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1. Introduction

Intensified utilization of the landscape represents one of the 
main drivers of global environmental change. Intensive land-
scape exploitation usually decreases biological diversity and 
triggers processes like soil depletion and consolidation, ero-
sion, eutrophication, water regime disturbance etc. (Opdam 
et al. 2006). These disruptions of the landscape functions and 
services affect ecological stability of the landscape in terms of 
its resilience and resistance ability (de Groot 2006; Jongman 
et al. 2004; Lipský 2000). However, the landscape qualities are 
essential for local ecological and environmental conditions as 
for the creation of the local culture. Besides, the landscape func-
tions and services determine delivery of substantial benefits to 
human society (MA 2005). Availability of these benefits with 
great ecological, socio-cultural and economic value (de Groot 
2006) requires a management maintaining the landscape capac-
ity to provide them.

To demonstrate how intensive land use and quality of the 
environment interact and how the interactions influence land-
scape functions and services, this study introduces integrated 
landscape analysis of the Czech agricultural region Cezava. 
Firstly, the research analyzes long-term land use changes. In a 
second step, it assesses an impact of these changes on environ-
mental conditions of the study area. Then, by the ecosystem 
services analysis, the study describes the remediation capacity 
of existing and proposed ecological networks in the study region. 

Study Area

The region Cezava was chosen as a study area due to its specific 
natural conditions and its agricultural character, which make it 
possible to explore the impacts of unidirectional management 
and their influence on the provision of ecosystem services. The 
region is situated in Czechia, in South Moravia, about 15 km 
south of Brno city. It consists of 15 municipalities, which cover 
a total area of more than 15,000 ha (Map 1). 

The Cezava region belongs to Western Carpathian Mountains 
province (Demek and Mackovčin 2006). The highest elevation 
point is the hill Výhon reaching 356 m. Through the territory 
of interest runs the Litava River (formerly Cezava), which rep-
resents the main watercourse. The subsurface of the study area 
is created by unconsolidated sediments of marine Neogene cov-
ered by terrace gravel sands formed in Pleistocene. Both types 
of sediments overlay thin layers of loess. Alluvia, affected by 
fluctuating groundwater level, are covered by fluvisols steming 
from carbonate sediments. In lower marginal areas of uplands, 
fluvisols are replaced by luvisols and partly by pararendzinas. 
Black soils present in the river basin of Litava are agriculturally 
utilized (Havlíček and Navrátilová 2005).

Climate of the area is very favourable and it is one of the 
warmest regions in the country (Cezava belongs to Pannonian 
Region). Being to one of the most fertile regions in Czechia, soil 
production potential influences the land price. Official land price 
of the agricultural land is based on the system of pedo-ecological 
units (PEU; in Czech: “Bonitovaná půdně ekologická jednotka – 
BPEJ”) and represents hypothetical price but reflecting real mar-
ket conditions. Every unit has a unique five-digit code according 
to climate (first digit in the code), soil type (second and third 
digit in the code), relief evaluation (fourth digit in the code) and 
soil profile depth (fifth digit in the code). The code identifies 
homogeneous land units and specifies their production potential. 
As the Table 1 indicates, official land price per cadastre units in 
the study area ranges from 8.47 CZK/m² up to 13.61 CZK/m². 
Comparing prices of Cezava with minimal (0.7 CZK/m²) and 
maximal (14.81 CZK/m²) national land price values, they dem-
onstrate high production potential of soil in the study area.

Cezava has been agriculturally exploited area since historical 
times. Crucial transformation and simplification of landscape 
structure happened in more recent history in 1950s. Figure 1 
and Figure 2 depict the landscape structure transformation. 
As part of the process of production intensification, land was 
consolidated into large-scale fields and so-called belt parcels 
disappeared from the landscape. 

Currently, Cezava faces after-effects of unidirectional land 
use. Arable land has reached 75% of land cover at the expense 
of other ecosystem types. The area also encompasses few natural 
landscape elements – nature protected areas and Natura 2000 
sites covering about 0.9% of the region. Small in size, they are 
not expected to compensate the impact of intensive agriculture. 

2. Methods

The methodology combines land use change analysis with 
ecosystem services analysis in order to carry out an integrated 
assessment of ecological stability of the study area. 
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Table 1 — Official land price in 2011 (CZK/m²) for municipalities in Cezava region 
(according to the Decree 412/2008 Coll., as updated by the Decree 427/2009 Coll. and 
the Decree 340/2010 Coll.)

Blučina 8.47 Nikolčice 10.01 Telnice 10.77

Kobylnice 13.38 Otmarov 13.61 Těšany 10.66

Měnín 11.36 Otnice 10.37 Újezd u Brna 12.15

Moutnice 11.49 Rajhradice 10.21 Žatčany 12.36

Nesvačilka 12.17 Sokolnice 12.00 Židlochovice 8.99
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Map 1 — The study area Cezava.
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Graph 1 — Changes in the proportion of land use categories over time period 
1845—2000.

Graph 2 — Trends of the changes within the land use category “agricultural land” over 
time period 1845—2000.

Figure 1 — Aerial photo of Moutnice (1949) — small scale land use (“belt parcels”).
Source: VGHMÚř Dobruška, © MO ČR/HÚVG.

Figure 2 — Aerial photo of Moutnice (2000) — large scale land use (big plots of arable 
land after collectivisation).
Source: VGHMÚř Dobruška, © MO ČR/HÚVG.
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2.1 Land Use Analysis

The land use analysis exploits the LUCC Czechia Database as 
a data resource. The data from the database reflect the mac-
rostructure of the landscape. Therefore, the analysis primarily 
focuses on general information about changes in land use and 
their trends, rather than on a spatial configuration within land 
use categories. For more information on character of data see 
e.g. Bičík et al. (2000) or the website http://lucc.ic.cz/lucc_data/. 
The data were analysed in a way to ascertain the trend of the 
change for selected land use categories – agricultural land, for-
est, water, built-up and remaining areas. In addition, the category 
of agricultural land was observed into more detail. Time horizon 
1845 represents an initial state with which the situation in 2000 
is compared. 

2.2 Landscape Stability Assessment 

Commonly used ecological stability coefficient (Ces) illustrates 
the level of ecological stability of the study area. The coefficient 
compares the proportion of relatively stable areas (forests, 
streams, etc.) with the proportion of relatively unstable areas 
(e.g. fields, urban areas):

U

S
es A

A
C =  ,

where AS is the area of ecologically relatively stable plots 
and AU the area of ecologically unstable plots (Lipský 2000). 
To further analyze environmental conditions in the study area, 
the study focuses on wind and water soil erosion and provides 
soil erosion maps. In the last step, the ecological network was 
analyzed. To assess the structure and functionality of existing 
ecological network, plans drawn in the 1990s were studied. 
The plans are documents of territorial planning which guide-
line landscape development and urbanization (Building Code 
50/1976 Coll.). Founded knowledge was broadened by informa-
tion from the study of Havlíček and Navrátilová (2005). The eco-
system services concept helped to investigate ecological network 
effectiveness present in the study area. Thus, potential effect of 
newly planned ecological network based on the restoration plan 
of Havlíček and Navrátilová (2005) was assessed. 

2.3 Ecosystem Services Analysis 

The ecosystem services analysis represents a tool for an assess-
ment of the benefits people obtain from ecosystems (MA 2005). 
The methodology used for the services categorization in this 
study follows de Groot’s (2006) approach. De Groot grouped 
functions and associated services in four main categories: regula-
tion, habitat, production and information functions. Categories 
are defined in the following way: Regulation functions/services 
are essential for maintaining the conditions for life on Earth 
(e.g. maintenance of clean air, water and soil, prevention of 
soil erosion and biological control services). Habitat functions/
services relate to the spatial conditions needed to maintain 
biodiversity and evolutionary processes. Natural ecosystems 
provide refuges and reproduction habitat to species. Production 
functions/services (by producing biomass) supply humans with 
many resources ranging from food and raw materials to energy 
resources and genetic material. Information functions/services 
contribute to the maintenance of human health by providing 
opportunities for reflection, spiritual enrichment, cognitive 
development, recreation and aesthetic experience. From the 
range of services potentially provided by ecosystems, those 

which are relevant for the ecological network were selected 
(Table 2). Three ecosystem types included in the assessment 
were permanent grassland, forests and water bodies. Undoubt-
edly, not solely these ecosystems provide services. However, a 
complex provision of services by ecosystems present in the study 
area was a subject of another study. 

3. Results and Discussion

3.1 Changes in Land Use

In the observed time period the study area follows the national 
trend of the changes in land use (Bičík et al. 2000). The area of 
agricultural land and water areas shrinked while forest, built-up 
and remaining areas increased (Graph 1). Despite the reduction 
of the total agricultural land area, the share of arable land raised 
(Map 3). Agricultural collectivization in 1950s eliminated a num-
ber of meadows and pastures (Graph 2, Map 5) as well as alleys, 
solitaires, shrublands or balks from the landscape. Thus, the 
landscape structure was importantly simplified. 

3.2 Impact of Intensive Land Use on the Environment

Unidirectional land use and intensive agriculture are the main 
common causes for environmental issues such as increased soil 
erosion (Map 6 and Map 7), water pollution and biodiversity 
loss (Havlíček and Navrátilová 2005). The currently applied 
management creates a landscape with a limited ability to bal-
ance disruptive influences. These findings are supported also by 
outcomes from the landscape stability assessment based on an 
ecological stability coefficient (Ces). Map 8 shows that 12 out of 
15 municipalities belong to the category of territories with maxi-
mal disruption of natural structures and no balanced landscapes 
exist within the area (Stable Cadastre 2008). However, Ces is con-
sidered as only complementary indicator to other data because 
of a rough and limited informational value (Machar 2009). 

3.3 Stabilizing Capacity of the Ecological Network 

In order to support ecological stability of Cezava region, the con-
cept of ecological networks was involved in the research as a tool 

Table 2 — Overview of the ecological network structure across municipalities in Cezava 
region (2009)

Municipality Number of network components Level

Biocentres Biocorridors Interactive elements

P F P F P F

Blučina 18 ? 2 ? 15 ? Regional, local

Kobylnice 3 ? 6 ? 11 ? Regional, local

Měnín 12 3 14 2 ? ? Regional, local

Moutnice 8 5 8 ? 11 ? Regional, local

Nesvačilka 1 ? 2 ? 13 ? Local 

Nikolčice 1 ? 1 ? ? ? National, regional

Otmarov 0 ? 2 ? 6 ? Local

Otnice 1 ? 1 ? ? ? National, regional

Rajhradice ? ? ? ? ? ? —

Sokolnice 5 ? 3 ? ? ? Local

Telnice 5 ? 6 ? ? ? Local

Těšany ? ? ? ? ? ? —

Újezd u Brna 8 ? 9 ? ? ? Regional, local

Žatčany 0 ? 7 ? 11 ? Regional, local

Židlochovice 13 3 20 ? 7 ? National, regional, local

Note: P – proposed, F – functional, ? – information not available.
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Map 4 — Share of permanent grassland (meadows and pastures) in the Cezava region 
and adjacent municipalities in 2000 (%). Source: LUCC Czechia (www.lucc.ic.cz) 2011.

Map 5 — Changes in the share of permanent grassland (meadows and pastures) from 
1845 until 2000 (%). Source: LUCC Czechia (www.lucc.ic.cz) 2011.
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Map 2 — Share of arable land in the Cezava region and adjacent municipalities 
in 2000 (%). Source: LUCC Czechia (www.lucc.ic.cz) 2011.

Map 3 — Changes in the share of arable land from 1845 until 2000 (%).
Source: LUCC Czechia (www.lucc.ic.cz) 2011.
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for landscape optimization. The idea of ecological networks 
(ENs) was developed in urban planning at the beginning of the 
20th century. It is understood that size, shape and connectivity 
are essential factors for functioning and functionality of habitats 
and ecosystems. However, habitats and ecosystems over Europe 
are becoming smaller, more fragmented and isolated (Lawrence 
2007). Bennett (2004) defines the ecological network as a “coher-
ent system of natural and/or semi-natural landscape elements 
that is configured and managed with the objective of maintain-
ing or restoring ecological functions as a means to conserve 
biodiversity while also providing appropriate opportunities for 
the sustainable use of natural resources”. Current ideas about 
ecological networks have developed into various concepts and 
conservation strategies in different countries. Czech ecological 
networks focus on two key purposes. They aim to stabilize the 
whole landscape by a functional zoning of landscape elements 
into areas, which compensate zones of intensive land use and to 
facilitate species dispersal and survival in the landscape. Core 
areas (biocentres) are interconnected by linear structures – 
biocorridors. Additional components of the Czech ecological 
networks are interactive elements. They are landscape segments, 
which support functioning of ecosystems in the cultural land-
scape, e.g. alleys.

An ecological network has already been introduced in the 
study area, however only partially in view of the initial proposal 
(Table 2). Incomplete network structure results in low connected-
ness. Therefore, network functionality is expected to be affected.

Havlíček and Navrátilová (2005) consider national and 
regional biocentres present in Cezava region as partly functional 
and only partly efficient or not efficient. Incomplete ecological 
network does not compensate intensive land use and biodiver-
sity of the study area remains low (Havlíček and Navrátilová 
2005; Voříšek et al. 2008). 

On the other hand, despite functional problems, establish-
ment of the ecological network delivered benefits implicit in the 
network adoption, such as mapping and protection of nature 
biotopes (Konvička et al. 2005). Structural elements of the net-
work represent relics of nature in agricultural landscape. By 
their determination, many habitats were protected against trans-
formation to arable land or built-up area. Thus, (semi)natural 
ecosystems remaining in the landscape further provide several 
services.

Even though the services provision is not limited to the 
ecosystems of ecological network only, this study addresses the 
capacity of these. Provision of ecosystem services supported by 
the ecological network is illustrated by Table 3.

The analysis revealed that ecological network supports and 
provides a number of ecosystem services despite the fact that 
only its fragments have been implemented in the landscape. 
As the study area still faces environmental problems, partial 
implementation of the network could be seen as an unfulfilled 
opportunity in the effort of landscape optimization.

Table 3 — Analysis of services provided by the ecological network in the study area

Identification of main services Quantification of services provided by ecosystems

Permanent grassland Forests Water bodies

 Regulation Services

Climate regulation CO2 fixation Fixation capacity depends on precipitation 
and species composition (Patrick et al. 2007). 
0.52 t of carbon/ha/y fixed
(Vleeshouwers and Verhagen 2002).

7 CO2 tonnes/ha/year (Pešoutová 2007) Not estimated

Temperature and humidity regulation Not estimated; support the service A single large tree can transpire 450 l of 
water per day. This consumes 1,000 MJ of 
heat energy to drive the evaporation process. 
Thus, summer air temperature is lowered 
(Bolund and Hunhammar 1999).

Not estimated; support the service

Air quality Reduction of air pollution Fixation of particulates Mixed forest: 15 t/ha/year 
spruce forest: 30–45 t/ha/year (Bolund and 
Hunhammar 1999)

Not estimated; support the service

Erosion control Protection against wind and water erosion Erosion reduced Erosion reduced Erosion reduced

Soil formation Organic matter rests in the soil Organic matter rests in the soil Not relevant

Flood protection Not estimated; support the service 9–18 times lower run off (Havlíček and 
Navrátilová 2005)

90% regulated streams (flood risk reduction) 
(Havlíček and Navrátilová 2005)

Pollination Support the service Support the service Not relevant

Biological control Support the service Support the service Not relevant

 Habitat Services

Habitats and refuges Habitats for endangered xeromorphic species Refuges of wildlife
Limitations on provision of the service by 
changed natural species composition

10% of original capacity to provide the service 
(corresponds to non-regulated streams)

 Production Services

Food provision Not relevant 56 kg of deer meet/ha of forest
(Pešoutová 2007)
Forest fruits, mushrooms, herbs, game

Fish

Raw materials provision Fodder, hay, other organic matter 135 m³ of timber/ha of forest
(Pešoutová 2007)

Source of mineral water “Šaratica” (two localities 
of collection)

Ornamental species Not estimated Sculls, leather, attires Not estimated

 Information Services

Historical heritage Slavkov Battlefield (location of Battle of 
Austerlitz)

Not relevant Source of mineral water “Šaratica”

Tourism and recreation Biking trails 87 visitors/year/ha (Ministry of Agriculture 
2009)

Fishing

Mental restoration Limited capacity to provide the service Great capacity to provide the service (Kaplan 
and Kaplan 1990)

Limited capacity to provide the service
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Map 8 — Ecological stability of the landscape in the Cezava region based
on the coefficient of ecological stability CES (Stable Cadastre 2008)
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Map 6 — Vulnerability of the study area to wind erosion (Havlíček and Navrátilová 
2005)

Map 7 — Vulnerability of the study area to water erosion (Havlíček and Navrátilová 
2005 and Janeček et al. 2007)
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3.4 Landscape Stability Optimization

In response to limitations of existing ecological network and 
overall low ecological stability of Cezava, the study suggests to 
increase a number of rehabilitation measures in the area. The 
number of ecostabilizing elements in the landscape needs to 
be enlarged at the expense of arable land. Taking into account 
natural characteristics of the study area, three main types of 
suitable arrangements are the enhancement of the area of per-
manent grassland, reintroduction of water bodies (e.g. ponds) 
into the landscape and forestation by native species. All these 
ecosystem types represent stabilizing components for the land-
scape. According to the land use analysis, permanent grasslands 
have dropped to 6%, water areas have been reduced to 31% and 
forest areas have doubled in size since 1845. When following 
the proportions of reduction since 19th century up today, areas 
of permanent grassland and water areas should be increased the 
most. However, other factors like the current land use (mainly 
increase of urban areas and infrastructure) or economical and 
social conditions need to be respected. 

The suggestion how to increase/decrease proportions of 
particular ecosystems was introduced by the Restoration plan 
worked out by Havlíček and Navrátilová (2005). They suggest 
to reduce the area of agricultural land by 20% and increase the 
area of permanent grassland (by 13%), forests (by 8%) and water 
bodies (by 2%) and to develop an ecological network (Table 4).

The following paragraph discusses potential effect of the Res-
toration plan (Havlíček and Navrátilová 2005) on the ecosystem 
services provision. Regulation, habitat and cultural services are 
expected to be improved. Because of data constraints, the quanti-
fication of improvement was not feasible except for few services. 
For example, forests would be enlarged by 720 ha. Thus, annual 
CO₂ fixation by forests could be increased by about 5,000 t. In 
addition, there should be approximately 40,000 kg more of deer 
meat, 97,200 m³ more of timber and about 60,000 more visitors 
in forests every year. Food provision is a service which is going 
to decline with the reduction of the area of arable land. By arable 
land reduction of 20%, average annual crops yield would drop 
by about 28,200 t (taking into account average yield 9.4 t/ha). 
Nevertheless, this reduction in food provision should not influ-
ence food availability, because of the ongoing agricultural over-
production in Czechia (Ministry of Agriculture 2009).

4. Conclusion

The study analyzed the influence of intensive agricultural land 
use in Cezava region on the quality of the environment and 
assessed the effect of optimization measures. Intensive agricul-
ture in Cezava triggered several environmental problems, such 
as soil erosion, water pollution and biodiversity loss (Havlíček 
and Navrátilová 2005). The landscape stability is negatively 
affected as well. Thus, the provision of regulation, habitat and 
cultural services is limited. As the services are substantial for 
human well-being (MA 2005), the effect of optimization meas-
ures on them was examined. The results of the integrated land-
scape assessment suggest enlargement of the scale of landscape 
optimization measures in a way appropriate to the intensive 
agricultural use. Consequently, regulation, habitat and cultural 
services are expected to be improved. The provision service 
would be reduced, nevertheless with no negative effect on food 
availability.

From the methodological point of view the study reveals the 
potential of the approach, which combines long-term land use 

changes and the concept of ecosystem services, for the integrated 
assessment of landscape restoration. However, uncertainties 
introduced in the research need to be considered. The outputs 
of ecosystem services analysis are often limited by quantitative 
data and knowledge scarcity. Complex processes in the ecosys-
tems are not completely understood so far, as well, as synergies 
and interdependencies in the systems. This can importantly 
influence the reliability of results. 

From a practical point of view, financial costs are a key fac-
tor influencing the establishment of new ecological networks 
and the support of rehabilitation measures. The proposal of the 
ecological network, water management, reforestation and grass-
ing overreach 60 million EUR (the exchange rate of CZK and 
EUR used here refers to the average annual exchange rate in 
2005, as the restoration plan was submitted in 2005) (Pešoutová 
2007). Relevant ministries for the potential financial support are 
Ministry of the Environment, Ministry of Agriculture, Ministry 
of Regional Development and Ministry of Culture (e.g. for the 
Landscape Heritage Zones). The reintroduction of the ecostabi-
lizing elements in the landscape is also motivated by several sub-
sidizing programmes, e.g. European Agricultural Fund for Rural 
Development (EAFRD), Natural Environment Care Programme 
(Program péče o přírodní prostředí), Landscape Care Programme 
(Program péče o krajinu) and others. These programmes offer 
the agricultural enterprises and farmers a chance to participate 
in the maintenance and renovation of rural landscape. 

Financial expenditures on landscape optimization measures 
should not be seen solely as costs but preferably as investments. 
From a long-term perspective it is probable that implemented 
measures could avoid or reduce costs of erosion control, water 
treatments or air clearance. Further, they may significantly sup-
port other regulating, habitat and cultural landscape services 
and thus contribute to improvement of ecological stability of 
the study area. To support this, further analysis (e.g. cost-benefit 
analysis) is necessary.

In addition, landscape rehabilitation is a process with social 
impact. Therefore, key stakeholders from natural, social and 
economical fields potentially affected by the implementation of 
the restoration plan should be involved in the decision making 
process. The rational decision making is desirable in the plan-
ning process, otherwise the method is less effective (Opdam et 
al. 2006). In this process, the concept of ecosystem services could 
help as it bridges natural and social science. Identification of 
numerous benefits to diverse stakeholder groups may introduce 
“common language” and thus facilitate communication during 
negotiations. 

Table 4 — Comparison of current and suggested proportions of ecosystems in the study 
area (according to the Restoration plan of Havlíček and Navrátilová 2005)

Arable land Permanent 
grassland

Forests Water bodies

Current proportion (ha) 11,432.00 114.00 747.00 40.00

Current proportion (%) 75.00 0.75 2.10 0.30

Suggested proportion (%) 55.40 13.90 9.60 2.10

Suggested proportion (ha) −3,001.00 +2,001.00 +721.00 +279.00
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