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Abstract: The fall of the Iron Curtain created a vacuum upon which large-scale collectivized agri-
culture was largely abandoned. Post-agricultural brownfields emerge in multiple manners across
national, regional and local levels. While these sites remain rarely explored, we aimed to better
understand the spatial consequences of the formation, persistence and reuse of these sites. The
regions of South Bohemia and South Moravia in the Czech Republic are used to show the location
of post-agricultural brownfields identified in 2004 through 2018. Using Global Moran’s I test we
have found that post-agricultural brownfields existing in 2004, long-term brownfields in 2018 and
brownfields established between 2004 and 2018 are spatially clustered, but remediated brownfields
between 2004 and 2018 are not. Next, the Anselin’s Local Moran’s I test identified where the spatial
clusters exist. The clusters identified were examined for differences in their social, economic and
environmental development by the means of logistic regression. The results show that the brown-
fields initially identified in 2004 are concentrated in regions with lower quality agricultural land
while simultaneously located in the hinterlands of regional urban centers. In contrast, peripheral
regions most often contained long-term brownfields. Brownfield sites identified after 2004 occurred
in regions with higher agricultural quality of land and where corn usually grows.

Keywords: rural; derelict; development; change; land-use; spatial analysis

1. Introduction

Brownfields are derelict or underused sites that have perceived or real contamination
and are primarily located in urban areas that often require intervention to return them
to beneficial use [1]. These sites occur as a result of changes in society that are rooted in
a cyclic nature of economic development, the evolving spatial distribution of economic
activities and the evolving requirements for the environment we live in [2].

Brownfields can occur in a variety of locations: urban [3] or rural [4,5]; and a variety
of original economic activities: post-housing [6], post-industrial [7], post-mining [8], post-
landfill [9], post-agricultural [10], post-military [11] or post-transportation brownfields [12].
At present, brownfields are at the heart of sustainable development planning [13] and
efforts towards their regeneration are gaining increasing support at all political levels
through EU territorial policies as well as the national and local development documents
across Europe [14]. Different nations approach brownfield regeneration with different
approaches [15], which can also vary among regions within a nation [16-18]. International
attention is focused on brownfield creation and remediation in industrial and highly
populated regions, cities and post-mining landscapes [19,20]. However, sparsely populated
rural areas [4] contain post-agricultural brownfields that present important obstacles in
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the development of rural societies [21]. This phenomenon is ubiquitous in post-socialistic
Eastern Europe where collectivized agriculture was adopted during the second half of the
20th century [22].

A post-agricultural brownfield site is a farm premise once used for collectivized
agricultural activities, however is now abandoned and underutilized due to agricultural
activities ceasing as a result of societal change [23]. The post-agricultural brownfields
in Eastern European countries are claimed to be the most frequently occurring [24,25]
and could be found in the vast majority of rural communities [26], but surprisingly their
location and characteristics are less explored and researched. From previous analyses
of urban brownfield locations, we know that there are spatial consequences inflicted on
nearby areas when brownfields are created, throughout their existence and also through
remediation efforts [27,28]. Despite those local consequences, brownfield-related issues
are often processed at global and national levels and then filtered through regional struc-
tures [29]. The aim of this research is to better understand the spatial consequences of the
formation, persistence and reuse of post-agricultural brownfields regarding their creation,
existence and remediation in Eastern European countries using the Czech Republic as an
example. In the two focus regions, collectivized agriculture was implemented during the
second half of the 20th century with great intensity and after the fall of the Iron Curtain,
many post-agricultural brownfields were created as these premises were abandoned.

2. Conceptual Background
2.1. Forming of Collective Farming and Its Legacy

In 1948 a communist government took power, and the Soviet-style collectivization of
agricultural land and properties was violently introduced in Russian-controlled territo-
ries [30]. This process occurred in the majority of countries behind the Iron Curtain, but its
results were impactful in Czechoslovakia with nearly 94% of agricultural land collectivized
by the end of the 1950s [31].

Collective farms and state farms (the latter located especially in borderlands affected
by the expulsion of Germans after WWII) represented the primary organizational form of
agricultural production on arable land, livestock breeding and rural employment in com-
munist Central and Eastern European (CEE) countries since the 1950s [32]. The exceptions
to this rule could be found in Yugoslavia and Poland where the impacts of the collectiviza-
tion efforts were rather marginal [31]. The Soviet model employed in Czechoslovakia can
be described as “one village = one farm” and the collectivization process quickly resulted
in collective farm creation in every village. These cooperative farms became a central focal
point in any village; locals who joined voluntarily or were coerced contributed their land
and worked on the premises. As such, everyone in the village either worked in or had
close relatives working on the local collective farm. Unacceptably violent practices and
forced migrations of opposing farmers to other regions widely destroyed and deformed
long-term social structures and relations in rural communities. Moreover, the collectiviza-
tion built up large agricultural structures that were planned to serve the whole village;
large cowsheds, piggeries and operational buildings were built and then severely changed
the spatial arrangement of rural communities [33].

These large collective farm premises have changed the face and design of Czech
villages and thus, created the new and sometimes artificial village centers that were not
always economically viable, but certainly influential for the local rural population. Even
under communist rule, this collective agricultural economic model was difficult to sustain
and by the 1970s the cooperative farms were to be merged into even greater and allegedly
more prosperous organizational units. Remarkably, the level of employment, the manage-
ment and the size of the premises remained the same [32] which undermined any attempt
at reform. Paradoxically, the communist propaganda widely utilized the collective farms
as examples of successes of the regime [34], regardless of their success. Movies and TV
series positively depicting the structural change in rural areas became hugely popular
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and affected several generations by creating a widely accepted image of the idyllic rural
collective farm.

Restitution and privatization processes in 1991 changed ownership which was then fol-
lowed by substantial cuts to agriculture subsidies in 1993. These two changes resulted in a
rapid restructuring agricultural sector. The large-scale agricultural structural changes were
then mirrored in the sharp decline in agricultural employment and concurrent drop of the
agricultural share in the gross domestic product [35]. The present result is shown through
the current economic structure of Czech rural areas in comparison to the pre-1989 period.
The privatization and restitution of agricultural land and properties occurred very quickly
in the Czech Republic, which resulted in the occurrence of millions of new small-scale
landowners. However, the quick growth of commercial family farms did not happen [36]
as the majority of the small landowners changed their economic activities or died and their
heirs frequently moved to cities or were not interested in practicing agriculture.

Agricultural land has been cultivated especially by great companies [37,38] that hire
or buy up land. Only about 13% is cultivated by family farmers [35]. In addition, large
agri-companies, plenty of collective farms still exist but with a changed legal status [36].
These collective farms have generally been transformed into a corporate type of farms
as are enterprises with the legal labels of partnerships, joint-stock companies, or limited
liability companies. However, corporate farms were suffering from low profitability, high
debts and high liquidation or bankruptcy rates [39], which resulted in a decrease in their
numbers [38]. Economically not so effective agricultural companies and a general decrease
in agriculture led to the occurrence of a range of unused or underused premises in the
rural [40,41].

2.2. Spatial Consequences of Agricultural Change in Post-Socialistic Europe

The diverse trajectories of rural development occurring over a long period in different
regions are principally affected by the conditions required for various types of agricultural
activities [42,43]. However, rural areas are no longer dominated by agricultural ways of
life anymore. The economic and social importance of agriculture has been quantitatively
lowered in numerous regions [44]. In these rural spaces, other economic and social connec-
tions to agriculture are gradually being built [45]. The diversification of the rural Czech
economic sector is already underway [46,47] and shows a path towards more economically
viable post-communist agriculture and can sustainably improve the quality of life in these
areas [48].

Since 2004, the Common Agricultural Policy of the European Union has been the most
influential factor on Czech agriculture [46]. The subsidies provided by the policy target
agricultural competitiveness within the framework of the agricultural multifunctionality
concept. Operational subsidies are typically the only instrument able to keep farms prof-
itable [38]. However, these were aimed at the diversification in agricultural production
and favored growing energy crops (e.g., rapeseed oil) or crops specifically for anaerobic
digestion plants (corn maize, fodder plants, etc.) [49]. The result was a large area of arable
lands transitioned towards the cultivation of energy crops, with a simultaneous very large
increase in permanent grasslands. The present competitiveness of Czech agriculture is
driven by low labor costs at one-third in comparison to the EU15 and low land acquisition
of lease costs at about one-fifth of the EU15 prices [38].

For deeper analyses of spatial consequences of agricultural change in post-socialistic
Europe please see other sources, e.g., [43-46,48,50-54].

2.3. Changes in the Agricultural Sector in the Czech Republic

The occurrence of post-agricultural brownfields, their abandonment and reuses of
agricultural premises are deeply rooted in the agricultural transformation. This trans-
formation can be traced back to the fall of the Iron Curtain in the year 1989 when the
Communist regime collapsed, which in turn prompted social, political, cultural and
agricultural changes.
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During the Communist era on the principles of central planning ruled the agricultural
sector with very limited space intended for the development of market relations that
existed naturally but were not legal and thus hidden in a shadow economy. In this
period, the use of agricultural land was dominated by the large-scale agricultural farms
that were originally founded in the 1950s. Residents were often violently made to join a
local agricultural cooperative managed by the local Communist party leaders. Land and
agricultural properties owned by individual families were collectivized and ownership was
transferred to the local Soviet-style cooperative where farmers were allowed to work [55].
Farmers who opposed these dire measures were resettled to another part of the country
and their children were prevented from getting a higher education. The collectivization
process resulted in dramatic changes in social structures in rural regions [56]. As a result of
these policies, the majority of agricultural land was owned by agricultural cooperatives
and only small sections of land in border regions were managed by the state as state farms.
The differences among both ownership types are negligible because the former owners
and independent farmers of those lands were typically employed on either type of farm,
instead of working their own lands. Only a limited number of independent farms survived
this period, mainly located in the mountains in the eastern part of the Czech Republic.

The communist plans were designed to develop complex agricultural programs that
combine both crop and animal husbandry farming without regard to where the collectivized
farm was located. Such centralized policies un-adapted to local conditions led to unstable
economic results. Consequently, fertilizers were widely utilized and supported so that
the uneven quality of agricultural land was more balanced [57]. Furthermore, a system of
financial contributions from the central government to under-performing farm cooperatives
was developed to even out production differences among the collectivized premises. This
system led to the lack of interest to manage the land properly and resulted in the overuse
of chemical fertilizers, increased environmental hazards and the complete disregard for the
natural conditions of the agricultural lands [58].

In the late 1980s, more than 550,000 people were employed in Czech agriculture. This
figure has recently dropped to around 100,000 (2.6% of the economically active popula-
tion). A very similar trend can be found for the share of agriculture in the gross value
added generated in the economy of the Czech Republic; that has dropped to 1.3% [49].
Agriculture in the Czech Republic has changed also in the structure of its production.
From the long-term perspective, the number of livestock breeding operations has been
systematically declining—three-fifths of cattle have disappeared [47], the number of pigs
was halved [46]. Potatoes have been replaced by oilseed rape, which has become the
second most common crop. Diversification trends in the economic activities of agricultural
farms showed significant development both in agricultural activities and non-agricultural
activities (e.g., agritourism, on-site food processing and sales of agricultural products) [45].

After the fall of the Iron Curtain, the process of returning land to the original owners
and privatization also occurred [59]. However, an overwhelming majority of the original
farmers were too old to re-start farming on their returned land and their descendants who
preferred to live in cities were developing careers in other sectors of the economy and rarely
returned to agricultural work [60]. Compounding the problem was that the government
preferred to support the transformation of large-scale collectivized agricultural farms into
newly established agricultural businesses [61]. As a result, large-scale agricultural farms
have survived until the present day [62], which makes the average size of farms in the
Czech Republic set at 130 hectares the largest in the European Union where the average size
of farms is around 16 hectares. Currently, 90% of available agricultural land is managed
by farms with more than 50 hectares. The present-day ownership structure of agricultural
lands is such that 20% is farmed by agricultural cooperatives, while 50% is farmed by
agricultural business companies and less than 30% is managed by individual farmers.
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2.4. Post-Agricultural Brownfields

Post-agricultural brownfield’s origins are found on the oversized premises of former
communist agricultural cooperatives and state farms whose competitiveness collapsed
in the early 1990s as a result of reforms in agricultural policies [35]. These collectivized
agricultural farms operating on large premises were not able to compete in new economic
conditions and were abandoned, which resulted in the occurrence of underused post-
agricultural brownfields that have been accumulating since 1989 [63].

The rural population reflects the issue of post-agricultural brownfields in terms of
their decay. Multiple levels of government are taking gradual steps to reduce their oc-
currence. A wide variety of brownfield remediation projects and efforts are proposed
with traditional and alternative reuses suggested [64—-66]. Despite the many remediation
efforts, numerous long-term brownfields represent a spatial barrier against development
in those communities.

The general driving forces that lead to the occurrence of brownfields are usually
similar across regions, such as the cyclic development of economies and general tendencies
to shift certain branches of the economy to cheaper countries. However, the regional
perspective is still important. This is our motivation when defining the main objective of
this paper; this research will evaluate the spatial clustering of post-agricultural brownfields
over a fourteen-year period between 2004-2018. Our first aim is to identify potential spatial
clusters of post-agricultural brownfields (1) originating before 2004, (2) after 2004 up to
2018, (3) remediated between 2004 and 2018 and (4) remain long-term brownfields. The
second aim is to reveal how communities and spatial clusters that contain post-agricultural
brownfields differ socio-economically from those areas without.

3. Materials and Methods

Several different datasets were required to be prepared to fulfil the aim of our study.
First, the spatial distribution of post-agricultural brownfields in 2004 and 2018 was collected.
Then, the use of the 2004 brownfields in 2018 was ascertained. Then, socio-economic
and environmental characteristics of the host communities were obtained from freely
accessible data sources. In addition, finally, data analyses including spatial analyses
and regression analyses were employed to better understand the non-randomness of
agricultural brownfields location.

3.1. Study Area

The two regions situated in the southern part of the Czech Republic along the border
with Austria, Germany and Slovakia (Figure 1) were selected for our research. We have
selected the South Bohemian Region covering 10,057 km? and the South Moravian Region
covering 7188 km? for the reasons below:

e  Both regions are predominantly rural but with different natural conditions that also
impart differing abilities upon the land to support agricultural activities. While the
agricultural landscape of the South Moravian Region is primarily plains with high-
quality soils, the South Bohemian Region is more differentiated with hillier terrain
and farmers in this region commonly follow post-productive approaches.

e  Diverse natural conditions for agriculture are reflected in distinct ways of organization
of agriculture in both regions. While in the South Bohemian Region larger farms
can be found (an average farm size was 141 hectares in 2016), in the South Moravian
Region agriculture is practiced by rather smaller farmers (94 hectares on average in
2016). Even more distinct differences in farm sizes can be detected if just farms owned
by individual persons (not business companies) are considered (these farms are twice
larger in the South Bohemian Region) [67].

e  The share of arable land in the South Moravian Region is 78.8% and is much higher
than the Czech average of 70.2%, but the South Bohemian Region average of 68.1% is
below the Czech average (https:/ /www.czso.cz/documents/10180/23192368 /obce_
2009_2019.xIsx accessed on 19 February 2021). The opposite is true for pastures and
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meadows in these communities with the South Moravian Region having less than the
Czech average and the South Bohemian Region having more than the average. The
South Bohemian Region is one of the most important regions for food production in
the Czech Republic for potatoes, milk or beef. The South Moravian Region is one of the
most important regions in the Czech Republic for the production of fruits, vegetables,
corn, sunflower, or wine [68]. The level of employment in agriculture is well above
the Czech average of 2.7% in both regions with the South Bohemian Region reporting
5.4% and the South Moravian Region recording 2.9% [68]. Agriculture is an integral
part of both regional economies with a comparable share of leased land (20% own
land, 29% leased from firm members, 51% leased from other landowners) [69].

e  The shape and scale of rural communities significantly differ in the two studied
regions. South Bohemian Region has many varied small rural settlements closely
tied to local agriculture, South Moravian landscape has larger rural communities [70]
where productive agriculture is traditionally a vital part of local culture.

e  Another difference can be detected in the extent and regional importance of organic
farming. While in the South Bohemian Region almost one-fifth (18.3%) of agricultural
land is sustainably cultivated, where that number falls to 5% in the South Moravian
Region; organic farming is practiced four times often in the South Bohemian Region.

— Region under study
[ 1 Otherregion

South Bohemian Region

South Moravian Region
BUS  Selected city

i |

L e © Small district
St.rakon]’(:_(imgu Bechynd L. vit River
s , T i
&
4 T

&t 4 £
b indfichtiy Hradec ™
3 3

Breclav

Figure 1. Study area.

3.2. Spatial Data

The topographic maps from the late-1980s and mid-1990s of Czechoslovakia at 1:25,000
scale were used to identify pre-1989 agricultural premises in all of 1,297 communities as
they were found to be appropriate in a pilot study [23]. The sites considered to be pre-1989
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agricultural premises of former collective farms and state farms were labeled on these maps
as agricultural properties, cowsheds, pig farms, sheepfolds, poultry farms, horticultural
fields and stud farms. Black and white aerial imagery from the early 1990s were used to
delimit the borders of these premises [26]. The spatial accuracy of these images is circa
10 m. The maps and aerial imagery available from the map archives of the Institute of
Geonics, the Czech Academy of Sciences were used.

The selected uses for areas of former collective farms and state farms that were
brownfields in 2004 persisting in 2018 and new brownfields between 2004 and 2018 were
spatially delimited for two-time horizons—years 2004 and 2018. Land-use information was
gathered from aerial images that cover the area of the whole Czech Republic with free access
through web map services (WMS) of the Czech Office for Surveying, Mapping and Cadastre
(WMS—Orthophoto: https://geoportal.cuzk.cz/WMS_ORTOFOTO_PUB/WMService.
aspx accessed on 19 February 2021; and WMS—Archival photo: https://geoportal.cuzk.
cz/WMS_ORTOFOTO_ARCHIV /WMService.aspx? accessed on 19 February 2021) [71].
Brownfields in the year 2004 within each pre-1989 agricultural premises were identified as
abandoned spaces on color aerial imagery (WMS—Archival photo) taken between the years
2003 and 2005 [71]. Brownfields identified within the borders of the pre-1989 agricultural
premises were delimited as abandoned parts where signs of continual use were not present
in the imagery, such as abandonment of access roads and/or pathways used formerly for
servicing buildings, ruined buildings and uncontrolled waste dumping. This method of
delimitation of post-agricultural brownfields was found by a preliminary study as accurate
enough for this type of study [23]. The year 2004 was chosen because it was the year that
the Czech Republicjoined the European Union and part of the Common Agricultural Policy
and substantial changes in the Czech agricultural system occurred [46,47]. Applying the
same delineation method on imagery taken between 2016 and 2018 (WMS—Orthophoto)
yielded data on brownfields emerging after the year 2004 as well as data on reuses of
brownfields identified in the year 2004 [71], where only the areas identified in 2004 were
examined for reuses. Reuses have many different visual expressions, such as repair of
ruined buildings, resumption of road use, demolition of ruined buildings, construction
of new buildings, soil cultivation. Where this was unclear additional panoramic imagery
available via the website application Mapy.cz and street view function of Google Maps were
used to resolve the issue. The suitability of such a procedure has been proven before [23].
This method is not appropriate for the precise identification of detailed reuse types for
every single brownfield, but for our purposes, this methodology is suitable [21].

All data were tabulated for each community to make comparisons between the spatial
data of post-agricultural brownfields and the socio-economic and environmental data for
communities.

3.3. Socio-Economic and Environmental Data

Characteristics of communities used in this research are based on the previous studies
aimed at understanding the ongoing agricultural change [49] and the typology of develop-
ment potential of the rural areas [70]. The data we used for the community characteristic
is based on freely accessible data gathered by the Czech Statistical Office, i.e., analytical
data from the year 2018 (directly accessible here: https://www.czso.cz/documents/10180/
23192368 /0obce_2009_2019.xlsx accessed on 19 February 2021) and the data from the 2011
Census (directly accessible here: https://vdb.czso.cz/vdbvo2/faces/en/index.jsf accessed
on 19 February 2021, “All About Territory” was chosen and then all communities within
the study area). The average basic price of agricultural land in CZK is based on Regulation
no. 298/2014. Agricultural production areas (Corn AAP, Sugar-beet AAP, Grain AAP,
Potato AAP and Fodder crops AAP) are based on Regulation no. 178/1994 and Regulation
no. 215/1995. All characteristics of communities used in further analyses can be found in
Appendix A (Table Al).
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3.4. Data Analyses

The data analysis occurred in two principal steps. The aim of the first step was to
identify spatial clusters of communities with a statistically higher and statistically lower
probability for the occurrence of four phenomena under study:

e  Brownfields occurring in the year 2004,

e Reused areas in 2018 of brownfields occurring in the year 2004,

e  Long-term occurring brownfields (in 2018 not reused brownfields from the year 2004),
e  New brownfields established after the year 2004 until 2018.

The second step employed the regression of independent variables (from Table A1) to
determine which are important for differentiation between communities with high and
low concentration of the four brownfield-related cases.

Firstly, a Global Moran’s I was calculated to test randomness in the spatial distribution
of the four above-mentioned brownfields-related cases. The Global Moran’s I is a variation
of the Pearson correlation coefficient used to test for the presence of spatial autocorrelation
in the data space. If the Global Moran’s I is statistically significant, we can assume the
browntfield data is spatially clustered and we can refuse a null hypothesis that they are
distributed randomly. If the Global Moran’s I is significant, then the Anselin Local Moran’s
I method can be used to identify if neighboring areas (in our case communities) show alike
high or low values in our test variables: the area of brownfields in the year 2004, reused
brownfields, long-term occurring brownfields and new brownfields established after the
year 2004. To show a spatial pattern of the distribution, a Kernel density estimation was
completed for each respective brownfield-related issue [72]. The Global Moran’s I, the
Anselin Local Moran’s I and the Kernel density estimation were calculated in the ArcGIS
10.3 software [73] and are presented in the Results section.

The potential differences between two types of communities (high-high and low-low)
revealed by the Anselin Local Moran’s I were used for further analyses. The high-high
communities were found by the Anselin Local Moran’s I as neighboring communities with
statistically higher values (than expected under random conditions of spatial distribution)
for respective brownfield cases under study. The low-low communities were found by
the Anselin Local Moran’s I as neighboring communities with statistically lower values
(than expected under random conditions of spatial distribution) for respective brownfield-
related issues under study. The differences between high-high and low-low communities
were analyzed by logistic regression using a logit link wherein the high-high and low-
low communities are the binary dependent variable. A forward selection of independent
variables (listed in Appendix A Table Al) was used to limit independent variables to
only those with a unique significant influence on the dependent variable. The statistical
importance of the whole model was tested using the Hosmer-Lemeshow test for goodness
of fit [74] and the data fit the model was determined by Cox-Snell pseudo R? [75]. The
statistical importance of independent variables was tested by the type III likelihood test
and the Wald test. Each regression coefficient (i.e., its difference from zero value) was
tested by the Wald statistics [76]. Its importance was assessed by the standard error (s.e.)
of this estimation and the significance (the p-value) of the Wald test. The logistic regression
calculations were performed in the Tibco Statistica software [77].

4. Results

We were looking for pre-1989 premises of collectivized agriculture in all the 1297 villages
of both the South Bohemian Region and the South Moravian Region. We have found pre-
1989 premises of collectivized agriculture in 1221 communities (94% of all communities).
The total area of those pre-1989 agricultural premises in 1221 communities was 80.65 km?.
The existence of post-agricultural brownfields in 2004 was found in 832 communities (68%
of communities with pre-1989 agricultural premises) with a total area of 13.13 km? (16%
of the total area of pre-1989 agricultural premises). New brownfields between 2004 and
2018 occurred in 542 communities with a total area of 7.04 km?2. Persistent brownfields, as
in brownfields that existed both in 2004 and 2018, were found in 625 communities with
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a total area of 6.29 km?. Conversely, reused brownfields were found in 595 communities
and the total area of regenerated brownfields between 2004 and 2018 is 6.84 km?. Please
note, that the sum of the number of communities with long-term brownfields and with
reused brownfields is higher than the number of communities with brownfields in 2004.
This is because in one community some brownfields remained brownfields but others were
reused; the sum of the area of long-term brownfields and area of reused brownfields is
equal to the area of brownfields in 2004 (for data, please see Table S1).

4.1. Post-Agricultural Brownfields in 2004

The spatial distribution of post-agricultural brownfields existing in 2004 can be con-
sidered clustered; the resultant z-score of 1.886 is slightly above the p-value of 0.058. These
sites are located in peripheral urban and industrial centers of South Bohemia and mostly
Ceské Budgjovice, which is the largest urban center in the region and then also around other
industrial centers (Figure 2). On the contrary, compact regions where a low concentration
of post-agricultural brownfields until 2004 was revealed, could be found westward to
Znojmo, a regional center close to the border with Austria (see Figure 2) as well as in the
eastern and northeastern hinterland of Brno (the largest urban center of South Moravia,
see Figure 1).

Kernel density

low medium

I high-high municipality
low-low municipality

L]
Prachatice

Cesky Krumlov
*

South Bohemian Region South Moravian Region

Figure 2. Location of the clusters of regions with the high-high (red) and low-low (green) occurrence of post-agricultural
brownfields in the year 2004 (based on the application of the Anselin Local Moran’s I method) on iso-lines calculated by the
Kernel density estimation. A geographical description of the area can be found in Figure 1.

The forward selected variables used in the logistic regression model of the socio-
economic and environmental data indicated six variables to be important in the differen-
tiation between the high-high (neighboring communities with statistically higher values
for respective brownfield cases under study) and low-low (neighboring communities with
statistically lower values for respective brownfield-related issue under study) communities
(Table 1). Communities with the high-high location of post-agricultural brownfields in
2004 were those where less native population can be found, with a higher average age
of the population and a lower share of built-up areas in the land-use structure. In these
communities, we would find less areas covered by the forests and a higher share of per-
manent grasslands, as well as a lower number of houses designated for tourism (Table 2).
The relation between these variables is shown through the model fitting data as well as



Land 2021, 10, 325

10 of 18

the percentage of explained variability that is very high (as Cox-Snell pseudo R? is equal
to 0.413).

Table 1. Results of a non-parametric regression model for brownfields detected in the year 2004
(Hosmer-Lemeshow = 9.097, p = 0.334; Cox—Snell pseudo R2 = 0.413).

Type III Likelihood Test Test of All Effects
d.f. Log-Likelihood  Chi-Square p Wald Stat. p

native population 1 —60.492 16.899 0.000 13.307 0.000
average age 1 —62.878 21.67 0.000 14.846 0.000
built-up areas 1 —59.828 15.57 0.000 10.096 0.001
forests 1 —58.467 12.849 0.000 10.275 0.001
meadows and pastures 1 —57.595 11.104 0.001 9.607 0.002

recreation houses 1 —56.721 9.357 0.002 n.c. n.c.

Table 2. Testing of regression estimates for the high-high concentration of post-agricultural brown-
fields detected in the year 2004.

Estimate S.E. of Estimate Wald Stat. p
native population —0.139 0.038 13.307 0.000
average age 0.238 0.062 14.846 0.000
built-up areas —0.383 0.120 10.096 0.001
forests —0.046 0.014 10.275 0.001
meadows and pastures 0.051 0.017 9.606 0.002
recreation houses —0.031 0.011 7.981 0.005

4.2. Remadiated Post-Agricultural Brownfields during 2004-2018

The spatial distribution of remediated post-agricultural brownfields during 20042018
does not seem to show the tendency to spatial clustering as a z-score is 1.439 with p = 0.150.
Their distribution is random without any detectable spatial pattern.

4.3. Long-Term Post-Agricultural Brownfields

Non-remediated and therefore long-term post-agricultural brownfields tend to be
spatially more visibly clustered (the value of a z-score of the Global Moran’s I is 2.011 and is
significant, p = 0.044). These long-term, non-remediated post-agricultural brownfields can
be primarily found in many peripheral locations of the South Bohemian Region (Figure 3).
Spacious regions without the occurrence of long-term post-agricultural brownfields were
revealed in vast areas north of the regional center of Brno. Another region without long-
term brownfields was around Ceské Bud&jovice (regional center of South Bohemia, see
Figure 1).

Spatial clusters of communities with a high-high spatial occurrence of the long-term
(non-remediated) post-agricultural brownfields are concentrated in the potato-growing
agricultural production area. Other features that are typical for these high-high areas are a
lower share of arable land, which signals areas in higher altitudes and hilly areas. In these
areas, the population has increased since the year 2004 and university-educated people
are relatively less present there (Tables 3 and 4). The model explains a high percentage of
variability (Cox-Snell pseudo R? is equal to 0.498).
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Figure 3. Location of the clusters of regions with a high-high (red) and low-low a (green) occurrence of the long-term
post-agricultural brownfields (based on the application of the Anselin Local Moran’s I method) on iso-lines calculated by
the Kernel density estimation. A geographical description of the area can be found in Figure 1.

Table 3. Results of non-parametric regression model for the long-term post-agricultural brownfields
(Hosmer-Lemeshow = 8.019, p = 0.432; Cox-Snell pseudo R2 = 0.498).

Type III Likelihood Test Test of All Effects
d.f. Log-Likelihood  Chi-Square P Wald Stat. p
arable land 1 —48.2 6.531 0.011 4.504 0.034
APA 4 —58.096 26.323 0.000 13.783 0.008
population change 1 —51.155 12.441 0.000 9.495 0.002
university education 1 —51.162 12.456 0.000 n.c. n.c.

Note. APA = agricultural production area.

Table 4. Testing of regression estimates for a high-high concentration of the long-term post-
agricultural brownfields.

Level of Effect Estimate S.E. of Estimate Wald Stat. P

arable land —0.030 0.014 4.504 0.034

APA grain 2.392 1.254 3.636 0.057

APA potatoes 4.431 1.455 9.282 0.002

APA fodder-crops 0.087 0.896 0.009 0.923

APA corn —2.873 7.681 0.14 0.708

population change 0.233 0.076 9.495 0.002

university ~0.257 0.09 8.177 0.004
education

Note. APA = agricultural production area.

4.4. New Brownfields Occurred after the Year 2004

The occurrence of newer post-agricultural brownfields (those sites occurring after
the year 2004) forming large spatial clusters and report a z-score of the Global Moran’s I
9.168 and significant at p < 0.0001. In comparison to the occurrence of brownfields until the
year 2004, new brownfields are newly occurring in several spacious clusters in the South
Moravian Region (Figure 4). In contrast, the regions without the detected occurrence of
new post-agricultural brownfields (= low-low regions) are spread on the substantial part of
South Bohemia and form four large areas (Figure 4).
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Figure 4. Location of the clusters of regions with a high-high (red) and a low-low (green) occurrence of post-agricultural
brownfields after the year 2004 (based on the application of the Anselin Local Moran’s I method) on iso-lines calculated by
the Kernel density estimation. A geographical description of the area can be found in Figure 1.

The type of agricultural production area where the communities are located was found
by the logistic regression as the most important factor that differentiates the clusters of
high-high regions from low-low regions. The communities with statistically bigger areas
of newer brownfields are primarily situated in the corn-growing agricultural production
areas (Tables 5 and 6). Secondly, the ageing of the population in the communities was
shown to be an important differentiating factor. The influence of the mentioned variables
is substantial, and the resulting model explains an extremely high percentage of variability
in the affiliation of the communities to particular clusters (Cox-Snell pseudo R? is equal
to 0.636).

Table 5. Results of a non-parametric regression model for the new post-agricultural brownfields
occurring after the year 2004 (Hosmer-Lemeshow = 2.661, p = 0.953; Cox-Snell pseudo R? = 0.636).

Type III Likelihood Test Test of All Effects
d.f. Log-Likelihood  Chi-Square P Wald Stat. p
APA 4 —162.225 226.263 0.000 26.369 0.000
population change 1 —64.516 30.844 0.000 n.c. n.c.

Note. APA = agricultural production area.

Table 6. Testing of regression estimates for a high-high concentration of post-agricultural brownfields
established after the year 2004.

Level of Effect Estimate  S.E. of Estimate VSV;IS p
APA grain 11.729 3.090 14.409 0.000
APA potatoes 7.679 2.987 6.608 0.010
APA corn 37.431 5250.271 0.000 0.994
APA sugar-beet 15.542 3.709 17.56 0.000
population change -0.125 0.031 16.251 0.000

Note. APA = agricultural production area.
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5. Discussion

The spatial distribution of the four post-agricultural brownfield-related issues under
study were tested for randomness and three of those show a concentrated non-random
spatial pattern. We revealed that the occurrence of post-agricultural brownfields existing
in the year 2004 was concentrated in the areas with a lower quality of soils and those areas
situated on the periphery of larger towns in the South Bohemia Region and especially the
regional center of Ceské Bud&jovice (Figures 1 and 2). Generally, we would find these sites
in communities that are less suitable for highly productive agricultural activities [45]. In
addition, yet at the same time, these communities are also where there is pressure applied
towards their quick reuse as they are situated in locations with higher accessibility [40].
Conversely, spatial clusters without the occurrence of post-agricultural brownfields in
2004 are detectable in the communities that are highly covered by the forests, are near
the upper-regional center of Brno and are frequently utilized for recreation, regions such
as the highlands north of Brno, the region along the Dyje River and adjacent regions
(Figures 1 and 2). These results might reflect a higher pressure for brownfield reuse in the
regions with more attractive leisure activities as well as suburban housing.

The location of post-agricultural brownfields remediated between 2004 and 2018
has a random spatial pattern. The location of the remediated brownfields is perhaps
more affected by its unique characteristics (such as, e.g., ownership) than by its spatial
characteristics. Indeed, the spatial pattern does not seem to be important and instead, it is
more likely local social and cultural context that is more relevant.

Peripheral communities located further from urban centers remain burdened by long-
term brownfields. The long-term non-remediated post-agricultural brownfield clusters are
primarily visible in the South Bohemian Region. While this type of brownfields exists in
the South Moravian Region too, but the clusters of adjacent communities with these sites
were not detected. In South Bohemia, the long-term brownfields are more frequently found
in peripheral regions [78]. These localities are situated in rural communities distant from
regional urban centers with poor accessibility and, thus, a lower level of connectivity [40,79].
The communities are far from economic centers which affect their economic performance.
The conditions for practicing productive agriculture are rather low as these localities
and typical of the higher altitudes in these locales [80]. An interesting result is that low-
low regions were detected in the proximity of some urban centers of South Bohemia.
Especially the case of Ceské Bud&jovice which is a good example of successful efforts
made in brownfield remediation [81]. As a result of the economic strength of this regional
economic center, plenty of post-agricultural brownfields around the city have been already
remediated [23]. There is no doubt that Ceské Bud&jovice is not among the largest economic
centers in the Czech Republic (ranked 7th in population), while its regional economic
strength affects the reuse of brownfields [81].

New post-agricultural brownfields that emerged after the year 2004 are principally
located in highly productive agricultural regions where corn is grown. Not all the corn-
growing areas can be included, but these newly emerged brownfields are not randomly
located and are concentrated into clear spatial clusters. In the South Bohemian Region,
this phenomenon might be linked to the change of the brownfield reuse strategy that is
applied when a new owner or tenant starts their activities in the site (personal observation).
If we focus on our analytical results of the newly established post-agricultural brownfields
occurring after the year 2004, no link to individual agricultural companies can be found.
Spatial clusters of the communities with (and without) new brownfields are spacious and
likely cover the majority of the regions where pre-1989 communist agricultural cooperatives
were operating.

6. Conclusions, Limitations and Further Research

The main aim of this research was to deepen our knowledge regarding creation, exis-
tence and remediation of post-agricultural brownfields in Eastern European countries using
two different agricultural regions of the Czech Republic as an example. Analysis of original
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data on the spatial distribution of post-agricultural brownfields showed statistically signif-
icant spatial clustering for brownfield creation until the year 2004 as well as brownfield
creation between the years 2004 and 2018. Similarly, spatial clustering was detected in the
case of long-term post-agricultural brownfields existing in 2004 and persisting through
2018. However, communities with already remediated post-agricultural brownfields were
not found to be clustered—their spatial distribution is random. Interesting coherences
among the occurrence, abandonment and reuse of post-agricultural brownfields are shown
in these results. They present another perspective on the dynamics and manifestations of
agricultural change and the rural transition that the Czech Republic experienced in the
period after the fall of the Iron Curtain. Spatial expressions of agricultural transition seem
to be reflected in the variety of destinies of post-agricultural brownfields and their reuses.

While the occurrence of post-agricultural brownfields until the EU accession in the
year 2004 is typical for agricultural communities with soils of poor quality in the South
Bohemian Region and on the periphery of its regional urban centers, in the South Moravian
Region the occurrence of post-agricultural brownfields seems to be delayed. The sites
emerging after the EU accession were primarily located in agricultural communities with
high soil quality. Specifically, this is the case for the regions in the corn-growing agricultural
production areas. Long-term non-remediated post-agricultural brownfields can be most
frequently found in both outer and inner peripheral locations of the South Bohemian Region.
This research revealed that a country-wide process connected to the agricultural change and
transition has manifested surprisingly varied manners in different communities. It seems
that particular communities and their socio-economic and environmental specifics filter
and deform transitional pressures from upper-regional levels. Individual communities and
their regional contexts have been considered the modulators of agricultural change.

According to our results, some important limitations of the present study must be
stated. In our analyses we did not intend to resolve the exact location in a Cartesian sense
of space and its ties to remediation or abandonment. Our aim here was to find out if there
are any spatial irregularities in the creation of four brownfields-related cases, brownfields
occurring in the year 2004, reused areas in 2018 for brownfields occurring in the year 2004,
long-term occurring brownfields and new brownfields established after the year 2004 until
2018. Additionally, we explored if there are any ties to these cases to characteristics of the
host communities where these brownfields are located. The independent variables were
capable of accounting for the overall circumstances of agricultural brownfields, but not
of individual farms. To do this, other surveys focused on the individual circumstances of
pre-1989 premises of collectivized agriculture are needed.

Our work indicates that further research is required to better understand the lack of
spatial clustering of remediated post-agricultural brownfields. The location seems to have
little influence on their reuse and dependent on processes beyond the regional scale. Addi-
tionally, the influence of the ownership structure on post-agricultural brownfields exceeds
the importance of regionally-rooted processes. The remediation efforts made on these sites,
however, are not random but spatial patterns were not detected. A case-by-case approach
examining individual remediation projects should be applied and with further analyses, a
behavioral pattern can be revealed using qualitative social science methodologies.

Supplementary Materials: The following are available online at https:/ /www.mdpi.com/2073-445
X/10/3/325/s1, Table S1: Areas of brownfields in 2004 (BR2004), brownfields in 2018 but not existed
in 2004 (BR2018), brownfields that existed both in 2004 and 2018 (BR_OLD) and reused brownfields
between 2018 and 2004 (REUSED), COM_ID is the code of municipality according to the coding of
the Czech Statistical Office.
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Appendix A

Table A1. Characteristics of communities used in regression analyses.

Variables Data Sources
Population with maximum primary education (2011) (%) 1
Population with a university education (2011) (%) 1

Economically active population working in agriculture, forestry, and fisheries
(2011) (%)
Percent of the economically active population working in accommodations, food
services, and hospitality (2011)
Portion of recreation houses on houses (2018) (%)
Change in houses built or reconstructed (2018 /2009) (%)
Change in population 2018/2009 (%)
Population below 15 years old (2018) (%)
Change in population below 15 years old (2018/2009) (%)
Population above 60 years old (2018) (%)
Change in population above 60 years old (2018,/2009) (%)
Polupation (2018)
Average age (2018)
Change in average age (2018/2009) (%)
Age index (2018)
Change in age index (2018/2009) (%)
Native population % (2011)
Net migration (2011)
The average basic price of agricultural land
Portion of agricultural land on total area of the community (2018) (%)
Portion of forests on total area of the community (2018) (%)
Portion of bulit-up areas on total area of the community (2018) (%)
Portion of arable land on agricultural land (2018) (%)
Portion of pastures and meadows on agricultural land (2018) (%)
Agricultural production area—Grain
Agricultural production area—Potatoes
Agricultural production area—Fodder Crops
Agricultural production area—Corn
Agricultural production areaSugar—beet
1. https://www.czso.cz/documents/10180/23192368 / obce_2009_2019.xlsx accessed on 19 February 2021; 2.

https:/ /vdb.czso.cz/vdbvo2/faces/en/index jsf accessed on 19 February 2021; 3. Regulation no. 298/2014; 4.
Regulation no. 178/1994, Regulation no. 215/1995.
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