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Abstract: Population growth, economic globalization and the launch of market economy instruments
have become the main triggers for processes related to the anthropogenization of space. According to
Organisation for Economic Co-operation and Development (OECD) statistics, the developed area
indication tripled in the last 25 years. Humans keep appropriating more natural and semi-natural
areas, which entails specific social, economic and environmental consequences. Provisions in some
countries’ laws and some economic factors encourage investors to engage in urbanization. The authors
of this study noticed a research gap in the analysis of suburban areas in this topic. Our research
aimed to analyze the conversion of plots of land used for agricultural purposes into urbanized
land in the city’s suburban zone, in areas of high landscape and natural value. We focused on the
analysis of geodetic and legal divisions of plots of land and analyzed the conditions of plots of land
“ex ante” and “ex post” and the changes in their values. To achieve the research objective, we used
Corine Land Cover (CLC) data for various time intervals, orthophotomaps (using the Web Map
Service browsing service compliant with Open Geospatial Consortium standards), cadastral data,
administrative decisions, data from the real estate market, spatial analyses and statistical modeling
(linear, non-linear and stepwise regression). In general, the CLC data resolution enables analysis at
regional or national levels. We used them innovatively at the local level because CLC data allowed us
to notice the development of the area over time. Detailed research confirmed that, in the studied area,
the conversion of agricultural land into developed areas results from economic factors. The division
procedure increases the plot value by about 10%. However, the effects of uncontrolled urbanization,
which we are currently dealing with, generate long term social and economic losses, difficulties in the
labour market and may become a barrier to development.
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1. Introduction

The turn of the 21st century was a period of accelerated antropogenization of space, mostly related
to the emergence of scattered suburban development [1]. This phenomenon is associated with the
globalization of the economy, launching market economy instruments [2–4] and speculative pressure
on real estate markets [5]. These ongoing changes may pose a threat to areas with special natural
values [6–9], resulting in a decrease in the surface of semi-natural areas. According to Organisation for
Economic Co-operation and Development (OECD) statistics, the average developed area factor has
tripled over the last 25 years (see Figure 1 for 40 countries in the world).
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Figure 1. Average percentage increase in developed surface area between 1990 and 2014 in the 40 most
developed countries of the world. Source: own study [10].

According to Prus [11], changes in land use in Poland in the last two decades affected 2.4% of
the country’s surface area. At such a change rate, in 100 years, approximately 1/5 of Poland’s surface
area may change its land cover type into non-agricultural land. Other post-socialist countries, such as
Slovakia [12] or Belarus [13], are facing a similar problem.

Urbanization processes cause increased spatial changes [14] most often in the immediate vicinity
and in the sphere of influence of an urban center. If transport infrastructure and public transport are
sufficiently developed, rural areas adjacent to urban centers actively participate in the socio-economic
life of the nearby city. As a result of the close cooperation of these areas, natural development processes
occur, which consist of reducing the dissonances between them and making villages more similar to
towns and cities. This requires a targeted organization of space to harmoniously meet social, economic,
functional, environmental, cultural, compositional and aesthetic needs. The less it is controlled, e.g.,
with spatial planning, the more damage it causes in the area. This is related to issuing development
decisions for almost every site, which leads to its dispersion and overwhelming urban chaos [15–17].
Scattered development generates further consequences, such as chaos in transport [18], the overloading
of poorly developed transport routes leading to city centers, chaos in technical infrastructure [19,20],
the poor provision of utilities, high costs of living and household upkeep [21], an increase in air pollution
due to the excessive number of cars most often only transporting the driver, deterioration in the health of
residents (stress related to commuting, the development of traffic-related diseases) and the development
of monofunctional areas. Recent years have also seen another problem related to the suburbanization of
so-called “shrinking cities” (cities that have experienced a notable population loss), as a result of which,
authorities face problems with the development of depopulated urban spaces [22]. According to a report
issued by the University of California, Berkley, 130 cities have disappeared from the world map since
2010 [23]. These obstacles do not deter potential investors from purchasing agricultural land for conversion,
as they see it as a business opportunity. There are also some positive aspects of suburbanization [24], as it
allows for the realization of the “dream of living in a suburban area” [25], makes it possible to purchase
land at lower prices than in city centers [26] and avoid conurbation zones [27]. Moreover, citizens can live
a more secure life due to lower crime levels [28] and optimize real estate tax. The latter argument only
applies to economies where real estate tax is based on property value (market, rent, capital). This is the case
for most European countries, such as Belgium, the Netherlands, France, Sweden, Norway, etc. However,
there is a group of countries where taxation is still based on the area and use method, e.g., in Bulgaria,
the Czech Republic, Slovakia and Poland [29–32], due to which, property tax is similar in suburban and
urban areas.

Thus, economic factors have a particular impact on the increase in demand for plots located in
suburban zones and result in the development of this housing function. As a consequence, there are
legal and administrative procedures implemented to transform agricultural land into land suitable for
development. The division of the plot is one of these procedures. The division procedure affects the
formation of the internal spatial layout of the land and, at the same time, determines the conditions
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of the development and the aesthetic and landscape values of the countryside. In some markets,
the division of a plot may also generate financial benefits for the owner. This usually occurs for three
reasons. Firstly, smaller plots require less capital to be invested. Secondly, the prices of plots of sizes
allowing for development are more attractive in relation to the prices of plots without such an option
(e.g., too large a surface area). Thirdly, the location has a very significant impact, as the value of
individual plots decreases with increasing distance from the city center and deteriorating transport
options [33]. The closer the divided plots are to the city limits, the more attractive and valuable they
become in the eyes of investors. Good location and the planning of the boundaries of the plots to
be divided may also contribute to the reduction of spatial expansion [34–36] into agricultural areas,
and thus to the reduction in interference with the natural environment and the improvement of the
quality of life of the society living in such areas. However, some authors point out that it is difficult to
plan development areas, taking into account the protection of the environmental values of rural areas
and allowing for the surface expansion of the suburban city zones [33]. Urban sprawl will always
result in land consumption [37]. However, it can be limited [38] through the use of available tools for
the optimal division of plots.

This research aims to analyze the conversion of agricultural land use into developed land.
For this purpose, we used Corine Land Cover data, orthophotomaps and cadastral data as tools for
the economic assessment of plots. In general, the CLC data resolution enables analysis at regional
or national levels. We used them innovatively at the local level, with the support of other sources of
information. CLC data allowed us to notice the development of the area over time. The analysis of
only an orthophotomap and cadastral data is very difficult and time-consuming. Meanwhile, CLC data
allow us to quickly identify the area where rapid changes are taking place. This orientation of the
use of CLC data makes them interdisciplinary. The world consists of microlocations. By analyzing
phenomena and processes occurring in one microlocation, we can find similar relationships in other
microlocations. This manuscript focuses on analyses of one real estate market (Stawiguda commune),
because changes occur more rapidly in this location than in others. This change could only be confirmed
by analyzing CLC data.

The selected microlocation was analysed using modeling of the impact of individual attributes
(area of the “ex ante” plot: Xarea, access to the plot: Xaccess to the plot, provision of utilities: Xutilities,
number of border points/plot shape: Xshape, number of “ex post” plots: Xnumber) on the value of the
plot before division (“ex ante”) and after division (“ex post”). We proposed a non-linear model to
determine the increase in the parcel value resulting exclusively from the administrative and legal
procedure of division, based on the difference between the parcel attributes in “ex post” and “ex ante”
conditions. We studied suburban areas of the neighboring city.

This article is divided into several sections. After the introduction, in Section 1 presents the
characteristics of the plot division procedures based on current laws. Section 2 presents the research
area and the information sources used to select the locations for the study (Corine Land Cover data
and orthophotomaps meeting the standards of the Open Geospatial Consortium). Section 3 describes
the research process step-by-step together with the methods used. In Section 4, the research results are
presented together with a discussion. The last section (Section 5) summarizes the analyses.

Background and Related Research

Anthropological pressure on agricultural land forces the expansion of the boundaries of urbanized
areas, which results in more and more land being allocated for development. An urban center has
a strong impact on rural areas in terms of land use. These areas are most often converted [39] into
housing estates and traffic areas. This process results in the necessity to divide the land plots into
smaller plots [40] and to change the land use from agricultural to building areas. The concept of
“plot division” has not been defined in Polish law. Many authors dealing with this issue specify that
the purpose of plot division is to create at least two new ones, within the boundaries of the existing
plot, which may then become independent objects of sale (or other forms of ownership transfer) on
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the real estate market [41,42]. The art and craft of plot division requires technical skills, imagination
and creativity, as well as compliance with legal rules and engineering practice. A land division
design must meet modern requirements. When the land is divided into plots, streets, schools and
parks, utility provision facilities are created shortly after and the pattern of the original division is
unlikely to change. Thus, the division of land has far-reaching consequences. Many of the problems
currently faced by communities living in rural areas, such as narrow roads, lack of space for sidewalks,
traffic congestion, street noise and parks and schools being in the wrong place, can be directly attributed
to how plots were originally divided [43,44]. Low profitability in agricultural areas is also attributed to
an incorrect division of plots and their excessive dispersion [45,46].

Generally, a description of four procedures resulting in parcel division can be found in the literature
and in legal regulations: (1) surveying division, (2) legal (civil) division, (3) mortgage-accounting
division and (4) so-called “useable” division.

The surveying division (1) consists of the actual separation of a larger number of registered plots
from the originally registered plot under the control of the current owner/perpetual usufructuary
(in Poland, the right of perpetual usufruct is granted for 40–90 years, it is granted for consideration
and is transferable within the limits of possible real estate use, thus almost to the ownership right).
In the future, this type of division will enable the trading of individual plots of land to different entities.
Without the cadastral separation of a part of the real estate, it cannot be separated and entered in a
separate land and mortgage register [47].

Legal (civil) division (2) consists of legal actions resulting in the creation of new real estate. It is a
consequence of a previous surveying division. The essence of the legal division lies in changing the
subject, i.e., as a result of a sale, the acquisition of a part of real estate by way of prescription or the
acquisition of a part of real estate by virtue of law, exchange, donation, etc. A legal division in the
context of Article 96(3) [48] can be made without surveying division usually preceding it. This applies
to a situation when plots within one piece of real estate already have a separate designation in the
cadastre and thus this type of division does not require any administrative decision.

A mortgage-accounting division (3) is only the process of separating a part of the real estate (if it
consists of several plots of land with a separate number in the real estate cadastre) from the existing
land and mortgage register. For such a plot, a new land and mortgage register is created or it is attached
to another, already existing one [49].

The useable division (4) only serves the purpose of determining the manner of use. It does
not result in any changes to the subject matter plot. This type of plot division involves a physical
determination of the scope of use of the shared property by co-owners or perpetual usufructuaries, e.g.,
by building a fence dividing the property/lot into parts. This type of division may actually become
the reason for the surveying division as part of the update of cadastral data [49]. Figure 2 presents a
breakdown of real estate division types; the mortgage-accounting division has not been distinguished
as it is part of the legal (civil) and surveying division, which is shown by arrows pointing in a specific
direction in the diagram.
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In this research, we focused on surveying divisions and their economic consequences, as they
are the greatest incentive for changing the intended use of land from agricultural to urbanized.
The (surveying) plot divisions may be carried out in accordance with three procedures. The type (A)
procedure is followed when the division results from the zoning plan (the legislation provides a few
exceptions to this rule) [48]. The type (B) procedure, the so-called simplified procedure, is launched
when no updated zoning plan is available for the analyzed area [51]. However, the type (C) procedure
provides for plot divisions being carried out based on a court decision.

In type (A) divisions, the method of division is strictly conditioned by the provisions of the local
zoning plan, in particular, the surface area, shape or direction of the boundaries. If the procedure of
type (B) is followed, only the surface area range of the new plot being created (not less than 0.3000 ha)
is legally imposed, with the remaining parcel attributes being freely defined. The division according
to the procedure of type (B) often disturbs the architectural, urban planning and landscape forms of
development found in the area [52] and has a negative impact on the quality of farming space [46].
Counteracting such unfavorable phenomena is very difficult with the current legal conditions and
growing demand for land located in suburban areas.

The division of type (C) is carried out autonomously, i.e., the competent executive body of the
municipality does not need to issue a decision approving the division. If the division depends on
the findings included in the local zoning plan, and if there is no such plan, the court may consult the
commune head (mayor) without observing the form of a decision. Surveying divisions of type (A) or
(B) are based on the court’s ruling. This is also the case for making entries in the land and mortgage
register and updating data in the real estate cadastre.

2. Research Area

The research covered an area (Stawiguda commune) directly adjacent to the city of Olsztyn,
Warmia and Mazury Region, Poland (see Figure 3). The Warsaw–Olsztyn–Bezledy route runs through
the commune. It is one of the most important routes in this region, which affects the economic and social
development of the commune. Part of the Olsztyn city bypass crosses the commune. The surface area of
the commune is 225.52 km2. The structure of land use [53] is as follows: agricultural land: 4960 ha; forest,
wooded and bushy land: 12,670 ha; developed and urbanized land: 1024 ha; land covered by water:
3172 ha. A population of 9860 lives in 29 villages of the studied commune [53]. The annual income of the
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commune exceeds PLN 81.2 million with the income from housing and land management accounting
for 2.5% of this amount. The Olsztyn City Functional Area largely influences the socio-economic
situation of the commune, together with demographic and labor market changes. The commune fulfils
the objectives of the Olsztyn agglomeration and the so-called Warmia–Mazury tigers (areas requiring
strategic intervention due to their development potential). All of the localities located within the
studied commune were included in our research: Bartąg, Bartążek, Dorotowo, Gągławki, Gryźliny,
Kręsk, Majdy, Miodówko, Pluski, Ruś, Rybaki, Stawiguda, Tomaszkowo, Wymój, Zezuj, Owczarnia,
Zazdrość, Grada, Zielonowo, Klekotowo, Łański Piec, Ustrych, Muchorowo, Jełguń, Sójka, Ćwikielnia,
Kieruj, Zarośle, Stawiguda settlement.
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3. Materials and Methods

3.1. Materials

The data for research were obtained from various sources. In the initial phase, we compared
data from Corine Land Cover (CLC) from 2006, 2012 and 2018 to identify areas where land divisions
occurred. The inventory was initiated in 1985 by the European Environment Agency (EEA). The main
data sources for CLC include satellite images from Landsat 7, IRS and the SPOT 4 satellite, as well
as aerial photographs and topographic maps. The CLC consists of a land cover inventory organized
hierarchically into three levels. The first level includes five main categories of land cover forms,
namely: anthropogenic land, agricultural land, forest and semi-natural land, wetlands and water.
The second level distinguishes 15 forms of land cover, which can be presented on maps at a scale of
1:500,000 to 1:1,000,000. The third level includes 44 forms. The CLC uses a minimum mapping unit
(MMU) of 25 hectares for areal phenomena and a minimum width of 100 m for linear phenomena.
Time series are completed with change layers that use five-hectare MMUs to highlight changes in
land cover. Different MMUs mean that the change layer has a higher resolution than the basic layer.
Most countries produce CLC through the visual interpretation of high-resolution satellite images
and in situ data, satellite image processing, GIS integration and generalisation [55,56]. The analysis
of CLC data allowed for obtaining information on locations where there has been a change in use
from natural or semi-natural use (according to the CLC nomenclature, 2.1.1.: arable land out of the
range of irrigation equipment; 3.1.1.: meadows, pastures; 2.4.2.: complex cultivation patterns; 2.4.3.:
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predominantly agricultural land with a high proportion of natural vegetation; 3.1.3.: mixed forests)
to anthropogenic developed areas (1.1.2.: housing estates). The data were used to determine the
general location of changes in use, which translates into selecting villages or parts of villages where
such changes occurred (due to the size of the minimum mapping area). Figure 4 shows the CLC data
from (a) 2006, (b) 2012 and (c) 2018 on the left and the corresponding archive orthophotomap (a’),
(b’) and (c’) [54–56] to the right. The area for analysis was searched by comparing the state of the
area in CLC over time intervals. Figure 4a–c show an example in Tomaszkowo in 2006, where the
area was marked “arable land” (2.1.1., yellow color), and in 2018 “housing estate” (1.1.2., red color)
and “construction sites’” (1.3.3., purple color). There was a significant development of the residential
function, which consequently gives an indication that divisions of plots of land have been made in
this location.
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The following research step included collecting data on the division decisions issued by the
relevant administrative bodies in the Stawiguda commune. Information was collected on issued
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decisions approving land divisions (division according to procedure A, description in the Background
section) and preliminary drafts of plot division (division according to procedure B, description in the
Background section). The information about the conducted proceedings (administrative decisions),
access to archive orthophotos and the use of QGIS software (Time Manager tool) all enabled further
detailed analysis of plots in “ex ante” and “ex post” conditions. To eliminate from the base real estate
what was divided for such purposes as, e.g., the regulation of land parcel boundaries, the allotment
of a road, railway line, airport, flood protection structures, etc., we examined the condition of each
plot. This type of administrative division proceeding is subject to expropriation procedures for public
purposes and was not subject to our analysis.

Data on transaction prices on the local market for real estate that were similar to examined pieces
in the “ex ante” condition (large plots) and “ex post” condition (small plots) were then collected.
Each transaction was analyzed and described with GIS tools and data from Geoportal [54] and MSIPMO
(acronym MSIPMO—Miejski System Informacji Przestrzennej Miasta Olsztyn) [57] (internet portal
providing public access to updated reference spatial databases of Olsztyn and to data of public registers
related to the city’s spatial management). The Geoportal enables combining spatial datasets provided
by different administration units into a coherent entity, available in electronic form via Geoportal,
a service based on an interactive engine for map searching with tools for finding and analyzing spatial
data [54]. The scope of the Geoportal project encompasses activities in the area of implementing and
maintaining the Infrastructure for Spatial Information in the European Community (INSPIRE) services
and their national and sector broker. The Municipal Spatial Information System of the City of Olsztyn
(MSIPMO, Miejski System Informacji Przestrzennej Miasta Olsztyn) is an online information system.
The system allows for implementing new public services through an electronic spatial information
database. It also provides public access to updated reference spatial databases of Olsztyn and to data
of public registers related to the city’s spatial management. MSIPMO’s task is to manage, collect,
process and share “spatial information” for all authorized system users [57].

Both databases are based on the implementation of the Web Map Service (WMS) to create and
share spatial data in raster format using QGIS. The data result from the implementation of the
INSPIRE directive [58,59] in Poland and is made available according to Open Geospatial Consortium
(OGC) standards.

Transactions, of both those corresponding to the “ex ante” and “ex post” conditions, were selected
for the research and located using the ULDK tool (Usługa Lokalizacji Działek Katastralnych–Cadastral
Location Service). We obtained the description of the technical condition of the “ex ante” plots using
the aggregate function, thanks to which the parcel boundaries were restored to their original condition
(to the state before division). With the field calculator tool and the $area function, we updated the
attribute table with the “ex post” plot surface area. Using the SQL query language, we developed
an algorithm that attributed ratings for particular attributes of sold properties, such as plot surface
area (Xarea), access to the plot (Xaccess to the plot), provision of utilities (Xutilities), number of boundary
points/plot shape (Xshape) and number of “ex post” plots (Xnumber). Figure 5 presents an example of the
process of obtaining information about the Xarea (Figure 5a), Xaccess (Figure 5b) and Xshape (Figure 5c)
attributes. The database, created in this way, was used for further analysis.
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3.2. Research Methodology

We divided the methodological procedure into several stages:
Stage 1: First, we collected the necessary data from CLC [55,56], MSIMPO [57] and Geoportal [54]

and we used it to determine the research area. We compared CLC data [55,56] and cadastral layers [54,57]
for two time periods, i.e., 2000 and 2018. For this purpose, we searched for areas where the land use
changed from natural or semi-natural (2.1.1; 2.3.1; 2.4.2; 2.4.3; 3.1.3) to urbanized (112: housing estates).

Stage 2: Next, we obtained data on plot divisions and a database of plot sales prices, which were
used for further analyses.

Stage 3: We described the facilities using GIS tools and the data available in the OGC standard.
We created a database of sold properties and described it using GIS (QGis) tools, the SQL query
language and available databases, meeting OGC standards [54–56].
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Stage 4: We calculated the change trend, taking into account the time and surface attributes
(Formulas (1) and (2)). Regression enabled the modeling of relationships between two or more
variables [60,61] according to Equation (1):

Y = a0 + a1X1 + ε (1)

where:
Y—dependent variable (value of the plot)
a0, a1—fixed parameters of the model
X1—independent variable (time)
ε—random component of the model.
The value change factor, taking into account the passage of time [60], was calculated according to

Equation (2):

r =
a1

a0
∗ 100% (2)

where:
r—time trend
a0, a1—fixed parameters of the regression model.
Stage 5: We updated the plot value for “ex ante” and “ex post” conditions at a given moment in

time. The progression index (PI), taking into account the flow of time for the surface area range of the
examined plots, was determined by Equation (3):

∆w = wex post −wex ante (3)

where:
∆w—increase in the value of the “ex post” plot
wex post—value of the “ex post” plot
wex ante—value of the “ex ante” plot.
Stage 6: We determined the stepwise regression models [62] for the selection of the attributes and

determined their weight for the “ex ante” and “ex post” conditions according to Equation (4):

Yex ante/ex post = a0 + a1X1 + . . .+ aiXi (4)

where:
Yex ante/ex post—dependent variable (value of the plot)
X1—independent variable
a0—free term
a1, ai—model parameters, coefficients determined with the least square method.
The calculation of weights for the “ex ante” and “ex post” conditions using standardized regression

coefficients [63,64] was done according to Equation (5):

β =
aisx

sy
(5)

where:
β—standarized regression coefficient
ai—parameter of the regression function
sx—standard deviation of the independent variable
sy—standard deviation of the dependent variable.
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Stage 7: We created a non-linear model and simulation of the “ex post” plot value based on the
“ex ante” value and found the difference in the attributes in the “ex ante” and “ex post” conditions
(the attributes are presented in Table 1) according to Equation (6):

wex post = wex ante(1 + a1v1 + a2v2 + a3v3 + a4v4 + a5v5) (6)

where:
wex post—value of the plot after division
wex ante—value of the plot before division
ai—parameter of the regression function
vi—i-th indepenedent variable (difference in the explanatory variable in the “ex ante” and

“ex post” conditions).

Table 1. Basic statistics of the data of the model together with the attribute descriptions.

Attribute Description Aver. Min. Max.

Xarea

Surface area of the “ex ante” plot [m2]
[1—above 10,000 m2; 2—4500 m2 to 9 999 m2;

3—2500 m2 to 4499 m2; 4—up to 2499 m2]
1.9948 0.0237 31.6709

Xaccess

Access to the plot
[1—no access (ground easement); 2—direct access to

a public road, unpaved (ground) road; 3—direct
access to a public road, paved road (destruct, other

types of paving, but not tarmac); 4—direct access to a
public road, paved road, tarmac in good condition]

2.00 1.00 4.00

Xutilities

Provision of utilities
[1—no utilities provided; 2—electricity, water supply
within reach; 3—electricity, water supply, sewerage

system; 4—all utilities, electricity, water supply,
sewerage, gas, etc.]

2.00 1.00 4.00

Xshape

Number of border points/plot shape
[1—irregular arrangement of the plot boundaries,

more than 11 border points; 2—irregular or
significantly elongated shape, max. 11 border points;

3—regular arrangement of the borders,
max. 7 border points; 4—regular arrangement of the

borders, max. 5 border points]

10.13 4.00 22.00

Xnumber

Number of “ex post” plots
[1–2 plots “ex post”; 2–3 to 4 plots “ex post”; 3–5 to

10 plots “ex post”; 4–above 10 plots “ex post”]
5.24 2.00 45.00

QGIS 3.12.0 “Bucures, ti” and Statistica v.13.1 were used for data analysis.

The final stage of the research included the formulation of a non-linear model, based on the
plot value in the “ex ante” condition and the difference in condition attributes for the “ex ante” and
“ex post” plots. The model allowed us to forecast plot value after division (in the “ex post” condition).

STAGE 8: We verified the estimated values based on market observations.

4. Result and Discussion

Analyses of CLC data supported by orthophotomap and cadastral data for twopoints in time
(2000 and 2018) showed that the largest changes in the conversion of agricultural land to developed
land occurred in the municipality of Stawiguda. There are 29 villages in this location, which is a
suburban area of the city of Olsztyn (Warmia and Mazury). Most areas were located in the villages of
Stawiguda, Tomaszkowo and Bartąg.

The results of this analysis provide an answer to the question of where to perform a deeper
analysis and look for decisions on approving plot divisions (see Figure 3).
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In the Stawiguda commune, 74 decisions approving the division of plots were issued in
the 2015–2018 period (see Table 2). Their number peaked in 2016 (36) and fell in 2018 (4).
Seventy-five percent of the plot divisions were made to re-sell them, 10% were to regulate the
plot boundaries between neighbors and 13% were to divide co-ownership, while the remaining 2%
included divisions to achieve public goals (e.g., road construction). The total area of all the divided
plots was 145,6173 ha. The minimum surface area of a plot before the surveying division (“ex ante”)
was 0.0237 ha and the largest was 31.6709 ha (with a mean of 1.9948 ha). The division of 75 “ex ante”
plots gave 393 “ex post” plots. The smallest plot after the division procedure (“ex post”) had an area
of 0.0007 ha and the largest 9.8056 ha (with a mean of 0.3744 ha). Most often, plots were divided
into two to three new plots with an area of 500–1000 m2. The surface area of 189 “ex post” plots was
less than 0.5000 ha, 146 plots had an area of 0.5000–1.0000 ha, 42 plots 1.0000–2.0000 ha, nine plots
2.0000–4.0000 ha and seven plots were larger than 4.0000 ha.

Table 2. Description of analyzed data.

Characteristic Description

Number of analyzed decisions 74
Period 2015–2018

Number of analyzed “ex ante” plots 75
Number of analyzed “ex post” plots 393

Maximum area of “ex ante” plots 31.6709 ha
Minimum area of “ex ante” plots 0.0237 ha
Minimum area of “ex post” plots 0.0007 ha
Maximum area of “ex post” plots 9.8056 ha

A downward trend in the unit price was observed, along with an increase in the plot area
(see Figure 6A). Similar relationships were observed for other real estate markets [61]. Therefore,
the examined group of facilities was divided into two area ranges, the first one up to 5000 m2

(see Figure 6B), the second exceeding 5000 m2 (see Figure 6c).
Plots with an area above 5000 m2 are characterized by a slower price increase than plots with

an area up to 5000 m2. Smaller plots exhibited a price increase almost twice as high (0.77%) as plots
with a larger surface area (0.39%). The value progression index for “ex ante” plots ranged between a
maximum of 16.11% and a minimum of 3.0% (with a mean of 9.75%).

The weight of attributes determining the plot value was estimated based on two models for
each of the analyzed conditions, i.e., “ex ante” (see Table 3) and “ex post” (see Table 4). Both models
explained between 50% and 70% of the total variance in the dependent variable (see Tables 3 and 4).
In the “ex ante” condition, there were two attributes with the greatest influence on the plot value:
its area (Xarea) with influence at the level of 63% and access to the plot (Xaccess) whose influence was
estimated at the level of about 23%.

Generally, the buyers of plots intended for development are more willing to purchase smaller
plots and are willing to pay more for those plots (as converted per unit of surface area) than for plots
with a larger surface area. Similar tendencies are observed in real estate markets near other Polish
cities [65]. The implementation of development projects requires large areas [66] and this depends on
the scale of the project. The other important attribute (Xaccess) is related to access to a public road and
the quality of the road surface. Polish law allows for the development and operation of new housing
investments without the obligation to build and pave the road. This particularly applies to suburban
areas. The cost of building a road is usually borne by the commune once it takes over/acquires land
for the road. This does not mean that the situation is not beneficial for the commune. Once the
investment is completed (construction of a house), the tax on the developed property is much higher
than the tax on agricultural land as it results from the Polish model based on surface area and manner
of land use [31,67,68]. This is one of the reasons why the authorities are interested in the citizens
investing in the commune area and approve of such investments. The last three attributes, Xutilities,
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Xshape and Xnumber (provision of utilities, plot shape and the number of “ex post” plots), are statistically
insignificant and have only a marginal influence on the plot value in the “ex ante” condition.
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Figure 6. (a) Relationship between surface area and price in the examined real estate. (b) Relationship
between plot area (up to 5000 m2) and time interval. (c) Relationship between plot area (above 5000 m2)
and time interval. Source: own study. Legend: KOD—the time interval covering the number of months
from real estate transactions to the time of the analysis.
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Table 3. Modeling results for determining the weight of individual attributes for the “ex ante”
plot condition.

Independent Variable Coefficient b Sdev. t-Student P Beta Weight [%]

Const. 44.6056 24.4938 1.8211 0.0900
Xarea 14.5846 4.1933 3.4781 0.0037 0.5620 63.21

Xaccess 9.9540 5.1916 1.9173 0.0758 0.2010 22.61
Xutilities −3.8256 2.8933 −1.3222 0.2072 0.0672 7.56
Xshape −4.2461 4.4158 −0.9616 0.3526 0.0382 4.30

Xnumber −12.5049 18.7966 −0.6653 0.5166 0.0207 2.33
R 0.7017

Adjusted R2 0.4924

Table 4. Modeling results for determining the weight of individual attributes for the “ex post” condition.

Independent Variable Coefficient b Sdev. t-Student P Beta Weight [%]

Const. −1.3821 48.8204 −0.0283 0.9778
X’area 26.6204 10.0904 2.6382 0.0194 0.2623 28.15

X’access 10.3894 4.7656 2.1800 0.0468 0.2347 25.19
X’utilities −5.1383 3.7042 −1.3871 0.1871 0.0786 8.44
X’shape 3.1433 5.3739 0.5849 0.5679 0.0134 1.44

X’number −21.2665 7.8755 −2.7003 0.0172 0.3443 36.78
R 0.7148

Adjusted R2 0.5110

For “ex post” plots (Table 4) the attributes influence the value differently than in the “ex ante”
condition. A statistically important feature, with significant weight, is plot surface area (X’area), with its
influence estimated at 28%, and access to the plot (X’access), with its influence estimated at 25%. At this
stage of research, another feature was revealed, i.e., the number of plots created after division (X’number).
Our model showed that this feature is statistically significant, with its estimated impact weight at
almost 37% (see Table 4). This relationship shows that the larger the number of plots after division,
the lower their unit value. This trend is linked to the incentive for prospective buyers to invest in
newly allotted areas. The most effective method is to reduce the unit price for a plot or group of plots
in a given location.

The remaining attributes, X’utilities (provision of utilities) and X’shape (plot shape),
proved statistically insignificant and had an impact of 8.44% and 1.44%, respectively, on the prices of
plots in the “ex post” condition.

The insignificant influence of the X’utilities and X’shape attributes is understandable. Newly allotted
“ex post” plots with extremely uncomfortable and irregular geometric boundaries are very rare.
Designing the boundaries of new plots requires maintaining the required distance from neighboring
buildings. Polish law allows for constructing a building on a plot if the distance between it and the
plot boundary is at least 4 m for walls with windows or 3 m for a wall without windows [69,70].
Such requirements force the designer (surveyor) to plan optimal plot shapes in local conditions.
A figure close to a quadrilateral mostly meets such requirements. In this situation, the shape of the
plots (X’shape) does not have a significant impact, as shown by the dependencies in the model. When it
comes to utility provision (X/X’utilities), it was similar for both “ex post” and “ex ante” conditions.
A comparison of the weights of the plot characteristics for both “ex post” and “ex ante” conditions is
presented in Figure 7.
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Figure 7. Comparison of the weights of attributes for plots in “ex ante” and “ex post” conditions.

The proposed model accounted for cases in which the division of the plot had a positive or zero
impact on the plot value in the “ex post” condition. The negative impact was most often observed for
divisions made for public purposes (e.g., road construction, etc.). The model is characterized by a high
determination coefficient (R2 = 0.98), which means that all predictors explain more than 98% of the
variability of the dependent variable (increases in value resulting from the plot division). Estimates are
presented in Table 5.

Table 5. Modeling results for the non-linear model.

Non-Linear Model

Independent Variable Coefficient Sdev. t-Student P Upper Confidence Interval Lower Confidence Interval

Xarea −0.0576 0.0234 −2.4553 0.0437 −0.1128 −0.0021
Xaccess −0.0538 0.0123 −4.3487 0.0033 −0.0831 −0.0245
Xutilities −0.0146 0.0082 −1.7698 0.1200 −0.0341 0.0049
Xshape 0.0461 0.0193 2.3911 0.0480 0.0005 0.0916

Xnumber 0.1111 0.0282 3.9337 0.0056 0.0443 0.1779
R 0.9861

Alpha 0.050

The non-linear model based on the increase in the plot value resulting from the division of the
plot was compared to the observed values. The determined differences range from −10.82% to +18.42%
(see Figure 8). This model was well reproduced by market trends.

The analysis of the results of the study indicates that owners of large plots of land located
in suburban zones are willing to divide them to convert land used for agriculture into land for
development. This process is effective from an economic point of view. The division procedure
increases the plot value by about 10% (see Figure 8), with the remaining attributes being the same.
Other authors [71,72] also observed such a phenomenon. They claim that agricultural land is being
transformed into residential areas or production/service spaces. Owners of large plots are eager to
divide them and they find buyers for them. The popularity of such locations results from, among other
reasons, lower land costs, the possibility of buying larger plots of land than would be the case in city
centers and easier access to natural areas.

The legal conditions that have been in force for more than a decade, concerning, among other
things, the process of plot division, have become one of the reasons for the spatial management
crisis in Poland, which has exacerbated the urban planning chaos. This phenomenon is extremely
unfavorable from many points of view. Figure 9 presents a comparison of the suburban zone of Łódź
in Poland (a), exhibiting urban planning chaos, and a city with a similar population, i.e., Cologne in
Germany (b). Figure 9a presents the area around the city of Łódź (Poland), where the development
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of the suburban area is dispersed. Picture (b) shows the area around the city of Cologne (Germany),
where the suburbanization zone is developing in a targeted and focused way.Remote Sens. 2020, 12, x FOR PEER REVIEW  16 of 22 
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Allowing for the erection of individual buildings or their small clusters at a considerable distance
from the existing developments and technical infrastructure, which is the case in Poland, is perceived by
many specialists as unfavorably affecting society, the environment and the economy. Urban planning
chaos hinders budget planning in local government units (communes) and leads to a growing deficit
in public finances, as the society, living in such dispersed locations, exerts pressure on local authorities
to include road and utility provision investments in their budgets [73,74]. As a rule, such investments
weigh heavily on the commune budget and, at the same time, only satisfy the needs of a small
social group. It is not possible to meet even minimum traffic and service standards due to the high
costs, which are many times higher than with well-planned and concentrated development. The lack
of a land development program and the easy division of plots deteriorates the spatial order in a
given commune with respect to space division into areas homogeneous in terms of use and the
development of floodplains. The homogeneity of the existing forms of development and urban and
architectural systems [16] is also disturbed. Chaos negatively affects the quality of life of the inhabitants,
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causing social problems, such as growing pathologies, alienation, the disappearance of social bonds,
frustration and conflicts. It also contributes to a decrease in physical activity [75] and an increase in the
incidence of cardiovascular and overweight-related diseases [76]. An intensification of the negative
effects of anthropopressure on the natural environment is observed in such areas. The development
disturbs the functioning of open spaces, areas used for agriculture [77,78] and locations attractive in
terms of landscape, aesthetics and nature, which leads to the destruction of ecological systems [79]
and the defragmentation of natural systems, i.e., ecological corridors and green wedges. Chaos in
development also weakens the competitiveness of Polish metropolises in comparison with others in
Europe and worldwide [16].

Despite the destructive impact on society, the economy and the environment, the chaotic
development of suburban zones continues, with the process of plot division and the conversion of
agricultural land into development land greatly contributing to it. Not only is it legally sanctioned,
but also, as confirmed by research, it is economically viable for the landowners. The created non-linear
model based on plot value in the “ex ante” condition and the difference between property attributes
in “ex ante” and “ex post” conditions showed that the plot value forecast for the “ex post” condition
corresponds to observations made of the real estate market.

The research has its methodological limitations. First of all, the analyses were based on a relatively
small database. However, this resulted from the assumptions made at the very beginning. The plots
in the “ex ante” conditions were selected for the possibility of confronting it with the the “ex post”
condition. This means that in the analyzed real estate market, the analyed location needed to include
both large plots undergoing the division process and small plots that were already divided and sold.
Such a coherence was very difficult to achieve, but the use and comparison of CLC data from different
time intervals proved an invaluable source of information and largely accelerated the selection process.

In general, the CLC data resolution enables analysis at regional or national levels. We used them
innovatively at the local level, with the support of orthophotomaps and cadastral data. The world
consists of microlocations. By analyzing the phenomena and processes occurring in one microlocation,
we can find similar relationships in other microlocations.

Many phenomena take place in different locations and have already been observed by humans
before, but difficulties resulting from the impossibility of quickly locating the research area and
observing the condition of space over several years or decades often made their analysis impossible.
Nowadays, thanks to the growing number of available images of CLC data, it is possible to analyze the
human–procedure–space relationship over time.

5. Conclusions

The process of conversion of agricultural land to developed land is inevitable as the population
grows. Humans permanently put natural and semi-natural areas under pressure, adapting them to
their needs. We focus solely on economic benefits without paying attention to a wide range of side
effects. The results of this research show the following detailed conclusions:

(a) the use of currently available CLC, geoportal and MSIPMO data for various time intervals and GIS
tools allow for the analysis of agricultural land conversion in the direction of development use;

(b) the analysis of statistical models confirms that the conversion of land from agricultural to
development use is economically viable for property owners (about 10%);

(c) current legal conditions in the studied area are conducive to the conversion process,
which consequently creates urban chaos.

Uncontrolled urbanization generates growing social and economic losses, reduces the level and
effectiveness of investments, hinders the functioning of the labour market and becomes an increasing
barrier to development. We thus need to think about how to slow down or stop this process. Otherwise,
we risk leaving the next generations with a difficult legacy because poorly planned living spaces are a
permanent element and, for this reason, they are the most difficult to eradicate. For the authorities,



www.manaraa.com

Remote Sens. 2020, 12, 2325 18 of 21

the most urgent task is mastering the chaotic urbanization processes. The actual needs and development
possibilities of the communes and the interests of individual citizens should determine the size of the
investment areas.
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życiu społeczno-gospodarczym. In Studia Nad Chaosem Przestrzennym, Cz.2, Koszty Chaosu Przestrzennego;
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Przestrzennego w Polsce; KPZK: Warszawa, Poland, 2018; pp. 229–238.

21. Thompson, D. Suburban sprawl: Exposing hidden costs, identifying, innovations. In Sustainable Prosperity;
University of Ottawa: Ottawa, ON, Canada, 2013.

22. Williams, T. Blighted Cities Prefer: Razing to Rebuilding. New York Times. Available online:
https://www.nytimes.com/2013/11/12/us/blighted-cities-prefer-razing-to-rebuilding.html (accessed on
15 March 2020).

23. Anderson, M.W. Dissolving cities. Yale Law J. 2012, 121, 1364–1446.
24. Silva, C. The rural lands of urban sprawl: Institutional changes and suburban rurality in Santiago de Chile.

Asian Geogr. 2019, 1–28. Available online: https://www.tandfonline.com/doi/abs/10.1080/10225706.2019.
1701505 (accessed on 15 March 2020). [CrossRef]

25. Ekers, M.; Hamel, P.; Keil, R. Governing suburbia: Modalities and mechanisms of suburban governance.
Reg. Stud. 2012, 46, 405–422. [CrossRef]

26. Mattingly, K.; Morrissey, J. Housing, and transport expenditure: Socio-spatial indicators of affordability in
Auckland. Cities 2014, 38, 69–83. [CrossRef]

27. Kassa, F. Conurbation and Urban Sprawl in Africa: The case of the City of Addis Ababa. Ghana J. Geogr.
2013, 5, 73–89.

28. Zhang, R.; Pu, L.; Zhu, M. Impacts of transportation arteries on land use patterns in urban-rural fringe:
A comparative gradient analysis of Qixia District, Nanjing City, China. Chin. Geogr. Sci. 2013, 23, 378–388.
[CrossRef]

29. Firlej, C.; Firlej, K.A. Porównanie Systemów Opodatkowania Nieruchomosci w Unii Europejskiej (Comparison of
Property Taxation Systems in the EU); Institute of World Economics: Krakow, Poland, 2014; Available online:
https://depot.ceon.pl/handle/123456789/7545?show=full (accessed on 15 May 2020).

30. Marona, B. System opodatkowania nieruchomości w Polsce na tle rozwiązań w wybranych krajach
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