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1. Introduction 
Agriculture is one of the leading sectors of the Ukrainian 

economy, however it still remains underdeveloped. After the 
implementation of land reform, Ukraine’s agricultural land re-
sembles a chessboard with an average size of land parcels 
equal to 4 ha. Such a situation is observed because of the 
socialisation of land or fair land distribution among the ru-
ral population. It is estimated that almost 63% of agricultu
ral land is used by only 5.9% of all existing farms. The latest 
analysis shows an increasing number of farms with agricultu
ral land over 10,000 ha. Since 2006, the average size of agri-
cultural enterprises has increased from 419.4 ha to 478.8 ha, 
excluding private farms with the total area to 1,289 hectares 
[1; 2]. Nevertheless, family farms with an average size of 

0.9  ha comprise 44.7% in the structure of gross agricultu
ral production in Ukraine. Despite this fact, they occupy twice 
as less of arable land than agricultural enterprises and private 
farms. Ukrainian scientists believe that the main reason why 
such a situation is observed is the fragmentation of agricul-
tural land [3-6].

2. Brief Literature Review 
An analysis of recent Ukrainian research and publica-

tions shows that V. Kilochko [7], A. Martyn [3], L. Tkachuk 
[5], A.  Tretiak [6] and A. Shvorak [8] gave consideration to 
the issues of land fragmentation regarding it to be an ob-
stacle for the efficient use of agricultural land. Foreign ex-
perience concerning land fragmentation is presented in the 
works by T. van Dijk [9], M. Hartvigsen [10], J. Januszewski 
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[11], R. King and S. Burton [12], M. McPherson [13], A. Sim-
mons [14], etc. However, today there is not a single scientific 
work by Ukrainian researchers which would comprehensive-
ly cover the indicators of land fragmentation and its impact 
on agricultural development.

3. The purpose of the article is to find out what types of 
land fragmentation present a major problem for the land use 
of agricultural enterprises in Ukraine and analyse how land 
fragmentation prevents the use of agricultural land. For this 
purpose, it is necessary to carry out three tasks: 
•	 to identify the indicators of agricultural land fragmentation; 
•	 to select metric indices for the assessment of agricultural 

land fragmentation; 
•	 to assess the level of agricultural land fragmentation by vil-

lage councils of Kharkiv and Poltava regions (two village 
councils for each of the regions).

This article deals with four types of land fragmentation: 
ownership fragmentation, internal fragmentation, land use 
fragmentation and low percentage of owner-occupancy.

4. Results
Fragmentation of land use refers to a situation when the 

number of land users, who are also tenants of the land par-
cels, shows the actual use of land. By internal fragmentation 
we understand the number of land parcels used by each land 
user. Land ownership is considered to be all land parcels used 
by one private farmer, the farmer’s family or an agricultural en-
terprise regardless of whether those land parcels are in ow
nership or leased.

R. King and S. Burton [12], M. McPherson [13], T. van Dijk 
[9] consider land fragmentation to be a situation when a se
parate farm possesses several non-contiguous land parcels, 
often scattered over a wide area, small in size and of irre
gular shape. Land fragmentation is a spatial problem relating 
to the following factors: the landholding size; the number of 
land parcels belonging to the landholding; the size of each 
land parcel; the shape of each land parcel; the spatial distri-
bution and the size distribution of land parcels [12]. Based 
on the available information relevant to the present analy-
sis of land fragmentation, we have singled out three types 
of indicators:
•	 the indicators relating to the size and number of land par-

cels;
•	 the indicators concerning the total edge and shape of land 

parcels;
•	 the indicators of the level of land fragmentation.

The indicators that characterise the size and number of 
land parcels at an agricultural enterprise or a private farm 
are the number of land parcels; the mean number of the land 
parcels per a single landowner; the mean size of a land par-
cel; the modal value of the size of land parcels; the mean 
size of land parcels per single landowner. For our research, 
we used the modal value of the size of land parcels in order 
to reflect the most widespread size of one land parcel assu
ming that the mean size of land parcels does not explain the 
actual state of land distribution without planning and carto-
graphic materials. We do not take into account the natural 
factor, since the whole study area is located in the forest-
steppe zone of Ukraine.

The edge density (ED) and shape of land parcels are im-
portant parameters affecting the efficiency of the land use in 
agriculture. In order to conduct a length analysis of the boun
daries of land parcels, we selected the edge density ratio. The 
edge density is the amount of the edge length per one unit of 
area [15] and is calculated by equation:

where, рi is the perimeter of the i land parcel and А is the 
total area of the agricultural landholding.

The shape of land parcels and the agricultural landholding 
in general are characterised by three indicators: the Shape In-
dex, the Area-weighted Mean Shape Index, the Double Log 
Fractal Dimension.

According to J. Gąsirowski [16], the Shape Index (SI) is 
calculated by means of the following equation:

where, Аi is area of the i land parcel; рi is the perimeter 
of the i land parcel. This index has values between 0 and 1, 
where 1 is the best shape represented by a circle.

The Area-weighted Mean Shape Index (AWMSI) [15] over-
comes the size dependence by comparing the perimeter and 
takes into consideration the area value of the land parcel:

where, рi represents the perimeter of the i land parcel and 
аi represents the area of the i land parcel. If AWMSI equals 1, it 
means that the land parcel is circular or square and increases 
without limit as the shape of the land parcel becomes more ir-
regular. 

The Double Log Fractal Dimension (DLFD) Index is used to 
characterise the shape of the land parcel. The fractal dimen-
sion is commonly used to measure the degree of the shape 
complexity [17-20]. DLFD equals 2 divided by the slope of re-
gression line obtained by the regressing of the logarithm of 
the land parcel area against the logarithm of the land parcel 
perimeter [15]:

DLFD approaches to 1, which indicates very simple sha
pes such as squares, and to 2, which indicates highly convo-
luted and more complex perimeters.

The fragmentation of agricultural land will be measured by 
using the Simmons Index (FI) and the Januszewski Index (K). 
The land fragmentation index developed by A. Simmons [14] 
took into account the number of the land parcels belonging to 
a farm and a relative size of each land parcel. The formula for 
this indicator is: 

where, аi is the size of the i land parcel; А is the total size 
of the farm; n is the number of the land parcels belonging to 
the farm. Obtaining a value equal to 1 indicates that the farm 
consists of only one land parcel while the values that tend to-
wards 0 indicate a high level of land fragmentation. The Sim-
mons Index becomes the Simpson Index if it is subtracted 
from 1 [21]. A higher value of this index corresponds to a high 
level of land fragmentation.

The Januszewski Index (K) [11] is similar to the Simmons 
Index and is defined as:

where, аi is the size of the i land parcel; n is the number of 
land parcels (Januszewski, 1968). This index is located within 
the range from 0 to 1. The smaller the K value is, the higher the 
degree of the land fragmentation we observe. The analysis of 
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Tab. 1: Assessment of land fragmentation based on the information obtained 
from four village councils in Poltava and Kharkiv regions 

Source: Calculated by the author

Tab. 2: Assessment of internal land fragmentation of agricultural enterprises 

Source: Calculated by the author

literature shows that Simmons’s and Januszewski’s indices are 
the most popular indices used to measure land fragmentation.

A study of the current situation related to the use of ag-
ricultural land according to the information given by four vil-
lage councils in Poltava and Kharkiv regions shows a high 
level of land fragmentation. Here, the average values of Sim-
mons’s and Januszewski’s indices are 0.003 and 0.044 re-
spectively (Table 1). One landowner has on the average 
slightly more than one land parcel. Firstly, it is due to the 
method of sharing the land and the procedure for distribu-
tion of agricultural land in physical parcels among landow
ners (the rural population). Each landowner could receive 
two land parcels with the sum of the normative monetary 
value of the land, which does not exceed the average value 
of the land share at the farm. Secondly, it is possible to in-
herit agricultural land parcels. Thirdly, while distributing land 
parcels, they can be demarcated as a single array (area) at 
the request of the persons who become owners of two or 
more land parcels. However, according to the results of the 
study, such cases are very few (Table 1).

The mean and the modal values of the size of land par-
cels are different because the size land parcels depends on 
soil quality and the total number of persons who became ow
ners of land parcels during the distribution of agricultural land 
in physical parcels. The maximum size of land parcels is pre-
sented by the owners who cultivate their land.

It is necessary to carry out a research concerning the 
level of land use fragmentation and the internal land frag-

mentation of the agricultural landholdings because these 
types of fragmentation influence the agricultural produc-
tion. For this reason, we have selected ten indicators which 
are calculated separately for each agricultural enterprise. 
They are the total area of the agricultural farm; the number 
of land parcels; the modal value of the size of land parcels; 
the Area-weighted Mean Shape Index; the Double Log Frac-
tal Dimension; the Shape Index; the Januszewski Index; the 
Simmons Index; the edge density of land parcels and the 
boundary length of the agricultural farm.

On average, only 3% is presented by the owners who cul-
tivate their land, other land owners (77%) do not cultivate their 
land parcels themselves and lease land (Table 2). This means 
that the landholding of agricultural enterprises consists of a 
great number of land parcels, and therefore the coefficient 
of the edge density is quite important. Thus, in each of the 
studied village councils there are agricultural monopolists that 
lease land parcels of more than 200 landowners (Prydniprian-
ske, Klymivka and Zarozhne village councils). Seven hundred 
landowners lease their land to Kachalivske LLC in Kachalivka 
village. It is common for all regions of Ukraine when private 
farmers and agricultural enterprises (companies) do not culti-
vate the land they own but lease it.

The land parcels of agricultural enterprises have a sim-
ple rectangular configuration as evidenced from the value of 
the Shape Index by Gąsirowski and the Area-weighted Mean 
Shape Index. Thus, the overall shape of agricultural enterpri
ses is rather simple. However, the Double Log Fractal Dimen-

sion for the private farm Dariy, Dobrobut 
LLC and the private company Yarmola is 
2.3642, 2.9028 and 7.9175 respective-
ly, which exceeds the acceptable va
lues. This indicates that the aforemen-
tioned agricultural enterprises consist of 
the several scattered land parcels. The 
larger the distance, the greater the fac-
tor value is.

Simmons’s and Januszewski’s land 
fragmentation indices prove a high level 
of internal fragmentation at all agricultu
ral enterprises except private farms and 
individual farmers. Such results have 
been obtained because the land use of 
private farms and family farms consist of 
one or two land parcels. The edge den-
sity factors of the land parcels of agricul-
tural enterprises are quite high and are 
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237.08 on average. However, due to the relevant land lease 
relations, the edge density coefficient of agricultural enter-
prises decreased by almost 6 times and it makes 55.38 on 
average. This is a result of regular development of land lease 
relations.

If the edge density index of agricultural enterprises does 
not change significantly. It means that land ownership of such 
enterprises consists of several scattered landholdings. For 
example, the edge density index for the private agricultural 
company Yarmola, if compared with the edge density index 
of the land parcels belonging to a farm, has decreased only 
by 1.17 times due to the land lease. This once again proves 
a high value of the Double Log Fractal Dimension for this pri-
vate company.

The reduction of the edge density index is primarily caused 
by the fact that the borders of the land parcels in the vast ma-
jority of cases are not fixed by the boundary marks, thus the 
boundary between the neighbouring land parcels is not ob-
served. Consequently, people have received legal documents 
confirming their right to the land parcel, but they do not know 
where the boundaries of the land parcel are and where the 
parcel is located. This is despite the fact that there is a corre-
sponding technical land surveying documentation related to 
the demarcation of the boundaries of land parcels, and that 
the land boundaries are fixed in the State Acts on private land 
ownership. Thus, the distribution of agricultural land among 
the rural population in physical parcels was only on the map 
or in the project land surveying documentation.

Another point is that land management projects concer
ning the arrangement of the land shares promoted the crea-
tion of a network of field roads in order to provide access to 
every land parcel (demarcated land parcel) and shelterbelts 
that still remain in collective ownership. Yet, these networks 
of field roads and shelterbelts have not been demarcated by 
the boundary marks as well. There is a situation when the pro-
jected land for the field roads and shelterbelts are not in pri-
vate ownership of the owners of land parcels, thus they are 
considered to be land reserve or the reserve fund of the vil-
lage council.

Today, most of these projected field roads and shelter-
belts continue to be used by the tenants of the land parcels as 
the land parcels that are systematically cultivated under agri-
cultural crops or pure steam, including the crops of perennial 
herbs in the fields of crop rotation with the term use specified 
in accordance with the lease agreements.

Summing up the above-stated, one can say that there is 
a number of unresolved issues concerning the projected field 
roads and shelterbelts. They are as follows:
•	 the legal status of the land under the projected field roads 

and shelterbelts has not been determined yet;
•	 the items concerning the collective ownership, which in-

cludes the projected field roads and shelterbelts, have not 
been regulated as there is no collective ownership in the 
legislation in force;

•	 there is no legal and regulatory framework concerning the 
procedure of leasing the land under the projected field 
roads and shelterbelts;

•	 the tenants have to illegally cultivate the land of the projec
ted field roads and shelterbelts;

•	 almost all the projected field roads and shelterbelts are 
ploughed;

•	 the state regulatory authorities impose a penalty to the te
nants who cultivate the projected field roads and shelter-
belts without a proper legal basis, and the tenants have 
problems with tax authorities because they use land with-
out any legal documents.

Thus, the legislation in force does not fully regulate le-
gal relations regarding the use of «virtual» network of field 
roads and shelterbelts and fees for using them. This means 
that the tenants do not pay the land tax and rent for using 
such land - they use land free of charge. Thus, according to 
the preliminary calculations as to the area of such unrecor
ded land, the project field roads and shelterbelts in the study 
area are as follows: 19 ha in Prydniprianske village in Ko
beliaky district of Poltava region, 20 ha in Klymivka village 

in Karlivka district of Poltava region, is 22 ha in Zarozhne 
village in Chuhuiv district of Kharkiv region and 18 ha in 
Kachalivka village in Krasnokutsk district of Kharkiv region. 
The areas of unrecorded agricultural land may be larger due 
to the availability of land parcels through the dead heritage 
(the absentee landowners).

Therefore, the missing of boundary markers and the «in-
visible» demarcation of land parcels, the projected field roads 
and shelterbelts allowed reducing the edge density index due 
to the excessive lease by combining a large number of land 
parcels in one landholding in such a way to, thereby, eliminate 
the problem of fragmentation of agricultural land.

The overwhelming majority of agricultural enterprises have 
access to agricultural land due to a simplified procedure of 
registration of land lease agreements. The introduction of em-
phyteusis to fight land fragmentation has led to the capture of 
farmland by the big capital and to the concentration of exces-
sive economic power in agriculture within the corporate farms 
(agroholdings).

Today, one of the major problems in Ukraine related to 
the use of agricultural land is that landowners, according to 
their economic status, have in fact turned to be «rentiers», i.e. 
people receiving their income from the lease of their land pro
perty; they are those who are not personally involved in the 
management of their assets or agricultural activities. The role 
of the «rentier» is considered in scientific literature in different 
ways. For example, Th. Veblen believed that rentiers para-
sitised on the real production, whereas N. Bukharin [22] em-
phasised the role of this group in the development of a cre
dit economy in his famous book «The Political Economy of 
the Rentier».

The described phenomenon is rather negative in the mo
dern conditions of the land tenure in Ukraine because it proves 
the general inefficiency of agricultural land ownership formed 
during the implementation of land reform. Further evolution of 
the «rentiers» in Ukraine will lead to the alienation of land from 
the owner because land ceases to be a working place for ru-
ral residents and their families [23]. This only stimulates further 
gradual «dying» of rural areas.

5. Conclusions 
The analysis of the studied area shows that the disper-

sion, the edge density, the number of land owners and par-
cels, the small size and the shape of land parcels are not re-
lated to the problem of fragmentation of agricultural land in 
the studied areas. Thus, we can confidently conclude that 
the internal fragmentation of agricultural land is not observed 
within the studied areas due to excessive lease of agricultu
ral land and due to the «invisible» boundaries of land parcels, 
projected field roads and shelterbelts. The existing fragmen-
tation of land ownership and land use exists only on the map 
and in legal documents, which, owing to regular development 
of land lease relations, does not present a major problem for 
the use of land by agricultural enterprises in Ukraine.

We believe that the existence of the so called virtual type 
of the Ukrainian land fragmentation could be in favour of large 
agricultural enterprises and corporate companies, because 
they are able to produce unaccounted «shadow» harvest of 
agricultural crops and, therefore, illegal income.

It is difficult to accept ideas expressed by M. Hartvigsen 
[24], who notes that distribution of agricultural land in physical 
parcels as the basis of the land reform in Ukraine has led to 
the excessive fragmentation of land. It means there is a large 
overlap between the agricultural land ownership and the land 
use because most land is cultivated by the owners of small 
family farms and land lease is not common.

Our research produces a different result. There is a lit-
tle overlap between the ownership and the land use. For 
example, Kachalivske LLC in Kachalivka village of Krasno-
kutsk district of Kharkiv region cultivates only 10% of its 
own land. The distribution of agricultural land to the rural 
population contributes to effective development of large ag-
ricultural enterprises and corporate companies (agrohol-
dings) in Ukraine. The main reasons why such a situation 
is observed is that a lot of people became owners of land 
parcels without being asking about their willingness to own 
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land; many landowners are not able or do not want to culti-
vate their own land parcels themselves (pensioners, city re
sidents who have inherited the land, etc.); physical bounda-
ries of land parcels are missing and the land lease in Ukraine 
is excessive. Nowadays, the main problem for Ukraine is the 
presence of one of the four types of land fragmentation de-
scribed by T. van Dijk [9], which is the discrepancy between 
land ownership and land use.

Therefore, the land fragmentation in Ukraine is landow
ners’ problem as they are often in a situation of monopsony 
with only one or two lessee and the dominating local agricul-
tural enterprise which can be a unit of the corporate compa-

ny or agroholding. This is a result of the absence of the formal 
agricultural land market and the establishment of a weak and 
malfunctioning land lease market. The moratorium on agricul-
tural land sell is extended until 2018.

In our view, land fragmentation has a negative impact 
on other spheres such as protection of land property rights, 
access to credit, attraction of long-term investments, infra-
structure development, land protection and may lead to in-
appropriate land use, increasing transaction costs associa
ted with the transfer of ownership of land parcels, the alie
nation of agricultural land. These issues remain subjects for 
further research. 
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