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Summary

Land use conversion is a dynamic process that occurs all over the world. The scale of this process 
is global, and depends on related driving forces. There are numerous case studies of land use 
changes but only a few synthesise the results. 
The aim of the study is to analyse historical land use conversions in two villages located in peri-
urban areas of the city of Kraków, and in particular, to indicate the directions of these changes 
associated with the distance of the given village to Kraków. The examples of two villages were 
selected so as to indicate the direction of changes in the immediate vicinity of the city as well as 
in a zone further outside the city. The aim is also to present a possible approach to monitoring 
the long-term development of these areas.
As regards Poland, the expansion of urban pattern of land development outside the administra-
tive boundaries of cities results in direct interference in agricultural production space, and not 
infrequently in areas having particular natural and cultural values. This is also the case within 
the zone of the direct impact of the city of Kraków on areas located to the south of the urban 
agglomeration. The article confirms that the changes involve the conversion of agricultural ar-
eas into built-up and urbanised areas. Nevertheless, the study results indicate an unexpected 
increase in the area of wasteland in close vicinity of the city, despite soil conditions being favour-
able to pursuing agricultural activities. It is a  long-term study, which considers precise maps 
showing land use structure. It is the first step towards designing multi-scale studies that would 
consider land use changes in the neighbourhood of metropolitan areas.
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1.	 Introduction	

Land uses change because they are the result of consecutive reorganisation of the land 
in order to adapt it to the changing societal demands [Antrop 2005]. In a recent study 
on land use conversion in a more urbanised part of Poland, we can consider three main 
trends of the illustrated changes, which are: urbanisation, agriculture changes, and green-
ing [Hersperger and Bürgi 2009, Seto et al. 2011, van Vliet et al. 2015]. Different trends 

B. Prus, A. Nowak

http://dx.doi.org/10.15576/GLL/2019.4.93

GLL
Geomatics, Landmanagement and Landscape No. 4 • 2019, 93–107



B. Prus, A. Nowak94

GLL No. 4 • 2019

of land use changes are varying in different regions, which results from both the natural 
environment and the anthropogenic determinants [Lambin and Geist 2006, Robinson 
et al. 2014]. The nature and the cultural heritage of the region are threatened by recent 
social and economic transformations, which have triggered widespread land use changes. 
This is particularly the case in the location where two policies clash – namely, biodiversity 
protection and the expansive urbanisation process [van Asselen et al. 2013].

Studies into and analyses of land uses in the first half of the 19th century indicate 
that Southern Poland, and in particular the historical region of Galicia (which covers, 
inter alia, the area of the current Małopolska region), had been an agricultural land for 
centuries, with arable land accounting for 43.1% of the area of all farmlands in 1842. 
During seven subsequent decades, the share of arable land increased by further 5.4% 
at the expense of forests whose share decreased from 31.5% in 1842 to 25.7% in 1913 
[Poławski 2009]. In the structure of land use in Southern Poland at the beginning of 
the 21st century, the following can be distinguished: 36.8% of forests, 31.5% of arable 
land, 11.7% of meadows, 6.1% of pastures, 0.8% of orchards and gardens, and 13% of 
remaining farmlands [Angiel and Pietrzak 2009]. Studies confirm that in the second 
half of the last century there was a significant increase in the surface of forest areas, 
housing estates, and transport areas [Affek 2016, Starkel et al. 2007].

The 20th century is called the age of urbanisation, which currently is among the most 
noticeable processes. At the beginning of the 20th century, only 8% of the population 
worldwide still lived in towns and cities, with the remaining part living in villages. In 
mid-20th century, the percentage of urban population worldwide increased to 29% and 
in 1990 it amounted to 45%, while in the 21st century more people live in urban than 
in rural areas [Szymańska 2009]. The increase in the urban population and the devel-
opment of urban pressure results in the establishment of large urban agglomerations, 
which take over increasingly greater areas of agricultural production space. Numerous 
studies confirm changes in land use, which take place in areas located in the immediate 
vicinity of cities [Bański 2008, Heffner 2015, Cegielska et al. 2017]. These areas are 
subject to increasing urban pressure, and this is where the suburbanisation phenom-
enon is most evident [Springer 2013]. What is more, peri-urban areas in Europe are 
growing four times faster than urban areas, and as Piorr et al. (2011) states, their total 
area of 48,000 km2 will be doubled in 30–50 years.

In Europe, research into historical changes in land use is based inter alia on the 
cartographic part of the so-called Franciscan Cadastre [Harvey et al. 2014] established 
in the first half of the 19th century for the Austrian Empire, and then for the Austro-
Hungarian Empire [Lisek and Navratil 2014]. Cadastral maps covered the entire 
Austro-Hungarian Empire [Kain and Baigent 1992] with an area of more than 500,000 
square kilometres [Krausmann 2003]. Cadastral maps provide opportunities for histor-
ical and geographical analyses of land use changes in many European countries, and 
they remain a detailed source of historical information about the landscape structure 
in the 19th and 20th centuries [Harvey et al. 2014]. 

Cadastral maps compiled for the area of Galicia were mainly scaled 1 : 2880, 
whereas in the case of big cities such as Kraków the scale 1 : 1440 was applied. A unit 
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of measurement of the maps scaled 1 : 2880 was the Viennese fathom (in  German: 
Klafter), whereas the Austrian morgen (in German: Joch) was the area unit (40 Austrian 
fathoms in the field were equal to 1 inch on the map). The content of cadastral maps 
is extremely detailed and precise, as it includes about 50 designations together with 
standards and colour scheme. Therefore, it can determine exactly the land cover (with-
out topography), the land use and kind of development, the type of roads, the material 
used for the construction of architectural objects, the types of crops cultivated, and the 
type of forests i.e. everything that was significant for the amount of calculated taxes 
[Zachariasz 2012, Fuchs et al. 2015]. Historical analyses in these cases are possible 
because the appropriate and ample Austro-Hungarian cadastral maps were available, 
and because the taxation areal units delineated in these maps are similar or comparable 
to newer sources [Harvey et al. 2014].

Changes in land use are parallel to changes both in the potential of the environment 
– in Poland, the latter is defined as a reserve of natural resources with an appropriate 
structure and quality, which are available in a particular area – and in the stability of 
natural conditions determining the intensity of self-regulation of ecosystems and the 
resistance of the environment to anthropogenic pressure [The Act 2001].

In the article, we aim to analyse the direction of land use changes for two objects 
situated in the zones (one closer, and the other more distant) under the impact of 
Kraków, the capital city of the Małopolska region. The proposed method will enable 
the identification of the degree, rate, direction, and nature of these changes. We 
chose our study area with a view to examining to what extent changes in land use 
are determined by the proximity to the city of Kraków. Case study research at the 
local level is needed in order to foster a place-based culture. This local-level study is 
highly specific in its context (as it concerns peri-urban areas), the actors (developers, 
individuals – on the one hand, farm owners, on the other hand potential buyers who 
intend to buy a house, a service establishment, or a sales facility), the main processes 
(a conflict of interest at the interface of the city and countryside), and the scale of 
changes (which occur more rapidly following Poland’s accession to the EU) [Bürgi et 
al. 2004, Fischer et al. 2011].

An analysis of the present-day land use structure against the historical data provides 
the data required for the assessment of the economic aspects of land use patterns, and 
it enables the identification of the need for possible changes in the spatial planning 
process [Kim and Pauleit 2007]. Research into land use changes in peri-urban areas 
can contribute to an assessment of the directions of future development in the vicinity 
of metropolitan cities.

2.	 Material	and	methods	

2.1.	Study	area	

The analysis of land use changes is presented using an example of two villages situ-
ated in the vicinity of the city of Kraków (Fig. 1). The villages selected for the analysis, 
namely Mogilany and Libertów, are located to the south of Kraków, in the municipal-
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ity of Mogilany. The villages were so selected for their location in the zones located 
increasingly further from the city.

Source: Authors’ own study

Fig. 1. Location of the case study objects Libertów and Mogilany relative to Kraków

The analysis involved the comparison of land use in the villages situated periphe-
rally in relation to Kraków. The first of the analysed objects covered the cadastral 
municipality of Libertów. Currently, the village immediately neighbours the city of 
Kraków. According to a description from the nineteenth century, the village had been 
situated approx. 4.6 km away from Mogilany. According to the entries in the historical 
Dictionary, at the end of the nineteenth century, the village of Libertów covered the 
area of 709 morgens, and had the population of 550 people [Sulimierski et al. 1881]. 

The distance of the second study object, namely the village of Mogilany, from the 
current southern administrative boundaries of Kraków is 4  km. According to nine-
teenth-century descriptions, this is one of the oldest settlements in Poland. At the end 
of the 19th century, the distance from Kraków was 12 km as the crow flies. The popula-
tion of Mogilany was 1397, and its area was 1394 morgens [Sulimierski et al. 1881].

In the study presented herein, a  largely empirical but also a  descriptive approach 
was followed. The main sources for reconstructing the land use and its history were 
the Franciscan cadastral maps compiled for the area of the former Austro-Hungarian 
Empire, and the Topographic Object Databases known as BDOT10k as of 2016. Among 
other things, BDOT10k includes in its content units of administrative division, trans-
portation network, buildings (their location and functions), and complexes of land use. 
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The research was carried out using the QGIS software and geoprocessing tools as well as 
data management tools (a combination of attributes according to the location). For the 
calculations of basic statistics in particular localities, the Group Stats plugin was used.

Table 1. The characteristics of the study objects in the second half of the 19th century

Village Libertów Mogilany

Distance from Kraków 7.4 km from Kraków (approx. 
4.6 km away from Mogilany)

12 km from Kraków as the 
crow flies

Population in 1880 550 1397

Area in morgens (1 morgen = 0.56 ha) 709 morgens 1394 morgens

Location characteristics on an undulating area on a hill with a height of 
396 m ASL

Area of farmland (in morgens)

498 arable land
112 meadows and gardens
50 pastures
49 forests

883 arable land
167 meadows and gardens
135 pastures
209 forests

Number of houses approx. 90 approx. 230

Source: Authors’ own study based on Sulimierski et al. [1881]

Source: National Archive in Krakow, https://szukajwarchiwach.pl/

Fig. 2. Map of Franciscan Cadastre, 156 Dorf Libiertów (Libertów) in Galizien Wadowicer 
Kreis, from the unit with the reference number 29/280/0/9.1/1195 
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Historical data i.e. the scanned cadastral maps were made available by the National 
Archives in Kraków, and were accessed via the http://szukajwarchiwach.pl website. 
Maps were provided in file format .tif, with the resolution of 600 dpi. The original, 
historical map was manually drawn on a scale of 1 to 2880. The maps for Libertów and 
Mogilany were compiled in 1845.

The acquired scanned copies of cadastral maps for the analysed villages (see Fig. 2)
were calibrated, then the target coordinate system was determined [ETRS 2180], and 
the parcels (land plots) were converted manually into vector format, with a number 
and the type of farmland determined for each of them. The definitions of the types of 
farmland (and the corresponding key) were adopted in accordance with the guidelines 
of the Instructions prepared for the purpose of compiling cadastral maps in the Austro-
Hungarian Empire [Instructions 1824]. The differences in thematic classes between 
historical maps and BDOT10k were homogenised by simplifying all land uses into 
nine comparable categories of land use which include: built-up areas, forests, mead-
ows, pastures, arable land, wasteland, roads, water areas, and orchards. The thematic 
consistency of land use categories is a crucial step in an analysis of long-term land use 
changes involving comparisons [Petit and Lambin 2002]. 

Two vector layers were obtained for each of the villages under analysis, which 
showed the status as of 1848 and 2016. Within the Libertów area, 705 objects (parcels) 
with a total area of 375.28 ha were vectorised. As regards Mogilany, 2670 objects with 
an area of 848.27 ha were subjected to vectorisation. Due to the low value of error, the 
noted discrepancies (between the course of administrative boundaries in the mid-19th 
century and the current status) have no significant impact on the results of the analysis. 
The layers thus developed were used for analyses, spatial inquiries, and matrix prod-
ucts. 

Graphical spatial representations were created using binary change maps by 
highlighting those areas that had undergone changes from one period to another. 
A primary (qualitative) tool in the analysis of a time series of maps is a simple visual 
comparison. It can be complemented by a secondary tool, leading to the creation of 
new maps, which quantitatively highlight the changes that have occurred over time. 
For the specific time period, a binary change map was generated, which indicated the 
changes. Quantitative data relating to land-use surface areas were processed using 
the binary change index [e.g. van Eetvelde and Käyhkö 2009], which is obtained from 
the following formula:

 BCI NCH CH
NCH CH

= −
+

 (1)

where NCH% and CH% represent the areas which remained unchanged and changed, 
respectively, during the studied period. The binary change index varies linearly, and 
its indices range from −1 (radical change) to +1 (no change) [Pătru-Stupariu et al. 
2011].
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3.	 Results	and	discussion	

The spatial analysis demonstrated that all the villages under analysis in the mid-19th 
century were typically agricultural areas. We were able to confirm that land cultivation 
was a part of the culture of this region [Poławski 2009]. The farmlands were an essen-
tial component of land cover, and their share amounted to 88.4% for Libertów, 80.3% 
for Mogilany (Fig. 3). The areas under wooden buildings in the 19th century covered 
a small surface i.e. approx. 0.8% in all villages under analysis (Fig. 3 – on the left side).

Source: Authors’ own study

Fig. 3. Transition maps of land-use changes in the studied objects of Libertów and Mogilany 
between the mid-19th century and 2016

Having carried out an assessment of the general direction of changes during the 
period of 1845–2016 in the analysed villages, we were able to conclude that they have 
lost their agricultural nature after having been subjected to significant changes in land  
use. Currently, the farmlands (arable land and grassland) only account for 30.4% of the
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total area in Libertów, and for 27.5% in Mogilany (Table 2). The difference in the area 
of farmland, calculated between the mid-19th century and the current status (2016), 
amounts to 58.0% for Libertów, and 52.7% for Mogilany. At present, within the area of 
the analysed villages, built-up areas have a significant share (see Fig. 3, Table 2), and 
these percentages range from 21.0% for Mogilany to as much as 37.6% for Libertów. In 
the area under analysis, the percentage of forests increased to 21.7% in Libertów, and 
to 26.2% in Mogilany. Changes in land use are also noticeable for roads and wasteland. 
The percentage of wasteland increased significantly in Mogilany – from 1% in the mid-
19th century to 21.1% in 2016; whereas in Libertów, the area of wasteland increased by 
5.1%. Having analysed changes in land use within the studied objects, we noticed that 
changes did not occur in a uniform way, which is clearly visible during a comparative 
analysis of land use maps from the periods under study for the built-up areas.

In the first of the analysed objects (Libertów), changes affected a large part of the 
village, and the built-up areas occupied the space on both sides of roads. The second 
object (Mogilany) is also an area of extensive changes, but the housing development 
has taken a more fragmented form, as the individual changes are smaller in terms of 
the surface area (Fig. 4).

Source: Authors’ own study

Fig. 4. Binary maps of land use changes in Libertów and Mogilany between 1845 and 2016

Object 1 (Libertów ) Object 2 (Mogilany)

0 500 1000 m 0 500 1000 m

No changes
With changes

During the period under study, very dynamic changes were observed in the land use 
of the analysed objects, which is represented in the developed binary change maps (see 
Fig. 4, blue colour indicates the land use changes). Changes in land use covered an area 
of 77% of Libertów, and 70% of Mogilany. Binary change index for Libertów takes value 
of –0.542. This parameter calculated for Mogilany amounts to –0.396. This confirms 
that great changes in land use occurred in the area of Libertów i.e. the village located 
closest to the city of Kraków. Significant changes were also noted in the Mogilany area, 
located approx. 6 km away from Kraków towards the south. The highest rate of change 
for the analysed objects occurred within the area size of arable land and grassland (see 
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Fig. 5). In Libertów, more than 20% of arable land was converted into built-up areas, 
while over 10% turned into wasteland.

A similar situation occurred in Mogilany, as arable land was converted, inter alia, 
into built-up areas (over 10%) or grassland (over 10%) (Fig. 5).

Source: Authors’ own study

Fig. 5. Directions of land use changes in the analysed objects from the years 1845 (T1) and 2016 
(T2). The range of changes is represented by different arrow thicknesses 
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Historical changes in land use in Southern Poland are typified by varying level of 
activity. Due to the fact that this region used to be an area with a low economic poten-
tial and very high population density, changes in the land use over the 19th century and 
in the following years proceeded very slowly. After the Second World War, during the 
Communist era, the use of land did not change dynamically either due to the low level 
of nationalisation of agricultural farms, or the low percentage of accumulated land in 
Southern Poland [Bański 2008, Poławski 2009, Affek 2016]. In the new socioeconomic 
reality post 1989, the agricultural area came under pressure from other sectors of the 
economy that were in need of new land for development [Bański 2017]. Since the time 
of political transformations in Poland and its accession to the European Union, changes 
in land use have also progressed very dynamically.

The process of changes and the land use conversion is clearly visible in agricultural 
areas directly adjacent to cities. This study states that the main cause of the consump-
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tion of agricultural land in peri-urban areas in Southern Poland is the urban growth. 
As confirmed by Mazzocchi et al. [2013], this is the main cause of the agricultural land 
consumption in recent years in Europe. It is confirmed that a peri-urban area usually 
experiences intense urban development where agriculture, small-scale industry, indus-
trial estates and suburban residential developments co-exist side by side [Samat et al. 2011, 
McGee 2011]. This particular area, therefore, has access to essential and complimentary 
linkages between the urban and rural zones, since the income sources for the livelihood 
of its community come from the combination of agriculture and non-agricultural sectors 
[Tacoli 1998, Carrion-Flores and Irwin 2004, Kombe 2005]. Some authors state that 
land use changes in the peri-urban area constitute a complex and dynamic process that 
involves both natural and anthropogenic systems [Xiao et al. 2006, Koomen and Stillwell 
2007]. The authors mainly confirm that the closer the proximity of agricultural land to 
cities, the bigger the urban pressure on the farm property [Bell and Irwin 2002, Huang et 
al. 2006, Corpade et al. 2014, Indrova and Kupkova 2015]. 

This is indicated inter alia by the value of the binary change index, which is recorded 
at a very high or high level for the analysed villages.

Undeniably, changes occur more rapidly in villages immediately neighbouring the 
city of Kraków (i.e. the object of Libertów). The distance from the city is an impor-
tant factor that affects the process of suburbanisation, which is confirmed inter alia 
by a study conducted in the suburbs of Tallinn in Estonia [Tammaru 2009]. However, 
the changes were also noted in a zone located further away from Kraków (the objects 
Mogilany). It is evident that Kraków has a strong impact on the land use towards the 
south. Here, as in the case of other large urban agglomerations, the dynamics of subur-
banisation process have aggressively penetrated into the environment of rural areas, 
which is confirmed inter alia by studies conducted by Zimnicka and Czernik [2007] in 
a peripheral zone of the city of Szczecin, or by Głaz [2006] in a suburban zone of the 
city of Wrocław. The most dynamically developing element of the space is the built-up 
areas whose area increases at the expense of areas used for agricultural purposes.

In addition, it was found that the close proximity to Kraków contributed to agricul-
tural marginalisation i.e. a process as a result of which the agricultural activity pursued 
so far is no longer profitable [Baldock et al. 1996]. The villages located closer to Krakow 
have a greater share of wastelands than the areas located further away from the urban 
agglomeration, even though the land located there is highly valuable and suitable to 
farming. An important argument for the occurring changes may be the shift in the 
employment structure of the local inhabitants, which changed following the political 
transformation in 1989; currently, inhabitants of villages adjacent to Kraków mainly 
support themselves with non-agricultural sources of income.

The villages of Libertów and Mogilany have lost their agricultural and forest func-
tions. The greatest transformations in the studied objects occurred in the surface area 
of arable land. In the suburbs of the city of Tallinn, farmland has also been replaced 
by built-up areas [Tammaru et al. 2009]. However, no trends were observed there 
towards an increase in large areas of wasteland on which agricultural activity has been 
discontinued, as is the case for the analysed villages located in proximity to Kraków. 
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In this case, the increase in the area of wasteland is not related to the loss of property 
rights but only to a decrease in profitability of agricultural production in favour of non-
agricultural sources of income.

The urban pressure on the areas adjacent to the city primarily manifests in the occu-
pation of areas hitherto used for agricultural purposes by large-sized development i.e. 
warehouses as well as industrial facilities. 

An analysis of the present-day land use structure against the historical changes and 
natural conditions provides the data required to assess the economic aspects of land 
use patterns, and enables the identification of a need for possible changes in the spatial 
planning process [Kim and Pauleit 2007]. The presented analyses may be helpful for 
harmonious development of urban areas, and for the preservation of arable land and 
the environment.

Not only did the proposed method enable the identification of the magnitude of land 
use changes, but it also revealed their rate and nature. The main directions of changes 
concerned conversions of a natural and anthropogenic nature, with the anthropogenic 
changes having a wider range than the natural ones.

4.	 Conclusions	

The presentation of historical land use changes in peri-urban areas showed that the 
distance to major urban settlements is an important factor that affects the rate of 
transformations of the landscape of rural areas. Land use conversions do not occur in 
a uniform way in each case study. Farmland in the suburbs is converted into built-up 
areas, which results in a decrease in the potential of the natural environment as well 
as in agricultural marginalisation (abandonment of agricultural production). In the 
village of Libertów immediately adjacent to the city of Kraków from the south, 25% of 
arable land has been converted into wasteland. 

The identification of the direction of land use changes along with the determination 
of their dynamics is a significant element supporting sound management of the space. 
This task requires information on land use (and its changes) as well as on the scale, 
the level of detail, and the time horizon adjusted to the specificity of the task at hand. 
Therefore, the system of land use management should be addressed with the view to 
reconciling contradictions of diverse development planning, and formulating a set of 
rules in order to maintain the sustainable development of rural regions.

The study presented in this paper was supported by the dS 3371/KGPiAK/2019 
research project, financed from a specific grant provided by Minister of Science and 
Higher education.
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