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Memoto cmammi € 00CAiOHEeHHA Cy4acH020 CMAHY BUKOPUCMAHHA KOCMiY-
HUX MexHonoeili 08 MOHIMOpUHay echeKMUBHOCMI 3eMAEKOPUCMYBAHHA.
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UCM0Nb308AHUA KOCMUYECKUX MeXHonM02uli 01 MOHUMOPUH2a
ahghekmusHOCMU 3eMANeNonb308aAHUA

Llenbto cmameu sensemcs uccedo8aHue CopemeHH020 COCMOAHUS UCTOsb-
308QHUA KOCMUYECKUX mexHosoeull 018 MOHUMOpPUHea dekmusHocmu
3emnenonb3oeaHus. OBOCHOBAHO, YMO 8 YCa08uUAX 2106aAU3AYUU MUPOBOL
IKOHOMUKU Mpoucxodum udXUManu3ayus u aemoMamu3ayus npou3eoo-
CMBEHHbIX IPOYECCO8 C UCMOMb30BAHUEM KOCMUYECKUX MeXHOM02Uli U MHO20
Opyaux UHHOBAUUOHHLIX MpaHchopmayuli, Komopele cmoum y4umsigams
npu ocywecmeneruu xo3alicmeeHHoli deamesnbHOCMU, 0C0GEHHO 8 CenbCKOM
xo3saticmee. [JokazaHo, Ymo danbHelilee passumue a2papHo20 cekmopa
U cenbCcKoxo3AlicmeeHH020 3eMnenosnb308aHus HeobXoduMo NAaHUPosams
8 coomeemcmauu co cmpamezueli UHHOBAYUOHHO20 PA3BUMUS, KOMopas
gK/K0YaEM: y8enudeHue 8KAa0a HayKu U MeXHUKU 8 pasgumue 3KOHOMUKU
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mexHonoeili 018 MOHIMOPUHey eheKmuBHOCMI 3eMaeKopUCMyB8aHHS; nid-
BUWEHHA KOHKYPEHMOCNPOMOXHOCMI NpoOyKUii Ha c8iMoeomy PUHKY 3a
PaXyHOK MoOepHi3ayii ma aemomamu3auii 8upobHu4UX momyxcHocmel;
WUpPOKe 3anposadeHHs mexHonoaili QucmaHyiliHo2o 30HOY8aHHA 3emi.
06rpyHMOBAHO, WO 0OHUM i3 HAMPAMIE 3a/1y4eHHs iHHOBAYilHUX Po3p0BOK
€ CY4acHi KocmiHi mexHosnoeii. CyvacHuli cmax ma meHdeHyii sBukopucmar-
HA KOCMiYHUX meXHOooeili 01 MOHIMOpPUHay edekmusHOCMI 3emaeKopuc-
MyBaHHA PO321AHYMO Ha pigHi nidnpuemcmea ma depxcasu. lPoaHAni308a-
HO 3anPoBaOHEHHA 8 YKpaiHi Cy4acHuX KOCMIYHUX mexHon0zili 03 MOHIMo-
puHey 3emaexopucmysarHs (EOS Crop Monitoring, GIS Data). JosedeHo, wjo
BUKOPUCMAHHA MexHon02ill KOCMiYHO20 MOHIMOpPUH2Y 00380/IAE 3 BUCOKOKO
MOYHICMIO OUIHUMU NAOWY nocisie, 8idcmextygamu cmaH pocauH Ha 6Cix
hasax pocmy, npozHo3ysamu epoxcali Ha paHHix cmadisx, KOHMponsamu
azpoonepayii ma iHwe. Jocmyn 00 cynymHUKosux 0aHuX 3a nonepeoHi poxu
ma aHani3 eenuKkux macusie iHGopmayii 3 BUKOPUCMAHHAM HalHOBIWUX
mexHonoeili 00380aAt0Mb MPosoduUMU oyiHKy sapmocmi 3emsi. OKpecneHo
nepcrneKkmusHi cekmopu 3emaeKopucmysaHHs, de maomes 6ymu 3acmoco-
8QHI Cy4acHi KoCMiYHi mexHonoeil, a came: HamogHeHHA [lepiagHoz2o 3e-
MenbHo20 Kadacmpy, iHeeHMapu3ayia 3emens, 8i0YUGPOBYBAHHA HAABHUX
0aHux, hopmyeaHHs 6a3 0aHUX W00 3emesbHUX pecypcig. 3anponoHoO8aHo
MPAaKMUYHi pekomeHAayii Wodo BUKOPUCMAHHA KOCMIYHUX mexHosoeil 0na
MOHIMOpUHey egekmugHoCMi 3eMaeKoPUCMYBAHHA, MPO2HO3YBAHHA 8pO-
HAK0 Ma aHani3y YiHoymeopeHHs i3 ukopucmaHHam docgidy EC ma CLLA.

Kntouosi cnosa: cinbcbkozocnodapceke 8upobHUUMB0, 3emesnbHi pecyp-
CU, KOCMi4Hi mexHonoeii, MoHimopuHe, 2nobanizauis, egpekmusHicms, [1C-
mexHonoaii.
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3eM/1ern0/b308aHUS; UCMOb308AHUE KOCMUYECKUX MexHOA02ull 018 MOHU-
MOpUHea 3hheKmUBHOCMU 3eMA1enob308AHUSA; MOBbILIEHUE KOHKYpeH-
mocnocobHocmu MPOOYKYUU HA MUPOBOM PblHKe 30 cdem MOOEepHU3AuUU
U a8momamu3ayuu npou3eo0cmeeHHbIX MowHocmed; WUpoKoe 8HedpeHue
mexHono2uli AUCMaHYUOHHO20 30HOUPo8aHuUsA 3emau. 06OCHOBAHO, YMo 00-
HUM U3 HanpasseHul npuese4eHus UHHOBAUUOHHbIX pa3pabomok Aensomca
cospeMeHHble Kocmuyeckue mexHonoauu. CospeMeHHoe cocmoAHuUe U meH-
OeHYUU UCrOMb30BAHUSA KOCMUYECKUX mexHO02ull 049 MOHUMOPUHea 3¢-
(hekmugHOCMU 3eM/1eno/b308aHUA PACCMOMPEHO HA YposHe npednpuamus
u 2ocydapcmea. [MpoaHanu3uposaHsl 88edeHus 8 YkpauHe coepemeHHbIX
KocmuyecKux mexHonoauli 018 MOHUMOpUHaa 3emnenons3osarus (EOS Crop
Monitoring, GIS Data). [JokazaHo, Ymo ucrnonb3oearHue mexHono2uli KOCMu-
YecKo20 MOHUMOPUHA 1M0380/17eM C 8bICOKOU MOYHOCMbIO OUEHUMb A0~
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U OHOAU3 02POMHBIX MACCUBO8 UH(POPMAYUU C UCMOMb30BAHUEM HOBeliWUX
mexHonoauli no3eonaom nposooduMe oyeHky cmoumocmu 3emau. Onpede-
/IeHbl NepcrieKmugHble CeKmopa 3emenonb3oeanHus 20e 0omHbl Gbimb
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thopmuposaHue 6a3 OaHHbIX 110 3eMesnbHbIM pecypcam. pednoxceHsl Mpak-
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Problem statement. Digital technologies have made it
possible to conglomerate a large amount of data into a single
system as well as provided the access to them for a significant
number of people. The times when there was a monopoly on
information are becoming a thing of the past. Over the recent
decades, high technologies in Ukraine have become largely
used to solve tasks at the state level, and it was their capabilities
that significantly increased the possibility to enhance the effi-
ciency of economic activity and control production processes.

These trends are especially relevant for the agricultural sector
and the development of land relations.

Transparent and effective land management is a prereq-
uisite for the economic development of Ukraine and its territo-
rial communities. Although Ukraine has a vast land resource of
high quality, the productivity of its agricultural sector and the
income of local communities from land ownership are signifi-
cantly lower than in other countries. Without effective tools of
land management, about 10.5 million hectares of agricultural
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land owned by the state and territorial communities is often
a source of corruption. In particular, in case of more efficient
land management, budget revenues of territorial communities
can grow up to at least USD150 million compared to the cur-
rent USD617 thousand. This in turn is an important factor in
the success of the reforms launched in the country. Therefore,
the issue of monitoring land use with the application of modern
space technologies is a very important and promising research
area.

Methodology. The theoretical and methodological basis
of the study is the dialectical method of cognition of economic
processes, the fundamental principles of modern economic
theory, scientific works of domestic and foreign scientists con-
sidering the impact of economic globalization on the formation
of land relations in agriculture and the use of GIS-technologies.
The methodological background of the study is scientific meth-
ods of cognition based on a systems approach. To achieve the
goal set, a number of general and special research methods
are used: systems analysis; abstract logic methods; method of
analogies.

Analysis of recent researches and publications. The
first open geodata portal for communities GIS Data began to
work in Ukraine [3]. There are a significant number of Inter-
net resources that provide data on the current state of apply-
ing space technologies to monitor land use efficiency [1-2]. At
present, many scientists are interested in studying this issue,
including V. Zatserkovnyi, who analyzed the possibility for in-
creasing efficiency of agricultural production due to applying
GIS technologies in solving management tasks [4]. Moreover,
the author paid attention to the issue of the application of geo-
graphic information systems and remote sensing systems for ef-
ficient land use [5]. V. Tyshkovets considered modern problems
of land monitoring in Ukraine [6]. V. Schepak investigated the
features of monitoring agricultural land use [7]. M. Malanchuk
examined the specifics and current problems of soil monitor-
ing in Ukraine [8]. Y. Petlyuk explored the legal aspects of land
monitoring in Ukraine [9]. O. Dorosh studied the features of
land inventory and methodological approaches to its imple-
mentation [10].

Land management is described in a number of course
books and guidebooks under the editorship of V. Viun [13]. The
reviewing of literary sources allows to state that it is precisely
space technologies and, in particular, Earth Remote Sensing
that make it possible to monitor the state of using land resourc-
es and conduct their continuous monitoring.

The analysis of publications [14-17] and normative legal
documents [12] allows to identify the key issues that are a pre-
requisite for ensuring effective management of land resources
in the short term. These are: providing a comprehensive land
cadaster; ensuring simple and quick procedures in the field of
land relations and exchange of data on land ownership by state
bodies; developing the capacity of local communities for effec-
tive land management; transparency of land management data
and analysis of these data in order to better formulate public
policy in the agricultural sector. The implementation of this is
also possible through the application of modern space technol-
ogies for monitoring land use.

Presentation of basic material of the research. The
introduction of innovative space technologies will allow to

effectively transform agricultural production, stimulate small
and medium-sized enterprises and at the same time provide
access to the world market, which is extremely important,
given the existing resource potential. These actions will con-
tribute to improving labor productivity, saving various types
of resources, reducing losses and cost of food products, in-
creasing volumes and enhancing efficiency of agricultural
production.

The leading countries of the world can’t afford not to de-
velop space technologies, since the importance of this industry
in the nationwide development is difficult to deny. For example,
in 2017, the United States spent 0.248 % of the federal budget
on the development and support of the space industry, while
Russia — 0.165 %, France — 0.105 %, China — 0.076 %. It should
be noted that these countries have already carried out the di-
versification of the space industry, and as of 2017, developed
several space programs: military, industrial, telecommunica-
tion, agricultural ones, programs for environmental monitor-
ing, etc.

This distribution shows that information obtained from
space is an important component in the development of these
industries. As regards agriculture, in the EU countries, using
this technology has replaced the work of field inspectors; it is
from these data that decisions on the provision of subsidies are
made. In the United States, satellite data are used to forecast
crop yield and analyze pricing (Fig. 1).

In recent years, the trend of explosive development of
the latest space technologies has become increasingly popu-
lar. Almost daily we hear about breakthrough projects that are
implemented by ambitious scientists and engineers with the
support of advanced countries or risky businessmen. Space is
slowly becoming open not only to large corporations and states
but also to small companies, universities, independent groups
of scientists and students. And this is not just a trend — it is the
realities of today.

Analyzing the scope of application of space technologies,
it is worth mentioning that in the future they will be used to
implement ambitious plans for the total coverage of our planet
with the Internet through thousands of satellites, preparation
for space travel, colonization of other planets, research on ex-
traterrestrial civilizations, etc. In this context, we should take
a closer look at the trends and plans for space exploration and
the current role of our country in these processes.

The government adopted the concept of the space pro-
gram of Ukraine for 2018-2022. During the five-year term, it is
planned to attract UAH25 billion for the program. At the same
time, the budget of the State Space Agency for 2018 is UAH248
million or 8.7 million dollars. This program defines the direc-
tions for the development of the space industry of Ukraine and
the amount of its financing by the state. It is interesting that for
the implementation of the previous program of 2013-2017 it
was planned to attract UAH2.58 billion. This means that space
financing should grow ten times.

The new concept aims to increase the efficiency of the
existing space potential of the country and deepen internation-
al cooperation. In 2018-2022, the emphasis will be on Earth
observation and telecommunications. For example, in 2019 it
is planned to launch the first Ukrainian telecommunications
satellite Lybid. The development of the satellite was envisaged
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Fig. 1. Share of budget expenditures on the space sector in leading countries of the world, %, 2017

Source: [17]

by the program for 2007-2011. Its launch date was repeatedly
postponed. After the annexation of the Crimea by Russia, the
satellite tracking and data acquisition station remained in the
uncontrolled territory [17].

As for the expenditures on the space sector in other
countries, the world record holder in terms of the budget is the
NASA, which in 2018 received more than USD21 billion of fi-
nancing. Other participants in the space services market have
significant funds. For example, the budget of the International
European Space Agency in 2018 amounted to almost USD6.5
billion [17].

In Ukraine, a promising area for using space technologies
is the agricultural sector. Already today, a significant number of
agricultural operations are carried out with the application of
Earth Remote Sensing (ERS) (Fig. 2).

One of the prerequisites for the effective functioning of
the domestic agricultural sector and the rational use of the ex-
isting land resources is the employment of modern technolo-
gies in this area. The current state of and trends in the applica-
tion of space technologies to monitor land use efficiency will be
examined in more detail at the level of enterprises and the level
of the state as a whole.

The application of space technologies to monitor land use
efficiency at the enterprise level. One of the manifestations of
innovative development of the agrarian sector of the economy
is the land-use technology called “precision farming” This
technology began to actively develop in the EU Member States
in the late 1990s and was recognized by the world agricultural

science as quite effective, shifting agricultural business to a
higher quality level. In fact, it is a set of measures that allows to
accumulate objective information, analyze it and make prompt
and effective decisions in the process of land use, ownership
and disposal.

Corporate-type enterprises use the following precision
farming technologies: global positioning systems (GPS-navi-
gators, GLONASS), soil sampling systems, satellite and aerial
photography, as well as special programs for GIS-based agri-
cultural management (Fig. 3).

Equipment with elements of the precision farming tech-
nology is also used by domestic producers. Domestic enter-
prises, namely: A.T.K. LLC, Myronivsky Hliboproduct PJSC,
Astarta-Kyiv LLC, TAKO PJSC, Nibulon JV LLC, Agro-Trade
Company LLC, UkrAgroCom LLC, Agro-Soyuz LLC, Ukrzer-
noprom PJSC, Loture LLC are widely using computer modules
intended for the control of fuel consumption, seeds, fertilizer
application rate on their agricultural machinery. Modern ERS
technologies allow to keep a record of all machinery of the en-
terprise, show their locations and efficiency of work.

In addition to improving the accuracy of work, the ap-
plication of integrated control systems for intensive land use
allows operators to pay more attention to their working ma-
chines, work at night and use modern machinery more effi-
ciently. Sowing complexes equipped with satellite navigation
enable carrying out agromonitoring and sowing with an ac-
curacy within a centimeter, which is important for following
the crop cultivation technology (Fig. 4). The computerization
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Levels of implementing the ERS

State level = emergency monitoring
= territory mapping

= support for management decisions
= crop yield forecast for major crops

= identification of problem regions

Regional level

= monitoring of the state of agricultural development (crop sowing, condition, harvesting)
= monitoring of the environmental state of agriculture and related industries
= monitoring of the development and spread of weeds, pests, diseases

Enterprise level

= production process monitoring
= monitoring of processes of plant development
= environmental monitoring (soil, weather, etc.)

Fig. 2. Application of remote sensing technologies in the agricultural sector

Source: developed by the author

Integrated Agricultural Control Systems (IACSs)

11l 1Ll

11l 11l

Economic process control

Farming control systems
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("No-till", "Auto Track”)

Production
control systems

Logistics control systems
in enterprises

“M.E.Doc")
Makes it possible Involves:
to determine: = forming the field work

= place and type of work plan;

of the motor vehicle; = submitting reports on
= fuel consumption; technological
= kilometers traveled and operations;

minimization of working = monitoring accuracy of

time; farming operations;
= state of implementation = minimizing the cost of

of business operations at
the enterprise

fuel, seeds, fertilizers and
plant protection
products;

= forecasting the yield

Involves: Involves:

= registering the weight of
the motor vehicle;

= binding the weight of the
vehicle to its license
number;

= solving transport
problems related to
movement of goods
and movement of
agricultural machinery
between separate fields
during the implementa-
tion of business
operations

= tracking information in
the system;

= reducing expenses on
production registration;

= reducing production
costs and prime cost

Fig. 3. Application of Integrated Agricultural Control Systems for intensive land use

Source: developed by the author

of combined harvesters makes it possible to obtain all the in-
formation necessary during threshing: productivity, moisture,
threshing yield and grain loss, amount of threshed area per day
or for the entire harvesting period.

Given the cost of space technologies for monitoring land
use and difficult financial position of many domestic produc-
ers, the deployment of a set of software and hardware at the
enterprise can be carried out in stages, with gradual installing
of the necessary software components. Solving the problem
of automation of planning, dispatching, accounting and con-
trol processes in agricultural production should be carried out

comprehensively, with the application of geographic informa-
tion systems, satellite navigation (GPS), systems of data trans-
mission via GSM / GPRS channels, a computerized dispatch
center and various sensors installed on agricultural machinery.

Analysis of the economic activities of Agrofirma Svita-
nok PSP, A TK. LLC, TAKO PJSC, Ukr-Agro RT LLC, Nibulon
JV LLC suggests that modern technologies for minimizing soil
cultivation ensure increasing labor productivity in agriculture;
saving on combustive-lubricating materials, depreciation of
machines and tractors, spare parts; and decreasing the total
cost of 1 ha.
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Fig. 4. Agricultural monitoring using Global Positioning Systems

Source: [17]

The application of space technologies to monitor land use
efficiency at the state level. The development of space technolo-
gies for monitoring land use efficiency is facilitated by inter-
national programs that operate in Ukraine. For example, the
World Bank, with financial support from the EU, launched a
pilot project on farmland satellite monitoring in Ukraine.

As part of the 5-year program to improve transparency
and efficiency of land asset management in Ukraine — Land
Transparency, the project with the application of space technol-
ogies is being currently implemented in Lviv, Kyiv and Myko-
laiv region by the American company EOS (Earth Observing
System) that won the contract. Within the framework of the
program, EOS, based on satellite monitoring data, conducted
an analysis of the terrestrial vegetation cover. This allowed to
create maps of agricultural crops, determine the exact bound-
aries of the fields, as well as identify all main types of vegetation
cover in the three regions in the period 2016-2018.

The World Bank is joining the Earth Remote Sensing
(ERS) project that will monitor crop rotation and yield. Also,
ERS will make it possible to monitor soil erosion and logging,
study the feasibility of introducing irrigation systems. This
technology will improve community land registration and in-
crease land rental income. Under the program, specialists want
to combine several information resources into a single portal
— Nsdi.land.gov.ua [1]. EOS has introduced a unified database
that contains the information on crop areas and weather condi-
tions in Ukraine over the past three years (Fig. 5). It will allow
farmers to analyze crop conditions and take into account the
specifics of a separate plot of land and the district as a whole for
planning future work [2].

Integrated geoinformation technologies for agricultural
production called Precision Farming are a tool that contributes
to solving three main tasks that determine success in today’s
market: searching for timely and accurate information, making
the right management decisions and implementing these deci-
sions in practice.

The first open geodata portal for communities — GIS
Data — began to work in Ukraine. It is a tool for smart commu-
nity management containing more than 100 data sets from 40

sources and 13 tips for their application. The data sets include
information on economic development, industry, recreational
potential, construction, relevant and highly accurate data on
soils, crops, even weather, etc. — all that each community needs
for making various decisions and its further development.

It should be noted that all these data were scattered
among different sources. To solve the problem of searching for
arange of data on a specific geographical localization, the team
of the E-Solutions for Communities project created the GIS
Data Portal. It combines a simple rubric structured selection of
geospatial layers and various analytical e-solutions aimed at in-
novative development of society and pumping up local budgets
due to increasing land use efficiency.

Having implemented analytical e-solutions, most of
which are built on the basis of the GIS Data Portal, commu-
nities receive tools that will help them increase their budget
revenues, manage their assets efficiently, solve environmental
problems, monitor the environment, forecast the development
of adverse events (erosion, landslides, flooding, etc.), manage
the network of social infrastructure, etc.

As the conducted studies show, in order to ensure the
proper effectiveness of the state policy for land management
in Ukraine, it is necessary to abundantly use the data of Earth
remote Sensing and monitor land resources. Promising areas
of land use where modern space technologies can be applied
are as follows.

Filling the State Land Cadaster with correct data. The
incomplete content of the State Land Cadaster, numerous er-
rors in its data and lack of open access to them are a significant
obstacle to ensuring effective land management.

Taking land inventory, including in the process of land
transfer to the united territorial communities, as well as com-
bining the inventory process with the land resource planning.
Actually, the process of land transfer itself is a stimulus for tak-
ing its inventory, during which some errors made in the Ca-
daster are corrected.

Digitalizing all available data. Continuing the filling up
of the Cadaster, digitalization of its data and the use of modern
technologies, such as Earth Remote Sensing, mobile technolo-
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Fig. 5. Unified database on crop areas in Ukraine by EOS Crop Monitoring

Source: [2].

gies, will help to correct errors in the Land Cadaster, provide
transparency in land relations, help strengthen protection of
the rights of owners of land shares, and allow banks to use in-
formation about land resources owned / leased by borrowers,
which means revitalizing bank lending to farmers. Finally, an
important factor in ensuring effectiveness of land management
is accessible, transparent, open and well-structured data.

Conclusions. Space technologies provide a wide range
of opportunities for agricultural land use, including: identifica-
tion and registration of crop areas; crop yield forecast; analysis
of the crop conditions; estimation of crop areas; identification
of areas requiring fertilizers, chemical weed and pest killers;
control over crop rotations and quality of agrotechnical mea-
sures; identification of crop areas under risk of freeze damage;
estimation of pasture areas; analysis of results of subsidizing;
assessment of snow cover, humidity; identification of affected
areas, etc.

The experience of other countries shows that the use of
such information by an agricultural enterprise can improve
land use efficiency. This is very promising. The point is that we
will not only be able to observe space from the Earth but also to
observe the Earth from space, using this data for the needs of
the agricultural sector.

The use of geoinformation technologies in agriculture is
possible both at the regional and state levels for vertical (be-
tween different management levels) and horizontal (between
farms or organizations of the same level) coordination of ac-
tions. The most famous and effective providers of this service
are the following companies: “Cropio” (USA / Germany), “eL-
eaf” (Holland), “PrecisionAgriculture” (Australia), “Astrium-
Geo” (France), “MapExpert” (Ukraine). Using these systems
allows not only to quickly monitor the condition of fields but

also to receive reports and messages on production in real
time; forecast the yield of fields and the economy as a whole;
receive related information on agricultural markets, currency
quotes and prices of agricultural products on individual stock
exchanges.

Today, in Ukraine, a big problem is that the access to a
significant amount of information necessary for agricultural
land use is limited. For example, the village council cannot see
who owns a particular plot, which significantly complicates the
adoption of any decisions on the development of rural terri-
tories. Therefore, it is necessary to provide access of any user
in Ukraine to information on land resources and access of vil-
lage councils to data on their land. In addition, the data sets
collected by statistics bodies and accessible for monitoring and
analysis (in particular, due to geodata) should be significantly
expanded.
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