LAND COVER MAPPING IN SERBIA
Ivan Nestorov1, Dragutin Protic1 , Gojko Nikolic2
1Institute for Geodesy
University of Belgrade
Bulevar Kralja Aleksandra 73, 11000 Belgrade
nestorov@grf.bg.ac.yu, protic@grf.bg.ac.yu
2 Institute of Geography 
University of Montenegro
Danila Bojovica 3, 81400 Niksic
gojkorn@cg.yu

Abstract:

Nowadays, decision-makers in many fields recognize the information on land cover as fundamental thematic reference dataset for many spatial analyses. These data are especially important for integrated environmental assessment. In Serbia, the CORINE land cover inventory is the only dataset that provides a land cover overview at the country level. It consists of the three databases: the CORINE Land Cover databases for the reference years 2000 and 1990, and the database of land cover changes between these two epochs. Among wide range of applications, the databases serve as the basic data source for calculating some environmental indicators that are defined by the European Environmental Agency (EEA). However, there is a need for larger scale land cover mapping since the CORINE land cover dataset at scale 1:100.000 is often not detailed enough for number of national applications. The efforts to improve CORINE land cover mapping methodology with the aim to reach better thematic accuracy are also presented in the paper. 

1. Introduction

CORINE
 Land Cover 2000  (CLC2000) project was implemented in Serbia during 2005 and 2006 under the regional CARDS
 progamme. The implementation is entrusted to private Serbian company Evrogeomatika Ltd. The main aim was to bring Serbia to the same line of activities as the rest of the European countries in relation to assessing the land cover resources. At the same time, CORINE Land Cover database for the year 1990 (CLC90) and CORINE Land Cover Changes (CLC Changes) between years 1990 and 2000 database were produced in order to achieve a comparable time span of land cover changes with the rest of the CLC countries.

The production of CLC2000 database followed standard CORINE methodology: computer-aided visual interpretation of Landsat 7 satellite imagery supported with ancillary data (topographic maps, airborne imagery, thematic maps…) and field checking. The result was a seamless vector dataset with the polygon topology. The main mapping parameters defined by the methodology: mapping scale (1:100,000), minimum mapping unit (25 ha) and minimum width of linear elements (100 metres). As a source data, IMAGE2000 database was used. It consists of orthorectified Landsat 7 ETM+ images in national projection. The images are from the year 2000. with the tolerated deviation of +/- one year.

CLC Changes database is produced by comparing CLC2000 and the satellite images from the year 2000 (IMAGE2000) with the ones from the year 1990 (IMAGE90). CLC90, as a difference between two datasets (CLC2000 and CLC Changes) was the result of GIS application.   

2. Significance of land cover mapping in Serbia


In nowadays circumstances when Serbia is confronted to many challenges such as political and economic transition, global climate changes, problems of energy production and sustainable development issues, there is an increasing sense for necessity of information on land cover. Before CLC databases were finished during 2005-2006, there was no consistent and complete land cover dataset covering the whole territory of Serbia. Now, since the CLC databases were inaugurated, the huge interest for using the data by wide range of different institutions have being experienced. 

There are two reasons for that: 

- CORINE methodology (data design, nomenclature and method for creating the datasets) ensures useful land cover data

- The databases cover the whole territory of Serbia (without Kosovo which is under protection of the United Nations)

The primary benefit of the databases was experienced through the first statistical analysis of the data and calculation of some environmental indicators. The statistical information on the share of each land cover class in the total country area and especially detailed information on land cover dynamics are valuable and serious indicators of the state of land cover recourses of the Republic of Serbia. It, therefore, represents reliable information for the authorities and the public. 


The statistics of CLC land cover classes on Level 1 of the nomenclature and dynamics of land cover classes between years 1990 and 2000 are shown in tables 1. and 2. 

Table 1. CLC2000 Level 1 statistics

	Class
	Area (ha)
	Percentage %

	Artificial Surfaces
	250704
	3.23

	Agricultural Areas
	4417464
	56.94

	Forest and Semi-natural Areas
	2981471
	38.43

	Wetlands
	21176
	0.27

	Water Bodies
	86366
	1.11


Table 2. CORINE Level 1 changes 1990 – 2000 (in hectares)
	Class
	In class
	Decrease
	Increase

	Artificial Surfaces
	198
	1974
	5921

	Agricultural Areas
	19392
	12819
	4346

	Forest and Semi-natural Areas
	43369
	4695
	6670

	Wetlands
	0
	103
	0

	Water Bodies
	0
	1333
	3676


One of the examples of the CLC data application is calculation of the Effective Mesh Size (Jeager 2000) - meff for Serbia. The Effective Mesh Size is a measure of landscape fragmentation caused mostly by increasing transportation infrastructure and an important environmental indicator. It is based on the probability of two points chosen randomly in a region will be connected. The probability is converted into the size of a patch by multiplying it by the total size of the region investigated:
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where n is the number of patches, Ais is size of patch i and Atotal  is the total area of the investigated region.


The model of patches was created in GIS environment with the CLC2000 data and road and rail network database of Serbia (vector format) as inputs. The indicator was calculated for three regions of interest: entire territory of Serbia (without Kosovo), Vojvodina province and Middle Serbia. The results, shown in table 3., indicate significant difference of fragmentation degree in Vojvodina province and the rest of Serbia.   

Table 3. The Effective Mesh Size for Serbia and its parts

	Territory 
	meff [km2]
	Number of fragments

	Serbia (without Kosovo)
	1759,9
	1585

	Middle Serbia 
	2247,8
	936

	Vojvodina
	612,2
	661



However, although CORINE land cover databases at scale 1:100.000 represent valuable source for information on land cover on national and regional level, the need for a more detailed land cover dataset is noticed. Studying the experience of other European countries, demands of land cover data users and economic factors, optimal scale of 1:50.000 with more detailed nomenclature would satisfy most of the requirements for land cover data. 

3. Improving the methodology 

Implementation of CLC mapping project in Serbia showed some hollows in CORINE methodology for mapping the land cover classes. The CORINE methodology applies visual interpretation of satellite images to delineate different land cover features. The visual interpretation uses various viewing and interpretation devices. Most commonly used elements of visual analysis are tone, color, size, shape, texture, pattern, height, shadow, site and association of the object under investigation. The basic interpretation material was the color composition Landsat TM/ETM bands 5 (represented as green), 4 (represented as red) and 3 (represented as blue). Thematic quality control showed that some inconsistency and misinterpretation existed. The reason for this was found in the fact that classification depends on interpreter’s ability to reconstruct the reality by using interdisciplinary knowledge about attributes of land cover classes (Protic 2006) since visual characteristics of land cover classes on satellite images are not stable. They depend on the quality of the image, date and time of the image acquisition, contrast stretch applied and the state of the land cover features.

 The analysis of the problem and undertaken experiments shows that the most important procedures that should be incorporated in CLC mapping methodology as well as the similar land cover inventory methodologies are:

- Absolute or relative calibration of images. 

The aim of the radiometric calibrations is to normalize DN values of different scenes and thus make them comparable. Absolute calibration should enable that DN values represent physical properties of ground features as much as possible. Relative calibration however only makes the images comparable.

Examples of visual effects of absolute radiometric calibration of two Landsat scenes are shown in Figures 1-2. The scenes are covering the same area and acquired in the same date. Since ground features didn’t change their physical properties (the same date of acquisition) it is expected that visual characteristics of the two scenes after radiometric normalization are the same. The model of radiometric calibration applied is that described in Landsat handbook.
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Figure 1. Two different Landsat scenes covering the same area acquired in the same date – before radiometric normalization 
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Figure 2. Two different Landsat scenes covering the same area acquired on the same date – after radiometric normalization 

- Setting the optimal contrast stretch

After imagery is radiometricaly normalized, optimal contrast stretch is crucial requirement for proper image interpretation. The aim of the transformation is to emphasize visual characteristics of certain biophysical feature(s) against others. However, it is hard to define such a contrast stretch that would enable optimal differentiation of all or majority of biophysical features at the same time. A study conducted in the Laboratory for cartography of the Belgrade University (Protic 2007) showed that selection of parameters (range limits) for linear stretch should be connected to different landscape types which number should be as less as possible. Finally, two landscape types are defined: 1) agricultural and urban areas (settlements, arable land, pastures, permanent crops etc.) and 2) natural areas (forests, shrubs, marshes, etc.)
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Figure 3. Contrast stretch for agricultural and urban areas
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Figure 4. Contrast stretch for natural areas

- Application of vegetation index 

Normalized Difference Vegetation Index (NDVI) is important indicator for live green vegetation, which is significant land cover feature. Again, the task of defining optimal contrast stretch for visualization of NDVI has appeared. By setting range limits to 0 and 0.8, scale of gray tones represents measure of green vegetation. Range limits of –0.1 and 0 emphasize water bodies. On of the most important advantages of using NDVI is removing influence of shadows, which often leads to misidentification of land cover classes. In the case of existing two or more images from different dates of the same area, NDVI difference should be calculated. It indicates instability of land cover features and produces valuable information for land cover classification.

4. Conclusion

At this moment, the three CORINE land cover databases: CLC2000, CLC90 and CLC Changes represent the only cartographic material with such thematic content in Serbia. The primary benefit is already experienced through analysis of derived statistic information on land cover classes and its dynamics. Therefore, the databases represent reliable land cover inventory, which is both statistical and cartographic. 

The next step in obtaining land cover data in Serbia should be production of land cover maps at a larger scale with more detailed nomenclature which would satisfy the demands of projects on local and regional levels. Defining the nomenclature should be an interdisciplinary task based on experiences of the experimental CORINE Land Cover–Level 4 nomenclature that was formulated for Central Europe by experts of Czech Republic, Hungary, Poland and Slovakia and which includes 87 classes. The extended nomenclature should be defined in a way to optimally match local geographical particularities and needs of potential users. 

Also, although CORINE methodology for land cover mapping is widely and successfully used throughout Europe, the studies showed that additional applications of image processing techniques can improve objectiveness and accuracy in the process of visual interpretation of satellite imagery, and thus they should be incorporated into the present methodology. It is also the way to optimally use potentials of satellite data, which are the basic source of land cover information. 
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