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Abstract. The integration of remote sensing (RS) technologies into Uzbekistan's forestry cadastre and monitoring practices represents a major advancement in sustainable forest management. This study examines how RS improves the accuracy, efficiency, and comprehensiveness of the forestry cadastre, which is vital for the effective management, conservation, and restoration of forest resources in Uzbekistan. By utilizing spatial analysis, remote sensing, and data integration, RS technologies offer detailed insights into forest cover, land use changes, and biodiversity, creating a strong foundation for informed decision-making and policy development. The research highlights how RS tools facilitate precise mapping of forest boundaries, monitoring of illegal logging activities, and evaluation of reforestation efforts. Furthermore, the study explores the challenges and opportunities linked to the implementation of RS in Uzbekistan's forestry sector, considering the country’s unique geographical and ecological context. The findings suggest that adopting RS technologies can significantly bolster Uzbekistan's environmental sustainability objectives and enhance the management of its forestry resources.
INTRODUCTION
Forests are essential for preserving biodiversity, supplying economic resources, and preserving ecological balance. Forests are essential to the ecology in Uzbekistan, a nation with a wide variety of landforms, including deserts and mountain ranges. They provide a multitude of ecological functions and support the livelihoods of rural inhabitants [1]. However, deforestation, illicit logging, land degradation, and the effects of climate change present serious obstacles to Uzbekistan's forest resource management and conservation. Modern technical solutions like Remote Sensing (RS) have become more and more important in the fields of forestry cadastre and monitoring in order to address these issues.[2]. RS is a potent tool that combines spatial and non-spatial data, enabling users to meaningfully and thoroughly explore, analyze, and interpret geographic data. RS technologies are used in the forestry setting to map forest tracts, track changes over time, and efficiently manage forest resources [3]. Uzbekistan can strengthen the vital monitoring procedures that support sustainable forest management and its forestry cadastre, an official record that documents the size, worth, and ownership of forest properties, by utilizing RS's capabilities [4].
A forestry cadastre is an integral component of forest management, giving vital information regarding the quantity, location, and status of wooded areas. The precise and current upkeep of a forestry cadastre is essential for sustainable development in the context of Uzbekistan, where forests make up around 8% of the country's total land area [5–7]. The allocation of forest resources, conservation initiatives, and land use planning are just a few of the activities that rely on this cadastre as its fundamental basis. Deforestation and land degradation are major issues in the nation, and it is crucial in monitoring these two phenomena [8–10].
Data collection and analysis in Uzbekistan's forestry cadastre have historically been done by hand. Nevertheless, these techniques are frequently labor-intensive, time-consuming, and prone to mistakes. This procedure might be completely transformed by incorporating RS technology into the forestry cadastre system. RS permits the efficient capture, storage, and analysis of large spatial data, hence facilitating the updating and maintenance of the cadastre. Additionally, RS offers modeling and spatial analysis capabilities, which improve the forest management decision-making process [11–13]. The use of RS technologies significantly enhances monitoring, which is an essential part of forest management. Tracking changes in forest cover, evaluating the effects of human activity, and identifying illegal logging and other types of forest degradation are all included in the monitoring of forest conditions in Uzbekistan. A thorough and complete method of tracking these changes is made possible by integrating RS with remote sensing technologies like satellite imaging and aerial photography. The capacity of RS to handle and analyze data from many sources in a spatially explicit way is a significant benefit of using it in forestry monitoring. As a result, it is possible to track, record, and evaluate changes in forest cover over time, offering important information for conservation and management projects [14–17]. To help identify regions that need immediate attention or intervention, RS can, for example, create time-series maps that show the progress of reforestation or deforestation activities. Additionally, RS technologies make it easier to integrate different datasets, including topography, soil types, climate data, and land use trends. All of these datasets are relevant to understanding the dynamics of forests. Therefore, this comprehensive approach facilitates the creation of focused plans for forest conservation and restoration and allows for a more nuanced understanding of the variables influencing changes in forest cover [18–20]. Although using RS for forestry cadastre and monitoring has many clear advantages, there are drawbacks to its application in Uzbekistan. These difficulties include the need for technological know-how, the accessibility of high-quality geographical data, and the upfront expenses related to setting up RS infrastructure. However, with the right investment in technology transfer and capacity creation, these challenges can be solved. There are numerous chances to improve forest management techniques in Uzbekistan's forestry industry by implementing RS technologies. RS can promote sustainable forest management, aid in biodiversity preservation, and lessen the effects of climate change by improving the precision and effectiveness of forestry cadastre and monitoring systems. With Uzbekistan's continued dedication to environmental sustainability, RS in forestry is expected to play a bigger part in achieving these goals (A of figure 1).
EXPERIMENTAL RESEARCH
The Bustanlik district in the Tashkent region of Uzbekistan serves as the study area for this investigation into the use of RS technologies in forestry cadastre and monitoring (B of figure 1). Located in the western slopes of the Tien Shan Mountains, Bustanlik is known for its diverse terrain, which includes both high-altitude forests and lowland plains [21]. As a result, the district plays a crucial part in Uzbekistan's forest management and protection. The district, which is believed to be 4,900 square kilometers in size, is primarily made up of forested areas.
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FIGURE 1. Study area: a) use of RS technologies in forestry cadastre and monitoring in The Bustanlik district in the map of Uzbekistan, b) use of RS technologies in forestry cadastre and monitoring in the map of The Bustanlik district

Due to its unique biological characteristics, Bustanlik is an ideal site for researching the application of RS technologies in forestry monitoring and cadastre. The district's forests are essential for controlling the flow of rivers, particularly the Chirchiq, which provides water for nearby hydroelectric generating plants and agricultural irrigation. Furthermore, it is impossible to overestimate the importance of effective forest monitoring and management given the district's increased susceptibility to the effects of climate change [22].
The Landsat 9 Operational Land Imager (OLI) satellite photos are employed in the study as remote sensing data to enhance Uzbekistan's forestry cadastre and monitoring procedures. The Normalized Difference Vegetation Index (NDVI), a popular remote sensing method for evaluating vegetation health, forest cover, and land use changes, is the main subject of the investigation [23].
Data Collection: The ability of Landsat 9 OLI satellite imagery to collect high-quality, multi-spectral data over wide areas led to its selection. This imagery has a spatial resolution of 30 meters. In order to document vegetation changes over time, satellite photos were taken over several seasons. The primary wooded parts of the study area, such as riparian zones and hilly regions, are included in the study area. These areas are where forest dynamics are most noticeable.
Data preprocessing: A number of preprocessing procedures were applied to the unprocessed satellite photos in order to guarantee data accuracy and quality. These procedures included cloud masking to reduce the influence of clouds on the analysis, atmospheric correction to eliminate distortions brought on by atmospheric circumstances, and geometric correction to align the photos with geographic coordinates. The accuracy of the photos' representation of the ground conditions was guaranteed by this preprocessing.
NDVI Analysis: The main method involved calculating the NDVI for each satellite image using the formula:

								 (1)

Where: Certain spectral bands recorded by the Landsat 9 OLI sensor are represented by the NIR (Near Infrared) and RED bands. Higher NDVI readings indicate denser and healthier vegetation; they range from -1 to +1. The creation of NDVI maps for various time periods made it possible to evaluate the health of the vegetation, changes in the forest cover, and regions of deterioration.[24].
RS Integration: Spatial analysis and visualization were made possible by the integration of the NDVI results into an RS platform. The development of comprehensive forest cadastre maps that pinpointed regions of land degradation, reforestation, and deforestation was made possible by this integration. Monitoring illicit logging operations and evaluating the efficacy of forest management techniques were also made easier by the RS analysis. Ground truth information gathered from field surveys and pre-existing forestry records was used to confirm the precision and dependability of the satellite-based analysis.
A thorough strategy to monitoring and managing Uzbekistan's forest resources was made possible by the integration of RS, NDVI analysis, and Landsat 9 OLI data. This technique yielded important insights for sustainable forest management.
RESEARCH RESULTS
For mapping forest regions, the findings of a study on the land cover changes index for converting RS technologies and satellite photos (particularly Landsat 8.9 OLI) are suggested and assessed. The variations in bare land and woodland could be studied by the index. Because forest and bare land/open land had different spectral responses in all Landsat 8.9 OLI pictures, the NDVI analysis indices were able to distinguish between them with accuracy. The land cover change map from 2013 to 2023 indicates a mixture of forest land change classes. While some areas in the study area experienced significant land cover changes over the ten-year period, large portions of forest and bare land remained unchanged in terms of land use. Some observed land cover changes during this period appeared to be related to agricultural activities (A and B of figure 2).
Important new information about the health, cover, and dynamics of the forest was obtained from the study that used RS technologies in forestry cadastre and monitoring in the Bustanlik district of Uzbekistan. We evaluated forest conditions over time by utilizing NDVI analysis and Landsat 9 OLI satellite images. The NDVI values, which ranged from -0.2 to +0.6, showed both regions undergoing deterioration and areas with dense, healthy vegetation.
High NDVI values (0.3 to 0.6) were concentrated in the upper mountainous regions, according to the RS-based spatial analysis, suggesting healthy forest stands, especially in juniper and walnut woods. The riparian and lower-altitude zones, on the other hand, showed lower NDVI values (below 0.1), indicating increased human impact, land degradation, and deforestation.
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FIGURE 2. The period appeared to be related to agricultural activities: a) some observed land cover changes in 2013, b) some observed land cover changes in 2023

Better forest cadastre management was made possible by the accurate mapping of forest boundaries and the identification of deforested areas made possible by the integration of NDVI with RS. Additionally, hotspots for illicit logging and regions vulnerable to soil erosion were identified, offering important insights for upcoming conservation initiatives.
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FIGURE 3. Histogram of green indexes of study area
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FIGURE 4. Histogram of green indexes of study area
Proceed to examine the histogram that is displayed in the pictures. With a "Frequency" axis ranging from 0 to 400, the indicators (Figure 3,4) are situated in the figure 3. With 400 at the top and none at the bottom, this is comparable to counting the number of bites you take. The "Pixel Value" axis, which ranges from -0.2 to 0.4 and indicates various tastes from bitter to sweet, is represented by the figure 4. A bell-shaped curve in the middle of the data shows a frequency of roughly 350 bites and a peak at a pixel value of 0.1. The part of  data where take the most bites is represented by this peak. All things considered, the Bustanlik district's use of RS and remote sensing technologies improved the precision of forestry monitoring, encouraging improved forest management and sustainability in this environmentally delicate area.
CONCLUSIONS
The study, which was carried out in Uzbekistan's Bustanlik district, looks at how RS technologies are used in forestry monitoring and cadastre. The potential of spatial analytic techniques to promote sustainable forest management methods is highlighted by this study. The work shows a very successful method for assessing forest health, detecting deforestation, and tracking land degradation in this ecologically crucial region by combining Landsat 9 OLI satellite images with Normalized Difference Vegetation Index (NDVI) analysis. The use of RS makes it easier to map forested areas accurately, providing in-depth information on changes in vegetation cover and making it possible to identify areas that are at risk from illicit logging and unsustainable land use. Additionally, this methodology facilitates continuous forest resource monitoring, offering a trustworthy way to monitor the advancement of conservation initiatives over time. Since woods are crucial to Bustanlik's water management, biodiversity preservation, and local livelihoods, the use of RS technology has greatly improved the accuracy and effectiveness of forestry cadastre systems. Adopting these technologies would help Uzbek forest managers and policymakers make better decisions, which will support the district's forest resources' long-term sustainability. Bustanlik's effective use of RS technology offers a possible template for comparable forest management programs across the nation.
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