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Abstract. The article is devoted to the analysis of prospects of application of geoinformation
systems (GIS), methods and technologies of remote sensing of the Earth for monitoring and
assessment of the state of agricultural lands. The article assesses the possibilities of specialized
GIS in improving the efficiency of current crop monitoring, implementation of principles and
technologies of organic agriculture. The peculiarities of the structure of perspective GIS for
assessing the state and monitoring of agricultural lands are considered. The article describes the
main tasks and functions of GIS data, notes the importance of an electronic map as the basis
for the integration of cartographic, textual, digital and visual information. The work analyzes
the geoinformation system of the region's agro-industrial complex being developed in the
Republic of Tatarstan. The main directions of its development have been noted, among which
special attention has been paid to the use of unmanned aerial vehicles (UAVs) and UAV-
technologies, which create opportunities for the operative collection and processing of large
volumes of information in the GIS environment for the purpose of solving the tasks of
monitoring and assessment of land conditions, which facilitates the transition to the systems of
organic and precision agriculture on the basis of a more reasonable formation of directions of
application of biological means of plant protection, development of recommendations on the
composition of lands, structure of sowing..

1. Introduction
Geographic information systems are complex and functionally diverse software systems that allow,
due to built-in software tools, to provide not only the environment for the development and
maintenance of databases of spatial data (DSD) and the creation of cartographic images, but also to
solve complex problems of spatial and temporal analysis [4, 7]. GIS has great prospects for solving the
main tasks of geosystems research, including tasks of analysis and monitoring of their condition [5].
GIS application in the conditions of growing demand for Earth information increases the economic
and social efficiency of the projects of territory development and development.

The experience of many countries shows that GIS is increasingly becoming a unifying factor,
integrating diverse geographical knowledge, techniques, materials in textual, cartographic and visual
forms, including Earth remote sensing information.
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The main feature of GIS as a tool for solving analytical and monitoring tasks is the feature of
information stored in its databases, which is characterized by a complex combination of cartographic,
textual and numerical data, the spatial binding of which determines the special ways of
implementation, both general (input, output, search, etc.) and analytical and monitoring functions of
GIS, including the functions of spatial analysis, the choice of the optimal variant of management
solutions, etc. The main feature of GIS is the fact that it is a tool for solving analytical and monitoring
tasks.

Summarizing the existing concepts of GIS as a tool for analysis and monitoring of territories, it
should be noted that in this regard they are a repository of knowledge systems (databases and
knowledge bases) of geosystems reflecting the processes of interaction between nature and society [1].
GIS is designed to study geosystems, optimize and manage human interaction with the natural
environment, and provide geographic information to a wide range of stakeholders [2].

Taking into account not content but technical characteristics, GIS is a system of technological and
organizational means by means of which data related to the earth's surface are collected, transferred,
stored and processed. It is the medium for creating, operating, transforming, storing and presenting
geographic information [1, 3].

GIS as a means of solving analytical and monitoring problems have a number of distinctive
features [6]:

e Ensuring the possibility to collect information for a wide range of levels of spatial hierarchy -
from the global to localities, locations, settlements, enterprises. Each level defines parameters of
spatial GIS databases.

e Multistage iterative process of GIS creation, focused on solving a certain type of analytical and
monitoring tasks, including planning, design, implementation and operation of GIS.

e The block principle of GIS structural organization, assuming that its individual components can
be created and exist relatively independently.

e The necessity to display not only spatial but also dynamic characteristics of objects, including
retrospective restoration of their dynamics.

This allows to draw conclusions about the main promising areas of GIS application in the field of

geosystems analysis and monitoring. These include:

e Collection and storage of information on current and previous states of geosystems in
cartographic, numerical, text and visual forms. Availability of a developed system of spatial
data bases, which reflects the main characteristics and processes of development of geosystems.

¢ Solution of a wide range of analytical problems based on the possibilities of algorithmization of
the process of solution and development of specialized software. Such tasks include, first of all,
the tasks of analysis and monitoring of the state of geosystems, forecasting and examination of
its development.

e Problems of zoning and geographic classification/grouping by given indicators.

e Analysis of variants of strategic decisions on development of territories and choice of optimum
on criteria of efficiency.

o Assessment of possible consequences of anthropogenic impacts on the natural environment.

Thus, GIS provides opportunities for comprehensive analysis and monitoring of the formation and
development of territories at different levels of the spatial hierarchy, facilitating the integration of
traditional methods of geographic research — descriptive, comparative, statistical, cartographic, etc.
with modern algorithmic and mathematical methods of analysis and monitoring.

2. Materials and methods
Modern agricultural production requires an inventory of natural, agricultural, organizational,
technological, economic and labor resources, especially when working with land, crop production.



ESCHIP 2020 IOP Publishing
IOP Conf. Series: Earth and Environmental Science 579 (2020) 012147  doi:10.1088/1755-1315/579/1/012147

A specific feature of agricultural production is heterogeneity of ecological and biotic conditions,
significant differences in the size and morphometric characteristics of fields, their soil cover, fertility
and instability of production indicators [14].

In the production of agricultural products, the producer often has to face problems of informational
and analytical nature, such as:

o the need to have extensive information about the state of fields and plants;

e necessity to react quickly to unfavorable phenomena in different areas of the farm;

e necessity to perform field work, especially in crop production, in a short time;

o poor availability of technical and labour resources for the enterprise.

All this leads to organizational difficulties and hasty adoption of ineffective decisions, which in
turn can lead to negative results (low yields, reduced land fertility, environmental impact, etc.) [13].

The importance of rapid collection and processing of spatial data on the state of agricultural lands,
especially in the framework of the transition to precision farming technologies, determines the need to
develop and implement specialized GIS projects for the analysis and monitoring of agricultural land.
Such GIS should meet rather strict requirements to the efficiency of work in terms of completeness of
coverage of the analyzed territory and timely provision of digital and cartographic data, as well as the
results of analytical and monitoring tasks.

A GIS for monitoring and assessment of agricultural land should be able to address two main tasks
in a timely, real-time manner:

o creation of digital terrain maps integrated with the extensible DSD;

e visualization of digital maps with the possibility of interactive work with them by the user.

It should be able to perform a number of general and specific functions, including:

e processing of remote sensing data obtained using space and UAV technologies [11, 12];

¢ implementation of modern methods of photogrammetry and cartography, spatial data analysis;
¢ maintenance of specialized databases of spatial data for analysis and monitoring tasks;

e operative construction and visualization of matrix and vector maps of agricultural lands.

Along with them, one of the main functions of GIS for monitoring and assessment of agricultural
land should be included among the main ones:

e storing, controlling and providing consumers with digital information on land condition in
coordinates of a given plot;
creation of digital orthophotoplans;
linking video footage to digital orthophotoplans;
creation and display of spatial terrain models;
analysis and monitoring of agricultural lands on the basis of GIS maps and the results of
analytical and monitoring tasks.

Structurally, such GIS is a combination of a hierarchically organized cartographic or topographic
base with a complex DSD system that contains systematized and linked to appropriate points in the
cartographic images heterogeneous digital data on the state of agricultural land.

The basis for the integration of cartographic, text, digital and visual information of this type of GIS
is an electronic map. Vector or raster electronic map, created using GIS software and technical means,
is formed in a given map projection, coordinate and height system, conventional signs that transmit the
required content. It is intended for displaying attributive (including statistical) data, analysis and
modeling, as well as for solving information and calculation tasks.

The GIS electronic data card system has a hierarchical structure. On the lower level, information
about individual map objects is stored. Objects can be combined into map groups, layers and sheets.
The combination of map sheets of the same scale and view is a separate subsystem of electronic maps.
The GIS electronic map system allows storing and processing map images in formats:

e vector maps;
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e raster map;
e matrix data.

Different types of data should be processed together or separately. Digital data can be converted to
different formats, converted from one view to another, output to different devices, edited, transformed,
etc.

3. Proposed System

Complex, information-intensive tasks of assessing the state of agricultural lands in the Republic of
Tatarstan, which include the tasks of agricultural production, analysis and monitoring of agro-
ecosystems, organizational and technological tasks and tasks of improving agricultural performance
based on new technologies have required the development of adequate geoinformation support.

The GIS of the agro-industrial complex of the Republic of Tatarstan (RT), which is a part of the
Digital Model of the Republic of Tatarstan, is being introduced in Tatarstan, and provides for the
digitalization of all main production sectors (crop, livestock, vegetable), engineering and technical
support, economy and management of each agricultural enterprise with the possibility of monitoring
the activities of departmental and management bodies. The basic component of this system is field
passports [9], which contain information on their natural and economic condition, stored in databases.

In 2017, the boundaries of Tatarstan fields were defined with the help of gadgets (mobile phones).
In July 2018, only 57 % of Tatarstan's fields were filled in with passports, and as of September 2019,
95 % of agricultural land, including natural forage land, was passport-land. Basically, there remained
those plots where owners have not been identified and where land is not in demand. It is planned to
further increase the area of crops in the country to 2.8 million hectares.

1. The data of passportization of fields of agrarian sector will provide:
2. Reduction of control costs on the use of cultivated areas.
3. ldentification of crop lesions from natural disasters and epidemics, effective damage assessment.
4. Increasing the efficiency of new agro-industrial complex facilities location and attracting
investors by providing full information about the agro-industrial complex infrastructure, land
quality and economic characteristics.
Increasing the reliability and reducing the cost of economic assessment of agricultural land.
6. Effective assessment of vegetation and biomass condition, forecasting and preliminary vyield
assessment using space images together with ground-based observations.
7. Risk reduction and information support in crop insurance and damage assessment.

o

During field passportization it is possible to remotely control the operation of agricultural
machinery during its operation. This gives management and specialists of farms a number of
additional opportunities, including:

1. Accurately determine the area of cultivated fields, taking into account the types of work
performed and the tools used (harrowing, seeding, fertilizing, etc.).
To know the speed of different types of works.
Improve the quality of field treatment.
Fix technique downtime.
5. Cut off illegal driver's trips [10].

W

Connection of space monitoring services provides the possibility of current control over the state of
sowing of cereals, oilseeds, technical, vegetable and other crops, assessment of germination capacity,
infestation, degree of ripeness of crops, as well as detection of violations during agro-technical works
and identification of adverse environmental phenomena, such as wind, water erosion, drought, etc.

Based on space images processing on spectral analysis and NDVI coefficient for such plant
parameters as biomass and leaf index, monitoring of crop condition from sowing to harvesting is
carried out, which in its turn enables to estimate yield in advance and determine optimal harvesting
terms for these crops [8].
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The space land monitoring service was tested in two pilot regions of Tatarstan — Sabinsk and
Pestrechinsk.

Among the promising directions of improving the GIS of the agro-industrial complex should be
mentioned the expansion of application of technologies for collection, storage and processing of
spatial data, obtained through the use of unmanned aerial vehicles (UAVs) [16]. UAV-technologies
are especially necessary for surveying hard-to-reach areas, for conducting surveys of separate
territories in the general land mass and for determining the state of fields. It should be done in early
spring after snow melting from the fields and periodically control changes in vegetation flow. Then it
is possible to identify areas subject to soil degradation, low-productive areas of fields where plants are
underdeveloped, such as winter crops after overwintering, monitor plant growth and development,
infestation of diseases and pests, contamination of fields in the total area of cereals and industrial
crops, and it is also possible to determine the technological properties of fields and natural forage
lands (Figure 1).

Figure 1. Abstract model of the city-planning formation of the districts near the railway station

The technological properties of agricultural lands monitored by UAV technologies include: energy
and stony soils, the contour of working areas, their relief and remoteness from the economic center.
All these parameters influence the amount of costs during cultivation. In particular, the energy
intensity of soils is directly proportional to fuel consumption and inversely proportional to the
performance of machinery and tractor units during the main soil tillage. The higher the stonyness
index, the higher the evaluation coefficient and, consequently, the lower the productivity of the field
mechanized works. The terrain and the contour of the land plots, which characterizes the complexity
of the configuration and the ruggedness of the area borders, in the aggregate determine its
favorability for the field mechanized works.

The location (remoteness) of fields (work areas) relative to business centers or field mills also has
a significant impact on agricultural land valuation indicators. The volume of intra-farm transportation
of seeds, fertilizers, cultivated products makes up more than half of the total volume of transportation
of the farm, which significantly affects the amount of total costs and production costs.

An important direction of improving the GIS of the agro-industrial complex of Tajikistan is to
support methods and technologies of precision and organic farming, cultivation technologies for
crops suitable for environmentally safe products. Creation in the region and individual farms of
spatial databases for precision and organic farming based on remote sensing and GIS-technologies
allow to expand and control the application of biological factors to increase soil fertility, as well as to
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optimize the system of soil tillage, crop care and spot application of modern organic-mineral
fertilizers, bio-preparations, growth stimulants, which allows to predict and plan the yield of crops.
The use of UAV technology to create databases on the state of the fields of farms should be based
on the creation of a network of UAVs with integrated equipment, with which you can obtain
information about individual plots and transfer it to the server GIS Situation Center (SO). Complex
UAYV attachments, including a high-resolution camera with a spectrometer, air analyzer and robotic
sampler equipped with sensors, will allow for the rapid collection and transmission of information on
the state of the fields (picture 2).

UAV with
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equipment
GIS/\N[eth‘Odsand technologies

—p situation center g for moritaring and

integrated assessment
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Figure 2. UAV in the system of the situation center of the agricultural sector of the region

4. Results and Discussion

Creation of specialized GIS for monitoring and assessment of agricultural lands in the region allows to
increase the efficiency of agricultural land use, assess their condition, create the basis for the
introduction of accurate and organic farming technologies through rapid data collection and
processing. The GIS also makes it possible to promptly, in real time mode, solve the tasks of creating
and visualizing digital maps integrated with the extensible DSD by implementing a number of special
functions, including: processing of remote sensing data obtained from the use of space or UAV
technologies; maintenance of databases of spatial data for analytical and monitoring tasks;
implementation of modern methods of photogrammetry and cartography, spatial data analysis.

Within the framework of the creation of spatial databases of this type of GIS, the use of remote
sensing methods and technologies should be expanded. The most promising in this regard is the use of
UAV technologies. The development of methods for the integrated assessment of remote sensing data
makes it possible to control and assess the use of agricultural land on the basis of various parameters
in dynamics over a number of years. It promotes the transition to organic and precision agriculture on
the basis of a more reasonable formation of directions of application of biological means of plant
protection, development of recommendations on the composition of lands, structure of sown areas,
their correct alternation in crop rotations and agricultural techniques of cultivation of crops.

5. Conclusion

Development of specialized software product on analysis and monitoring of agricultural lands,
expanding the standard functions of GIS, should provide computer implementation of methods and
technologies of information collection and processing on the basis of remote sensing technologies,
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allowing to quickly get scientifically grounded recommendations on the use of agrotechnical and
agrobiological methods and transition to precision and organic farming.
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