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A digital model of the relief is defined as a digital and mathematical representation of the terrain based
on a discrete set of starting points, which allow to reproduce its real surface and structure with a given
accuracy. The research uses geoinformation systems Google Earth Pro and ArcGIS 10.2.1 to generate
information from the DEM to calculate slope angles and exposure of slopes, the shape of slopes due to
the curvature of their transverse and longitudinal sections on the example of model land use.
Information about the relief for model land use, located outside the village. Yampil of Murovanska
village council of territorial community of Lviv district, Lviv region, with an area of 6.775 hectares for
farming was obtained using the Google Earth Pro geoinformation system. The terrain profile of the
model land use is plotted, showing that its distance range is 9.95 km, where the minimum elevation is
247 m, the average elevation is 250 m, and the maximum elevation is 253 m. The rise/fall of the terrain
corresponds to a value of 50.1/- 50 m, and the maximum slope of the surface is 3.8 and -4.0% with an
average value of 0.8 and -0.9%. GPS Visualizer, an online utility that helps create maps and profiles
from geographic data, is used to display the DEM of model land use in the ArcGIS geoinformation
program. In the geoinformation program ArcGIS, for the construction of the DEM of model land use,
a sequence of using the file conversion tool in GPS format, obtained when using GPS Visualizer, based
on data of the KMZ type from Google Earth Pro, was performed. The Spline with Barries tool is used,
which allows displaying the smallest height value — 246.95 m and the largest — 253.10 m for the model
land use.
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Introduction

The transformation of cartographic, topographic-geodetic, aerospace information in the form of a digital
terrain model (DRM) contributes to the effective use of land resources, provides land use management
and land monitoring, forecasting and prevention of environmental violations. The display of a digital
model of the terrain using the methods of remote sensing of the Earth allows you to determine any
geometric parameters of the terrain, perform the construction of horizontal terrain and profiles, assess
the safety of the construction of technical structures, as well as establish changes in the state of the
terrain or vegetation.

Methods of investigation

V.G. Burachek, O.0. Zheleznyak, and V.I. Zatserkovny (2011), A.V. Ostrovsky (2015), M.O. Pilicheva
and N.V. Popyk (2018) were engaged in the study of the topography of the area and the development
of algorithms for creating the DEM. They developed techniques for building DEM and various ways of
creating 3D models. Recognizing the scientific and practical value of the developments of the named
authors, it should be noted that the problem of assessing the possibilities of using DEM for agricultural
land use is still far from being completed and requires a deep systematic study.

Initial and geological data

Application of Google 's geoinformation systems Earth Pro and ArcGIS 10.2.1, which will allow
generating information from DEM to calculate slope angles and exposure of slopes, the shape of slopes
due to the curvature of their transverse and longitudinal sections on the example of model land use.

Results of investigations

A digital model of the terrain is defined as a digital and mathematical representation of the terrain based
on a discrete set of starting points that allow to reproduce its real surface and structure with a given
accuracy. They are used as a basis for creating an aggregate information model of the area (Ostrovskyi,
2015). A digital model of a geoobject is understood as a certain form of presentation of initial data and
a method of their structural description, which allows to calculate or restore the object by means of
interpolation, approximation or extrapolation (Burachek et al., 2011).

To create a DEM based on characteristic surface points, isolines and structural lines, the interpolation
method is used - the process of determining intermediate values of the height based on a set of its known
discrete values for some points in space. At the same time, the interpolated value will be within the
range determined by the known values of reference points. Approximation is the replacement of a real
surface with a mathematical model described by certain functions with given conditions, when the
unknown approximation function is selected based on the conditions.

Extrapolation is the process of predicting the height value for adjacent areas of space that were not
covered by data fixation points, based on a set of known discrete values. The extrapolated value may
be outside the range defined by the known reference point values. Aerial photographs, photogrammetric
measurements, data of satellite positioning systems, ground geodetic surveys, data of measuring works
and echo sounding, laser scanning of the terrain, map data, etc. can serve as sources of data for creating
the DEM. Depending on the scheme of placing points and the type of mathematical model, modern
methods of DEM representation can be divided into two types, namely raster and triangulation. The
raster structure of the DEM is a matrix of rows and columns at the intersection of which cells of the
same size are formed. At the same time, the height values can be placed either in the nodes of the lattice
itself, or assigned to the cell as a whole. Triangulated irregular networks (TIN - Triangulated Irregular
Network) represent a network of heterogeneously located points with known height values, connected
to each other by the edges of triangles-faces, where the three nearest points are connected in a
triangulation network. The essence of this method is that the circle described around the vertices of any
triangle will not contain any other point.
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Carrying out a comparative analysis of the existing methods of building the most correct DEMs based
on the use of open, publicly available sources of information, which primarily include remote sensing
of the Earth and satellite data. In the case of building a DEM based on Earth remote sensing data,
vegetation, buildings and man-made features are removed using special processing methods, leaving
only the Earth's surface below them. The latter are actively used for the effective management of
agricultural land, considering the features of the relief, processes of redistribution of heat and moisture,
flood phenomena in order to take into account the features of land use.

Information about the terrain for model land use, located outside the village. Yampil of the Murovanska
village council of the territorial community of Lviv district, Lviv region, with an area of 6.775 hectares
for farming was obtained using the Google geoinformation system Earth Pro (Fig. 1). On the territory
of model land use at Google Earth Pro presents waypoints displaying terrain information in KMZ format
using the Add Path feature.

\'\
3 \ Google Earth

Figure 1 Source data for building a digital model of land use relief using the Google geographic
information system Earth Pro

Geoinformation system Google Earth Pro allows you to generate elevation information to calculate the
slope and exposure angles of slopes, their shape due to the curvature of their cross-sections and
longitudinal sections for a land-use topography profile. To create a model land use terrain profile in
Google Earth Pro (Fig. 2) used the method of data interpolation for characteristic points of the surface
and structural lines based on the determination of intermediate values of the height of the terrain within
the range determined by the known values of reference points.

The model land use relief profile graph (Fig. 2) shows that its distance range is 9.95 km, where the
minimum height is 247 m, the average is 250 m, and the maximum is 253 m. The elevation/decrease of
the relief corresponds to the value of 50.1 /-50 m, and the maximum slope of the surface is 3.8 and -
4.0% with an average value of 0.8 and -0.9%. In fig. 2 arrow marks the place where the lowest height
is concentrated on the territory of the model land use - 247 m, with a surface slope of -0.7%.

Figure 2 Land use relief profile in the Google geoinformation system Earth Pro use GPS to display
the DEM of model land use in the geoinformation program

ArcGIS Visualizer is an online utility that helps you create maps and profiles from geographic data. It
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is free and easy to use to quickly visualize geographic data. We apply his solution « Look up elevations
" that provides the ability to instantly retrieve elevation information from a DEM (Digital Elevation
Model) database in a GPS file type format (GPS Visualizer, 2022).

Using the " Interpolation " tool in ArcGIS creates a continuous or projected surface of points that can
be randomly or regularly located based on the resulting sampling scheme. A continuous representation
of the surface of a raster dataset will represent the elevation according to the results of the sample
measurements for all locations in the original raster dataset, regardless of whether a measurement was
taken at that location or not.

According to the DEM construction methods, interpolation tools are divided into deterministic and
geostatistical. The deterministic interpolation method represents the height value based on the
surrounding measured values and given mathematical formulas that determine the smoothness of the
resulting surface. The deterministic method includes IDW (Inverse Distance Weighting) tools, Natural
Neighbour and Trend and Spline.

In turn, geostatistical methods of interpolation are built on statistical models that include autocorrelation
- a statistical relationship between measured height values. Due to this, geostatistical methods not only
have the ability to create a predictive DEM, but also ensure to a certain extent the reliability and
accuracy of forecasts regarding its construction.

The rest of the interpolation tools in the geographic information program ArcGIS, primarily such as
Topo that Raster, Topo that Raster by File use a method that is specially developed for creating
continuous surfaces from contour lines, in particular for creating hydrological analysis surfaces
(ArcGIS Pro 2.8, 2021).

In the geoinformation program ArcGIS, to build a DEM of model land use, we perform the sequence
of using the file conversion tool in GPS format, obtained when using GPS Visualizer, based on data of
the KMZ type from Google Earth Pro. To do this, we perform the action algorithm in the ArcMap
module, namely, open the ArcToolbox — Conversion window Tools — From GIS — GPX that
Features and determine the location of the file in GIS format (Input) and storage (Output) of GPS data.
The results of conversion for model land use are shown in fig. 3.

Figure 3 Source data for building a digital model of land use relief using the ArcGIS geoinformation
system

There are many ways to construct a DEM in order to obtain a forecast of terrain height. In the modelling
process, there are different assumptions about the application of the data, where one model can account
for local variation better than another using various calculations.

Spline tool to build the DEM of model land use with Barries. It is built on the minimum curvature
method, based on a unidirectional multigrid technique that moves from an initial initialized coarse grid
to the average of the input data, through a series of finer grids to approximate the values of the minimum
curvature surface produced at the desired spacing between the rows and columns of the surface. The
Spline tool with Barries takes into account discontinuities encoded both in input values of land use
height and in predicted values of output points (ArcGIS Pro 2.8, 2022). Using the Spline tool with
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Barries in the ArcGIS geoinformation system for model land use is reproduced in fig. 4, where the
lowest height value is displayed in black - 246.95 m, and the highest value - 253.10 m in white.

Figure 4 Application- of the Spline tool with Barries in the ArcGIS geoinformation system

When organizing and arranging the territory of land use, it is very important to study the relief of the
area, the steepness of the slopes of the earth's surface, their length, shape and exposure. Taking into
account these characteristics determines the intra-field organization of the territory, the placement of
agricultural crop lands, water regulation and other forest strips, the use of hydrotechnical and anti-
erosion measures, the design of crop rotation fields, the determination of its types and species. To
perform these tasks, it is advisable to use the ArcGIS geoinformation program, which allows you to
build the DEM by the method of interpolation of height values for the construction of horizons and
slope rasters using the relief of the land use area.

Recommendations and conclusions

The entire set of tasks related to the processing and modelling of terrain height data is represented by
the DEM as a functional component of modern geoinformation systems. In the process of geospatial
analysis, the construction of the DEM performs the tasks of collecting and generating primary data
about the height of the terrain, model construction, interpretation and analysis of the DEM, graphical
representation and applied application for land use in order to effectively conduct agricultural
production in accordance with the principles of reducing degradation processes and increasing soil
fertility
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