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Possibilities of application of geoinformation modeling to determine areas that
may be affected by wind erosion is considered. An analysis of publications on the
application of modeling to solve various problems was carried out, as well as an
analysis of the application of modeling to soil erosion, however, most of the models
were devoted to water erosion.

This study describes the structuring of a general algorithm for determining
areas that may be affected by wind erosion through a functional model. The article
presents the factors that affect the resistance of the soil to the occurrence of wind
erosion: the direction of the prevailing winds, the type of soil, the presence of
protective plantings, such as forest strips, as well as the slope of the studied territory.
These factors are divided into two groups: those that protect the soil from destructive
force (one line of the model) and those that contribute to erosion (another line of the
model). A geo-information model for building a geo-image of erosion-hazardous
lands was developed and implemented in the ArcGIS software using the
ModelBuilder tool. Based on the results of modeling, erosion-dangerous areas of
arable land, which may be subject to wind erosion under the action of wind on soil
not covered by plants, were identified in the studied territory. The model can be used
to automate the determination of erosion-dangerous areas on agricultural lands.

The results of the work can be used in the formation of spatial decisions
regarding the rational use and protection of land.
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Introduction. The use of agricultural land is an important component of
human economic activity. The most important component of agricultural lands is the
fertile soil layer. During intensive production, soils are affected both by economic
activity and by natural factors such as wind and water, which can lead to degradation.
In recent years, the phenomenon of dust storms has been observed on the territory of
Ukraine, and daily deflation on lands without vegetation is manifested already at
wind speeds of 3-4 m/s. The consequences of wind erosion are very diverse: from
loss of humus to damage to young crops. In view of this, there is a need to study the
possibility of development and the potential of wind erosion, as well as to develop
measures to protect arable land from deflation. In order to protect soils from
destruction, it is necessary to develop a geo-informational model for determining
erosion-dangerous areas.

Analysis of recent research and publications. The work of both foreign and
ukrainian scientists [1-3] is dedicated to decision-making support automation
systems. The article [1] covers the use of GIS to determine changes in the types of
roof covering. The study [2] presents an approach to the formation of spatial
decisions regarding land use and defines a set of data necessary for planning land
management measures for the formation of spatial decisions regarding land use. In
work [3], applied programs for modeling soil erosion of various industrialized
countries were analyzed, however, most of the models were devoted to water erosion.
The use of geoinformation modeling for issues of natural resources and engineering
and technical measures was and is the subject of study by scientists [4-6]. The study
[4] describes the modeling and structuring of data for the purpose of developing a
cadastre of natural medicinal resources. In article [5] geo-informational modeling of
engineering and technical measures of civil protection is considered. The work [6]
presents the use of geoinformation technologies for modeling and forecasting
flooding of territories.

The purpose and objectives of the study. The purpose of the work is to
develop a geoinformation model for the automated determination of land plots that

may be affected by wind erosion.



To achieve the goal, it is necessary to solve the task: determine the parameters
of the model and implement the construction of a model for determining land plots
that may be affected by wind erosion.

Research methodology. When determining the areas of soil that can be
affected by wind erosion, the approach of geoinformation modeling is used, which
implements the interaction of descriptive data with spatial data for the study of
territories. The following tools of geoinformation analysis were selected for
modeling: construction of buffer zones, analysis of proximity and overlay. The
models were developed using the unified modeling language UML. The physical
implementation is presented in the ArcGIS software.

The Bilotserkiv district of the Kyiv region was chosen as the object of
modeling.

Presentation of the main research material. Soil erosion is a widespread
degradation process on the territory of Ukraine. The negative consequences of
erosion are not only economic losses, but also a threat to the existence of the fertile
soil layer. Soil is the main means of production and an irreplaceable component of
the biosphere, so it is important to determine the level of soil erosion, the intensity
and dynamics of erosion processes for their forecasting and the development of anti-
erosion measures.

When determining areas of soil that may be wear down to wind erosion, it is
necessary to take into account a combination of a number of factors that affect the
occurrence of the erosion process. These factors can be divided into two groups:
those that protect the soil from destructive forces and those that contribute to erosion.

The modeling algorithm is represented by the UML activity diagram (Fig. 1).
Its main components include: formulation of the problem, collection of cartographic
materials, determination and extraction from further analysis of the wind shadow of
forest belts, determination of indicators of the surface model, selection of lands that
may be affected by wind erosion, and the final result - a thematic map.

At the stage of setting the problem, the research area is determined and climatic

conditions are studied: prevailing wind directions and wind speed.



At the next stage, cartographic materials are collected. The initial data for
building the model are agricultural groups of soils on arable land, forest strips in the
study area (obtained by processing data from the Sentinel-2) and the topography of
the area obtained from SRTM (for use in the developed model, the data is converted
into a vector model). Since agroproduction soil groups are defined specifically on

arable land, the model does not define arable land as a separate layer.
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Fig. 1. Functional model for determining areas that may be affected by erosion

At the next stage of the model, a set of factors affecting the possibility of wind
erosion development is determined. Thus, according to research data [7], deflation
depends on the relief and the level of protection of fields by forest improvement



measures. To determine the area protected by forest belts, the wind shadow is
calculated, which in the conditions of the Bilotserkiv district, where most of the forest
strips have an openwork structure, will be equal to 25 times the height of the forest
belts [8-9]. The influence of relief on soil blowing is taken into account in the model
through two indicators: the selection of slopes to which the prevailing winds will
have a wind impact and the determination of areas with slopes of more than 1°,
because on such slopes the wind will already carry an impact force.

Finally, factors are combined and a geo-image of erosion-dangerous areas on
arable land is constructed.

The developed functional model is implemented in ArcGIS Model Builder as
an environment for building and implementing models. The following tools were
used to solve the problem of geo-information modeling of wind erosion and the
construction of a geo-image of erosion-hazardous lands: Select, Buffer, Erase,
Intersect, Create TIN, TIN to Raster, Aspect, Raster to Polygon, Surface Slope,
Reclassify (Fig. 2).

At the first stage, a TIN relief model is created, which is the basis for
calculating surface slopes. Slopes are necessary to determine erosion-dangerous lands
and choose a safe surface slope (up to 1°).

According to another line of the model, the wind shadow of forest belts is

determined (for the forest-steppe zone it is 450 m [9])



TIN to Raster

Fig. 2. A model for constructing a geoimage of erosion-prone lands

With the Erase tool, we remove protected areas from the layer of
agroproduction groups of soils on arable lands and obtain geoimages of lands that are
not protected by forest belts. Next, from the obtained geoimage, we remove marshy
and swampy soils that are resistant to wind erosion [10]. At the next stage, slopes up
to 1° are extracted from the geoimage of soils on arable land.

In order to take into account, the direction of the prevailing winds for the
studied area, the aspects of the slopes are determined and the wind-impacted slopes
are selected from the created geoimage.

At the final stage, the slopes that are vulnerable to the direction of the
prevailing winds were combined with the geoimage of soils not protected by forest
belts, and the geo-image of erosion-dangerous areas of arable land was obtained (Fig.
3).

Based on the results of modeling, erosion-dangerous areas of arable land,
which can be wear down to wind erosion when the wind affects the soil not covered
by plants, were identified in the studied territory.

Conclusions. Geoinformation modeling is indispensable for data analysis in

the study of wind erosion. The developed model of geo-information modeling



provides an opportunity to analyze spatial data and build geo-images of erosion-
dangerous areas on arable lands. The model takes into account a number of
parameters that affect the probability of erosion: soils, slope of the terrain, direction
of prevailing winds and presence of linear forest plantations.

The model can be used to automate the determination of erosion-dangerous
areas on agricultural lands, and the obtained geoimage can be the basis for
substantiating decision-making regarding the planning of land protection measures,
recommendations for farming.

The prospect of further research is to develop an automated decision-making

block for planning land protection measures.



MAP
of erosion-dangerous areas
of arable land of Bilotserkiv district
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Fig. 3. Geoimage of erosion-dangerous areas of arable land of Bilotserkiv district
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T'EOITH®OPMAIIMHE MOJEJIOBAHHS BITPOBOI EPO3II

Poszensinymo moorcnueocmi 3acmocy8anns 2e0iHh)OpmMayitino2o MoO0ento8anHs
0J151 BUBHAYEHHS OLISAHOK, WO MOJNCYMb 3A3HAmMu 8nau8y 8imposoi eposii. IIposedeno
amaniz nyonikayit 3acmocy8aHHs MOOENOBAHHA Ol GUPIULEHHS PIZHOMAHIMHUX
3a0a4, a MaxKodic NPOaAHAN308AHO 3ACMOCYBAHHS MOOENI08AHHS O]l MOOENI08AHHS
epo3ii IpyHmis, 0OHAK Oibicmb MoOenell NPUCBIYeHd B0OHIlL epo3ii.

Hane oocniddicennss onucye  CmMpyKmypy8aHHs — 3A2ANbHO20  AJICOPUMMY
BU3HAYEHHS OUIAHOK, SKI MOJICYMb 3A3HAMU GNIUBY BIMPO8OI epo3ii uepes
@yHKYioHATbHY MoOenb. B cmammi Hasedeno @axmopu, wo enausaoms Ha
CMIUKICMb IPYHMY 00 BUHUKHEHHS GIMPOBOI epo3ii. HANpsM nepesaicaiyux eimpis,
Mun IPYHMy, HASABHICMb 3AXUCHUX HACAOIHCEHb, MAKUX K JICOCMYeU, A MAKONC YXUTL
oocnioxcyeanoi mepumopii. L]i uunHuKu nodineno Ha 08I epynu. mi Wo 3axuujaroms
IPYHM IO pYUHIBHOI cunu (00Ha 2iika Moodeni) i mi wo cnpusroms epo3ii (iHwa 2iika
mooeni). Pospobreno ma peanizosamo 2eoinopmayitiny mooerb 1nody00su

2€0300padcents epo3iliHo-Hebe3neuHux semenb 6 npozpamuomy 3acobi ArcGIS 3
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suxopucmannsim incmpymenmy ModelBuilder. 3a pesyrsmamom moodenosanns na
00CNIOIHCYBAHIU MepUmMopii 6UOiNEeHO epo3iuHO-Hebe3neu i OLIAHKU OPHUX 3eMelb, WO
MOCYMb 3a3HAMU 8IMPOBOI epo3ii npu Oii 8iMpy HA IPYHM He NOKPUMULL POCTUHAMU.
Mooenv modwce 3acmocogysamuceb 05l A8MOMAMU3AYLL  BU3HAUEHHS epO3IUHO-
Hebe3neyHux OLIIHOK HA CLIbCbKO20CNOOAPCHKUX 3eMIISX.

Pezynomamu  pobomu moxcyme Oymu euxopucmai npu  GopmyeaHHi
NPOCMOPOBUX PiieHb W000 PAYIOHATILHO20 BUKOPUCTANHS I OXOPOHU 3eMellb.

Knwuoei cnoesa. ceoingopmayivine mooentosants, mooeib, 8imposa epo3is,

260306defC€HH}Z.



