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Background

Landscape represents the complex interaction between human societies and the natural environment. Portraying landscape on the basis of land cover category is a simple and aggregated way because the land cover structure together with the relief are mainly recognisable as a landscape.

The paper presents work carried out at the Institute of Geodesy and Cartography on the basis of general assumptions made by European Commission in the report “From Land Cover Data to Landscape Diversity”. This is an attempt to adjust the European methodology for setting up landscape indicators to Polish environment as well as explore potentialities and limits to use CORINE Land Cover data to portrayal diversity of Polish landscape. 

CORINE Land Cover - Source data

CORINE land Cover (CLC) is the only exhaustive geographic land cover database covering nearly the whole Europe. The CLC nomenclature, described in the CORINE Land Cover Technical Guide (CEC 1994) and related Addendum (EEA 2000), is a physical and physiognomic land cover nomenclature relevant for environment, nature and landscape protection. It distinguishes land cover classes grouped in a 3-level hierarchy. The classes of the first level are: artificial surface, agricultural areas, forests and semi-natural data, wetlands and water bodies. In a second level there are 15 land cover classes and in third one – 44.

The source data for CLC inventory was satellite images, for reference year 1990 it was Landsat 5, and for year 2000 – Landsat 7 +ETM. The nomenclature is strongly related to the process of image interpretation, the working and publishing scale and the smallest cartographic unit used in elaboration of the database. It was assumed that the smallest cartographic unit is 25 ha with the minimum width of 100 m; mapping scale is 1:100 000; spatial accuracy better than 100 m and thematic accuracy at least 85%. Heterogeneity of land cover classes, the limits of which are determined by physiognomic characteristics, does not allow using automated, computerised classification methods neither for the first inventory (in 1990) nor for its updating (in 2000). The methodology consists of the computer-assisted visual interpretation of satellite images, with the simultaneous application of ancillary data. It is based on the analysis of recognition feature of objects – colour, structure, texture, pattern, associations, by mean of which the objects of interest are represented in an image (Bielecka and Ciolkosz 2004).

Land cover in Poland is characterised by 31 out of 44 classes of the CORINE Land Cover nomenclature. Almost 62% of Poland is classified as agricultural land (arable lands – 40%, meadows and pastures – 9% and complex cultivation patterns – 11%), artificial areas occupied nearly 5%, and semi-natural and forest areas cover about 30% of national territory. The remaining 3% of Poland territory was classified as wetlands or water (Ciolkosz and Bielecka 2005).

Methodology

The methodology applied was composed of three main phases: preparatory, computational, and analytical. The preparatory phase consisted in collection of the data under an appropriate format and arrangement. The original vector land cover database was converted into a grid format with 100 m cell size. Each grid cell was assigned the CLC code according to the land cover polygon it overlaps. If a cell overlaps more than one CLC polygon the dominant (covering most of the area) land cover class was attributed.

During this phase the decision concerning a reference unit for which landscape metrics should be computed was made. This problem, well known in geographical information science, is of utmost importance because a shape and a size of a reference unit have imposing influence on obtained results. In this study dynamic approach based on regular “moving window” was chosen after a broad discussion within EIONET and some sample studies carried out by European Topic Centre on Terrestrial Environment (ETC/TE). Results provided by the use of “moving window” depend strongly on the size of window (Eiden et al. 2000). For Poland 1 km window allows identification of region specifics. In the second phase land cover indices were selected and computed (using FRAGSTAT software) that were later on, in the third phase, used to determine landscape types and describe the landscape diversification both in spatial and structural context. 

Numerous mathematical indices have been developed that allow the objective description of different aspects of landscape structure and pattern. As a single indicator which describes all aspects of landscape structure does not exist five metrics were chosen and investigated in depth: Number of Patches, Patch Density, Edge Density, Shannon Diversity Index and Interspersion and Juxtaposition Index. 

Number of Patches (NP) equals total number of patches. It is the simplest way of capturing the diversity of landscape. The more classes there are the more diverse the area is. The advantage of this index is that it can be calculated and interpreted easily. But on the other hand it has limited interpretive value because it conveys no information about distribution or density of patterns. 
Patch Density (PD) expresses the number of patches within the entire reference unit on a per area basis (100 ha) what means that the Patch Density index increases with a greater number of patches within a reference area. It is calculated as:
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where:
N = number of patches, A = total area  (ha)
This index is fundamental for the assessment of landscape structures, enabling comparisons of units with different sizes; however, it does not convey information about size and spatial distribution of patches.

Edge Density (ED) equals the length (in m) of all borders between different patch types in a reference area divided by the total area of the reference unit. The index is calculated as:
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where:
E = total length (m) of edge, A = total area (ha)
This index, in contrast to the previous indices, takes the shape and the complexity of the patches into account. Edge Density is a measurement of the complexity of the shapes of patches and, similar to Patch Density does not express the spatial heterogeneity of a landscape mosaic.
NP, PD and ED have limitations imposed by the scale of investigation (the smallest mapping unit). The smaller the mapping unit the better the spatial delineation is measured, resulting in an increase value of the indices. 

Shannon Diversity Index (SHDI) quantifies the diversity of the countryside based on two components: the number of different patch types and the proportional area distribution among patch types. It is calculated by adding for each patch type present the proportion of area covered, multiplied by that proportion expressed in natural logarithm, according to the formula: 
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m = number of patch types, Pi = proportion of area covered by patch type i
SHDI increases as the number of different patch types increases or the proportional distribution of the area among patch types becomes more equitable. For a given number of classes, the maximum value of the Shannon Index is reached when all classes have the same area. It is a relative index enabling the comparison of different landscape types as well as comparison of the area at different times. 
Interspersion and Juxtaposition Index (IJI) is the only measurement, which explicitly takes the spatial configuration of patch types into account. This index considers the neighbourhood relations between patches and broadly refers to the overall texture of the landscape mosaic. Each patch is analysed for adjacency with all other patch types and measures the extent to which patch types are interspersed i.e. equally bordering other patch types. The index is calculated with as similar strategy to the Shannon Index but the formula includes a denominator, which standardises for the number of classes.
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where:
m = number of classes, Eik = length of edge between class i and class k
The Interspersion and Juxtaposition Index is a relative index that represents the observed level of interspersion as a percentage of the maximum possible given the total number of patch types (McGarigal and Marks 1994). Similar to the all computed metrics IJI is strongly affected by the size of mapping unit. Low values characterise landscapes in which patch types are distributed irregularly or clumped, e.g. classes are bordering only a few other classes.

Results and Discussion

Portraying landscape on the basis of land cover classes is a simple and aggregated way because land cover structure together with the relief are mainly recognisable as a landscape. Map 1 and Map 2 show Patch Density and Edge Density. While comparing these maps similarities are easily noticeable. Regions with a high patch density show a high edge densities. This is the natural correspondence of the fact that with a rising number of patches the amount of borders increases. However, the contrast between regions is more pronounced by the ED index. These indices serve as good heterogeneity indices because the regions with greater values are more spatial heterogeneous. 
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Map 1. Patch Density. Poland
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Map 2. Edge Density. Poland
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Map 3. Shannon Diversity Index. Poland
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Map 4. Interspersion and Juxtaposition Index. Poland

The results of calculation of the Shannon index (Map 3) are somewhat different from previous maps because in contrast to Edge Density and Patch Density SHDI takes into account the number of land cover classes and the area shared. The highest value of SHDI represents a high diversity of land cover classes occurs in: Pomerania, Sudety, Polesie Lubelskie, Warsaw Basin, and Upper Silesia. Accordingly the lowest value can be find in regions that are dominated by one or two land cover classes, like: the Vistula River Estuary, Great Poland, Silesian Lowland. 

Map 4 shows the result of calculation the Interspersion and Juxtaposition Index. The index takes low value while a landscape is dominated by a few large (i.e. continuous) patches with equal repartition and adjacency of land cover classes. The highest value is observed in Great Poland and the Vistula River Estuary. Low values characterise the Baltic coast, Kurpiowski Forest, Beskidy Mountain, Podlaska Lowland and Polesie – regions with a large number of path, which differs in size and shape. The landscaps there are composed of a great variety of topographic feature, different bedrocks, soils, and water conditions, leading to a diversified structure regarding their land cover.

All presented metrics (NP, PD, ED, SHDI, IJI) show regional difference in Polish landscape and highlight both the geographical regions elaborated by Kondracki (1978) and types of natural landscape delineated by Richling and Dabrowski (1998). 

Answering the question whether the metrics are sensible enough to regard changes in land cover required comparison of indices values computed for land cover inventory in 1990 and 2000. The pilot study was conducted for Opolskie Voivodship, the region where 2,7% of land changed its cover category. The general overview of indices values and their spatial distribution shows that the differences between 1990 and 2000 are perceptible and locally significant. Both increase and smoothness of landscape fragmentation were observed. Process of increasing fragmentation mainly occurs in artificial areas, while decreasing fragmentation of landscape is noticeable in agricultural areas and forests. The process of conversion of grassland to arable land as well as forestation of forest clearings resulted in less fragmented distribution of patches and was the reason of decrease in the edge and patch indices. Decrease of number of land cover classes contributes to decrease of the Shannon Diversity Index and the Interspersion and Juxtaposition Index. On the other hand artificial landscape becomes more fragmented and rich. Growth of the economy strictly connected with blooming urbanisation and industrialisation resulted in a large number of patches mainly belong to built-up, commercial, industrial and transport classes. The construction of A4 highway had significant influence on the landscape. 

Summery/conclusions

Landscape metrics computed on the basis of CORINE Land Cover data are a useful tool to portray landscape structure. As a single indicator does not exist, it is necessary to calculate several metrics to convey landscape diversity and fragmentation. Generally the following metrics could portray landscape diversity: Number of Patches, Patch Density, Edge Density, Shannon Diversity Index and Interspersion and Juxtaposition Index. Analysis conducted shows that NP, PD and ED are correlation, so that is why only one matrix is usually enough. The contrast between regions is more pronounced by Shannon Diversity Index, Interspersion and Juxtaposition Index stresses diversification of the landscape. The matrices could also portray changes in the landscape because appearance as well as disappearance of land cover polygons (patches) results in different values of indices. 

Interpretation of indices depends on a reference unit hence the size and shape of reference unit is of utmost importance. Landscape metrics can be calculated based on administrative units, environmental units or grid cells. In this study the “moving window” technique was used to calculate indices for 100 m grid. 

CORINE Land Cover is a coherent and standardised geodataset with 25 ha minimum mapping unit. The mapping unit and the methodology of attributing to each polygon the dominant type of land cover significantly influence the value of indices. 

To conclude landscape metrics computed on the basis of CORINE Land Cover data allow to complement the stock of knowledge about landscape and are useful tool for preserving and sustaining landscape diversity. 

Bibliography

1. Bielecka E., Ciołkosz A., 2004: Land Cover Structure In Poland and its Changes in the Last Decade of 20 Century. Annals of Geomatics v.II No.1, Warsaw 2004, p. 81-88.

2. Ciołkosz A., Bielecka E., 2005: Pokrycie terenu w Polsce. Bazy danych CORINE Land Cover. Biblioteka Monitoringu Środowiska, Warszawa.

3. CORINE Land Cover Technical Guide. Office for Official Publications of the European Commission, 1994.
4. CORINE Land Cover Update I&CLC 2000 Project Technical Guidelines, European Environment Agency & European Topic Center, Terrestrial Environment. Final version, August 2002.
5. Eden G., Kayadjanian M., Vidal C. (2000) Quantifying Landscape Structure: spatial and temporal dimension. [w] From Land Cover To Landscape Diversity In The European Union. http://land_cover_diversity/europa.eu.int/comm./agriculture/public/landscape/index.htm 

6. Kondracki J., 1978: Geografia fizyczna Polski. PWN, Warszawa.

7. McGarigal K., Marks B.J., 1994: Fragstats Spatial Pattern Analysis Program for Quantifying Landscape Structure. Forest Science Department, Oregon State University, Cornvalis.

8. Richling A., Dąbrowski A., 1998: Typy krajobrazu naturalnego. [w] Atlas Rzeczypospolitej Polski, mapa nr 53.1.

9. Richling A., Lewandowski W., Dąbrowski A., 1998: Wykorzystanie krajobrazu. [w] Atlas Rzeczypospolitej Polski, mapa nr 53.2.

_1209810479.unknown

_1209810517.unknown

_1209817311.unknown

_1209810447.unknown

