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This study describes the development of a structure that provides an opportunity
to systematize and accumulate geospatial and attributive data. In the course of the
research, a geospatial database model was developed, which ensures the accumulation
of data to solve the problem of spatio-temporal analysis and support the justification
of land protection measures against wind erosion. The geospatial database model is
developed using a UML class diagram that illustrates not only the main design
components, but also details the attributes and their data types.

The article structured an algorithm for analyzing geospatial data, structured
and accumulated in a geospatial database, to determine lands that may be threatened
by wind erosion. The algorithm is presented through a functional model.

The research developed a model of the knowledge base as a component of the
geospatial database, which contains both standards and additional influencing factors
that affect the increase or decrease of the risk of wind erosion.

The work presents a geoimage of the studied territory with the selection of
territories that may be subject to wind erosion in different seasons.

The results of the work can be used in the process of planning land protection
measures to protect against wind erosion.
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Introduction. The formation of soils took place in conditions that are
incomparable with their modern use in human activity. A feature of erosion processes
Is their permanence, and the intensive use of soils in agriculture, human intervention
in long-established landscapes accelerates them many times over, triggering an
avalanche-like process of soil erosion. The redeposition of washed soil particles affects
small rivers and provokes their siltation, and the blowing of soil forms dust storms,
which has a direct impact on the quality of human life. Erosion processes are
irreversible in a short period of time, eroded soils can only be taken out of use to stop
degradation processes with high costs of afforestation or liming, and further use will
be stopped for years. The occurrence of dust storms and wind erosion of soils is
influenced by a number of factors, including the economic use of soils, the presence of
vegetation as a continuous cover directly on the soils in relation to which the
occurrence of erosion is considered, as well as in the adjacent territories. In order to
carry out a comprehensive analysis and determine the areas of possible occurrence of
wind erosion, it is necessary to develop an information structure capable of supporting
the solution of the problem of land protection in relation to wind erosion.

Analysis of recent research and publications. Many works are devoted to the
study of issues related to land protection, as well as to the modeling of geospatial
databases. The current global state of soil erosion modeling in the world is outlined in
the study [1]. In [2], a hierarchical structure of multi-criteria analysis of soil
degradation risk assessment was created, reflecting the components of the environment
that have an impact on the formation of erosion processes. In article [3], a
geoinformation modeling approach to wind erosion determination is proposed. In the
study [4], the authors propose a conceptual modeling of the geospatial database for the
cadaster of natural medicinal resources. In work [5], a part of the logical model of the
database for monitoring damaged areas is demonstrated. In article [6], the process of
developing a structure of databases and a knowledge base for monitoring the qualitative
state of agricultural land was considered, its components were described, and thematic

maps were created.



In studies [7-9], the state of field protection forest strips, windbreak properties,
features of location, trends of changes in their design are considered. The article [7]
indicates the remedial effectiveness of field protection forest strips, and the study [8]
describes the dependence of soil resistance to wind erosion and the content of clay in
it. The state of protective forest strips for various purposes and objects of forest
reclamation are indicated in work [9].

The objective of the research is to substantiate the main components of the
geospatial database for the protection of lands that may be affected by wind erosion.

Research methodology. To achieve the goal, the work justified and developed
a database of geospatial data for the protection of lands that may be affected by wind
erosion. Models are developed using UML (Unified Modeling Language). Geoimages
are made in the ArcGIS software using overlay operations, slope analysis, and
construction of buffer zones.

The main materials. Soil is a component of the environment and at the same
time is the basis for agricultural production. Soil erosion leads not only to economic
losses for farms, but can cause the deterioration and loss of the fertile soil layer. The
analysis of recent publications and studies showed that when planning land protection
measures against wind erosion, it is necessary to take into account not only the soil
cover, but also the factors that have an impact on the increase or decrease of erosion.

In the course of the research, a model of the geospatial database for the protection
of lands that may be affected by wind erosion was developed, which takes into account
not only agricultural groups of soils and their resistance to erosion, but also the
steepness and exposure of slopes, the direction of prevailing winds, the presence of
protective plantings (Fig. 1).

In the developed model, the Field class is the main class of spatial objects for
which erosion resistance is determined. A part of the field, which is uniform in terms
of soil cover and uniform in relief, is represented through the class FieldPlot - erosion
resistance is determined in relation to this part. Soil, Slopes, and Wind classes are
associated with the FieldPlot class. The Soil class contains information about the codes

of agricultural production groups of soils and their granulometric composition, which



Is directly related to erosion resistance. The Slope class contains information about the

steepness of the slope and its aspect.

Region AgriculturalCrop Soil
idRegion: integer| idCrop: integer idAgroProductionGroup: integed
nameRegion: text nameCrop: Text codebgroProductionGroup: text
geometry: shape tvpelmpact: text namehgroProductionGroup: text
- . - - - particleSizelistribution: text
l—_ T T geometry: shape
District —] L [,
idDistrict: integer CropRotation
rr.a:eE-;st:;cF: rext idCropRotation: integer ResistanceErosion
geometry: shape - ; - A - : : :
nameCropRotation: text idParticleSizeDistribution: integef
1 nameParticleSizeDistribution: text
1 resistancellass: integer
Community I Field ForestBelt
idCommunity: integer] idField: integer FdFD;E3EBELt: %:tege: ]
nameCommunity: TeRcT— areaField: integer heightForestBelt: YHMCHOEMH
geometry: shape geometry: shape construction: text
+geometry: shape
. FieldPlot ProtectiveDistance
. T idFieldPlot: integer P — . —
Relief arem: intecer idBuffer: integer
- — - - - ) ::_ 'h' bufferWidth: integer]
idTopoHorizontal: integexy gEOmMELIY: =Shape geometry: shape
height: integer -
geometry: shape H .. 0..*
- PrevailingWinds
1 idWind: integer -
WindDirection: text| O..*
S| windSpeed: integer UU]nduvardSlnpe
ope . frequency: integer o..x| id95lope: Integer
idSlope: integer _ seazson: date — zeason: date
steepnessSlope: integen ) slopehspect: integer|
- - - ! "
expositio: integer o | - geometry: shape
geometry: shape =

Fig. 1. The Logical model of the geospatial database

Classes affecting erosion control are ForestBelt and CropRotation. The
ForestBelt class contains information about the height, structure and integrity of the
forest strip, which affects the distance of the protective effect. The CropRotation class
contains information about the crops sown in the area and their effect on resistance to
wind erosionThe general scheme for determining the resistance of fields to erosion is

presented through the UML activity diagram (Fig. 2).
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Fig. 2. The functional model for determining the resistance of fields to wind erosion.

The setting of the problem consists in determining the territory of the study. The
next step is the collection of information about the territory that fills the geospatial
database. The geospatial database accumulates spatial and descriptive information
about the territory, and in the next step, areas under the influence of negative factors
are determined, among which the following groups can be distinguished: wind
resistance of the soil, the impact of economic use, the presence of protective plantings,
their type and construction, the presence the slope of the surface (relief), the influence
of the climate, which is analyzed due to the presence of high-speed winds. The next
step is to carry out a spatial analysis and form a thematic map taking into account the

factors influencing the development and containment of erosion (Fig. 3).
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Fig. 3. The cartographic representation of the community territory that can be
affected by the destructive effects of wind in different seasons (shades of red - in

summer, shades of blue - in winter)

The final stage is decision-making support regarding the use of land plots and
the planning of land protection measures. At this stage, it is necessary to take into
account not only the presence of dust storms, but also the duration of high-speed winds,

the slope of the surface (the presence of windward slopes), the presence and type of



vegetation. In addition to spatial data, the geospatial database should include the
catalog of variation in factors influence, as well as a catalog of possible land protection
measures. In order to effectively take into account all factors when studying the
resistance of soils to negative phenomena, it is necessary to systematize all indicators

in the knowledge base (fig. 4.).

FieldPlot WindwardSlope

1dFieldPlot b -1 idSlope :

area slopefspect
slopelegree

1 FactorsCatalog
idFactor

CataloglLandProtectionActions nameFactor

— factorCondition
—dﬁcf—nrs 0. intensityImpact
“ERE?CF—D:S . directionInfluence
conditlionhctions validityPeriod
directionInfluence o..*

Fig. 4. The model of the knowledge base for planning land protection measures

Conclusions. In the course of the study, a model of the geospatial database of
land protection has been developed. The model was aimed to accumulating data for the
purpose of further analysis of the occurrence of wind erosion on agricultural lands. The
model takes into account not only soils, but also additional factors that can have both
a restraining and an increasing effect on the risk of erosion. Based on the results of
modeling, erosion-dangerous areas of arable land, which can be subject to wind erosion
when the wind affects the soil not covered by plants, were identified in the studied
territory.

The results of the development can be used for the formation of spatial decisions

regarding the effective use of land plots and the formation of crop rotations.
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PO3POBJIEHHA BA3U TEOIIPOCTOPOBUX JAHUX JJIA
IJIAHYBAHHS 3AXOJIB 3 OXOPOHHM 3EMEJIb IIOJO BITPOBOI
EPO3II

Y pobomi nooamo pospobrenHs cmpykmypu, AKA HAOAE MONCIUBICD
cucmemamu3zy8amuy ma HaAKONUYUMU 2e0npoCcmoposi ma ampudOymueHi 0awi. B xo0i
BUKOHAHHA OOCNIONCEHHSI pO3POOIEeHO Modelb 06a3u 2eonpocmoposux OaHux, ujo
3a6e3neyye HaKONU4eHHs OaGHUX 0I5 BUPIUEHHS 3a0adi NPOCMOPOBO-YACOBO20 AHANI3Y

ma niompumamu 00IPYHMYBAHHS 3aX00I8 3 OXOPOHU 3eMelb W00 8iMmpoeoi epo3ii.
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Mooenv 6asu eeonpocmoposux danux pospoonena 3 suxopucmannam UML-diaepamu
K1Aci8, Wo INH0CMpPYE He auule OCHOBHI CKIa008i po3pooKuU, a il 0emanizye ampubymu
ma ix munu OaHux.

B cmammi 6yno cmpykmyposano — ancopumm — 30IUCHEHHA  AHANI3Y
2eonpocmoposux Oauux, wo CMpyKmypo8ani ma HaKkonuyeHi 8 6azi 2eonpocmoposux
O0anux, Ol BUSHAYEHHS 3eMelb, SAKUM MOXNCe 3a2podcysamu 8impoea eposis.
Aneopumm nooano wepes hyHKYiOHANbHY MOOEb.

B oocniosxcenni pospobneno mooenvb 6azu 3HAHb, AK KOMHNOHeHmMU 0a3u
2e0npoCcmoposUx OaHUX, W0 MICMUMb K HOPMAmMueu max i 000amkosi gaxmopu
8NIUBY, SAKI GNAUBAIOMb HA 30iNbUIEHHA aD0 3MEHUIEeHHS. PUBUKY PO3GUMKY 8iMpOBoi
epo3ii.

Ha oocnioocysany mepumopiio 6 pobomi nodano 2eo300paxdcenHsi 3 UOLIEHHAM
mepumopiu, wo MONXCYmb 3a3Hamu 8iMpoeoi epo3ii 8 pi3Hi Ce30HU.

Pesynomamu pobomu mooxxcyme 6ymu euxopucmaui 6 npoyeci nIAHY8AHH:
3ax00i8 3 OXOPOHU 3eMelb W00 3aXUCMY 810 8IMPOBOL epo3ii.

Kniwwuosi cnoea. 6aza  2eonpocmoposux — OaHux,  6impoea  epo3is,
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