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Abstract: The approach to design of the system of geoinformation mapping to support making the land management project or management 

decisions for soil conservation were shown in the study. Developing the conceptual, logical and physical models of geodatabase to provide 

mapping of arable land condition was shown in the study. A set of thematic maps, designed as combination of relief, climatic and soil 

conditions, would be very effective to the land management in optimizing the rational use and protection of land. 
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1. Introduction 
 

In the modern world, the use of agricultural lands is an 

important link in the economic activity of humanity. From the 

economic point of view, implementation of land protection 

measures is more effective than eliminating the negative 

consequences of their degradation or total loss of fertile land for 

agronomy. Therefore, the timely implementation of environmental 

measures may not only reduce the impact of negative processes on 

the environment, but also helps to preserve the land for agricultural 

use. 

Determination of the land condition is carried out by assessing 

the current condition and factors that affect this condition in the 

spatial-temporal aspect. Knowledge of the land condition is the 

basis for making decisions on the organization of their rational use 

and protection, development of the land management projects, 

planning of crop rotation, etc. In this case, the most important role 

belongs to the spatial analysis of map data, which requires the 

practical implementation of territories mapping based on the 

application of geoinformation technologies and the use of 

geoinformation modeling. The application of these principles is to 

determine the condition of soil cover and trends in its change, to 

take into account the environmental and economic factors of land 

degradation and provide data to support the decision-making in the 

field of land use and protection. 

Thus, in order to provide appropriate information support for 

making sound management decisions, an information system is 

needed that will solve the problems of rational use and protection of 

soils and will create a complex of complex digital thematic maps 

reflecting the actual soil condition. Particular role in this regard is 

played by integration of spatial and time information on land, 

statistical and cartographic materials in the geographic information 

system (GIS). 

 

2. Prerequisites and means for solving the 

problem 

 
2.1. Analysis of recent researches and publications. 
The development a problem of evaluation of soil water 

erosion and conservation practices have been covered in works [1-

5]. The article [1] reviewed the estimate and map soil vulnerability 

to erosion through the Universal Equation of Revised Soil Loss. 

The paper work [2] considered the factors that have the greatest 

influence on the formation of water erosion. The article [3] showed 

substantiates the necessity develop and evaluate a land suitability 

model for rapeseed farming using topography factors, soil data and 

remote sensing data in calcareous soils of semi-arid regions 

northwestern Iran. The research [4] presented the evaluate soil 

physical properties of long-used cultivated lands. The article [5] 

deals with the influence increase in the frequency of extreme daily 

rainfall to erosion process. 

The development problems of evaluation of soil wind erosion 

and conservation practices have been considered in works [6-8]. 

The work [6] presented prospects about restoration of sod-podsolic 

and sod-carbonate soils possessing light granulometric composition 

(texture) regarding local processes of wind erosion. The paper [7] 

demonstrated how windbreak system planting and plot size and 

shape planning can influence wind direction distribution and draw 

attention to the role of preventive agriculture management in 

controlling wind erosion hazard areas. The study [8] recognized 

qualitative and quantitative soil loss mechanisms in result of 

deflation under the conditions of simulated wind at speeds around 

threshold value. 

The article [9] analyzed combined approach based on remote 

sensing skills and rational equation of soil erosion estimation, to 

determine the spatial distribution of soil loss and erosion hazard. 

The paper [10] demonstrated developing the structure of 

geodatabase and knowledge base to provide quantitative mapping of 

land suitability for cultivation the main crops. 

Many developed techniques take into account only one type of 

soil degradation. However, the problem of structuring information 

of soil state which provides user-friendly display of spatial data and 

is the basis for making land management project or management 

decisions for soil conservation was not covered in the works listed. 

 

2.2. Statement of problem.  
 

As many other studies were focused on erosion process 

modeling, we suggest the geoinformation mapping as the approach 

to collect, analyze and combine different types of information for 

making project or land management decisions. 

The objective of the study is to substantiate the 

geoinformation model for increasing the efficiency of the land 

management in optimizing the rational use and protection of land. 

To achieve the objective of the study, the following tasks were 

used: (i) to determine the general structure and functional model of 

geoinformation mapping system; (ii) to present an implementation 

of cartographic modeling of land resources taking into account 

natural and anthropogenic factors of influence; (iii) to demonstrate 

physical implementation of the test version of geoinformation 

mapping system based on the use of attribute and spatial data of the 

studied area. 

 

2.3. Research methodology. 
 

The geoinformation mapping approach, highlighted in the 

work [11], provides for the combination of knowledge base with 

spatial data that expanded the possible applications of geodatabases. 

The approaches based on the Unified Modeling Language (UML) 

were used when developing the model. The geoimages in this study 

are based on the use of such tools as overlay operations, 

classification methods and reclassification of numerical indices. The 

information base of the study is ground investigations and thematic 

land management maps. 

The territory of Vasylkiv Raion of Kyiv Oblast was chosen as 

a modeling object. 

 

3. Solution of examined problem 
 

When studying the issues of rational use and protection of 

soils, the simulation modeling approach, which expresses the most 

significant features of real processes and phenomena, was used. On 
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the one hand, the soils form a certain system, and on the other hand, 

the soil is an integral part of agrolandscape, which is influenced by 

the components of this agrolandscape. Soil, in turn, is a complex 

system, the quality of which is indicated by a large number of 

indicators: granulometric composition, parent rock, humus content, 

nitrogen, potassium, phosphorus, pollution level, etc. The 

development of degradation processes is influenced by the climate, 

relief, presence of protective forests, human economic activities, 

etc. All these elements interact with the soil and have a protective or 

destructive effect (fig. 1). 
 

 
Fig. 1. A set of factors interacting in the studied system. 

 

In this case, in order to achieve the functions of protecting 

land, in general, and soils, in particular, a set of all interconnected 

elements and elements of the environment must be taken into 

account. 

The main types of tasks that are necessary to achieve the 

rational use and protection of lands (soils) in the land management 

are (Fig. 2): land assessment, protection against degradation and 

observance of optimum correspondence between types of land. 

 

 
Fig. 2. Classification of task types and users in land management 

process. 

 

The assessment of land conditions involves defining the 

indicators that quantitatively and qualitatively characterize the use 

of land in agriculture. The protection against land degradation 

involves organizing the crop rotation and soil tillage systems in 

order to increase its fertility, to protect the soil from water and wind 

erosion, landslides, flooding, waterlogging, secondary salinization, 

drying, compaction, soil contamination and to prevent the 

unjustified removal of agricultural land from cultivation. The 

optimum ratio of land types allows achieving high productivity of 

agrolandscapes at the minimum cost of material and energy 

resources, prevention of erosion processes and contamination of soil 

and surface water by products of erosion. 

The users of such information are: The State Service of 

Ukraine for Geodesy, Cartography and Cadastre, landowners and 

land users, including agricultural holdings and other stakeholders, 

which interested in obtaining the land condition data. 

The land-planning task of planning the territory for rational 

use and protection of land is solved using the geoinformation 

modeling approach, which is based on the analysis of the set 

parameters and allows finding the most optimum variant of the ratio 

of ecological stabilization and economic lands. 

The general scheme of the algorithm for geoinformation 

modeling for rational use and protection of land in planning the land 

management measures is shown in Fig. 3. 

 

 
Fig. 3. Functional model of the implementation of actions for 

solving the problem. 
 

When stating the problem, one should take into account the 

direction of land protection as an object of nature management and 

an object of economic activity. 

During collection of information on the land resources within 

the analyzed territory, the incoming data sets and their integration 

are studied. 

In the next stage of the task, two issues are considered in 

parallel: determination of destructive factors and presence of 

stabilizing factors. The development of degradation processes is 

influenced by climate: wind direction and force, precipitation: their 

intensity and frequency, relief: aspect and slope, presence of 

protective forest plantations, cultivated crops, presence of field-

protective plantations, observance of agrotechnics, etc. 

It is proposed to use spatial analysis to assess the land 

condition, protect soil from erosion and determine the selection of 

the optimum ratio of land, which allows searching for spatial 

patterns in the distribution of geographic data and relationships 

between objects. 

The next stage of the functional model is the creation of 

thematic maps of the study area, which provides a user-friendly 

display of spatial data and is the basis for making land use or 

management decisions. 

On the basis of the functional model, the plan of action for 

obtaining maps of justifications is established with the aim of 

making management decisions on the rational use and protection of 

land and soils, which requires the processing of heterogeneous 

attributive and spatial data. In order to process this data, an 

information system is selected. The geoinformation mapping system 

was selected, which includes the geodatabase [12-13] for the 

purpose of collecting, storing, analyzing spatial information and 

creating a knowledge base containing description rules, methods of 

definition and rules for submission of mapping materials. 

Developing the structure of the geospatial database involves 

creating the conceptual, logical and physical models. The 

conceptual model defines the main classes, relation and attributes of 

the geodatabase, processes for processing and transforming it. At 

the conceptual modeling stage, the following necessary indicators 

were identified: (i) to assess the risks of water erosion taking into 

account the slope, catchment area, slope shape, humus content, 

granulometric composition of soil, precipitation amount and 

distribution, crops, etc. [1-5]; (ii) to add the slopes, wind speed and 

direction, forest cover and other [6-8] to assess the risks of water 

erosion. 

The logical model (Fig. 4) provides support for the processes 

of registration of agricultural land objects, field research data, 

climate indicators and their integrated use to assess the agricultural 

land condition and determine the optimum ratio of land in the GIS. 

Developed data models and directories implemented in ArcGIS 
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Fig. 4. The fragment of Logical UML-model of geodatabase 

classes. 

 

The physical implementation of the test version of the 

geoinformation mapping system was performed based on the use of 

attribute and spatial data of the studied area. 

Systematic and cumulative data were applied to spatial 

analysis operations: reclassification, overlay, and buffer. The 

thematic maps were created based on the results of the analysis. 

The average coefficient of forest belts of the studied Vasylkiv 

Raion is 1.06%, which is about 2.5 times less than the optimum 

forest cover (2.6%) according to the Forest-Steppe of Ukraine [14]. 

According to the data of studies [14-15], the average height of 

forest belts in the forest-steppe zone is H = 18 m, and their soil 

protective effect extends to 25H. Consequently, the area up to 450 

m is protected from wind erosion by forest strips. (Fig. 5). 

 

 
Fig. 5. Fragment of map with forest strips effective zones.  

 

The figure shows that part of the field has an increased risk of 

wind erosion, which should be taken into account when designing 

land management measures and should be oriented towards high 

culture of agriculture, which should be soil-protective. 

The map is shown in Figure 6a, which allows to analyze the 

coefficient of forest belts and compare it with the optimal 

coefficient of forest belts in the study area. Meanwhile the map is 

shown in Figure 6b illustrates the percentage of soils that have a 

protective effect on forest strips. 

 

 
   a           b 

Fig. 6. Thematic maps of the study area: а – coefficient of forest 

belts, %; b – percentage of arable land under influence of forest 

belts protection, %. 

 

The developed maps (see Fig. 6) characterize the insufficient 

quantity of forest belts for protection of land in the studied area, 

which requires the development of additional soil protection 

measures when implementing the land management projects. 

The system was clarified and more than 50 indicators of 

agricultural land mapping were identified. The assessment of 

condition of these lands is combined into blocks by thematic areas: 

level of land use, land degradation resistance to wind and water 

erosion, ecological viability and soil quality. A set of cartographic 

material were formed to determine the agricultural land condition 

and support the decision-making on the rational use and protection 

of land (soils). 

 

4. Result and discussion 
 

When developing the structure of the system for providing 

adequate information support for making informed management 

decisions on the rational use of the system and protection of land, a 

set of factors interacting in the investigated system was identified, 

the main types of tasks necessary for achieving the rational use and 

protection of land by land users and stakeholders were identified. 

On this basis, a functional model of implementation of actions to 

solve the task of planning the land management measures for 

rational use and protection of land was developed. 

A conceptual model of the geodatabase of geoinformation 

mapping was developed. A set of attributes of soil cover objects and 

their temporal and spatial characteristics were established. The 

geodatabase provides a set of techniques for conducting the study, 

data processing, mapping and spatial analysis, which is grouped in 

the library of the knowledge base and rules of the geographic 

information mapping system, which unify the information, methods 

of its processing and presentation of results. Based on the 

conceptual model, a logical model of geodatabase was developed, 

which includes data on land, type and mechanical composition of 

the soil, data on slope, exposure and length of slopes, as well as data 

on climatic indicators - the number of days with wind speed that 

promotes erosion, availability of protective forest strips and 

assessment of their impact area. 

The application of geoinformation mapping approaches to 

ensure the rational use and protection of land in the land 

management provided the development of a set of thematic maps. 

Thematic maps intended for the study of the soil cover condition, 

analysis of the factors of influence and manifestations of 

degradation processes can serve as a basis for assessing, updating, 

forecasting the soil condition and substantiating the selection of the 

land management measures aimed at preventing the development of 
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negative processes of soil destruction. These maps provide 

information through a color-coding system that improves the 

perception of information. 

The geoinformation mapping system should enable the 

sharing of data with interested users and systems that require such 

information. 

 

5. Conclusion. 

 
The study reflects an approach to provide justification for the 

implementation of the land management measures and increase 

their efficiency in relation to the rational use and protection of land 

when planning the land management measures. The data set 

required for the land management planning was identified. 

The structure of the geospatial database in the form of 

conceptual and logical models was developed and its physical 

implementation is shown in the test version based on the use of 

attribute and spatial data in the studied area. 

A set of thematic maps that has the potential to visually 

represent the influence of some factors on soil erosion and land 

degradation was created. 

The methodology and results of the study allow using the new 

planning guidance for the rational use and protection of land when 

managing the agricultural development in the region. 

The prospect of further study is to develop the algorithms to 

automate the support for managerial decision-making regarding use 

and protection of land. 
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