
al., 2023; Nasirova and Hajiyeva, 2024; Nasirova et al., 2025; Oqtay et al., 2024; Nazim & Oqtay, 2024).

3. RESULTS AND DISCUSSION

Identifying fallow lands and their age is an important, complex task that requires the use of both GIS
technologies and traditional field and laboratory methods. The results obtained demonstrated a clear correlation
between indicators recorded by satellites and those recorded by UAVs. Analysis of NDVI dynamics over the
growing season revealed a direct correlation between fallow age and the corresponding vegetation index value.
Remote sensing of fallow lands of various ages, as well as fields under crops, demonstrated the possibility of
differentiating lands by type and quality of use using UAVs and Landsat-8 satellites (Nasirova et al., 2025;
Shukurov et al., 2025; Nazim et al., 2025). Landsat-8 satellite imagery is often used to identify and assess fallow
lands. Our research, as well as work conducted in the Ujar region, showed that imagery obtained by these
satellites, which provides a spatial resolution of 30 m/pixel, is insufficiently informative for small areas typical of
the subtaiga zone. The uniqueness of this mission lies in the combination of extensive territorial coverage and
frequent high-resolution multispectral imagery (Table 1). Remote diagnostics of uneven-aged fallow fields with
shrub and forage vegetation, as well as cultivated agrocenoses, reveal a certain differentiation in vegetation indices
(VIs) with respect to NDVI, NDVIre, and ground-based photometric diagnostics (Khudaverdi et al., 2025; Bahram
et al., 2025). It should be noted that any vegetation indices do not provide absolute quantitative indicators of the
property being studied, and their values depend on sensor characteristics (spectral channel width, resolution),
shooting conditions, illumination, and atmospheric conditions. They represent only relative estimates of vegetation
properties, which can be interpreted and converted into absolute values using ground-based monitoring data
(Ahmad et al., 2026; Bahram et al., 2025).

Table I: Technical specifications of the satellite images
used for the study

al., 2025). A process model was constructed, and the

results were obtained through automated application

Data collection attribute Images (Fig. 3). This image shows a GIS workflow created

' 2 in ArcGIS ModelBuilder. It describes the process of
Universal Reference Data System (URS) 166 166 comparative analysis of satellite imagery of the Ujar
EJOIJI\LSIrYI}:e 032 032 region for two different years: 1987 and 2011. The
Filming date 10/06/1987 30/07/202]  Process begins with Landsat 5 (LT05) satellite data
Number of intervals 7 I for two different time periods: 1978/1987 (top row)
Exchange form GEOTIFF/JPEG and 2011 (bottom row). Several spectral bands are
Datum and ellipsoid WGS 1984 combined into a single multi-band image. The
UTM Zone Zona 39 composite images are clipped to a specific study area

(Ujar) to remove unnecessary data. The ultimate goal

The obtained images were adapted to the study
area since they covered a larger area. For this
purpose, the images were cropped within the
boundaries of the administrative district for both
dates. Range combinations were used to make the
objects more clearly visible. For training, image
samples were taken and classification was performed

of this model is to detect land-use/land-cover change
(LULC). By comparing polygon outputs for 1987
and 2011, the researcher can quantify how the
landscape in Ujar has changed over 24 years - for
example, measuring urban  expansion  or
deforestation. The applied model was implemented
as follows:

using the maximum likelihood method (Bahram et

& ) .
LT05_L1TF_1620 _{ Clip H Clip 1987 }— Likehoad —{ Raster 1837 }— Raster to polygon —| Polyzon 1987
32_1078 ificati
- ) -
LTO5_L1TF_1620 _{ Clip(2) H Clip 2011 }— Likehoad —{ Rster 2011 }— Raster to polygon —‘ Polyzon 2011
32_2011 Classification (2)

Fig. 3: Model of the structure of the processing process.
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A significant advantage of phytopathological monitoring using imaging equipment over traditional ground
surveys is that it allows specialists to obtain a more complete picture of the disease's distribution This significantly
simplifies the planning and organization of crop-saving efforts (Novruz et al., 2025). Establishing proper order in
this area will help preserve tens of thousands of hectares of highly productive land, primarily located in the most
developed, cultivated areas of the land use. Classification was conducted using satellite imagery across six classes,
resulting in two raster images (Fig. 4). As is well known, calculating areas from raster data is difficult, necessitating
the transformation of the existing data. Using ArcGIS software (ArcToolbox, Conversion Tools, Raster to Polygon),
each of the two raster files was converted into an area object (polygon). The area of each classified object is
presented comparatively in the following figures. The changes observed in the classification of satellite images over
two periods (1987 and 2021) provide valuable insight into landscape dynamics. Let us analyze the trends observed
in each land use class.

Fig. 4: Orthophotomap of
selected agrocenoses (Soybean
and Bean) based on UAV
photography data (A) and
satellite data in the vegetation
period (B) (08 August, 2025).

The results obtained on the training samples show that, over 34 years, from 1987 to 2021, the area of water
bodies decreased from 6.68081 to 1.66681 ha. This represents a decrease in the area of water bodies by
approximately 75%. The area of green spaces increased from 11.7049 to 17.1829 ha. This is an increase in green
space area of approximately 47%. The area of unused land increased from 19.3535 hectares to 23.02437 hectares,
which represents an increase of approximately 36%. The area of wetlands decreased from 6.408 hectares to 6.3946
ha, but this decrease is insignificant. The area of cultivated land decreased from 31.5427 to 24.82105 ha, which is
approximately 21% of the total cultivated land area. The area of residential areas increased from 11.0873 to
13.68742 ha. These changes indicate increased anthropogenic impact in the region and that land use changes have
influenced the landscape structure of the area (Table 2).

Table 2: General classification indicators by classes Phytopathological monitoring based on remote

Classification Satellite images sensing allows us to record not only plant damage but also

1987 2021 the spatial dynamics of disease outbreaks, which is

: Classification, ha impossible with selective ground surveys. The use of

Water bodies 6680.81 1666.8| spectral indices (e.g., NDVI and its modifications) helps

Green area 117049 17182.9 identify weakened vegetation areas, which are then
Useless area 193535 23024.37 . . . . .

classified as high-risk phytosanitary zones (Khudaverdi et

Swamps 6408 6394.6 L. 2025 Bah L. 2025) Classificati £

Agrocenoses (soybean and bean) 315427 2482105  @al» 2025; Bahram et al, 2025). Classification o

Accommodation 110873 1291021 multispectral satellite images is a multi-step process:

Total 8677721 - preliminary image segmentation, object detection,

application of machine learning algorithms (e.g., RF,
SVM), and subsequent assessment of land-use map accuracy. When comparing data from different years (1987 and
2021), it is important to use the same class scheme and classification method to ensure that changes in raster images
reflect the actual landscape dynamics and not processing errors.

The resulting land use dynamics and phytopathology maps, obtained through the classification of satellite
images, provide the basis for planning protective measures (chemical, biological, and agronomic), as well as
for optimizing cropland structure and preserving highly productive lands. Having spatial data for two periods
allows not only to assess past changes but also to model possible development scenarios under different land
use management strategies (Ismayil et al., 2025). All evidence points to increasing anthropogenic impact:
urbanization and degradation of aquatic ecosystems prevail over agricultural and conservation use. These
changes have significantly impacted the landscape structure, requiring sustainable development measures
(monitoring and restoration of water bodies is recommended) (Ismayilova et al., 2025a; Khudaverdi et al.,
2026).
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Fig. 5: Composite image of the Ujar
region in natural color for the growing
season of agrocenoses (Bean and
soybean). May (A); June (B); July (C);
August (D); September (E) months in
2025 year; Satellite image of selected
agrocenoses area in region (F).

To visually interpret the satellite images, in addition to ground-based fieldwork, natural color composite images
were used, corresponding to monthly NDVI images of agricultural crops (beans). The growth and maturation of
different plant species have their own characteristics, related to the varying distribution of their green mass over
time. Therefore, it is possible to differentiate vegetation types by studying vegetation index values during different
periods of the growing season, based on satellite images. Processing Landsat-5 and Landsat-8 multiband images for
each month of the 2025 growing season enabled us to obtain NDVI images for further classification. Land use
classification, crop status determination, and land plot contouring, as well as photogrammetry, were completed
using Landsat-5 and Landsat-8 satellite images (Fig. Sa-f).

4. CONCLUSION

Research has shown that remote sensing (RS) data can be used to support effective agricultural management
through modern methods of agricultural land monitoring based on vegetation indices. Landsat-5 and Landsat-8
satellite images are modern RS products with sufficiently high spatial, temporal, and radiometric resolution.
Satellite images are now playing a particularly important role in environmental and crop research and monitoring.
The selected study area was thoroughly examined through office and field work, resulting in refined land-use
boundaries and a catalog of cultivated crops. Based on the data collected, various methods can be proposed to
improve the condition of agrocenoses (Bean and Soybean for example).
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