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» Abstract. A significant area of improvement of the economic efficiency of agricultural enterprises, especially in the
context of martial law, is to optimise production and use of resource potential. The purpose of this study was to develop
scientific and practical recommendations for optimising the production activities of farms. The study employed the
following methods: system analysis and synthesis to determine the reserves of the types of resources involved; economic-
mathematical modelling and optimisation to determine best solutions; analytical-calculation method to calculate
production indicators; correlation and regression analysis to determine the dependence of milk production costs on
resource consumption; graphical method and extrapolation to find the values of the regression function. The principal
stages and features of building an economic-mathematical model for optimising the resource potential of enterprise
were identified. The model was used to analyse data, identify reserves of resource potential, find an optimisation solution
for product sales volumes using the Solution Search spreadsheet tool, and adopt a strategy for improving economic
efficiency. The study offered a solution for the economic and mathematical modelling of the best structure of production
of a farm, which factors in the available production resources. The modelling found that the maximum income can be
obtained by redistributing the production volumes of certain types of products and, accordingly, the resources for their
production, considering the standard costs of production per unit of product, prices for products and resources. Using
the modelling, the study obtained a regression dependence of the cost of milk produced in household farms on the cost
of feed, labour costs, wages, and the number of cows. The study found the impact of certain types of resources on the
production cost and builds the corresponding graphical dependencies. The practical value of the findings of this study
lies in the possibility of using the recommendations directly by members of farms in planning, organising production
activities, and optimising the use of resource potential

» Keywords: optimisation of the production structure; modelling; regression analysis; production resources; household
farming

» Introduction

In market conditions, especially during the period of mar-
tial law in Ukraine, mechanisms for optimising the pro-
duction activities of agricultural producers of all forms
of management: enterprises of various forms of owner-
ship, farm enterprises and household farms, are becom-
ing increasingly important. Considerable changes in the

external environment of agricultural enterprises require
the development of innovative methods, approaches,
and management systems that determine the need for
economic and mathematical modelling. Most agricul-
tural enterprises focus on insufficiently formed and
clear goals, which is conditioned by the lack of suitable

> Suggested Citation: Borysenko, V., & Borysenko, D. (2024). Optimisation of production and modelling of production costs in
farms. Ekonomika APK, 31(1), 10-18. doi: 10.32317/2221-1055.202401010.
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tools and methods for solving optimisation problems
among agricultural specialists (Pasechko et al., 2019;
Vishnevsky et al., 2020).

M. Levina Kostiuk et al. (2021) covered the method-
ological foundations for optimising the production ac-
tivities of farms based on economic and mathematical
modelling to ensure their sustainable development and
expanded reproduction and the development of practical
recommendations. S. Nuzhna & N. Samarets (2018) ana-
lysed some aspects of the development and construction
of an economic and mathematical model for optimising
the production resources of agricultural enterprises and
finding reserves and rational use of resource potential,
improving the economic efficiency of production.

R. Skrynkovskyy et al. (2022) improved the structural
scheme (triple continuum model as a conceptual scheme
of information technologies) of financial and techno-
logical processes management, innovation risks, which
considers the impact of innovations on the activities (in-
ternal variables, business processes) of the enterprise,
restrictions (on production, sales, supply, financing), and
the conditions for their compliance with the best pro-
duction (sales) volume, as well as the synergistic effect in
the context of profit maximisation, in the “type of inno-
vation — type of development” system, in the system of
sustainable development values. L. Malyarets et al. (2019,
2020) describe the formulation of a multi-objective task of
optimising the indicators of enterprise development and
substantiate the choice of a genetic algorithm for solving
the problem of multi-objective optimisation of enterprise
development indicators by analysing the disadvantages
and advantages of modern methods for solving multi-ob-
jective optimisation problems.

An analytical approach to the construction of par-
tial criteria in a multi-objective optimisation problem in
the economy was considered as stochastic dependen-
cies of production components on indicators in the form
of latent factors that should be noted by factor analysis
(Audet et al., 2021). D. Bertsimas & N. Kallus (2019) inves-
tigated an analogous stochastic optimisation problem,
where some decisionvariables, such as price, maybe affect-
ed by uncertainty, and their causal outcomes are unknown.
When developing a model for forecasting the volume of
sales of agricultural enterprise, Y. Kharchenko (2021) rec-
ommends using adaptive modelling to improve opera-
tional planning of production and, if necessary, quickly
make changes to production plans. It is proposed to use
the developed automated decision-making system based
on the information-logic model as a result of research on
the use of modelling for making best management deci-
sions (Domaskina & Kolomoytsev, 2018).

Ways of solving the problem of efficient operation of
farms and optimisation of agricultural production were
proposed in scientific studies by many researchers. How-
ever, modelling the production activities of household
farms has not received sufficient attention in such re-
search. Thus, the purpose of this study was to develop eco-
nomic and mathematical models and recommendations
for optimising production of products and improving the
economic efficiency of economic activity.

To achieve this, the following tasks need to be com-
pleted:

Borysenko & Borysenko @

— to develop a mathematical model for optimising
production and allocating resource potential for farms;

— using the model, to determine the optimised sales
volumes of each type of product and, accordingly, the re-
quired quantities of each type of resource;

—to develop a correlation and regression model of the
dependence of production costs on resource consumption,
and to build the corresponding graphical dependencies.

» Materials and Methods

The method of system analysis and synthesis was used
to determine the types of resources involved in produc-
tion in general and for certain types of products, as well as
their limitations. Furthermore, the study used economic
and mathematical modelling and optimisation methods
to determine the best solutions for resource provision, as
well as the analytical and calculation method to deter-
mine the cost of resources. Using the methods of regres-
sion analysis, the study derived an analytical dependence
of milk cost on the cost of certain types of resources (feed,
labour, number of livestock, etc.), determined the magni-
tude of the impact of resource costs on production cost,
and built corresponding graphical dependencies.

The efficiency of agricultural production and the
development of recommendations for its improvement
were assessed according to the indicators of production of
household farms (HF) in the Menskyi district of Chernihiv
region for 2022, namely, based on the financial statements
of the owner (based on research materials according to
the scientific and technical complex programme “Sci-
entific research and development of methodological
approaches and economic and regulatory systems for
the expenditure of labour and material resources in the
production of products (works, services) to ensure and
improve the socio-economic development of the agro-in-
dustrial complex and territorial communities for 2021-
2023”) (Report on the implementation..., n.d.).

The structural model of the problem, considering the
consumption rates of resources, their quantity and sales
prices, is presented below.

Rpax = C1X1 + C2Xp + C3x3+ o+ ¢ij%; o+ Cpty
111 + A12%5 + Ay3x3+ ot QX et QX < 04
Az1X1 + AppXp + Ag3X3t o+ 43X ot AgpXy < Q;

Qi1 Xy + AipXy + Aizxzt ot QX Xy S O (1)

Am1X1 + QaXy + QpzXzt ot QX ot A Xy < O
x120,x,20,x320,...,x, >0
j=1,..,ni=1,..,m,

where Rmax is the income from the sale of farm products
(UAH); ; is the sale price of a unit of the j-th type of man-
ufactured products (UAH); x; is the number of products of
the j-th type (100 kg); a;; is the cost norms of the i-th type
of resource required to produce a unit of the j-th type of
product (UAH/100 kg); Q; is the factual volume of the i-th
type of resource (UAH); n is the number of types of prod-
ucts produced by the farm; m is the number of types of
resources used in production.

The task is solved using the Excel spreadsheet proces-
sor. The farm under study produces four types of agricul-
tural products (n=4) and uses 9 main types of resources
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(m=9). The following notation was introduced for produc-
tion volumes and, accordingly, the resources used: x, is the
amount of milk, 100 kg; x, is the amount of pork, 100 kg;
x, is the amount of eggs, thous. pcs.; x, is the amount of
cattle meat, 100 kg; Q,, Q,, .., Q, are the factual amounts
of resources, respectively: labour costs, feed costs, ener-
gy costs, maintenance, animal protection products, fuel,
bedding, other direct costs, cost of services.

When determining the analytical model of production
indicators using the methods of correlation and regression
analysis, theinformation base of the studyincluded dataon
resource consumption and production costs based on the
business results of household farms in Chernihivand Volyn
regions in 2022 (Report on the implementation..., n.d.).

The modelling of agricultural production indicators by re-
gression analysis was performed using computer software
“RegMod” (Borysenko & Bosiy, 2010), which provides auto-
mation of calculations of the regression equation parame-
ters and assessment of the adequacy and definition of eco-
nomic indicators.

» Results and Discussion

When optimising the resource potential of production, it is
necessary to determine the necessary volumes of resourc-
es and their rational correlation for the economic activity
and maximum income (Zhmudenko & Lishchuk, 2021).
The model of optimising the resource potential of a farm
can be represented as a flowchart presented in Figure 1.

y

Identification of factors that shape the efficiency of economic activity

1

Analysis of the volume of resources and consideration of their standard costs

1

Determination of the best structure of resources based on the criterion of maximum income

1

Redistribution of available resources (reduction of the amount of resources to produce certain
types of products and an increase to produce other types of products)

1

Maximum efficiency within the given resource constraints

L

Figure 1. A model for optimising the resource potential of a farm

Source: compiled by the authors of this study

The taskis to find the maximum revenue from the sale
of products, considering the constraints of production
resources. The numerical mathematical model is based
on the data on the consumption of resources to produce
agricultural products. The main activity of the farm is the
production of livestock products, namely: raising pigs,

chickens, cattle for the sale of milk, cattle meat, pork, and
chicken eggs.

According to the annual report of production costs
of household farms, Table 1 summarises the costs of each
type of input, their total volumes, and sales prices by
product type.

Table 1. Expenditure of material resources to produce agricultural products

Resource consumption rates per unit of output, UAH/100 kg Amount of
Resource
milk pork eggs cattle meat resources, UAH
Remuneration of labour 254.19 1,386.67 829.11 1,246.53 28,279
Cost of feed 110.63 1,004.71 581 2,238.89 16,472
Energy resources 11.79 43.14 35.21 83.33 1,282
Current repairs 16.26 58.82 42.25 1,582
Animal protection products 16.1 109.8 28.17 152.78 1,886
Fuel 22.76 143.14 72.77 145.83 2,628
Bedding 7.32 39.12 14.08 41.67 728
Other direct costs 30.49 509.8 187.79 152.78 4,580
Cost of services 18.7 68.63 23.47 173.61 1,999
Sales price of 100 kg of products 750 4,400 2,250 4,300
Products sold, 100 kg 80.00 2.70 2.90 1.44

Source: developed by the authors of this study based on the Report on the implementation of the thematic plan of
research activities of the research institute “UkrAgroProductivity” (n.d.)

According to the structural model of optimisation of
the resource potential of the agricultural household, the
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numerical detailed mathematical model of the problem
can be represented as a system of equations:




[ Rimax = 750 X, + 4,400 x, + 2,250 x, + 4,300 x,

25419 x, + 1,386.67 x, + 829.11 x, + 1,246.53 x, < 28,279
110.63 x, + 1,004.71 x, + 581 x, + 2,238.89 x, < 16,472
11.79x, + 43.14 x, + 35.21 x, + 833 x, < 1,282
16.26 x, + 58.82 x, + 42.25 x, < 1,582
16.1x, + 109.8 x, + 28.17 x, + 152.78 x, < 1,886 @)
22.76 X, + 143.14 x, + 72.77 x, + 145.83 x, < 2,628
732x, +39.12x, + 14.08 x, + 41.67 x, < 728
30.49 x, + 509.8 x, + 187.79 x, + 152.78 x, < 4,580

\ 18.7x, + 68.63 x, + 2,347 x, + 173.61 x, < 1,999

xjz20;j=1,..,4.
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The modelling has revealed that farms can achieve
maximum income by producing certain types of products
and in their certain volumes. The best redistribution of
available resources was obtained considering the produc-
tion of all types of products, the use of production resourc-
es, the standard costs of producing a unit of each type of
product and its selling price in 2023: milk — 850 UAH/100 kg,
pork — 5,500 UAH/100 kg, eggs — 3,200 UAH/1000 pieces,
cattle meat — 5,100 UAH/100 kg. As a result of solving the
problem using the Excel spreadsheet processor, the opti-
mised volumes of material resources to produce agricultur-
al products were obtained, which are presented in Table 2.

Table 2. Optimised consumption of resources for production

Products Amount of resources, UAH Resource growth coefficient
Milk 34,177 0.88
Pork 6,728 0.74
Eggs 14,329 5.0
Cattle meat 4,235 0.69
Total resources 59,469 1

Source: compiled by the authors of this study

The modelling results suggest that if the available
resources are redistributed to the production of certain
types of products according to Table 2 and considering the
sales prices in 2023, the company’s resources will be used
most efficiently.

The increase in the values of the indicators of the
efficiency of production of agricultural enterprises com-
pared to the previous year, expected as a result of opti-
mising the allocation of production resources, is summa-
rised in Table 3.

Table 3. Performance indicators before and after production optimisation

Performance indicators
" for 2022 planned after optimising resource allocation
g : = : =
=) s ] : o = 2 3
3 5z | & S 7 g £5 E 2| g
: | gz iz 2| 3 z s | s5 | 3| 3 | &
=% o ] - Qe K= = = - =2
55 | E5 | & g 5 | 3% | ER | & | g |38
= | E £ £ . s | £ £ | E
Milk 60,000 | 39,059 | 20,941 53.61 59,500 1.05 34,177 25,323 74 70
Pork 11,880 9,082 2,798 30.8 10,800 0.91 6,728 4,072 60.5 2
Eggs 6,525 5,260 1,265 24.05 25,280 3.87 14,329 10,951 76.42 7.9
Cattle meat | 6,192 6,099 93 1.52 5,300 0.86 4,235 1,065 25.14 1
By HF 84,597 | 59,500 | 25,097 42.18 100,880 1.19 59,469 41,411 69.6

Source: compiled by the authors of this study

The above profitability figures will be slightly reduced
for the cost of resources at the time of calculation in the
HE The performance indicators after optimisation show
that the maximum income can be achieved by increasing
the production of chicken eggs (x;), since the income re-
ceived from the sale of chicken eggs is much higher than
when raising cattle or pigs for milk (x,), pork (x,) and cattle
meat (x,). Based on the results obtained, the farms under

study have the potential to increase the level of profitabil-
ity and efficiency of production activities. For agricultural
producers, it is vital to forecast the price of products sold
on the Ukrainian market, as emphasised, for instance,
by N. Shyian et al. (2021). Next, the study considered the
correlation and regression modelling of the dependence
of milk production costs on the consumption of certain
resources (Table 4) required to produce the final product.

Table 4. Input data for determining the model of milk cost dependence on influencing factors

Number of livestock, total Labour costs, Labour remuneration, Feed cost, Production cost,
heads man-hours/100 kg UAH/100 kg UAH/100 kg UAH/100 kg
3 14.3 254.19 110.63 488.24
2 16.38 281.48 138.29 580.7
1 14.2 366.68 147.44 661.7
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Table 4, Continued

Number of livestock, total Labour costs, Labour remuneration, Feed cost, Production cost,
heads man-hours/100 kg UAH/100 kg UAH/100 kg UAH/100 kg
3 7.64 170.20 524.40 737
5 9.88 226.50 348.75 632
1 14.83 221.95 213.75 527.45

Source: developed by the authors of this study based on the Report on the implementation of the thematic plan of
research activities of the research institute “UkrAgroProductivity” (n.d.)

According to the methodology for determining the re-
gression equation, the economic and mathematical mod-
el includes those types of resource costs that have a sub-
stantial impact on the prime cost. The modelling process

" Model search

Calculate

Best curve marked

@ Ll.Linear y=ay+2a;x; 09611949
2. Stepwise =4 x ¥

~ 2.5 y=ay11 : 0.8E8777
3. Indicative y=a, I14;

- 0.959515

4. Logarithmic y=a, *2‘71' —Iu(x] )

Input data Modelling |
Interpolation Data file
From To Step
I ‘ [ Set
1 1 1 -
’ probability

0.9
Calculation

Determ. coef.

uses regression analysis to determine the regression equa-
tion for the specified dependent variable (milk produc-
tion cost) on the independent variables: feed cost, labour
costs, wages, and the number of cows (Fig. 2).

J (=] S |
Result in the file Result.txt

Dependence 1. Linear
Equation adeguate for probability p=0.9
design. ai Sbi t-cr.
a 0 81.9255
a 3 1.269 0.228407 5.55585
a 4 0.81Z665 0.0945701 8.55706
Multiple determination coefficient D=0.961
Multiple correlation coefficient R=0.980
Fischer's criterion F=37.15
Probability of the F-criterion P=0.995
K
Ne [ ¥ factual | ¥ by the formula | Difference
1 488.24 494.397 -6.157
2 580.7 551.506 29.194
3 661.7 667.060 -5.360
4 737 724.070 12930
5 632 652.770 =20.770
B 527.45 537.286 -9.836

Figure 2. The panel of the regression analysis programme when creating a model
Source: developed by the authors of this study based on V. Borysenko & M. Bosiy (2010)

As a result of processing the input data of Table 2 with
a regression analysis computer software, the analytical
model was determined in the form of a linear function:

C=81.93+1,269%L,+0.813xF, (3)
where L, is the labour remuneration, UAH, calculated per
100 kg of milk produced; F is the cost of feed, UAH per
100 kg of milk.

The adequacy of the obtained regression equation is
evidenced by the following statistical indicators: the coef-
ficients of multiple determination are not less than 0.96,
significant at the probability level of 0.99, and the regres-
sion coefficients are significant at the same probability.
In this case, the regression coefficients of the labour costs
and the number of cows in household farms were insig-
nificant at a given probability, and the software excluded
these independent variables from the analysis, i.e., the
columns of the correlation matrix of the original data were
excluded in the output table. This situation occurs fre-
quently in research and is usually the result of the follow-
ing circumstance: the variance of a variable is very small
relative to its mean. Then it is concluded that at any value
of this variable in this range of studies, the function (the

Ekonomika APK. 2024. Vol. 31, No. 1

desired indicator) will not change significantly (Lu, 2019;
Borysenko, 2022).

According to the defined equation, it is possible to
calculate the value of the cost price (function) depend-
ing on changes in the value of production inputs (inde-
pendent variables) (Hassani et al., 2019). To verify the
adequacy of the created model, the working panel of the
program displays the factual prime cost values and those
calculated using the regression equation. The maximum
deviation of the model’s prime cost of 551.51 UAH/100 kg
with labour costs of 281.48 UAH/100 kg and feed costs of
138.29 UAH/100 kg from the factual value is 5%, which is
sufficiently accurate to use the resulting relationship in
forecasting calculations. As a result of the software process-
ing, elasticity coefficients were also obtained, which show
how much the prime cost will change in percentage terms
if the values of these variables change by 1% and are 0.532
and 0.332% for labour costs and feed costs, respectively.

According to the established mathematical depend-
ence, the cost of milk produced is determined according
to the planned labour and feed costs. The results of mod-
elling the cost of milk produced by household farms in re-
lation to feed costs with fixed labour costs are summarised
in Table 5.
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Table 5. The value of the cost of milk produced by the HF according to the regression model
in relation to feed and labour costs

Production cost, UAH/100 kg
Feed cost, UAH/100 kg
at awage of 250 UAH/100 kg at a wage of 450 UAH/100 kg
100.00 480.44 734.24
200.00 561.71 815.51
300.00 642.97 896.77
400.00 724.24 978.04
500.00 805.51 1,059.31
600.00 886.77 1,140.57

Source: compiled by the authors of this study

Regression modelling allows planning or adjusting the
cost of production for future periods, considering chang-
es in the cost of resources, and compare the real produc-
tion figures with the modelled ones. The corresponding

graphical dependencies of the cost of milk production in
the subsidiary farms on the cost of feed at fixed values of
another variable — labour remuneration costs — are pre-
sented in Figure 3.

1,200

oo
:o: y=81.266x + 652.97_—
- 1,000 e __—
2]
8 =81.266x +399.17
é 800 — ’
£ —

600 At awage of 250 UAH/100 kg

—o—At a wage of 450 UAH/100 kg
400
200
0 Feed cost,
100 200 300 400 500 600 UAH/100 kg

Figure 3. Dependence of milk production cost on feed cost according to the planned labour remuneration variants
Note: the function y=81.266-x+399.17 was obtained at a labour remuneration of 250 UAH/100 kg; the function y=81.266-
-X+652.97 was obtained at a labour remuneration of 450 UAH/100 kg

Source: compiled by the authors of this study

Thus, the use of regression dependence of the cost of
livestock production on production conditions will allow
obtaining the cost of milk production for any value of re-
source consumption for production, as well as a compar-
ative economic assessment of the dynamics of the impact
of the consumption of certain types of resources on pro-
duction indicators.

In the study of optimisation methods in agriculture,
G.C. Lomte & S.R. Dhavale (2022) developed a farm mod-
el using linear programming to determine the best com-
bination of seasonal crops, their distribution in different
seasons to increase production. In solving these prob-
lems, a linear programming model is used to optimally
allocate limited resources to maximise farm profits. The
purpose and methods of the cited study were the same as
in the present study, but the objects of optimisation are
different: the crop and livestock sectors.

R. Skrynkovskyy et al. (2022) proposed a multiplicative
criterion for the effectiveness of innovation risk manage-
ment in the task of maximising the enterprise’s profit, con-
sidering, apart from methods for assessing the functions

and parameters of the economic, environmental, and so-
cial criteria of the system for ensuring sustainable devel-
opment, the methods for determining the indicator of the
quality of enterprise development, as well as methods of
enterprise management as a system for obtaining a type
of development under the influence of a type of innova-
tion. Thus, the authors’ study has an analogous purpose,
but uses both different methods and a more general object
of study.

Y. Kharchenko (2021) analysed the statistical data of
agricultural enterprises in the Poltava region, specifically,
the author identified several influential factors and pro-
posed to perform a regression analysis in the development
of a linear multifactorial model and obtain an adaptive
model to find the best forecast model of production vol-
umes. Thus, the researcher also used regression analysis
for the forecast model, but to determine production vol-
umes, not production costs, as in the present study.

B. Noeldeke et al. (2022) compares several deci-
sion-making approaches to the transition of smallholder
farmers to agroforestry, and creates a simulation model
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for rural Rwanda based on data from a socio-economic
survey of smallholder farmers on the adoption of agrofor-
estry. The modelling results show that decision-making
based on the theory of rational choice and the economet-
ric approach should be based on the criteria of maximum
profit and sales revenue, It was suggested that model de-
velopers substantiate the approach to decision-making in
the issues of enterprise economics based on maximum
compliance with real processes and considering undis-
counted and discounted profit maximisation. The conclu-
sions drawn regarding the choice of scientific approaches
to solving the tasks set coincide with the approaches used
in the present study.

S. Nuzhna& N. Samarets (2018) confirmed the effec-
tiveness of the use of economic and mathematical meth-
ods in assessing both the resource potential of agricultural
enterprises and optimising the volume of product sales,
and modelling agricultural production provides manage-
ment opportunities at different stages of the enterprise’s
functioning. In contrast to the one proposed in the pres-
ent study, the authors optimise production in household
farms and propose regression modelling.

In analogous studies conducted by V. Zhmudenko &
R. Lishchuk (2021) created a model of an optimised com-
bination of resources to achieve maximum profit of a lim-
ited liability company with limited resources, but the au-
thors of this study developed models with a more detailed
analysis of economic indicators and predictive modelling
based on regression analysis.

Summarising the review of the conducted studies, it
can be concluded that the recommendations for optimis-
ing the production of farms by means of economic and
mathematical modelling of the best production structure
and regression modelling of production costs depending
on changes in resource costs are relevant for practical use.

» Conclusions

According to the purpose of this study, scientific and prac-
tical recommendations for optimising the production ac-
tivities of farms were developed based on modelling op-
timised sales volumes and forecasted indicators of their
cost. A structural model and a flowchart of the model of
optimisation of the resource potential of farming were
developed. An optimisation solution for achieving the
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maximum income of UAH 100,880 (an increase of almost
20%) by a producer was found on the example of livestock
production in a household farm in the Menskyi district of
Chernihiv region.

Considering the optimisation criterion and the mod-
el’s constraints on the volume of resources, the coeffi-
cients of the system of equations of the numerical detailed
mathematical model of the problem were determined
following the performance indicators of the enterprise
in terms of output and provision with individual resourc-
es. The modelling found that the maximum income can
be obtained by redistributing the production volumes of
certain types of products and, accordingly, the resources
for their production, considering the standard costs of
production per unit of product, prices for products and
resources. The more than 1.5-fold increase in profit and
profitability achieved is evidence of a considerable in-
crease in business efficiency.

The study offered modelling of indicators of agricultur-
al production according to methods of regression analysis.
The study considered the modelling of regression depend-
encies of the cost of milk production on the cost of feed,
labour costs, wages, and the number of cows based on the
business results of household farms. The graphical depend-
encies of the cost of milk production in a household farm
on the cost of feed at fixed labour costs were constructed.
Regression analysis was used to determine the impact of
the consumption of certain types of resources on the cost
of milk production. The developed economic and math-
ematical models ensure the achievement of minimum
production costs and maximum income from the sale of
products and, as a result, increase the economic efficiency
of the economic activity of the farm. Prospects for further
research, considering the global processes of digitalisation
and digital transformation of economic sectors, are the de-
velopment of decision support systems based on economic
and mathematical methods of modelling and system opti-
misation of technical and technological solutions.
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» AHOTaUifl. Ba)kJIMBUM HANPSIMOM MiIBUIIEHHST €EKOHOMIYHOI e(h)eKTUBHOCTI AisSIBHOCTI CiJIbCHKOTOCIOaPChKUX
MiJIPUEMCTB, 0COOJUBO B YMOBaX BOEHHOIO CTaHy, € ONTUMi3allid BUPDOOHUIITBA Ta BUKOPUCTAHHS PECypCHOTO
noTeHIiaTy. MeTolo AocIiikeHb 6ys1a po3pobKka HayKOBO-IPaKTUYHUX peKOMeH 1allil o0 ONTUMi3allil BUpoOHUYO01
JiATBHOCTI CeJITHCBKUX TOCHONApPCTB. B mociimskeHHI BMKOPHUCTAaHO METOAM: CHUCTEMHOTO aHaJji3y Ta CHUHTe3y
1P BA3HAYCHHI pe3epBiB 3aJiAHUX BUJIB pPecypcCiB, EKOHOMIKO-MaTeMaTu4He MOJEJ/IOBaHHA i onThMmisarnil ajsd
BU3HA4YEHHs ONTUMAaJIBHUX pillleHb, aHAJITHYHO-PO3PaxXyHKOBHUI METO]] — B pO3paxyHKax TOKA3HUKIB BUPOOHUIITBA
MIPOIYKILil, KOpesAliifHO-perpecifHuil aHa/li3 MpKU BU3HA4YeHHi 3aJIe’KHOCTi co0iBapTOCTi BUPOOHUIITBA MOJIOKA
Bif BUTpaT pecypciB, rpadivHuii MeTo] Ta eKCTPAIOJIALIl IJs1 3HAXO)KeHHsI 3HaYeHb (PYHKILI perpecii. BussieHo
OCHOBHI eTanu Ta 0coOJUBOCTI TOOYJOBU €KOHOMIKO-MaTreMaTU4HOI MofeJsii onTuMisalii pecypcHOro MoTeHIianry
MiJIPUEMCTBA. 3 BUKOPUCTAHHAM MOJieJli MpOBeJeHO aHasi3 JaHuX, BUABJIEHO pe3epBH PECYpCHOrO IMOTEHIlially,
3HANIEHO ONTHUMi3alliliHe pillleHHs 3 006CATIB peastisallil MPOAYKIIil i3 3aCTOCYBaHHAM 3aCc0O0y €JIEKTPOHHUX TabJIHITh
«[Tomyk pilteHHs», IPUMHATO CTPATETilo MiIBUIIEHHSI eKOHOMIYHOI e(peKTUBHOCTI BUPOOHUIITBA. 3aIIPOIIOHOBAHO
JI0 IPaKTUYHOTO BUKOPUCTAHHS eKOHOMiKO-MaTeMaTU4YHe MOJIeJ/II0OBaHHS ONTUMAJIbHOI CTPYKTYPU BHPOOHUIITBA
CeJITHCBKOTO TOCIIOAApCTBa, 1110 BPaxoBye HasiBHI BUPOOHMYI pecypcu. B peaysbrari Mofe/lloBaHHS BU3HAYEHO, 1110
MaKCUMaJIbHUN JOXifi, MO’KHA OTpUMATHU ILJISAXOM Iepepos3Nofiy oO6cAriB BUpOOHMUIITBA NEBHUX BUIIB MPOAYKIIl
i, BiamoBigHO, pecypciB Ha IX BUPOOHUITBO 3 YpaXyBaHHAM HOPMAaTHUBHUX BUTPAT Ha BUPOOHUIITBO ONVHHUII BUIY
MPOMYKII, IiH Ha MPOAYKIIiI0 i pecypcu. 3 BUKOPHUCTAHHAM MOJEJIOBAHHS OTPUMAHO pPerpeciiiHy 3a/esKHiCTh
cobiBapTOCTi MOJIOKA, BUPOOJIEHOTO B OCOOMCTHUX CEISTHCHKUX IOCIIOIapCTBAX, Bil BapTOCTi KOPMIB, BUTpAT Iparii,
OILTIaTH Ipalli, YU CeIbHOCTI MOT0JIiB sl KOopiB. BU3HaUeHO BeJIMYMHHU BIJIUBY OKPEMUX BUJIB pecypciB Ha cobiBapTicTh
BUpPOOHUITBA Ta NOOYHOBAaHO BiANOBigHI rpadiuni 3ameskHocTi. IIpaKTUYHOIO I[iHHICTIO pe3yJBTaTiB poboTu €
MOYKJIUBICTh BUKOPUCTAHHA BUKJIAJEHUX pPeKoMeHJalili OesnocepelHbO 4IeHAMU CeJISAHCHKUX TOCHOJApCTBax B
TpoIiecax IJIaHyBaHHsI, OpraHisarii BUpoOHNYOI TisITbHOCTI Ta ONTUMI3allil BUKOPUCTAaHHS PECYPCHOTO TOTEHITiaTy
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» Introduction

From the first days of the full-scale military invasion of
Ukraine, Russians have been deliberately using food as
a weapon, attacking food warehouses and granaries, de-
stroying crops and soil, food and water supplies, restrict-
ing agricultural exports, etc. The consequences of these
hostile actions include the impossibility or restriction
of public access to food, destruction of food stocks, de-
struction of the material and technical base of agricul-
tural production, loss of foreign exchange earnings, etc.
highlighted one of the key shortcomings of the national
agri-food system - the imbalance of the organisational
and, accordingly, socio-economic structure of agricul-
ture, which weakens the sustainability of its functioning.
It was caused, on the one hand, by the excessive raw ma-
terial export orientation of the corporate sector tolerated
by the state and its focus on large-scale production of a
limited set of high-margin agricultural products, and, on
the other hand, by insufficient attention to ensuring the
progressive development of the family farming system,
which has been given the role of food self-sufficiency
and filling internal food markets with all other products
in emergency situations.

Strengthening the resilience of the agri-food sys-
tem in general and at the local level specifically is one
of the aspects of ensuring food security in extreme con-
ditions. Prior to Russia’s full-scale invasion of Ukraine,
this aspect was covered in the academic literature
mainly in connection with the COVID-19 pandemic.
Ya. Gadzalo et al. (2020), assessing the formation of de-
mand for food in unforeseen situations, determined
that the most vulnerable segments of the population
will not be able to provide themselves with even cheap
food in such conditions and will need state support.
Z. Gerasymchuk & L. Gasukha (2021) substantiated the
need to ensure all components of food security at the
regional level and strengthen the responsibility of local
authorities for this task. As noted by V. Zhuk (2023), in
the context of military operations, the focus of scientific
research has shifted towards assessing losses and dam-
age from them. N. Klymenko (2022) investigated chang-
es in food security, while A. Zemko (2022) identified the
elements of the food system that were most negatively
affected. S. Kvasha (2022) covered the main areas of ad-
justing the state regulation of the food segment of the
agricultural market during the war, D. Krylov (2023)
explored the general steps to overcome the threats to
food security caused by it. They contain, albeit indi-
rectly, the motive of using food as a weapon of Russian
military aggression against Ukraine. T. Kharytonova &
K. Hryhorieva (2023) consider food as a weapon along-
side other forms of destabilisation of food security in war,
while M.M. Krawczyk (2021) and C. Dowd et al. (2023) — as
a special means of achieving military and political goals.
Analysing the negative effects of Russia’s military aggres-
sion on Ukraine’s agricultural sector and the need to re-
store both agricultural infrastructure and export oppor-
tunities, O. Skydan et al. (2023) outlined the potential of
farming and identified areas of support that will further
strengthen food security at the national and global levels.
At the same time, these studies do not highlight the role
of local agri-food systems in meeting the population’s
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food needs in extreme conditions, the capabilities of
small-scale agricultural producers and the mechanisms
for their involvement in ensuring the sustainable func-
tioning of these systems.

This suggests that, both under martial law and dur-
ing the post-war reconstruction of the national economy,
measures should be taken to strengthen the sustainabil-
ity of the agri-food system at the grassroots (local) level
and to form its internal roots. This, along with main-
taining Ukraine’s position on global food markets, will
strengthen the social and socio-political framework for
sustainable agricultural and rural development, facilitate
access to quality food produced by the general popula-
tion, and help overcome the food shortages and hunger
caused by the war. The purpose of this study was to sub-
stantiate the mechanisms for strengthening local agri-
food systems in overcoming the consequences of the use
of food as a weapon in Russia’s war against Ukraine.

» Materials and Methods

The methodological framework of the study included
theoretical generalisations and substantiation of the role
of agri-food systems in providing food to the population
in the context of a large-scale war. The findings were ob-
tained through the following methods: system analysis —in
formulating the problem and defining the purpose of the
study; grouping and classification — in identifying groups
of producers, types of products, beneficiaries of food sup-
port programmes; statistical analysis — in determining the
farming potential and the needs of certain categories of
consumers for the relevant agricultural products; formali-
sation — in modelling scenarios and determining the need
for financial resources; abstract and logical — for summa-
rising the findings and formulating proposals.

The study was based on legal regulations, namely the
Laws of Ukraine, Resolutions and Orders of the Cabinet
of Ministers of Ukraine and relevant Ministries govern-
ing social standards, provision of certain categories of
the population with food, determination of physiological
needs and rational consumption norms, etc. Specifically,
the Law of Ukraine “On the State Budget” defines the
subsistence minimum and minimum wage as basic so-
cial standards (Law of Ukraine No. 2710-IX..., 2022). The
Law of Ukraine “On State Social Assistance to Low-in-
come Families” (Law of Ukraine No. 1768-III..., 2000),
which regulates the support of vulnerable groups of the
population, Order of the Ministry of Health of Ukraine
No. 1073 “On Approval of Norms of Physiological Needs
of the Population of Ukraine in Basic Food Substances
and Energy” (2017), and the MOH recommendations on
the “Plate of healthy food” (Plate of healthy food, 2021)
define rational food consumption norms.

Data from the State Statistics Service of Ukraine (Ag-
riculture of Ukraine for 2022..., 2023) were used to de-
termine the potential of small producers of vegetable,
fruit and berry, and dairy products (farm enterprises
and household farms) in the context of their participa-
tion in the implementation of food subsidy programmes
and school meals for children. The information based on
the results of state statistical observations (absolute and
relative indicators) is provided without considering the




temporarily occupied territory of the Autonomous Re-
public of Crimea, the city of Sevastopol, and part of the
temporarily occupied territories. Statistical data reflect
the volume of production of the relevant products and
their structure by category of farms, as well as the volume
of consumption of these products in households.

The calculation of the need for funds to implement
the School Milk programme was based on the rational
norms for the consumption of dairy products by chil-
dren in educational institutions approved by the Cab-
inet of Ministers of Ukraine (Resolution of the Cabinet
of Ministers of Ukraine No. 305..., 2021), current infor-
mation on the purchase price of milk in November 2023
(The price of extra-grade raw..., 2023), and information
on the number of children enrolled in educational insti-
tutions at the end of 2022 (Preschool education..., n.d.).
The national monetary poverty criteria (Law of Ukraine
No. 2710-IX..., 2022) and expertly modelled data on the
number of poor people in Ukraine in 2023 (Two-thirds
of Ukrainians live below..., 2023) were used to determine
the number of poor people in Ukraine and assess the
need for healthy food.

The proposed scenarios demonstrate the potential
for variation in decision-making on food support for
vulnerable populations depending on changes in the pa-
rameters and financial capabilities of the state and allow
assessing the synergistic effect of introducing this type
of support.

» Results and Discussion

The use of criminal methods of warfare using food has
been condemned by the international community. In
2018, the UN Security Council adopted a resolution
(Adopting resolution..., 2018) that condemned the use
of hunger as a means of warfare, recognising it as a war
crime, and identified three areas of action that indi-
cate the use of food as a weapon. Russia has used them
against Ukraine in full, as documented by international
and Ukrainian experts: the impossibility of food supplies
due to the blockade of Ukrainian cities and villages from
the first days of the war, blocking the supply routes of in-
ternational humanitarian food and drinking water, etc.;
deliberate destruction of food warehouses and produc-
tion facilities of agricultural businesses, farm enterprises
and rural estates that provided livelihoods for millions of
rural residents; impeding the export of Ukrainian grain
to many countries of the world, on which Ukraine’s eco-
nomic security depends, since the main foreign exchange
earnings in the country’s economy came from agricultural
exports (Vasylchenko, 2023). A group of international hu-
man rights lawyers, together with the Ukrainian prosecu-
tor’s office, are collecting evidence of these war crimes to
file a lawsuit with the International Criminal Court (ICC)
for Russia’s systematic creation of the preconditions for
famine in Ukraine (Nosalska, 2023).

According to the Kyiv School of Economics, the avail-
ability of food in Ukraine has decreased by 15-43% in the
six months since the start of Russia’s full-scale aggression
(Stolnikovych et al., 2022). Under martial law, small-scale
agricultural producers — primarily farm enterprises and
household farms, joined by other citizens and tempo-
rarily displaced persons through participation in Victory
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Gardens, communal agricultural enterprises, cooper-
atives, and other community projects — have met the
most urgent needs of society for a variety of agricultural
products and food (News. Initiatives, n.d.). These experi-
ences and aspirations need to be sustained, developed,
and consolidated to overcome war-related damage to the
agri-food system and to strengthen its resilience at both
local and national levels.

Based on the results of research into active inter-
national practices, the key to achieving this objective in
Ukraine is to provide small farm enterprises and house-
hold farms with diversified access to internal markets by
stimulating demand for their agricultural products and
food through the introduction of programmes of: (i) linked
food subsidies to promote healthy eating among vulnera-
ble populations, (ii) organising public procurement from
small producers for special school meals, and (iii) pro-
moting solidarity in food security at the community level.
This is essential for strengthening local agri-food systems,
as the food in question will be produced, processed, sold
(distributed), and consumed in a particular area.

This approach to providing small farm enterprises
and household farms with diversified access to markets
by stimulating demand for their agricultural products
creates an informal space where buyers and sellers meet;
a place where political, social, and cultural relationships
are formed, and where all participants interact with each
other with varying degrees of interdependence and sol-
idarity. Interaction between producers, processors, sell-
ers, and consumers is predominantly horizontal and is
based largely on trust.

At the same time, favourable conditions are being cre-
ated for a fuller transition of agriculture to agroecology,
which is especially important given Ukraine’s aspirations
for membership in the European Union. Global experi-
ence shows that the principles and functions of agroecolo-
gy are most fully implemented at the local level, where the
relevant approaches are used by as many small producers
as possible, strong links are established between produc-
ers and between them and consumers of safe products,
and local agri-food markets are formed. This increases
the production of healthy food and its consumption by
different segments of the population, expands the area of
environmentally friendly use of natural resources in agri-
culture, conserves biodiversity, and strengthens the social
and inclusive nature of the agri-food system.

The mobilisation of financial resources for the im-
plementation of the above measures can be carried out
based on strategic planning and the use of targeted is-
suance by the National Bank with partial involvement
of budgetary funds: this is how mechanisms are built
for simultaneous and interconnected monetisation
of needs and investment in the production of goods
to meet these needs and connect supply and demand
(Grytsenko, 2023). The mechanisms of food supply are
not inflationary, as supply and demand are linked and
balanced by state indirect financing of the basic human
right to national food and the promotion of solidarity for
its production and consumption. Such relationships in
the food system operate according to a set of rules that
are agreed upon between producers, consumers, and
various authorities in the respective territory. The gap
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between producers and end users is narrowing, distribu-
tion chains are becoming much shorter, and financially
backed demand is driving supply.

Linking food subsidies to promote healthy diets
provided by smallholder/household farms. The adap-
tive capacity and resilience of household farming is em-
bedded in both the biophysical aspects of the agri-food
system (through biodiversity conservation, maintaining
healthy soil systems, supporting the self-purification of
natural water bodies, etc.) and its socio-economic aspects
(knowledge transfer, development or organisational ca-
pacity, breaking cycles of poverty, etc.). At the first stage
of introducing food subsidies in Ukraine, it is advisable
to provide payments for the consumption of vegetables,
melons and fruits to restore the immunity of Ukrainians,
which has been considerably impaired by the stressful
environment exacerbated by direct hostilities. Over time,
the list of subsidised foods can be expanded to include
other foods that are essential for healthy eating. People
who are unable to provide themselves with a sufficient
level of nutrition — the poor — need support.

During the war, the number of poor people increased
significantly, and by the end of 2022, the poverty rate in
Ukraine was 24%. According to the World Bank, in 2023,
the poverty rate will reach 55%, meaning that about 18
million people in Ukraine will survive on less than $5.50 a
day (How the poverty level..., 2023). Ukrainian research-
ers calculate poverty by the subsistence level in factual
market prices. Due to the restrictions of martial law and
the impossibility of conducting certain studies, “all the
data of 2022-2023 are modelled data, according to which
poverty was 60% in 2022 and 67% in 2023” (Two-thirds
of Ukrainians live below..., 2023). Such is the number of
people that will not be able to meet their basic needs and
will need state assistance, including food. The poor are
more vulnerable (compared to the average Ukrainian) in
terms of the level and quality of food consumption. No-
tably, on average, Ukrainians already consume insuffi-
cient amounts of fruit (64% of the norm), milk (52%), fish
(59%), and meat (66%) (Halytskyi & Michkovska, 2023).
And the poor population falls far short of the average
consumption of these food groups (only 50-60%). There-
with, the poor are also vulnerable in terms of vegetable
consumption (70% of the average), compensating for
their lack of vegetables with potatoes. The most vulner-
able segments of the population and those who need
support the most are households with children, espe-
cially those under 3 years of age, as well as families with
students and non-working pensioners (Expenditure and
resources..., 2022). Making them priority beneficiaries
of certain types of assistance should be a pilot project
to test the food support programme. In today’s unstable
environment, the need for food subsidies, including the
purchase of fruit and vegetable products, can be calcu-
lated in different ways, depending on the priorities for
maintaining the lives and health of its citizens.

Variant I. In Ukraine, the subsistence minimum is
the basic state social standard based on which state so-
cial guarantees, social benefits, and social payments
are determined. In 2023, the subsistence minimum was
approved in the amount of UAH 2,589.0 per month per
person. Given that the recommended ceiling for food
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expenditures is 60%, i.e., UAH 1,553.4 per month, and
the share of expenditures on fruit and vegetable prod-
ucts is about 18% of the total cost of the consumer bas-
ket (Ukrainian consumer basket..., 2019), it is estimated
that the population will spend UAH 279.6 per month
on these products. Based on projected estimates of the
number of poor people in Ukraine (18 million) and the
estimated need for the purchase of vegetables and fruits
at UAH 279.6 per month, the food subsidy will amount to
UAH 5.03 billion per month.

Variant II. According to the World Food Programme,
at the end of October 2023, there were 3.8 million under-
nourished people in Ukraine (HungerMap, n.d.). Due to
their limited resources, almost half of them use surviv-
al strategies (reducing the number of meals, starving,
begging, working for food, etc.) and primarily need fi-
nancial support for food. According to the average ra-
tional consumption norms of the Ministry of Health, an
adult should consume 161 kg of vegetable and melon
products and 90 kg of fruit and berries during the year
(Halytskyi & Michkovska, 2023). Based on the Ukraini-
an consumption standards, 611.8 thous. t of vegetables
and 342.0 thous. t of fruit are needed to meet the needs
of 3.8 million people for fruit and vegetables. According
to the State Statistics Service, consumer prices increased
by 32.1% between December 2021 and November 2023
(Consumer price indices..., n.d.), which led to an increase
in the cost of all food products, and the average price of
vegetables in November 2023 was 27.8 UAH/kg, and fruit -
46.2 UAH/kg (Product prices, n.d.). Thus, UAH 2.7 billion
per month is needed to finance food subsidies for the pur-
chase of fruit and vegetable products for the those in need.

The potential of small producers of vegetable and
fruit and berry products in Ukraine is quite sufficient to
meet the needs of potential recipients of food subsidies.
In the pre-war period, household farms and farm enter-
prises played a decisive role in the production of these
products, although agricultural enterprises, specifically
those that used agroecological practices, were increas-
ingly interested in growing the crops in question. Be-
tween 2010 and 2021, vegetable production increased by
22.5%, with household farms growing by more than 19%,
farm enterprises by almost 15%, and agricultural enter-
prises by 54%. During this period, production of fruit and
berry products increased by 28%: by 4.3 times in farm
enterprises, and by 21.3-21.4% in household farms and
agricultural enterprises. In 2021, household farms and
farm enterprises (small producers) accounted for 88.3%
of vegetable production and 86.4% of fruit and berry pro-
duction (Agriculture of Ukraine for 2021, 2022).

Russia’s full-scale military invasion of Ukraine has
had a considerable impact on the volume and structure
of vegetable production. According to the State Statistics
Service, the gross harvest of vegetable crops in 2022 was
7,511.6 thous. t, which is almost a quarter less than in 2021
(Agriculture of Ukraine for 2022, 2023). Generally, the vol-
ume of vegetable production decreased by 3.4 times in
agricultural enterprises, by 2.4 times in farm enterprises,
and by 17% in household farms. As a result, the shares of
different categories of farms in total production were as
follows: agricultural enterprises — 4.6%, farm enterprises —
1.3%, and household farms - 94.1% (Fig. 1).
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Figure 1. Production of vegetable crops in Ukraine by different categories of farms, 2010-2022
Source: built based on the data from Agriculture of Ukraine for 2022 (2023)

In the fruit and berry sector, the decline in produc-
tion in 2022 was weaker than in vegetable production,
as its main volumes were concentrated in areas outside
the active hostilities. Gross harvest of fruits and berries
totalled 1,994.8 thous. t, down 10.8% year-on-year. In

agricultural enterprises, production declined by more
than 30%, and their share of the total decreased to 10.6%);
in farm enterprises, the corresponding figures were
12.5% and 7.1%, while in household farms - 7.3% and
82.3% (Fig. 2).

Production of fruit and berry crops, thous. t
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140.8
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160.9

2010 | 249.8 1,459.7 '
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Figure 2. Production of fruit and berry crops in Ukraine by different categories of farms, 2010-2022
Source: built based on the data from Agriculture of Ukraine for 2022 (2023)

Thus, in a war situation, small producers of vegeta-
ble and fruit and berry products (farms and households)
show higher resilience and, therefore, the ability to recover
from damage. This strongly suggests that during the re-
construction of the national economy, pre-war produc-
tion volumes in these sectors can be quickly restored and
further increased thanks to the production of these prod-
ucts being stimulated in the household farming segment.
There is a lot of evidence that farmers from the occupied
territories are organising the cultivation of vegetable and
fruit crops in new locations (Farmer from the Kharkiv
region..., 2023; Growing watermelons in Rivne..., 2023).

Households are also increasing the area under these crops
(Popp & Zavadiak, 2023; Konovalova & Melnyk, 2023),
which is also facilitated by the support of international
organisations (Over 40,000 households..., 2023). The Gov-
ernment of Ukraine provides grant support to small and
medium-sized farms for the development of horticulture,
berry growing, viticulture, and greenhouse farming (Grants
for the development of horticulture..., 2023) According to
preliminary data, as of the beginning of November 2023,
the harvest of vegetable crops reached 7.1 million tonnes
(This year, farmers harvested..., 2023), and therefore, the
forecast of vegetable production, which is expected to
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reach 99% of the previous year (Bublyk, 2023), can be con-
sidered realistic. As for fruits and berries, their supply (1.5-
1.8 million tonnes) should be sufficient to meet the needs
of the internal market (Ukrainian fruit continues..., 2023).
The predominance of small businesses in the produc-
tion of vegetable and fruit and berry products is partly be-
cause rural and urban residents produce a certain amount
of these products for their own consumption (food self-suf-
ficiency). In 2021, the share of home-grown produce in the
consumption of vegetables and gourds in rural households
was almost 57% and 9% in urban households, and of fruits
and berries was 32% and 4%, respectively. Under martial
law, these shares have clearly increased. Therewith, calcu-
lations suggest that the difference between production and
domestic consumption of vegetables and fruit and berry
products in households and farms is sufficient to meet
market demand for them. This demand is constrained by
the low solvency of vulnerable groups. Food subsidies,
combined with support for family farming, will unlock it
and create reliable channels for selling farm products.
Public procurement from small producers for spe-
cial needs school meals. All the world’s largest school
feeding programmes are based on the procurement of
locally sourced food. This makes markets more predicta-
ble, helps create jobs and opportunities for children to de-
velop lifelong preferences for fresh local produce. School
meals are particularly important for children living in con-

flict zones, as they contribute to peace and social cohe-
sion. In a country facing military action, school meals can
be a major safety net, as they create a sense of normalcy
and help keep children learning.

The methodological approaches to calculating the
need for funds for the School Milk Programme are based
on the rational norms of milk consumption in education-
al institutions approved by Resolution of the Cabinet of
Ministers of Ukraine No. 305 (Resolution of the Cabinet of
Ministers of Ukraine No. 305..., 2021), information on the
number of children enrolled in educational institutions at
the end of 2022 (Preschool education..., n.d.) and current
information on the purchase price of milk in November
2023 (The price of extra-grade raw..., 2023). According
to the norms of physiological needs, pupils of preschool
educational institutions should consume 12 servings of
milk per week, specifically, for children under 4 years old a
portion is 150 ml, for children under 7 years old — 200 ml;
students of secondary education institutions should con-
sume 5 servings of 200 ml of milk per week. The duration of
children’s stay in institutions was also considered, namely,
schoolchildren study 36 weeks a year, and children stay
in preschool education institutions for up to 52 weeks a
year. At the end of 2022, the total number of children en-
rolled in preschool and secondary education institutions
and potentially benefiting from the programme was about
5 million people (Table 1).

Table 1. Demand for vegetables, fruits, and milk among preschool and secondary education students, 2022

A Students in preschool education Students in secondary
Indicators A o B Oy
institutions education institutions
Number of child fr:;nealr;o ' ;(éfrf) School age
umber of children (persons) TOTAL
247,169 687,186 4,041,976
- . Nurpber of . . Number of Weight of
Portioning (units) servings per Weight of servings . :
servings per week | servings
week
Varied, seasonal vegetables, except . .
potatoes; fresh, frozen, or pickled 15 servings 60g 80g 15 servings 100 g
Annual demand (thous. t) 11.6 42.9 218.3 272.8
Varied fruit and berries, seasonal, . .
fresh, or frozen 10 servings 60g 80g 10 servings 100 g
Annual demand (thous. t) 7.7 28.6 145.5 181.8
Milk and dairy products 12 servings 150 ml 200 ml 5 servings 200 ml
Demand per year (thous. t)* 23.8 88.3 149.9 262.0

Note: *1 1 of milk=1.03 kg

Source: calculated by the authors of this study based on “The price of extra-grade raw milk has increased by 5.1%” (2023)

Thus, 262.0 thous. t of milk per year are needed to
meet the physiological needs of children under 17. Based
on the purchase price for milk in November 2023, which
was UAH 13.92/kg, the total cost of the School Milk pro-
gramme is UAH 3.7 billion per year. In the future, a healthy
diet for schoolchildren may include locally grown vegeta-
bles and fruits, the consumption of which currently does
not meet national recommendations for healthy nutri-
tion. The estimated average cost of a fruit and vegetable
set at current prices in November 2023 is 59.2 UAH/kg
(Product prices, n.d.), which means that the amount of
subsidy required is UAH 1.35 billion/month. To meet the
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demand for fruit and berry consumption, UAH 0.8 billion/
month is needed.

Milk production in Ukraine was constantly declining
in the pre-war period, but the household sector held its
leadership. In 2021, 8,713.9 thous. t of milk were produced,
down 22.5% from the 2010 level (a decrease of approxi-
mately 2% per year). The share of agricultural enterpris-
es in it was 29%, farm enterprises — 2.8%, and household
farms — 68.2%. In 2022, gross production decreased to
7,767.7 thous. t, down 11% year-on-year. Therewith, ag-
ricultural enterprises produced 2,388.6 thous. t (-5.2%),
farm enterprises — 255.6 thous. t (+4.8%), and household




farms - 5,123.5 thous. t (-13.8%). The ratio between these
three groups of producers was 30.8%:3.3%:65.9% (Agricul-
ture of Ukraine..., 2023). In January-November 2023, farms
of all categories produced 4.6% less milk than in the cor-
responding period of the previous year, but the dynamics
of production in business entities (agricultural and farm
enterprises) was growing (+7%), and in household farms —
declining (-12%). At the same time, household farms are
still the main producers of milk, accounting for more than
62% of its total volume (Enterprises increased the pro-
duction..., 2023). Analysts note that the decrease in milk
production by agricultural enterprises and farms in the
regions affected by the hostilities was partially offset by
an increase in production by the same categories of farms
in the central and western regions, including through the
relocation of production. Milk-producing households suf-
fered substantial losses from military aggression, as they
were forced to sell or abandon their livestock when leaving
their homes in the occupied territories and in the areas of
active hostilities to save their lives and the lives of their
children (Decline in production..., 2023).

Evaluating the above from the perspective of subsidis-
ing healthy school meals, it can be noted that despite the
negative trend of declining production in the dairy indus-
try, which has been substantially exacerbated by the war,
farm enterprises and household farms are quite capable
of providing the necessary amount of products. At the
same time, the introduction of such a subsidy programme
aimed at using the potential of small (local) producers
can substantially support the establishment of an exten-
sive network of family dairy farms in the post-war period,
and participation in the programme will encourage them
to apply agro-ecological practices, as the conditions of
keeping and feeding cows and the quality characteristics
of milk will be directly controlled by school and parental
communities and local governments.

Promoting solidarity in food security at the com-
munity level. A valuable tool for improving local food
security and establishing direct interaction between local
producers and consumers of agri-food products in over-
coming the consequences of the use of food as a weapon
in Ukraine could be a model of crop sharing or agricul-
tural production supported by consumer communities.
In international practice, this model is called Community
Supported Agriculture (CSA). CSA is a form of social in-
teraction that directly connects producers and consumers
in the food system, allowing consumers to subscribe to
the harvest of a particular family farm or group of farms
to build food security at the family and community level.
It is a socio-economic model of agriculture and food dis-
tribution that allows the producer and consumer to share
the risks of agricultural production for a more sustainable
food supply through local markets.

Community-supported agriculture is a practice of
socialisation, the management of the production and
distribution of goods and services under the guidance of
the community. The organisation of food supply through
community complements the horizontal axis of mar-
ket-mediated food production and consumption and
the vertical axis of state distribution and regulation of
food security. In this system, market actors interact not
only and rather than as competitors, but as members of a
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community who cooperate in taking collective action for
the benefit of the commonwealth and each other’s wel-
fare. Examples of the use of the CSA model in the world
and the prospects for its implementation in Ukraine are
described in scientific publications (Overview of commu-
nity..., 2016; Yarovyi & Fraier, 2019).

The provision of food subsidies to vulnerable groups
can be used by recipients to support local small-scale
producers and their families through CSAs. The intro-
duction of a state programme to stimulate the creation of
local CSA models as a means of multi-vector support for
producers (farm enterprises and household farms), food
consumers and rural communities will help to form new
relationships and reliable communication between food
producers and consumers based on the principles of part-
nership, solidarity, mutual responsibility in the produc-
tion and consumption of safe and high-quality food, and
the development of new behavioural strategies to achieve
anew quality of life.

Notably, international studies of the cost-effective-
ness of programmes such as the ones outlined above
suggest that they have a multi-directional effect: they
bring benefits not only to nutrition and health, but also
to social protection, environmental safety, and local de-
velopment. According to the UN World Food Programme
(WFP), in 2023, the return on investment in school feed-
ing programmes was USD 9 for every dollar invested in
their implementation (WFP, 2023). Research by the Food
and Agriculture Organization of the United Nations (FAO)
confirms WFP’s findings and shows that food support and
school feeding programmes using local products, while
requiring large public expenditures, have a multi-direc-
tional effect and considerable returns.

Programmes to support food security with a multidi-
mensional effect are used in many countries, especially in
low-income countries, and are actively supported by donor
organisations, including the United States Agency for In-
ternational Development, FAO, WFP, and the World Bank.
The proposed approaches and estimates of the needs for
funds to implement such programmes in Ukraine can
serve as a basis for negotiations with these organisations
to obtain additional donor funds for food aid to alleviate
the suffering of the population from the aggression of the
Russian Federation, which uses food as a weapon to de-
stroy Ukrainians.

» Conclusions

The study outlined the consequences of Russia’s use of
food as a weapon in the war against Ukraine, covered the
significance of local agri-food systems for overcoming
them, and substantiates mechanisms for more compre-
hensive involvement of small agricultural producers in
strengthening the resilience of these systems to meet the
food needs of all, especially vulnerable, segments of the
population.

The manifestations of Russia’s use of food as a weap-
on in Ukraine include preventing the population’s access
to food and water by blocking settlements and transport
infrastructure, destroying food stocks, the material base of
agricultural and food producers, etc., as well as undermin-
ing the economic security of the state by preventing the
export of its products. In overcoming these consequences
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in the context of the war and post-war reconstruction of
Ukraine, it will be essential to strengthen local agri-food
systems, in which small producers — farm enterprises
and household farms — should play a crucial role. This
involves providing them with diversified access to inter-
nal markets by stimulating demand for their agricultural
products and food.

The key ways to achieve this goal include the introduc-
tion of food subsidies for vulnerable groups of citizens to
purchase the most necessary products produced by fam-
ily-type farms; public procurement of products for school
meals from small producers; and promotion of solidarity
in food security at the community level. The calculations
show that smallholder farms can produce the required
products in the volumes determined for the specified
needs. Strengthening local agri-food systems and sup-
porting small-scale agricultural producers will also help
to transition agriculture to an agroecological approach.

To finance programmes to overcome the conse-
quences of the use of food as a weapon while support-
ing small agricultural producers, the National Bank’s tar-
geted issue with partial budgetary support can be used
to strengthen the national rootedness of the agri-food
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» AHoTauifa. OqHUM i3 Bpa3IUBUX MiCI[b YKpAiHH, sIKe BUCBITINJIO BUKOPHUCTAHHS y POCIHCHKil BiitHi mpoTh
Hel TPONOBOJIBCTBA SIK 30poi, BHABMJIACH HAIMipHa CHPOBHMHHO-EKCIIOPTHA OpieHTarif i cimabka BHYTpIlIHSA
VKOPIiHEHICTh arpomnpomoBOJIBYO0l CHUCTEMH, HEJOCTaTHS CTIHKICTh I JIOKaJIbHUX JAHOK. MerToio crarti Oyso
0OI'pyHTYBAHHSA MOTEHIia/Ty 3MIITHEHHS JJOKAJIbHUX arpOIPOAOBOJIBINX CUCTEM Yepea MOBHillle 3a/yuYeHHs APiOHUX
BUPOOHHUKIB Ci/IbCHKOTOCIIONAPCHKOI IPOAYKIIT 3 opieHTalliel0 Ha 3aJ0BOJIEHHA IPOAOBOJIBYNX OTPed yCix BepCcTB
HaceJsIeHHs. Y JOC/IiIKeHHI BUKOPUCTaHi MeTOIU: CUCTEMHOT0 aHaJlidy, IpylnyBaHHs i kiacudikaii, CTaTuCTUYHOTO
aHajisy, dopmasisaril, abCTpPaKTHO-JIOTIYHWH. PO3KPUTO MpPOSABH BHUKOPHUCTAHHA pPOCIEI0 IIPOLOBOJIBCTBA
JJIs TOCSITHEHHS TIOJIITUYHUX i BOEHHUX IIilell B YKpaiHi, posb ApiOHMX BUPOOHUKIB CiTbCHKOTOCIOAAPCHKOL
MPOAYKIIl B TOM'SIKIIEHHI 1X HETaTWBHHUX HACJ/iIKiB. BcTaHOBJIEHO, IO BU3HAYAJIHHUM HANPSIMOM IOCHUJIEHHS
CTilIKOCTi arpompomoBOJIBYOL CUCTEMHU SIK HA JIOKAJIBHOMY, TaK i HaI[ioHAJIbHOMY PiBHAX € HaJaHHA depMmepam i
CeJITHCBKUM TOCIOfapCcTBaM AuBepcU(hiKOBAHOTO JOCTYIY Ha BHYTPIIIHI pUHKU dYepe3 CTUMYJIIOBAHHS IOMUTY Ha
BUPOOJIEHY HUMU CiTbCBKOTOCIOAAPCHKY NMPOAyKIlifo. OGrpyHTOBaHO (hOpMHU peastisalii I[bOT0 3aBJaHHS IILJIAXOM
3aMpoBaPKeHHs IIporpaM 3B’fI3aHUX IPOAOBOJIBYMX CYOCHAINA AJIA BPa3/JMBUX BEpPCTB HACeJIEHHS, NeprKaBHUX
3aKyIiBeJb Bii ApiOHUX BUPOOHUKIB AJIsI TOTPed IIKIIBHOTO Xap4YyBaHHSA Ta 3a0X0YE€HHS COJIiJTapHOI IPOI0BOJIBIO]
Oe3rekn Ha piBHI chigbHOT. OmiHEHO TOTPEdy B pecypcax Jisl 3TalaHUX MPOrpaMm i MOTEHIIial MaJINX TOCIIOAAPCTB
y BUPOOHMUITBI HEoOXifHOI MPOAYKIIii, TOKa3aHo, 0 3aNPOBA/KEHHs MIPOrpaM CIPUATHME MIepexoy CiIbChKOro
rocrojgapcTsa A0 (YHKIIOHYBaHHA Ha 3acafax arpoexosiorii. PO3KpUTO MOMKJIMUBICTH (biHAHCYBAaHHS 3axoliB 3
MOJ0JIaHHA HACJIiIKIB 3aCTOCYBaHHS IMPOJOBOJIBLCTBA AK 30p0l 3 OJHOYACHOIO MiATPUMKOIO OpiOHUX BUPOOHUKIB
3a paxyHOK BHKOPHCTAHHS IIiyIboBOI eMicil HamioHaapHOTO GaHKY 3 YaCTKOBUM 3a/Ty4eHHAM OIOIYKETHHX KOIITiB
Yy MesKkax IIOCUJIeHHS HalliOHAJbHOI YKOPIHEHOCTi arponpoJoBOJIBYOl CUCTEMH, a TAKOK OHOPCHKOI HiATPUMKHU.
ITpaKTUYHOIO 3HAYUMICTIO pe3y/bTaTiB JOCIIIIKEHHs € MOKJIUBICTh IX BUKOPUCTAHHA [IPU 3aIIPOBAJKeHHI 3aX0/iB
NIPOAOBOJIBYOL i JTPUMKH BPa3/IMBUX IPYIl HACEJIEHHS Ta IMiATOTOBIi I030BY 40 MIXXHaApOJHOI0 KpUMIiHAJIBHOIO CyAy
III0JI0 3aCTOCYBaHHA POCiichbKOI0 dheepaliieio IpoJoBOIbCTBA AK 30poi y BiliHi mpoTu YKpaiHu
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» Abstract. Presently, the process of assessing the effectiveness of higher education institutions and analysing the
dynamics of its change needs to be improved, which determines the relevance of this study. The purpose of this study
was to improve the assessment of the efficiency of agricultural higher education institutions of Ukraine in the scientific
and journalistic context, as well as to investigate the changes in dynamics using the non-parametric method of assessing
the relative efficiency of data envelopment analysis. The study used methods of statistical processing and data analysis,
linear programming, computer computing to solve research problems, and logical and analytical methods to determine
the purpose of the study, the means of achieving it, substantiate the findings of the study, and formulate conclusions. To
evaluate the effectiveness of scientific and publishing activities of these higher education institutions, the input-oriented
model of variable returns to scale of the data envelopment analysis method was applied. Using statistical data for 2020-
2022, the net technical efficiency of scientific and publishing activities of 37 agricultural higher education institutions
of Ukraine was assessed. Based on the results of the assessment, a rating of agricultural higher education institutions
in Ukraine was compiled. It was found that in 2021 and 2022, 27% of the surveyed higher education institutions were
100% effective. The average net technical efficiency in 2021 and 2022 was 0.91. In 2021-2022, 27% of agricultural higher
education institutions increased the efficiency of scientific and publishing activities, 59% did not change, and 14%
decreased. On average, there was a 1% increase in the use of educational resources in the field of agricultural higher
education. Thus, the scientific and publication activities of agricultural higher education institutions during the study
period are progressive. The findings of this study can be used for a reasonable ranking of higher education institutions
according to the efficiency of scientific and publishing activities, analysis of the dynamics of changes in efficiency

» Keywords: higher education; scientific and publishing activity; non-parametric method of relative efficiency
assessment; variable returns to scale model; net technical efficiency; rating; Malmquist index

» Introduction

Agrarian universities are business entities engaged in the
development of the innovative potential of the agro-in-
dustrial complex (AIC), namely training of AIC specialists,
provision of information, consulting and expert services,
scientific and theoretical, scientific and applied research,
making discoveries and inventions in the agricultural sec-
tor. Improving the efficiency of higher education institu-
tions (HEIs) with an agricultural focus contributes to the
innovative development of the agro-industrial complex.
Therefore, it is relevant to develop methods for objec-
tive assessment of the level of efficiency of agricultural

universities, identify opportunities for improving effi-
ciency, and analyse trends in the development of agricul-
tural higher education.

Currently, to evaluate and analyse the efficiency of
any business entity (including educational institutions),
countries widely use a non-parametric method of assess-
ing relative efficiency — data envelopment analysis (DEA).
According to the ranking of countries by the number of
users (User Count) who have purchased the software from
the Data Envelopment Analysis Online Software host-
ing (Data Envelopment Analysis, n.d.), the United States

» Suggested Citation: Dolgikh, Ya. (2024). Evaluation of the efficiency of agricultural higher education institutions of Ukraine
and the dynamics of its change by data envelopment analysis. Ekonomika APK, 31(1), 29-40. doi: 10.32317/2221-1055.202401029.
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ranks first (80,600 User Count), India is second (1,600 User
Count), followed by Iran, the Islamic Republics (1,436 User
Count), and others. The User Count of Ukraine is 32, which
indicates that the practical application of the DEA meth-
od in Ukraine is not widespread. T. Pham Van et al. (2022)
conducted a bibliometric analysis of 169 Scopus publica-
tions from 1988 to 2021 on the use of data envelopment
analysis to assess performance in higher education. The
following countries were identified as having the greatest
influence on research on this topic: Italy, China, Spain,
the United States, and the United Kingdom. Consequent-
ly, theoretical research on this topic is not widespread in
Ukraine. The DEA method assesses the relative efficien-
cy of converting input factors (resources) into output
(performance results) for decision-making units (DMU).
Ya. Dolhikh (2020) indicates the advantages of using the
DEA method to assess the relative efficiency of similar
DMUs, among which are the possibility of simultaneous-
ly analysing the impact of input factors on output factors
without first determining their functional dependence
and identifying the causes of inefficiency.

Among the scientific papers on the application of
the data envelopment analysis method to assess the ef-
fectiveness of higher education institutions for 2020-
2023, it is worth mentioning the study by K. Stefanova &
N. Velichkov (2020), which uses the DEA method to inves-
tigate the cost-effectiveness of higher education in some
EU member states. S. El Gibari et al. (2022) proposed a
methodology for assessing the effectiveness of Spanish
universities based on a combination of a multi-crite-
ria benchmarking scheme to form consolidated perfor-
mance indicators and the DEA method. G.V. Olariu &
S. Brad (2022) assessed the relative effectiveness of 38
study programmes at a Romanian public university using
CRS-, VRS-output-oriented DEA models for 2016-2019.
R. Puertas et al. (2023) used the DEA method to assess the
effectiveness of environmental policies of universities in
Italy and Spain during 2018-2022. The study found an in-
crease in its efficiency due to the introduction of innova-
tive environmental measures. X. Zhao et al. (2023), using
the BCC (or VRS) model of the DEA method, assessed the
effectiveness of scientific and technological innovation
(STI) of Chinese universities in 31 provinces for 2011-2020
and analysed the dynamics of its change. Based on the re-
sults obtained, proposals were made to improve the effi-
ciency of STI universities through a scientific innovation
alliance, and a mechanism for evaluating and managing
innovations was developed. Z. Liu et al. (2023) used the
DEA BCC model and the Malmquist index to analyse the
performance of 34 Chinese universities for 2017-2021. It
was found that the use of massive open online courses
(MOOCs) contributes to efficiency. Among the scientific
studies conducted in Ukraine, it is worth noting the study
by O. Hryhorash et al. (2022), which uses the DEA method
to assess the efficiency of higher education expenditures
by students and the state in OECD countries and Ukraine
and compares the efficiency of these expenditures.
I. Lesik er al. (2022) used the data envelopment analysis
method to assess the effectiveness of the management
of the higher education system in 24 regions of Ukraine.
The analysis of these studies revealed a substantial lack
of theoretical and practical research on the evaluation of
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the effectiveness of Ukrainian HEIs using the DEA meth-
od. The purpose of this study was to assess the effective-
ness of scientific and publishing activities of agricultural
HEISs, rank them by efficiency and analyse the dynamics of
changes in efficiency.

» Materials and Methods

The study proposes to evaluate the effectiveness of scien-
tific and publishing activities of agricultural HEIs using
the DEA method. The essence of the DEA methodology is
that DMU, (k=1; K), are studied that have a set of inputs
(resources) given by a non-zero vector of input variables
X.= X1, X0 --+» Xi) @and outputs (results) given by a non-ze-
ro vector of output variables Y, = (y,;, V1o, ---» V). The DMU;
activity under analysis is considered to be 100% technical-
ly efficient if it achieves the specified result with minimal
resource consumption. For this condition, efficiency is as-
sessed using the input-oriented DEA model, which mini-
mises input variables with fixed outputs. The input-orient-
ed orientation will allow to provide recommendations for
achieving maximum results of scientific and publishing
activities through resource optimisation, which is appro-
priate if the results of scientific and publishing activities
are determined by the workload of academic staff (AS) and
resource savings are required. The use of the input-orient-
ed model provides more opportunities to monitor inputs
and adjust them. DEA models are divided into constant
returns to scale (CRS) and variable returns to scale (VRS)
models. The efficiency calculated using the VRS model fac-
tors in the disproportionate change in performance due to
changes in the amount of resources spent. The increase in
the number of AS and funding of scientific activities does
not lead to a proportional increase in scientific publica-
tions and their quality indicators. Technical efficiency is
assessed using the VRS input-oriented model by solving a
linear programming problem (Banker ez al., 1984):

[ E
B 2 M
EXo = Ypoq MeXpe, Yo < TRoy A Vi, 2
Thoaie=124=0 (k=1K), @)

where E is the input net technical efficiency; 4, is the un-
known coefficients; K is the number of DMU,; X,, Y, are
the vectors of input and output DMU, variables under
analysis.

By solving the linear programming problem (1)-(3),
the coefficients of the input and output variables are de-
termined so that the calculated value of DMU, efficiency
belongs to the interval [0;1] and takes the highest possible
value. DMUs with an efficiency equal to one are the most
efficient and are called “reference” DMUs. The benchmark
DMUs form a so-called efficiency frontier in the space of
input-output variables.

A correct solution to the problem (1)-(3) is possi-
ble if the following non-degeneracy condition is met
(Cooper et al., 2006):

K = max{m xn; 3(n+m)}, (4)

where n is the number of output variables; m is the num-
ber of input variables.




The analysis of the change in efficiency determined
according to the DEA method should factor in the spe-
cific feature of the method, according to which the change
in efficiency can be caused by both changes in the input
and output parameters of DMU, and changes in the ref-
erence DMUs. The analysis of the change in the efficiency
of DMU, k= (1; K) in the current period compared to the
previous one is carried out using the Malmquist index
(Cooper et al., 2007):

Mind = TCng §—§ , 5)
where TCng = i_} ’ 5_3 is the technical shift of the efficien-
cy frontier; E,° is the efficiency of DMU, analysed in the
period T,; E,! is the efficiency of DMUj, in the period T;;
E,! is the efficiency of DMU, with indicators in the pe-
riod T, relative to the frontier of efficient DMUs in the
period T;; E\° is the efficiency of DMU, with indicators in
the period T, relative to the frontier of efficient DMUs in
the period T,.

If Mind=1, the efficiency of the DMU, under study
has not changed, if Mind > 1, it has increased, if Mind<1,
it has decreased. According to the formula (5), the Malm-
quist index is formed by multipliers that characterise the
change in the technical (innovation) process (TCng) and

the change in efficiency (E,'/E,"). The DEA models were
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calculated using the developed VBA program for Micro-
soft Excel.

The statistical database of input data values that
characterise the scientific and publishing activities of
agricultural HEIs, namely the number of AS, the amount
of funding for the HEIs under study, the amount of their
funding depending on performance indicators, indicators
oflarge-scale scientific activities of HEIs in 2021, 2022, was
formed according to the Distribution of funds from the
state budget between higher education institutions (n.d.).
The statistical database of output data values, namely the
number of publications in Scopus of the AS, the number
of citations of the AS, the Hirsch index of the AS of the
HEIs under study in 2021, 2022, was formed based on the
information of university rankings according to Scopus
indicators in 2021, 2022 (Scopus ranking of universities in
2021, 2021; Scopus ranking of universities in 2022, 2022).

Agricultural HEIs of Ukraine, namely universities,
academies, institutes with an agricultural focus in research
and education, were selected as DMU, (k=1; K), to be as-
sessed by the DEA method. Among these HEIs, 37 were
selected, which are engaged in educational and research
activities in the following areas: “Agricultural Sciences and
Food”, “Production and Technology”, and “Natural Scienc-
es”. Table 1 shows a sample of DMU, (k=1; 37) — agrarian
HEISs of Ukraine selected for the study.

Table 1. Agrarian HEIs of Ukraine under study

No. DMU HEI No.DMU HEI
1 Bila Tserkva National Agrarian University 20 Odesa State Ecological University
2 Vinnytsia National Agrarian University 21 LI Mechnykov Odesa National University
3 Uzhhorod National University 22 Podillia State University
4 Dnipro State Agrarian and Economic University 23 Polissia National University
5 Oles Honchar Dnipro National University 24 Poltava State Agrarian University
6 Zaporizhzhia National University 25 Vasyl Stefanyk Prt'acarp athian National
University
7 West Ukrainian National University 26 Sumy National Agrarian University
. . . . Lesya Ukrainka Volyn National University (Lesya
8 Lutsk National Technical University 27 Ukrainka Eastern European National University)
9 Stepan Gzhytskyi National University of 28 Volodymyr Dahl East Ukrainian National
Veterinary Medicine and Biotechnologies of Lviv University
10 Lviv National Environmental University (Lviv 29 Dmytro Motornyi Tavria State Agrotechnological
National Agrarian University) University
1 Bogdan Khmelnitsky Melitopol State Pedagogical 30 Ternopil Ivan Puluj National Technical
University University
12 Mykolaiv National Agrarian University 31 Uman National University of Horticulture
13 Ukrainian National Forestry University 32 O.M. Beketov Natlona?l Unlver.suy of Urban
Economy in Kharkiv
National Technical University “Kharkiv Kherson State Agrarian and Economic
14 . L 33 L
Polytechnic Institute University
15 Chernihiv Polytechnic National University 34 Khmelnytskyi National University
16 National Umver's1ty of Life anq Environmental 35 Central Ukrainian National Technical University
Sciences of Ukraine
17 National University of.Wate-r and Environmental 36 Cherkasy State Technological University
Engineering
18 National University of Food Technologies 37 Yuriy Fedkovych Chernivtsi National University
19 Odesa State Agrarian University

Source: Distribution of funds from the state budget between higher education institutions (n.d.)
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The object of the study is the scientific and journal-
istic activity of agricultural universities in Ukraine. The
composition of the factors of the VRS-input-oriented
model was formed considering the specific features of
the research object and the condition of non-degeneracy
(4). The vector of input variables of the VRS-input-ori-
ented model is formed by the following factors: 1) x,, the
number of AS, people; 2) x,, the amount of funding for
higher education institutions, UAH; 3) x,, the amount
of funding for higher education institutions depending
on performance indicators, UAH; 4) x,, the indicator of
large-scale activity; 5) x;, the indicator of scientific activ-
ity. The vector of output variables of the input-oriented
VRS model is formed by the following factors: 1) y,, is the

number of publications in Scopus by HEI's AS, pcs; 2) y,,
is the number of citations of HEI's AS, pcs; 3) y,, is the
Hirsch index of the HEI’s AS. The selected input variables
reflect the educational resources of the HEI, and the out-
put variables are the results of scientific and publishing
activities.

> Results

Results of the net technical efficiency assessment,
analysis of the dynamics of its change. The values of the
input variables for the construction of VRS models that as-
sess the net technical efficiency of the research and pub-
lishing activities of the HEIs under study in 2021 and 2022
are presented in Table 2.

Table 2. Input data for building VRS models

For VRS 2021' models For VRS 20222 models
Financing of HEIs in 2020, | Performance Financing of HEIs in 2021, | Performance
UAH indicators UAH indicators
No. ° °

DMU AS,l depending on E "E,: AS,l depending on E é:
people o = people o =

Except for:® | performance 4 g Except for:® | performance 4 5

indicators E’ ] indicators g’ El
1 376 87,320,968 5,004 1 1.1 376 103,366,688 14,258,913 1 1.1
2 316 69,723,256 13,456 1 1.1 327 76,474,697 8,763,805 1 1.1
3 1,275 203,580,480 1,485 1.2 1.1 1,285 242,022,316 33,139,287 1.2 1.1
4 343 66,804,992 271 1 1.3 327 88,047,177 13,570,066 1 1.3
5 871 244,274,352 9,906 1.2 1.2 826 238,619,619 25,009,747 1.2 1.2
6 710 128,402,216 2,112 1.2 1.1 665 145,644,765 17,361,578 1.2 1.2
7 686 114,421,632 1,043 1.2 1.1 686 129,709,915 14,559,395 1.2 1.1
8 413 106,160,400 2,211 1.2 1.3 413 136,452,343 24,340,299 1.2 1.3

9 330 84,610,096 6,356 1 1 330 105,460,174 11,458,896 1 1
10 320 80,065,528 518 1 1.1 290 98,732,284 8,931,183 1 1.1
11 278 62,646,868 2,194 1 1.1 278 76,274,031 7,420,337 1 1.1
12 352 80,888,976 5,831 1 1.4 352 107,920,540 12,844,898 1 1.4
13 349 80,075,856 15,337 1 1.2 314 94,061,749 7,982,530 1 1.2
14 1,387 368,192,064 11,321 1.4 1.3 1,387 441,909,986 65,334,853 1.4 1.4
15 311 101,270,840 4,206 1 1.4 260 119,943,862 14,493,104 1 1.4
16 1,270 453,143,712 12,579 1.4 14 1,210 532,128,935 70,201,158 14 1.4
17 589 135,840,528 8,055 1.2 1.2 549 169,684,683 25,892,383 1.2 1.3
18 608 170,255,792 4,003 1.2 1.1 577 180,078,202 20,070,877 1.2 1.1

19 141 27,885,960 1,432 0.8 1 141 31,496,643 2,884,867 0.8 1
20 179 47,197,424 963 0.8 1.2 168 43,324,650 2,638,414 0.8 1.2
21 759 113,510,200 2,096 1 1.2 759 128,828,526 13,534,966 1 1.3
22 213 55,024,400 7,170 1 1.3 199 60,050,078 7,080,327 1 1.3

23 356 69,505,344 17,623 1 1 356 87,687,366 11,843,556 1 1
24 325 68,667,240 1,909 1 1.1 325 91,467,533 12,418,680 1 1.1
25 893 125,292,944 4,467 1.2 1.1 876 154,785,175 20,665,030 1.2 1.1
26 431 116,555,880 10,042 1.2 1.2 385 149,600,957 25,130,460 1.2 1.3
27 741 147,902,336 7,355 1.2 1.1 722 181,148,090 25,703,717 1.2 1.2
28 379 124,084,840 6,683 1 1 371 128,988,330 12,343,448 1 1.1
29 291 81,642,504 996 1 1.2 292 100,200,652 12,224,238 1 1.2
30 408 82,569,280 3,174 1 1.2 401 94,720,593 12,697,461 1 1.2
31 320 74,766,088 2,108 1 1.2 295 96,850,754 12,687,970 1 1.1
32 499 107,834,272 1,407 1 14 499 127,641,942 16,700,369 1 1.3
33 216 46,650,324 11,081 1 1.1 216 59,899,945 7,169,768 1 1.1
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Table 2, Continued

For VRS 2021' models For VRS 20222 models
Financing of HEIs in 2020, | Performance Financing of HEIs in 2021, | Performance
UAH indicators UAH indicators
No. AS Q o AS & Q
DMU i depending on E ‘g‘ : depending on E ‘é‘
people 2 people o
Except for:® | performance 4 5 Except for:® | performance 4 g
indicators %" 3 indicators %" 3
= @ = @
34 544 101,756,008 2,072 1 1.1 544 119,018,448 13,707,116 1 1.1
35 323 73,545,648 2,234 1 1.1 311 88,162,710 10,091,433 1 1.1
36 369 72,333,984 341 1 1 345 74,946,847 8,034,883 1 1
37 1,101 176,465,248 193 1.2 1.1 1,035 207,844,329 30,050,709 1.2 1.1

Note: ! DEA models assessing the effectiveness of the research and publishing activities of the DMUs studied in 2021;
2DEA models assessing the effectiveness of the research and publishing activities of the DMUs studied in 2022 ;% 1) social
and other payments; 2) reserve

Source: Distribution of funds from the state budget between higher education institutions (n.d.)

The values of the output variables for the construc-  scientific and publishing activities of the HEIs under
tion of VRS models that evaluate the effectiveness of  studyin 2021, 2022 are presented in Table 3.

Table 3. Input data for building VRS models

For VRS-2021 models For VRS-2022 models
No. Number of Scopus 1\'Iun}ber o Hirsch Index Numb.e r o.f Scopus 1\.Tum'ber of q
DMU | publications by HEI's c1tat,10ns .of of HED's AS in pulzllcat.lons by c1ta1i10ns .of lefch Ir.ldex of
AS in 2021, ps. HEI’s AS in 2021 HETI’s AS in 2022, HEI's ASin | HEI’'s AS in 2022
2021, pcs. pcs. 2022, pcs.
1 173 590 13 235 235 14
2 206 515 10 289 951 13
3 2,673 14,444 43 3,078 16,922 45
4 280 765 11 377 1,104 14
5 4,262 18,456 46 4,698 21,159 49
6 972 2,374 21 1,137 3,034 22
7 961 2,765 21 1,161 3,812 23
8 561 1,058 13 650 1,996 15
9 286 1,970 22 352 2,376 23
10 233 722 9 315 1,141 13
11 174 536 11 250 1,030 15
12 205 517 12 315 1,008 15
13 363 3,292 26 425 4,416 28
14 4,890 19,915 48 5,532 24,238 53
15 467 1,825 19 541 2,453 22
16 1,730 6,645 32 2,329 9,770 38
17 722 2,402 19 909 3,714 25
18 717 3,243 25 819 4,102 26
19 34 64 6 58 121 6
20 296 1,631 17 351 2,101 18
21 3,916 25,987 67 4,191 29,503 71
22 101 143 6 142 363 9
23 244 546 11 576 1,121 13
24 243 418 9 331 776 13
25 1,152 11,944 47 1,404 15,648 54
26 463 1,932 20 686 2,901 24
27 975 7,082 32 1,139 8,462 33
28 943 3,498 21 1,172 4,568 25
29 281 668 12 402 1,158 16
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Table 3, Continued

For VRS-2021 models For VRS-2022 models
No. Number of Scopus l\'lun}ber o Hirsch Index Numb.e r o.f Scopus 1\.Tum'ber of q
DMU | publications by HEI's 01tat,10ns .of of HED's AS in pulzllcat.lons by c1ta1i10ns .of lefch Ir.ldex of
AS in 2021, ps. HEI’s AS in 2021 HETI’s AS in 2022, HEI's ASin | HEI’'s AS in 2022
2021, pcs. pcs. 2022, pcs.
30 910 2,832 17 1,052 3,923 22
31 211 306 9 278 429 10
32 597 1,440 17 765 2,224 20
33 123 349 10 182 609 14
34 684 2,812 19 811 3,752 23
35 261 606 10 299 839 13
36 294 1,093 20 336 1,322 20
37 3,995 20,227 64 4,332 23,307 66

Source: Scopus ranking of universities in 2021 (2021); Scopus ranking of universities in 2022 (2022)

The formation of the database of statistical values of

input and output variables was carried out considering

the time lag — the results of scientific and publishing activ-
ities are possible at least 1 year after the action of the in-
put factors. Next, the study checked if the non-degeneracy
condition (4) is met: 37>max{5x3; 3(5+3)}; 37>24. Thus,

condition (4) is satisfied.
Results of the net technical efficiency assessment. Ta-
ble 4 contains the results of calculations of the net technical
efficiency of scientific and publishing activities of Ukrainian
agricultural HEIs in 2021 (E,°) and 2022 (E|}), and the rank-
ings of agricultural HEIs based on the assessed efficiency.

Table 4. Results of calculations of the net technical efficiency of scientific and publishing activities of agricultural HEIs
of Ukraine in 2021, 2022 and ratings of agricultural HEIs of Ukraine according to the estimated efficiency values

No. 2021 2022 DMU ranking, 2021 DMU ranking, 2022
DMU Ep No.DMU E® Rank No.DMU E! Rank
1 0.9091 0.9091 5 1 1 5 1 1
2 0.9091 0.9095 9 1 1 9 1 1
3 0.9686 0.9723 14 1 1 14 1 1
4 0.8098 0.8179 19 1 1 19 1 1
5 1.0000 1.0000 20 1 1 20 1 1
6 0.9124 0.8471 21 1 1 21 1 1
7 0.9164 0.9257 23 1 1 23 1 1
8 0.7698 0.7756 28 1 1 25 1 1
9 1.0000 1.0000 36 1 1 36 1 1
10 0.9091 0.9100 37 1 1 37 1 1
11 0.9091 0.9112 25 0.9810 2 13 0.9730 2
12 0.8007 0.8056 3 0.9686 3 3 0.9723 3
13 0.9260 0.9730 27 0.9316 4 28 0.9614 4
14 1.0000 1.0000 13 0.9260 5 33 0.9510 5
15 0.8196 0.8505 34 0.9210 6 34 0.9299 6
16 0.7364 0.7502 7 0.9164 7 7 0.9257 7
17 0.8333 0.7886 18 0.9161 8 18 0.9189 8
18 0.9161 0.9189 6 0.9124 9 11 0.9112 9
19 1.0000 1.0000 33 0.9093 10 24 0.9103 10
20 1.0000 1.0000 0.9091 11 10 0.9100 11
21 1.0000 1.0000 2 0.9091 11 35 0.9097 12
22 0.8007 0.8019 10 0.9091 11 2 0.9095 13
23 1.0000 1.0000 11 0.9091 11 0.9091 14
24 0.9091 0.9103 24 0.9091 11 31 0.9091 14
25 0.9810 1.0000 35 0.9091 11 30 0.8763 15
26 0.8333 0.8161 30 0.8630 12 27 0.8589 16
27 0.9316 0.8589 29 0.8418 13 29 0.8580 17
28 1.0000 0.9614 31 0.8345 14 15 0.8505 18
29 0.8418 0.8580 17 0.8333 15 6 0.8471 19
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Table 4, Continued

No. 2021 2022 DMU ranking, 2021 DMU ranking, 2022
DMU E, E! No.DMU E,° Rank No.DMU E! Rank

30 0.8630 0.8763 26 0.8333 15 32 0.8371 20
31 0.8345 0.9091 32 0.8204 16 4 0.8179 21
32 0.8204 0.8371 15 0.8196 17 26 0.8161 22
33 0.9093 0.9510 4 0.8099 18 12 0.8056 23
34 0.9210 0.9299 22 0.8007 19 22 0.8019 24
35 0.9091 0.9097 12 0.8007 20 17 0.7886 25
36 1.0000 1.0000 8 0.7698 21 8 0.7756 26
37 1.0000 1.0000 16 0.7364 22 16 0.7502 27

Source: calculated by the author of this study

According to the results of the calculations presented
in Table 4, the following agricultural HEIs of Ukraine had
the highest relative efficiency of scientific and publishing
activities in 2021 and 2022: Oles Honchar Dnipro National
University, S.Z. Gzhytskyi Lviv National University of Vet-
erinary Medicine and Biotechnology, National Technical
University “Kharkiv Polytechnic Institute”, Odesa State
Agrarian University, Odesa State Environmental Univer-
sity, L.I. Mechnykov Odesa National University, Polissia
National University, Cherkasy State Technological Uni-
versity, Yuriy Fedkovych Chernivtsi National University.

In addition, in 2021, the maximum relative efficiency of
scientific and journalistic activities was achieved by the
Volodymyr Dahl East Ukrainian National University, and
in 2022 - by the Vasyl Stefanyk Precarpathian National
University. The minimum effectiveness of scientific and
journalistic activities in 2021 and 2022 was achieved
by the National University of Life and Environmental
Sciences of Ukraine. The calculated value of the esti-
mated efficiency of this HEI was 0.74 in 2021 and 0.75 in
2022. Table 5 shows a summary of the net technical effi-
ciency assessment.

Table 5. Summary indicators of net technical efficiency

Indicators E E}!
Number of effective ones 10 10
Percentage of effective ones 27.03 27.03

Average efficiency 0.9081 0.9104

Source: calculated by the author of this study

According to the calculations presented in Table 5, in
2021 and 2022, the share of agricultural higher education
institutions with the highest efficiency of scientific and
publishing activities was 27%. Thus, 63% of the surveyed
HEIs can improve their performance by reducing the

amount of resources used. The average relative net tech-
nical efficiency was 0.91. Table 6 shows the results of the
net technical efficiency assessment for 2021 (E,°) and 2022
(E\Y, indicators of efficiency change (E,'/E,"), technical
progress (TCng), Malmquist index (Mind).

Table 6. Net technical efficiency of scientific and publishing activities of agricultural HEIs of Ukraine in 2021, 2022,
indicators of its change for 2021-2022

No.DMU E E! E,'/E, TCng Mind
1 0.9091 0.9091 1.0000 1.0000 1.0000
2 0.9091 0.9095 1.0004 1.0075 1.0079
3 0.9686 0.9723 1.0038 1.0177 1.0216
4 0.8098 0.8179 1.0100 1.0010 1.0110
5 1.0000 1.0000 1.0000 1.0000 1.0000
6 0.9124 0.8471 0.9284 1.0063 0.9343
7 0.9164 0.9257 1.0101 1.0108 1.0210
8 0.7698 0.7756 1.0075 0.9947 1.0022
9 1.0000 1.0000 1.0000 1.0000 1.0000
10 0.9091 0.9100 1.0010 1.0067 1.0077
11 0.9091 0.9112 1.0023 1.0278 1.0302
12 0.8007 0.8056 1.0061 1.0015 1.0076
13 0.9260 0.9730 1.0508 1.0183 1.0700
14 1.0000 1.0000 1.0000 1.0000 1.0000
15 0.8196 0.8505 1.0377 1.0361 1.0752

Ekonomika APK. 2024. Vol. 31, No. 1




@ Evaluation of the efficiency of agricultural higher education institutions...

Table 6, Continued

No. DMU E E' E,'/E, TCng Mind
16 0.7364 0.7502 1.0187 0.9998 1.0186
17 0.8333 0.7886 0.9464 0.9982 0.9447
18 0.9161 0.9189 1.0031 1.0044 1.0074
19 1.0000 1.0000 1.0000 1.0000 1.0000
20 1.0000 1.0000 1.0000 1.0000 1.0000
21 1.0000 1.0000 1.0000 1.0000 1.0000
22 0.8007 0.8019 1.0015 1.0010 1.0025
23 1.0000 1.0000 1.0000 1.0000 1.0000
24 0.9091 0.9103 1.0013 1.0000 1.0013
25 0.9810 1.0000 1.0194 0.9905 1.0096
26 0.8333 0.8161 0.9794 1.0046 0.9839
27 0.9316 0.8589 0.9220 1.0086 0.9299
28 1.0000 0.9614 0.9614 0.9988 0.9603
29 0.8418 0.8580 1.0192 0.9981 1.0173
30 0.8630 0.8763 1.0154 0.9971 1.0125
31 0.8345 0.9091 1.0894 0.9995 1.0889
32 0.8204 0.8371 1.0204 1.0014 1.0218
33 0.9093 0.9510 1.0459 1.0039 1.0499
34 0.9210 0.9299 1.0097 1.0062 1.0159
35 0.9091 0.9097 1.0007 1.0039 1.0045
36 1.0000 1.0000 1.0000 1.0000 1.0000
37 1.0000 1.0000 1.0000 1.0000 1.0000

Source: calculated by the author of this study

Thus, the following agricultural universities did not
change their performance in 2021-2022: Bila Tserkva Na-
tional Agrarian University, Oles Honchar Dnipro National
University, Stepan Gzhytskyi National University of Veteri-
nary Medicine and Biotechnologies of Lviv, National Tech-
nical University “Kharkiv Polytechnic Institute”, Odesa
State Agrarian University, Odesa State Environmental
University, I.I. Mechnykov Odesa National University,
Polissia National University, Cherkasy State Technological
University, Yuriy Fedkovych Chernivtsi National Univer-
sity. The following agrarian HEIs have increased their effi-
ciency: Vinnytsia National Agrarian University, Uzhhorod
National University, Dnipro State Agrarian and Economic
University, Western Ukrainian National University, Lutsk
National Technical University, Lviv National University
of Environmental Management, Bogdan Khmelnitsky
Melitopol State Pedagogical University, Mykolaiv Na-
tional Agrarian University, National Forestry University
of Ukraine, National University “Chernihiv Polytechnic”,
National University of Like and Environmental Scienc-
es of Ukraine, National University of Food Technologies,
Podillia State University, Poltava State Agrarian University,
Vasyl Stefanyk Precarpathian National University, Dmytro

Motornyi Tavria State Agrotechnological University,
Ternopil Ivan Puluj National Technical University, Uman
National University of Horticulture, O.M. Beketov Na-
tional University of Urban Economy in Kharkiv, Kherson
State Agrarian and Economic University, Khmelnytskyi
National University, Central Ukrainian National Techni-
cal University. The following higher education institutions
decreased their efficiency: “Zaporizhzhia National Uni-
versity, National University of Water and Environmental
Engineering, Sumy National Agrarian University, Lesya
Ukrainka Volyn National University, and Volodymyr Dahl
East Ukrainian National University.

The analysis of the values of the indicators of change in
efficiency (E,'/E,") and technical progress (TCng) presented
in Table 6 allows concluding on the reasons for the change
in efficiency. For instance, the decrease in the efficiency
of scientific and publishing activities of the Sumy Nation-
al Agrarian University by 1.61% (Mind =0.9839) is condi-
tioned by a decrease in the relative efficiency of the use of
resources of the said university by 2.06% (E,'/E,") = 0.9794)
and a shift in the efficiency limit by 0.46% (TCng = 1.0046).
Table 7 shows the indicators used to analyse the dynamics
of changes in net technical efficiency in 2021-2022.

Table 7. Indicators of changes in net technical efficiency for 2021-2022

No. Indicators TCng Mind
1 Average value 1.004 1.01
2. DMU share from Mind=1, % 27
3 DMU share from Mind>1, % 59
4. DMU share from Mind<1, % 14

Source: calculated by the author of this study
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Table 7 shows the calculated average value of the
technical progress indicator TCng=1.004, which indi-
cates a 0.4% shift in the efficiency frontier. Thus, in 2021-
2022, there has been a general progress in the scientific
and publishing activities of agricultural universities. The
average value of the Malmquist Index Mind =1.01 calcu-
lated for 2021-2022 shows that, on average, the efficiency
of using educational resources of the HEIs under study
increased by 1%. Thus, to achieve the results of scientific
and publishing activities in 2021, agrarian higher educa-
tion institutions used 1% less educational resources in
2022. The share of agrarian higher education institutions
whose effectiveness of scientific and publishing activities
did not change in 2021-2022 is 27%, increased — 59%, de-
creased — 14%.

» Discussion

The study assessed the net technical efficiency of the sci-
entific and publishing activities of agricultural universi-
ties in 2021 and 2022. The evaluation was based on five
input factors (number of AS, total funding of HEIs and
funding of HEIs depending on performance indicators,
indicators of scale and scientific activity), and three out-
put factors (number of publications in Scopus, number of
citations, Hirsch index). The input factors characterise the
resources required for the implementation of scientific
and journalistic activities, and the output factors are the
results of scientific and journalistic activities. Since the re-
sults of scientific and publishing activities do not change
in direct proportion to the resources involved, the study
rejected the hypothesis of constant returns to scale and
applied the VRS model, which factors in variable returns.
Since the results of scientific and publishing activities of
AS of Ukrainian HEIs are regulated by the regulation on
the standardisation of scientific work and managers of
HEIs are interested in saving educational resources, the
input-oriented orientation of the model was chosen.

I. Lesik et al. (2022) analyse the higher education
system in the regions of Ukraine, and therefore the
HEIs of the regions of Ukraine were chosen as DMUs.
C. Wang et al. (2023), X. Zhao et al. (2023) chose universities
in the provinces of China as DMUs. T. Qi et al. (2022) assess
the effectiveness of research activities of different types of
universities in China. The following types of universities
have been selected as DMUs: Comprehensive University,
Engineering University, Agriculture and Forestry Univer-
sity, Pharmaceutical University, Normal University, etc. In
the current study, individual universities were selected as
DMUs, which allows providing recommendations for im-
proving the efficiency of higher education institutions.

Among the scientific papers on the application of the
DEA method in education are those that investigate cer-
tain areas of activity of HEIs, namely, training, research,
scientific and journalistic, reproduction of scientific per-
sonnel, etc. There is no set of standardised indicators
that define the input and output parameters of any HEI
activity, and therefore there is a wide variety of combi-
nations of input and output factors in scientific articles.
M. Sagarra et al. (2017) assessed the effectiveness of the
implementation of the programme of modernisation of
education in Mexican universities, namely its impact on
the efficiency of educational activities and research, using
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the DEA method. Based on the official statistics of 55
universities, 21 DEA models were built according to var-
ious performance criteria. M.B. Canto & L.B. Lépez (2018)
conducted a bibliographic analysis of research on the ap-
plication of the DEA method in higher education to de-
termine the input and output factors used to assess the
effectiveness of HEIs. From the bibliographic review, it
is concluded that most of the input and output parame-
ters reflect the university’s scientific activities. Next, the
study analysed the articles investigating the effectiveness
of the scientific direction of the HEL ]J. Jiang et al. (2020)
assessed the research efficiency of 105 universities in
China and found that the research efficiency of the se-
lected universities differs by their types. T. Qi et al. (2022),
X. Zhao et al. (2023) also noted that research activity de-
pends on the type of university. T. Qi et al. (2022) used the
DEA method to investigate the static and dynamic trends
in the efficiency of research of different types of universi-
ties in China for 2016-2020. According to the comparative
analysis of the study, the highest level of efficiency is in
general education, science and technology, and medical
universities, followed by pedagogical universities, agricul-
ture, and forestry. To ensure the correctness of the rank-
ing of higher education institutions by the effectiveness of
scientific and publishing activities, the current study se-
lected higher education institutions of the same type. To
assess the effectiveness of research activities of Chinese
provincial universities, C. Wang et al. (2023) selected in-
put and output factors based on the analysis of the per-
centage of factors used in research papers and a survey
of experts on resources and results of research activities.
As a result, four input and output factors were selected.
The following factors were selected as input factors: the
number of academic and research staff, full-time equiv-
alent for R&D (persons/year), funds allocated for re-
search per year, and the total number of research topics.
The following were chosen as the initial indicators: the
number of monographs, articles, income from technol-
ogy transfer, and awards for scientific achievements. The
qualitative description of some input and output param-
eters of C. Wang et al. (2023) is analogous in its qualita-
tive description of the selected parameters to the present
study. Consideration of the percentage of factors used in
scientific papers is vital when selecting input and output
factors, but in the present study, the main criterion for
selecting factors was to obtain data from open sources,
which contributes to the transparency of the study and
also makes it possible to remotely assess effectiveness.
In the present study; it is vital to consider the non-degen-
eracy condition (4) when forming an array of input and
output factors. Failure to factor this condition in can lead
to distorted results. T. Qi et al. (2022), C. Wang et al. (2023)
estimated the net technical efficiency using the VRS-in-
put-oriented model, as in the present study. Further-
more, C. Wang et al. (2023) assessed technical efficiency
using the CRS-input-oriented model, which was used to
assess scale efficiency. The assessment of large-scale ef-
ficiency and its analysis are planned to be carried out in
the following studies. S.M. Chao & M.]. Chen (2023) used
the CRS-, VRS-output-oriented DEA models to assess
the research efficiency of 40 university departments to
measure the effectiveness of research in terms of outputs.
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The studies by T. Agasisti et al. (2021), T. Qi et al. (2022),
X. Zhao et al. (2023), as well as in the current study, ana-
lysed the dynamics of changes in the estimated efficiency
using the Malmquist index.

The analysis of scientific studies on the application
of the DEA method in higher education has found that
the studies differ in the selected DMUs of higher educa-
tion and educational indicators that characterise the area
of their activities. Generally, the issues of using the DEA
method to assess the effectiveness of higher education
institutions in Ukraine and analyse the dynamics of its
change have not been fully studied.

» Conclusions
To analyse the effectiveness of scientific and journalis-
tic activities of agricultural higher education institutions
of Ukraine, the conducted study chose the DEA method
model - input-oriented VRS, as well as input and output
factors that factor in the specifics of scientific and pub-
lishing activities. According to the study, in 2021 and 2022,
ten out of 37 agricultural HEIs in Ukraine had the highest
net technical efficiency of scientific and publishing activ-
ities. These HEIs are efficient in the use of educational re-
sources. The average net technical efficiency of Ukrainian
agricultural universities in 2021 and 2022 was 0.91, which
means that there is potential for increasing efficiency — 9%
of the educational resources used can be reduced without
reducing the results of scientific and publishing activities.
Based on the assessed performance values, a rating of ag-
ricultural HEIs for 2021 and 2022 was compiled, which can
be recommended as a supplement to existing evaluation
ratings. Inefficient HEIs can improve their performance by
optimising resources.

During 2021-2022, an average increase in the effi-
ciency of scientific and publishing activities of Ukrainian
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agricultural universities by 1% was observed. Thus, the
process of scientific and journalistic activity of agricultur-
al universities in Ukraine is progressive. The finding of this
study can be used to rank agricultural higher education
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that form the efficiency frontier and new reference DMUs,
which can be either the best universities in the world or
the country, but with modified indicators. Increasing the
efficiency of agricultural HEIs that have 100% efficiency
according to the calculations is also a future objective of
the research.
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OuiHKa ePpeKTUBHOCTI arpapHMX 3aKJ1aAiB BULLOI OCBITU YKpaiHM
Ta AMHaMIiKM ii 3MiHM MeTogoM data envelopment analysis

flHa BonoanmMupisHa Jonrix

KaHaounoat eKOHOMIYHUX HayK, OOLEHT

CYMCbKUIN HalioHanbHWM arpapHMii yHiBepcuTeT

40021, Byn. lfepacmma KoHapaTbeBa, 160, M. CyMu, YKpaiHa
https://orcid.org/0000-0001-5458-5962

» AHoTauig. Ha tenepimHiii 4ac morpebye yIOCKOHAJIEHHs MPOIEC OMiHKU e(EeKTUBHOCTI MisSUIbHOCTI 3aKJIafiB
BUIIIOI OCBITU Ta aHaJi3y OUHAMIKU ii 3MiHH, 1110 0OYMOBJIIOE aKTYyaJIbHICTh JOC/imkeHHs. Mera crarTti moJssirana
Yy BIOCKOHAJIEHH] IIpollecy OLiHKM e(eKTUBHOCTI AiSIBHOCTI arpapHUX BUIIMX HaBYaJbHUX 3aKjIadiB YKpaiHU B
HAayKOBO-IYO/TIIMCTHYHOMY KOHTEKCTi, a TAaKO’K Y BMBYEHHI 3MiH AMHAMIKHM 3a JJOIIOMOTOI0 HellapaMeTPUYHOIO
METO/y OIliHKK BimHOCHOI edextuBHOCTI data envelopment analysis. B mocsimkeHHi 3aCTOCOBYBAJINMCh METOIH
CTaTUCTUYHOI 0OpOOKM Ta aHaJIi3y AaHUX, JiHITHOTO IporpaMyBaHHs, KOMII IOTEpPHUX 0OYHCIIeHD JJIA PO3B’A3aHHA
3aja4y IOC/iIKeHHs Ta JIOTiKO-aHAMITUYHI MeTOIU A/ BU3HAUYEHHsI METH JOCJiIKeHHs, 3aco0iB 1 JOCATHEHHS],
OOI'pYHTYBaHHsI pe3YJBTaTiB AOCHiIKeHHs], (DOPMY/JIIOBAHHS BHCHOBKIB. /11 OLiHKM e(eKTHUBHOCTI HayKOBO-
y6JIiUCTUYHOT MisITFHOCTI 3a3HAaYeHNX 3aKJIa IiB BUIIO1 OCBIiTH 3acTOCOBaHO input-oriented Momesib Variable returns
to scale metony data envelopment analysis. BukopucroByouu ctaructuyHi gasi 3a 2020-2022 poky, 3/1iliICHEHO OIiHKY
YUCTOI TEXHIYHOI e(DEKTUBHOCTI HAYKOBO-MYOTIIIMCTUYHOI TisIBHOCTI 37 arpapHUX 3aK/Ia/iB BUIIOL OCBiTH YKpaiHU.
3a pe3ysraTaMu OLHKY CKJIQJIEHO PEUTHHT arpapHUX 3aKJIajiB BUIIOI OCBiTH YKpaiHu. BcraHoBiseHo, mo y 2021
Ta 2022 poui 27 % AOCHIIKYBaHUX 3aKjIaAiB BUIIOL ocBiTu Oyau 100 % edextuBHUMHU. CepeqHs YHMCTa TeXHiYHA
edexTuBHICTE ¥ 2021 Ta 2022 poui ckaagasna 0,91. 3a nepiog 2021-2022 poku 27 % arpapHUX 3aKJaliB BUIIOL OCBITH
30imbIIINIIN e(DEeKTUBHICTH HAYKOBO-ITYOJIIICTIYHOI TisiTbHOCTI, 59 % —He 3MiHMIY, 14 % — 3MeHIIHNIHN. B cepeHbOMY,
3adikcoBaHo nigBUIeHHs Ha 1 % y piBHI BUKOPUCTAaHHS OCBIiTHIX pecypciB y cdepi arpaproi Bumiof ocsitu. OT:xe,
HAyKOBO-IYO/TIIMCTUYHA Ji/IBHICTh arpapHUX 3aKJ/IaJiB BAIIOI OCBITH 3a JTOCJIiPKYBaHUH NTepio]] € IPOTPECUBHOIO.
Pe3ynbraTul IpOBeAEHUX TOCTiIKeHb MOKYTh OYTH BUKOPUCTAHI /151 0OI'pyHTOBAHOTO PAH)KYBAHHS 3aKJIA/IiB BUIIO1
OCBiTH 32 e(DEKTUBHICTIO HAYKOBO -0 IIIUCTUYHOI AiIbHOCTI, aHa i3y JUHAMIKU 3MiHU e(eKTUBHOCTI

» KnouoBi cnoBa: Buila 0CBiTa; HayKOBO-yOJIIIMCTUYHA JisJIbHICTh; HellapaMeTPUYHUIT METO OI[IHKY BiTHOCHOT
edeKTUBHOCTI; MozieJb Variable returns to scale; yucra TexHiuHa ed)eKTUBHICTh; peUTHHT; iHAeKC MalMKBicTa
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» Abstract. Small businesses producing cereals, legumes, and sunflower seeds contribute to the country’s food security
and environmental protection potential. The purpose of this study was to substantiate the social, economic, and
conceptual foundations of small business entities’ activities in the production of cereals, legumes, and sunflower seeds
in modern conditions. The methodological framework of the study included the provisions of institutional economic
theory and functional analysis. To generalise the results, the study employed analysis, graphic, and abstract-logical
methods, and approaches of generalisation of results. The motivational orientation of the functioning of small businesses
engaged in the production of cereals, legumes, and sunflower seeds and their place in production and consumption
were determined. The study found that in 2023, the company achieved a record grain yield of 51.8 100 kg/ha, which
was driven by favourable weather conditions. It was substantiated that the cost of crop production has increased due to
lower prices for agricultural products (maize by -41%; sunflower by -35%; wheat by -37%) and an almost twofold increase
in the cost of plant protection products and fuel. It was proved that in 2017-2022, 91.79% of the variation in net profit is
explained by the variation in the level of grain, legumes, and sunflower seeds sold by small businesses. It was found that
the disruption of the sales system of small businesses producing cereals, legumes, and sunflower seeds, the low level
of purchase prices and the considerable increase in prices for material and technical sources of survival and fertilisers
due to the hostilities make production inefficient. The development of small businesses and family farming stays one of
the priority areas of regional policy. The information and analytical material can be considered when creating regional
programmes for the development of agrarian entrepreneurship
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@ Development of small businesses producing cereals, legumes, and sunflower seeds...

» Introduction

The functioning of business entities in agriculture is of
great importance in the system of ensuring national food
security. Small businesses form an integral element of ter-
ritorial entities. They have a special potential for shaping
food systems. It was established that if the income of a
business entity during its operation in the market environ-
ment does not exceed EUR 10 million in equivalent, then
this entity is small (Filling out the simplified..., 2019). Cer-
tain indicators of the functioning of small businesses (up
to 50 employees; up to EUR 8 million in net sales revenue;
up to EUR 4 million in book value of assets) are set out in
the Law of Ukraine “On Accounting and Financial Report-
ing in Ukraine” (Law of Ukraine No. 996-XIV..., 1999). It is
necessary to form a balanced social, environmental, psy-
chological, demographic, and economic activity of rural
communities. For this purpose, priority support for small
businesses and various forms of their cooperation are of
particular importance.

To expand the competitive potential of small and
medium-sized enterprises, activate the mechanism of
obtaining socio-economic benefits and the potential for
survival in extreme conditions, economists J.M. Lopes &
S. Gomes (2022) have actualised the attention to the
components of the mechanism of sustainable and in-
novative strategic management. The imperfection of the
organisation of the controlling system of small business
entities, which affects the growth of production costs,
is proved. The researchers substantiate the need to im-
prove the organisation of the internal control system
in terms of reorientation to active forms of control to
identify the causes and ways to eliminate shortcomings
(Kaliuha & Hryshchuk, 2023).

K. Kusnandar et al. (2023) substantiated, consider-
ing the provisions of behavioural theory and some as-
pects of organisational culture, the need to develop an
innovative culture in the agribusiness of small business-
es. The purpose of the model is to change the mindset of
small businesses towards innovation, where innovation
is considered as a condition for success. It was substan-
tiated that innovative behaviour is reflected in the de-
velopment of new product variants, the use of e-com-
merce for sales and the improvement of production
technology to increase cost efficiency. Creating a culture
of innovation among small businesses will allow them
to compete, develop, and become more sustainable.
O. Litvak & S. Litvak (2023) have formed a comprehen-
sive approach to the implementation of the principles of
the circular economy in agriculture and the agro-indus-
trial complex. The need to implement circular business
models and innovative resource-saving technologies is
becoming increasingly important. Furthermore, it was
substantiated that the activities of small businesses are
impossible without cooperation with scientific and ed-
ucational institutions. The study identified specific sec-
toral features of readiness to implement innovative ide-
as and developments.

Researchers have established that small businesses
that are risky for investment are the driving force be-
hind economic development. It was found that outdated
equipment and technologies are a considerable problem
in the operation. Additional financing of small business
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entities will help to reveal the investment attractiveness
of operation; to reduce the environmental consequences
of activities; implement new methods of storage, process-
ing and sales of products; use drones and modern moni-
toring systems, etc. (Sahachko ez al., 2023). S.N. Mohamad
Fauzi et al. (2023) assessed the risk factors in the market
environment for the activities of small businesses in the
market environment. As a result of the risk identification
and assessment, it was found that the qualities of an en-
trepreneur are the key risk factor in business.

In the study, the researchers addressed the feasibility
of small businesses, the specific features of their develop-
ment and capital dynamics. The study of the functioning
and development of business entities in the context of
armed conflict focuses on the possibilities of increasing
competitive advantages and investment attractiveness,
the system of making the best management decisions, the
components of the economic mechanism of adaptation to
extreme conditions and allows formulating key aspects of
using their potential in the field of food security. However,
some issues of the mechanism of functioning of small en-
trepreneurial structures in the current conditions are not
sufficiently covered. Therefore, the purpose of this study
was to assess and substantiate the conceptual and some
applied principles of socio-economic relations of small
entrepreneurial structures in rural areas from the stand-
point of the system approach.

» Materials and Methods

The information base of the study included the Law of
Ukraine No. 996-XIV “On Accounting and Financial Re-
porting in Ukraine” (1999); Law of Ukraine No. 2524-IX
“On Official Statistics” (2022); Resolution of the Cabinet of
Ministers of Ukraine No. 916 “On Amending the Resolu-
tions of the Cabinet of Ministers of Ukraine No. 28 dated
January 24, 2020, and No. 723 dated July 14, 2021” (2022).
The authors used the publications of the international
agency (Agriculture Resilience Initiative — Ukraine..., n.d.),
as well as data from national agencies: Agravery, Ukrin-
form, etc. The study is based on the works of international
researchers (Abu Hasan er al., 2022; Abdul Rahman &
Abdul Rahim, 2023). Furthermore, the study used the
findings of Ukrainian researchers (Kyfyak et al., 2022;
Parkhomets & Uniiat, 2022; Klius et al., 2023) on the de-
velopment of processes of adaptation of business entities
in the agricultural sector of the Ukrainian economy to
wartime activities, etc.

The methodological framework of thus study includ-
ed the positions of systemic functional analysis and the
concept of institutionalisation. The methods of logic and
abstraction were used to determine the essence of the
processes of survival of economic entities in crisis condi-
tions. To implement empirical assessments of the activi-
ties of small businesses, the study used analysis, graphical,
and regulatory methods; approaches to generalising the
results for formulating proposals; and establishing inter-
relationships in characterising the development of indi-
vidual groups of small businesses.

The parameters a,; a, are found using the least-squares
method, which involves the formulation and solution of a
system of normal equations:
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[P ) o = fzocin—f)z; o, = /Z(yin—i)z’ o
{a-2x2+b-2x=2x-y ) d=r?, (8)
a-Yx+b-n=Yy ~’ @

where yis the theoretical value of the resultant attribute; a,
is the starting point, provided that x=0; a, is the regression
coefficient; x is the value of the factor attribute; n is the
number of observations.

By solving it, we obtain the values of the coefficients
a,; a, and the analytical expression of the dependence:

y=a,+a, xx. 3)

In addition, for a system of two linear equations with
two unknowns, the Kramer formulas are calculated as
follows:

xl=—;x2=—, (4)

where x1 and x2 are the unknown elements of the system,
A is the determinant of the system matrix, A1 and A2 are
the determinants of the matrices Al and A2, respectively,
Al and A2 are the matrices obtained from the system ma-
trix by replacing the corresponding column with the vec-
tor of the right-hand sides of the system.

Correlation and determination coefficients are calcu-
lated using the following formulas:

where y is the average value of the resultant attribute; x
is the average value of the factor attribute; i is the exper-
iment; r is the linear correlation coefficient; ¢, t, is the
intermediate indicators for calculation; o, is the standard
deviation of the factor attribute; 0, is the standard devi-
ation of the resultant attribute; d is the coefficient of de-
termination (or the square of the correlation coefficient).
The calculation of the coefficient of determination helps
to cover the share of the total variation of the resultant at-
tribute that is revealed by the factor attribute.

Web-based versions of Word, Excel, and trend
analysis were used to calculate and forecast annual
changes in agricultural sales and net profit for 2030.

» Results and Discussion

Small businesses, due to their mobile management system
and compact production, are more adapted to wartime
operations. Therefore, in the long term, the development
of small businesses and family farms should be promoted,
which ensure job security and environmental protection.
In the conditions of martial law, the perspective of the in-
stitution of self-sufficiency and the provision of food aid to
other citizens increases, and the development of rural so-

(e xty,) cial capital also gains priority. The economic performance

T=——— =1y, Xty (5) indicators of the operating business entities engaged in

e P ©) the production of cereals, legumes, and sunflower seeds
g Yooa in 2018-2023 are covered in Tables 1-3.

Table 1. Number of operating businesses and employed workers in the production of grains, legumes,
and sunflower seeds in 2018-2022

Indicators 2018 2019 2020 2021 2022 2022 in % to 2018
Number of operating entities, pcs., incl:
Large 17 25 28 41 32 +146.2
Average 1,459 1,451 1,351 1,333 1,099 -27.74
Small 39,730 39,411 39,152 37,576 34,909 -11.65
Micro 35,607 35,250 34,996 33,230 31,040 -12.43
Number of employees, persons, incl.:
Large 24,712 30,125 27,863 34,660 27,111 +22.69
Average 189,847 176,491 161,428 152,779 n/a -19.5%
Small 181,923 178,576 177,203 186,426 n/a +2.47*
Micro 86,897 81,898 81,548 87,475 78,616 -9.90

Note: * — 2021 in % to 2018; n/a — data are not disclosed following the requirements of the Law of Ukraine “On Official
Statistics” to ensure the guarantees of state statistics authorities on statistical confidentiality (Law of Ukraine No. 2524-

IX “On Official Statistics”, 2022)

Source: Official website of the State Statistics Service of Ukraine (n.d.)

Table 2. Number of registered legal entities and individuals-entrepreneurs engaged in the cultivation of cereals,
legumes, and sunflower seeds in 2022-2023, units

- In agriculture - total Growing cereals, legumes, and sunflower seeds
Legal entities | Individuals-entrepreneurs Legal entities Individuals-entrepreneurs
01.01.2022 71,094 16,011 56,385 8,437
01.04.2022 71,556 16,617 56,819 8,897
01.07.2022 71,902 17,183 57,111 9,311
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Table 2, Continued

In agriculture - total Growing cereals, legumes, and sunflower seeds

Years Legal entities | Individuals-entrepreneurs Legal entities Individuals-entrepreneurs
01.10.2022 72,218 17,729 57,352 9,552
01.01.2023 72,466 17,825 57,536 9,665
01.04.2023 72,864 18,315 57,875 10,006
01.07.2023 73,228 18,846 58,148 10,190
01.10.2023 73,522 19,270 58,318 10,345
01'1(?1"21002;;‘2‘;%’ to +1.805 +8.692 +1.684 +8.302

Source: Official website of the State Statistics Service of Ukraine (n.d.)

Table 3. Key indicators of economic activity of operating business entities engaged in the production of grains,
legumes, and sunflower seeds in 2018-2022 (UAH million; constant 2016 prices; end of year)

Indicators 2018 2019 ‘ 2020 2021 2022 ‘ 2022 in % to 2018
Sown area updated, thous. ha
Cereals and pulses 14,839 15,318 15,392 15,995 12,171 -19.97
Sunflower 6,117 5,928 6,457 6,622 5,293 -13.47
Rapeseed 1,042 1,282 1,127 1,311 1,186 +13.81
Production of cereals and pulses by harvested area, thous. t:
up to 100 ha 2,227.5 2,426.4 1,934.0 2,699.1 1,792.0 -19.55
100.01-200.00 ha 2,050.8 2,388.3 1,899.5 2,717.7 1,828.9 -10.82
200.01-500.00 ha 6,052.8 6,334.1 5,410.0 7,596.6 4,957.7 -18.09
500.01-1,000.00 ha 9,066.3 9,941.4 8,300.4 11,352.0 7,210.8 -20.47
1,000.01-2,000.00 13,682.8 14,031.0 11,694.6 15,567.4 9,469.2 -30.79
2,000.01-3,000.00 7,359.4 7,667.6 6,694.1 8,977.9 5,055.9 -31.30
over 3,000.01 15,656.6 17,193.3 15,785.4 20,778.4 12,000.7 -23.35
Production of cereals and pulses by category of farms, thous. t
Farms of all categories 70,056.5 75,143.2 64,933.4 86,010.4 53,863.7 -23.11
Enterprises 56,096.2 59,982.1 51,718.0 69,689.1 42,315.2 -24.57
incl. farms 10,104.9 11,489.7 9,649.1 14,195.4 8,407.1 -16.80
Households 13,960.3 15,161.1 13,215.4 16,321.3 11,548.5 -17.28
Sunflower production by harvested area, thous. t:
up to 100 ha 952.2 1,051.2 771.2 1,060.2 733.0 -23.02
100.01-200.00 ha 990.5 1,090.2 829.3 1,136.8 762.4 -23.03
200.01-500.00 ha 2,609.3 2,830.2 2,267.4 2,797.5 1,901.8 -27.11
500.01-1,000.00 ha 2,722.8 2,865.6 2,496.8 2,940.4 1,866.8 -31.44
1,000.01-2,000.00 2,688.5 2,819.5 2,458.9 2,873.1 1,836.6 -31.69
2,000.01-3,000.00 1,033.5 1,178.5 1,070.9 1,386.9 938.1 -9.23
over 3,000.01 1,196.8 1,253.4 1,598.4 2,019.1 1,950.1 +62.9
Sunflower production by farm category, thous. t
Farms of all categories 14,165.2 15,254.1 13,110.4 16,392.4 11,328.8 -20.02
Enterprises 12,193.6 13,088.6 11,492.9 14,214.0 9,988.8 -18.08
incl. farms 2,811.6 3,098.9 2,465.4 3,308.9 2,078.8 -26.06
Households 1,971.6 2,165.5 1,617.5 2,178.4 1,340.0 -32.03
Yield of cereals and pulses, tonnes 100 kg/ha of harvested area:

up to 100 ha 33.2 35.8 30.2 41.3 36.4 +9.63
100.01-200.00 ha 41.2 44.6 36.6 49.8 42.1 +2.18
200.01-500.00 ha 45.7 47.6 40.0 53.5 44.3 -3.06
500.01-1,000.00 ha 47.9 50.3 42.2 56.0 47.0 -1.88
1,000.01-2,000.00 52.1 52.7 46.3 57.9 49.1 -5.76
2,000.01-3,000.00 54.9 56.2 48.6 61.5 53.2 -3.10
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Table 3, Continued

Indicators 2018 2019 2020 2021 2022 2022 in % to 2018

over 3,000.01 65.6 65.4 56.6 70.4 61.2 -6.71
Yields of cereals and pulses by category of farms, 100 kg/ha of harvested area
Farms of all categories 474 49.1 42.5 53.9 45.8 -3.38
Enterprises 52.2 53.7 46.4 59.3 50.3 -3.64
incl. farms 41.1 44.0 374 50.4 41.8 +1.70
Households 344 36.8 31.9 38.8 344 0
Sunflower yield, 100 kg/ha of harvested area
up to 100 ha 19.4 21.8 16.4 21.6 18.2 -6.19
100.01-200.00 ha 23.5 26.4 19.6 25.0 19.9 -15.32
200.01-500.00 ha 24.5 26.8 20.7 25.4 20.9 -14.69
500.01-1,000.00 ha 24.5 27.1 20.8 25.7 21.2 -13.47
1,000.01-2,000.00 24.9 27.9 22.1 26.3 22.3 -10.44
2,000.01-3,000.00 25.1 27.9 24.7 26.8 254 +1.19
over 3,000.01 244 30.1 24.6 26.7 27.6 +13.11
Sunflower yield by farm category, 100 kg/ha of harvested area

Farms of all categories 23.0 25.6 20.2 24.6 21.6 -6.09
Enterprises 24.1 27.0 21.4 25.6 22.4 -7.05
incl. farms 21.9 24.5 18.0 23.6 19.0 -13.2
Households 18.0 19.6 14.7 19.7 17.4 -3.33

Source: Official website of the State Statistics Service of Ukraine (n.d.)

In 2023, the total area under spring and winter
grains was 10,895 thous. ha (down 980 thous. ha from
2022). Grain yields are at a record high (up to 51.8 hun-
dred kg/ha) due to good weather conditions. Grain har-
vest volumes increased significantly. For instance, as
of the beginning of August 2023, 16.574 million tonnes
of grains and pulses were harvested on an area of
3,782 thous. ha with a yield of 44 hundred kg/ha (The
Ministry of Agrarian Policy and Food increased..., 2023).
As of the end of September 2023, entrepreneurs have

harvested 41.7 million tonnes of new crops: 30.5 million
tonnes of grains and 11.2 million tonnes of oilseeds. Ce-
reals and pulses were harvested on an area of 6,972 thou-
sand hectares with a yield of 43.7 hundred kg/ha, and
oilseeds were harvested on an area of 4,450 thous. ha (In
Ukraine, 41.7 million tonnes..., 2023).

Next, the study considered the principal indicators of
economic activity of existing small businesses engaged in
the production of cereals, legumes, and sunflower seeds in
2017-2022 (Table 4).

Table 4. Key indicators of economic activity of existing small businesses engaged in the production of cereals, legumes,
and sunflower seeds in 2017-2022 (UAH million; constant 2016 prices; end of year)

Indicators 2017 2018 2019 2020 2021 2022 2022(‘)‘1‘7% to
Volume of products sold 154,849.8 | 174,096.0 | 181,054.8 | 210,913.6 | 293,060.5 | 224,195.6 +44.78
Share of small businesses in the total
volume of grain, legumes, and oilseeds | 43.68 42.71 41.24 43.35 39.97 41.64 -2.04
sold, %
Net profit (loss) 23,772.1 | 20,604.4 | 18,321.3 | 32,230.7 85,053.8 | 28,832.9 +21.29
Share of small entities in the total net
profit from sales of cereals, legumes, 41.03 33.14 21.78 39.99 37.81 33.63 -7.4
and oilseeds, %
Level of profitability of operating |, 5 203 14.1 22.1 463 22.8 3.7
activities, %
Level of profitability of all activities, % 17.1 12.2 10.2 16.8 42.3 15.6 -1.5
Non-current assets 85,362.9 | 101,592.8 | 113,680.5 | 126,183.3 | 139,516.4 | 140,892.9 +65.06
Property, plantand equipmentand | g o) 4 | g56779 | 95835.1 | 107,282.0 | 119,162.8 | 120,731.7 |  +73.23
intangible assets, incl.: Residual value
Wear and tear 35,349.6 | 47,4589 | 59,405.3 | 76,959.8 81,795.1 96,452.9 +172.8
Investment property 3.0 3.5 3.9 4.1 4.2 2.6 -0.4
Long-lived biological assets 722.7 840.9 834.7 987.3 1,119.7 1,170.4 +61.95
Capital investments in progress 5,338.3 4,153.1 4,612.4 5,975.3 6,734.7 6,479.1 +21.37

Ekonomika APK. 2024. Vol. 31, No. 1




Development of small businesses producing cereals, legumes, and sunflower seeds...

Table 4, Continued

Indicators 2017 2018 2019 2020 2021 2022 2023;'1‘7% to

Long-term financial investments 5,453.9 7,419.9 6,944.1 7,574.5 8,734.9 7,837.9 +43.71
Other non-current assets 4,153.5 3,497.5 5,450.3 4,360.1 3,760.2 4,671.1 +12.46
Current assets 206,720.9 | 247,188.9 | 236,936.4 | 277,498.1 | 319,609.4 | 358,010.4 +73.18
Inventory 77,974.1 | 101,168.5 | 109,731.1 | 123,366.5 | 151,069.8 | 175,297.0 +124.8
Current biological assets 3,577.9 4,668.9 4,890.4 5,585.9 5,146.7 6,168.1 +72.39
Accounts receivable 109,572.9 | 124,411.7 | 104,604.5 | 123,476.9 | 136,202.6 | 146,545.6 +33.74
Current financial investments 596.2 628.8 729.9 582.2 594.2 816.9 +37.02
Cash 6,547.2 7,306.3 8,160.1 14,645.9 17,626.1 19,542.0 +198.5
Prepaid expenses 2,907.9 2,784.6 3,168.3 4,621.0 3,735.2 3,877.8 +33.35
Other current assets 5,544.9 6,220.1 5,651.9 5,219.7 5,234.9 5,763.2 +3.93
Current liabilities and provisions | 133,814.9 | 160,964.2 | 142,854.6 | 166,879.8 | 156,629.1 | 189,257.6 +41.43
Short-term loans from banks 16,290.9 | 22,223.5 | 21,592.3 | 26,102.0 19,557.4 | 34,250.5 +110.2
Current accounts payable 42,303.9 | 46,7409 | 42,252.4 | 48,553.3 | 43,250.5 | 56,576.5 +33.73
Current provisions 62.2 72.4 71.2 84.2 406.2 1,456.1 +2241
Con?liffsrsrlfiﬁi%’:}ni??frgfif;r:u‘iers 1,3262 | 1,550.9 | 1,991.8 | 1,547.7 | 1,939.9 | 2,006.4 +51.29
Other current liabilities 73,831.6 | 90,376.5 | 76,946.9 | 90,592.5 | 91,475.2 | 94,968.1 +28.63
Equity 146,824.3 | 152,091.5 | 169,063.6 | 219,051.8 | 287,207.9 | 292,047.1 +98.91
Registered capital 15,665.3 | 14,857.5 | 16,553.9 19,338.9 20,978.6 | 22,189.8 +41.65
Additional capital 14,737.3 | 18,809.6 | 19,869.6 | 21,355.6 21,441.7 23,212.2 +57.51
Reserve capital 11,466.2 | 13,867.5 | 14,182.3 16,114.2 17,315.9 19,833.5 +72.97
Retained earnings 106,574.4 | 106,032.6 | 119,805.5 | 163,398.3 | 228,652.8 | 228,541.4 +114.4
Unpaid and retired capital 1,618.9 1,475.5 1,347.7 1,155.2 1,181.2 1,729.8 +6.85
Balance 292,102.1 | 348,814.1 | 350,644.3 | 403,735.9 | 459,152.7 | 498,947.9 +70.81

Personnel costs 8,538.4 11,301.5 13,061.0 14,562.2 16,795.8 -
Labour costs 6,941.2 9,149.1 10,611.8 11,825.9 13,453.6 14,621.8 +110.6

Source: Official website of the State Statistics Service of Ukraine (n.d.)

In 2022, the cost of growing crops increased by 30-60%

compared to 2021. The cost of winter wheat, winter rape-
seed, and grain maize increased the most. The cost of crop
production increased due to lower prices for agricultural
products (maize from UAH 7,300 to 4,300 (41%); sunflower
from UAH 18,500 to 12,000 (35%); wheat from UAH 8,100

Table 5. Data to establish the correlation between the volume of grain, legumes, and sunflower seeds sold by operating

to 5,100 (37%)); and an almost twofold increase in the cost

of plant protection and fuel (Official website of the..., n.d.).

The correlation between the volume of sales of ce-
reals, legumes, and sunflower seeds by operating small
businesses and net profit for 2018-2022 in million UAH at

small businesses and net profit

constant prices of 2016 was established (Tables 5-7).

Indicators 2018 2019 2020 2021 2022
Products sold, Xi 174,096.0 181,054.8 210,913.6 293,060.5 224,195.6
Net profit (loss), Yi 20,604.4 18,321.3 32,230.7 85,053.8 28,832.9

Source: Official website of the State Statistics Service of Ukraine (n.d.)

Table 6. Calculated values of intermediate indicators for establishing a linear dependence function

x? X y y: XiJYi
1 23,978,460,560.04 154,849.8 23,772.1 565,112,738.41 3,681,104,930.58
2 30,309,417,216 174,096.0 20,604.4 424,541,299.36 3,587,143,622.4
3 32,780,840,603.04 181,054.8 18,321.3 335,670,033.69 3,317,159,307.24
4 44,484,546,664.96 210,913.6 32,230.7 1,038,818,022.49 6,797,892,967.52
5 85,884,456,660.25 293,060.5 85,053.8 7,234,148,894.44 24,925,909,154.9
X 217,437,721,704.29 1,013,974.7 179,982.3 9,598,290,988.39 42,309,209,982.64

Source: developed by the authors of this study using formulas (1-4)
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The calculations were performed according to
formulas (1-4) and the results were obtained as fol-
lows: a = 0.491982; B = -159,437.56; y = 0.491982xx-
-159,437.56. Thus, with an increase in grain, legumes,
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and sunflower seeds sold by small businesses by
UAH 1 million, net profit increases by UAH 0.491982
million. Next, the correlation coefficient wss calculated
(Table 7).

Table 7. Estimated values for determining correlation and determination coefficients

X XX (x,-X)? y Yy i)’ L, [ Lt
1 154,849.8 -47,945.14 | 2,298,736,449.6196 | 23,772.1 | -12,224.36 149,434,977.4096 | -0.99 | -0.49 | 0.4851
2 174,096.0 -28,698.94 823, 629,157.1236 20,604.4 | -15,392.06 236,915,511.0436 -0.59 | -0.62 | 0.3658
3 181,054.8 -21,740.14 472 633 687,2196 18,321.3 | -17,675.16 312,411,281.0256 -0.45 | -0.71 | 0.3195
4 210,913.6 8,118.66 65,912,640.1956 32,230.7 -3,765.76 14,180,948.3776 0.17 | -0.15 | -0.0255
5 293,060.5 90,265.56 | 8,147,871,322.1136 | 85,053.8 49,057.34 | 2,406,622,607.8756 | 1.86 1.96 | 3.6456
z 11,808,783,256.272 3,119,565,325.732 4.7905

Source: developed by the authors of this study using formulas (5-8)

The calculations were performed using formu-
las (5-8), with the following data obtained: R=0.9581;
D=0.9179.Thus, the correlation index value of 0.9581
calculated according to the table data indicates that the
factual amount of deviations of the resultant trait is ap-
proximately equal to the limit. The coefficient of deter-
mination, which characterises the part of the variation

of the resultant trait that depends on the variation of the
factor trait, is 0.9179. Thus, in 2017-2022, 91.79% of the
variation in net profit was explained by the variation in
the level of agricultural products sold by small businesses
(grains, legumes, and sunflower seeds). Therefore, the
impact of the other factors on the analysed population is
insignificant (Fig. 1).

350,000
300,000
y = 147,577x02856
250,000 R2=0.6998
200,000
150,000
y =6,644.6x + 11,546
100,000
50,000 .“_”,..............
0
2017 2018 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Production Net profit Power (production) eeeee Linear (Net profit)

Figure 1. Forecast of changes in sales of grain, legumes, and sunflower seeds by small businesses
and net profit in 2030 (UAH million; in constant 2016 prices)
Note: y=147,577xx°2%6 — a power function for forecasting changes in the production of cereals, legumes, and sunflower
seeds sold by small businesses in 2030; y=6,644.6xx+11,546 — a linear function for forecasting net profit in 2023; the

correlation coefficient is 0.6998

Source: Official website of the State Statistics Service of Ukraine (n.d.)

As 0f07.10.2023, the state exported 6.918 mln tonnes
of grains and pulses, which is 2.707 mIn tonnes less
than last year. Since the beginning of July 2023, Ukraine
has exported: wheat — 3.474 mln tonnes (in 2022/23
MY - 3.461 mln t); maize — 2.785 mln t (in 2022/23

MY - 5.284 mln t); barley — 0.635 mln t (in 2022/23
MY - 0.844 mln t); rye — 0.7 thous. t (in 2022/23 MY -
4.6 thous. t); flour — 37.3 thous. t (in 2022/23 MY -
25.7 thous. t); wheat flour — 36.2 thous. t (in 2022/23 MY -
23.2 thous. t) (Table 8).
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Table 8. Exports of grains, pulses (with their processed products),
and flour from Ukraine in 2023/2024 MY (thous. t)

2022/2023 MY 2023/2024 MY 2023/2024 2023/2024
Crops including: including: 2;\/2[: /izl:);%t&Y Zé\g{ /izr:);@t;)/w
okl in October 2022 ot in October 2023 total inlOctober
Cereal and leguminous crops | 9,625 932 6,918 249 -28.12 -73.28
Wheat 3,461 420 3,474 137 +0.376 -67.38
Barley 844 70 635 13 -24.76 -81.43
Rye 4.6 0.3 0.7 0.0 -84.78 -100.0
Maize 5,284 440 2,785 98 -47.29 -77.73
Wheat flour 23.2 1.1 36.2 0.8 +56.03 -27.27
Other flour 2.5 0.0 1.1 0.0 -56.00 0.00
In terms of grain 34.3 1.5 49.7 1.1 +44.89 -26.67
Exports total 9,659 934 6,968 250 -27.86 -73.23

Source: Exports of cereals, legumes, and flour from Ukraine (2024)

There are no funds to support the development of
business entities in agriculture in the 2023 budget of
Ukraine. Therefore, if necessary, the state can provide
grants, loans, or compensation to business entities.

For the purpose of small business development, the
following grant programmes from international donor or-
ganisations are worthy of note.

1. Competition for women entrepreneurs “Created by
Women - 2023” (the opportunity to attract UAH 100,000
for the development of their business).

2. Training of employees in the specifics of social en-
trepreneurship to expand their business.

3. Additional support for entrepreneurs under the Sci-
ence & Business — GIST Pitch Days programme to develop
innovations in the amount of USD 5,000.

4. Compensation from the German Government to
MSMEs up to 30% of the cost of investment.

5. Search for business partners in other countries
(Rykhlitskyi, 2022).

6. Consultations on a competitive basis from the KSE
Graduate Business School on adaptation to war conditions.

7. “International Organisation for Migration — imple-
mented for war-affected micro and small enterprises (up
to UAH 4.5-20 thous.).

8. “Comprehensive Programme for Support and De-
velopment of Agriculture” is aimed at entrepreneurs in the
field of organic production. Entrepreneurs in the Lviv re-
gion will receive up to UAH 150 thous.

9. “Own business — 2023” — support for micro and
small businesses in the amount of UAH 50-250 thous.
(Rykhlitskyi, 2022).

10. In terms of the E-work grant programme, in 2023,
itis planned to receive up to UAH 8 million in non-refund-
able grants to start or develop small businesses under the
“Own Business” programme.

11. USAID Competitive Economy - 25 grants are being
implemented to support small and medium-sized pro-
cessing enterprises (up to UAH 75-150 thous.); 30 grants
to improve the human resources potential of businesses
(UAH 35-150 thous.); small and medium-sized farm-
ing enterprises (up to UAH 40 thous.; entrepreneurs in
Poltava, Sumy, Kyiv, Chernihiv regions).
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The USAID-Agro (US Agency for International Devel-
opment) Agricultural and Rural Development Programme
is designed to last until 2024, with a total cost of $35 mil-
lion, and aims to support 3,000 producers from regions of
the country affected by the Russian-Ukrainian war. Ac-
cording to the USAID programme, UAH 367 million was
provided to small businesses in 2023 to finance support
projects: processing of grains, oilseeds, and legumes to
improve access to facilities for post-harvesting, processing
of grains, oilseeds, and legumes into food, industrial, feed
products, biofuels; productivity of processing facilities;
quality control at various stages of processing; production
of value-added products for domestic consumption and
export; expert and technical support; diversified produc-
tion of bioethanol or solid biofuels from grain processing
waste; expansion of the range of production by 25%; and
number of jobs; sales by 10% in the first year and pro-
duction by 20%; ensuring food security (USAID will pro-
vide UAH 367 million..., 2023). The USAID-Agro project
“Strengthening the capacity of demonstration farms to en-
sure food security in Ukraine” is also being implemented
(Agriculture Resilience Initiative — Ukraine..., n.d.).

The Agriculture Resilience Initiative (AGRI) project
is active. The cost is USD 100 million; the purpose is to
strengthen the mechanisms for exporting agricultural
products. Since the beginning of the war, Corteva Agrisci-
ence has allocated more than USD 2 million to the de-
velopment of small-scale farming (including seed). The
educational and grant programme TalentA (practice of
doing agricultural business in a crisis) was implemented
for 180 farmers (The leadership of Corteva Agrisci-
ence..., 2023).

In 2023-2024, the project “Emergency Project for In-
clusive Support for the Recovery of Agriculture in Ukraine
(ARISE)” is planned to be implemented. Within the frame-
work of this project, Ukrainian agriculture could receive
UAH 700 million. The funds are allocated for grant as-
sistance to small entrepreneurs (land users; also, those
who specialise in breeding goats, sheep, cows); financial
support for the programme “Affordable Loans 5-7-9%” for
agricultural production (Ukraine has initiated the attrac-
tion..., 2023).




Malik et al.

Businesses have received 74,000 loans worth
UAH 240.5 billion since the launch of the government’s
Affordable Loans 5-7-9% programme. Small businesses
can receive: a loan for investment purposes to restore pro-
duction facilities for up to 5 years; a technical assistance
loan; a targeted loan; or a state subsidy. In 2022, under
this State Programme “Affordable Loans 5-7-9-%” The
Resolution of the Cabinet of Ministers of Ukraine No. 916
dated 29 July (Resolution of the Cabinet of Ministers of
Ukraine No. 916..., 2022) extended loans to businesses for
the sowing campaign (at 0% interest) in the amount of
UAH 95.5 billion for up to 12 months, with UAH 24.722 bil-
lion received under state guarantees (80%).

As of the beginning of October 2023, 213 entrepre-
neurs received loans totalling UAH 1 billion. Banks have
issued 20,600 loans worth UAH 73.5 billion to businesses
since the beginning of 2023 alone. 50% of entrepreneurs
operate in agriculture (Business received UAH 240.5 bil-
lion..., 2023). Since the beginning of 2023, 11.1 thou-
sand business entities in agriculture have received loans
in the amount of UAH 56.2 billion. However, only 8.6
thousand businesses were financed under the state pro-
gramme ‘Affordable Loans 5-7-9%” for UAH 33.3 billion
(Agravery, 2023). In total, 38,892 loan agreements total-
ling UAH 150.9 billion were concluded under the state
programme “Affordable Loans 5-7-9%” during wartime,
of which UAH 34.79 billion were loans to agricultural pro-
ducers (Last week, banks issued 20.9 billion..., 2023).

For small businesses, the total amount of the grant
“Development of Small and Medium-Sized Enterprises:
Economic Integration of Internally Displaced Persons
and Business Recovery” is up to EUR 20 thous. The grant
is provided by the German Government. One-time limits
are up to EUR 4,500. In May 2022, the first competition
was held; in October 2022, the second; and in spring 2023,
the third competition was held for different regions of the
country (War-affected small businesses..., 2023).

Another platform for helping small businesses is the
Keep Going project. It is planned to provide EUR 50 mil-
lion in impulse financial and information support to
small business owners (Strykun, 2022). Business enti-
ties registered in the State Agrarian Register can receive
non-refundable assistance. The amount of this assistance
is UAH 3,100 per hectare of cultivated land. However,
the maximum amount of this assistance cannot exceed
UAH 372 thous. (Small agricultural producers can..., 2022).

The study of the theoretical and methodological foun-
dations for the survival of small businesses engaged in the
production of cereals, legumes, and sunflower seeds in
wartime is a widespread problem. Research assessments
confirm that small businesses are the most adapted to
functioning in a crisis. The issues of development of small
businesses and agricultural production are discussed in
various interpretations in scientific publications.

The authors of the present study support the position
of N. Abu Hasan et al. (2022), who proved the importance
of introducing digital technologies into the business mod-
els of small businesses. Admittedly, this will increase long-
term productivity and sustainability, competitiveness, and
innovation attractiveness. Furthermore, the implementa-
tion of the Agile Business Process Management concept
will allow small businesses to implement fundamental

changes in the market environment and respond more ef-
fectively and mobilise to market changes, fully unleashing
their potential as a business process management mecha-
nism (Bitkowska et al., 2022).

Lack of funding is one of the main issues for business
in agriculture. Implementing mechanisms for cooper-
ation and integration of business entities will help them
survive. The specific features of the impact of extreme
and socio-economic conditions of life on the processes of
transformation of business entities from the perspective of
V. Kyfyak et al. (2022) deserves attention. Researchers also
focus on the implementation of government programmes
to support business entities in agriculture, specifically,
tax and financial sector programmes, and deregulation
mechanisms (all business inspections were cancelled, ex-
cept for price checks for socially important goods; declar-
ative system of business operation; declarative principle
of customs operation) (Nehrey & Trofimtseva, 2022).

The comprehensive methodology for assessing the
efficiency (economic, technological, social, environ-
mental, intellectual) of business in agriculture, the com-
petitiveness of farms and the innovative development
of business entities recommended by M. Parkhomets &
L. Uniiat (2022) should be supported. The study found
that business entities currently use limited marketing po-
tential; the prospects for transforming marketing towards
revenue growth are reduced; there are no effective market-
ing strategies in general. Businesses need to change their
marketing identity and the profitability of their operational
and all activities. It is vital to cover trends in the turbu-
lence of the business environment and the transformation
of marketing under the influence of military operations
(Shkoda & Savych, 2022).

The conclusions on the effectiveness, efficiency, and
profitability of the development of business entities in ag-
riculture during 2008-2023 were confirmed by scientists
D. Krysanov & O. Varchenko (2023). The processes of in-
vesting in the development of business entities and agri-
cultural production are characterised by variable dynam-
ics. The agrarian crises of 2008-2023, which resulted in
higher selling prices, did not affect investment in the de-
velopment of business entities. O. Shust’s (2023) research
substantiates the decrease in the number of small busi-
nesses in agriculture by 8% (7% have completely stopped
their production in crop production, and 1% in livestock
production). In 2022-2023, small entrepreneurs in agri-
culture reported a sharp decline in income from crop pro-
duction (70%) and livestock production (60%). The study
found that small businesses in the areas affected by the
hostilities had virtually no access to finance. Due to the
reassessment of current credit risks, lending by banks has
effectively ceased. It was established that USD 73 billion
are the needs of small and medium-sized enterprises
alone (Vynogradnya & Burdonos, 2023).

The study reveals the position on the essence of the
system of state financial support (the use of various forms,
types, means, methods, tools to create a favourable envi-
ronment for increasing their competitiveness) for small
and medium-sized businesses (Vyhovska et al., 2023). The
system of monitoring and state financial control over the
use of state aid granted to business entities is imperfect.
Some legislative acts on the forms and types of support for
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business entities are contradictory. Targeted support for
enterprises is not publicly available. A simplified taxation
system for small businesses ensures the stability of their
development and facilitates the implementation of agri-
business (Feduniak et al., 2023).

It is also worth agreeing with the results of developing
the structure of technological, organisational, environ-
mental factors of the effective activity of small businesses
based on supply chain technology as intermediaries and
considering the positions of the theory of innovation
diffusion and technologies for organising the market en-
vironment (Abdul Rahman & Abdul Rahim, 2023). The
capital equipment of 100 ha of agricultural land has a pos-
itive impact on the profitability per 100 ha of agricultural
land in the context of business entities of different spe-
cialisations. The models built by Y. Klius et al. (2023), the
specialisation models can be used to form the structure
of marketable products. The study found that the expan-
sion of the area of land plots under lease by 2025 will lead
to an increase in their total volume by 0.245 thous. ha.
The purchase (sale) of additional land plots by business
entities leads to an increase in the value of land plots
by UAH 0.006 thous., and the growth of the volume of
land exchanged leads to an increase in their value by
UAH 0.377 thous. (Kurbatska et al., 2023). The need to
develop a comprehensive approach to changing the pro-
cesses of efficient use of land and resource potential and
production in the post-war period of development of agri-
culture and the agro-industrial complex was agreed.

During the study, the specific features of the extensive
and inefficient way of rapeseed production development
were revealed. The economic efficiency of rapeseed pro-
duction and processing can be improved by increasing the
yield and fat content of seeds; using the best seed hybrids
adapted to concrete environmental and growing condi-
tions; applying innovative technologies for growing and
harvesting rapeseed; strict adherence to the recommended
requirements for the control of rapeseed diseases, pests,
and weeds (Parkhomets et al., 2023). In 2023-2035, Ukraine
can provide a harvested area of 2,250-2,810 thous. ha of
rapeseed; rapeseed yield — 3.2-4 t/ha; seed sales — 5,100-
9,140 thous. tonnes, or 1.9-3.4 times more than the current
level. Yield, oil content of the seeds, and the capacity of the
processing plant have the greatest impact on the economic
efficiency of rapeseed production and processing. Innova-
tive technologies for rapeseed production and harvesting
should be introduced to develop small farmers.

Studies of the specific features of the market environ-
ment of business entities have revealed the need for prior-
ity investment incentives to increase the production of or-
ganic food and the development of primary and advanced
processing of agricultural raw materials; they have also
focused on the technical and technological modernisa-
tion of the production base and environmentally oriented
nature management (Penkova & Kharenko, 2023). It was
established that farmers have adapted best to functioning
in wartime conditions and have retained their positions
in the market environment. The authors of the present
study support the need to attract investment in the de-
velopment of small businesses in agriculture and support
farmers with a system of credit and innovation coopera-
tion (Skydan et al., 2023). The volume and possibilities of
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self-financing of small businesses depend on the level of
income of the enterprise and the incentives provided by
the state in terms of tax exemption for the income of the
enterprise reinvested in innovative development. It is nec-
essary to use a cooperative financing model for farms and
private households, which allows for cost optimisation
and innovation (Sus et al., 2023).

The study proves that an adaptive approach to func-
tioning under martial law is associated with the develop-
ment of strategies for reflecting the impact of the crisis by
a small business entity (Kravchenko ef al., 2023). In 2022-
2023, business entities faced the following operational
problems: disruptions in logistics, fuel and lubricants
supply, and energy security; untimely agricultural work;
bombing of grain fields; unsystematic fertiliser supplies,
etc. (Pryshliak et al., 2023).

The parameters of the economic crisis impose new
requirements for the development of an effective system
for the survival of small businesses and the adaptation of
their economic mechanism to extreme conditions. Small
entrepreneurs in agriculture were able to adapt to the cri-
sis more quickly. The following obstacles to the develop-
ment of small businesses in agriculture are as follows: the
focus of programmes on supporting large producers; low
level of information and advisory support; risky business
start-ups; and low liquidity of production.

» Conclusions

An analytical assessment of the economic activities and
specific features of the development of small businesses
engaged in the production of cereals, legumes, and sun-
flower in wartime has confirmed their special socio-psy-
chological and economic significance. Compared to large
business entities, small businesses suffered the least
losses from the hostilities. It was substantiated that the
problems of rural employment can be solved through the
development of small agricultural and non-agricultural
entrepreneurship.

It was found that due to the compactness of produc-
tion and mobile management system, small businesses
are most adapted to functioning in the market environ-
ment in wartime. It was substantiated that an increase in
the volume of production of cereals, legumes, and sun-
flower by small businesses by UAH 1 million leads to an
increase in net profit by UAH 0.491982 million. The fol-
lowing factors have a negative impact on the development
of small businesses engaged in the production of cereals,
legumes, and sunflower seeds: complicated logistics; in-
sufficient attraction of investments and financial and
credit resources; lack of a holistic policy of integrated rural
development; limited opportunities for the application of
advanced technologies; low level of technical and techno-
logical support; weak motivation for innovation; insuffi-
cient awareness of producers about the benefits of estab-
lishing family farms.

Further research should clarify the strategic vectors of
development of small businesses in the production of ce-
reals, legumes, and sunflower in accelerating the post-war
development of the country’s economic system. The study
also focused on the need to develop regional programmes
for the development of small businesses and their cooper-
ative associations of various specialisations for the period
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» AHoTauig. Cy0’eKkT Majoro miJUPUEMHHUILTBA 3 BUPOOHHIITBA 3€PHOBHUX, 0000BUX i HACIHHS COHSIIHUKY
3abe3nevyoTh IOTeHI[iajl IPOA0BOJIbYO] Oe3IeKN KpaiHu Ta 30epiraHHs HABKOJIMIIIHBOTO cepefoBHIlia. MeTa CTaTTi
0yJ10 OOTPYHTYBATH COLlia/IbHi, EKOHOMiUHi Ta KOHIIENTYaJIbHi 3acay NislIbHOCTI cy0’ €KTIB MaJIOro MiIpUeEMHUIITBA 3
BUPOOHUTIIBA 3ePHOBUX, 0000BUX i HACIHHSA COHANIHUKY B Cy4aCHUX YMOBax. 3a METOI0JIOTiYHY OCHOBY JOCJIiIKeHHS
CJIyTyBajy TIOJIOSKEHHSI IHCTUTYI[iOHAJbHOI eKOHOMiuHOi Teopii Ta ¢yHKIjoHaIbHOrO aHamiidy. Bukopucrano
aHauti3, rpadivyamii, abCTPaKTHO-JIOTIYHI METOIY Ta IiIXOIN y3araJabHEHHs pe3yJsbTaTiB. BuU3HaueHO MOTHBaIiiHY
CIIPSIMOBAHICTh (DYHKITIOHYBAHHS CY0’€KTiB MAJIOTO MiJIMPUEMHHUIITBA 3 BHPOOHUIITBA 3€PHOBUX, 0000BUX i HACIHHSA
COHSIIITHUKY Ta IX MicIie y polleci BUpOOHUIITBA Ta CIIOsKUBAHHS. B Ipo1ieci Joc/TiskeHHs BCTAHOBJIEHO, 110 y 2023 pori
JOCATHYTO PeKOpJHOI BpoyKalHiCTi 3epHOBUX KyJIbTYp — 51,8 IfeHTHepiB Ha reKTap, 10 00YMOBJIEHO CIPUATIUBUMUI
MOroJHUMHU yMOoBaMu. OOrpyHTOBAHO, 1[0 BUTPATU Ha BUPOOHUIITBO CiJIbCBKOIOCIIOAAPChKUX KYJIBTYP 30iMbIIHINCS
3a paxyHOK 3HVJKEHHs IIiH Ha IPOIYKILiI0 BUPOOHUIITBA (Ha KYKYPYI3y Ha -41 %; COHSIIHUK Ha -35 %; MIIEeHHIIo Ha
-37 %) Ta 3poCTaHHA BAapTOCTi Mali’ke BIBiYi KOMJIEKCY 3aXMCTy POCJMH Ta nanuBa. JloBeaeHo, mo B nepion 2017-
2022 pp. 91,79 % Bapiamii uncroro mMpuUOYTKY MOSICHIOETHCA Bapiallielo piBHA peasi3oBaHOI Cyd’€KTaMU Majioro
MiIIPUEMHUIITBA IPOYKIII 3epHOBUX, 6000BUX KYyIBTYp i HACIHHA COHAINIHUKY. 3’ ICOBAHO, 1110 HAPYIIEHHS CUCTEMU
30yTy mpoaykuii cyd’€KTiB Majoro MiANPUEMHUIITBA 3 BUPOOHUTI[BA 3€pPHOBUX, 000OBUX i HACIHHS COHSIIHUKY,
HU3BKUU piBeHb 3aKyIiBeJIbHUX IiH Ta 3HAYHe ITiJBUIIEHsI I1iH B 3B’s1I3Ky 3 BOEHHUMH [JIisIMU Ha MaTepiaabHO-TeXHiuHi
JoKepesia BYDKUBAHHS Ta JOOPUBA POOUTH BUPOOHUITBO MasioedeKTUBHUM. ONHMM 3 TIPIOPUTETHUX HANPSAMIB
perioHapHOI MOJITHKY 3aJIUIIAETHCSI PO3BUTOK Cy0 €KTIB MaJIOro MiAIIPHEMHUINTBA Ta CiMeiHOro ¢epmepcTBa.
IHopManiitHO-aHATITHIHUN MaTepiasl MOYKJIMBO BPAxOBYBATH IPH PO3PO0OJIEHI perioHaIbHUX MIPOrpaM PO3BUTKY
cy0’eKTiB arpapHOTO MiAIPUEMHUIITBA

» KnoyoBi cnoBa: cy6’eKT miJIpUEMHUIIBKOT AisIIbHOCT]; aanTallisi 10 yMOB BOEHHOTO CTaHy; MaJTi i JITPUEMHUIIbKI
CTPYKTYpH; CiMeliHe (hepMepChKe rOCIOaPCTBO; CiIbChbKOTOCIOAAPChKUM KOOTIEpAaTUB; IPUBATHI NiATIPUEMCTBA
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» Abstract. The study of the role of the Ukrainian agricultural sector in meeting the demand for organic products in
the European Union is vital for understanding and maximising the benefits for Ukraine. This is crucial in the context
of the development of the organic market and expanding cooperation with Europe, which indicates the relevance of
the problem discussed in the present study. The purpose of this study was to identify the current position, dominant
trends, and prospects for increasing Ukrainian organic imports to the European Union. The methodological framework
of this study included the general and special methods of scientific cognition: monographic, dialectical, tabular,
graphical, abstract and logical, and comparative analysis. The study analysed the vectors and dynamics of development
of organic agriculture in the European Union, specifically, identified the growth of domestic and import demand for
organic products, expansion of the list of commodity items, the existence of a gap between supply and demand, and
high concentration of the commodity structure of imports. The study found the principal factors that ensure Ukraine’s
leading position among the key importers of organic food: geographical location, increase in domestic production of
organic products, improvement of the system of its certification, and establishment of partnerships with the European
Union. Ukraine’s position in most commodity groups of import demand for organic products has been strengthened:
specifically, Ukraine’s share of imports has increased, and its structural characteristics have improved in terms of
increasing the share of high value-added products. The study highlighted the barriers faced by Ukrainian exporters
when entering the European market and acting as a deterrent to expanding the volume and range of exported organic
products. The areas for increasing the potential of Ukraine in meeting the demand for organic products in the European
Union were outlined. The findings of this study provide valuable information for producers, entrepreneurs, and
stakeholders involved in the development of the organic market in Europe and sustainable agriculture. The outlined
priorities for the development of organic production in Ukraine can underlie the development of a national programme
aimed at increasing the competitiveness of the Ukrainian organic industry in the markets of the European Union
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» Introduction

The growing environmental awareness of consumers in
the European Union (EU) is leading to an increase in their
interest in healthy eating and sustainable development.
This encourages them to prefer organic products, which
are considered safer and more environmentally friendly.
Growing demand encourages producers to support and
develop the organic industry, expand their product range
to meet the needs of domestic consumers and reduce
dependence on imports. The organic market is showing
steady growth and is promising not only for European
producers, but also for companies from other countries
that adhere to high quality standards and sustainable pro-
duction principles.

Considering this, the growth of the organic market
is recognised as one of the key vectors of the European
Green Deal (EGD). The European Commission’s Farm to
Fork strategy, implemented under the EGD, states that
“the organic food market will continue to grow, and or-
ganic agriculture needs to be further promoted” (A Farm
to Fork Strategy..., 2020). The European Commission’s Or-
ganic Action Plan for 2021-2027 aims to increase both the
demand and supply of organic products.

The active coverage of the problem of developing or-
ganic production in scientific sources, as well as its role
in ensuring food security and achieving sustainable de-
velopment goals demonstrates the considerable inter-
est in this issue. The EU is the largest market for organic
products, with annual growth. Since the 1990s, the devel-
opment of organic agriculture has received considerable
attention, which has contributed to an increase in the
share of organic area in the EU by almost 8.5% compared
to the global average of about 1.5% (Willer et al., 2021).
Foreign scholars who have investigated this issue argue
that the organic sector in the EU has prospects for con-
siderable growth (Rees et al., 2023). Despite the expansion
of organic agriculture and the increase in the number of
organic producers, according to the results of studies by
S. Pedersen et al. (2018) and A. Blace et al. (2020), the de-
mand for organic products is growing much faster than
domestic production and supply.

At the same time, European scientists are discussing
the feasibility of intensifying the expansion of organic
areas in the EU member states. While research confirms
that consumers are willing to pay a higher price for or-
ganic food due to health and environmental benefits,
the environmental benefits are increasingly disputed be-
cause the lower productivity of organic farming systems
may lead to intensification of agriculture on other farm-
land. This, according to M. Lambotte et al. (2023) and
M. De Bauw (2022), calls into question the environmental
efficiency of organic farming. Considering this, it can be
predicted that the share of organic products imported to
the EU will only grow.

Ukrainian scientists also pay attention to these trends,
as Ukraine holds a key position in the import of organic
products to the EU. Thus, V. Butenko et al. (2020) discuss
the specific features of the development of this market in
the European Union. O. Malokhlib (2021) explores the pos-
sibilities of Ukrainian producers’ participation in the EU
markets, considering the requirements of European envi-
ronmental legislation. The studies of O. Senyshyn (2021)
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and T. Grabovska (2019) are based on the investigation of
Ukraine’s export potential in terms of supplying organ-
ic products to the EU. Considering the above, the issues
raised are of significant scientific interest and determine
the purpose of the present study. The purpose of this study
was to investigate the opinions and outline the prospects
of the Ukrainian organic industry in meeting the demand
for organic agri-food products in the European Union.

» Materials and Methods

The study was based on the use of general scientific and
special methods of scientific cognition. Based on scientif-
ic sources selected on the principle of the highest reliabil-
ity, objectivity, and relevance, information and provisions
were selected that enabled a comprehensive investiga-
tion of the issue. The scientific findings and opinions of
scientists from the European Union and Ukraine on the
main trends in the development of organic exports of
agri-food products were investigated using the mono-
graphic method. The comparative analysis was used to
empirically study the structural and dynamic charac-
teristics of Ukrainian organic exports to the EU; the dia-
lectical method was used to clarify the cause-and-effect
relationships between the analysed phenomena. The use
of tabular and graphical methods in the study made it
possible to demonstrate in a systematic way the dynam-
ics and interrelationships between economic processes
and indicators characterising export-import operations,
and to identify the existence of functional dependencies
between them. By applying these methods, the study
clarified Ukraine’s position in the import of organic agri-
food products to the EU and its changes over time, and
improved the ability to visualise and present analytical
information. The conclusions were formulated using the
abstract and logical method by identifying the essence
of the main concepts in the context of the subject under
study, identifying logical patterns of development of the
organic agri-food market and drawing generalisations
and new judgements on this basis.

The analytical calculations were based on the Trade
Control and Expert System (TRACES), the European Com-
mission’s online platform for certification required for
the import of animals, animal products, food, non-an-
imal feed, and plant products into the European Union,
as well as for trade within the EU and exports from the
EU (TRACES NT - European Commission, n.d.). To com-
plete the objectives of this study, data on the total volume
of imports of organic products to the EU-27 countries in
terms of commodity items and value indicators, including
from Ukraine, were used. This made it possible to track the
dynamics of import demand for organic products in the
EU-27, determine the commodity structure of imports,
the share of Ukrainian agri-food products in them, and
establish trends in the growth (decline) of such imports in
terms of the largest commodity items.

Furthermore, the study used data obtained from the
official web portal Diia.Business (Overview of the organic
market..., 2021). Specifically, information on the volume of
exports of certified organic products by Ukraine by com-
modity groups, importing countries, destination coun-
tries, and types of transport for 2021-2023 was obtained
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using the interactive dashboard “Export of Ukrainian or-
ganic products” developed by the Business and Export
Development Office in partnership with Organic Standard
LLC and with the support of Switzerland within the frame-
work of the Swiss-Ukrainian programme “Development of
Higher Value Added Trade in the Organic and Dairy Sectors
of Ukraine” (Dashboard on export of..., n.d.). The informa-
tion obtained made it possible to assess Ukraine’s ranking
among suppliers of organic agri-food products to the EU in
terms of imports, and to identify trends in the reorientation
of logistics routes for Ukrainian exports from sea routes to
alternative modes of transport: road, rail, and river.
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» Results and Discussion

The EU-27 market ranks second in the world in terms
of consumption of organic products, having increased
5 times over the past 20 years and covering 43% of the
market globally in 2022 (Overview of the organic mar-
ket..., 2021). For a range of organic food products, market
demand is growing faster than supply. This is conditioned
by the fact that the growth rate of organic land in the EU
lags behind the growth rate of organic sales (Fig. 1). The
share of organic areas in the total volume of agricultural
land in the European Union averages 8.1% (the leaders are
Austria (26%), Estonia (22%), and Sweden (20%)) (Over-
view of the organic market..., 2021).

-200 o

Growth rate in sales of organic products, %

Growth rate of organic land, %

Linear (Growth rate in sales of organic products, %)

Linear (Growth rate of organic land, %)

Figure 1 Growth rate of sales of organic products and organic land in the EU, %
Source: compiled by the authors of this study based on H. Willer (2021)

The gap between supply and demand is partially
compensated for by imports of organic agri-food prod-
ucts. In 2022, the EU-27 imported 2.73 million tonnes of
organic agri-food products (down 5.1% from 2.87 mil-
lion tonnes in 2021, but up 0.6% from 2018). The growth
of the organic market, which began during the coro-
navirus pandemic, was restrained by the spread of

inflationary processes in 2022, triggered by the full-
scale military invasion of Ukraine by Russia. Lower in-
comes and rising consumer prices led to a reduction in
spending on organic products, resulting in a slight de-
cline in imports. Overall, import demand was relative-
ly stable in 2018-2022, with annual growth of no more
than 5% (Fig. 2).

thous. t

3,000 - 2,711 2,849 2,794 2,873 2,727 12%
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— Total imports of organic products to the EU-27, thous. t

—incl. from Ukraine

e Share of Ukrainian products in total imports, %

Figure 2. Supply of imported organic products to the EU-27 in 2018-2022, thous. t
Source: calculated and constructed by the authors according to TRACES NT — Europese Commissie (n.d.)
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The volumes of Ukrainian organic products supplied
varied substantially, ranging from 189 to 282 thous. t, primar-
ily due to considerable fluctuations in the supply of wheat
and other grains. Grain crops, vegetable oils and oilseeds,

Other primary
commodities
1,176
43%

Commodities
1,251
46%
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sugar, milk powder and butter, unroasted coffee and cocoa,
which are classified as commodities, accounted for 46% of
imports in 2022. Meat products, fruits, vegetables, dairy yo-
ghurt, and honey accounted for 43% of imports (Fig. 3).

Processed foods

(including wine) Food products
197 63
7% 2%

Non-edible products
22
1%

Fish and other non-
agricultural products
16
1%
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3
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Figure 3. Commodity structure of organic imports to the EU-27 in 2022, thous. t (%)
Source: calculated and constructed by the authors according to TRACES NT — Europese Commissie (n.d.)

The commodity structure of exports shows that it
is highly concentrated - the 8 largest commodity items
(with imports of more than 100 thous. t/year) account for
almost 72% of the volume, namely: tropical fruits, nuts,
and spices (872 thous. 1), oilcake (223 thous. t), soya beans

(192 thous. t), beet and cane sugar (146 thous. t), unroasted
coffee, loose tea, and mate (145 thous. t), cereals, except
wheat and rice (121 thous. t), fruits, except citrus and trop-
ical fruits (119 thous. t) and fresh, chilled and dried vege-
tables (109 thous. t) (Fig. 4).
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Figure 4. Supply of imported organic products to the EU-27 in 2022 by major commodity items, thous. t
Source: calculated and constructed by the authors according to TRACES NT — Europese Commissie (n.d.)

In 2018-2022, the increase in imports of organic prod-
ucts in the EU27 was driven by the growth in supplies of
tropical fruits, nuts and spices (+211 thous. t) and soy-
beans (+87 thous. t). The largest decline in imports was

mainly in commodities represented in Ukrainian exports,
namely wheat (-157 thous. t), cereals other than wheat
and rice (-104 thous. t), oilseeds other than soybeans
(-96 thous. t), and oilcake (-34 thous. t) (Fig. 5).
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Figure 5. Increase (decrease) in the supply of imported organic products to the EU-27 countries in 2018-2022 by major
commodity items, thous. t
Source: calculated and constructed by the authors according to TRACES NT — Europese Commissie (n.d.)

In 2022, the ten largest exporting countries to the
EU accounted for 65% of organic imports. An analysis
by buyer country showed that the Netherlands is the
leader among suppliers and importers of organic prod-
ucts, accounting for 36% of imports. Germany, France,
and Belgium account for 16%, 10%, and 10% of organ-
ic products imported to the EU, respectively. Consid-
erable trading partners in this area are Ecuador, which
accounts for 13% of total imports, and the Dominican
Republic, which accounts for 9% of imports. China and
Ukraine are in roughly the same position, with a share
of 8%. Data from the Government Portal (Dashboard on
export of..., n.d.) show that Ukraine has become one of
the key suppliers of organic agri-food products to the
EU, ranking 5th out of 126 countries and 1st among
non-tropical countries in terms of supply in 2021. Export
trends in 2022 showed a 13% increase in imports of or-
ganic products from Ukraine to the European Union and
Switzerland compared to 2021, despite the full-scale mil-
itary invasion of Ukraine by Russia. This was mainly due
to an increase in the supply of organic soybeans, wheat,
and maize. Generally, Ukraine’s role in supplying organ-
ic products to the EU markets is vital for both Ukrainian

Oilseeds, except soya

20,416 tropical fruits
9% 16,246
Wheat 7%
20,797
10%
Soybeans
30,673
14%

producers and European consumers who appreciate the
benefits of such products.

Ukraine’s position in imports to the EU of agri-food
products produced in compliance with organic legislation
is ensured by a combination of factors. The geographi-
cal location of Ukraine and its proximity to the European
Union allow for fast and efficient transportation of organic
products to this market. Ukrainian producers are actively
expanding domestic production and developing their sales
markets in the EU, looking for new opportunities and cus-
tomers to meet growing demand. The product range covers
a variety of types, including cereals, meat, milk, fruit, and
vegetables. This contributes to the diversification and sus-
tainability of export operations. Furthermore, Ukraine has
partnerships with many EU countries, which facilitates co-
operation and the development of trade in organic prod-
ucts. Major steps have been taken to improve the certifica-
tion system for organic products, which helps ensure high
quality and compliance with EU standards and is essential
for maintaining consumer confidence and increasing com-
petitiveness in the European market. Grains and oilseeds
dominate the structure of supplies from Ukraine to the EU
market, accounting for 75% of imports in 2022 (Fig. 6).

Fruits other than citrus and

Oilcake Vegetable oils other than
13,732 palm and olive oils
6% 8,220
Fruit juices 4%
4,980
2%
Flour and other
milling products
Other 3,016
7,919 1%
4%

Cereals other than
wheat and rice
93,125
43%

Figure 6. Commodity structure of imported organic products from Ukraine to the EU-27 in 2022, thous. t (%)
Source: calculated and constructed by the authors according to TRACES NT — Europese Commissie (n.d.)
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Among commodity items, the highest export growth
rates were observed for such products as oilcake (4.3 times
in 2018-2022), vegetable oils (2.3 times), nuts (2 times),
soybeans (1.3 times), and eggs and honey (1.1 times). In
2018-2022, Ukraine’s position in most product groups
of the EU’s import demand strengthened (Table 1).
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Specifically, the most noticeable increase in the share of
imports occurred in the segment of cereals other than
wheat and rice (+28.0 percentage points to 77.1% in 2022),
wheat (+25.4 percentage points to 65.3%), vegetable oils
(23.3 percentage points to 49.4%), and oilseeds other than
soybeans (+6.8 percentage points to 22.0%).

Table 1. Import demand for organic products in the EU-27 in 2018-2022 by main product groups, thous. t

Imports to the EU-27 incl. from Ukraine Ukraine’s share, %
Product grou,
srotp 2018 2022 2018 2022 | Imerement, | ., 4 5gpp | Change,
% p-p-
Cereals other than wheat 224,792 120,743 | 110,360 | 93,125 -16 491 | 771 | 280
and rice
Soybeans 104,794 191,898 | 13,269 | 30,673 131 127 | 160 | 33
Wheat 188,847 31,838 75355 | 20,797 -72 399 | 653 | 254
Oilseeds, except soya 189,053 92,700 28,773 20,416 -29 15.2 22.0 6.8
Fruits other than citrusand | 5, g3 118967 | 12,955 | 16246 25 98 | 137 | 39
tropical fruits
Oilcake 257,056 223,028 2,564 13,732 436 1.0 | 62 5.2
Vegetable oils other than 9,708 16,648 2,532 8,220 225 261 | 494 | 233
palm and olive oils
Fruit juices 88,206 80,284 5,947 4,980 -16 67 | 62 -0.5
Flourand other milling 19,406 15,227 3,922 3,016 -23 202 | 198 | -0.4
products
Tropical fruits, nuts, and 660,778 872,234 973 2,914 200 01 | 03 0.2
spices
Fresh, frozen, and dried 125,592 109,298 | 3,552 2,739 -23 28 | 25 | -03
vegetables
Other feed and feed 2,277 1,878 1,094 739 -32 480 | 394 | -87
ingredients
Eggs and honey 15,825 17,656 320 680 112 20 | 38 1.8
Water and soft drinks 1,574 2,081 330 352 7 21.0 16.9 -4.0
Other 690,227 832,724 290 495 71 00 | o1 0.0
TOTAL 2,710.628 | 2,727.206 | 262,237 | 219,125 -16 9.7 | 8.0 -1.7

Source: calculated by the authors of this study based on TRACES NT - Europese Commissie (n.d.)

Some reduction in the presence of Ukrainian organ-
ic products on EU markets in 2022 is conditioned by the
consequences of the military invasion of Ukraine by Rus-
sia, which caused considerable losses for the organic in-
dustry. The occupation of the territories, destruction of
infrastructure, logistical problems, rising fuel and fertil-
iser prices, and the suspension of retail chains have halted
the functioning and development of organic production
in Ukraine and, consequently, led to a large-scale reduc-
tion in organic production. About 120,000 ha of certified
organic land were lost due to occupation or hostilities. In
March 2022, 30% of Ukrainian organic operators ceased
operations, and 70%, according to a survey conducted
by the Organic Ukraine NGO, required financial support
(Statement on the situation..., 2022). Thanks to a range of
measures taken by Ukrainian and foreign organisations
to support organic businesses and meet the most urgent
needs to maintain operations and strengthen their posi-
tions in the future, the crisis was partially overcome. As a
result, 70% of operators have fully or partially continued

production and processing of organic products (Situation
in the Ukrainian organic sector..., 2022); the situation
continues to adapt to a new reality. The development of
alternative logistics routes and the lifting of many exist-
ing restrictions on organic exports to the European Un-
ion and other countries allow Ukraine’s organic sector
to continue to hold a significant position in meeting the
demand for organic agri-food products on foreign mar-
kets. This creates opportunities for Ukrainian producers
to find new markets.

At the same time, organic production is one of the
key goals of Ukraine’s agricultural policy. Within the im-
plementation of the National Economic Strategy for the
period up to 2030 (Resolution of the Cabinet of Minis-
ters..., 2021), it is planned to achieve at least 3% of the to-
tal area of agricultural land (1.3 million ha) with organic
status. However, in 2021, the area of agricultural land un-
der organic production (including land in transition) was
422.3 thous. hectares (1%), and in 2022, due to the Russian
military aggression, it was 263.6 thous. ha (0.6%) (Organic
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production of Ukraine..., n.d.). This means that to achieve
the goals set out in the National Strategy, it is necessary
to increase the area of organic land by 5 times in 8 years.
Therewith, the Strategic Objective “Optimisation of the
sales ecosystem in the domestic and foreign markets”
aims to increase exports of organic products to USD 1 bil-
lion by 2030 (in 2022 — USD 219 million).

However, even assuming that such ambitious plans
are implemented, the target set by the National Economic
Strategy may not be sufficient to meet both domestic and
external needs, considering the active measures taken by
foreign countries to promote organic agriculture and the
ever-growing demand for these products. By designating
3% of agricultural land for organic agriculture, Ukraine
may face the challenge of producing the large volumes of
these products required to meet demand, and thereby risk
losingits leading position on the organic market in Europe
and globally.

The EU’s Farm to Fork strategy aims to increase the
share of land designated for organic agriculture to 25%
of the total agricultural land area (A Farm to Fork strate-
gy..., 2020), which will require the involvement of about
45 million ha (more than the entire agricultural land area
of Ukraine). Considering this, increasing the pace and vol-
ume of organic production in the country is a promising
area of development.

Fulfilling this purpose requires overcoming a range of
barriers faced by Ukrainian exporters when entering the
EU market, which may open new opportunities. Ukraine
is noted as a country that actively exports organic prod-
ucts, entering the European and American markets with
a large volume of organic agri-food products. In this con-
text, it is recognised as a substantial player, especially in
the wholesale of organic products. However, the majority
of food in the EU, including organic food, is sold through
wholesale retailers and supermarkets. A certain share is
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sold through speciality shops and farmers’ markets, i.e.,
local distribution channels (Milford et al., 2021). Given
the number of organic products available for sale at retail
in the European, American and Ukrainian markets, the
number of organic products is not that large. This situ-
ation can be a favourable prospect both in the domestic
and global organic market.

Ukraine’s leadership in exports of organic products to
the EU in terms of volume is not identical to its position
in terms of value. This is caused by the fact that the prod-
ucts are mainly raw materials and have low added value.
However, there have been some positive developments in
this area: in recent years, the share of processed organic
products in the structure of exported products has been
slowly increasing. The list of exported organic products
with high added value increased by 100 items in 2021, in-
cluding sunflower oil, frozen berries, apple juice, honey,
amaranth, freeze-dried fruit, fruit pastille, instant meals,
essential oils and nectarine juice, baking mixes, apple
chips, and dried fruit bars (Halashevskyi et al., 2020).

This can explain the slight increase in the value of
exported organic products against the background of a
decrease in their volume. According to Organic Stand-
ard LLC, in 2020, out of the total value of USD 204 mil-
lion of exported organic products, USD 77.5 million
(61.4 thous. t) was the value of products with higher added
value (Analysis of the Ukrainian..., n.d.).

Adaptation to the current reality is also taking place
in the area of transporting organic products exported to
the EU. The problem of seaports being blocked is gradu-
ally being addressed by using alternative logistics routes,
specifically by increasing the use of rail or road transport.
Due to this, as well as the reorientation to transportation
through river ports instead of seaports, Ukrainian exporters
managed to increase the volume of organic exports in 2022
compared to 2021 for all types of transportation (Fig. 7).

77.2

579 62.6

Railroad

Road transport

Water transport

02021 O2022

Figure 7. Exports of Ukrainian organic products to the EU and Switzerland in 2021 and 2022 (January to August), thous. t
Source: compiled by the authors of this study based on data from TRACES NT - Europese Commissie (n.d.)

The problem is still the rising cost of logistics, for all
types of transport. To solve this problem, the possibility of
creating and operating infrastructure in importing coun-
tries is being considered, which could partially help over-
come this and other logistical problems.

Another challenge for Ukrainian organic export-
ers is the growing level of competition from European
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producers. There is a growing focus on local production,
which is reducing demand for organic products from
Ukraine. Organic products from Ukraine have a reputa-
tion of good quality, but once import duties and taxes are
paid, the products may no longer be competitive in terms
of price. Cost and delivery times can be a weakness for
Ukrainian exporters compared to local suppliers.




A constraint to expanding the volume and range
of exported organic products is the high cost of certifi-
cation to ensure strict compliance with EU norms and
standards. The majority of Ukrainian producers have
been certified according to EU standards, as well as the
US National Organic Programme (NOP), Canadian Or-
ganic Standard (COR), private organic standards of Bio
Suisse (Switzerland), Naturland (Germany) and Bioland
(Germany), JAS (Japan) and KRAV (Sweden) (Analysis of
the Ukrainian..., n.d.), which involved considerable costs.
The organic status of a product can only be established
through a certification system controlled by the European
Commission. In some EU member states, there has been
noteworthy progress in covering organic production with
certification. Specifically, in Switzerland, certified organ-
ic production covers 20.4% of agricultural land (Area un-
der organic farming, n.d.). In comparison, in Ireland and
France, such conditions are used on only 2.6% and 7.7%
of agricultural land, respectively (Leduc et al., 2023). Con-
sumers in the EU have a prominent level of trust in certi-
fied organic products, but there are some differences by
country. Thus, for instance, in Italy and Poland, preference
is given to products certified by EU bodies; in Great Britain
and Germany, national certification bodies enjoy a higher
level of trust (Murphy et al., 2022).

In Ukraine, the system of certification and standard-
isation of organic products is still in its infancy. The Law
of Ukraine “On the Fundamental Principles and Require-
ments for Organic Production, Circulation and Labelling
of Organic Products” (Law of Ukraine No. 2496-VIIL...,
2018), which is based on the IFOAM International Standard
(IFOAM Standard, n.d.), as well as the provisions of Coun-
cil Regulation (EC) No. 834/2007 (Council of the European
Union..., 2007), sets out the principles and requirements for
legal support of organic production, circulation, and label-
ling of organic products. In 2022, the government revised
the organic legislation in the context of adapting it to Reg-
ulation (EU) 2018/848 of the European Parliament and of
the Council (Regulation (EU) 2018/848..., 2018) on organic
production and labelling of organic products, which came
into force on 1 January 2022. The Action Plan for the Har-
monisation of the Legal Framework for the Functioning of
the Agro-Industrial Complex of Ukraine and the EU (Order
of the Ministry of Agrarian Policy..., 2018) prescribes meas-
ures to implement 44 acts of EU law (Ignatenko, 2021).

New challenges and unresolved issues facing export-
ers make it difficult to maintain Ukraine’s current position
in the markets for agricultural organic products and to
strengthen it in the future. Considering the new reality and
operating conditions of organic producers, the targets set
out in the National Economic Strategy for the period up to
2030 in terms of production and export of safe and healthy
agricultural and food products need to be reviewed and
adjusted. The European Commission has adopted an Ac-
tion Plan for the Development of Organic Production for
2021-2027 aimed at achieving the European Green Deal.
This document envisages the implementation of the fol-
lowing areas: increased consumption, increased produc-
tion, and further development of the sector’s sustainability
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to ensure its balanced growth (Communication from the
commission..., 2021). To create a roadmap for achieving
the indicators set out in the National Economic Strategy
for the development of the organic sector, it would be ad-
visable to develop Ukraine’s own national programme,
which would focus, among other things, on strengthening
the presence and competitiveness of Ukrainian organic
products in the markets of the European Union.

» Conclusions

A study of the current state of exports of Ukrainian organic
agri-food products found that Ukraine is one of the key
exporters of these products to the EU and is among the
top five suppliers. Against the backdrop of the European
organic market growth (annual growth of about 5% in
2018-2022), the supply of organic products is character-
ised by strengthening of Ukraine’s position in most prod-
uct groups of the EU import demand, providing a 13% in-
crease in 2022 alone compared to the previous year. The
high concentration of the commodity structure of organic
products exported to the EU is typical for all exporting
countries in general (the 8 largest commodity items ac-
count for 72% of the volume) and for Ukraine specifically
(two commodity items cover 75% of the volume). This is
facilitated by factors such as a good geographical location,
a wide range of organic products, and the establishment
of partnerships with many EU countries. The raw material
nature of imports stays (46% of the volume of supplies in
quantitative terms), but the share of products with higher
added value is gradually increasing. The pace of growth
of Ukrainian organic products in the EU markets slowed
slightly due to the full-scale military invasion of Ukraine
by Russia in 2022 (by 1.7 percentage points compared to
2018), but latest trends show a gradual recovery of the
organic sector — 70% of operators have resumed produc-
tion and processing. Increasing the use of road and rail
logistics routes as an alternative for transporting organic
products partly helps to solve the problem of blocking sea
transport. This was facilitated by the considerable work
done to support the development of organic production
and export activities in this sector, which was imple-
mented by both foreign and Ukrainian organisations and
structures. At the same time, the new reality requires a re-
view of previously approved priorities and target indica-
tors considering the emergence of new and exacerbating
problems in the export of organic products to the EU, in
particular, the system of standardisation and certification
needs to be improved. The development of a programme
for the development of organic production and a clear ac-
tion plan to improve the competitiveness of Ukraine’s or-
ganic sector in foreign markets, specifically the European
Union, based on the identified priority vectors, may be the
subject of further research.
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» AHoTauiq. J[[oc/tiakeHHsT poJii YKPaTHCHKOTO arpoOMpPOMUCIOBOr0 CEKTOPY B 3abe3nevyeHHi moTpebu B OpraHivHiit
npoAyKIil B KpaiHax €Bporeiicbkoro Coo3y € 3Ha4yIIUM [JIs PO3YMIiHHS Ta MakcuMisallil nepesar 1js YKpalHU.
Ile 0co6GJIMBO Ba)KJIMBO B KOHTEKCTI PO3BUTKY OPTaHiYHOTO PUHKY Ta NOWIMOJIEHHS CHiBIpani 3 €BpOIOIO, IO
BKa3ye Ha aKTYaJIbHICTh PO3IVIAHYTOI y cTarTi mpobsiemu. MeTolo poboTy Oy710 BU3HAYEHHsI iCHYIOUMX ITO3UIIIH,
JOMIHYIOUUX TEHJEHIII Ta MepCHeKTUB 30iJbIIeHHsI YKPAiHCHKOTO iMIIOPTY OpraHiku N0 KpaiH €BpomenchbKOro
Cor103y. MeTo10/10TiYHOI0 OCHOBOIO TOCIiIYKEeHHS CTaI0 BUKOPUCTAHHsI 3araTbHOHAYKOBUX Ta ClIelu(ivHUX METO/IiB:
MoOHOrpagidyHOro, IiaJIeKTUYHOTO, TAaOJUYHOro, rpadivyHoro, abCTPaKTHO-JIOTIYHOTO Ta METOAY IOPiBHAIBLHOIO
aHaJisy. [TpoaHasnisoBaHO BEKTOPH Ta JUHAMIKY PO3BUTKY OPraHiuHOI'O ClIbCHKOI0 TOCIIOAPCTBA B EBPONENCHbKOMY
Co103i, 30KpeMa, BUABJIEHO 3POCTAHHSA BHYTPIIIHBOTO Ta IMIIOPTHOTO IIOIIUTY HA OpPraHiyHi NPOAYKTHU, pO3IINPEHHS
TepeJsiiky TOBapHUX MO3UIIil, HAABHICTh PO3PUBY Mi’K TIOTTUTOM Ta IIPOMO3UIIi€I0, BUCOKY KOHIIEHTPAIiI0 TOBAapHOI
CTPYKTYpH iMIIOPTY. BUiieHO OCHOBHI YNHHUKHY, 1110 3a06€3MeYyI0Th TPOBiHE CTAHOBUIIE YKPATHU cepe]] KII0UOBHUX
iMIIOpTepiB  OpraHiyHOro0 MPOJOBOJLCTBA: reorpadgidyHe poaTallyBaHHs, 30iJblIeHHsS O0O0CATIB BHYTPIIIHBOTO
BUPOOHUIITBA OpraHiyHOI NpPOMYKIii, BIOCKOHAJeHHS cucTeMu 1i ceprudikariii, Ha/JaroqKeHHsI MapTHEPCHKUX
CTOCYHKIB 3 KpaiHaMu €Bporieiicbkoro Cooay. BcTaHOB/IEHO TOCUIEHHS MO3UIIiH YKpaiHu Mo Oi/IBIIOCTI TOBapHUX
rpyll iMIIOPTHOTO INONUTY HA OpraHidyHy NPOAYKIIiIO: 30KpeMa, 3POCTAaHHA YAaCTKU YKpAlHW B IMIIOPTI, & TaKOXK
TIOJIINIIEHHs CTPYKTYPHUX XapaKTEePUCTUK B YaCTHHI 30iMbINEHHS MATOMOI Bard MPOAYKIIii 3 BICOKOIO TOJAHOIO
BapTicTio. BuoKpemieHo Oap’epH, 10 IOCTAIOTh Iepef] YKPAlHCBKUMHU eKCIOpTepaMU IPU BUXOAi HAa PUHOK
€Bponu Ta BUCTYNAIOTH CTPUMYIOUUM (DAKTOPOM PO3MIMPEHHS 00CATIB Ta aCOPTUMEHTY €KCIIOPTOBAHOI OpTraHivHOT
npoaykiii. OKpec/ieHo HallpsIMU HiABUIIIEHHS IoTeHIialy YKpaiHu B 3abe3neueHHi noTpebu B opra"iuxiil mpomykimii
B EBponelickkoMy Colo3i. Pedyisraru AOC/iIKeHHsI HalaloTh BasK/IUBI BioMOCTi Aj11 BUPOOHUKIB, MinNpueMIIiB
Ta CTEUKXO0JIIepiB, 3allikaBJeHUX B PO3BUTKY PHUHKY OpraHiYHUX IIPOAYKTIB B €BpOI Ta CTAJOI0 CiIbCHKOIO
rocriofapcrsa. OKpecseHi MPiopuTeTH PO3BUTKY OPraHIYHOrO0 BUPOOHUIITBA B YKpalHi MOXKYTh CTaTH HiAIPYHTAM
IUTs1 hOpMyBaHHSI HAI[iOHAJIBHOI TPOrpaMu, CIIPSIMOBAHOI Ha IMiBUIIEHHSI KOHKYPEHTOCIPOMOKHOCTI YKPaTHCHKOT
opraHiyHOI rajy3i Ha puHKax Kpain €Bporeiicbkoro Cooay
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» Abstract. The European agricultural market is currently in a state of uncertainty — climate change, military operations
on arable land and the partial blocking of traditional grain export routes have changed the usual food security balances
and brought the world closer to the risks of global hunger. The study aimed to provide recommendations for the
development of the Albanian agricultural sector, considering the current situation and the historical background of the
country’s agriculture. Using such methods as statistical analysis, induction, classification, comparison and synthesis,
the dynamics of development of both the Albanian economy as a whole and the specifics of its agricultural sector in the
period from 1992 to 2022 were investigated. Modelling and generalisation methods were also used. The study obtained
and analysed statistical information from previous years on such a basic economic indicator as gross domestic product
and studied the dynamics of agricultural field crop production and the structure of their crops. Separately, the volume of
Albania’s foreign trade in the agro-industrial complex was analysed in terms of imports of agricultural products, exports,
and the balance of these two indicators. The elasticity of private farms was assessed and steps to reform the national
assortment policy were proposed. These recommendations were developed considering the Albanian specifics of the
relatively small average land area of rural households. In addition, the result of the work is the development of proposals
for joint farming and the creation of a national unique trade advantage in the agricultural sector, which will have an
economic effect in foreign markets. The practical significance of the study lies in an objective assessment of the current
economic situation in the Albanian agroeconomy and the development of several recommendations that may be useful
to representatives of the Ministry of Agriculture and Rural Development of Albania

» Keywords: agriculture; land fragmentation; unique selling proposition; private farms; market niche; medicinal plants

» Introduction

In the current environment of instability in the European
food market, the food independence of each country is
becoming extremely important. Therefore, Albania should
reassess the capabilities of its agriculture and integrate
into the updated balance of supply and demand for agri-
cultural products — both at the European level and in the
context of the threat of global hunger.

According to the international platform Statista, the
share of Albania’s agricultural sector in gross domestic
product (GDP) is around 19% (Albania: Distribution of
gross..., n.d.). Despite state-level support for the agricul-
tural sector in recent years and agricultural land occupying
about a quarter of the country’s area, the share of agricul-
tural products has remained almost unchanged from 2013

to 2023. At the same time, the European Commission notes
the outflow of human capital from rural areas, lack of skills
in quality product promotion, and limited average land-
holdings — ten times smaller than in the European Union
(EU) — among the challenges faced by Albania’s agricultural
sector (Agriculture in the enlargement countries, n.d.).

The problems and achievements of the local agro-in-
dustrial complex have repeatedly been the subject of re-
search by the Albanian scientific community. For instance,
Z. Sinaj et al. (2023) analysed the impact of state aid and
the level of remuneration of employees in the industry in
the process of identifying ways to improve the efficiency
of agricultural enterprises in Albania. As such, to increase
the productivity of agricultural enterprises in the country,

> Suggested Citation: Shahini, E. (2024). Albania’s agricultural economy: Transformation, opportunities and challenges for
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it was proved that significant mechanisation of produc-
tion and the spread of forced irrigation technologies for
arable land are needed.

Important analyses of the issue in the context of cli-
mate change and the global sustainable development
movement were conducted by A. Maho et al. (2023). After
analysing long-term statistics on climate indicators such
as temperature and precipitation in the Albanian region
of Korga, the authors made recommendations for changes
in crop cultivation technology. In particular, since it has
been proven that adjusting the sowing dates directly af-
fects the modification of the phenological periods of
plants, a whole calendar of more suitable periods for each
crop was created.

In general, solving any technical problems of the agro-
economy loses its meaning if the basic contradictions in
the land market are not eradicated. L. Mukli (2022) inves-
tigated the challenges faced by the country in the egalitar-
ian land reform inherited from post-communist Albania.
Considering the farmer as the central economic figure
in the organization of land work, the author proved that
young non-local farmers are more inclined to sell their
land than to use it for its intended purpose, as they see no
prospects in this business.

Thus, in addition to purely economic factors, the
land market in Albania is also influenced by traditional
practices. E. Zhllima et al. (2023), in their study of gender
gaps in land ownership and inheritance, determined that
societies in small provincial towns often disregard legal
grounds for ownership, violate women’s rights, and rely on
customary laws. Such archaism hurts both the social and
economic development of the village.

M. Osmani et al. (2022) also devoted their study to
the failures of Albania’s economic policy concerning ag-
ricultural policy. Analysing examples of unsuccessful gov-
ernment intervention in resource allocation, the authors
noted the rather low socialisation of Albanian villagers
and their lack of skills in unbiased collective activity. The
authors suggest that the way out of this situation is to ac-
celerate the process of Albania’s integration into the EU.

I. Tomorri et al. (2022) also believe that Albania’s fu-
ture lies in increasing its competitiveness in internation-
al markets. In their opinion, it is necessary to introduce
value chains in rural areas with the distribution of func-
tions according to the conveyor principle. This measure
should create strong market linkages between individual
actors and stimulate an increase in the productive base of
smallholders.

Thus, the issues of land reform and the economics of
the agricultural sector in Albania have been widely stud-
ied in the scientific community, but without considering
the challenges to global food security that occurred in
2022-2023. These challenges include, in particular, the
large-scale war in Ukraine, the fight against terrorism in
the Middle East, epidemic threats. The study aims to for-
mulate economic recommendations on the key areas of
development of Albania’s agro-industrial complex and
modern agricultural enterprises.

» Materials and Methods
In the process of conducting this study, such methods as
statistical analysis, classification and synthesis were used.
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Moreover, the comparison method was used to compare
Albania’s performance over the years in terms of such an
important economic indicator as gross domestic product.
These data were considered in the dynamics, which made
it possible to obtain a more objective and informative as-
sessment of the country’s economic development. As part
of the theoretical study, the analysis method was also used
to assess the agro-economic indicators of the previous five
years, including the volume of vegetable production, con-
sidering the share of each crop, the area sown with field
crops and the yield per hectare. Separately, the data on the
structure of crops in the period from 2018 to 2022, the last
year for which there are currently processed and systema-
tised statistics, were systematised and combined using the
synthesis method.

The impact of the COVID-19 pandemic and the subse-
quent quarantine restrictions in 2020 and 2021 on food ex-
ports and imports from and to Albania was also assessed.
Using the analysis method based on data obtained from
the portal of the Albanian Institute of Statistics, the gen-
eral trend of the trade balance for the two years of forced
isolation of producers and consumers, as well as for com-
parison, for the two previous years (2018-2019) and one
subsequent year (2022), as the finalised statistics for 2023
are not yet available.

The materials used for this study included, in addi-
tion to the above, operational and archival data from The
World Bank, the Ministry of Agriculture and Rural Devel-
opment of Albania, current laws and regulations, in par-
ticular, Law No. 9817 “On Agriculture and Rural Develop-
ment” (2007), as well as the annual reference publication
Albania in figures (n.d.). Furthermore, by applying the
induction method, data on key competitors in the region
were identified and summarised for such crop groups as
olives, grapes, and cereals. The analysis method was used
to assess the prospects of the relevant areas of the Albani-
an agro-industrial complex in the competition and the ex-
pected result in terms of increasing the economic benefits
of the country’s agricultural activities.

The key problems and obstacles faced by the Albani-
an agricultural economy were identified and listed using
the classification method. These include, in particular,
the average size of land holdings in private households,
the low level of communication between farmers within
communities, the lack of quality strategic planning, the
deliberate self-removal of local authorities, including
elected ones, from solving the problems of local farmers.
Furthermore, using the modelling method, based on the
data obtained and the relevant conclusions, the further
development of the agricultural business in Albania was
modelled and described. By analysing the current situa-
tion in the European agricultural market, the economic
niches that Albanian farmers and professional officials
should focus on were identified. Furthermore, using the
method of generalisation, recommendations on assort-
ment policy were formulated, considering the potential
unique competitive advantages (UCAs) that Albania can
take advantage of.

» Results

The collapse of the communist system in Albania, which
was completed in 1992, and the transition to market
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mechanisms have provided an opportunity for the coun-
try’s economic development. The dynamics of the gross
domestic product have changed several times over the
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three decades of post-communist development, demon-
strating different stages of economic growth in the coun-
try. GDP figures by year are shown in Figure 1.
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Figure 1. Albania’s GDP by years, million USD
Source: compiled by the author based on the data from GDP (current US$) — Albania (n.d.)

According to the chart, after the collapse of the USSR
and the end of the so-called “socialist bloc”, Albania’s
economy was in a catastrophic state, with GDP in 1992
amounting to only USD 652 million. However, thanks to
its domestic potential and the assistance of developed
European economies, the country managed to demon-
strate strong growth in the following years, which con-
tinued until 2008. In the period from 2008 to 2016, there
was a certain stabilisation of economic indicators and
slight fluctuations in GDP. However, starting in 2017, a
noticeable economic recovery resumed, and over the
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next six years, the gross domestic product grew by al-
most one and a half times. Since the share of agriculture
in Albania’s economy is consistently around 19%, it can
be concluded that the agricultural sector has seen a sim-
ilar growth of 146% in six years (Albania: Distribution of
gross..., n.d.). It becomes clear which categories of agri-
cultural products accounted for this growth after analys-
ing the key indicators of agricultural development from
the Ministry of Agriculture and Rural Development of Al-
bania. In particular, the volume of field crop production
by year is shown in Figure 2.

2020 2021 2022

Sugar beet ® Medicinal crops

Figure 2. Production of agricultural field crops, thousand tonnes
Source: compiled by the author based on Agriculture and fishery (n.d.)

As can be seen from the histogram above, each of
the main categories of field crops is seeing an increase
in production volumes, which ultimately leads to an
increase in the total figure. The success of the Albanian
agro-industrial complex in growing medicinal crops
deserves special attention — although the difference be-
tween 12.5 thousand tonnes in 2017 and 16.43 thousand
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tonnes in 2022 is not very noticeable concerning the to-
tal production of field crops, this category is growing by
31%, which is a very high figure. To understand whether
the increase in agricultural output is due to quantitative
or qualitative growth, it is also necessary to analyse the
dynamics of the amount of sown area for these crops.
This is shown in Figure 3.
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Figure 3. Structure of field crops, thousand ha
Source: compiled by the author based on Agriculture and fishery (n.d.)

Analysing the structure of field crops in the context
of production indicators, it is possible to conclude that
the Albanian agricultural sector has chosen a more pro-
gressive, intensive path of development and additional
yields and profits are not due to the addition of new arable
land, but to a more efficient and technological approach.
It is worth considering changes in agriculture through the
prism of foreign economic activity.
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Since no country can provide itself with its domes-
tic production of the entire existing range of agricultural
products, certain products will inevitably be purchased
abroad. Accordingly, in this case, not only absolute ex-
ports, and imports but also their balance is an important
indicator of the economic viability of the industry. The
relevant indicators for Albania are shown on Figure 4 and
Table 1.

2018 2019 2020 2021 2022

Import = Export

Figure 4. Albania’s foreign trade in the agricultural sector, million Albanian leks

Source: compiled by the author based on International trade in goods (n.d.)

Table 1. Albania’s foreign trade in the agricultural sector, million Albanian leks

Year 2018 2019 2020 2021 2022
Import 106,508 110,365 110,927 130,017 149,225
Export 32,334 35,374 39,050 44,469 51,715
Balance -74,174 -74,991 -71,877 -85,548 -97,510
Share of exports in foreign trade 30% 32% 35% 34% 35%

Source: compiled by the authors based on International trade in goods (n.d.)

As can be seen, despite the growth in imports of agri-
cultural products into the country, the balance of supplies
abroad and to Albania has remained almost unchanged
over the past five years, with a ratio of approximately 1 to
3. An important aspect of this study of Albania’s foreign
economic activity is the fact that the trends in agricultur-
al trade between 2018 and 2022 were not affected by the
COVID-19 pandemic, which was active in the middle of
this period. As can be seen from the graph in Figure 4,
imports and exports have an almost linear positive trend,
with no deviations in 2020 and 2021. This fact concludes

that the agricultural sector is not heavily affected by the
restrictions imposed by the coronavirus pandemic and
that due to its specific nature, agriculture remains a con-
sistently profitable industry with guaranteed effective de-
mand even in times of forced isolation in society.
Attempts to develop Albania’s unique agricultural
trade offer that would allow it to compete in the region
have not yet had the desired result, due to the relatively
small amount of arable land, which, in turn, is objec-
tively limited by the size of the country itself. For example,
Albania’s olive production, according to the Institute of
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Statistics, varies between 130-160 thousand tonnes, while
market leaders Spain and Greece supply 8 and 3 million
tonnes on average per year, respectively — 50-20 times
more. The situation with grapes is similar: in 2022, Albania
was able to grow and supply 211 thousand tonnes of this
product to the market, ranking only 38th in the world
ranking, according to the Food and Agriculture Organ-
isation of the United Nations (Crops and livestock prod-
ucts, n.d.). At the same time, the leaders of the European
ranking, Italy and Spain, supplied 8 and 6 million tonnes
respectively in 2022, which is again 40-30 times more. As
for grains, the production volumes of countries with huge
arable land - France and Ukraine — which are leaders on
the continent, leave Albania no chance of at least regional
influence in the cereal market.

However, the search for opportunities to strengthen
its influence on the European agricultural market contin-
ues. In particular, in recent years, medicinal and aromat-
ic plants have become increasingly popular in the world,
and Albania is one of the leading countries in the produc-
tion of this still relatively exotic category. According to
experts, the production of medicinal and cosmetic plants
by Albanian enterprises already generates about EUR 18
million for the budget. At the same time, it is important
to understand that growing and shipping low-processed
raw materials is a fairly simple option that does not un-
lock even a small fraction of the industry’s potential. The
economic effect will be multiplied by building a system-
atic production of essential oils from medicinal and aro-
matic plants — and this is where Albania, with some help
from national or European programmes, could become a
leader and a true trendsetter. The potential for elasticity of
private farms is evidenced by the following facts, for ex-
ample, in greenhouses in just two prefectures — Berat and
Fier — almost 80% of all vegetables were grown in 2022,
and pomegranate production increased by 45.13% in just
one year across the country, and by as much as 214% in
Vlora prefecture (Albania in figures, n.d.). This demon-
strates the willingness and ability of Albanian farmers to
develop in the right direction, and it is only necessary to
set this benchmark for them and implement a support
programme.

The current situation at the level of individual small
and medium-sized rural households is quite complex.
As mentioned above, Albania is the anti-rating leader in
terms of the average size of private plots, at 1.26 hectares.
To generate a guaranteed systemic income from such an
area, it is necessary to unite small households into joint
management and introduce proven technologies for ef-
ficient land use. However, the vast majority of Albanian
household owners are not ready for radical change, and
communication within the community is traditionally
limited. This is a particular concern in the context of the
industry’s future qualitative transition to the so-called
“Agriculture 4.0” format, which will be based on the three
principles of sustainable intensification — people, pro-
duction, and planet — and which is inevitable according
to professional futurists. At the same time, the fragmenta-
tion of Albanian society, which has persisted throughout
the thirty years of post-Soviet development, negatively
affects the realisation of the potential in the agricultural
sector. In addition, among the chronic problems of the
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Albanian agricultural sector, experts also note the lack of
skills in promoting their products among ordinary farm-
ers, limited access to cheap credit, extremely poor avail-
ability of modern equipment and technologies and, con-
sequently, low labour productivity. In addition, as already
mentioned, the rural sector in Albania is traditionally
characterised by a low level of both vertical and horizontal
cooperation, which significantly reduces the social capital
of potential joint projects.

The responsibility for this state of affairs lies primar-
ily with the government, which has failed to ensure the
required level of agricultural management and to create
conditions for the effective operation of the agroeconomy
for three decades. It is the government that should guar-
antee the conditions for the development and transfer of
technology, improve the investment attractiveness of the
industry, and create the necessary targeted financial sup-
port programmes for farmers. Such financial support can
be either in the form of subsidising prices for certain crops
or in the form of cancelling export duties on certain prod-
ucts to stimulate their sales in foreign markets. Thus, the
solution to the problems and challenges faced by small
and medium-sized farms in Albania lies in good govern-
ance. Responsible non-governmental organisations that
have the necessary powers and credibility among farmers
can lead the creation of joint farms. These structures can
also act as a guarantor of fair distribution of the results of
joint labour on conditionally united land plots. However,
it is important to consider the social trauma inflicted on
Albanians and residents of Eastern Europe by the former
communist regime. Any suspicions of land expropriation
or the formation of “new collective farms” should be cal-
culated in advance and preventively addressed at the stage
of developing the communication strategy. In addition,
since the target audience of the project has pronounced
signs of a traditional psychological structure, where per-
sonal trust is of great importance, it is necessary to involve
well-known people as speakers, not political, but rather
from artistic and cultural circles — famous artists, pop fig-
ures, bloggers popular among middle-aged people.

As a pilot programme for reforming the new agricul-
tural culture, it would be advisable to involve small and
medium-sized farmers in the cultivation and processing
of medicinal and cosmetic plants — as was found above,
this is a relatively free niche in the European market and
Albania can occupy it. Extensive information support
through popular information channels (state television,
radio, YouTube) and the establishment of mobile points of
reception and primary processing of raw materials in the
regions will demonstrate to farmers effective support from
the state and the existence of an agro-industrial develop-
ment programme. After the successful implementation
of the first programme - during one harvesting season —
farmers will be convinced of its effectiveness and will be-
gin to trust the state more in further steps to develop the
industry, in particular, in projects for joint project use of
temporary unification of several small land plots.

In general, when formulating an information policy
towards local farmers, it is necessary to recognise the fail-
ure of previous attempts to convey intentions and ideas
of joint farming to rural communities. The small fragmen-
tation of private land plots in Albania requires a special
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approach to creating targeted messages. The key idea of
such messages should be to reassure opinion leaders
about the guarantees of inviolability of private property
and to explain in detail, in language understandable to the
target audience, how the procedure for common land use
will work and what economic benefits private households
will receive from it. Albania’s building of its agricultural
strategy from scratch will paradoxically give it an advan-
tage over other, more established agricultural markets, as
the country’s agro-industrial complex will not need to de-
stroy the remnants of the previous one to integrate into
the new way of life of the fourth agricultural revolution.

» Discussion

As can be seen from the study results, Albania’s agroeco-
nomy can have a significant impact on the food balance
in the modern world, where the risks of global hunger are
increasingly being voiced. In general, the development of
the agro-industrial complex and the challenges for mod-
ern agricultural enterprises are a topic of research by the
global scientific community.

For instance, S.O. Aratjo et al. (2021) considered the
possibilities of the fourth mode of agriculture, which was
discussed in this paper, as a guaranteed way to meet the
needs of the world’s population with food. By analys-
ing existing trends in the industry through a semi-au-
tomated analysis of numerous scientific publications,
the authors presented a project of cloud architecture
that could serve to further develop agricultural systems.
D.C. Rose et al. (2021) conducted a similar study on the
conditions of intensification that should bring Agriculture
4.0 closer. They proved that human capital is the most
important element of the future agricultural system. The
authors suggest investing in it by engaging people in ag-
ricultural innovation systems to create a renewed agroe-
conomic system. Similar conclusions were drawn in this
paper, as economic benefits from reforms can only be
achieved by maintaining contact with farm owners and
workers, and by explaining the issues to them in a lan-
guage they understand.

J. Aschemann-Witzel et al. (2021) discussed the future
challenges to the food sector and the solutions that can be
offered by plant-based foods. After a detailed analysis of
global factors and trends that predict the possibility of food
shortages on the planet, the strengths, and weaknesses of
food companies, including European ones, were identi-
fied. As noted in this study, the agricultural market tends
to specialise, and only those participants who find their
unique niche in time to gain leadership will receive the
maximum economic benefit. It is worth noting the view of
Albania’s agribusiness from the perspective of foreign ex-
perts. A group of Czech researchers D. Imami ef al. (2021)
studied the peculiarities of strengthening the vertical co-
ordination of Albanian farmers through the development
of agricultural cooperatives, which is the kind of strength-
ening of ties between individual farms that was discussed
in this paper. As such, it was proved that the development
of joint projects involving farmers not only reduces the
cost of crop production but also helps build mutual trust.

Given the many common factors between the agro-in-
dustrial complexes of Albania and Montenegro — geo-
graphical, historical, market conditions — the experience

of agricultural market development in this country is
quite informative. D. Zejak et al. (2021), in search of ex-
amples of sustainable management of crop production
in rural areas, highlighted the experience of some Mon-
tenegrin regions in raspberry cultivation. The optimal
growing conditions provided by the mountainous ter-
rain result in high and high-quality yields that allow for
the planning of industrial cultivation of this berry in the
future. This specialisation in monoculture has much in
common with the ideas of systematic cultivation of me-
dicinal plants in Albania proposed in this paper. Excessive
fragmentation of land plots, as mentioned above, is also
common in other countries of Eastern Europe and Cen-
tral Asia. M. Gorgan & M. Hartvigsen (2022), who studied
the peculiarities of such land distribution, concluded that
a coherent national land policy and the introduction of a
land bank to consolidate it are needed. The establishment
of such an institution could be useful for Albania as well.

M. Biczkowski et al. (2021), who studied the impact of
agroeconomic development programmes on the example
of rural Poland, conducted a correlation analysis of the re-
lationship between the number of implemented projects
and the economic growth of certain regions (counties). As
such, the authors proved that in regions where agriculture
is historically deeply rooted, the agroeconomy experienc-
es significant growth, while representatives of areas with
fewer farms, on the contrary, are looking for alternative
ways to earn money in other sectors. Accordingly, it is
worth using this experience and not trying to attract peo-
ple unaccustomed to such work to agribusiness. However,
for Albania, the experience of its closest neighbours, the
Balkan countries, is more valuable. E. Erjavec et al. (2021),
who studied agricultural policy in the Western Balkans,
formulated the key principles of agricultural policy har-
monisation and invented schemes for classifying agri-
cultural policy measures. A similar work, but in the con-
text of promoting the green economy, was carried out by
A. Licastro & B.S. Sergi (2021) using the SWOT analysis
matrix, which formed the influence of internal and ex-
ternal factors on the development of the agro-industrial
complex of four Balkan countries, demonstrating a direct
link between the success of a country’s European inte-
gration and its environmental policy. In the context of its
European integration movement, Albania should consider
this correlation.

How the cooperation of individual farmers helps to
solve economic issues, which was also discussed in this
paper, was the subject of a study by O. Gava et al. (2021).
Using the example of another Balkan country, Bosnia
and Herzegovina, the authors proved the successful con-
tribution of joint farming to improving market positions
and helping the collective transition to growing a new
crop (in this case, berries) to overcome economic prob-
lems. The new important challenges facing the agricul-
tural sector, mentioned in this study, were also described
by G. Malorgio & E Marangon (2021). The decline in nat-
ural resources caused by human error and unjustified
aggressive actions can lead to the collapse of the global
economy and a deep crisis. The authors insist that the
inclusion of the concept of sustainability in food pro-
duction and consumption is necessary at this stage, and
the uniqueness of the trade offer and the specialisation
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of regions in certain crops can guarantee sustainability in
the agricultural market.

The market of medicinal plants, which is proposed in
this study to be a specialisation of the agricultural sector in
Albania, has many features. K.S. Rao et al. (2022) exploring
the methods of improving the quality of this specific prod-
uct category, considered the steps leading to an increase in
added value and methods that can increase farmers’ prof-
its. I. Taghouti et al. (2022), in turn, analysing the global
supply chain of medicinal and aromatic plants in the Medi-
terranean region, identified several problems related to cer-
tification and labelling of products, market changes, labo-
ratory testing, and processing of raw materials. Summing
up, the authors state that the relative “exoticism” of this
market, on the one hand, opens up great opportunities for
new leaders, and on the other hand, it contains the risks of
astill unbalanced system. The industry’s challenges include
the lack of a stable institutional and legislative framework,
high accountability to national health ministries, and low
consumer awareness. All of this should be considered when
making the final decision to encourage Albanian farmers to
adopt the new assortment policy.

The impact of European regulations on different
categories of botanical products on the nomenclature of
medicinal and cosmetic plants was studied by A.R. Bilia &
M. do Céu Costa (2021). Using the example of five prod-
uct categories — St. John’s wort, valerian, ginkgo, ginseng,
and green tea - the authors investigated the complexities
of national certification and categorisation of products,
which can vary significantly from country to country and,
accordingly, affect the profit margin of producers. Thus,
the authors identified a systemic problem with the com-
patibility of rules and working conditions, which should
be considered when entering the European market for
medicinal plants.

To sum up, the agricultural business is quite promis-
ing from an economic point of view, but it has many pe-
culiarities and limitations. Given the fragmentation of the
Albanian land market, it is necessary to consider the ex-
perience of both the global agricultural sector and neigh-
bouring Balkan countries when formulating its long-term
strategy.

» References

» Conclusions
Albania’s agricultural economy is at a favourable moment
for reform, and it is up to the government and ordinary
small landowners to take advantage of the changing bal-
ance in the European agricultural sector. As the Albanian
agro-industrial complex has not been able to build its de-
velopment strategy for more than thirty years of independ-
ence, the country’s great agricultural potential, due to its
mild climate and coastal location, has not yet been realised.
To overcome this situation, a nationwide programme
is needed to explain the current situation and possible
prospects to the population. Historically, the mentality of
Albanian villagers has been such that, in addition to the
physical fragmentation of land, there is a certain social
atomisation of society — vertical and horizontal ties in lo-
cal communities are rather weak and people are not used
to implementing joint projects together, even when there
is an obvious economic benefit. The state information
company could change this attitude and establish trans-
parent and secure mechanisms for the temporary pooling
of land plots in a common-use regime with clear algo-
rithms for the distribution of economic benefits from the
sale of crops. This project should also focus on a balanced
product mix policy and select crops for the reform of the
Albanian agro-industrial complex that would become a
unique trade offer for the country and take advantageous
positions in the solvent foreign economic market of the
EU. Such trade items could be medicinal and essential
plants, the demand for which is not fully met at this stage.
The launch of such a national project will be able to
restart the Albanian agricultural economy and attract ad-
ditional investments from European partners. A separate
competitive advantage of such a reform could be a system
of mobile points for receiving raw materials from farmers
and their further primary processing. The principles of
operation of such mobile stations and the calculation of
their profitability could be the subject of further study.
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ArpapHa eKoHoMikKa An6aHii: TpaHcPopMaLif, MOXXNTUBOCTI
Ta BUKJIMKU AJ19 CYHaCHUX CilbCbKOrocnogapcbKMx NignpmMeMcTB

EnTi WWaxiHi

AcnipaHT

XapKiBCbKMM HaLiOHaNbHMM eKOHOMIYHUIM YHiBepcUTeT iMeHi CemMeHa Ky3Heuq
61166, npocn. Hayku, 9A, M. XapkKiB, YKpaiHa
https://orcid.org/0009-0004-8299-4236

> AHoOTauig. €BpomneiicbKkNll arpapHUil PUHOK Hapasi nepeOyBae y cTaHi HeBM3HAa4yeHOCTi — 3MiHa KJjimary,
BiliCbKOBI [Iil HA OPHUX 3eMJISIX Ta YaCTKOBE OJIOKYBAHHSA TPANUIIHHUX MapIIPYTiB eKCIOPTY 3epHa 3MiHUIN 3BUYHI
6asaHCU IPOAOBOJIBYOL Oe3leKy Ta HaOIU3UJIU CBIT 10 PU3HUKIB I06AIBbHOIO roJogy. MeToo JocIimKeHHs OyJI0
HaJaHHA peKOMEeH/Iallill 1100 PO3BUTKY arpapHOro ceKTopy AjibaHil, BpaXoByI0YM MOTOYHY CUTYAIil0 Ta iCTOpUYHI
nepeayMOBU PO3BUTKY CiIbCHKOI'O TOCIIONAPCTBA KpaiHU. 3a IOIIOMOI0I0 TaKUX METO/IB, K CTaTUCTUYHUI aHaJIi3,
IHIYKIsA, Kaacugikalis, MOpiBHAHHSA Ta CHHTE3, OyJI0 IOCTIIKEHO TUHAMIKy PO3BUTKY SIK €KOHOMIKK AjbaHil
B IJIOMY, Tak i cnernudiry i arpapHOro cekTopy B Iepiox 3 1992 mo 2022 poku. Takok 6yIM BUKOPHUCTAaHI METOAH
MOJIeJIIOBAaHHS Ta y3arajJbHEeHH:A. Y X0/Ii JOC/IiIKeHHs Oy710 OTPIMaHO Ta MpoaHai30BaHO CTaTUCTUYHY iH(pOpMaIlito
3a nomnepesHi poKU 1010 TAKOTO 6Ha30BOr0 eKOHOMIYHOIO MOKAa3HUKA, IK BaJIOBUI BHYTPIIIHIN MIPOAYKT, a TAKOK
BUBYEHO AWHAMIKy BHPOOHMIITBA CiTbCBKOTOCIOAAPCHKUX ITOJBOBUX KYJIBTYpP Ta CTPYKTYpy IiX mociBiB. OkpeMo
Oy710 IpoaHaTi30BaHO OOCATH 30BHINIHBOI TOPTiBJI AJOaHil B arpolpoMHCIOBOMY KOMILJIEKCI B po3pisi iMmopTy
ClJIBCBKOTOCIIOAPCHKOI IPONYKIIiT, EKCIIOPTY Ta CAIbJ0 LIUX ABOX IOKAa3HUKIB. ByJIO OLIHEHO €/IaCTUYHICTh IPUBATHUX
(epMepchKIX rOCIIONAPCTB Ta 3aIPOIIOHOBAHO KPOKU /111 pechOpMyBaHHA HalliOHAIBHOI aCOPTUMEHTHOI IO TUKH.
11i pekomeHaariii 0ysu po3po0JieHi 3 ypaxyBaHHAM aJI0aHCBKOI cllenin(iky BiTHOCHO HeBeJINKOI cepeIHbOI 3eMeJIbHOT
IJIOMIi CiMbCBKUX JomorocnopapcTs. Kpim Toro, pesynsratoM po0oTu € po3poOKa MPOMO3UINiH 00 CHiTBbHOTO
BeJIeHHS CiTbCBKOT0 rOCIMOJAapPCTBA Ta CTBOPEHHSA HalliOHATBHOI YHIKaJbHOI TOPrOBe/IbHOI IlepeBaru B arpapHOMY
CeKTOpi, 10 MaTuMe eKOHOMIYHUI edeKT Ha 30BHIIIHIX puHKax. [IpakTHYHe 3HAYEHHS NOCJIiJKeHHs II0JIAraEe B
00'€KTUBHIH OIliHIII TOTOYHOI EKOHOMIYHOI CHUTYyaIlil B arpoekoHoMilli AybaHil Ta po3po0bIli HUSKKA peKOMEeH A,
AKI MOKYTBh OyTH KOPUCHUMU IJI TIPeICcTaBHUKIB MiHicCTepCTBA CIIbCHKOrO FOCIOAAPCTBA Ta PO3BUTKY CiTbCBKUX
TepuTOpiit Asibanii

» KnwouJoBi cnoBa: cisibcbKe rocrofapcTBo; ¢parMeHTallis 3eMesib; YHIKaJIbHA TOProBa MPOTO3UILisl; MPUBATHI
¢ epmepchKi rocnogapcTBa; pUHKOBA Hillla; JTiKapChKi pOCJIUHU
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