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MODELING
OF UKRAINE’S DAIRY
PRODUCTION

Ukraine’s dairy industry, being in a state of
crisis, has faced an aggravation of existing
problems due to the full-scale invasion of the
russian federation. One of the most substantial
factors negatively affecting milk production
volumes is the constant reduction in the number
of cows, which was especially accelerated due to
the entry into force of legislative requirements
for the safety and quality of dairy products in
2019. Even though the established norms were
supposed to harmonize Ukrainian production
standards with European ones, most of the raw
milk still does not meet the criteria of extra-
quality, remaining unsuitable for export to EU
markets. Given the partial lack of statistical data
from 2010 to 2023, the research aim is to analyze
and forecast resource and technological indicators,
as well as behavioral and technological charac-
teristics of households, which affect the increase
in milk production volumes and high-quality
milk. A hypothesis concerning a statistically
significant relationship between the indicators
that determine the conditions of dairy industry
and the number of cows has been put forward.
To test it, linear regression models were
constructed. In addition, time series analysis
methods (Holt, Brown, ARIMA models) were used
to obtain forecast values. Based on the
confirmed relationships, the reduction in the
number of livestock leads to a decline in the feed
base and material and technical equipment, the
pace of modernization of which is insufficient to
meet the needs of the growing herd without losing
its productivity. In particular, milking installations
and machines cannot fully service the number of

T'YPTOBH IOpiii
https://orcid.org/0009-0005-4047-140X

acmipaHT Kadeapy eKOHOMIYHOTO MOJICITIOBaHHS,
00JTiKy Ta CTaTUCTHKH

JIHITPOBCHKOT0 HAIIIOHAIBHOTO YHIBEPCUTETY
imeni Onecs ['onuapa

npocn. Hayku, 72, m. [uinpo, 49045, Yxpaina
hurtovyi_yu@365.dnu.edu.ua

MOZENOBAHHA
MOJIOYHOI0 BUPOBHULITBA
B YKPAIHI

Monouna 2any3e Vkpainu, nepebysarouu y
KPU3060My CIAHI HACTIOOK NOGHOMACUIMAOHO20
8MoOpeHeHHs: p@, 3IMKHYAACH 3 3020CMPEHHAM
icnytouux npobaem. OOHUM 3 HAUCONOBHIUUX
gaxmopis, wo He2amuHO 6NAUBAE HA 00CAU
BUPOOHUYMBA MONIOKA, € NOCMIlIHe CKOPOYEHHS
KiIbKOCMI KOpi8, siKe 0COOU80 NPUCKOPUTIOCD
uepe3 HAOYmms YUHHOCTI 3AKOHOOABYUX BUMO2 00
besneunocmi ma AKOCMI MOAOYHOI NPOOYKyii y
2019 p. Hlonpu me, wo 6cmano@ieHi HOpMU
Manu 2apmMowuizyeamu YKpaiHcoki cmanoapmu
BUPOOHUYMBA 3 EBPONENICOKUMY, DUTLULICIG MOTOKA
6ce e He 300080bHAE Kpumepii eKxcmpasKocmi,
3AnUUAIOUUCH HENPUOATHUM Ol eKCHOpmY Ha
punku Kpain €C. 3 02120y Ha yacmrogy iocym-
Hicmb cmamucmuynux oanux y 2010-2023 pp.,
Memoio cmammi € auaniz ma npoeHo3y8aHHs
PECYPCHUX | TMEeXHONOSTYHUX NOKA3HUKIG, A MAaKO1C
NOBEOIHKOBO-MEXHONOIUHUX XAPAKMEPUCTUK OOMO-
20Cn00apcme, WO 6NIUBAIOMb HA  30iNbUEHHSA
006cA2i6 BUPOOHUYMEBA MOJIOKA GUCOKOI AKOCMI.
YV x00i docnioocenns sucymymo ecinomesy, wo
MIDIC NOKAZHUKAMU, AKI BUZHAYAIOMb YMOGU
8e0eHHs MOJIOYHO20 CKOMAPCMBA, ma No2onie M
KOPpIG € HAAGHULL CIMAIMUCTUYHO SHAYYWULL 63AEMO-
36’30K. [ns nepesipku einomesu nooyoo8aHo
JIHIUHT peepeciuni modeni. Oxpim yvozo, O0s
OMPUMAHHSL NPOSHO3HUX 3HAYEHb BUKOPUCIAHO
Memoou ananizy 4acogux psoig (modeni Xonvma,
bpayna, ARIMA). Ha ocHosi niomeepodicenux
630€MO36 A3KI6  6CMAHOGNIEHO, WO 3MEHUICHHS
no2onie’s npuzeoountb 00 CKOPOYEHHs. KOPMOBOL
basu ma MmamepianbHO-MEXHIYHO20 OCHAWECHHS,
memnie MOOEpPHI3ayii SIKO20 HeOOCmamHb0o Oiisl
3abe3neyeniss nomped 3pocmaioyoco cmada 6Oes
smpamit 1020 nPOOYKMuUSHOCcmi. 30Kkpema, 0oinbhi
YCMaHOGKYU mMa anapamu He MOJCYMb NOGHICHIIO
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cows at the enterprises, which will expand by 1
thousand heads. In contrast, the number of milk
purifier-coolers grew due to the enterprises’ need
to meet quality and safety requirements.
Households are characterized by technological
degradation: according to the forecast, only 1 in
10 households will have a milk separator in 2023.
In addition, they will most likely need to make
savings for 2-3 years to purchase a separator and
a milk quality analyzer. The results obtained can
be used to forecast the development of the dairy
industry and design a state agricultural policy
with a justified priority of state support measures.

Keywords: dairy industry, economic security,
the number of cows, forecasting, regression
analysis, time series models.

00C1Y208Y8aMuU HA NIONPUEMCIMBAX NO2OIIG 51 KOPIS,
wo 30imbwumoca Ha 1 muc. eonie. Ha npomueazy
YbOMYy — KIbKICMb — OHUULYBAUIE-0XO0NI00JICYBAYIE
MOJIOKA 3POCMAE BHACTIOOK NPASHEeHHs NiONnpu-
emcme gionogioamu umozam aKocmi ma besney-
Hocmi.  Jn1A 00OMO2OChOOApCm8 — XapaKkmepHd
mexHono2iuna decpadayis: y 2023 p. monouHi cena-
pamopu Haagui auwe 8 1 3 10 domozocnodapcme.
Oxpim  yboco, 01  NpUObAHHA — Ccenapamopa
ma auanizamopa SAKOCmi MONOKA 00MO20CHO-
dapcmeam, HAiMOGIpHIue, 3HA00OUMbCsl 3a0uja-
Oxcysamu  npomszom 2-3  pokie. Ompumani
pe3yIbmamu. MOJICyms  6ymu  6UKOpUCMani  OJist
NPOCHO3V6AHHS PO3GUMKY MOJOYHOI 2aiy3i ma
PO3DOOKU 0ePIACABHOL a2papHOL NOMUKU 3 OOIPYH-
MOBAHOI0 NPIOPUMEMHICINIO 3aX00i8 0epHCaABHOT
RIOMPUMKLU.

Knwouogi crnoséa: MOIOYHA raly3b, €KOHO-
MiyHa Oe3sreka, KUIBKICTh KOpIB, HPOTHO3YBaHHSI,
perpeciiiHuii aHai3, MOJIENi YaCOBHUX PS/IiB.

JEL Classification: C53,013,Q18.

Introduction

Dairy production is one of the areas of agriculture that plays an
essential role in ensuring Ukraine’s economic security, entering its production
and food components in the form of separate indicators. However, despite
the intensification of production systems in livestock farming due to the
expansion in demand for dairy products observed on the world market,
negative trends are observed in dairy cattle breeding in Ukraine. This situation
is associated with a stable drop in the number of cows. Possessing favorable
natural and climatic conditions for the development of dairy agribusiness,
milk production in Ukraine is constantly decreasing, and most of it does not
meet the requirements of extra-quality, suitable for export to world markets.

Kyenko and Symchuk (2019), comparing European and Ukrainian
milk quality standards, concluded that the main reason for the low quality of raw
milk in Ukraine is the failure to cool it immediately after milking, high bacterial
contamination, and the number of somatic cells, which exceed the European
thresholds by 4 and 1.6 times, respectively. In addition, the study indicated
that Ukrainian milk was considered unsuitable for processing at European
enterprises due to its low-fat content (3.4% in Ukraine compared to 4.2% in
the EU) and protein content (while the norm is set at 3.4% in Europe, in Ukraine
its actual content was 3.0%). It weakens the country’s foreign economic
security, increasing the gap between actual and potential foreign exchange
earnings that could be received in the case of the sector’s prosperity.

According to Cherednichenko and Pashchenko (2018), whose article
focused on pinpointing the indicators that have the most significant impact
on dairy production and the level of population provision, the constant
reduction in livestock is one of the most important factors that has negative
consequences. In turn, Hladiy and Prosovych (2022), who had a similar goal
and studied the development trends of the dairy industry, additionally
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highlighted among the difficulties the insufficient amount of financial
resources that would allow producers to cover current costs, the dominant
share of households in the structure of milk produced, and the inability of
products to meet the requirements and standards of EU member states, which
is currently the chief market due to the russian invasion. In addition to the fact
that the position of livestock is significantly worse than that of crop farming,
the authors emphasized that dairy farming is its most problematic direction.

Tsvihun and Tsvihun (2023) also focused on the aggravation of the crisis
in the dairy sector due to armed aggression, noting that the loss of considerable
breeding stock is one of the issues that must be eliminated to ensure the
country’s food security. Under these conditions, according to the authors, the
optimal way to increase production is such an intensive factor as cows’ milk
productivity. A similar thesis about herd productivity as an intensive factor of
gross milk production in the regions was noticed in the study by Boltianska
(2021). However, the author detailed that it is also influenced by the fullness of
feeding, housing conditions, and both environmental and extensive production
indicators. Despite the contribution of the research, the authors focused on the
regional analysis of the dynamics of milk production volumes, cow population,
and average annual milk yield, not sufficiently assessing the state of the resource
and technical securement, which are crucial circumstances for manufacturing
high-quality dairy products.

Kolosha (2018), defining the economic efficiency of milk production
as the volume of gross output per head, also supported the view that it is much
more necessary to analyze the factors that impact the achieved level of cows’
productivity or production efficiency. According to the author, low produc-
tivity of cows is considered the result of underdevelopment and imbalance of
the feed base, which is often used not for milk formation but to support
the basic life of the herd, most likely due to a lack of financial and material
resources. However, the study did not detail the sources of feed supply
formation or its quantitative parameters — the area of hayfields and pastures
or the harvest volumes of crops, which limits the possibility of analyzing
the state of the feed base as an indicator of milk production in Ukraine.

Bondarenko and Li (2025), studying the problems of the dairy industry
development as a result of the war in Ukraine, which complicated the situation
and added new obstacles, also identified the growth in the cost of feed due to the
increase in the price level of grain and oilseed crops as an indicator in dairy
agribusiness. Bednarski and Kupczynski (2024) believed that improving feeding,
its composition, or proportions of components can increase milk productivity
quite quickly. However, when studying the factors that affect the cows’
productivity, according to the authors, technological indicators, in particular
hygiene and efficiency of milking cows, as well as ensuring further milk
processing, are no less important than nutrition and housing conditions.

The results of the study by Sokoliuk et al. (2022) proved that
organizational and technological measures (comfortable housing conditions,
proper feeding, and efficient milking of cows) are promising since increasing
production volumes, quality, and safety of dairy raw materials. Kulish (2020),
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analyzing the impact of macroenvironmental factors on the dairy products market,
also focused on both scientific and technical elements, identifying the low level
of producers’ technological equipment as a threat to the dairy industry. In this
context, assessing the dynamics and relationship between the number of cows and
the level of producers’ provision with milking installations, machines, separators,
milk coolers, and feed dispensers for cattle and manure belt and chain conveyors
is a reasonable approach to analyzing technological facilities.

The need to estimate the condition and availability of technological
tools is reinforced by the analytical monitoring of Uzhva (2024), in which
the author emphasized the need for re-equipment with modern milking
machines, separators, and milk quality analyzers. Although her conclusion
did not consider the necessity for cattle feed dispensers and manure removal
conveyors, which not only create high-quality housing conditions but also
contribute to compliance with sanitary and hygienic standards, the author
rightly noted the importance of these facilities for achieving compliance of
Ukrainian products with accepted European quality and safety standards.

The quality of Ukrainian dairy products is an indicator that determines
the dairy industry’s development, as it affects its competitiveness and sales
markets. According to Voliak and Galitska (2018), the low quality of raw
milk, which is produced by households in non-sterile conditions with a
lingering collection and transportation process, is also one of the biggest
challenges. Although the authors justified this situation by low average sales
prices, which do not motivate households to modernize and ensure high-
quality dairy products, their study did not present behavioral and techno-
logical characteristics, in particular, the use of separators by households,
sanitary control of milk quality, veterinary inspection or treatment of
livestock premises, which would allow for a more comprehensive
understanding of the root causes for the low-quality raw milk.

In this context, it is worth noting that new requirements for the safety
and quality of milk and dairy products came into force in Ukraine on
July 12, 2019, which was aimed at harmonizing Ukrainian and European
standards (Government Office for the Coordination of European and Euro-
Atlantic Integration, 2019). Since it concerned all market operators, the
approved requirements excluded the possibility of second-grade milk,
produced mainly by households, entering processing plants. Therefore, the
analysis of resource and technological indicators of dairy production, necessary
to ensure the competitiveness of Ukrainian dairy products on the global
market, takes on particular importance.

Thus, since the studies above did not focus on the relationships
between individual sources of cattle feed base, types of technological equipment,
behavioral and technological characteristics of households, and the number
of cows, the decrease of which directly affects the reduction in milk volumes,
further empirical assessments and modeling of factors that potentially affect
milk volumes are necessary.

However, despite the outlined scientific need, conducting a full-
fledged analysis considering the consequences of a full-scale invasion is
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complicated by the partial lack of up-to-date statistical data starting
from 2022. According to Derzhstat (2023), business entities during the
martial law period and within three months after its end have the right not to
submit statistical or financial reporting to protect their interests. Given this,
the State Statistics Service of Ukraine has also suspended the publication of
individual statistical information. In addition, to reduce the reporting
workload, starting in 2020, statistical observation of the agricultural machi-
nery availability has a low frequency, and respondents are required to report
only once every five years (State Statistics Service of Ukraine, 2022a). It
necessitates the utilization of models to restore data and make forecast
estimates based on the identified relationships.

The hypothesis assumed that factors affecting the development of
dairy production in Ukraine and the volume of high-quality milk are statistically
dependent on the number of cows kept in households, agricultural enterprises,
or the country in general.

The research aim is to model resource and technological factors that
potentially influenced the development of dairy production in Ukraine
in 2010-2023 and to restore absent statistical data by building time series
or regression models, which estimate the dependence of indicators on
the number of cows.

Statistical yearbooks that have been published by the State Statistics
Service of Ukraine served as an information base. It contained data on the
social and economic state of agriculture in Ukraine and its resource
indicators. Modeling of resource and technological indicators, the time series
of which is not covered by disseminated data, was carried out using single-
factor regression models 1:

y =Po+ Pix + ¢, 1)
where: y — the value of a dependent resource or technological indicator;
x — the number of cows;
Bo, B1 — estimated parameters of the linear regression model;
€ — random error.

Due to the detected sharp jumps in the dynamics of the number of milk
coolers and feed dispensers for cattle, a dummy variable (Dummy) was
included in the models starting in 2018, which considered the effect of
external circumstances and took on the value 1, if t > 2018. Otherwise,
Dummy = 0, which is presented in formula 2:

y = Bo + B1x + [ Dummy + ¢, (2

where: 5, — estimated structural gap parameter.

The criterion for an acceptable model reliability level was the value of
the coefficient of determination (R?), based on which the model has moderate
(R? > 0.5), high (R* > 0.7), or very high (R? > 0.9) explanatory power
and the F-test, the values of which confirm the statistical significance of
the constructed dependence (Sig. F < 0.05). Interpretations of the explanatory
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power of the constructed models were carried out according to the Chaddock
scale, presented in the study by Mitryasova et al. (2021). The criterion for an
acceptable model accuracy level was the mean percentage error (MAPE),
which should not exceed 5% to ensure high forecast accuracy, but MAPE < 10%
was also considered satisfactory. In addition, statistical characteristics were
the standard error of the model estimate (Std. error), which shows how much
the actual values are scattered around the regression line on average and is
used for constructing confidence intervals (95%), and the maximum
percentage error (MaxAPE), which is an indicator of marginal accuracy.

If at least one of the established conditions was not satisfied (R? < 0.5,
Sig.F > 0.05 or MAPE > 10%), time series models were built using
IBM SPSS 25, namely Brown (exponential smoothing that considers the
trend), Holt (modification of exponential smoothing that considers both the
level and the trend components) and low-order ARIMA models to achieve
greater explanatory power and accuracy compared to regression models with
the number of cows as an independent factor.

If none of the models were acceptable, an alternative way to build
a forecast was a univariate regression model with time ¢t as the independent
variable, which was used to forecast the share of households using veterinary
inspection (Model 20.2).

Given the large number of models and the auxiliary nature of the
forecast, a limitation of the approach is the lack of autocorrelation analysis
of residuals, which, however, should be eliminated in further studies that will
focus on modeling the relationships between several factors and the volume
of extra-quality or higher-grade milk in 2010-2023.

The main part of the study consists of four interconnected sections.
The first section forecasts dairy production indicators based on regression
models in which the number of cows is the independent variable. It also
provided an economic interpretation of the coefficients obtained. The second
section contains models that confirmed the statistical dependence of production
indicators of enterprises on livestock size, considering the structural gap.
The third section covered the indicators of enterprises’ dairy production, but
the forecast of their dynamics is based on time series models. However, their
relationships with the number of cows are non-random and statistically
significant. The fourth section analyzes the behavioral and technological
characteristics of dairy production in households, for which the hypothesis of
statistical dependence on livestock size was partially confirmed.

1. Assessment of the dependence of resource and technological
indicators of dairy production on the number of cows: forecasting based
on regression models

As a result of the forecasting of indicators that have a potential impact
on the development of dairy production in Ukraine, the hypothesis of a high
level of dependence of indicators on the total number of cows or their number
kept at enterprises and households was confirmed. The single-factor
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regression models presented in Table 1 are characterized by moderate
(Models 5-7), high (Models 3-4), and very high (Models 1-2, 8-9) expla-
natory power since the variation in the number of cows explains from 57%
to 97% of the variation in the corresponding dependent variables. It indicates
the decisive role of livestock in studied agricultural processes.

Table 1
Statistical characteristics of single-factor regression models that confirmed
the dependence on the number of cows and have high forecast accuracy

Independent
variable, x;

Dependent variable, y

Average annual milk yield per cow

1 t enterpri K 0.96 @ 180.09 @ 256.40 @ 0.000
at enterprises (kg) The number
The value of feed costs of of cows at
2 enterprises for agricultural enterprises, x; 0.97 | 2798.48 | 303.87 | 0.000
production (million UAH) (thousands of
. . : heads)
3 Mll_klng installation and machines 071 31339 1925  0.002
(units)
The number
Average annual milk yield per cow of cows in
4 . households, x; 0.81 60.49 4159 | 0.000
in households (kg)
(thousands of
heads)
The amount of fodder spent on
feeding cows and breeding bulls of
8 the dairy herd (thousand centners of e | Ldad | i | (LS
fodder units)
Gross harvest of feed corn
6 (thousand tons) Total number 0.60 | 720.31 16.32 | 0.002
of cows in

Gross harvest of annual and
7 perennial grasses for hay
(thousand tons)

the country, x;
(thousands of
heads)

0.57 28645 1442 @ 0.003

Gross harvest of annual and
8 perennial grasses for green fodder, 0.93 | 33293 | 149.35 | 0.000
hay, silage (thousand tons)

Gross harvest of hayfield

(thousand tons) 093 8874 | 13810 0.000

* — p-value of the parameters of one-factor regression models is equal to their Sig.F.

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).

Since the constructed Models 1-9 are statistically significant, based
on the minimum values of Sig.F € [0.000;0.002], and the MAPE on
average is 4.07%, not exceeding 6.81%, the established relationships are non-
random. For these reasons, these models can be used for further economic
interpretation, providing mainly high forecast accuracy (Table 2). Even
though Model 8 has satisfactory accuracy (MAPE = 6.81% < 10%), its
explanatory power is interpreted as very high (R? = 0.93 > 0.90), which
makes it acceptable for achieving the set purpose.
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Table 2
Forecast values of milk production indicators depending on the number of cows
in regression models with high forecast accuracy

MAPE | MaxAPE | Forecast | Forecast
period value

Equation

y =12598.17 —

1 2o 1.93 6.14 2011 456167 4169.29 = 4954.05
. 1
2021 | 59607.07 53509.71 @ 65704.42
2 y= ggg ggi'% T 447 14.79 2022 5942571 5332836  65523.06
. 1
2023 | 67301.80 6120445 = 73399.16
2020 9670 8 987 10 353
_ 2021 9547 8 864 10 230
3 y= 3239'81 + 2.42 5.48
37x, 2022 9553 8 870 10 236
2023 9298 8 615 9981
4 y =053°3262¥67 - 0.94 2.08 2011 433653 420473 446832
. 1
2021 | 2574351 23240.63 = 28246.38
5 y= 1851629'65 t 347 5.06 2022 2515565 2262578 = 27658.53
. 1
2023 | 2428436 2178148 = 26787.23
6 y= gﬁgi"’ t 634 17.50 2023 550410 393467 707353
LAXy
7 y= f) 331.04 * 500 15.31 2023 | 345764 @ 283352 | 408176
-0Uxy
8 y= _32070359'93 t 681 16.48 2023 134441  619.02 2 069.80
. 1
9 y= 0_3;;1{24 t 523 23.01 2023 727.71 534.37 921.05
LIXy

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).

Based on the values of the model parameters, the average annual milk
yield at enterprises demonstrates a negative relationship: with a growth in the
number of cows by 1 thousand, the studied indicator decreases by 13.64 kg,
probably due to the limited resources required to care for cattle. It can be the
amount of resources, in particular investment or qualified workers, the lack
of which leads to a lowering in individual care, or infrastructure (equipment,
veterinary services) that is unable to handle such a load without loss of
productivity.

This conclusion correlates with the opinion of Boltianska (2021), who
emphasized that increasing the livestock population is a capital-intensive
process, as it requires investments in technological equipment, updating the
herd, and expanding the feed base. However, the author’s conclusion about
growth in average annual milk yield by 1 000 kg in the case of a reduction in
the livestock by 1.7 thousand heads in 20162020 contradicts the results of
the current study, raising some doubts given the lack of a confirmed statistical
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relationship between the indicators in its article. Given that the calculation
was based on a comparison of absolute increases in 2020 compared to 2016,
without considering cause-and-effect connections in the intermediate periods,
and the relationship between the change in the number of cows and their
average annual yield appears arithmetically disproportionate, the author’s
results require a more substantiated method of quantitative data processing.

Although somewhat smaller, the number of cows in households has a
similar effect on their average annual milk yield: with an increase in the
number per 1 thousand heads, the yield declines by only 0.34 kg. It may be
due to the fact that in the family model of care, cows are kept mainly in small
groups (1-2), the number of which is determined by the family size that
serves them, relying exclusively on their own resources.

If the number of cows at the enterprises grows by 1 thousand heads,
the number of milking installations and machines (Model 3) rises by 8.37 units.
It is consistent with economic logic and the need for more equipment to
ensure regular milking. However, this growth rate may not be sufficient for
the high-quality service of the new livestock and scaling up production.

Considering the above technical features, a milking machine can serve
up to 18 cows per hour (DaMilk Dairy Assistance, n. d.), and a milking
installation on average — up to 53 (Tavria State Agrotechnological
University, Dmytro Motornyi, n. d.). Assuming a milking session at the
enterprise lasts about three hours, then one machine serves 54 cows and one
milking installation — about 159. Although under an optimistic forecast,
growth in the number of installations of 8.37 units makes it possible to serve
almost 1 331 cows, under the pessimistic forecast (with an increase in
relatively less powerful milking machines by the same number) — only about
452 cows. Since the production process most likely involves a mix of milking
machines and installations, their combination in a 1:1 ratio will allow serving
the herd size of 891 heads if the equipment is not damaged or downtime.

Thus, based on the calculated value averaged between the optimistic
and pessimistic forecast, it is possible to conclude that the pace of re-
equipment of enterprises is insufficient in the case of an enlargement in the
number of cows by 1 thousand heads. The results coincide with the conclusions
about the limited capabilities of the infrastructure to serve the increased herd
size, as evidenced by the reduction in their average annual milk yield due to
the need to milk some of the cows manually. The lack of agricultural
machinery was also highlighted by Kushnir (2019), who analyzed the impact
of technical, energy capacities, and labor resources on the efficiency of
farming enterprises’ production. In addition, the study noted that even
existing machinery does not guarantee high production volumes due to its
physical and moral wear and tear.

In the case of an increase in the number of cows at enterprises by
1 thousand heads (Model 2), the value of feed costs of enterprises for
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agricultural production decreased by UAH 259.08 million. It may point to
economies of scale — optimization of the average cost curve due to more
favorable contracts with suppliers or the introduction of an automated
feeding system. The risk of reducing the volume of feed per cow is unlikely
since, according to Model 5, with an increase in the livestock, the amount of
fodder spent on feeding cows and breeding bulls of the dairy herd expands
by 4560 thousand centners of fodder units. However, it does not mean that
fodder volume is sufficient to ensure high-quality feeding and care.

Models 6-9 confirm the positive impact of livestock on the expansion
of the feed base: in the case of an increase in the livestock by 1 thousand, the
gross harvest of feed corn growths by 2 140 t, annual and perennial grasses
for green fodder, hay, silage — by 3 000 t, annual and perennial grasses for
hay — by 800 t, hayfield — by 770 t. The obtained non-negative parameters of
the regression models are logical given the growing needs of the herd since
corn is one of the main feed components, and green fodder, silage, and hay
are considered vital elements of ensuring balanced nutrition, especially in the
winter period. The relatively lesser volumes of hay and hayfield are explained
by the fact that these parts of the fodder base are dry feeds, which have much
lower moisture content than corn or green fodder and, therefore, a smaller
tonnage even with the same nutritive value.

The obtained forecast values of average annual milk yields at
enterprises (Model 1) and in households (Model 4) are consistent with the
statement of Tsvihun & Tsvihun (2023) that the cows’ productivity at enterprises
is significantly higher, which, according to the authors, was due to their better
opportunities to purchase highly productive cows, and high-quality feed, and
ensure proper conditions for keeping livestock. In addition, according to the
study by Bal-Prylypko et al. (2023), the cows’ productivity in households is
not only lower but also had a relatively small growth rate in 2010-2022,
which was only 1% compared to 5.1% calculated for enterprises.

2. Assessment of the dependence of resource and technological
indicators of enterprises’ dairy production on the number of cows:
forecasting based on regression models considering structural gaps or
more economically justified parameters

As a result of the forecasting, the models presented in Table 3 are
characterized by high (Model 11.2) and very high (Model 12.2) explanatory
power with R? values exceeding 0.80. However, the hypothesis of a
statistically significant dependence of milk purifier-coolers and cattle feed
dispensers on the number of cows at the enterprises was confirmed only after
considering the structural gap observed in the dynamics of these indicators
of dairy production.
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Table 3
Statistical characteristics of models that confirm the dependence on the number
of cows, but require consideration of structural gaps or justified factors
to ensure high forecast reliability

Dependent | Independent variable,

pleeellie variable, y X;
The value of | The number of cows at
10.1 fixed assets enterprises, x; 0.87 | 6575.46 45.06 0.000
put into (thousands of heads)
(;pﬁgﬂﬁzrlg Capital investments in
10.2 g (UAH agriculture, x; (UAH 095 | 399547 | 133.99 0.000
million) million)
The number of cows at
111 Milk enterprises, x; 0.05 142.20 1.493 0.257
uri:‘ier- (thousands of heads)
e:oolers The number of cows at
. enterprises, x;
11.2 (units) (thousands of heads) 0.85 64.15 19.83 0.001
Structural gap, x,
The number of cows at
121 enterprises, x; 0.02 693.98 0.06 0.808
Cattle feed (thousands of heads)
dispensers The number of cows at
i enterprises, x
12.2 (units) (thousan%S ofheads) | 091 | 219.65 = 3675 0.000

Structural gap, x,
Note: p-value of the parameters of one-factor regression models is equal to their Sig.F.

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).

Demonstrating a relatively stable trend in 2010-2017, there were
sharp jumps in 2018, which were inconsistent with previous tendencies in
the number of cattle feed dispensers and milk purifier-coolers. It may suggest
a transformation of the methodology for collecting statistical information or
instructions for maintaining economic accounting. In light of this assumption,
an argument is that, according to the State Statistics Service of Ukraine (2022a),
a new form of report on agricultural machinery availability was approved in
2018 with a frequency of once every two years instead of its annual submi-
ssion. In addition, as an improvement part of the statistical accounting system,
the list of agricultural machinery was clarified, the composition and content
of indicators were revised in particular, and certain methodological and
organizational approaches to information generation were updated.
The inclusion of a dummy variable, which in the period 2018-2023 equals 1,
allowed for the consideration of structural changes and obtaining F-significant
models (Sig. F < 0.05) with high accuracy (< 5%).

Despite the reliability of the confirmed dependence of the value of
fixed assets put into operation in agriculture on the number of cows at the enterprise,
MAPE = 13.67% > 10% demonstrates the unsuitability of Model 10.1 for
making forecasts of acceptable accuracy (Table 4). For these reasons, in the
constructed Model 10.2, the independent regression parameter is the volume
of capital investments in agriculture, the variation of which explains 95% of
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the variation of the dependent variable, showing a more reliable relationship
(F = 133.99 > 45.06), with a satisfactory MAPE, which has decreased
almost by half.

Table 4

Forecast values of milk production indicators depending on the number of cows
in regression models, but demonstrate high forecast accuracy considering
structural gaps or more justified factors

Forecast Forecast

Equation

period value
101  y=183111.08 — 294.14x 13.67 31.86 - - - -
2010 8742.18 3679 | 1744756
2011 | 13201.04 449566 = 21906.43
102 y= aggi'” + 7.01 15.23 2012 | 1513422 642884 | 23839.61
. 1
2022 | 41237.04 32531.66 4994243
2023 | 5264142 @ 4393603 = 61346.80
111 - 4.06 7.11 - - - -
2020 2573 2433 2713
_ _ 2021 2586 2 446 2726
112 y =3330.39 147 403
0.86x; — 380.76x, 2022 2585 2 445 2725
2023 2611 2471 2 751
121 - 1359 26.40 - - - -
2020 4806 4327 5285
_ 2021 4676 4197 5155
122 7= — LU - 3.50 11.26
8.79x; 1957.71x, 2022 4683 4204 5162
2023 4415 3936 4894

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).

Based on the values of the model parameters, the value of fixed assets
put into operation in agriculture declines by UAH 294.14 million in the case
of an enlargement in the number of cows by 1 thousand heads. Such results
are explained by the reverse trend of the analyzed indicators: against
the annual reduction in the number of cows at enterprises in 2010-2023, the
value of fixed assets put into operation, on the contrary, increased. Since its
notedly rapid upsurge was observed starting from 2014, the probable cause
for the obtained coefficient of Model 10.1 obtained was the currency factor,
namely the devaluation of the hryvnia, which enormously raised the value of
imported machinery, equipment, and materials regardless of the dynamics
of the number of cows at enterprises. On the other hand, according to
Model 10.2, the dependent variable increases by UAH 0.82 million in the
case of growth in capital investments in the industry by UAH 1 million, i.e., not
all capital investments were directed at the financing of new fixed assets.

According to Model 11.2, the number of milk purifier-coolers increases
by 0.86 units, even if the livestock population decreases by 1 thousand cows.
It means that despite the drop in the number of cows, the need for the production
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of extra-grade milk suitable for export to the world market is growing, especially
in the context of new requirements for the safety and quality of milk and dairy
products, which establish the immediate cooling of milk to a temperature of
6-8 °C (in various cases) immediately after milking. Even though the milk
purifier-coolers reduced by an average of 380.76 units due to improvements in
the statistical accounting methodology in 2018, with a confidence level of 95%,
a gradual increase in their number to 2 611 units is expected in 2023.

Cattle feed dispensers are characterized by a positive dependence on
the number of cows. If they expand by 1 thousand heads, the amount of
equipment that provides animal feeding increases by 8.79 units, which
increased rapidly by an average of 1 957.71 units in 2018 after a structural
gap. Their positive impact was confirmed by the analysis of modern animal
feeding equipment presented in the article by Smoliar et al. (n. d.), according
to the results of which it was established that feed dispensers ensure
uniformity of their distribution at a level of almost 91% to over 95% and
demonstrate efficiency, minimizing fodder losses. Thus, the expansion of
technical provision with this equipment is an economically justified
enterprise’s response to the growing livestock.

However, despite its substantial increase of 54.88% in 2018 compared
to the previous period, according to the forecast, a steady decrease in their
number will continue, reaching a value of 4 415 units in 2023 (Figure), as
the number of cows at enterprises showed a lowering of 73.60 thousand heads
in 2023 compared to 2018.

5300
4800
4300
3800
3300

2800

2300
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
Milk purifiers-coolers, units
Forecasted values of purifiers-coolers according to Model 11.1, units
Forecasted values of purifiers-coolers according to Model 11.2, units
Feed dispensers for cattle, units
= = Forecasted values of cattle feed dispensers according to Model 12.1, units
------ Forecasted values of cattle feed dispensers according to Model 12.2, units
«««0Oe« Lower forecast limit (95%)
¢ «s0s+ Upper forecast limit (95%)

Actual and forecasted amount of equipment required for dairy production,
considering the structural gap observed since 2018

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).
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If, when modeling the dynamics of this equipment, the structural gap
observed since 2018 is ignored, the forecast trajectories of the indicators deviate
significantly from the actual values, which is especially noticeable in 2016-2020.
While all the de facto values fall into the confidence intervals of statistically
reliable Models 11.2 and 12.2 with a probability of 95%, the values excluding
the gap go beyond the lower and upper limits of the forecasts. The underrated
factual number of cattle feed dispensers and, conversely, the overrated number
of milk purifier-coolers will further distort the estimations of the parameters
of the multiple regression models, which are aimed at scrutinizing the impact
of factors in 2010-2023 that contribute to an increase in the volume of extra-
grade milk suitable for export to foreign markets.

3. Assessment of the dependence of resource and technological
indicators of enterprises’ dairy production on the number of cows:
forecasting based on time series models

Table 5 presents Models 13-17, which confirmed the hypothesis of a
statistically significant relationship between the number of cows and resource
and technological indicators of the dairy industry, the explanatory power of
which varies from 0.44 to 0.89. However, the use of time series models leads
to an improvement in the R? values and their transition on the interpretation
scale of the coefficient to higher quality levels: Model 13, 15 (weak —
moderate), Model 14 (moderate — high), Model 17 (high — very high).
Although Model 17.1 is characterized by acceptable explanatory power,
MAPE = 6.09%, which does not suggest its high accuracy. In Model 17.2,
built using the Holt method, MAPE is lower, at 2.79%, and MaxAPE has
more than halved to 5.83%, which, together with other time series models
used (Holt, Brown, ARIMA), provides highly accurate forecasts, which are
especially important in the context of restoring absent statistical data.

Table 5

Statistical characteristics of single-factor regression models that confirm
the dependence on the number of cows but have higher forecast accuracy
using time series models

Model Dependent variable, Independent variable, x; /
(N[} y Time series model
The number of cows at
131 Hay mowing area enterprises, x; (thousands of 044 3790 6.97 | 0.027
(thousand hectares) heads)
13.2 Brown 0.54 — — —
The number of cows at
14.1 Pasture area enterprises, x; (thousands of 0.59 51.60 13.08 | 0.006
(thousand hectares) heads)
14.2 ARIMA (0,1,0) 0.71 - - -
The number of cows at
15.1 enterprises, x; (thousands of 047 @ 41111 7.19 | 0.028
Hay mowers (units) heads)
15.2 Holt 0.51 - - -
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Model
No.

16.1

16.2

171

17.2

Dependent variable,

y

Milk separators
(units)

Conveyors for
cleaning manure
(units)

Independent variable, x; / Time
series model

The number of cows at
enterprises, x; (thousands
of heads)

Holt

The number of cows at
enterprises, x; (thousands
of heads)

Holt

End of Table 5

Std.
Error

RZ

0.76 = 1536 | 25.88 0.001
0.83 - - -
0.89 1388.73 64.87 0.000
0.98 - - -

Note: p-value of the parameters of one-factor regression models is equal to their Sig.F.

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).

At the same time, regression models remain a source for interpreting

reliable and robust relationships between variables. Based on the values of
the model parameters (Table 6), the hay mowing area increases by
530 hectares if the number of cows expansions by 1 thousand heads, which
is natural given the greater need for meadow vegetation, which is necessary
for the formation of the feed base — the preparation of hay and green fodder.

Table 6

Forecast values of milk production indicators in Ukraine, calculated using time
series models, but demonstrating a statistically significant dependence on
the number of cows in regression model

Model

[\[o}

13.1

13.2

141

14.2

15.1

15.2

16.1

16.2

122

One-factor

regression equation /

Time series model

y = 2106.00 + 0.53x,

Brown

y = 4 894.06 +
0.99x,

ARIMA (0,1,0)

y =7342.16 +
6.71x,

Holt

y = 51.09 + 0.48x,

Holt

MAPE | MaxAPE | Forecast
(%) (%) period
1.15 2.62 -

2021
0.47 4.49 2022
2023
0.69 1.49 -
2021
0.46 2.18 2022
2023
3.05 6.12 -
2020
2021
2.81 5.35 2022
2023
3.85 9.22 -
2020
2021
3.08 7.17 2022
2023

Lower
limit
(CI0)

Upper
limit
(95%)

Forecast
value

224990 | 2177.10 @2322.70
2216.70 | 2107.70 2325.70
218340 | 2033.00 2333.90
5226.40 | 5132.80 | 5319.90
5202.40 @ 5070.00 5 334.80
517850 | 5016.40 | 5340.60
10 197 9283 11111
10 070 9 156 10 984
9943 9029 10 857
9 816 8 903 10730
257 227 287
248 218 278
239 208 269
230 199 260
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End of Table 6
One-factor
regression MAPE | MaxAPE | Forecast Forecast
equation / Time period value
series model
y =-18979.32 +
17.1 68.08%, 6.09 13.80 - - - =
2020 10 368 9003 11733
2021 9073 7682 10 465
17.2 Holt 2.79 5.83
2022 7779 6 361 9197
2023 6 484 5040 7928

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).

For similar reasons, pasture areas are also subject to a statistically
significant impact, which rises by 990 hectares, as they are used by animals
as fodder in the spring and summer. The conclusion obtained is consistent
with Moschovas et al. (2023), who, studying the factors affecting milk
quality, emphasized the importance of pastures not only for ensuring
the natural behavior of cows but also in the context of reducing the prevalence
of diseases compared to keeping them in specialized premises.

As with the sources of feed base, the equipment is characterized by a
positive dependence on the number of cows: in the case of their enlargement
by 1 thousand heads, the number of hay mowers increases by almost 7 units,
and manure conveyors — by 68 units. While hay mowers provide the growing
need for mechanized mowing of juicy fodder, the manure conveyor system
maintains cleanliness and optimal humidity in the premises where animals
are kept, ensuring better care and reducing the labor intensity of this produc-
tion process. Compared to Models 15.1 and 17.1, the number of milk separators,
although positive, is only 0.48 units. Although the upsurge in the number of
cows drives larger milk volumes for processing and cleaning, enterprises are
most likely to use high-capacity separators with a long service life. In addition,
depending on the level of technological equipment, separation can be part of an
automated line of installations, not a separately built-in element. Based on
this, a slight increase in the number of separators when the herd grows
by 1 thousand heads is justified from a technological point of view.

The reliability of the forecasts obtained based on time series models
Is enhanced by the fact that all values from Table 6 are characterized by a
stable negative trend in 2021-2023, which is consistent with Ukraine’s
general trend toward a reduction in the number of cows in both at enterprises
and in households. Similar dynamics are also present in the study by
Tkachuk (2019), which noted a significant reduction in the level of enterprise
provision in almost all categories of technological equipment necessary for
agricultural production.

Thus, the smaller the herd size, the smaller the need for both hay
mowing and pasture areas, hay mowers, manure conveyors, and milk
separators, given the positive values of the coefficients of the independent
variable in one-factor linear regression models.
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4. Assessment of the dependence of milk production indicators in
households on the number of cows: forecasting behavioral and
technological characteristics

Although the share of milk received by processing enterprises from
households was only 10.98% in 2023, they keep most cows (958.6 thousand
heads), which in the total livestock structure of Ukraine is over 70%. Thus,
while maintaining their crucial role in ensuring domestic consumption
through local markets, their awareness, technological equipment, and
compliance with veterinary and sanitary standards affect the overall dairy
high-quality production in the country. Since households do not produce
extra-grade milk, and more than 81.67% of milk received by processing
enterprises from the population in 2023 was of grade I, the competitiveness
of Ukrainian dairy products and their export potential significantly depends
on the functioning of family-type farms.

According to Shevchenko and Tabachuk (2019), the concentration of
raw milk production in households that do not provide proper conditions for
keeping cows and violate sanitary and hygienic standards or milking technology
without immediately cooling the milk, as a result, causes high bacterial
contamination with undesirable microflora and low milk quality. At the same
time, despite the validity of their conclusions, the authors did not analyze and
forecast the behavioral and technological aspects of household production
activities, which are presented in Table 7.

Table 7
Dependence of household functioning on the number of cows: statistical
characteristics of one-factor regression and time series models

Model
\[o}

Independent variable — x; or t /
Time series model

Dependent variable, y

The number of cows in

18.1 Share of households with households, x; (thousands of 0.64 1.66 8.92 0.031
a separator (%) heads)
18.2 Holt 0.89 - - -
Share of households The number of cows in
19.1 carrying out sanitary households, x; (thousands of 058 0.90 @ 6.88 | 0.047
control of milk quality heads)
19.2 (%) Holt 065 - - -
The number of cows in
20.1 | ghare of households using households, x; (thousands of 0.31  0.96 2.27 | 0.192
veterinary inspection (%) heads)
20.2 Time, t 0.86 | 0.49 | 12.03  0.020
Share of households The number of cows in
21.1 Carrying out Sanitary househ0|ds, X1 (thousands Of 0.28 1.47 1.97 0.219
treatment of livestock heads)
21.2 premises (%) ARIMA (0,2,0) 094 - - -

* — p-value of the parameters of one-factor regression models is equal to their Sig.F.

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).
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Since the 20102015 time series is short due to the cessation of data
collection and processing by statistical authorities after 2015 and does not
satisfy the requirement for the minimum permissible number of observations
(n) for building reliable models, the original data set was expanded by adding
observations from 2009 so that n = 7. Given the riskiness of the long-term
forecast until 2023 and the entry into force of new requirements for the safety
and quality of milk and dairy products in 2019, which could outcome in
meaningful structural transformations of production processes, the upper
limit of the forecast horizon was 2018.

The statistical characteristics of Models 18-21 only partially
confirmed the hypothesis of the dependence of household milk production
indicators on the number of cows kept. Despite the substantial impact of
livestock on the share of households with a separator and the share of
households carrying out sanitary control of milk quality in regression models,
their explanatory power is interpreted as moderate (R? € [0.5; 0.7]). At the
same time, the independent variable is not statistically significant for
veterinary inspection (Model 20.1) and sanitary treatment of livestock
premises (Model 21.1). Time series models (Holt, ARIMA) and a simple
regression model using time t as an independent variable provide mainly
high R? values and better accuracy based on MAPE < 5%, which indicates
the feasibility of using these approaches for medium-term forecasting.

Based on the values of the model parameters (Table 8), with an
expansion in the number of cows in households by 1 thousand heads, the
share of households that have a separator or carry out sanitary control of milk
quality increases by 0.01%.

Table 8
Forecast values of household characteristics that affect the development of dairy
production in Ukraine and calculated using time series models

Cli el Lower Upper

Model regression MAPE | MaxAPE | Forecast Forecast - M
N[o} equation / Time (%) (%) period value L )
: (95%) (95%)

series model
= —6.08 +

18.1 Y 0.01%, 5.21 14.03 - - - -
2016 15.90 12.30 19.50
18.2 Holt 5.09 8.98 2017 14.90 11.20 18.50
2018 13.90 10.20 17.50

191  y=976+0.01x, 241 6.55 — - - -
2016 20.40 18.30 22.50
19.2 Holt 2.50 5.43 2017 19.90 17.80 22.00
2018 19.40 17.30 21.50
_ 2016 46.38 45.32 47.44
202 ot 08 100 2017 44.17 4311 | 4523
' ’ 2018 41.53 40.47 42.59
2016 52.10 50.80 53.40
21.2 ARIMA (0,2,0) 0.61 1.22 2017 48.30 45.30 51.30
2018 43.80 38.80 48.80

Source: calculated by the author based on (State Statistics Service of Ukraine, 2023).
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Regression Models 20.1 and 21.1 demonstrate statistical unimportance,
i.e., the number of cows in households is not a key factor affecting the share
of households that use a veterinary inspection or carry out sanitary treatment
of livestock premises.

According to the forecast for 2016-2018, there is a further reduction
in households that perform the necessary procedures to ensure milk quality:
the share of households with a separator decreased to 13.90% in 2018, i.e.,
by 2.60 pp compared to 2015, the share of households that carry out sanitary
control of milk quality — by 1 pp (19.40%), the share of households that use
veterinary inspection — by 6.6 pp (41.50%), the share of households that carry
out sanitary treatment of livestock premises — by 11.40 pp, amounting to
43.80% in 2018. These changes are of concern given the growing public
interest in cow welfare as a component determining the quality of dairy
products. The results of the study by Castellini et al. (2023) showed that
consumers equate low-quality milk with the lack of medical treatment and
proper veterinary inspection, considering animal welfare as a condition for
product acceptability. Given the forecasted lowering in households carrying
out veterinary inspection and sanitation of premises, thus neglecting the
cows’ welfare, some consumers are likely to refuse such products, which in
turn may lead to an even more critical situation for individual peasant farms,
which are already in a vulnerable economic position.

Against the background of the reduction in the number of cows in
households, which was observed throughout the study period, it indicates the
departure of not only uncompetitive producers but also those who had the
necessary equipment and carried out basic processes to ensure milk quality
but probably faced economic barriers: a low purchase price for milk, which
does not contribute to a quick return on investment, the lack of infrastructure
and processors necessary for the sale of extra-grade milk, limited financial
resources for modernization in conditions of economic instability.
Bondarenko and Omelianenko (2024), who studied the threats and prospects
of the milk market in Ukraine, also highlighted the lack of sufficient funding
for investment and innovation projects among the factors that negatively
affect its development. In turn, Cwalina et al. (2020) noted that for family
farms, the purchase price of milk is the most essential aspect that affects their
desire to engage in production activities.

The analysis of the situation with the level of household provision with
separators requires special attention since the additional regression model,
which examines the relationship between the number of separators and the
share of households that possess them (considering their restored values in
2016-2018 using the Holt model), demonstrates extremely high statistical
characteristics of reliability and validity. Built on data for 2010-2018, it is
statistically significant with R? = 99.85%, F = 5 216.77, MAPE = 0.48%.
Based on the values of the model parameters, each new separator is
associated with an increase in the share of households that own them
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by 0.11%. Considering the steady negative absolute growth in the number of
separators in 2010-2023, the share of households using them in 2023 is
forecasted to be only 8.8%, not exceeding the value of 9.1%, which is the
upper limit of the confidence interval. It indicates a technological decline of
family-type farms since less than 1 in 10 households use a milk separator,
which is incompatible with the growth of extra-grade or higher-quality milk.
For these reasons, state support measures aimed at improving the techno-
logical provision of households with pivotal equipment for primary milk
processing, such as milk separators and milk quality analyzers, are of great
importance. Tsvihun and Tsvihun (2023), when agreeing that the
development of dairy farming in households requires state support, proposed
interest-free loans and tax breaks as possible ways to revive the industry.

An additional argument in favor of the implementation of efficacious
tools is the negligible positive coefficients S, in regression Models 18.1 and
19.1, which may indicate the lack of incentives for modernization, one of
which is the low-income level. Since the monthly cash income of rural
households averaged UAH 11 889.69, and cash expenses were recorded at
UAH 9 245.44 (State Statistics Service of Ukraine, 2022b) in 2021, the
average residual of resources after satisfying various types of needs equals
UAH 2 644.25. At the same time, income from entrepreneurial activity, self-
employment, and the sale of agricultural products, which in the structure
of their total resources was only 12.3% in 2021, equaling UAH 1 462.43 per
month. Based on this data, it is possible to determine the terms of
accumulation of funds by households on two created scenarios (Table 9):

1) optimistic scenario — involves directing 100% of the income
received from agricultural activities (UAH 1 462.43) to the needs of dairy
production modernization;

2) realistic scenario — involves setting aside a third of the average
residual resources (UAH 8 72.60).

Table 9
Determining the terms of accumulation of funds by households for the
modernization of dairy production under two scenarios

LUBIE! 71 Average cost of OIS SRRl Realistic scenario
The goal of statistically 9 (100% of income .
. . equipment, . (33% of residual
accumulation significant from agricultural )
UAH oL income), month
factor activities), month
Milk separator 18.1 6 929.2* 474 7.94
Milk quality 19.1 25 200 17.23 28.88
analyzer

* — calculated for Ukrainian-made equipment of Motor Sich as of April 21, 2025, and averaged
according to data (ProTek, n. d.), (Byrenka.com.ua, n. d.), ** calculated for Ukrainian-made
equipment of IKF Agroservice as of April 21, 2025, and averaged according to data (IKF Agro, n. d.).

Source: calculated by the author based on (State Statistics Service of Ukraine, 2022Db).
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Thus, households in rural areas planning to purchase both a milk
separator and a milk quality analyzer will need from 1 year and 10 months if
they accumulate 100% of their income from agricultural activities to
over 3 years if they save 33% of their average monthly residual budgets
in 2021. While purchasing a separator is a relatively achievable goal in the
short term for households, a milk quality analyzer, which is a principal
condition for producing premium milk, is scarcely available.

By ensuring control of somatic cell counts, fat, protein content, and
compliance with requirements for the absence of traces of antibiotics or
bacterial contamination, households should sell high-quality products at
higher prices (Bal-Prylypko et al., 2023). However, according to the study by
Voliak and Galitska (2018), the payment of extra-quality, premium, and first-
grade milk in previous years had minimal differences within 2—3%, which
does not contribute to a quick return to households of funds spent on the
purchase of separators or milk quality analyzers. For these reasons,
investment by households in these types of technical equipment is not only
inaccessible due to limited financial capabilities but also unlikely, given the
lack of economic incentives for the modernization of production processes.

Even though the scenario modeling is based on household incomes in
rural areas in 2021, since it is the latest data published by state statistics
bodies, according to the study by the United Nations in Ukraine (2023), 65%
of households reported a decrease in income since February 2022. Based on
this, it is unlikely that the difference between the actual income and
expenditure in 2022-2023 will exceed the value in 2021, especially in the
context of a slow growth in state social standards due to a full-scale invasion.

Therefore, the conclusions about the need to accumulate for 2-3 years
for households to purchase this equipment can be considered reliable. If the
state seeks to boost the volume of export-oriented extra-grade milk, programs
for partial compensation of costs for separators and milk quality analyzers
can positively affect the development of dairy production in Ukrainian
households. At the same time, Shpychak et al. (2022), justifying ways to
overcome problems in dairy production, on the contrary, advocated the
introduction by the state of incentives for the reorganization of production
and concentration of cow herds on the farm.

Given the results of the study, to increase the volume of high-quality
dairy products, the government should introduce additional state support
measures within the framework of the budget program "Financial support for
agricultural producers", under which expenditures of UAH 1 205 million
are planned in 2025 (Pavlenko, 2025). In this context, a special tax-free
investment account, similar to the Canadian Agrilnvest program, to which
dairy producers would contribute their funds in the form of a set percentage
(for example, % of income from the sale of milk and dairy products), is
promising. By adding another 50% or the full amount to this contribution,
the state would help stimulate targeted investments, which are allowed to be
directed only to the purchase of high-cost equipment or modernization, which
is critically necessary to produce extra-quality milk. In addition, within the
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framework of the budget program "Support for farms and other producers of
agricultural products”, to which about UAH 4 726 million should be
allocated in 2025, it is possible to develop a system of additional payments
for households for high and extra-quality milk. Providing for the availability
of basic equipment as a prerequisite for receiving compensation for 2-3 years
would encourage family farms to improve their technical equipment.
To modernize their material and technical base, households may show greater
interest in obtaining interest-free loans under the budget program "Provision
of loans to farms".

The practical value of the proposed measures lies in shifting the focus
from direct support of producer incomes to reducing their dependence on
subsidies, which in turn will reduce the budget burden.

In any case, increasing the production of high-quality raw milk in
Ukraine requires effective state policy that will help the industry overcome
the crisis during the post-war recovery period and strengthen food sovereignty,
which is especially important given the reduction in the level of population
provision with milk and dairy products (from 107.71% in 2017 to 95.21%
in 2021) and the increase in the share of their imports in consumption (from
1.55t0 9.37% in the same periods), as was determined in the article by Ivanov
and Hurtovyi (2023).

Conclusions

The results of a comprehensive analysis of the constructed regression
and time series models allowed for the restoration of the absent data, confir-
ming the main study hypothesis about the presence of a statistically signi-
ficant relationship between the number of cows and resource and technolo-
gical indicators of dairy production both at enterprises and in households.
The negative relationship between the number of cows and the average
annual yield at enterprises indicates a probable limitation of resources and
infrastructure capability to provide proper care for the growing livestock
without losing productivity. It is confirmed by insufficient technical moderni-
zation since the combination of milking machines and installations, according
to the average scenario, will allow servicing the size of the herd, which
includes 891 heads but not 1,000 cows, without considering damage and
downtime of equipment.

The number of cows positively impacts the expansion of the fodder
base. Nonetheless, given the nationwide reduction in the number of cows
in 2010-2023, their decline is expected by 2023 with a probability of 95%.
Compared to 2022, in 2023, the gross harvest of feed corn is expected to
decrease by 7.25%, hayfields by 24.68%, and annual and perennial grasses
for green fodder, hay, and silage by 27.84%. Compared to 2019, the number
of hay mowers in 2023 will fall by 3.73%, milking machines by 7.81%, cattle
feed dispensers by 12.40%, and milk separators by 13.86%.
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However, unlike other equipment, despite the drop in the number of
cows, the number of milk purifier-coolers is forecasted to increase
by 2.19% — from 2 555 units in 2019 to 2,611 in 2023. It hints at a certain
level of enterprise modernization and their focus on compliance with the
requirements for the quality and safety of milk and dairy products, which
establishes the immediate cooling of milk to an established temperature
immediately after milking.

The technological degradation of dairy production in households is of
great concern: in 2016-2018, there was a further decline in households that
carried out the necessary procedures to ensure milk quality, veterinary
inspection, and sanitation of premises. According to the forecast, the share of
households using a separator in 2023 will be no more than 9.1%. It indicates
the unavailability of primary equipment for family-type farms since
only 1 in 10 households uses a milk separator. In the case of saving a third of
the monthly residual income and even assuming the accumulation of entire
income from agricultural activities, it will take 2 to 3 years for rural
households planning to purchase a milk separator and a quality analyzer.

Given the limited households’ possibilities for purchasing milk
separators and quality analyzers in the short term and the need to increase the
volume of high-quality milk, urgent state support measures are needed for
producers within the framework of which technical re-equipment is partially
compensated by the government. One of the ways may be the mechanism of
the Canadian state support model, in which producer funds in a tax-free
savings account (in a defined %) are supplemented by state contributions that
can be directed only to investments.
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