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Intensity of land use could be considered as an indicator of rate of anthropogenic impact on landscape (CAI) and the coefficient of 

ecological stability (CES). These two bio-indexes are based on the land use categories. The CAI coefficient is the ratio of the sum of 

percentile areas of land characterized by considerable human impact in relation to the sum of percentile areas of lands with low or none 

anthropogenic pressure. The CES index describes the structure of land use in one unit according to land use categories weighted by 

given coefficients. The calculation of the complex integral index enables to know the potential of the environment, i.e. a natural resource 

reserve with a structure that allows self-regulation of ecosystems and expresses the environment's resistance to bearing anthropogenic 

loads. The aim of the study is to analyze the historical land use changes (in the period of 1845-2016) in rural areas of Southern Poland 

using bio-indexes such as the anthropogenic impact on landscape (CAI) and the coefficient of ecological stability (CES). The analysis 

led to the conclusion about the strong dynamics of changes during this period which is largely due to the growth of the percentile areas 

of lands with considerable human impact especially after the historical transformation in 1989 in Poland. At the same time, the attention 

should be paid to the land use changes as an effect of growing suburbanization. The results of the study can be used by public authorities, 

citizens and governing bodies to form a system of measures to calculate environmental potential and modelling changes which ensure 

the environmental protection and sustainable development of rural areas. 

 

Keywords: anthropogenic pressure, dynamics of land use changes, environmental potential, environment’s resistance, rural areas, 
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INTRODUCTION 

 

Importance of the problem 

Modifications of land use result in significant changes in the range of natural environment including natural 

resources and environment’s renewable sources i.e. water, air, soil, flora and fauna. The process of modifications depends 

on changing political, cultural, institutional and economic conditions and, most of all, it depends on technical progress. 

According to Bičik, changes in land use in the last 150 years are a sign of “heterogeneization of once homogenous system 

(Bičik, 1991, p.77)” under the influence of varying functions, changing importance and needs (Mather 2002). The human 

pressure on natural conditions is different in changing localities. Two last centuries resulted in Poland in dynamic socio-

economic changes as well as civilizational and technical progress including the way of land use at rural areas but also 

economic, social, cultural and architectural transformations (Sokołowski ,1999). The area of suburban zones is increasing, 

above all (Poniży, 2008; Springer, 2013). The phenomenon of expansion of urban infrastructure on rural areas in Poland 

was already observed at the beginning of the 1980. (Bartkowski, 1981). Naturally, more suitable conditions mean more 

significant anthropogenic pressure on landscape. Suitable conditions mean more arable land, permanent cultures 

and build-up areas. Worse conditions are natural for more grassland and forests. Some regions are suitable for agriculture 

and are intensified, other areas are grassing over and in some places urban function was preferred, especially in close 

vicinity of cities.   

The analyzed period in Polish history, according to land use changes, can be divided in several stages of social 

development (Poławski, 2009). In the years 1848-1918, the South Poland was a part of The Austro-Hungarian Monarchy. 

This region was characterized by the agricultural nature. On the other hand, the people who resided in this area were very 
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poor. The occupants did not care for technical and industrial development of this area taking only profits in the form of 

collecting taxes. Creating the State of Poland in the autumn 1918 is the beginning of significant influence of 

industrialization and modernization till the WW2. This period called the interwar one covers the years 1919-1938. In the 

years 1939-1945 - there were no radical changes in land use structure but the territory was influenced by the outbreak of 

WW2 and plundering politics of the invaders. The years 1946-1988 – the period of socialism was characterized by the 

change of rural politics with a focus on social property whereas smaller demand for economical effectiveness and 

environmental protection can be noticed. The period of 1989-2004 is a transformation period and return to free market 

and technical development but also grassing over and afforestation. The years 2005-2016 is the time of changing of 

agricultural conditions after Polish EU accession.  

The aim of the article is to analyze the historical land use changes (in the period of 1845-2016) in rural areas 

of Southern Poland using bio-indexes such as the anthropogenic impact on landscape (CAI) and the coefficient 

of ecological stability (CES).  

 

Literature Review 

Land use is changing because it is the interaction in space and time between biophysical and human dimensions 

(Veldkamp and Verburg, 2004; Kabrda, 2004). As a result of variable socioeconomic (Long et al. 2007), environmental 

(Schaldach et al. 2011), political, technological or cultural conditions (Bürgi et al. 2010), these alterations drive global 

changes in the environment, for example water, soil, air quality, climate (Kalnay and Cai, 2003; Bürgi et al. 2005) 

or ecosystem (Lamblin et al. 2000; Louca et al. 2015). There have been significant regional differences in land use changes 

which result from changing human pressure on nature and natural and social conditions of regions or localities. 

The process of land enfranchisement was a significant factor influencing land use in the XIX century. In the 

Austrian partition, the change of agrarian structure consisted in fragmentation of agricultural farms and the results of this 

process can be still visible in the form of a great number of small farms and so called a land chessboard (Poławski, 2009). 

Characteristic for southern Poland, the mosaic of arable lands, grassland and forests together with dispersed buildings 

create a traditional agricultural landscape (Staniak, 2009, Baran-Zgłobicka and Zgłobicki, 2012). Such state of land use 

results from the specific landform and also overlapping of the results of social interests of land owners, citizens, local 

governments and also planners and architects (Eiter et al. 2014). The land chessboard is a cultural mosaic that contains 

the evidence of human presence and their way of life being characterized by rich natural variety (Andrzejewski 

and Weigle, 2003). Political socio-economic transformations and also intensification of agriculture form the reason 

of introducing new crops and thereby changes in land use (Bürgi et. al 2005) and the traditional mosaic of lands (Baran-

Zgłobicka, Zgłobicki, 2012). On the other hand, transformations in land use impact the changes that take place 

in the natural environment (Bucała and Starkel, 2012; Bański and Mazur, 2016; Pohl, 1978). 

In Poland, land-use changes are more significant after the historical transformation from 1989, in the age of 

progressing globalization and economic integration (Hernik et al. 2013; Zydroń and Hausa, 2010). In some locations, 

urban function was preferred whereas in the other ones agricultural function was concentrated.  

 

METHOD OF RESEARCH 

 

The analysis of changes in land use was performed by comparing the analyzed area in historical cartographic 

materials elaborated within the Franciscan Cadastre (1845) and current area of farmlands provided by Databases 

of Topographic Objects, so called BDOT10k (2016). The comparing process was possible to perform because the Austro-

Hungarian cadastral maps are comparable to newer sources (Harvay et al. 2014). The historical ways of land use were 

collected on the basis of chromatic maps of the Austrian cadastre, so called Viennese, gained from the National Archive 

in Krakow. The obtained scans of cadastral maps for the analyzed objects (Kaszów and Kryspinów) were calibrated and 

then the target coordinate system was specified and lots’ vectorization was performed determining their number and the 

kind of land use for each of them. In Kaszów, 4,400 objects (plots) and in Kryspinów 1,335 objects (plots) during 

vectorization were obtained. The layers from vectorization were checked in terms of topology correctness. The prepared 

layers were used for spatial analyses. The state of land use in 2016 was obtained from the Databases of Topographic 

Objects on the basis of farmlands classification according to the Regulation on lands and buildings record (Regulation… 

2001).  

Anthropogenic influence (according to Bičík (1991)) which presents six main kinds of coverage and the ratio of 

the sum of percentile areas of lands characterized by considerable human impact (arable land, built-up areas, remaining 

areas) in relation to the sum of percentile areas of lands not burdened with anthropogenic pressure (permanent grassland, 

forest areas, water areas) was calculated – as presented in the formula (1): 

 

𝐶𝐴𝐼 =
𝐴𝐿 + 𝐵𝐴 + 𝑅𝐴

𝑃𝐺 + 𝐹𝐴 + 𝑊𝐴
                                                            (1) 

 

where: 

CAI – anthropogenic influence coefficient 

AL – arable land [%] 

BA – build-up areas [%] 

RA – remaining areas [%] 
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PG – permanent grassland, pastures [%] 

FA – forest areas [%] 

WA – water areas [%]. 

 

Permanent grassland includes meadows and pastures. Remaining areas represent various areas for transport, bare 

or non-fertile land, rocks, bushes and other fallow, non-cultivable or non-used lands.  

According to the assumptions, the calculated anthropogenic influence coefficient (CAI) also presents the 

environment’s potential which can be illustrated by the energy input that should be invested to transform natural resources 

of the environment so that persistence of natural conditions at a certain area was changed. The character of these resources 

is changed most frequently from the natural to anthropogenic one (Cegielska et al. 2017). So, it can be assumed that this 

coefficient will illustrate the rate of transformations of the primary environment. The greatest interference in the 

environment will cause the entire transformation of the primary landscape into the anthropogenic one.   

The coefficient of ecological stability (CES) – which is an aggregated indicator describing the structure of land 

use in one number - was also used for the evaluation of use changes. It shows the share of eight basic land use categories 

of the area weighted by given coefficients and expresses the ecological stability, intensity of use by society as in formula 

(2): 

 

𝐶𝐸𝑆 =  ∑ 𝑐𝑒𝑠𝑖 ∙ 𝑎𝑖

𝑛=8

𝑖=1

      (2) 

 

where:  

cesi – the coefficient for land use category (arable land 0.14; permanent cultures 0.34; meadows 0.62; pastures 0.68; 

forested areas 1.00; water areas 0.79; build-up areas 0.00; remaining areas 0.14) 

ai – share of land use category in the analyzed unit (%).  

 

The CES index fluctuates from 0 to 100. The higher value of CES, the ecologically more stable unit, which means 

the area less colonized by the community, is closer to the natural state. CES coefficient could be used as an indicator 

of land use intensity or of anthropogenic pressure on the environment or else as a rate of nature’s conversion by human 

society. 

Intensity of land use could be considered as an indicator of the anthropogenic coefficient (CAI) or the coefficient 

of ecological stability (CES). These two indexes (bio-indexes) base on land use categories (the kind of coverage). 

The CAI coefficient is the ratio of the sum of percentile areas of land characterized by considerable human impact 

in relation to the sum of percentile areas of lands with low or none anthropogenic pressure. The CES index describes 

the structure of land use in one unit according to land use categories weighted by given coefficients. 

 

 
Figure 1. Location of analysed objects. Source: own study. 

 

The analyzed objects - Kryspinów and Kaszów - are located in Southern Poland, Małopolska, in close proximity 

of Krakow on its western side and are placed in the Krakow district. The analyzed objects were chosen so as to be situated 

in more and more distant zones from Krakow city (Fig. 1). The analysis allowed to research the change rate of land cover 

over 168 years as well as to test evaluation of distance to Krakow at the direction and dynamics of changes of land use at 

agricultural areas. The first - Kryspinów - adjoins directly to Krakow. The distance of Kaszów location is 6 km counting 

from the current western administrative borders of Krakow city. Until recently, agricultural crops produced at the area of 

two mentioned places were covering the needs of not only local communities but they were also transported to Krakow 

and sold there on market places. 
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RESULTS AND DISCUSSION 

 

The conducted analyses and calculations concerning historical changes of land use as CAI (anthropogenic 

influence coefficient) and CES (coefficient of ecological stability) indexes at the area of two places located near Krakow 

indicate significant changes which took place in the way of land use over almost seventeen decades. The greatest changes 

in land use concerned in cases of both places most of all the lands used agriculturally and also the built-up and urbanized 

areas (Fig. 2., Fig. 3.). 

 

 
Figure 2. Graphic presentation of the ways of land use in the years 1848 and 2016 in Kaszów. Descriptions as in the formula (1).  

Source: own study. 

 

However, it is worth to notice that the direction of changes was different in both locations. In case of Kaszów, the 

area of arable lands noted in 2016 was comparable to this from before 170 years. Only the area of grassland decreased 

in favour of built-up areas and forests (Fig. 2). This direction of changes is visible in the value of obtained CAI and CES 

indexes (Table 1). In case of Kaszów, CAI increased almost by the double i.e. from the value 1.84 to 3.56 which means 

the increase of anthropogenically transformed area in relation to the lands not burdened with anthropogenic pressure. The 

value of CES index indicates the decrease of ecological stability of Kaszów place during the surveyed period. This result 

was certainly influenced by the fact that the presented coefficient is based on the assumption that the arable lands are 

included into the category of the areas which are transformed anthropogenically.   

 

 
Figure 3. Graphic presentation of land use in the years 1848 and 2016 in Kryspinów. Descriptions as in the formula (1).  

Source: own study. 

 

The greatest changes of land use in the years 1848-2016 in Kryspinów concerned the area of arable lands, built-

up areas and forests (Fig. 3). The area of the arable lands decreased over these years by 34%. On the other hand, the area 

of built-up area increased by slightly over 22%. The share of forests increased by 15.7%. This direction of changes in land 

use caused the decrease of CAI index from the level of 1.32 to 0.83 which indicates the higher increase of lands not 

burdened with anthropogenic pressure in relation to the areas defined as anthropogenic ones.  
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Table 1. Bio-indexes CAI and CES in Kaszów and Kryspinów 

bio-index 
Kaszów Kryspinów 

1848 2016 1848 2016 

CAI 1.84 3.56 1.32 0.83 

CES 32.47 26.67 38.07 47.14 

 

Source: own study 

This direction of transformations is also confirmed by the value of CES index which increased by almost 10 units 

and means the increase of ecological stability of Kryspinów. The increased area of forests together with almost unchanged 

area of farmland and simultaneous high decrease of percent of arable lands in the total area of the place can be responsible 

for this state.   

Numerous studies around the world have attempted to understand the processes of changes in land use structure 

(Poławski, 2009; Bičík I. et al. 2012; Bičík I. et al. 2014; Noszczyk et al. 2017). These changes can be also expressed 

by the indexes that describe the state and potential of the natural environment (Bičík I. et al. 2012; Kabrda, 2004). 

The environment changes under the influence of anthropogenic pressure described, among other things, as the changes in 

land use. The greater anthropogenic pressure, the bigger changes of ecological stability and ecological significance. These 

changes are particularly significant for the areas used primarily as agricultural productive space. Special attention should 

be paid to the places located in the periphery of cities. The anthropogenic pressure is bigger there and the transformations 

in e.g. land use are also considerable (Poniży, 2008).  

What is worth noting – in case of two analysed places situated peripherally in relation to Krakow - the directions 

of changes of the indexes do not confirm the changes that result from the direct analysis of land use. Because the indexes 

noted here indicate the growth of ecological stability with simultaneous decrease of anthropogenic areas (to which the 

presented method classifies also arable lands) in case of the place adjacent directly to the borders of Krakow 

agglomeration. Different situation takes place in the second surveyed object - Kaszów. The agricultural character decided 

about the lower value of the coefficient of ecological stability (CES) and the growing value of CAI (the anthropogenic 

influence coefficient) despite several-kilometers distance from administrative borders of Krakow. 

 

CONCLUSION 

 

The presented methodology of determining the values of bio-indexes in the surveys of historical changes of land 

use allowed not only to determine the rate of anthropogenic interference but also the level of ecological stability. Presented 

values of indexes indicate that anthropogenic transformations are influenced most of all by the change of the area of 

farmland which according to the definition of these coefficients are treated as the area transformed anthropogenically.   

The surveys of CES and CAI indexes did not reveal the impact of urban agglomeration on the changes of ecological 

significance or the anthropogenic influence coefficient. The greater ecological stability was revealed in Kryspinów 

situated in close vicinity of Krakow in relation to more distant agricultural place of Kaszów. Nevertheless, the direction 

of transformations of farmland indicates the bigger increase of built-up and urbanized areas in adjacent to Krakow 

Kryspinów with simultaneous decrease of the area of arable lands. The surveys reveal that the share of arable land 

was growing with increasing suitability of an area for agriculture and their share even after 170 years of historical analysis 

is comparable as it is in Kaszów. In this place, the area of built-up areas slightly increased.   

The results of the study can be used by public authorities, citizens and governing bodies to form a system of 

measures to calculate environmental potential and modelling changes which ensure the environmental protection and 

sustainable development of rural areas. 
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