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Abstract. The use of modern land accounting techniques and the incorporation of field
research findings into geodata have not been given top attention in Uzbekistan's various
landscape areas. Additionally, there is still a lack of relevant investigations on the
visualization, analysis, processing, process automation, and regulation of soil ecological
conditions in the interpolation approach of GIS. This study uses GIS and remote sensing
methods to identify snow cover in a mountainous area in Kashkadarya Province,
Uzbekistan. The results of this study have an impact on how crops are grown and land
resources are managed sustainably in this area. Using satellite images in ArsGIS software
and remote sensing methods based on hydrometeorological data of geophysically
connected field surveys relating to the study site, electronic maps for the experimental
years of 2015-2018 were developed. Our findings pose possibilities to undertake
geostatistical analysis, depict the contours dividing the soil separations, and incorporate
the information discovered through field research into a geodatabase.
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Introduction

Today, the use of state-of-the-art techniques and technologies plays a leading role in maintaining the
index data on agricultural land [1]. Modularization of the automated land formation system accounts
in geographical databases, using geographical software that requires further implementation and
validation worldwide [2, 3]. In this regard, it is important to establish control over the use of irrigated
lands, to keep land records in geodata, and to automate the formation system of land information.

A geographic information system (hereinafter referred to as GIS) is an internally positioned spatial
information system designed to manage, map, and analyze spatial data [4]. In determining the water
demand of the crop, using updated remote sensing technology, i.e. space imagery, significantly
increases the efficiency of water use in field conditions. The organization of the formation and regular
updating of information in the GIS database is hinged on the fact that geodesy and geoinformatics
specialists conduct research in the field on a regular basis and update the information in the
geodatabase [5, 6].
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In different landscape regions of Uzbekistan, the use of present-day methods of land accounting and
integration of field research results into geodata has been left out of the priority [7]. In addition,
research on visualization, analysis, processing, process automation, and modulation of soil ecological
conditions in the interpolation method has not yet been adequately studied [8, 9]. Therefore, there is
an urgent need to automate the system of land accounting using electronic digital map of agriculture
and modulate the sequence of all processes in Uzbekistan.

All data in various formats can be used in GIS. Since their structure is unique, it is up to the user to
make an alteration [10]. The main tasks of GIS are a generalized computerized system under the
supervision of expert analysts, which consists of the collection, storage, management, analysis,
modeling, and depiction of spatial and geographical data [11]. According to remote sensing spatial
surveys, it is possible to determine the crop water demand and forecast it over time and space [12].
The experience of implementing the technology of timely transmission of relevant remote sensing
data from the forecast to water consumers and management specialists by mobile phone has been
tested [13].

Considering all the above, the aim of this paper is to detect snow cover in a mountainous region of
Kashkadarya province, Uzbekistan by applying GIS and remote sensing techniques. The output of
this research will reflect on the sustainable management of land resources and crop production in
this region.

Materials and methods

Analyses reveal that the main negative factors in the use of rainfed areas in the plains, hills, foothills
and mountainous areas of Kashkadarya province in Uzbekistan are the complex relief structure,
improper plowing and driving, crop rotation schemes, and cropland ratios in a timely and insufficient
application [14]. In conducting geophysically linked field survey, an electronic map was developed
using satellite imagery using ArsGIS software using remote sensing based on hydrometeorological

data (Figure 1).
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Figure 1. Analysis of spatial images on GIS technology.

The following observations and research were conducted during the experiments. Based on the
results of field research, the stages of compiling a histogram and geostatistical analysis were
developed and carried out in the following order (Figure 1):

- satellite images of snow cover for the study area were downloaded via the Landsat-8 OLI sensor;
- determination of the studied area and its connection to the geodetic coordinate (geo-referenceing)
was performed using ArcMap;
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the boundaries of the area under study in space were determined;

based on the results of field study, digitized the attributive data on snow cover identified on the
ground;

using the method of determining the snow cover (NDSI — Normalized Difference Snow Index);
snow cover was obtained from layer spectra;

based on the value of the selected data indicators of the spectra of the winter months in 2015-2018,
the ArcMap program was visualized in an automated way in the form of cartographic quality colors;
visualization of statistical data of the stages carried out in the process of geostatistical analysis;
analyzed with a scale of work performed in the ArcGIS program window with geostatistical data;
as a result of the analysis, a geostatistical analytical histogram was developed to determine the
snow cover by regions.

The information identified as a result of field survey was integrated into the geodatabase, and
geostatistical analysis was performed and contours were visualized in the relief section. Spatial
images (Landsat 8 OLI) of the study area from 2015 to 2018 were taken at a winter time of the year
and an analysis of local runoff water formation using the ArcMap program was performed.
Geographic data mapping and remote sensing of the formation of local runoff using GIS technologies
were analyzed on the basis of Table 1 below.

Table 1. Spectral layers of Landsat-8 OLI space images (source: www.usgs.gov)

Landsat-8 OLI and TIRS Bands (um)
30 m Coastal/Aerosol 0.435-0.451 Band 1
30m Blue 0.452 - 0.512 Band 2
30m Green 0.533 - 0.590 Band 3
30m Red 0.636 - 0.673 Band 4
30mNIR 0.851 - 0.879 Band 5
30m SWIR-I 1.566 - 1.651 Band 6
100m TIR-1 10.60 - 11.19 Band 10
100m TIR-2 11.50-12.51 Band 11
30m SWIR-2 2.107 - 2.294 Band 7
15m Pan 0.503 - 0.676 Band 8
30m Cirrus 1.363 - 1.384 Band 9

According to the analysis results, it is expedient to collect local runoff water and use water-saving
technologies in the irrigation of vineyards in the foothills of Kashkadarya province in Uzbekistan.

The in-situ collected data were integrated into the geodatabase and geostatistical analysis was
performed using Equation 1.

(Green — SWIR)
NDST = (Green + SWIR) @

NDSI is a measure of the relative magnitude of the reflector difference between visible (green) and
shortwave infrared (SWIR) [15]. It controls the propagation of two bands (one near infrared or short-
wave infrared, the other visible) [16]. This is useful when creating a snow map. Snow not only reflects
in the visible parts of the electromagnetic spectrum, but also absorbs a high amount of dust in the
near-infrared or short-wave infrared part of the spectrum, while the high reflectivity of clouds remains
high in the same parts of the spectrum [17]. The ratio of the two ranges taken and plotted on the
satellite image at a given time at the studied location was calculated.

Results and discussion

It is defined by thematic layers in the form of a separate field using the vector data obtained from the
analysis. Attribute tables of vector data in the form of points on the area are filled, and the fields are
automatically calculated by means of geometric calculations. Including the results of the studied
spatial survey, the spectral layers of Landsat-8 OLI space images were developed from the above
Equation 1 by analyzing the data of the Shakhrisabz and Yakkabog metrological stations in the study
area.
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The development of an electronic maps for the 2015-2018 experimental years was carried out using
satellite imagery in ArsGIS software and remote sensing techniques based on hydrometeorological
data of geophysically linked field survey belonging to the study area (Figures 2-4).
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Figure 2. Creating a map of snow cover analysis with geophysical linking of a space image in
ArcGIS (2015-2016).
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Figure 3. Creating a map of snow cover analysis with geophysical linking of a space image in
ArcGIS (2016-2017).

According to these figures, in determining the presence of snow, satellite instruments include
observations between 0.66 and 1.6 mm. Atmospheric wavelength transparency, while snow is not
reflected at 1.6 mm, but reflected at a high level of 0.66 mm. The snow cover is as bright as clouds,
so it's hard to separate them from the cloud. However, when the wavelength is 1.6 mm, the snow
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absorbs sunlight and therefore appears thicker than clouds. This allows for efficient separation of
cloud and snow cover. Thus, the figures demonstrate the ability to separate clouds from snow using
observations of this wavelength.
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Figure 4. Creating a map of snow cover analysis with geophysical linking of a space image in the
ArcGIS program (2017-2018).

The above figures serve as a basis for storing all types of data used in the process of working with
geospatial applications. The geospatial database acts as an online and virtual cloud for storing
various spatial data of the study area. Using a geodatabase can not only effectively manage data
stored locally or on a server, but also create complex models while working with different industries
and projects.

Conclusions

To summarize, our findings enable to integrate the information identified as a result of field study into
a geobase, to perform geostatistical analysis, and to visualize the contours separating the soil
separations. With the widespread use of remote sensing and aerial photography, the technology of
equalization, transformation and renewal of electronic digital maps with a high degree of accuracy
has been developed and applied in various sectors of the economy of Uzbekistan.

Our results could facilitate the land allocation, monitoring of agricultural crops, land management,
land cadaster, soil mapping, clear indication of the location and boundaries of land used by land
owners, assignment of cadastral numbers in the prescribed manner, and infrastructure of farms in
the mountainous region of the study area. The location is based on the expediency of the correct
choice of land plots, taking into account the relief of the area, the exposure of the slope, the biological
characteristics of crops, and the technological characteristics of cultivation.
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