Diversity of the spatial landscape structure in the region of Pomerania presented with remote sensing and cartographic methods

Mieczysław KUNZ
 

Nicolaus Copernicus University in Torun
Abstract. Spatial landscape structure makes the subject of many scientific studies and could be analysed with different methods and research tools, criteria and indices, as well as different sources of data and components. From the ecological perspective, land cover might constitutes the element differentiating the spatial landscape structure. Knowledge on the land cover and its quantization for specific spatial units by means of selected indices applied in the landscape ecology, enable to understand and get acquainted with relationships between man and the environment, and also it is important for planning of activities in this space. The research related to analysis of the spatial landscape structure was being conducted in Pomerania with reference to a district (in Polish "powiat") as an important administrative unit. For each district, landscape structure was analysed with the use of standard landscape measures. Those were: the number of land cover categories (NumC), the number of patches (NumP), the total length of edges (TE), the shape index (MSI), the Shannon diversity index (SDI), the fractal dimension (FD), as well as NDVI and the fragmentation index (F). These indices were calculated based on the resources of the database CORINE Land Cover from 2006 and the satellite imagery LANDSAT from 2003. For every district, all spatial landscape measures were determined, as well as the correlation between indices and the valuation of districts was performed in respect of the proposed summary index of landscape diversity (LSD). This paper aims at remote-sensing and cartographic classification of districts in Pomerania in respect of landscape spatial diversity.
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Introduction

During the last ten years, several important resources of spatial data were created, which include information on land cover from the entire territory of Poland. The database of CORINE Land Cover is one of them. The existence of this kind of data resources creates excellent conditions for performing spatial analyses at the landscape level, and connecting the obtained results with the information acquired from satellite images brings on their multi-layered and implementing application. Based on these data resources, one can analyse the spatial structure of the landscape and consider the land cover as a differentiating element. 
The knowledge on land cover and its quantization for specific spatial units by means of selected indices applied in the landscape ecology, make it possible to understand and get acquainted with relationships between man and the environment. 
The aim of this research was to determine the spatial structure diversity in the districts of Pomerania, as well as to develop a classification of this area, considering the land cover as a differentiating element. 
The study was done with the technology of geographical information system. The paper is supported by the Grant of Polish Ministry of Science and Higher Education No N N304 220835.

1. Study area
The research related to analysis of the spatial landscape structure was being conducted in Pomerania (Słowińskie and Pomeranian Lake Districts). The range of the analyzed area covers the West Pomerania province and most of the Pomerania province, part of the Kujawy-Pomerania province, as well as small fragments of the Wielkopolska and Lubuskie provinces. 
The study area of nearly 50,000 km2 is enclosed within natural boundaries: the Odra River from the western side, the coast of the Baltic Sea in the North, the Vistula River in the East, and the Warta and Noteć Rivers in the South. A district was selected as a basic unit, on which certain spatial analyses were performed (Figure 1). Altogether, 49 districts were selected, for which the land cover was analysed as an element differentiating the landscape structure by applying certain landscape measures.
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Figure. 1. The study area – location of the Pomerania area in Poland with the administration districts.
According to CORINE Land Cover 2006, agricultural lands (55%), as well as forests and semi-natural ecosystems (40%) dominate in this area (Figure 2). The relief of this area is characterized by considerable spatial heterogeneity, although the whole region was "united" by the homogeneous morphogenetic cycle during the Pomeranian stadial of the Baltic glaciations [10].
Despite heavy transformations of forest plant communities and intensification of agricultural economy, the nature of this area is characterized by high qualities, and therefore 4 national parks were delimited (Woliński, Słowiński, Drawieński, Tuchola Forest) and 15 landscape parks.

2. The source data and research methods
For completing the research objectives, the database of CORINE Land Cover (CLC) from 2006 was used [2]. This database distinguishes 44 classes of land cover, including 31 classes from the territory of Poland and 27 classes from Pomerania (Figure 2). CLC 2006 was compiled based on the interpretation of satellite images SPOT-4 HRVIR and IRS P6 LISS III [1]. Application of CLC resources and other reference data in the analysis of landscape structure of protected areas could be found in the paper by Kunz [4][5].
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Figure. 2. The land cover of the study area (Pomerania) on the basis on CORINE Land Cover 2006.
Spatial landscape structure of Pomerania was analysed at the level of a district with the use of standard landscape measures [3]. The following indices describing the landscape structure were calculated and compared: the number of cover classes (NumC), the number of patches (NumP), the total length of edges (TE), the shape index (MSI), the fractal dimension (FD), as well as the Shannon diversity index (SDI), NDVI and the fragmentation index (F). The first six indices were calculated based on the database CORINE Land Cover from 2006 and the last two indices (NDVI and the fragmentation index) - based on the satellite imagery LANDSAT from 2003 [6][7]. For every district, within the defined study area, all spatial landscape measures and the correlation between indices were determined, as well as the valuation of districts was performed in respect of the summary index of landscape spatial diversity (LSD).
Due to the fact that each of these indices illustrates different input criteria (the number of classes and patches, the length of boundaries or the shape), and does not express the complete spatial variability of the landscape, the summary index of landscape structure diversity (LSD) was calculated according to the formula:

LSD = VNumC + VNumP + VTE + VMSI + VFD + VSDI + VNDVI + VF
(1)
where V stands for evaluation (the value) of a given range of the landscape index (according to Table 1).

This index (1) expresses the total structural complexity of districts in Pomerania, taking into account significant measures of density, shape, edges and diversity. The NDVI index was calculated based on the formula proposed by Rouse [9] and the fragmentation index - based on the recommendations by Monmonier [8]. The result of this paper is the classification of districts according to heterogeneity of the spatial landscape structure.

Table 1. Evaluation values of the variability ranges of the landscape indices for communes of Pomerania (the range, the variability).
	variability ranges
	Evaluation value

	NumC
	NumP
	TE
	MSI
	FD
	SDI
	NDVI
	F
	

	1-5
	≤250
	≤4000
	≤1.50
	1.0-1.2
	≤0.50
	≤0.20
	≤0.20
	0

	6-10
	251-500
	4001-8000
	1.51-2.00
	1.2-1.4
	0.51-1.00
	0.21-0.40
	0.21-0.40
	1

	11-15
	501-750
	8001-12000
	2.01-2.50
	1.4-1.6
	1.01-1.50
	0.41-0.60
	0.41-0.60
	2

	16-20
	751-1000
	12001-16000
	2.51-3.00
	1.6-1.8
	1.51-2.00
	0.61-0.80
	0.61-0.80
	3

	>20
	>1000
	>16000
	>3.00
	1.8-2.0
	>2.00
	0.81-1.00
	0.81-1.00
	4


The research was conducted with the GIS technology and is a part of a broader project on the analysis of variability and arrangement of the Pomeranian landscape during the last two centuries.

3. Results
Landscape measures calculated for the whole area of Pomerania are presented in Table 2. Altogether, 18206 patches were delimited in 29 land cover categories, and the diversity index amounted to 2.23. Table 3 illustrates ranges of the distinguished landscape measures obtained for the accepted basic area - a district. It provides information on the diversity of the whole region of Pomerania, without probing into its administrative structure. The wide variability range of the applied indices is evident for the number of sections/patches (NumP), the length of boundaries (TE) and the Shannon diversity index (SDI); the range is average for the number of categories (NumC) and the shape index (MSI), and it is small for the fractal dimension (FD). Spatial heterogeneity of the selected indices of the landscape measures within the division into districts is presented in Figures 3.1 and 3.2; whereas Table 4 presents the obtained results.
Table 2. Selected landscape measures for Pomerania based on CLC 2006 in reference to the whole area.
	NumC
	NumP
	TE
	MSI
	FD
	SDI

	29
	18 206
	196 868
	1.98
	1.27
	2.23


Table 3. The range of landscape measures for Pomerania based on CLC 2006.

	Range
	NumC
	NumP
	TE
	MSI
	FD
	SDI

	min
	8
	15
	349
	1.95
	1.26
	0.80

	max
	23
	967
	18885
	3.51
	1.30
	2.22
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Figure. 3. The NumP index (1) and the NumC (2) index calculated for the districts of Pomerania.
Table 4. Characteristics of landscape measures for the districts of Pomerania based on CLC 2006 together with the results of classification of districts as per LSD index.
	LSD index
	Characterization of the district
	Number of district

	≤ 12
	the area with very poorly diversified landscape structure
	6

	13-14
	the area with poorly diversified landscape structure,
	11

	15-16
	the area with moderately diversified landscape structure,
	17

	17-18
	the area with strongly diversified landscape structure,
	11

	≥ 19
	the area with highly diversified landscape structure.
	4


The summary index of the landscape structure diversity (LSD) calculated for the districts of Pomerania permits the evaluation of heterogeneity of these administrative units, as well as the classification of this area (Figure 5).

Table 5. Classification of the area of Pomerania using the summary index of landscape structural diversity (LSD).
	No.
	District
	CLC 2006
	LANDSAT
ETM+ 2003
	LSD index

	
	
	NumC
	NumP
	TE
	MSI
	FD
	SDI
	NDVI
	F
	

	1
	białogardzki
	15
	421
	6802
	2.14
	1.28
	1.66
	0.46
	0.40
	13

	2
	bydgoski
	15
	272
	10827
	2.11
	1.28
	1.23
	0.58
	0.49
	14

	3
	bytowski
	12
	967
	16034
	2.07
	1.28
	1.66
	0.42
	0.44
	19

	4
	chojnicki
	15
	415
	10173
	2.12
	1.28
	1.34
	0.43
	0.40
	13

	5
	choszczeński
	12
	488
	9995
	2.15
	1.29
	1.65
	0.46
	0.45
	15

	6
	czarnkowsko-trzcianecki
	13
	326
	9229
	2.18
	1.29
	1.33
	0.48
	0.33
	13

	7
	człuchowski
	16
	456
	11716
	2.12
	1.28
	1.39
	0.44
	0.52
	15

	8
	drawski
	21
	749
	11325
	2.05
	1.28
	1.91
	0.43
	0.46
	18

	9
	gdański
	18
	384
	9015
	2.14
	1.28
	1.58
	0.65
	0.53
	17

	10
	goleniowski
	19
	728
	8849
	2.09
	1.28
	2.07
	0.60
	0.46
	18

	11
	gorzowski
	16
	389
	10196
	2.25
	1.28
	1.88
	0.44
	0.35
	15

	12
	gryficki
	16
	447
	5786
	2.10
	1.28
	1.85
	0.66
	0.50
	16

	13
	gryfiński
	19
	738
	11007
	2.01
	1.27
	2.05
	0.59
	0.39
	17

	14
	kamieński
	20
	470
	6418
	2.08
	1.28
	2.22
	0.53
	0.49
	16

	15
	kartuski
	12
	689
	12920
	2.13
	1.28
	1.57
	0.36
	0.56
	16

	16
	kołobrzeski
	14
	275
	5158
	2.17
	1.28
	1.92
	0.66
	0.48
	15

	17
	kościerski
	17
	664
	12287
	2.16
	1.29
	1.53
	0.41
	0.53
	18

	18
	koszaliński
	18
	631
	8676
	2.04
	1.27
	1.98
	0.44
	0.43
	17

	19
	lęborski
	16
	321
	4520
	2.06
	1.27
	2.06
	0.40
	0.42
	15

	20
	łobeski
	13
	517
	6934
	2.12
	1.28
	1.79
	0.64
	0.45
	16

	21
	c. Bydgoszcz
	16
	72
	1899
	2.14
	1.27
	1.55
	0.45
	0.42
	13

	22
	c. Gdańsk
	23
	177
	8361
	2.46
	1.28
	1.54
	0.52
	0.35
	15

	23
	c. Gdynia
	16
	78
	1237
	2.19
	1.28
	2.04
	0.55
	0.43
	14

	24
	c. Gorzów Wlk.
	14
	37
	2782
	3.51
	1.29
	1.06
	0.42
	0.52
	13

	25
	c. Koszalin
	11
	41
	1373
	2.39
	1.27
	1.24
	0.44
	0.50
	11

	26
	c. Słupsk
	13
	25
	1237
	2.31
	1.26
	0.80
	0.39
	0.47
	9

	27
	c. Sopot
	8
	15
	350
	2.75
	1.30
	1.47
	0.63
	0.50
	12

	28
	c. Świnoujście
	20
	61
	1931
	2.39
	1.29
	1.79
	0.19
	0.52
	11

	29
	c. Szczecin
	18
	206
	4588
	2.25
	1.28
	1.98
	0.44
	0.43
	14

	30
	myśliborski
	18
	486
	9222
	2.18
	1.28
	1.96
	0.54
	0.34
	15

	31
	nakielski
	13
	126
	3867
	2.02
	1.27
	1.29
	0.40
	0.55
	10

	32
	pilski
	18
	371
	9694
	2.00
	1.28
	1.60
	0.44
	0.39
	15

	33
	policki
	17
	302
	5283
	2.10
	1.27
	2.07
	0.47
	0.34
	15

	34
	pucki
	20
	251
	4120
	2.17
	1.28
	2.19
	0.57
	0.27
	15

	35
	pyrzycki
	13
	221
	4003
	2.06
	1.28
	1.51
	0.60
	0.50
	13

	36
	sępoleński
	13
	364
	6495
	1.95
	1.27
	1.38
	0.42
	0.54
	12

	37
	sławieński
	17
	389
	5731
	2.02
	1.27
	1.91
	0.43
	0.51
	15

	38
	słupski
	19
	884
	17304
	2.00
	1.27
	1.81
	0.41
	0.45
	20

	39
	stargardzki
	19
	649
	11189
	2.16
	1.28
	1.63
	0.62
	0.37
	17

	40
	starogardzki
	18
	717
	11911
	2.00
	1.28
	1.58
	0.61
	0.48
	17

	41
	strzelecko-drezdeński
	14
	340
	8805
	2.14
	1.28
	1.47
	0.48
	0.44
	14

	42
	świdwiński
	16
	547
	8100
	2.18
	1.28
	1.76
	0.44
	0.53
	17

	43
	świecki
	21
	607
	17137
	2.23
	1.29
	1.72
	0.58
	0.49
	20

	44
	szczecinecki
	19
	785
	18886
	2.18
	1.28
	1.47
	0.42
	0.50
	19

	45
	tczewski
	17
	310
	9260
	2.17
	1.28
	1.45
	0.68
	0.51
	16

	46
	tucholski
	12
	423
	12995
	2.16
	1.29
	1.32
	0.57
	0.46
	15

	47
	wałecki
	14
	429
	7550
	2.11
	1.29
	1.62
	0.45
	0.46
	14

	48
	wejherowski
	17
	716
	8122
	2.02
	1.28
	2.04
	0.42
	0.47
	18

	49
	złotowski
	16
	531
	17347
	2.16
	1.28
	1.27
	0.45
	0.40
	17


In the Table 5 the dark red colour marks the district with the high LSD index value and the light red colour shows the district with lowest LSD index value.
The statistical analysis did not reveal a significant correlation between the applied measures of the spatial landscape pattern calculated on the basis of CLC data and satellite imagery LANDSAT. However, other significant parameters were not taken into account, such as the size of the human population in a district or the extent of economic development. Figure 5 presents the relation between the indices NDVI and SDI. The majority of districts in Pomerania is characterized by high values of the indices NDVI and SDI. This type is related to districts with considerable vegetation cover, classified within different land cover categories and with similar areal contribution. This is characteristic of districts with high contribution of forests and semi-natural ecosystems (e.g. the district of Goleniów). The second group of districts consists of those with high NDVI and low values of SDI. This is related to districts with small diversity of land cover, characteristic of towns with poviat rights. 
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Figure. 4. The summary index of the landscape structure diversity (LSD) calculated for the districts of Pomerania.
From the analysis of the LSD index for particular districts, it appears that areas with moderately diversified landscape structure dominate (17 districts; the range of 15-16). The least diversified districts are towns with district rights - Słupsk, Koszalin, Świnoujście and Sopot, as well as districts – Sępólno and Nakło. Whereas Słupsk, Bytów, Szczecinek and Świecie are the most heterogeneous districts in respect of landscape structure.
4. Conclusions
The analysis of the spatial landscape pattern measures for Pomerania, based on the land cover included in the database CORINE Land Cover and satellite imagery LANDSAT ETM+, classifies the districts according to the extent of landscape heterogeneity. The proposed summary index of landscape diversity seems to be a measure that takes into account different criteria, therefore it is more comprehensive than the analysis of single indices. 
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Figure 5. The relationship between the indices NDVI and SDI. 

It requires, however, further research and comparative analyses. The presented research approach reveals structural differences between the analysed administrative units. CORINE Land Cover is a resource, which could be successfully used in the analyses of diversity at the landscape level, however the scale and the range of this material does not permit a more accurate classification.
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