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1. Introduction

Rapid urbanization of the world’s population and human modi-
fication of the environment in the past decades are important 
changes that have transformed the landscape worldwide. 
Moreover, these trends are expected to accelerate in the future. 
As pointed out by Weber and Puissant (2003), the concept of 
urbanization and of the ‘urban’ can vary from author to author – 
according to their definition urbanization is a territorial and 
socioeconomic process that induces a general transformation 
of land cover/use categories. Antrop (2000) defined urbaniza-
tion as a complex process which transforms the rural or natural 
landscapes into urban and industrial ones. This process forms 
star-shaped spatial patterns controlled by physical conditions 
of the site and its accessibility by transportation routes. Bhatta 
et al. (2010) present a comprehensive review of recent litera-
ture on this topic focusing on different aspects of urbanization 
(demographic, social, cultural, etc.). However, their study deals 
only with the process of urban growth and its patterns. Urban 
growth is analysed both as a pattern of urban land use – a spatial 
configuration of a metropolitan area in a temporal instant – and 
as a process, namely as the change in the spatial structure of 
cities over time. Urban growth, either as a pattern or a process, 
needs to be distinguished from the causes that bring such a pat-
tern about, or from the consequences of such patterns.

The new spatial structure, which arises due to changes in 
the use of the suburban landscape, is highly dynamic. Inten-
sive urbanization and associated environmental impacts have 
received much attention in the scientific community concerned 
specialising in remote sensing and remote sensing methods 
have been widely applied in mapping land surface features in 
urban areas. Michishita et al. (2011) characterize and quantify 
the changes in the urban landscape pattern near the Poyang 
Lake, Jiangxi Province, China. This is done through a sub-pixel 
analysis of time-series provided by Landsat TM imagery between 
1987 and 2009. Data from satellites with a 15–30m resolution 
are commonly used in the assessment of urban landscape (Pham 
et al. 2011; Sarvestani et al. 2011; Belal, Moghanm 2011; Weber, 
Puissant 2003).

Urban and sub-urban environments are composed of a wide 
range of land cover classes. Expanding urban areas require both 
new analytic approaches and new sources of data and informa-
tion. Several recent developments in remote sensing have the 
potential to significantly improve the mapping of urban areas. 
These are related to the availability of data from new remote 
sensing systems with very high resolution (VHR) and from 
hyper-spectral sensors which can support detailed and accu-
rate mapping of urban areas at different spatio-temporal scales 
( Herold et al. 2005).

2. Objectives

The mapping of urban land cover changes had two principal 
objectives. Primarily, we focused on establishing an extended 
classification of urban land cover which would be based on 
the CORINE Land Cover (CLC) nomenclature. The proposed 
classification consists of 46 classes of artificial surfaces and 
is more adequate for a precise observation of local peculiari-
ties of urban land cover. Our second aim was to document the 
urbanization trends in selected regional cities in Slovakia and 
Bulgaria using VHR satellite data and orthophotographic images. 
In order to assess the urbanizing trends, the following processes 
were defined: urban extension, urban infill and other changes of 
urbanized landscape.

3. Methodology

Satellite images collected by IKONOS in 2002 (spatial resolu-
tion PAN 1 m and MS 4 m) and by WorldView2 in 2011 (PAN 
0,5 m and MS 2 m) were used as source of information about 
land cover (LC) in the city of Trnava. Colour digital orthophoto 
images provided by the Bulgarian Ministry of Agriculture and 
Food (MAF 2012) were used to derive the LC data for Burgas. 
The orthophoto acquisitions are from June 2006 and September 
2010 and have a resolution of 0.5 m and 0.4 m.

Visual interpretation of satellite and orthophoto imagery 
through the GIS framework was applied to produce the LC data 
in this study. It was achieved through an on-screen digitalisation 
while using Quantum GIS – an Open Source Geographic Infor-
mation System offering common GIS functionalities provided by 
both core features and plugins.

The detailed LC maps were produced by local mapping apply-
ing the extended CLC nomenclature for class 1 Artificial surfaces 
(Kopecká and Rosina 2014, Vatseva 2014, see Table 1) with the 
minimum extent of the mapped area being 0, 25 ha and the 
minimum width of 10 m. Agricultural areas, Forest and semi-
natural areas, Wetlands and Water bodies (CLC classes 2–5) were 
mapped according to the standard CLC nomenclature (Heymann 
et al. 2004).

The following processes were defined in order to further 
assess prevailing urbanisation trends:
– Urban extension: a process characterized by conversion of 

agricultural landscape, forest, wetlands and water classes 
(2xx, 3xx, 4xx and 5xx) into urbanized areas (1xxxx)

– Urban infill: process of conversion of existing settlement 
greenery (141xx) and classes of areas under construction 
(133xx) into 11xxx–132xxx

– Other urban changes: changes in urban landscape which 
were not defined in the previous two categories
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CORINE – 3th level 4th level (Feranec, Otahel 2004) 5th level Trnava  
(VHR – WorldView2) 

Burgas  
(Aerial Orthophoto) 

111 Continuous urban fabric 

1111 Areas of urban centres 

11111 Areas of urban centres prevailingly with high-rise 
buildings 

11112 Areas of urban centres prevailingly with low-rise 
buildings A 

1112 Areas of ancient cores   11121 Areas of ancient cores A 

112 Discontinuous urban fabric 

1121 Discontinuous built-up areas with 
multiflat houses  

11211 Discontinuous built-up areas with multiflat houses 
with significant share of trees  

11212 Discontinuous built-up areas with multiflat houses 
with significant share of grass vegetation 

11213 Discontinuous built-up areas with multiflat houses 
with significant share of gardens A 

1122 Discontinuous built-up areas with 
family houses  

11221 Discontinuous  built-up areas with family houses 
with gardens 

11222 Discontinuous built-up areas with family houses 
without gardens (Gypsy quarters) A 

121 Industrial or commercial 
units  

1211 Industrial and commercial units 

12111 Areas of services 

12112 Production and storage areas 

12113 Archaeological sites, museums, churches, 
cathedrals and religious buildings A 

1212 Areas of special installations 12121 Areas of special installations 

122 Road and rail networks and 
associated land 

1221 Road network and associated land 

12211 Roads and adjacent areas without the 
accompanying continuous woody vegetation 

12212 Roads and adjacent areas bordered by tree rows 

12213 Motorway 

12214 Road network within settlements 

12215 Bus station 

12216 Accompanying woody vegetation on road 
communications  

12217 Accompanying grass vegetation on road 
communications   

1222 Rail network and associated land 

12221 Rail network  
  

12222 Railway station 

12223 Accompanying woody vegetation on rail 
communications 

12224 Accompanying grass vegetation on rail 
communications 

Table 1 — Extended CLC nomenclature for urban areas. (A – the class absent on the study area.)
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CORINE – 3th level 4th level (Feranec, Otahel 2004) 5th level Trnava  
(VHR – WorldView2) 

Burgas  
(Aerial Orthophoto) 

123 Port areas 

1231 Sea commercial fishing and naval 
ports 12311 Sea commercial fishing and naval ports A 

 

1233 Shipyards 12331 Shipyards A 

1234 Sport and recreation ports 12341 Sport and recreation ports A 

124 Airports  
1241 Airports with artificial surfaces of 
runways 12411 Airports with artificial surfaces of runways  A 

1242 Airports with grass surfaces of 
runways 

12421 Airports with grass surfaces of runways A A 

132 Dump sites  

1321 Solid waste dump sites 13211 Solid waste dump sites 

1322 Liquid waste dumps 13221 Liquid waste dumps A 

133 Construction sites  1331 Construction sites  

13311 Construction of residential areas 

13312 Construction of production and service areas 

13313 Construction of water management structures A A 

13314 Construction of communications A 

13315 Construction of sport areas A A 

13316 Construction of leisure areas (new hotels) A 

141 Green urban areas 

1411 Parks 

14111 Urban parks 

14112 Urban gardens A 

1412 Cemeteries 14121 Cemeteries 

1413 Other urban green areas 

14131 Other urban green areas 

14132 Green areas in production and service centres 

142 Sport and leisure facilities  

1421 Sport facilities 14211 Sport facilities  

1422 Leisure areas  

14221 Resorts 

14222 Country houses (huts) A 
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Fig. 1 — Study areas Trnava (Slovakia) – left, Burgas (Bulgaria) – right

Sources: Esri, USGS, NOAA

HU

UA

PL

CZ

AT
Bratislava

Study area
Trnava

SK

0 50 100 km o

Sources: Esri, USGS, NOAA

0 50 100 km

Study area
Burgas

BG

TR

GR

RO

RS

MK

Sofia

o

64,000

65,000

66,000

67,000

68,000

69,000

70,000

71,000

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

Trnava

186,000

188,000

190,000

192,000

194,000

196,000

198,000

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

Burgas

Fig. 2 — Population development of Trnava (left) and Burgas (right) in 2001–2012

Fig. 3 — An example of a change of arable land to an industrial complex (PSA Peugeot Citroen Trnava) – state of the landscape in 2002 (left) and in 2011 (right)

Fig. 4 — An example of urban infill in Burgas – elements of urban structure in 2006 (left) and in 2010 (right)
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A new urban fabric was identified for the second time 
horizon – timeframe t₂ (2011 or 2010 respectively), and not in 
timeframe t₁ (2002 or 2006). In order to harmonize different 
observation dates, the calculations were focused on the inten-
sity of LC change, which can be applied to derive the average 
annual change rates associated with the assessed trends over the 
selected time horizons.

4. Study areas

The regional centre of Trnava is located between the Váh River 
and the Little Carpathian mountain range at 146 m a.s.l., in the 
central part of the Trnava Plain, which in turn is part of the 
larger Trnava Hill Land (Fig. 1a). The study area is spatially 
defined by the coordinates of 48°24'00" N to 48°20'55" N and 
17°33'14" E to 17°38'55" E. Due to the character of relief, the 
regions position in regards to the national capital, and a good 
transport infrastructure, it is a territory with high potential for 
territorial development. However, the existence of top quality 
soils in the hinterland of the city is actually a limiting factor for 
its further expansion. According to the Census of Population, 
Houses and Flats in 2001, the population of Trnava amounted 
to 70,286, while in 2012 this number dropped to 66,073 (Fig. 2). 
Despite this fact, the proportion of artificial surfaces within the 
study area increased from 1,572.6 ha (36.7%) in the year 2002 
up to 1,989.8 ha (46.5%) in 2011 (Kopecká, Rosina 2014).

The study area of Burgas is located in South-Eastern Bulgaria 
and is approximately framed by the following coordinates: 
42°32'42" N to 42°26'49" N and 27°23'55" E to 27°29'40" E (Fig. 1b). 
The city of Burgas is bordered by the Black Sea surrounding 
the large Burgas Bay, as well as by the Atanasovsko Lake, Bur-
gas Lake and Mandrensko Lake, which together represent the 
principal limiting factor for further urban expansion. Burgas is 
the fourth biggest city in Bulgaria. According to the Census of 
Population, Houses and Flats, the total population of Burgas city 
amounted to 192,390 in 2001, and to 197,301 in 2011 (Fig. 2). 
Potential for the city’s spatial development is facilitated by its the 
favourable geostrategic location, good transport infrastructure 
(including one of the largest ports and airports in the country), 
the region’s development towards an important centre for sea 
tourism, and depends on future industrial expansion, the qual-
ity of human resources and prospective science and research 
potential. 

5. Results and Discussion

5.1 Urban extension

Mapping of the extent of artificial surfaces plays an important 
role in the analysis of urban trends. Despite a remarkable 
decrease in Trnava’s population, almost 422 ha of farmland 
were taken by the expanding urbanization over the course of the 
relevant ten years. The change of arable land to production areas 
i.e. conversion of class 211 to 12112 due to construction of an 
automobile plant proved to be most extensive (more than 175 ha) 
(Fig. 3). A significant reduction in the share of arable land can 
also be attributed to the construction of new streets and single-
family houses (211 → 11221), as well as several large shopping 
malls (211 → 12111). Table 2 presents the metric measurements 
of the urban extension into Trnava’s hinterland.

The total area of taken up by further urban extension of Bur-
gas reached almost 37 ha during the investigated period of five 

years. It mostly involved the transformation of arable land into 
areas of dedicated to services, production and technical infra-
structure (Table 3). The changed areas are situated mainly in the 
northern surroundings of the city. They include big shopping 
centres (211 → 12111), storage-accommodations (211 → 12111) 
and small factories (211 → 12112).

5.2 Urban infill

The structure of settlement’s landscape does experience change 
only beyond the boundaries of the compact urban fabric, but 
inside as well. In addition to open spaces filled in by new con-
struction, large areas of abandoned industrial areas (brown 

Table 2 — Urban extension of Trnava in 2002–2011 (in hectares)

Loss of: Arable land Heterogeneous 
agricultural areas

Total (ha)

Urban extension:

Residential areas  17.01 1.34  18.35

Areas of services   9.41 —   9.41

Production areas and technical 
infrastructure

175.29 0.49 175.78

Transport network  38.51 0.35  38.86

Dump site   1.47 —   1.47

Construction sites  79.02 0.09  79.11

Green urban areas  98.57 0.78  99.35

Total (ha) 419.28 3.05 422.33

Table 3 — Urban extension of Burgas in 2006–2010 (in hectares)

Loss of: Arable land Wetland Water 
bodies

Sea Total (ha)

Urban extension:

Residential areas  0.06 — — —  0.06

Areas of services 23.61 0.47 — — 24.08

Production areas and 
technical infrastructure

11.48 — — 0.55 12.03

Mineral extraction sites — — 0.92 —  0.92

Total (ha) 35.15 0.47 0.92 0.55 37.09

Table 4 — Urban infill in Trnava in 2002–2011 (in hectares)

Loss of: Construction 
sites

Parks Other green 
urban areas

Greenery 
in production 

and service 
centres

Total (ha)

Urban infill:

Urban centres — —  1.09  0.37  1.46

Residential 
areas

 9.97 —  1.63  0.88 12.48

Areas of services — 0.43  4.49  0.28  5.20

Production and 
storage areas

 4.01 —  2.42 11.98 18.41

Transport 
network

 0.63 —  0.54  0.27  1.44

Dump sites — — —  6.97  6.97

Construction 
sites

— —  1.90 —  1.90

Total (ha) 14.61 0.43 12.07 20.75 47.86

Table 5 — Urban infill in Burgas in 2006–2010 (in hectares)

Loss of: Construction sites Other green urban 
areas

Greenery in 
production and 
service centres

Total (ha)

Urban infill:

Residential areas 15.84  9.83 — 25.67

Areas of services 13.53  3.46  0.84 17.83

Production and 
storage areas

21.43  0.93 12.54 34.90

Construction sites —  2.92  3.71  6.63

Urban green areas —  3.53 —  3.53

Total (ha) 50.80 20.67 17.09 88.56
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Table 6 — Comparison of average annual intensity of urbanization in Trnava and Burgas 
(in hectares per year)

Intensity of changes Trnava (Slovakia) Burgas (Bulgaria)

Urban extension 52.80  9.27

Urban infill  5.98 22.14

Other urban changes  6.05  3.26

Fig. 5 — Transformation of unused sewage treatment into a residential quarter in Trnava between the years 2002 (left) and 2011 (right)

Fig. 6 — Example of progressive re-cultivation of the former agricultural centre in Trnava between the years 2002 (left) and 2011 (right)
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Fig. 8 — Urban dynamics in Burgas in 2006–2010
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fields) can be transformed into trade-administrative centres or 
to new residential quarters (Table 4). The reduction is the size of 
class 14131 – Other green areas (about 4.5 ha) – translated into 
an increase in the size of areas dedicated to services (12111). 
Distinct urban infilling is also apparent in the construction of 
new industrial structures, mapped via the conversion of class 
14132 into 12112. This type of change affected almost 12 ha.

The urban infill registers the highest rates (88.56 ha) of urban 
development in Burgas (Table 5). Here, production and storage 
areas were enlarged by approximately 35 ha, mostly through 
the transformation of construction sites (21.43 ha) and city 
greenery into production and service centres (12.54 ha). The 
residential areas were also substantially expanded by more than 
25 ha, mainly at the expense of construction sites (15.84 ha) and 
other green urban areas (9.83 ha) (Fig. 4). An expansion of the 
area covered by services by almost 18 ha represents another 
fast-paced change. Construction sites, other green urban areas 
and greenery in production and service centres appear as the 
most diminished LC classes within the city.

5.3 Other changes in urban landscape

Other changes were associated with a shift in the use of built-up 
areas. In the Trnava study area, almost 18 hectares were trans-
formed through re-cultivation of unused areas of former socialist 
enterprises. Re-cultivated areas covered by continuous vegetation 
were assessed as conversion of class 12112 into 14132, whereas 
plots with ongoing re-cultivation and yet without continuous 
vegetation cover were designated as construction sites (12112 
to 13312). Interesting examples of land use optimization include 
a construction of a new residential area situated in the locality 
of an unused sewage treatment (Fig. 5) or a re-cultivation of an 
abandoned agricultural centre (Fig. 6).

The detailed analysis of the mapped landscape elements 
enables us to observe a gradual loss of trees alongside roads 
around the city. Changes of areas previously covered by class 
12212 to 12211 in several localities represent sections of road 
where surrounding woody vegetation was removed, especially 
during reconstructions of these roads. Compensatory planting of 
woody vegetation has not been registered. Other urban changes 
in Burgas involve more than 13 ha. The main observed conver-
sions were represented by the development of new construc-
tion sites inside residential areas, areas of services, production 
and storage areas. Therefore, these changes also contribute to 
increasing building density and soil sealing as important features 
of the urban development of Burgas city.

Comparison of urban development in Trnava (Fig. 7) and 
Burgas (Fig. 8) points towards different types of urbanization 
dynamics. The dominance of urban extension in Trnava causes 
extreme loss of productive agricultural land. These landscape 
changes occurred despite the population decline and were 
caused mainly by significant financial investment in industrial 
development.

Green urban infrastructure is important for both the biodi-
versity of urban ecosystem and for the people’s quality of life. 
Urban infill in the coastal town of Burgas, with an increasing 
population, documents the importance of monitoring internal 
land uses. This primarily pertains to the state of urban greenery 
within the town in order to prevent negative effects of the high 
rates of soil sealing.

In order to harmonize different time horizons, we calculated 
the average annual intensity of urban extension, urban infill and 
other urban changes (Table 6).

6. Conclusion

Urban areas are highly dynamic and landscape changes occur 
quite rapidly. Urbanization causes spatial polarisation by chang-
ing population densities, economic activities and the population’s 
mobility. The countryside which is affected by urbanization 
becomes a complex, multifunctional, and intensively used space 
within a larger urban network. Effective urban planning and 
policy making can be only achieved when it is based on reliable 
data and meaningful indicators.

Remote sensing data provide low-cost and up-to-date spatial 
data that can be used to derive useful information relevant for 
city managers and planners. Presented examples document the 
mapping of urban dynamics based on an analysis of LC change 
from secondary socioeconomic information and other invisible 
elements of urban infrastructure which can be derived. Multi-
temporal spatial analysis can help identify the size, direction and 
rate of urban construction or the destruction of natural resources. 
The proposed approach leads to an improved understanding and 
representation of urban dynamics and helps to develop alternative 
conceptual frameworks of urban spatial structure and its change.
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