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ABSTRACT:
Brownfields are undesirable urbanistic heritage and their occurrence is associated with a
number of negative effects, which our society tries to minimize repeatedly, both successful-
ly and unsuccessfully. Especially in the context of the multi-perspective concept of sustain-
able development, the issue of brownfields is accentuated with the intention to reuse aban-
doned areas that have lost their original use and regenerate them in a way that enriches not
only individual stakeholders but generally the whole society. Although each brownfield is
unique within its set of partial characteristics, it is possible to determine by means of math-
ematical-statistical methods the key patterns that are important for brownfields in terms of
their overall nature. The identification of these common patterns across a selected set of
brownfields is important for establishing of general recommendations for their potential re-
generation. In our paper, we proceeded from the analysis of 460 non-regenerated brown-
fields located in the Czech Republic, and by means of correspondence analysis we deter-
mined which categories most influence the potential brownfield regeneration from the per-
spective of a two-dimensional (stage) approach. Information on brownfields was taken from
the publicly available database of the state-funded company the Czechlnvest for 2018 and
supplemented by authors with other relevant variables. The analysis of the data revealed
factors that may have a major impact in the initial phase of the decision on potential brown-
field regeneration, and at the same time factors that do not seem to be substantial for regen-
eration. The applicability of the results of our analyses creates space for better-targeted
brownfield regeneration policies, especially in the area of specifications for calls for brown-
field regeneration projects, their financial support, implementation of process innovations,
etc.
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1. INTRODUCTION

Remote sensing offers a wide range of satellite imagery which is widely used
in Brownfields represent abandoned and unused areas and buildings that are an integral part
of urban consequences of human activities that can be transformed into a source of un-
tapped development potential in both regional and national scope. Especially nowadays,
when environmental problems are massively emphasized and many activities are as-
sessed from the viewpoint of their acceptability for sustainable development, the urgency to
deal with brownfields is repeatedly accentuated. The topic of brownfields thus becomes
a relevant transdisciplinary topic for both professional and lay discussions across public and
private sectors. Brownfields are currently perceived as a significant, albeit specific, ele-
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ment of spatial development and spatial arrangements of their cultural-natural environments
are easily connected to the economic development of regions and simultaneously to the
dynamic improvement of quality of life of the population. (Ture¢kovd & Nevima, 2018).

The regeneration of these unused areas requires a systemic approach within the overall
development of both national and regional economies and also individual local municipali-
ties. Although each brownfield is specific, it is certainly possible to determine within this
set of specific patterns such features that are more similar than others. The aim of our pre-
sented research is to find within the selected data of brownfields the influence of individual
categories (internal patterns) that are dominant in the process of their potential regeneration.
The mathematical-statistical method of correspondence analysis was used for data analysis
and a total of five characteristics of 460 brownfields detected in the Czech Republic were
examined. From this perspective, we realize that the results of the survey cannot be general-
ized but are relevant to a similar type of territory in East-Central Europe that has undergone
the same major structural and economic changes over the last decade. In general, the meth-
odology of research and interpretations of conclusions can be also used in the analysis of
other data.

Identification of regeneration-relevant patterns of brownfields is primarily important
for public sector bodies that are dealing with regional development, environmental protec-
tion and cohesion policy within the European Union. If we are aware of common patterns
for non-regenerated brownfields, we will be able to target both financial and non-financial
support and thus move closer to the possibility of their future regeneration.

According to estimations, there are around twelve thousands of sites and areas in the
Czech Republic with a total acreage of almost 38 thousand hectares with various level of
contamination (Czechlnvest, 2008). These sites are relicts of consequences of artificially
impeded development of economic restructuring before 1989 and in particular effects of
structural changes in Czech economic space that occurred in the following years. Numerous
reasons exist why we should be more engaged in the reuse of brownfields. One of the key
reasons is the fact that brownfield regeneration contributes to sustainable urban develop-
ment (Vrablik, 2009; Paksiova, 2016), prevents land degradation (Tureckova et al., 2018),
reduces negative effects of suburbanization and urban sprawl (Jackson, 2002) and preserves
local, temporal and urbanistic continuity of settlement, societal and environmental struc-
tures of given landscape (Tureckova & Chmielova, 2019; Stober et al., 2018).

In the first part of the paper, the issue of brownfields was generally defined together
with the relation of brownfields to their neighbourhoods. At the same time, brownfields in
the Czech Republic were shortly introduced with a focus on the national brownfield data-
base and its management. More theoretical focus on the research of brownfields can be
found in the second chapter of the paper. In the next part, the object of the research was
presented and a research proposal together with used methodology was described. The
conclusion of the paper summarizes the results of the primary research. In this part, our
findings are also discussed and several recommendations are formulated. We also added
parts devoted to the practical usage of the results.

2. THE THEORETICAL FRAMEWORK OF THE STUDY

No matter what type of research is conducted, the very first item that has to be neces-
sarily done is to embrace the nature of the researched problem. The topic of brownfields
has been in general relatively well introduced by plenty of studies and scientific papers.
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Despite all that it was necessary to familiarize ourselves with researches connected to the
issue of factors of brownfield regeneration.

Brownfields in regional development might be considered twofold ways. Either as a
barrier for regional development or as its source. A fundamental issue is that brownfields
are typically bounded with a range of undesirable externalities that tend to even more
strengthen the negative perception of brownfields. Brownfields cause minor or major prob-
lems, are a limitation for further development of built-up areas and reduce economic devel-
opment, have a negative impact on the environment, are tied with social and economic
impacts on population living in their proximity and have an unfavourable impact on the
wider region where they are located (Dennison, 1998). These are the reasons why brown-
fields should be regenerated. As the authors of plenty of previous studies agree, brownfield
regeneration is a site-specific process that is mirrored in the local socio-cultural context and
it is a hard task to predict which sites have better chance to be regenerated. It is even more
complicated to ensure that particular brownfield regeneration will be successful (Tureckova
etal., 2018).

A basic requirement of active approach towards brownfields when supporting regional
development is to find a new use for abandoned sites and buildings that are instrumental for
reduction of pressures on building of new developments on urban greenfields and keeping
compactness of present built-up areas. Another supportive argument for reuse of abandoned
areas might be found in undesirable effects connected to suburbanization processes and
specifically to the problem of urban sprawl. Both mentioned phenomena lead to long term
changes of the use of landscape, in other words, they primarily lead to the development of
newly built-up areas as well as new technical infrastructure. Within inner parts of cities
then remain brownfields, while in the suburban areas, development on greenfields is taking
place. Sparse metropolitan development contributes to the increase of commuting distances,
to increase of overall time spent by commuting and to the escalation of unjustified require-
ments for civic amenities and technical infrastructure. We must also mention connections to
growing individualisation, loss of social cohesion, weakening of social capital and lack of
interest of population on the governance of public matters as we are already aware in cases
of socially and culturally homogenous suburban communities (Putman, 2000; Oliver 2001,
Jackson, 2002 or Sykora, 2003).

From the point of view of urbanism, unused sites might be understood as a restriction
of disposable sources in community with a direct bond to the public budget. Reuse of such
abandoned sites improves the quality of life of local population by means of reduction of
criminality and occurrence of socially pathological phenomena, improves local environ-
ment, increases prices of the land, increases perceived value of properties in neighbour-
hoods and attracts entrepreneurs (Hollander et al., 2010 or Tureckova et al., 2017). Inter-
ventions towards brownfield regeneration have to also respect different location of brown-
fields in different parts of communities, in so call concentric zones (Park & Burgess, 1925).
There is an agreement in the literature that brownfields represent barriers in the contempo-
rary structure of cities that limit urban development (Raco & Henderson, 2006). Based on
the zonal model of cities, it can be assumed that in central — the most attractive parts of
cities brownfield regeneration will be directed towards support of small entrepreneurship
and housing. This hypothesis is in line with contemporary reurbanization tendencies (Buzar
et al., 2007 or Kebza 2018).

Brownfields located in the proximity of the city centres that were during the dynamic
development of cities incorporated into them, haven considerably variable use, for example
for medium-sized entrepreneurs or as buildings where civic amenities are located (Krzyszt-
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ofik et al., 2012). Brownfields in the margins of cities are suitable for large industrial sites
and warehouses. In cases when preserving of brownfields in relatively original form is not
desirable or possible (and no other suitable, effective alternative exists), a demolition of
brownfield is necessary which is followed by decontamination of the site. New empty
greenfield without particular use as the final product of brownfield regeneration is also
possible (Johnson, Glover & Stewart, 2009 or De Sousa, 2000).

Regarding the potential for successful brownfield regeneration, several studies on this
topic can be identified trying to explore the general characteristics that determine aban-
doned areas to be suitable for regeneration. For example, Frantal et al. (2015) in their study
claims that a higher rate of brownfields regenerations positively correlates with their occur-
rence in densely populated and built-up areas, i.e. we assume that a more successful and
faster brownfields regeneration process should take place within more populated municipal-
ities. Lange & McNeil (2004) found that the regeneration of brownfields that are located
near airports, near the city centres or rail stations is developing faster.

Martinat et al. (2018) warn that brownfield regeneration is closely interconnected with
their perception by future users of particular sites and found out that the perception of re-
generation significantly differs according to gender. Navratil et al. (2018) in their study
documented that heritage preservation of sites is one of the factors of key importance when
planning the regeneration project. In the study of Longo and Campbell (2007), successful
regeneration is correlated with the prosperous region, i.e. those regions that are successfully
developing and it is assumed that this includes positive impact on brownfield regeneration.
Similar logic has been utilized also by other authors who argue that in regions where a
higher potential of local development is measured, a higher probability exists that local
brownfields will be more successfully regenerated. (Pizzol et at., 2016; Bartke et al., 2016
and Limasset et al., 2018). The specifics of brownfield regeneration in the post-communist
space are widely discussed by Osman et al. (2015). Among other key aspects of brownfield
regeneration belong existence of strong potential markets, long-term vision, strong brand-
ing, strong partnerships, integrated development, and getting infrastructure into place (Dix-
onetal., 2011).

The aforementioned brownfield regeneration factors can also be easily linked to the ex-
istence of short-term and long-term business cycles. There is no doubt that in times of eco-
nomic expansion there is a significant recovery of abandoned and neglected areas, while in
times of recession, economic restructuring and disruptions, the number of brownfields is
increasing (Rink et al., 2012 or Dixon, 2006). The process of successful brownfield regen-
eration can also benefit from the effects of the concentration of sectoral economic activities
in the given area (Tureckova, 2015). On the contrary, contamination and environmental
burden of brownfields is a major problem for brownfield regeneration (Hartley et al., 2012
or Doick, 2009).

The process of brownfield regeneration can be positively influenced through
both active and passive activities of public institutions. Within the framework
of undesirable burdens and barriers to brownfield regeneration, subsidy programs for finan-
cial support (McCarthy, 2002 or Bartke & Scharze, 2015) can be offered as part of econom-
ic policy at central and local levels, and some of them can be used in the public sector
(Schédler et al., 2011). Raising awareness about the issue of brownfields by main of their
inclusion in public databases might be also mentioned (Otsukaan, Timothy & Hirokazu,
2013).
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3. METHODOLOGY AND DATA

The methods of data analysis accommodated reflect the aim of our research and the
availability of data. The starting point of our considerations about this research was public-
ly available data on brownfields in the Czech Republic that were included in the public
database of the state-funded company the Czechinvest in 2018 (the company subordinated
to the Ministry of Industry and Trade of the Czech Republic). Our set of non-regenerated
brownfields included 460 abandoned sites with which 5 characteristics were analysed due
to the characteristics of the data. These were assumed to be key characteristics for brown-
field regeneration: (1) the size of particular brownfield (in hectares), (2) ownership of
brownfield, (3) contamination of the site, (4) previous use. These four characteristics were
supplemented by (5) the distance of individual brownfield to the municipality of extended
powers (so-called small district) where the given area administratively belongs (in km).
This characteristic was measured manually. It needs to be mentioned that for the brown-
fields to be listed in the Czechlnvest database, the owners need to give their consent. Thus,
our set contains approximately 5% of known brownfields in the Czech Republic. However,
there is no doubt that the generally used number of 12,000 abandoned sites is underestimat-
ed. General information on the analysed set of non-regenerated brownfields is provided in
Table 1.

Correspondence analysis of data was employed to analyse the brownfield data (460 en-
tries in total). This analysis represents a popular graphic technique used to analyse relation-
ships between categories of one or more variables in contingency tables. By using corre-
spondence analysis, it is possible to describe associations of nominal or ordinal variables
and to obtain a graphical representation of connections in multidimensional environ.

Rencher (2002) emphasizes that the basis for the creation of the subjective (corre-
spondent) map are so-called latent variables. The positions of the points in the subjective
map directly express the associations, the distances between the points (or, in other words,
the distance of the row and column profiles) can be transferred to a two-dimensional Eu-
clidean space in which the points correspond to the individual categories. Hebak et al.
(2007) report that correspondence analysis depicts correspondence categories of individual
variables and provides a common picture of row and column categories in the same dimen-
sions. Unlike most other multivariate methods, correspondence analysis allows processing
of categorized non-metric data as well as non-linear relationships. It represents an analogy
of factor analysis, but instead of factors, the influence of individual categories, their mutual
similarity or associations with categories of other variables are monitored (Rencher, 2002).
Correspondence analysis and factor analysis are therefore rightly perceived as related
methods that can identify at first glance hidden structures in data. According to Hebak et al.
(2007), correspondence analysis aims to reduce multidimensional vector space of row and
column profiles while preserving the maximum information contained in the original data.
In the case of our primary research, we have used the so-called multiple correspondence
analysis.

In subjective mapping, two-dimensional (plane) or maximum three-dimensional map-
ping of distances in Euclidean space is most often used. Pearson's chi-square statistics are
used more often than the Euclidean distance. This approach was also selected in this case.
Near row points indicate rows that have similar profiles across the row, nearby column
points indicate columns with similar profiles down over all rows. Row points that are in
proximity to column points represent combinations that appear to be expected more fre-
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quently than in an independent model in which row categories are not related to column
categories (Meloun et al., 2005).

The scattering of points can be assessed according to the inertia indicator, which corre-
sponds to the weighted average chi-square by the distance of the row (or column) profiles
from its diameter (Meloun et al., 2005).

Table 1.
Characteristics of selected brownfields in the Czech Republic
NUTS3  |Number of Size (hectares) Owner- Cont_ami- _ Distance (km)
Region  prownfields | mean |median ship nation Previous use mean | median
(public) (yes)
Karlovy o o 4(11); 2(7); 3(5);6(5);
Vary 32 6.74 | 1.34 25% 16% 1(4); 5(0) 2.02 1.25
. A(11); 1(7); 3(4); 2(1);
0, 0,
Plzent 24 430 | 187 29.2% 25% 6(1); 5(0) 1.78 0.68
‘ 4(25); 2(10); 1(9);
0, 0,
Usti 62 3.36 1.13 32.3% 44% 3(9): 6(6); 5(3) 1.90 12
South o o 1(12); 4(10); 2(7);
Bohemian 33 3.23 0.84 15.2% 9% 3(3): 6(1); 5(0) 1.77 0.9
” 1(8); 4(7); 2(6); 3(3);
0, 0,
Vysoc¢ina 24 1.22 0.21 25% 17% 6(0); 5(0) 4.68 0.78
Central 0 0 A(16); 2(7); 1(4); 3(2);
Bohemian 30 25.8 1.49 16.7% 10% 5(1); 6(0) 431 1.55
; 4(10); 1(9); 2(5); 3(4);
0, 0,
Pardubice 28 2.36 0.62 46.4% 32% 6(0): 5(0) 2.27 0.95
Hradec 0 0 4(11); 2(7); 1(2); 4(2);
Kralové 24 4.59 1.56 20.8% 29% 5(1): 6(1) 1.34 1.55
- 4(29); 2(15); 1(9);
Liberec 59 3.08 1.46 29.5% 46% 3(5): 6(1); 5(0) 1.83 1.30
Moravian- A(16); 3(8); 1(7); 2(7);
Silesian 40 5.06 1.89 27.5% 17.5% 6(2); 5(0) 3.10 2.05
4(14); 2(10); 1(5);
0, 0,
Olomouc 36 456 | 055 5.7% 3% 3(3). 6(3): 5(0): 3.34 1.7
; 4(8); 1(4); 2(2); 3(1);
0, 0,
Zlin 15 1.17 0.66 6.7% 0% 6(0): 5(0) 1.46 11
South 4(17); 1(13); 2(11);
Moravian 52 3.57 1.35 26.9% 12% 3(6); 6(4); 5(1) 1.88 1.01
Prague 1 0.98 | 0.98 0% 0% 4(1) 11.6 11.6
. share on
mean | span |share in % all most often mean span
Total 460 - - -
0.0234 o o industrial brownfields 0.04 -
506 | 646 25% 23% (188) 2.40 86.5

Source: Czechlnvest, 2018; own survey.
Note: in previous use: (1) agricultural brownfields, (2) brownfields after civic amenities, (3) military
brownfields, (4) industrial brownfields, (5) post-mining brownfields and (6) other brownfields.

The singular value and the inertia correspond to the eigenvalue in the principal compo-
nent analysis. It represents the measure of variability between profiles explained by a given
dimension of solution or a given category. According to this step, we determined the num-
ber of dimensions required. Profile differences, measured by chi-square statistics, are re-
flected in the graph as the distance between items of the same variable. The spacing be-
tween items of different variables are images of standardized residues at the intersection of
items. Meloun et al. (2005) measure besides the object comparability also the completeness
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of data matrix. The solution is based on a matrix of standardized residues, which can be
created using one of the standardization methods.

The selection of normalization method depends on the preferences of the researcher as
well as the assessment of the degree of variability achieved. When preferring relationships
between row categories, the analysis of row profiles is used, while the preference of column
categories is based on the analysis of column profiles.

The SPSS Statistics 15.0.1 for Windows software was used to process the data, which
represents a modern system for describing and visualizing data relationships. The ad-
vantage of the software in data processing is the existence of so-called codebook, which
contains information about the data matrix (names and descriptions of variables, descrip-
tions of values, missing values) and which makes the subsequent statistical analyses easier
for the user.

4. RESULTS

The data file was divided into two dimensions (areas) using correspondence analysis
(see Figure 1). The picture itself shows how the resulting data was dimensionally arranged
in the cross-section. How do we read the findings? The first dimension in our case consists
of three categories of influence of selected variables for potential brownfield regeneration.
These are size, ownership and contamination. This is illustrated in Table 2, where Eigen-
values are greater than 1 and thus have a significant impact on the data. In the second di-
mension and from the regeneration point of view, the category of influence of selected
variables is less significant (it is the previous use of brownfields and distance from the
centre of the municipality).

Table 2.
Categorization of influence of selected variables for potential regeneration
(Correlations Transformed Variables).

Variable Size Ownership Contamination Previous use Distance
Area 1.000 0.068 0.168 0.162 0.133
Ownership 0.068 1.000 0.092 0.483 0.054
Contamination 0.168 0.092 1.000 0.020 -0.020
Previously 0.162 0.483 0.020 1.000 0.161
Distance 0.133 0.054 -0.020 0.161 1.000
Dimension 1 2 3 4 5
Eigenvalue 1.616 1.096 1.017 0.781 0.491

Source: own survey, 2019 (SPSS 15.0.1).

The rate of variability in both dimensions reached an average of 30%, which can be
considered a satisfactory result. In this sense, it should be noted that we tried to identify the
hidden structures of the data which would not be possible to conduct employing other
methods. In terms of the quality of interpretations, it needs to be mentioned that we are
dealing with data when each region (administrative unit) in the Czech Republic has a dif-
ferent number of brownfields, and therefore the categories of impact on possible brownfield
regeneration may vary from our findings.
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Fig. 1. Principal normalization of variables (discrimination measures).
(Source: own survey, 2019 (SPSS 15.0.1)).

5. DISCUSSION AND CONCLUSIONS

Our knowledge of the characteristics and features of brownfields is a basic prerequisite
for their possible and appropriate regeneration. When we reveal the factors, features or
categories of influence that are common to a given set of abandoned sites, the accommoda-
tion of public policy instruments can be more targeted in this direction. In our case, three
categories of influence of selected variables in terms of size, ownership and contamination
of brownfields were analysed by means of the technique of correspondence analysis. The
factors of previous utilization and distance from the municipality centre are not so crucial in
the first phase of the decision on potential brownfield regeneration.

If the results of correspondence analysis to partial characteristics of the surveyed
brownfields are correlated, then in terms of the size of the abandoned areas an area around
1.14 hectares (average of the median of all regions) may be considered as optimal, while in
terms of the ownership it should be privately owned brownfield (70%)? that is free of con-
tamination (77%). The public sector, which decides to reflect these findings in order to
minimize the number of brownfields in its territory, might consider the creation of financial
and non-financial instruments that will be more likely targeted on small-sized brownfields
owned by private entities, offering them support for remediation of contaminations to sup-
port their regeneration. These conclusions and recommendations, based on the analysed
brownfield data, are following specifics of brownfields located in the Czech Republic. On
the other hand, the methodological and interpretative transferability of the above-described
research procedure to other relevant sets of brownfields is generally possible.

2 There are other 5% of brownfields in public private ownership.
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To sum up, in the context of the existence of brownfields it seems a priority to find
their new, beneficial use. If we accept this logic, individual brownfields must be considered
to have the potential for further development. Together with their regeneration, the growth
of economic and social activities and the increase of the attractiveness of the territory for all
stakeholders is expected. On the other hand, leaving abandoned sites without trying to find
alternative uses prevents further development of built-up areas, adversely affects the envi-
ronment and society, impedes economic growth and has an overall adverse impact on the
entire wider administrative region.
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