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» Abstract. Digitalization of the country’s economy should currently be considered as an integral prerequisite for its
development, the activation of which is necessary at all levels, from the state to the level of an individual citizen. In the
agricultural sector, the introduction of digital tools and technologies is necessary in view of their significant potential
in the context of increasing the productivity of resources and increasing the level of competitiveness of products,
manufacturers, industries, and the state as a whole. The livestock industry in Ukraine is experiencing a severe lack of
electronic digital services. The purpose of the article is to justify the importance of using digitization for the innovative
development of the livestock industry. The following methods of scientific knowledge were used in the research process:
theoretical generalization, analysis and synthesis, data analysis, economic-statistical, graphic, correlation-regression,
cartographic and abstract -logical. The main tools of digitization of the process of resource provision of producers of
livestock products were summarized. Systematized priority types of information technologies within the framework of
digitalization of business processes of producers of livestock products depending on the field of application, the main
of which are information systems for determining actual and potential resource needs, selection of potential suppliers
and organization of purchase and sale operations (field of resource provision); technologies for monitoring the state
of farm animals, optimizing the diet and veterinary measures, forecasting the state of the animal, disease outbreaks,
livestock productivity (production); online platforms for selling livestock products, electronic document management
services, etc. (sales of products). The directions of using geo-information systems and technologies in order to ensure the
development of the animal husbandry industry, which involve taking into account the information needs of potential
users (in particular, producers of livestock products, investors and/or creditors, executive authorities, consumers)
and providing them with accurate, unbiased, operational data, are substantiated. necessary for making management
decisions. Therefore, digitalization should be considered as one of the promising tools for intensifying the development
of animal husbandry and increasing the efficiency of production and sale of animal products. The practical value of the
work lies in the development of the systematization of priority types of information technologies within the framework
of digitalization of business processes for the production of livestock products
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» Introduction

Activation development of agricultural production, in par-  Potentially promising for implementation in the process
ticular industry animal husbandry, depends on moderni-  of production and distribution of livestock products are
zation in management processes. Insufficient using new  information technologies. As part of the digitization of
ones in modern technologies slows down this process.  production processes, it is advisable to use technologies
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for monitoring the state of farm animals, optimizing the
diet and veterinary measures, forecasting the state of the
animal, disease outbreaks, and livestock productivity. De-
velopment and active use of online platforms for the sale
of livestock products, electronic document management
services, etc., are promising as part of the digitalization of
the sale of livestock products. Therefore, digitalization is
the basis for making successful management decisions by
both managers and investors. Modernization, optimiza-
tion, and development of the animal husbandry industry
based on digitalization of management processes requires
a significant amount of time for implementation, which is
associated with investment, as well as training of employ-
ees in new professional competencies.

Digitization at the level of individual business entities
is usually carried out directly on their initiative and financ-
ing, however, not only business entities, but also society as
a whole benefit. In a broad sense, digitization is the trans-
formation of analogue data into a digital language, which,
in turn, can improve business relationships between cus-
tomers and companies, creating added value for the entire
economy and society (Reis ef al., 2020). Digitization is an
inevitable trend of modern society, which contributes not
only to the improvement of the economic efficiency of the
functioning and competitiveness of the agricultural sector,
but also allows reducing the load on natural resources and
the environment as a whole (Burliai ez al., 2019).

A number of scientific studies are devoted to the
problems of digitalization in the agricultural sector, in
particular, in the field of animal husbandry, and the use of
modern technologies in ensuring the competitiveness of
animal husbandry products. In particular, the process of
animal husbandry development to ensure a “green” econ-
omy is analysed by J.De Boer & H. Aiking (2019). Attention
to the issue of the application of modern technologies
in agriculture is considered in the studies of S. Brewster
etal. (2018). W. Ma et al. (2018) focused on the problem of
using modern technologies in the context of increasing the
productivity of agricultural animals using the example of
dairy farms in New Zealand. The study of the development
of the livestock industry in the context of changes in sup-
ply chains in the EU was carried out by A. Deppermann
et al. (2018). In the area of changes in agrarian policy,
changes in approaches to the use of agricultural land in
the EU were highlighted by J.O. Karlsson & E. R66s (2019).

The relevance of digitalization of the livestock indus-
try and its practical significance determined the conduct
of this scientific study and influenced its purpose, which
is to justify the importance of using digital technologies
to activate the effective development of the livestock in-
dustry. The research problem of digitalization of agricul-
tural enterprises was reflected in the scientific work of
Yu.O. Voloshchuk (2019), who noted that digitalization
can help increase the level of competitiveness of all sec-
tors of the economy and develop innovative entrepre-
neurship. As noted by K. Stoyanov et al. (2021), digitaliza-
tion is already largely seen as a key competitive advantage
for all businesses, regardless of their economic sector or
industry. Traditional types of economic activity, such as
farming and animal husbandry, were not left out of these
innovative approaches. In particular, S. Neethirajan (2023)
believes that “the advent of precision and digital animal
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husbandry opens up the opportunity for sustainable ani-
mal husbandry practices that improve animal welfare and
health”. The livelihood of the livestock industry is also di-
rectly related to solving environmental problems, as it cre-
ates an opportunity to control the state of feed production,
disposal, and processing of waste, feeding animals and
their health, which is directly related to human health and
the state of the environment. Thus, in Germany and France,
up to 35% of milking equipment are robots, in Denmark —
more than 50%, in the Netherlands — 60% (Petrenko, 2018).

Ensuring the maximum level of efficiency from the in-
troduction of digital tools requires their use at all stages of
the economic activity of livestock producers. In addition, it
is important to single out tools that will ensure the receipt
of positive environmental and social effects and, accord-
ingly, the development of socially and environmentally
responsible business at the community, regional and state
levels. This approach will ensure the systematicity of the
formed recommendations in the context of digitalization of
business processes of manufacturers of livestock products.

» Materials and Methods

The methodological basis is a systematic approach to
the study of economic processes and phenomena, which
made it possible to identify the main tools of digitization
of the process of resource provision of animal husbandry
production and to single out separate areas of information
provision and decision-making in the field of animal hus-
bandry, in particular, and producers of animal husbandry
products, based on geographic information systems (GIS).
An important basis of the study was informational statis-
tical indicators of Ukraine regarding the display of the
dynamics of production of livestock products by various
farms of all categories (Verner, 2022). Using the method
of analysis and synthesis, it was determined that digitali-
zation is relevant within the scope of production work re-
lated to monitoring, forecasting the state of farm animals,
livestock productivity, optimizing the diet, etc., as well as
the active use of online platforms for the sale of livestock
products, ensuring constant collection, analysing infor-
mation for compliance safe measures.

With the help of methods of theoretical generaliza-
tion, analysis and synthesis, the approaches of scientists
to the problem of agricultural production in the condi-
tions of digitalization, in particular in the field of animal
husbandry, were investigated; the logical method was
used throughout the study. The data analysis was used
to generalize domestic and foreign experience in deter-
mining the essential characteristics of the key concepts of
digitization. The economic-statistical method was used to
process statistical data, in particular the dynamics of pro-
duction of livestock products and the number of agricul-
tural animals and poultry, which made it possible to make
forecasts. The graphic method was intended for a visual
representation of the system of indicators of the produc-
tion of products in the field of animal husbandry and live-
stock of agricultural animals and poultry. When applying
the correlation-regression method in the process of de-
veloping the methodology, indicators of the development
of the livestock industry and building models were pre-
dicted. The cartographic method was used to display and
monitor milk production and consumption per person
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and cow population, as well as to analyse the level of food
security in general and separately by economic, ecological
and social components. Conclusions and proposals were
formulated using the abstract-logical method.

» Results

The level of providing the population with food is consid-
ered as the most important factor and determining crite-
rion of the level of social life of any country, the viability
of its economic structure and state system. In solving this

problem, a special role is played by animal husbandry,
which is traditionally an important and integral compo-
nent of agriculture and determines the socio-economic
condition of all categories of farms in Ukraine. In the period
2000-2021, the industry is in a crisis situation and has un-
dergone the most destructive changes. The analysis of the
level and dynamics of the production of the main types of
livestock products, which provide the processing industry
with raw materials, and the retail market with food prod-
ucts for the population, should be considered in Table 1.

Table 1. Dynamics of production of the main types of livestock products by farms of all categories

Ratio in% to

Types of products R thousand tons
2000 2017 2018 2019 2020 2021 2000 2020

Milk and milk products (in | 1, c57 9 | 102805 | 10064.0 | 96632 9263.6 8713.9 68.8 94.1

terms of milk)

Meat (in slaughter weight) | 1662.8 | 2318.2 | 23549 | 24924 2477.5 2438.3 146.6 98.4
in particular beef and veal 754.3 363.5 358.9 369.5 3454 310.5 41.2 89.9
pork 675.9 735.9 702.6 708.3 697.2 724.0 107.1 103.8

poultry meat 35.8 1014.1 | 1084.6 1209.7 12322 12085 | >33times | 98.1

other types of meat 196.8 204.7 208.8 204.9 202.7 195.3 99.2 96.4
Eggs, million pcs. 8808.6 15505.8 | 16132.0 16 677.5 16 167.2 14 071.3 159.7 87.0

Source: calculated according to the data of the State Statistics Service of Ukraine (Verner, 2022)

For the period from 2000 to 2021, the dynamics of the
production of the main types of livestock products shows
an increase in the volume of meat production from 1 662.8
thousand tons to 2 438.3 thousand tons, or by 46.6%, and
eggs by 59.7% over the corresponding period. The increase
in meat production was due to the increase in pork pro-
duction by 7% and poultry meat, which increased 33 times
during the studied period, while the production of beef
and veal decreased by 58.8% or 443.8 thousand tons. Milk
production in 2021 decreased compared to 2000 by 31.2%
or by 3944 thousand tons. Compared to 2020, the volume
of livestock production decreased from 1.6% (meat) to
13% (egg production).
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According to the received forecasts, a further decrease
in the production of beef and veal is expected (by 26.04
thousand in 2025 compared to 2021 or by 8.4%) (Fig. 1).
On the other hand, the volume of production of pork and
poultry meat will increase. The poultry meat production
industry will develop more rapidly (growth by 5.37% an-
nually, in particular due to the increase in livestock). In
2025, the volume of poultry meat produced will be about
1 681.66 thousand tons, which is 308.16 thousand tons
(or 22.44%) more than in 2021. As for the volume of pork
production, in 2025, if existing trends and dependence are
preserved, it may increase by 63.29 thousand tons or by
8.74% to 787.29 thousand tons.
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2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

Years

= © =Volume of beef and veal production, thousand tons
Volume of pork production, thousand tons
Volume of poultry meat production, thousand tons

Figure 1. Projected values of meat production volumes until 2025

Note: 2022 is estimated data
Source: created by the authors
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In 2025, the volume of milk production may de-

crease by 1 164 compared to 2 021.53 thousand tons (or
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3.3% (Fig. 2). The largest projected increase in production
is expected for eggs, which in 2025 could potentially reach
17.348 million eggs, which is 23.29% more than in 2021.

2024
Years

Volume of milk production, thousand tons

Volume of egg production, million pcs

Figure 2. Projected values of milk and egg production volumes until 2025

Note: 2022 is estimated data
Source: created by the authors

Negative factors connected over time with changes
in property relations and the implementation of other
market transformations led to a catastrophic decrease in
the number of cattle, cows, pigs, and poultry. And these
are the means of production that are irreplaceable and
only in their presence is it possible to produce milk and
beef, pork, poultry, and eggs. That is, the number of ag-
ricultural animals and poultry and their productivity
belong to the factors that decisively affect the volume of
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livestock production, the level of development of the dairy
and meat industry, and providing the population with
the most valuable food products in sufficient quantities.
The dynamics of the livestock of agricultural animals and
poultry for 2000-2021 and estimated values for 2022 made
it possible to forecast these indicators for the short term.
Actual data on cattle population (hereinafter — cattle) for
2000-2021, estimated values for 2022 and projected levels
for 2023-2025 are shown in Figure 3.

2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

--©---Livestock (for slaughter), thousand heads

Cattle population (total), thousand head

Year

The number of cows, thousand head

Figure 3. Trends in cattle population changes until 2025

Note: 2022 is estimated data
Source: created by the authors
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Based on the forecasting results, it was established
that the dynamics of the cattle population (both dairy herd
and animals for slaughter) is characterized by a steady
downward trend. At the same time, in the next 5 years,
the rate of reduction in the number of cows is expected
to decrease, while the number of cattle for slaughter will
decrease somewhat more rapidly. In particular, in 2025,
compared to 2021, a total decrease of 583.59 thousand
of cattle (up to 2 060.42 thousand people) or by 22.07% is
predicted. Annually, with an unchanged trend, the popu-
lation will decrease by an average of 6.04%, which is a seri-
ous challenge to the country’s food security. As mentioned
above, firstly, such changes will be caused by the negative

downward trend of the number of cattle for slaughter, ac-
cording to which it is expected to decrease by 428.25 thou-
sand cattle in 2025 (up to 671.76 thousand people) or by
38.93%. On average, the annual decrease in the number
of cattle for slaughter will be about 11.6%, which is an ex-
tremely negative trend. On the other hand, the number of
cows, according to the constructed forecasts for 2025, will
decrease by 284.34 thousand cattle or by 17% in 2025 com-
pared to 2021 and will amount to 1 388. 66 thousand cows.
The annual decrease will be 3.67%. According to the re-
sults of forecasting the pig population, it was established
that this indicator will remain relatively stable in the fol-
lowing years (Fig. 4).
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Figure 4. Trends in pig and poultry population changes until 2025, thousand goals

Note: 2022 is estimated data
Source: created by the authors

As for the poultry population, it will gradually grow,
in particular thanks to the possibility of expanding the ex-
port potential of domestic producers. The annual reduc-
tion in the number of pigs in 2021-2025 will be approxi-
mately 0.52%. In particular, during this period, a decrease
in the number of pigs by 116.600 heads is expected (or by
2.08%) to 5492.2 thousand pigs. As for the poultry popula-
tion, it will maintain the upward trend (annually by 1.03%)
and in 2025 it will grow to 210 718.2 thousand heads or on
8475.13 thousand heads (4.19%) compared to 2021. In the
process of forecasting the population of agricultural ani-
mals, it was established that the main influencing factor is
the time factor, which is a form of manifestation of scien-
tific and technical progress (hereinafter — STP). Solving the
problem of providing the population with food products
of animal origin, guaranteed supply of raw materials to
processing enterprises, and meeting the country’s export
needs necessitates the development of tools for revitaliz-
ing the development of the livestock sector, one of which
is the use of digital technologies.

Ekonomika APK. 2023. Vol. 30, No. 4

It is advisable to group the mechanisms and tools
of digitization of the activities of producers of livestock
products according to their areas of application, the
basic of which are resource provision, production, and
sales. The process of resource provision covers such
sub-processes as determining the need for resources,
searching for potential counterparties based on the
price-quality ratio criterion, and, directly, buying and
selling goods. Resource needs can be conditionally di-
vided into potential needs, which are determined on
the basis of planned indicators of production of live-
stock products and livestock of agricultural animals and
poultry, as well as actual needs in accordance with the
available current stocks of resources, the speed of their
use and the needs of livestock at the current moment
time The main digitization tools that provide informa-
tion support for the mentioned sub-processes include,
firstly, inventory management systems and modules
built into Internet of Things (IoT) systems that monitor
the level of resource use.




Information systems focused on calculating potential
resource needs are based on algorithms for determining
the planned volume of production of each individual type
of livestock production. To create such systems, it is neces-
sary to develop and implement a universal (for small man-
ufacturers) or specific (for medium and large manufactur-
ers) methodology for determining planned production
volumes, based on which the needs for each individual
type of resource will be determined. To simplify the calcu-
lation procedure, it is considered appropriate to develop
modules that will automatically calculate the enterprise’s
needs for resources based on an algorithm and mathe-
matical models that will take into account the specifics of
the economic activity of a specific manufacturer. Another
type of information technology that can be used to deter-
mine the needs of producers of livestock products are spe-
cial personalized services (including mobile applications)
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designed to select optimal resources (in particular, feed,
veterinary services, technical equipment, etc.) taking into
account the key factors for the producer criteria (for ex-
ample, available livestock, animal breeds, locations, etc.)
(The competitive advantage..., 2018).

The search for necessary resources and suppliers,
taking into account their prices, available volumes and
quality characteristics of the supplier, can be carried out
on the basis of special mobile applications, platforms, on-
line marketplaces and services. Such platforms are able to
select counterparties according to the specified criteria,
perform a comparative analysis of various products and
sellers, support online purchase and sale operations, serve
as a basis for forming established relationships with the
supplier, etc. In general, the main tools of digitization of
the process of resource provision of producers of livestock
products are shown in (Fig. 5).

Defining necessities in resources

Potential

Information systems with built-in personalized algorithms for
determining resource needs

necessities

A

Actual necessities

Decision-making support services for the selection of raw
materials, materials and suppliers in accordance with the criteria
set by the manufacturer

Inventory management systems that automatically determine the
time and volume of deliveries

Internet of things systems l

Search for potential suppliers

Comparison of
existing offers

Databases of potential suppliers and their products l

Online auctions l

Selection of
product and

Online platforms with offers from suppliers and the ability to
select products according to specified criteria

Services for the selection of suppliers based on criteria and
reviews, followed by establishing direct contacts

Online platforms for support of purchase and sale operations with
protection of the interests of all parties

supplier a
4—{ Internet of things systems l
i Support of purchase and sale operations
i <—‘ Online auctions l
i | Buying and selling
¢ | resources

Figure 5. The main tools of digitization of the process of resource provision
of producers of animal husbandry products

Source: author’s development
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As for the direct production of livestock products,
there are currently a significant number of information
systems and technologies that aim to collect, process,
store, transfer data and automate a number of production
functions and processes (Moroz, 2020).The main business
processes that can be optimized with the help of informa-
tion systems and technologies include, firstly, the mon-
itoring of the state of health of animals and poultry, the
planning of veterinary measures, and the determination
of the optimal diet.

The use of hardware and software complexes based
on IoT involves the installation of sensors, the use of spe-
cial devices such as collars, tags for each individual farm
animal, with the aim of further monitoring its health in
real time and transferring relevant indicators and indica-
tors to the user on a mobile application and/or an online
platform. In the future, the obtained results will be used to
determine the optimal ration (including for an individual
animal if necessary), list of necessary veterinary services,
control of the epidemiological situation, etc. The basis of
the operation of such systems are algorithms for compar-
ing the actual values of indicators of temperature, humidi-
ty, activity level, etc., which are continuously collected and
stored in the database, with normative levels.

Remote monitoring with the help of such tools as
cameras, unmanned aerial vehicles (UAVs) is proposed
as another way of monitoring the health of farm animals.
Such monitoring is based on computer vision technol-
ogies and specially developed and trained neural net-
works. The main advantages of using appropriate in-
formation systems are, firstly, the release of jobs related
to animal monitoring, secondly, the observation of all
livestock at the same time and, thirdly, the possibility
of detecting atypical animal behaviour in real time and
the formation of timely measures to find the cause and

eliminate the problem. In addition to direct monitoring
of the state of farm animals, these systems are focused
on data collection. In the process of processing large ar-
rays of data, methods and technologies of artificial intel-
ligence are involved, the purpose of which is to develop
forecasts of physiological parameters of animals, their
state of health and disease outbreaks. In addition, it is
advisable to implement information systems into the
economic process of producers of livestock products,
which, based on the processing of collected data, deter-
mine the optimal ration for each individual farm animal
or group of animals, taking into account their current
condition, the level of provision of proteins, fats, carbo-
hydrates, trace elements, etc.

Comprehensive monitoring of all operational pro-
cesses in livestock complexes is carried out on the basis of
specialized information systems and software and hard-
ware complexes, which integrate the above-mentioned
technologies. Such systems and technologies are imple-
mented in the form of online platforms, web services,
mobile applications, etc. Their main purpose is contin-
uous monitoring by management personnel of business
processes related to the analysis of animal health, feeding,
veterinary care, etc. The final product of such systems is
recommendations for optimizing individual operational
processes based on the processing of economic process
monitoring data. In general, the implementation of digital
tools and technologies in the production process will en-
able a significant increase in the productivity of farm an-
imals, including due to a personalized approach, round-
the-clock monitoring, the use of precise mathematical
algorithms and the processing of large arrays of objective
information. A summary of digital tools designed to in-
crease the efficiency of production processes in animal
husbandry is shown in (Fig. 6).

Monitoring of the

<—‘ IoT based on sensors, collars, tags

condition and

1 health of rural
animals

neural networks

Remote monitoring based on computer vision technologies,

Optimization of

Decision support systems based on the results of comparing the

> veterinary < actual values of the animal's physiological parameters and their
measures normative levels

Optimizing the Decision support systems based on the results of comparing the

N diet actual values of the animal's physiological parameters and their

normative levels

Prediction of
animal condition,
disease
Ly outbreaks,
livestock
productivity

Information systems operating on the basis of mathematical
algorithms, neural networks capable of processing large data sets
< and developing forecasts

Figure 6. The main tools of digitization of the livestock production process

Source: author’s development
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Digitization of the process of sale of livestock prod-
ucts is primarily related to the digitization of data on the
flow of finished products with the indication of the levels
of its quality characteristics, the available volume, if nec-
essary, photos and/or videos. With the help of online plat-
forms, auctions, marketplaces, manufacturers will have
access to the maximum number of potential buyers who
are able to automate and secure purchase and sale oper-
ations. Electronic document management services are in
growing demand (Electronic document management...,
2019), which make it possible to significantly save time
and labour resources when working with documentation,
ensure reliable storage of documents and significantly
simplify the procedures for buying and selling goods.

One of the key needs of the livestock industry, with-
out the satisfaction of which its further development is
impossible, is the attraction of sufficient investment cap-
ital, which will ensure not only the expanded reproduc-
tion of the industry, but also its intensification due to the
introduction of the latest technologies at all stages of the
creation of the product chain, from resource provision to
the realization of the finished product. products Making
investment decisions should be based on the analysis of
the potential development efficiency of the investment
object (Zakhodym, 2023). At the same time, it is neces-
sary to take into account not only the efficiency of the
direct economic entity or their aggregate at the commu-
nity, regional or state level, but also the peculiarities and
potential of the environment within which they function.
Firstly, this concerns the availability of infrastructure fa-
cilities that are important for ensuring the business pro-
cesses of producers of livestock products. Important is
not only the existence of such objects, but also the pos-
sibility of forming and deepening interaction between
them and producers.

Given the above, an integral element of the process
of attracting investment resources is providing potential
investors with the most accurate, complete information
necessary for making an investment decision, in the most
convenient format. One of the methods of visualization
of relevant data is their presentation with reference to the
coordinate system on the map. For this, geo-information
systems and technologies are used, which make it possi-
ble to collect, record, process (including using modelling
methods), transfer geospatial data, as well as support
management decision-making. Currently, geo-informa-
tion portals are being actively created at all levels of ad-
ministration (primarily at the community and regional
levels), which, although they perform different functions,
have a common goal - ensuring the development of the
respective territories.

The creation of geo-informational portals aimed at
providing information for the development of the live-
stock sector has a number of significant advantages,
namely: free, round-the-clock access to data. The main
costs are the costs of creating a portal (one-time costs),
its refinement and improvement (if necessary), admin-
istration (monthly expenses for the salary of a special-
ist), payment for virtual hosting services (monthly) and
domain name (annually), solving non-trivial tasks within
making management decisions (if necessary). In the case
of using all the capabilities of geographic information
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systems (GIS), the actual socio-economic benefits from
the geoinformation portal may significantly exceed the
listed and other types of costs; easy-to-understand for-
mat. In particular, data about objects (animal farms,
complexes, pastures, processing enterprises, distribu-
tion networks, etc.) are displayed on the map with ref-
erence to their location. This makes it possible to signifi-
cantly simplify the perception of data in various formats,
to identify stable relationships between them, and to
significantly improve the results of information analysis.
Based on the analysis of spatial data, it is possible to form
a mechanism for making informed political decisions
within the framework of forming and changing the agrar-
ian policy of the country and regions, including with re-
gard to promoting the development of the livestock in-
dustry and ensuring the food security of the state; the
possibility of spatial analysis, i.e., analysis of geographic
data. The most common way of using the corresponding
method is to optimize the placement of objects in space
based on certain criteria and restrictions.

Geographic information systems are widely used
to collect and process data, and are often used to create
unique maps based on user requests. Agricultural uni-
versities and scientific institutions occupy a significant
place among the key players in the development of these
systems. This is due to the fact that researchers who use
geographic information systems and technologies usually
specialize in certain branches of agriculture. Moreover,
they are often part of an extensive informal network of sci-
entists in a university, region, or state specializing in issues
related to the production, distribution, and consumption
of livestock products.

In the context of decision-making in the field of pro-
viding the population with livestock products, spatial
analysis can be used, firstly, to determine the locations of
livestock farms, complexes, processing facilities, construc-
tion of infrastructure facilities; use for the management of
natural resources involved in the production of livestock
products. Based on official data, as well as processed data
of satellite images, which are applied to the map, it is pos-
sible to organize continuous monitoring of water and land
resources, in particular, to assess their availability, cur-
rent state, and dynamics. An important stage of such an
analysis is the assessment of the suitability of the land for
animal husbandry and the determination of areas that are
suitable for grazing (for example, according to the criteria
of the presence and steepness of slopes, the suitability of
vegetation cover, etc.). In addition, based on the results
of geospatial data processing, it is possible to establish in
which territories the grazing of agricultural animals is eco-
logically destructive. In such cases, a decision is made to
temporarily refuse the use of the corresponding areas in
animal husbandry until their restoration; decision-mak-
ing support in the grazing planning process. In particular,
such decisions can be based on the results of modelling
the carrying capacity of pastures (Meehan et al., 2018),
take into account such factors as rotational grazing, pe-
riods of rest on pastures, distribution within the existing
landscape, etc.; the possibility of monitoring the state
and development of vegetation within pastures. Provi-
sion of continuous monitoring with automatic upload of
new satellite images will make it possible to timely detect

Ekonomika APK. 2023. Vol. 30, No. 4




Digitization as a tool for revitalizing the livestock industry

degraded areas, which, among other things, arise due to
excessive grazing.

On the basis of obtaining relevant operational data,
decisions will be made regarding the provision of optimal
grazing of animals not only by the criterion of econom-
ic efficiency and provision of the physiological needs of
livestock, but also by the ecological criterion; infrastruc-
ture planning that will ensure business processes of pro-
duction and distribution of livestock products. The cor-
responding function is implemented by planning and
reconstruction/construction of infrastructure facilities
taking into account the actual location of livestock farms
and complexes, the concentration of consumers of live-
stock products; identification and continuous monitoring
of regions with potentially increased demand for livestock
products, in order to plan the infrastructure of sales mar-
kets; assessment of the potential eco-destructive effects of
animal husbandry on the surrounding ecosystems. In par-
ticular, retrospective, current and potential assessments
of the levels of water pollution, soil erosion, emissions of
harmful substances (including carbon monoxide), etc. are
determined. As part of the task of such an assessment,
maps are created on which the state and dynamics of the
relevant quantitative indicators are visualized. Such maps

can be used in the process of ensuring sustainable ecolog-
ically oriented development of animal husbandry.

The basic function of GIS in the process of develop-
ment of the livestock industry and the markets of the cor-
responding products is the provision of information to all
interested parties. Firstly, the following groups of users
should be included in the circle of stakeholders: produc-
ers of animal husbandry products; potential and existing
investors and/or creditors; decision-making subjects in
the context of regulation of the livestock industry (at local,
regional, state levels); consumers of livestock products; or-
ganizations and institutions for monitoring the ecological
state of territories. The structure of the input data that will
be loaded into the GIS should be determined taking into
account the information needs of potential users, which, in
turn, are determined by the types of decisions they make.
This approach will ensure the systematicity of the data col-
lection process (which can later be automated) and max-
imize the effectiveness of GIS implementation within the
livestock sector. Therefore, special attention should be paid
to the possibilities of implementation of geoinformation
systems and technologies in the process of making man-
agement decisions. Table 2 details the types of livestock
producer decisions that can be supported by GIS.

Table 2. Areas of information support and decision-making support
for producers of livestock products based on GIS

Type of management decision Required data

- pastures;

- water bodies;

- producers of crop
production for fodder
(location and capacity)

The technology of using GIS

Data visualization on the map

Determination of the location of
livestock farms/complexes

Land carrying capacity

- visualization of pastures (based on official data or satellite
- determination of the amount of photosynthetically active
- calculation of throughput based on the standard of

- optimization of the location of the farm/complex, taking into

data with subsequent classification of surface types);
biomass within pastures (vegetation index);
consumption of pasture grass;

account the priority of factors (forage base, water bodies)

Determination of the location of
processing facilities

Existing animal farms/
complexes

- creation of shapes with data on the production capacity of

producers of livestock products, roads (in particular, their
classification by type);
- optimization of the location of processing facilities

Determination of areas suitable
for grazing

- territories of existing/
potential pastures;

- landscape of pastures;

- water objects

- visualization of data on the map and superimposition of
layers;

- classification of territories according to the level of
suitability for grazing, their carrying capacity

Determination of pastures

Pastures with a low
vegetation index,

subject to “rest”

degraded pastures

- data visualization on the map;
- classification of pastures according to the level of
photosynthetically active biomass

Source: author’s development

Most of them involve solving optimization problems
with various optimality criteria and constraints. The key
procedures in most of the presented problems are the
classification of objects according to defined criteria,
which will result in different display of objects of different
groups. For example, in the case of classification of pas-
tures by the level of the vegetation index, they can change
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colour on the map from bright saturated green (high level
of photosynthetically active biomass) to yellow (critically
low level of the vegetation index).

When planning the livestock of agricultural animals
on free grazing, it is considered extremely important to
take into account the available fodder base from the point
of view of potential green mass. M. Meehan et al. (2018)




suggest using GIS to determine the number of individual
species of farm animals that graze on pasture during a spe-
cific period. The key condition for effective production of
products within the framework of the relevant task should
be that the number of animals does not exceed the carrying
capacity of the available pastures. The latter is determined
by the amount of green mass that can be obtained on a spe-
cific plot/pasture. At the same time, the condition should be
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imposed that the optimal number of animals is such that it
will ensure simple/extended reproduction of pastures in the
form of preservation or improvement of the fodder base and
other vegetation. As for other users of information about the
state and dynamics of the development of both the livestock
industry and the market for corresponding products and
market infrastructure, the possibilities of using GIS to satisfy
their own information requests are shown in Table 3.

Table 3. Areas of information support and decision-making support in the field of animal husbandry based on GIS
(except for product manufacturers)

Type of management
decision

Subject of
decision-making

Justification of the priority
objects of stimulating the
development of animal
husbandry, areas of
ensuring food security

sector;

Executive bodies

Required data

- indicators of the livestock

- consumption of livestock
products;

- the population of rural
areas animals;

- food safety

The technology of using GIS

Visualization of data on the map with a

mandatory emphasis on territories with

an insufficient level of consumption of
livestock products

Subjects are
involved in the
process of selling

Determination of the
location of sales networks

Location of producers and
their capacity, processing
facilities, roads

- creation of shapes with data on
production, processing facilities, roads
(including their classification by types);

- optimization of the distribution network

products location
- data visualization on the map;
- localization of natural - automation of data update based on
Environmental resources and biological updated satellite images;
Justification of measures to institutions, ecosystems; - determination of the amount of
preserve natural resources organizations - location of farms/ photosynthetically active biomass within
and ecosystems complexes; pastures;
Executive bodies | - livestock density; - layering with stock density and CO,

- emissions of Co, Co

emissions localization of biological
ecosystems and biomass index

Source: author’s development

Firstly, the category of stakeholders in the context of
information provision should include executive authori-
ties at all levels of management, who need the most ac-
curate, unbiased and operational information about the
current levels and dynamics of indicators in terms of the
following groups of factors:

1) the structure of the livestock of agricultural an-
imals — for monitoring the specialization of regions. For
visualization, it is advisable to use pie charts;

2) stocking density per unit of the corresponding
area. In particular, the specified information is useful for
environmental monitoring in the context of emissions
of environmentally hazardous substances, in particular,
carbon dioxide. It is advisable to display the data in the
form of charts, taking into account the time factor. In ad-
dition, such maps should display the main indicators of
the ecological state, in particular, the amount of carbon
dioxide emissions;

3) volume of production of the main types of animal
husbandry products. For visualization, it is recommended
to use choropleth maps, on which areas/regions will have
different colours depending on the production volumes of
each individual type of livestock production. Darker col-
ours will represent areas with higher indicator levels;

4) available pasture areas by region for monitoring
their dynamics;

5) level of livestock morbidity for monitoring the epi-
demiological status of livestock;

6) volumes of production and consumption of the
main livestock products per capita, the level of satisfac-
tion of physiological needs in the main types of livestock
products. It is advisable to visualize in the form of choro-
pleth maps, with the simultaneous display of diagrams of
the dynamics of indicators.

Regarding the display of data as part of the analysis of
the state and trends in the development of livestock prod-
uct markets, the key indicators that should be displayed
on cartographic images are the locations of existing sales
markets (in particular, wholesale) (Brewster et al., 2018).
It also includes retail sales points, trading points, animal
slaughter points, etc.), the number and concentration of
the population, the capacity, and location of producers
of livestock products. Examples of maps that can be used
to monitor milk production and consumption per person
and cow herd (Fig. 7) were given, as well as an analysis of
the level of food security in general and separately by eco-
nomic, ecological and social components (Fig. 8).

In general, the generalized concept of implementa-
tion of geo-information systems and technologies into
the system of institutional support for the development of
the livestock industry and markets for the corresponding
products is presented in Figure 9.
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The application of geoinformation systems and
technologies in the system of institutional support for
the development of the livestock industry and the mar-
kets of relevant products involves the creation of an in-
tegrated and effective infrastructure aimed at supporting
various aspects of these industries. Thus, such a sys-
tem can provide more accurate, efficient and sustaina-
ble management of these areas, ensuring the growth of
product quality, economic stability and sustainability of
development.

» Discussion

Thus, A.O. Polovynkina & S.O. Solntsev (2020), who noted
that digital transformation of business processes of enter-
prises is a market necessity in the era of the information
society, as one of the key trends, focused their attention on
researching the problem of digitalization of enterprises in
the era of information society and digital economy. Digi-
talization is also making the livestock sector more attrac-
tive to investors. Researchers point out that digital inno-
vation can help increase production efficiency, reduce risk
and improve results. Investors, in turn, are more inclined

to invest in an industry that uses advanced technologies
that can provide stable and high profits.

T. Lazorenko & I. Sholom (2020) argued: “... all mar-
ket participants will have to change much faster in terms
of digital transformation than is happening today. ... En-
terprises that follow the latest trends in the field of digi-
tal innovations and are ready to implement them, are
able to adapt to more flexible business processes, have
a fairly large potential for success”. The definition by
B.S. Teteriatnyk (2018) is more general and marketing ori-
ented, digitalization is defined as the process of applying
information and communication technologies by eco-
nomic entities to achieve the goal of economic activity,
based on the capabilities of the modern IT industry, aimed
at changing existing economic relations through their dig-
itization; a set of acts of implementation of digitized ob-
jects to achieve the goals of economic activity, considered
in their unity and related to the formation of a new form
of economic relations — digital. Additional processing and
analysis of data collected using sensors and IoT technol-
ogies is proving to be very useful. Researchers emphasize
that such processing can help in detecting deviations in
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the health of animals or even prevent the possibility of dis-
eases. Thus, digital technologies make it possible to carry
out individual monitoring and provide timely medical
interventions, which affects the general condition of ani-
mals and, accordingly, the quality of their products.
According to N. Boltyanska et al. (2021), digital tech-
nologies in animal husbandry make it possible to imple-
ment a system of feeding, milking, product quality con-
trol, remote control of production processes in real time,
as well as to ensure constant collection, analysis, and use
of information for compliance with safe measures and
careful attitude to the environment. Deserves attention
and position I. Lozynska et al. (2021), who noted that the
widespread adoption of digitalization, with the help of the
necessary tools and leverage, will enable decision-mak-
ing to improve milk quality, herd management, increase
cow productivity and production profitability, outlining
an overall synergistic effect. Researchers emphasize that
such processing can help in detecting deviations in the
health of animals or even prevent the possibility of diseas-
es. Thus, digital technologies make it possible to carry out
individual monitoring and provide timely medical inter-
ventions, which affects the general condition of animals
and, accordingly, the quality of their products.
Researchers A. Valiyev et al. (2022) systematized and
substantiated the factors of the implementation of digital-
ization to ensure the innovative development of agricul-
ture in Azerbaijan, and based on the survey, the key fac-
tors and barriers to the digitalization of agriculture were
substantiated, namely: the lack of regulation of legislative
processes in this field and the level of cybersecurity and
the cost of implementation and use digital technologies.
The author also determined the levels of development
of digitalization of the country’s agricultural sector and
substantiated the influence of digitalization factors on
the innovative development of agricultural enterprises.
As noted by R. Abbasi et al. (2022), digital transformation
paves the way for the introduction of modern methods of
farming and overcoming food security problems.
Scientists J. Kieti et al. (2022) defined digital services
for agriculture as “a solution that uses digital equipment
and devices such as mobile phones, computers, satellites,
and sensors to solve problems in agriculture”. D. Kos &
S. Kloppenburg (2019) argue that digitalization will ena-
ble hyper-transparency, changing the roles of stakehold-
ers and expanding the boundaries of global value chains
in ways that increase inclusivity for smallholder farmers.
Therefore, in order to ensure the systematicity of the dig-
italization process of the livestock industry, potentially
promising types of information technologies for imple-
mentation in the production and distribution of livestock
products are systematized in terms of the main opera-
tional business processes of agricultural producers. In
particular, within the framework of resource provision,
technologies for determining actual and potential re-
source needs, selecting potential suppliers, and organ-
izing purchase and sale operations are priorities. With-
in the scope of production work, it is advisable to use
technologies for monitoring the state of farm animals,
optimizing the diet and veterinary measures, forecasting
the state of the animal, disease outbreaks, and livestock
productivity. As for the sale of livestock products, the
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development and active use of online platforms for the
sale of livestock products, electronic document manage-
ment services, etc., is promising.

Thus, digitalization should be considered as one of
the key tools for revitalizing the development of the live-
stock industry and increasing the level of efficiency in the
production and sale of livestock products. The key issue
of ensuring the process of digitalization of business entities
is the use of exclusively digital data in business processes.
Only under this condition is it possible to implement mod-
ern technologies in the economic process of producers
of animal husbandry products. In addition, in order to
reduce production risks and make adequate manage-
ment decisions, at all stages of the production process it
is important to ensure continuous monitoring of factors
affecting the productivity of farm animals and the effi-
ciency of production of livestock products. The solution
of part of the management tasks, which lie in the plane of
decision-making regarding the optimization of the loca-
tions of the capacity of participants in the livestock prod-
ucts market, taking into account the available resources
and infrastructure facilities, is solved on the basis of the
application of geo-information systems and technologies,
which, in addition to attributive data, make it possible to
collect, visualize process spatial data.

» Conclusions

Therefore, one of the key directions of information pro-
vision on the basis of global digitalization is the applica-
tion of geoinformation systems and technologies in the
economic activity of producers of livestock products. In
particular, the expediency of creating geo-informational
portals with a targeted direction on information provision
of the development processes of the animal husbandry
industry, which has a number of significant advantages,
namely: free 24-hour access to data; easy-to-understand
format; possibility of spatial analysis; use for natural re-
source management; decision-making support in the
grazing planning process; the possibility of monitoring the
condition and development of vegetation within pastures;
infrastructure planning; identification and continuous
monitoring of regions with potentially increased demand
for livestock products, in order to plan the infrastructure
of sales markets; preservation of the environment. The
proposed concept of implementation of geoinformation
systems and technologies in the process of ensuring the
development of the livestock industry and the markets
of relevant products takes into account the information
needs of all groups of potential users and aims to ensure
the food security of the country.

In all the listed tasks, which are solved on the ba-
sis of GIS, one of the main stages is the collection of the
most reliable and up-to-date data. In view of the above,
in many cases the use of official statistics is problematic
due to the length of the update, the incompleteness of the
data by region, and, in some cases, the inaccuracy of the
information. That is why, at the stage of coordination of
key parameters of the geoinformation system within the
framework of solving a specific problem, it is necessary
to establish which data sources are a priority for the user.
Currently, a significant part of data for GIS-based informa-
tion support is accumulated from satellite images, which




are characterized by objectivity and relative promptness
of updating. Considering the fact that for both collection
and processing of GIS data, unique maps are usually cre-
ated at the request of the user, one of the main types of
developers should be agricultural universities and scien-
tific institutions. This is explained by the fact that scien-
tists who work with GIS and technologies, firstly, are often
specialists in a certain field of agricultural science and,
secondly, are part of an extensive informal network of re-
searchers of the university/region/state, which, including,
specialize in issues of production, distribution, and con-
sumption of livestock products.

Prospects for further research should be a thorough
analysis of the economic efficiency of the introduction
of digital technologies in the field of animal husbandry,
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namely the effectiveness of the use of GIS and their im-
pact on the development process of the animal husbandry
industry and the markets of the corresponding products
and confirmation of their significance. Of scientific inter-
est for future research is an in-depth study of the issues of
digitalization implementation, which regulates the activa-
tion of innovative development of the livestock industry,
with a similar base of key European countries and partner
countries from other regions of the world.
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» AHoTauif. [limKkuTarisaniio eKOHOMIKA KpaiHy Hapasi CJIif] pO3IsiaTy sIK HEBil'€MHY [TepeayMoBY i pO3BUTKY,
aKTHUBi3amisa gKoi € HeoOXiHOIO Ha BCiX PiBHAX Biff AepskaBHOrO 70 piBHA OKpeMoi ocobu-rpoMaissHUHA. B arpapHOMY
CeKTOpi BIPOBAIKEHHS JiIKUTAI-IHCTPYMEHTIB i TEXHOJIOTIH € HeOOXiIHUM 3 OWIAAY Ha IX 3HAYHUM MOoTeHIian y
KOHTEKCT] 30i7bllIeHHsI MPOAYKTUBHOCTI pecypciB Ta MiIBUIEHHS PiBHA KOHKYPEHTOCIPOMOYKHOCTI IPOAYKILL,
BUPOOHUKIB, ranysell i gepskaBu y 1imoMy. Ocob/IMBO HecTady eJeKTPOHHUX IU(PPOBUX IOCIYT BiTUyBa€e ratysb
TBapUHHUIITBA B YKpaiHi. MeTa cTaTTi — 06I'PyHTYBaTH BasKJ/IMBICTh 3aCTOCYBaHHS TiPKUATAJTI3allil 1/Is1 iHHOBAIIHHOTO
PO3BUTKY Tajly3i TBApMHHULTBA. Y IPOIECi TOC/IiPKEHH BUKOPUCTOBYBAJIUCSA TaKi METOIW HAyKOBOIO Ii3HAHHS:
TeOPEeTUYHOroy3araabHeHHs, aHa/Ii3yTa CHHTe3Y, aHaJIi3 JaHIX, eEKOHOMIKO-CTaTUCTHYHUH, rpadiunmii, kopensaniiHo-
perpeciitnuii, kaprorpadgiyHuii Ta abCTpaKTHO-JIOTiYHUH. Bys10 y3araJbHEeHO OCHOBHI iHCTPYMEHTH AilsKuTasti3artil
IIpolLiecy pecypcHOro 3abesnedeHHs] BUPOOHUKIB MPOAYKILI TBapuHHUIITBA. CUCTEMATU30BaHO IIPIOPUTETHI THUIIU
inopmarnifiHux TexHOJIOTIH y paMKax mimkuTasisarii GisHec-mpoleciB BUPOOHHMKIB HPOAYKINI TBapMHHHUIITBA
3aJIeKHO Bin cdepu 3acTOCyBaHHS, OCHOBHUMHU 3 fAKMX € iH(opmamiiini cucreMu Bu3HaueHHS (PAKTUYHUX i
TIOTEeHIITHIX TOTPed y pecypcax, miagdopy NOTEHIIHHNX IOCTaYaIbHUKIB Ta opraHisariil orepamniii KymiBJIi-IIpogaxy
(cpepa pecypcHoro 3abe3nedeHHs1); TEXHOJIOTI] MOHITOPUHTY CTaHy CiJIbCBKOTOCIONAPChKUX TBApWH, ONTHUMI3allil
paiioHy Ta BeTepuMHAapHUX 3aXO[iB, IPOTrHO3YBaHHs CTaHYy TBapWHH, CIIajaxiB XBOPOO, MPOAYKTUBHOCTI MOTOJIIB’A
(BUpOOHUIITBO); OHJIAMH I/1aT(OPMHU JJIs1 IPOAAKY IPOLYKIIiI TBAPUHHUIITBA, CEPBiCU €JIEKTPOHHOT0 JOKYMEHTOOOITY
To1Io (36yT mpoxykmii). OBI'PYHTOBAHO HATIPSIMU BUKOPUCTAHHS reoiH(GOPMAIifHUX CUCTEM i TEXHOJIOTIH 3 METOI0
3abe3nedYeHHs PO3BUTKY T'a/Ty3i TRApUHHUIITBA, SIKi IIepe10avaloTh ypaxyBaHHsA iHOopMamiiHIX TOTped IMOTeHIITHIX
KOPHCTYBaviB (30KpeMa, BUPOOHUKIB MPOAYKIlil TBAPMHHUIITBA, iHBECTOPIB Ta/ab0 KpeauTopiB, OpraHiB BHKOHABYOI
BJIaJY, CIIOKUBAYIB) Ta IX 3abe3NedyeHHs TOYHUMU, HeylepeKeHUMHY, OllepaTUBHUMU JAHUMU, HEOOXiTHUMU /IS
NPUAHATTS YIPaBJiHCHKUX pillieHb. ToMy, AifsKuTaIi3a1iio CJ1i pOo3WIsAAaTy sIK OUH i3 IepCIeKTUBHUX iHCTPYMEHTIB
akTuBi3aii po3BUTKY TBApWHHULITBA Ta MiJBUIIEHHS e(EeKTUBHOCTI BUPOOHMUIITBA i peasidaiii TBapUHHUIIBKOI
nponykiiii. [IpakTUyHa IiHHICTE POOOTH MOJIATAE Y PO3SBUTKY CHCTEMATH3AIlil IPiOPUTETHUX TUIIIB iH(MOpMaIiifHIX
TEXHOJIOTIH y paMKax JiyKATasi3alii 6i3Hec-mporieciB BUpOOHUIITBA TPOAYKIIii TBADUHHUIITBA
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