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ABSTRACT

This article deals with the prospects and trends of crop production development in Ukraine, as well as the methods and
ways of supporting this industry by the state. According to the article, the primary objective of the state is to create con-
ditions through the reallocation of resources and facilitate the introduction of new forms of economic activity in the re-
gions, which are depressed in terms of agriculture today. It is noted that to justify the need for institutional changes in
crop production we must take into account the appropriate specifics of agricultural production in some areas. The article
reports that, a large number of similar types of agricultural enterprises, unlike in other sectors of the economy, allow us to
group the results of their activity: in terms of forms of management, on a territorial basis or according to other types of fe-
atures for further comparative analysis. Therefore, the article offers the crop production regions clustering in certain areas,
to determine which areas need the state aid priority. It is noted that in terms of crop production it is possible to increase the
efficiency of agricultural activity due to a better use of agricultural land, as well as by an increase in average crop yield per
1 hectare. Therefore, it is offered to use the integral index of crop production position of each region, based on the ratios of
extensive and intensive load. The extensive load factor represents the degree of agricultural land use.

The intensive load factor reflects the effectiveness of land fund usage, that is, the average yield, which is produced from the
agricultural land of the same region. However, the average yield cannot directly serve as the basis for calculation, because
the structure of the sown area of each region is heterogeneous. In this study, while calculating the intensive load factor, it is
offered primarily to carry out the procedure of yield rate normalization for each group of crops separately.

Using the method of integral estimation of crop development, the autor has made an appropriate ranking of Ukraine re-
gions according to the area of sown crops in Ukraine, based on which 4 sectors of Ukraine areas have been allocated and
grouped by crop production development level. The article goes on to give the recommendations for decision making
supporting investments and state aid for each of the selected sectors to further develop crop production in the regions of
Ukraine.
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1. Introduction Eurasia 2015].

It is a fact that some transnational agribu-
sinesses are increasingly investing in Ukraine,
including Monsanto, Cargill, and DuPont. The
named corporations are taking over all aspects
of Ukraine’s agricultural system [The Oakland

Institute 2014].

The development of institutional direction
in modern economic science has become an ob-
jective response to the systematic failure of the
economic mechanism, dysfunction of market
institutions, as well as the ideological crisis of

the society. The national economy provides for
appropriate social and economic institutions
through which it is concretized and adapted to
reform [Obozna 2014].

The agricultural sector plays a major role in
the Ukrainian economy. Ukraine has approxi-
mately 43 million hectares (ha) of agricultural
land, including 32 million ha of arable land, an
area equivalent to one third of the arable land
in the European Union (EU). Half of it is black
soil, the highest productive soil type in the
world and a commodity in such demand that an
illegal market has developed in selling it [OECD

Thus, a general assessment of the agricul-
tural sector and rural areas is crucial for the
development of proper strategies and policies
[FAO 2012].

Although the essence of the agricultural
sector performance analysis and institutional
reforms modeling to ensure the competitive-
ness of the agro-industrial complex of the co-
untry has much in common with other sectors
of the economy, the specifics of agriculture
have some features to consider. These include:

1. The results of the agribusiness activities
have a strong dependence on climatic con-
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ditions of the geographical area. Therefore,
taking into account the significant territorial
area of farmland in Ukraine and its geographic
location, it is appropriate to divide the whole
territory of Ukraine into different areas, which
are connected to each other by some common
existence conditions, for example, the admini-
strative characteristics.

2. Areas of agriculture in any country are
characterized by a vivid production seasonality,
with a period of one year. Consequently, there
is uneven use of labor, non-current and current
assets, for example, some types of agricultural
machinery are used only 20-30 days a year.

Thus, a long period of the production cycle
with the uneven use of the resources and capi-
tal in agriculture leads to the fact that the full
analysis of the results of the activities must be
performed on the result of the entire year. Also
when we are building models for the agricultu-
ral sector of the country, it is advisable to use
a discrete type models, where the simulation
period is one year.

3. As farming deals with living organisms,
its level of development is influenced not only
by economic factors, but also by biological and
physico-chemical properties and laws. This si-
gnificantly complicates the predictability of the
industry and the assessment of impact factors
on the formation of the final result.

Therefore, unlike traditional industries, re-
lated with material and non-material produc-
tion, where the economic results are well de-
scribed by mathematical economic models, the
agricultural sector is characterized by a high
degree of uncertainty.

This leads to the fact that by using economic
and mathematical models, based on the scena-
rio approach, we can provide only general advi-
ce on the management of the sector. However, it
is almost impossible to calculate the final result
of the agricultural sector activities during the
year with an acceptable level of accuracy.

4. The main production resource is agri-
cultural land, the performance of which (crop
yield) is not the subject to the exact calculation.
In addition, with a proper use, including the
implementation of a complex of agro-technical
actions, this resource cannot be worn out, and
itis also able to increase its productivity.

We also know that in industry it is possible
to produce certain products by using a certain
type of equipment. Land in this case is a versa-
tile production factor: it can be used for the cul-
tivation of any crops. In terms of economic and
mathematical modeling it means high mobility
for growing different kinds of crops.

5. A large number of similar types of agri-
cultural enterprises, unlike in other sectors of

the economy, allow us to group the results of
their activity: in terms of the forms of mana-
gement, on a territorial basis or according to
other types of features for further comparative
analysis.

2. Literature review and the problem state-
ment

The reasons for the insufficiency of the ag-
rarian reforms efficiency and opportunities
for improving the agriculture of Ukraine are
actively studied by national and foreign scho-
lars, including: Lendel [2001], Golyan [2006],
Revenko [2011], Sabluk [2011], Skidan [2010],
North [1991], Makarenko [2006], Sigg [2014],
Van Leeuwen et al. [2012], Van Winden [2013],
Visser et al. [2011], Warner et al. [2008] and
others.

To justify the need for institutional changes
in crop production we must take into account
the appropriate specifics of agricultural pro-
duction in some areas. The development of
crop production in Ukraine is not homogeneo-
us in its quality. Therefore, the primary objec-
tive of the state is to create conditions through
the reallocation of resources and facilitate the
introduction of new forms of economic activity
in the regions, which are depressed in terms of
agriculture today.

The aim of the article. Thus, we are faced
with an important, scientific problem of the
assessment of crop production development,
clustering in certain areas, determining which
areas need the state aid priority, and giving re-
commendations for decision making suppor-
ting the investment and institutional changes
for each of the selected sectors to further deve-
lop crop production in the regions of Ukraine.

3. Research results

The prerequisites for such a generalizing
evaluation are as follows:

1. The result of any economic activity de-
pends on quantitative (extensive) and qualita-
tive (intensive) factors. The quantitative factors
require attraction of additional resources, and
the quality factors - a more efficient use of ava-
ilable resources. In terms of crop production to
increase the efficiency of agricultural activity
can be due to the better use of agricultural land,
as well as by an increase in average crop yield
per 1 hectare. Therefore, an integral indicator
of the crop production of each region should be
based on the ratios of extensive and intensive
load. In order to be able to ensure the compa-
rability of the results, these factors should be
normalized from 0 to 1. Thus, the integral index
of the crop production of each region will be
calculated by the formula:
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K; = ki,excxki,imv (1)

where K;- integral index of the i-region
development of plant cultivation;

ki ek - extensive load factor of the i-th region;
kiir - intensive load factor of the i-th region.

The conditions for rationing should provide
that the best coefficients of the extensive or in-
tensive load are when they are closer to 1, and
vice versa. With this limitation, our target indi-
cator will also take the values from 0 to 1.

2. The extensive load factor represents the
degree of the agricultural land use and is calcu-
lated using the formula:

ki,ext = ?_»“‘ (2)
iy
where S;y - area of the available agricultural
land in the i-region, thou. of hectares;
S;n— areas of agricultural land which were used
in the i-region (mociBHa muoma), thou. of
hectares.

Since 0 < S < Sy, the extensive load factor
k; exe Will vary from 0 to 1. Larger values of k; ¢
will fit better usage of the land fund for
agricultural production.

3. The intensive load factor k_(i,”int” ) sho-
uld reflect the effectiveness of land fund usage,
that is, the average yield, which is produced
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from the agricultural land in the i-region. Ho-
wever, the average yield cannot directly serve
the basis for calculating k_(i,”\int” ), because
the structure of the sown area of each region
is heterogeneous. The available data from stati-
stic reports concerning the production of agri-
cultural crops in different regions are grouped
in the following main types of crops:

- grains and legumes;

- technical culture;

- potatoes, vegetable-melon crops;

- forage crops.

Each of these groups has its own crops and
the highest possible average annual yield. For
example, the yield of the potato and vegetable-
-melon crops, according to the statistics, is 4-6
times higher than the yield of the grain and le-
guminous crops, provided that the other con-
ditions are equal (tonnes / ha). Therefore, if in
one region a cultivated area in the first type of
crop which occupies the largest share, and in
another area its the second type of crop, com-
paring them with each other in terms of an ave-
rage yield is incorrect.

In this study, calculating the intensive load
factor k_(i,"\int” ) is offered, primarily to carry
out the procedure of yield rate normalization
for each group of crops separately. To do this
we offer conventional symbols. Let the matrix
of acreage be S, the volume of crop production
be Q, and productivity be Y, the calculations are
as follows:

G1m Yir Yz - Yim
ol I 3)
qnm Yni Ynz - Yam

where sij, gij Ta yij — accordingly, sown area, the volume of crop production and average yield of j-th of crops

and the i-th region.

The columns of considered matrices charac-
terize the value of targets in each area for j-th
groups of crops. Matrix lines - value targets for
each group of crops in i- th region.

Matrix S and Q are incoming and are formed
according to the annual state statistical repor-
ting. Accordingly, the matrix Y elements are cal-
culated based on the following formula:

Yy = @: (4)

sij
For the next calculation of the integral indi-
cator crop development in each area, we per-
form normalization of matrix Y elements, using
the following formula:
Yij (5)

max(y;)’

}Ti].=

That is, first we find the maximum yield va-
lue for each column of the matrix Y, and then
divide on them each element of the matrix. The
result is a matrix of normalized yield values Y,
where for each j-th group of crops normaliza-
tion was done separately. That is, each column
of the matrix Y takes values from 0 to 1. Mo-
reover, the normative value 1 is the region with
the highest yield in Ukraine from this group of
plants. So we neutralize the fact that different
groups of crops have different values of the ma-
ximum yield, and therefore the area with diffe-
rent structure of acreage could not be compa-
red with each other.

Then, the intensive load factor k_(i,”\int” )
according to a weighted arithmetic mean for-
mula takes the form:
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where ns;; - the proportion of cultivated area j-
th crop and a i-th region.
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Substituting formula (2) and (6) (1), we get
the final view of the integral index of the plant
industry development in the i-th region:

= Sill L , 7
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Depending on the values we can perform a
ranking of the regions of Ukraine in terms of
crop development considering the extensive
and intensive factors; thus:

- on the one hand, the indicator assesses the
level of acreage usage which is in our posses-
sion;

- on the other hand, the indicator also takes
into account the efficiency of their use due to
the reduced weighted average yield.

Using the method of integral estimation of
crop development, we will make an appropria-
te ranking of Ukraine regions according to the
area of sown crops in Ukraine, and calculate
the value of the extensive load factors, i.e the
percentage of agricultural land usage. This
coefficient fluctuates within a range between
47.33% (Zakarpattia Oblast) and 93.39%
(Kirovohrad Oblast). Ukraine’s average percen-
tage of agricultural land use is 78%.

The extensive load factor on a territorial
basis is not proportional due, primarily, to the
differences in climatic conditions, existing in-
frastructure, financial resources and material,
technical equipment of agricultural enterpri-
ses. At the same time many regions of Ukraine
have significant reserves to improveme the in-
dicator. Among them there are such areas as:
Zakarpattia Oblast, Luhansk Oblast, Lviv Ob-
last, Volyn Oblast[ Zhytomyr Oblast, Chernihiv
Oblast, Chernivtsi Oblast, Rivne Oblast etc. The
percentage of using their farmland does not ex-
ceed 70%.

The leaders of using the agricultural
land are Mykolaiv Oblast, Vinnytsia Oblast,
Dnipropetrovsk Oblast, Cherkasy Oblast, Polta-
va Oblast and Kirovohrad Oblast with the index
exceeding 88%.

The elements of the matrix Y have been cal-
culated according to the formula 4 in Table. 1.

In addition, table 1 shows, the maximum avera-
ge yield for each group of crops, which are ne-
cessary for the normalization procedure.

As can be seen, the average yield in Ukraine,
the maximum and minimum yield in areas for
different crops are as follows:

- grains and legumes - 4.31 tonnes / ha to
6.2 tons / ha in Sumy region and 2.73 tonnes /
ha in the Zaporozhye region;

- technical cultures - 3.33 tons / ha against
10.63 tonnes / ha in Ternopil region and 0.72
tonnes / ha in Kherson region;

- potatoes, vegetables and melons -
18.83 tonnes / ha against 23.56 tonnes / ha in
the Khmelnitsky region and 11.19 tonnes / ha
in the Luhansk region.

These data show that the maximum yields
per hectare for different crops are in northwe-
stern Ukraine, and the reduced productivity -
in the southeastern part of the country. This is
because the South-East of Ukraine belongs to
the zone of risky agriculture, primarily because
of the high probability of dry weather and lack
of irrigation of agricultural land. In addition,
the zone of the antiterrorist operation in the
Luhansk and Donetsk regions also adversely
affect the agricultural development of these
areas.

To calculate the intensive load factors, nor-
malized values of the yield were found together
with the proportion of cultivated areas of the
j-th type of crops in the i-th region. Within each
crop, the indicator can take the values from 0
to 1. Based on the calculation of the normalized
value of the maximum yield for each crop, they
have been brought to a comparable form.
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Table 1: Average crop yields in 2014 in areas, tonnes / he

Including
Oblast of Ukraine glr:égfnir;d technical crops ll))(l);zgghv:]ge‘i(t;; forage crops
Ukraine 4.31 3.33 18.83 13.22
Vinnytsia Oblast 6.03 7.54 21.00 19.15
Volyn Oblast 3.81 9.51 17.72 8.65
Dnipropetrovsk Oblast 2.83 1.73 16.21 10.46
Donetsk Oblastf 3.32 1.72 15.40 9.22
Zhytomyr Oblast/ 5.07 3.66 22.05 10.24
Zakarpattia Oblast 3.85 1.11 2211 5.91
Zaporizhia Oblaslf 2.73 1.29 15.01 7.87
Ivano-Frankivsk Oblast 4.80 3.74 16.02 10.97
Kiev Oblast 5.97 4.66 19.86 15.39
Kirovohrad Oblast 4.34 2.35 13.34 13.42
Luhansk Oblasﬂ 2.97 1.53 11.19 4,99
Lviv Oblast 4.68 8.94 19.14 9.73
Mykolaiv Oblast/ 3.02 1.70 19.32 11.19
Odessa Oblast 3.09 1.82 17.36 11.56
Poltava Oblast 5.06 4.52 21.24 18.13
Rivne Oblast 4.72 6.48 20.42 10.72
Sumy Oblast 6.20 1.88 21.44 18.88
Ternopil Oblast 5.48 10.63 21.59 19.02
Kharkiv Oblast] 4.47 3.94 18.64 14.21
Kherson Oblast 2.79 0.72 18.00 8.43
Khmelnytskyi Oblastf 6.01 6.94 23.56 15.38
Cherkasy Oblast 5.79 3.94 16.03 19.52
Chernivtsi Oblasﬁ 5.25 1.91 21.55 10.43
Chernihiv Oblastf 5.61 2.50 19.20 14.68
Maximum productivity 6.2 10.63 23.56 19.52

Source: www.ukrstat.gov.ua.

According to the calculations, the sown area
based on the ex ample of the Vinnitsa region
was distributed as follows:

- grains and legumes - 52%;

- technical culture- 32%;

- potatoes, vegetables and melon - 8%;

- forage crops - 9%.

Finally, the integral index of crop develop-
ment has been calculated in each area; tab. 2:

According to this integral indicator, the au-
thors have carried out a procedure of ranging
areas, column (5). Better values correspond
with lower ranks, and vice versa.

As we can see, among the leaders in the de-
velopment of crop in Ukraine are the Vinnyt-
sia, Ternopil and Cherkasy region. At the same
time, Lugansk, Zaporozhye and Kherson re-
gions have the worst indicators of value, com-
pared to other regions.

In addition, table 2 contains the data on the
average value of factors for the entire Ukraine.
These values of factors may make a starting
point of reference for the classification of areas
according to the development of crop produc-
tion. A graphic idea of this may be obtained
from figure 1.
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Table 1: Average crop yields in 2014 in areas, tonnes / he

Oblast of Ukraine Rank
1 2 3 4 5
Ukraine 0.780 0.583 0.454 -
Vinnytsia Oblast 0.883 0.885 0.781 1
Volyn Oblast 0.641 0.643 0.413 16
Dnipropetrovsk Oblast 0.886 0.376 0.333 19
Donetsk Oblasﬁ 0.750 0.413 0.310 20
Zhytomyr Oblast/ 0.646 0.641 0.414 15
Zakarpattia Oblast 0.473 0.607 0.287 21
Zaporizhia Oblast 0.763 0.321 0.245 23
Ivano-Frankivsk Oblasl{ 0.763 0.639 0.488 9
Kiev Oblast 0.763 0.765 0.584
Kirovohrad Oblast 0.934 0.476 0.444 13
Luhansk Oblast] 0.496 0.330 0.164 24
Lviv Oblast/ 0.621 0.741 0.460 12
Mykolaiv Oblast 0.882 0.390 0.343 18
Odessa Oblast 0.839 0.422 0.354 17
Poltava Oblast 0.933 0.705 0.658 4
Rivne Oblast 0.687 0.709 0.487 10
Sumy Oblast 0.754 0.766 0.577 7
Ternopil Oblast 0.831 0.920 0.765
Kharkiv Oblast] 0.793 0.620 0.492 8
Kherson Oblast] 0.806 0.337 0.272 22
Khmelnytskyi Oblast/ 0.758 0.845 0.641 5
Cherkasy Oblast/ 0.914 0.747 0.683 3
Chernivtsi Oblasﬂ 0.686 0.631 0.433 14
Chernihiv Oblast 0.649 0.731 0.475 11

Source: by the authors

The dotted line in figure 1 indicates calcula-
ted values for the whole Ukraine. Accordingly,
we can distinguish 4 sectors, which are charac-
terized by the following features:

- sector I - the most successful region in
Ukraine in terms of crop production develop-
ment. As for the indicator of using the available
agricultural land, and on the weighted norma-
lized level of productivity, the level is a higher
than the average in Ukraine. The first sector
includes: Vinnytsia, Ternopil, Cherkasy, Poltava
and Kharkiv regions. The recommendations for
the state regulation of the institutional change
is the full cooperation of market relations de-
velopment in the sphere of production, supply

and marketing of agricultural products; pre-
vent monopolization of the market and so on.

- sector II - its composition includes the
same region with high yield, Khmelnytsky, Lviv,
Sumy, Kiev, Chernigov, Rivne, Zakarpattia, Zhy-
tomyr, Volyn, Chernivtsi and Ivano-Frankivsk
regions. However, the level of usage of the exi-
sting farmland in this case is substantially infe-
rior to the average Ukraine index. This applies
particularly to Zakarpattia, Lviv, Zhytomyr and
Volyn regions. Public policy regulation in the
field of institutional changes should be focused
on attracting additional investment resources
to the industry, expansion of production and
promotion of small and medium businesses.
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Figure 1: Classification of the regions of Ukraine according to the crop growing development
Source: by the authors

- sector III - characterized by a high level of
usage of the available land resources; however,
the level of productivity is lower than the ave-
rage in Ukraine. These criteria are inherent in
Kirovograd, Odessa, Mykolaiv, Dnipropetrovsk
and Kherson regions. Particular attention sho-
uld be paid to Kherson and Dnipropetrovsk
regions, where the yield is very low. The state
policy in the sphere of agriculture should be fo-
cused primarily on the study of the causes of
the low productivity in the regions. Soil fertility
can be improved by reducing the load on the
ground efficiently using various types of fertili-
zers or changing the crops grown. However, the
problem of the crop in these areas is the lack
of efficient irrigation systems and a dry, hot cli-
mate in the summer. Households, farmers and
other private enterprises cannot solve this pro-
blem on their own because of the lack of invest-
ment expenditures and high capital investment
required. Therefore, the policy of the institutio-
nal changes at the national level should solve
this problem by involving public and private
investment, long-term development programs,
lending entities, etc.

- sector IV - the least successful region in
Ukraine for the development of crops. These
areas are inferior to other regions both in yield
and in terms of useful usage of the available
land. Among them are: Lugansk, Donetsk and
Zaporozhye regions. Such an objective state of
affairs is a reflection of the geopolitical proces-
ses taking place in recent years. Governmental
steps in institutional changes must be based

on a comprehensive development program for
agricultural development because it has all the
problems of the regions listed above for the re-
gions from sectors Il and I1I.

4. Conclusion

All in all, the article offers a presentation of
crop production regions clustering in certain
areas to determine which areas need the sta-
te aid priority, classifies the condition of each
area, formulates recommendations for the ur-
gent institutional changes at the national level.
The recommendations for state regulation of
institutional changes in the first sector are the
full cooperation of market relations develop-
ment in the sphere of production, supply and
marketing of agricultural products; prevention
of the monopolization of the market and so on.
In sector two, public policy regulation in the
field of institutional changes should be focused
on attracting additional investment resources
to the industry, expansion of production and
promotion of small and medium businesses.
In the third sector the policy of institutional
changes at the national level should solve this
problem by involving public and private invest-
ments, long-term development programs, len-
ding entities, etc. In sector four governmental
steps in institutional changes must be based
on a comprehensive development program for
agricultural development because it has all the
problems of the regions listed above for regions
from sectors Il and III.
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