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The present research is focused on built-up area (BUA) monitoring. The continental landscape is becoming a limited resource
in today’s world, much the same as some materials and energy resources. The goal was to design simple indicators that are
compatible with environmental indicators used in the analysis of material and energy flows. We have consequently proposed
the indicators BUA per person and gross domestic product (GDP) demands for total BUA. We have used these indicators
to evaluate the development in the Czech Republic and the situation in the EU-27 countries. The development in the Czech
Republic shows a moderately smooth decrease in the BUA per person indicator value. The GDP demands for BUA indicator
showed that the cessation of economic growth after 2008 slowed the process of decoupling of GDP from the BUA. Despite the

low GDP in the Czech Republic, the indicator GDP demands for BUA attains lower values than for Austria or Belgium.
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INTRODUCTION

The relationship between the environmental and
the socio-economic sphere has been the subject of
research over several decades (Boulding, 1996;
Meadows, 1972). The aim of a sustainable economy
is to achieve a situation in which the environmental
burden is decreasing and the quality of life is increas-
ing (Jenkins, 2002). So-called decoupling, which
monitors the separation of the index curves of the
environmental burden and economic growth, is used to
evaluate the impact of a state’s socio-economic system
on the environment. The indicators domestic material
consumption (DMC)/gross domestic product (GDP)
and Energy demandingness (intensity) of the national
economy (Energy/GDP) are commonly used. View of
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the landscape as a limitless resource that should be
utilized effectively, is still missing.
Garcia-Olivares, Solé (2014) have come
to the conclusion that world economic growth will
encounter insufficient natural resources and world
eco-system capacities this century and that new meas-
ures for sustaining the current quality of life must be
sought. For example, the quality of life should not be
conditioned on the consumption of natural resources.
A transition from capitalism to a symbiotic economy
is consequently appropriate according to the authors.
There are a number of indicators for the quality of
life (Glatzer,2012), and GDP is used to determine
decoupling (Kovanda, Héak,2007). However, GDP
is frequently misused and gives a distorted picture of
the true quality of life when not used in combination
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with social or environmental indicators (Giannetti,
2015).

Knowledge of material flow indicators, particularly
domestic material input — DMI (also recommended by
the OECD (OE CD, 2002)), is used to express the
environmental burden in relation to the consumption
of resources, but DMC is also suitable for this purpose
(van der Voet etal., 2005). There is a range of
indicators for comparing environmental burden in rela-
tion to economic growth, which are based on changes
in biodiversity, the potential for global climate change,
material and energy inputs or pollutant emission outputs
(UNEP, 2011; von Weizsdcker etal., 2014).
Development of the indicator for environmental burden
based on changes in land use is currently in its initial
stages and there is insufficient world data for it, in
spite of the fact that it would be a very significant
indicator (van der Voet etal., 2005). Only the
global area of agricultural soil and the European BUA
has been established (van der Voet etal., 2005).
The only comprehensive European environmental
economic analysis based on knowledge of the BUA
was realized in Germany and examines changes be-
tween the situation in 1993 and 2001. The economic
productivity of BUA, which were further divided into
individual economic sectors, was examined. The most
productive sector was other services with EUR 191
million per km? of BUA, while the least productive
sectors were agriculture, forestry, and fishing (EUR 6
per km?), land transport (EUR 18 per km?) and branch
recreational, cultural and sporting services (EUR 28
per km?). The average was EUR 98 perkm? (Schoer
et al., 2003). There is already data about the BUA in
EU-27 countries for 2009 and 2012. Unfortunately,
changes were made to the methodology used to report
the BUA in EU countries between 2009 and 2012, so
it is not currently possible to compare data from these
years (Eurostat, 2014a).

We were guided to propose a new decoupling indi-
cator by the following problematic phenomena linked
to the increasing area of build-up in the landscape: (1)
the permanent reduction of ecologically valuable areas
and the area of agricultural land in EU countries; (2)
the growing amount of material stock in the socio-
economic system; (3) the high consumption of energy
in relation to the operation of buildings.

The first reason for BUA monitoring is a perma-
nent reduction of the area of agricultural land and
ecologically valuable areas in the EU. Occupation of
land by buildings is usually of a permanent character.
Ongoing urbanization and the consequent expansion
of infrastructure in the countryside mean permanent
loss of farmland in Europe (Stoate etal., 2009). The
economic tools and policy for the protection of agri-
cultural land have also been criticised in all American
states (Nelson, 1990; Thomson, Prokopy,
2009). Decoupling between the loss of agricultural
land and economic growth was analyzed in relation
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to the area of Beijing in China, where a rapid increase
in BUA has occurred. Between 1995 and 2000 there
was positive decoupling between economic growth
and BUA increase curves, but decoupling of these
curves reached negative values between 2000 and
2005. Mainly the actual area of the city had grown
until 1995 and the growth of rural settlements was
predominant between 1995 and 2000. Non-settlement
BUASs, which primarily mean roads, railways, and other
infrastructure servicing new development areas, were
predominant after 2000. The study also shows that
the fact that insufficient infrastructure, which must
be constructed subsequently, causes loss of farm land
and other negative phenomena linked to development,
as well as significant economic losses, must be taken
into consideration during the period of growth of set-
tlements and other structures (Song, 2014).

Moreover, the increase in the BUA also has a broad
negative impact on the environment. A large per-
centage of buildings and structures are made up of
impermeable surfaces, which negatively affects the
hydrogeological regime of landscape (Rougé, Cai,
2014), particularly locally in urbanized areas, such as
the area surrounding Prague in the Czech Republic
(Dvotak, 2012). Water drainage in densely devel-
oped areas is also accelerated by surface water drains
in streets (Miller etal., 2014). There is also a clear
negative impact on water ecosystems (Alberti et
al., 2007; Wenger et al., 2009). Urbanization of
areas also has a negative impact on climate change
(Kalnay, Cai, 2003).

Material flow analysis (MFA) should include ma-
terial flow, energy, landscape, information, and live
organisms. Soil in particular is a resource which is
difficult to renew and landscape area may also be an
important resource (Brunner, Rechberger,
2004).

Life-cycle analysis (LCA) includes the quantifica-
tion of material flows, energy flows, and landscape
changes in the system being studied. LCA is very
good at expressing the occupation of the landscape
(in contrast to changes in the use of the landscape).
Occupation is expressed as the area of occupied land
multiplied by the period of the land occupation. After
finishing the occupation of the landscape, a period of
renewal follows. The determination of the impact of
changes on the use of the landscape is of significant
importance for LCA studies, although there is no unified
method, not even on the level of the United Nations
Environment Programme (UNEP LCA Initiative).
The whole issue is complicated because the impact of
anthropogenically caused changes in the landscape is
manifested very differently depending on local condi-
tions. It can also be assumed that some changes to the
landscape have a negative impact after many years
from the time of the intervention (Mila i Canals
et al., 2007). The ecosystem damage potential (EDP)
indicator is based on the period of soil regeneration.
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During occupation of land by buildings and build-ups
in a climax forest growth area (e.g. a greater part of
Central Europe) this period is determined as a thou-
sand years. During the occupation of agricultural land,
this period of renewal is determined as the difference
between the duration of succession on such occupied
land and the period of 1000 years. It is therefore bet-
ter to occupy as little of the landscape for the longest
possible period rather than to occupy a greater area
for a shorter period (Koellner, Scholz, 2008).
The repeated use of brownfields, particularly when
this concerns former industrial complexes in areas
with lower population density, is also another major
issue (Frantal etal., 2015).

The second reason for BUA monitoring is the grow-
ing amount of material stock in the socio-economic
system. The DMC indicator is used most frequently in
the EU for the analysis of material flows on national
levels. DMC characterizes the environmental burden by
the annual consumption of materials. DMC expresses
the consumption of all types of material within a coun-
try and is composed of domestic applied extraction
and the difference between imported and exported
goods and material (European Union, 2013).
Some of the input material, mainly fossil fuels and
biomass, remains in the socio-economic system for a
very short period, while other groups include material
which can be used over the long-term or repeatedly,
particularly metals and non-metallic minerals used in
buildings. These long-term utilisable materials make
up approximately 40-60% of DMC, in EU countries
metal (gross ores) and non-metallic minerals comprise
an average of 52% DMC in the EU (European
Union, 2013).

Net additions to physical stock (NAS) were ap-
proximately 60% in proportion to DMC for the Czech
Republic between 1993 and 2000 (S¢asny et al.,
2003). Most stock is placed in build-up, which chiefly
includes buildings, transport, and other infrastruc-
ture (Fishman et al., 2014). Stocks of material in
build-up can be executed by two methods: conversion
of low-rise buildings into high-rise buildings or the
development of a larger landscape area. Total material
stock was calculated for Japan and the USA, where it
is currently approximately 310 t and 375 t per person,
respectively. It can be assumed that total material stock
will not increase very much in these countries in the
future, because the quantity of material for build-up
will remain the same as the amount of material for
demolition around the year 2035 (Fishman et al.,
2014). Ideally, a large part of the materials should be
used long-term and subsequently used repeatedly within
a closed material cycle. The average period for which
non-metallic minerals remain in the socio-economic
system is 50 years (Fishman etal., 2014).

In the case of a sufficiently large amount of stock,
non-metallic minerals could remain in the economic
system and this would reduce the need for the ex-
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traction of new minerals. In the Czech Republic, the
cyclical use of non-metallic materials is only 5.28%
(Kovanda,2014), compared to Japan where the cycli-
cal use of non-metallic mineralsis 17.76% (M inistry
of the Environment — Government of
Japan, 2013).

Third reason for BUA monitoring is that operation
of buildings usually requires a significant amount of
energy. The estimated growth in energy used by resi-
dential buildings is increasing and an average increase
by 0.6% per year is expected for 2000-2013 in the EU
(Capros etal., 2008); residential buildings in the EU
have various levels of energy consumption depending
on the type of building and local climate. Averages
are 144.1 kWh m 2 in Denmark, 108.4 kWh m 2 in
Greece, and 261.1 kWh m~2 in Poland (Balaras et
al., 2007). Heating makes up nearly 70% of energy
consumption, heating hot water 14%, and nearly 12%
of energy consumption in households is for lighting
(Balaras et al., 2007). Air-conditioning systems
in buildings are also a major source of energy con-
sumption in towns. The percentage of air-conditioned
buildings in the EU is growing constantly, resulting
in rising electricity consumption for air-conditioning
(Hitchin etal.,2015). Residential buildings in the
EU consume over half the energy, but public buildings
also have high energy consumption; in Great Britain
the rate is 19% (Gul, Patidar, 2015). A Swiss
study seeking links between the age of buildings and
energy consumption shows that buildings aged between
40 and 100 years have the highest average energy
consumption, new buildings up to 20 years of age
and buildings which are approximately 140 years old
have the lowest energy consumption (Aksoezen,
2015). A number of studies also point out the link
between CO, production and high CO, values — the
equivalent to energy consumption by buildings (e.g.
Junnila, Horvath,2003;Gaglia etal., 2007,
Gustavsson, Joelsson,2010;Cellura etal.,
2013; Radhi, Sharples, 2013).

As is apparent from many sources, it is important
to find ways of quantifying landscape occupation and
land use changes with methods similar to material and
energy flow analysis. New methods for assessing the
impact of economic activities on land use change are
developed in the life cycle analysis. We see a sub-
stantial deficit of scientific interest in macroeconomic
analysis at the national level. Indicators for annexation
and changing land use the same as appropriate policy
measures for landscape protection as part of sustain-
able development are missing. We believe that future
development of knowledge and statistical methods will
bring about the possibility to use objective indicators at
the national and international levels. Finding methods
for assessing the land occupation by construction is
therefore the first step.

The goal of this work was a graphic portrayal of
the decoupling between economic growth and the
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environmental burden linked to BUA in the Czech
Republic, and, simultaneously, a comparison of the uti-
lization of BUA in individual countries in the European
Union. This is the reason for the proposal of suitable
indicators which would enable the achievement of the
goals above and simultaneously enable monitoring of
the issue in the future. It was also necessary to verify
whether the EU-27 countries with a greater percentage
of BUA had lower economic demands on the BUA
and were therefore capable of suitable utilizing their
limited free landscape resources. Hypothesis is that
countries with a higher proportion of developed areas
will have smaller demands of GDP to BUA.

MATERIAL AND METHODS

Study area

The development of the situation concerning BUA
and the relevant decoupling from economic growth
were assessed in the Czech Republic between 2000
and 2012.

Values from the Czech Republic and values from
the EU-27 countries were compared for 2012.

Source data and their processing

Data on the BUA in the Czech Republic were taken
from the reports ofthe State Administration of
Land Surveying and Cadastre (2014) com-
piled by the Czech Environmental Information Agency
(CENIA) (CENIA, 2014). The State Administration
of Land Surveying and Cadastre obtains data from the
registry of areas and detailed cadastral maps. Data on
the BUA in the Czech Republic are available from the
year 2000, but the methodology used to obtain them
was modified in 2005.

Data on the population in the Czech Republic
collected by the Czech Statistical Office (CZS O,
2014) and data on the development of the GDP in
constant prices in 2010, processed by the Centre for
Environmental Issues at Charles University in coopera-
tion with the CENIA (CENTA , 2014) for the purpose
of calculating the economic demands of material and
energy consumption, were used for analyzing the de-
velopment in the Czech Republic. Concerning data on
the EU countries, data on the BUA were derived from
Eurostat (Eurostat, 2014b). The aim of the Land
Use/Cover Area frame Survey (LUCAS) is to gather
harmonized data on land use/cover and their changes
over time. The land cover and the visible land use are
classified according to the harmonized LUCAS land
cover and land use nomenclatures. The data are sup-
plemented by field survey with over 500 field surveyors
on 234 561 points visited in-situ. A pilot survey was
conducted in 2006, and detailed investigations were
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carried out in 2009 and 2012. Further information will
be available for the year 2015 (Eurostat, 2015).
Data on the European population were derived from
Eurostat (Eurostat, 2014c).

Data on the GDP calculated according to the pur-
chasing power standard (PPS) in individual countries
(Eurostat,2014d) were used to analyze the situation
and make comparisons of the EU-27 countries. The
used data from Eurostat are valid for 2012.

Proposal of indicators

We proposed and tested several options for the
calculation of indicators: BUA per person and BUA
input per year, and the subsequent graphic portrayal
of decoupling BUA from economic growth. Input
data for the Czech Republic and the EU are taken
from publicly available sources. All procedures
can be repeated in the future for the calculation of
development indicators.

BUA per person. The BUA is expressed in m? per
person to enable monitoring of the development within
2000-2012 in the Czech Republic and make com-
parisons with the EU-27 countries for 2012. Because
CENIA uses a different methodology than Eurostat
for determining BUA, the information for the Czech
Republic may slightly differ in the comparison of the
EU-27 countries.

BUA input per year. The land area input for
buildings per year in the Czech Republic indicator is
expressed as the annual changes in BUA in ha. The
period between 2006 and 2012 was chosen because
CENIA did not change its methodology for determin-
ing BUA during this period. The development of the
indicator can be expressed using index values, with
the first year representing 100%. The indicator was
compared with the development of DMC. It must be
mentioned that all BUAs simultaneously enter the
total system stock.

GDP demands for BUA. The GDP demands for
BUA (economic demands for BUA) for the Czech
Republic are expressed by means of the total BUA
and annual GDP in Czech crowns (CZK) in constant
prices for 2010. This is based on the assumption that
BUA can be utilized repeatedly. This is a fundamental
difference to the method for determining the DMC/
GDP indicator, because this only expresses the annual
consumption of materials and cannot include stock.
The development of decoupling can subsequently be
graphically portrayed using index values. The devel-
opment was expressed for the periods 2006-2012 and
2000-2012. However, this portrayal is encumbered
by the modification of the methodology for data
compilation by the CENIA Agency. GDP expressed
in PPS was used for the international comparison of
the EU-27 countries. The unit is m? per CZK 1000
for the Czech Republic and m? per 1000 PPS for
the EU countries.
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Table 1. Annual changes to build-up area

Year 2006 2007 2008 2009 2010 2011 2012
Change in area (ha) 116 380 359 194 239 325 109
Development of indicators

1 1 284 161 1 2
(index 100%=2006) 00 310 8 6 93 38 88

The development of the indicator was graphically
expressed using index values, with the first year (2000
or 20006) representing 100%.

RESULTS

Source data and calculated detailed data on the
development in the Czech Republic are shown in
Appendix 1 table, while source data and detailed
statistics for the EU-27 countries are presented in
Appendix 2 table.

BUA and build-up per person. In 2012, the BUA
in the Czech Republic was approximately 1318 km?.
The development of BUA in the Czech Republic is
depicted in Fig. 1 (values of the total BUA are shown
in Appendix 1). After 2005, the number of inhabitants
in the Czech Republic increased more rapidly than
the BUA, which is why the BUA per one inhabitant
decreased between 2005 and 2012, from 127.5 to
125.5 m? (Fig. 2).

There was an average of 130 m? of BUA per person
in the EU-27. Values for individual Member States are
evident from the graph in Fig. 4, values for total BUA
in the EU-27 are shown in Fig. 3 and Appendix 2.

BUA input per year. Land area input for build-up
per year (annual changes in BUA) fluctuates signifi-
cantly in the Czech Republic. Between 2006 and 2013
it ranged between 109 and 380 ha (see Table 1). This
can be expressed by means of the index value, but,
compared to the development of the DMC and GDP
index, this method is not evidential, as is clear from

10550 1320

10500
10450 g 1315
10400

1310
10350

10300 /

—  Z
- \/
10200

usand)

Built-up area (km?)

Population (tho

1300
10150

10100 1205

10050

10000 1290

2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012

= =Population w=meees BUilt-up area, new method 2005 - 2012

s BUlt-up area, old method 2000 - 2005

Fig. 1. Development of BUA and population of the Czech Republic
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the graph in Fig. 5. To calculate the ratio between land
area input for build-up per year and GDP consequently
makes no sense.

GDP demands for BUA. The GDP demands for
BUA (economic demands for BUA) were 0.368 m?
per CZK 1000 for the Czech Republic in 2012, which
was a worse value than in 2008 (0.360 m? per CZK
1000). The development of this indicator for the Czech
economy is depicted in Fig. 6. Its development from
the year 2000 (Fig. 7) can be projected, but it must be
taken into account that the methodology for determin-
ing the BUA was modified in 2005.

The EU-27 countries had an average GDP demands
for BUA value of 5046 m? per 1000 PPS for 2012.
Bulgaria and Cyprus achieved the highest values with
11 708 and 11 450 m? per 1000 PPS, respectively.
Precise numbers for the EU-27 countries are given in
Fig. 8. A comparison of individual EU countries shows
significant differences in the effective utilization of
BUA. This type of indicator is consequently suitable
for the international comparison.

The results indicate that even the countries with
a high percentage of BUA and consequently limited
free landscape resources frequently have high GDP
demands for BUA (Fig. 9). Correlation between the
share of BUA in the total area of the country and the
GDP demands for BUA was not detected (» =—0.048).

Summary results. In the EU-27 countries, the aver-
age BUA per person was 130 m? for 2012. The BUA
per person was below-average in the Czech Republic
(118 m?), on level with Germany (114 m?) and Poland
(114 m?). An interesting result is that after 2005 the
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Fig. 2. Development of BUA per person in the Czech Republic
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population in the Czech Republic increased more rapidly
than BUA, so the BUA per person actually decreased
between 2005 and 2012 by more than 2 m?2. The largest
BUA per person was in Cyprus (268 m?), Austria (212
m?), Portugal (202 m?2), and Belgium (196 m?). The
total value of BUA was not significant by Cyprus (231
km?). The smallest BUA per person was in Slovenia (77
m?), the United Kingdom (92 m?), and Latvia (92 m?).

The average GDP demands for BUA in the EU-27
countries for 2012 calculated according to the purchas-
ing power standard (PPS) were 5.05 m? per PPS. The

=100%
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2006 2009 2012

Built-up area input per year — -GDP

Fig. 5. Development of land area input for build-up per year, domestic
material consumption (DMC), and gross domestic product (GDP)
indicators
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Czech Republic had above-average GDP demands for
BUA (5.66 m? per PPS). The highest demand values
were in relation to Bulgaria (11.71 m?), Cyprus (11.45
m?), and Portugal (10.34 m?). The absolutely lowest
GDP demands for BUA were in Luxembourg (1.93
m?), and the following countries had below 4 m? per
PPS: Holland (3.20 m?), the United Kingdom (3.44
m?), Germany (3.56 m?), and Slovenia (3.59 m?).
Portugal was among the countries with high values for
both indicators (BUA per person and GDP demands
for BUA), with the total BUA 2120 km?).
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Fig. 6. Development of BUA, gross domestic product (GDP), and GDP
demands for BUA in the Czech Republic (2006-2012)
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Fig. 7. Development of BUA, gross domestic product (GDP), and GDP
demands for BUA in the Czech Republic (2000-2012)

DISCUSSION
Interpretation of the results

The growing BUA in the Czech Republic has a
major impact on the key ecological function of the
landscape. Utilization of the area for build-up and
infrastructure may also be considered as the utiliza-
tion of natural resources.

In spite of the fact that the percentage of the BUA
in the total area of the Czech Republic is increasing,
development of the BUA per person indicator shows
a slump in BUA per person in recent years because
the population is growing faster than the BUA. This
evidences that the landscape can be considered a natural

14,00
Fig. 8. Gross domestic product (GDP)
demands for BUA in the EU-27 countries
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resource which is being exhausted in relation to the
growth of population, not only in the Czech Republic.
It is important to mention that the percentage of free
areas fulfilling key ecological landscape functions
is also falling because of build-up (buildings). The
average value of the BUA per person indicator in
individual EU-27 countries differs significantly. This
indicator can be used to compare the environmental
burden resulting from the use of build-up in the same
manner like a number of material and energy inputs
and also harmful pollutant outputs are compared on
the level of the EU today.

Development of the land area input for build-up
per year indicator for the Czech Republic shows large
year-on-year differences in changes to the BUA. The
same methodology was chosen as the methodology
used for the evaluation of the now standard annual
DMC. There is probably a link between the develop-
ment of this indicator and the development of the
DMC indicator. A significant part of DMC is materials
used in build-up.

Development of decoupling between the BUA
and GDP using the GDP demands for BUA indicator
results in changes to GDP values in particular, while
the BUA in the Czech Republic increases constantly
at a relatively slow rate. In practice, this means that
relative decoupling can only achieve positive values
under the condition of a significant GDP growth. An
international comparison shows countries which have
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a sustainable BUA. The circumstances of future energy
consumption by buildings and infrastructure and the
need for repairs and maintenance are also significant.
It could be assumed that poorer EU countries with a
high percentage of agriculture (e.g. Poland) will have
greater BUA per person and greater economic demands
for BUA, but the international comparison shows that
this does not have to be true. For instance, Poland has
a below-average BUA per person and slightly above-
average GDP demands for BUA comparable e.g. to
Austria, Slovakia, and Belgium. If we consider that
Luxembourg has an average BUA per person of 131
m?, it has enormous economic efficiency in relation
to the utilization of the BUA. In contrast, on the basis
of the values of both indicators, countries such as
Bulgaria, Cyprus, and Portugal can expect problems
in the future in the field of maintenance of buildings
and also energy supply with all the related impact on
the landscape and the environment.

Evaluation of the proposed indicators exploitability

The results show that the BUA per person indicator
is suitable for year-on-year or international comparison
and the GDP demands for BUA indicator is suitable
for the development of decoupling. In contrast, the
land area input for build-up per year indicator has
been shown to be unsuitable.

The landscape is a key resource together with ma-
terials and energy, however the established method for
monitoring the annual material and energy consumption
does not seem to be usable in the case of the occupa-
tion of land. A certain relationship becomes apparent
during the comparison of land area input for build-up
per year with development of DMC, for instance the
fall in 2008 and 2009 and growth in 2011 and the
repeated fall in 2012. In contrast, development of the
DMC and land area input for build-up per year indica-
tors differed in 2010. This indicator shows significant
fluctuation year-on-year and its curve is very uneven.

We are convinced that the industrial and post-
industrial economy in Europe creates a significant
percentage of the profits from BUAs, and this is also
demonstrated by the aforementioned German BUA
Productivity study (Schoer etal., 2003). However,
the BUA is used long-term in contrast to some materials
comprising DMC (e.g. fossil fuels or biomass). The
duration of their use is much longer than the period
the actual build-up materials remain in the economy
(particularly non-metallic minerals). For this reason
we believe that the total BUA, i.e. the GDP demands
for BUA indicator, is more suitable for indicating
decoupling. Unlike DMC, the total BUA does not
decrease during the cessation of economic growth. It
is difficult to imagine that buildings and infrastruc-
ture would be intentionally demolished during the
cessation of economic growth and, furthermore, the
removal of buildings from the landscape does not
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automatically mean a reduction of the environmental
burden, as stated by Mila i Canals etal. (2007)
and Koellner, Scholz (2008), because the pe-
riod of restoration of a BUA into a climax condition
takes up to 1000 and more years. On the other hand,
we are aware of cases from Czechoslovak history
when land use and land cover changed significantly,
particularly in the Czech border area around the Iron
Curtain(Sklenicka etal., 2014). The displacement
of the German population after the Second World War
and the subsequent demolition of settlement structures
linked to protection of the border zone around the Iron
Curtain (Kovatik,2009) caused gradual succession
at sites and the expansion of the forested area in border
mountainous regions (Bic¢ik etal., 2001). We must
mention that the abandonment and extinction of set-
tlements and the demolition of buildings was linked
to the displacement of a great number of inhabitants,
and so this pathological historic phenomenon would
not have had a positive effect on the development of
the indicators we proposed. The period of succes-
sion following BUAs, i.e. 1000 years according to
Koellner, Scholz (2008), may, however, be
disputable. In spite of the fact that today’s landscape
in the Czech Sudetenland still bears traces of prior
settlement and the growth structures are not consistent
with the climax stage, many areas were naturally or
artificially re-forested after the removal of structures
(Rolkova, 2009).

The other aspect of the indication of decoupling
— GDP — may also be an issue for discussion. For the
purpose of international comparison, we used GDP
expressed as so-called purchasing power standard
(PPS) as calculated for individual countries by Eurostat
(2014e). Even though there are a number of indicators
for prosperity other than GDP (Giannetti, 2015),
we did not consider their use because research results
would not have been compatible with current methods.
Another disadvantage in using GDP, particularly for
long-term analyses, are changes in currency exchange
rates over time and changes to the composition of the
consumer basket for determining PPS (Deaton,
Dupriez,201l1;Beckmann, 2013).

The disadvantage of the proposed indicators is that
they take into account only the BUA. Development of
indicators can be expected to include artificial surfaces
(buildings, infrastructure and other construction, min-
ing and other areas) and also other minor damage to
the landscape in relation to agricultural production.

CONCLUSION

The present survey results for the Czech Republic
show that the BUA is growing constantly in spite of
the fact that GDP has been very low in recent years. In
spite of falling annual DMC, the environmental burden
is increasing in the form of BUA. If this development
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continues, it would be appropriate to re-evaluate the
current soil protection policy before this soil is per-
manently occupied by build-up.

Suitable methods for the comparison of the environ-
mental burden posed by BUAs are methods utilizing
total BUA, because the area is utilized repeatedly and
over the long-term. This fact is in conflict with routine
methods for evaluating the use of natural resources
on the level of the European Union, chiefly material
demands for GDP.

We recommend that the indicators BUA per person
and GDP demands for a BUA be included among the
present Key environmental indicators in group: Soil,
landscape and agriculture. The initial hypothesis was
not confirmed. It seems that share of BUA in the total
area of a country and GDP demands for a BUA are
independent.
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