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Abstract

Spatial and Quantitative Assessment of Land Resources Using Remote Sensing
and Machine Learning

Land resources form the fundamental basis for the socio-economic development of the
country. Contemporary global ecological and economic challenges emphasize the necessity for
sustainable and efficient management of land resources across the world. Evaluating land
resources within a unified framework and analyzing their quantitative and qualitative
attributes are essential prerequisites for formulating sustainable development strategies,
optimizing land use and ensuring the rational utilization of resources.

This thesis discusses the possibilities of geospatial modeling, remote sensing, machine and
deep learning techniques in the process of land resources assessment, to obtain cost-effective
and as accurate results as possible. This is particularly significant for regions where the absence
of comprehensive spatial data still remains a challenge.

The research area, Tsageri municipality in Georgia, with its complex physical-geographical
conditions provides an optimal setting for achieving the study objectives. Furthermore, the
methodology validated under these conditions is scalable and has the potential for broader
application across much of the country’s territory.

The aim of the conducted research was, on the one hand, to examine certain components of
land resources in Tsageri municipality after a 40-year hiatus, and on the other hand, to test
various software analysis methods to determine their capabilities and effectiveness for
addressing practical tasks in the future.

Diverse remote sensing datasets were processed using geoinformation systems and range of
algorithms, enabling the modeling of specific land resources components with six different
models or a combination of them.

Digital land cover maps were prepared for the study area in accordance with the international
classification standards. Machine learning models were tested and their performance was
evaluated for predicting certain land cover categories. For classification, we used the products
of two Earth observation missions (Sentinel-2, PlanetScope) in synthesis.

In Tsageri municipality, after the Soviet era, land degradation was assessed for the first time
through modeling of soil water erosion, and for the first time in Georgia, empirical and machine
learning models were used in an integrated manner for this purpose. Thematic digital maps
were produced, the erosion risk zones were determined and by spatial analysis of their
distribution, natural and anthropogenic factors contributing to the process were identified.

As part of the dissertation, several field expeditions were carried out in the study area to
prepare very high spatial resolution optical images of the land surface and terrain models, using
close-range remote sensing methodologies. Orthomosaics and digital elevation models were
generated through the photogrammetric processing of aerial photographs obtained from an
unmanned aerial vehicle (UAV). Based on these materials, two deep learning models were built
and tested to establish the spatial framework for cadastral mapping by automatically extracting
building footprints and the visible boundaries of individual land parcels from the UAV imagery.

27



It should be noted, that a significant portion of the methods presented in this paper have been
applied for the first time in Georgia to address geospatial issues.
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