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Abstract 

Development of Web GIS applications provide not only maintenance and visualization of geospatial data in real time, 

but also foster the development of communities for sharing information with the main idea to solve various social 

problems, the most important of which are the environment protection and its sustainable development. There is a great 

need for developing Web GIS applications for Natura 2000 protected areas, which to be widely available to the general 

public. According to the main goal to develop a Web GIS application for the "Bulgarka" Nature Park in Bulgaria, the 

aim of this study is to create geodatabase of land cover and selected habitats in the park’s territory. A reliable and 

consistent land cover and land use information for natural parks may be used to assess the status and trends of park’s 

ecosystems. It is useful also for natural resource management decisions. Remote sensing and GIS are powerful tools for 

land cover mapping by providing consistent data with high temporal and spatial accuracy. The present study illustrates 

maps and analysis of spatial distribution of land cover and species of flora diversity in the “Bulgarka” Nature Park. 

Data and maps are developed in GIS environment for selected representative park areas with high conservation value. 

The results of spatial analysis indicate the current diversity and spatial distribution of land cover and protected species 

of flora. Visualization of created maps and data is designed for integration with a Web GIS application. 
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INTRODUCTION 

In the Information Technology (IT) field, Web GIS applications are some of the fastest growing and most promising.  A 

prerequisite for this is the development of computer hardware and software, GPS and remote sensing, mobile devices, 

wireless communication technologies such as Bluetooth and Wi-Fi, web space and web services, public need for 

sharing information, and last but not least the development of more and more open-source software platforms. As 

innovative information products, Web GIS applications provide not only maintenance and visualization of geospatial 

data in real time, but also foster the development of communities for sharing information with the main idea to solve 

various social problems, the most important of which are the environment protection and its sustainable development. 

This also determines the increased interest in developing Web GIS applications for protected areas, including Natura 

2000 areas as well. The usage of some new informative approach can both contribute to conservation of the protected 

ecosystems and landscapes, and promote the benefits of eco-tourism for economic development of the region, along 

with raising the public awareness of the unique nature. There is a great need for developing Web GIS applications for 

Natura 2000 protected areas, which to be widely available to the general public, as developed applications with similar 

purpose till that moment are very few, especially for nature parks. According to the objective of developing a Web GIS 

application for the "Bulgarka" Nature Park, we extract and integrate the available multi-source spatial data for land 
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cover, biodiversity, and nature habitat types. Outcomes are represented in the form of thematic maps which further can 

be used in a Web GIS application for the nature park. 

STUDY AREA 

The “Bulgarka” Nature Park is a protected area under NATURA 2000 that is located in the northern Bulgaria, central 

Balkan Mountains at 42°44'01" - 42°51'31"N, 25°09'39" - 25°38'02"E, between the towns of Gabrovo, Tryavna and 

Shipka (Figure 1). The park occupy area of approximately 24,000 hectares. It was declared as a nature park in August 

2002, with a view to preserve, restore and maintain the flora, fauna, beech ecosystems, landscapes and cultural heritage, 

typical for the Balkan Mountains. The average altitude of the park is 940 meters above sea level, and the vertical 

displacement is 1120 meters. Close to the park in Uzana locality is the geographical center of Bulgaria. 

Figure 1. Study area of the “Bulgarka” Nature Park 

The park comprises a rugged terrain with a series of small valleys, cut by gulches and ravines, narrow hills and ridges 

with steep slopes. The diversity relief forms are complicated by current erosion processes causing the development of 

slopes, embankments, alluvia and terraces, formed by human activities. The territory of the “Bulgarka” Nature Park 

combines four floristic regions and three physical geographical regions that results in many transitional plant formations 

and typical habitats, rare for other areas. The diverse topography and climatic conditions are the reason for the great 

diversity of tree and plant species. More than 360 plant species have been registered on the park territory and over 30 of 

them are included to the Red Book of Bulgaria - a list of endangered, threatened or extinct species, found in Bulgaria. 

DATA AND METHODS 

Spatial data and information about the land cover, biodiversity and nature habitat types in the “Bulgarka” Nature Park 

are provided by available raster and vector data, published maps, 3D models and technical documents (EEA, 2015; 

DavGEO, 2015; Natura2000, 2016; Bulgarka NP, 2016). 

CORINE Land Cover (CLC) 2012 data (EEA, 2015) were used to assess land use/cover of the “Bulgarka” Nature Park. 

The land use/cover mapping is produced through the CLC project based on application of computer aided visual 

interpretation of high resolution remote sensing data in GIS environment according to the CLC methodology (CEC, 
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1995, Bossard et al., 2000; EEA, 2007). Further, more detailed land use/cover data could be obtained in our study based 

on orthophoto images which provide consistent data with high temporal and spatial accuracy. 

The inventory of Natura 2000 (2016) data for biodiversity and habitat types in the “Bulgarka” Nature Park has provided 

information about habitat types area and available maps and data (Table 1). 

Table 1. Habitat types in the “Bulgarka” Nature Park 

№ Code Habitat types Area (ha) 

Available 

Raster 

Maps 

1 4060 Alpine and Boreal heaths 95.987 ✓ 

2 6110 Rupicolous calcareous or basophilic grasslands of the Alysso-

Sedion albi 
4.87134 ✓ 

3 6210 Semi-natural dry grasslands and scrubland facies on calcareous 

substrates (Festuco Brometalia) (*important orchid sites) 
119.98375 ✓ 

4 6430 Hydrophilous tall herb fringe communities of plains and of the 

montane to alpine levels 
287.961 ✓ 

5 6510 Lowland hay meadows 74.11  ✗ 

6 6520 Mountain hay meadows 86.3883 ✓ 

7 7220 Springs with tufa formation (Cratoneurion) 0.05  ✗ 

8 7230 Alkaline fens 0.87  ✗ 

9 8210 Calcareous rocky slopes with chasmophytic vegetation 71.99025 ✓ 

10 8220 Siliceous rocky slopes with chasmophytic vegetation 347.95287 ✓ 

11 8230 Siliceous rock with pioneer vegetation of the Sedo-Scleranthion 

or of the Sedo albi-Veronicion dillenii 
0.17925  ✗ 

12 8310 Caves not open to the public  ✓ 

13 9110 Luzulo-Fagetum beech forests 17.20566 ✓ 

14 9130 Asperulo-Fagetum beech forests 3477.36904 ✓ 

15 9150 Medio-European limestone beech forests of the Cephalanthero-

Fagion 
5391.10985 ✓ 

16 9170 Galio-Carpinetum oak-hornbeam forests 789.49307 ✓ 

17 9180 Tilio-Acerion forest of slopes, screes and ravines 719.9025 ✓ 

18 91BA Moesian silver fir forests 8.39886  ✗ 

19 91E0 Alluvial forests with Alnus glutinosa and Fraxinus excelsior 

(Alno-Pandion, Alnion incanae, Salicion albae) 
2.63  ✗ 

20 91G0 Pannonic woods with Quercus petraea and Carpinus betulus 400.50575 ✓ 

21 91M0 Pannonian-Balkanic turkey oak-sessile oak forests 0.38394 ✓ 

22 91W0 Moesian beech forests 3949.86505 ✓ 

23 91Z0 Moesian silver lime woods 1.02706 ✓ 

The raster data for biodiversity of the “Bulgarka” Nature Park provided by Natura 2000 (2016) have served as an input 

information for the mapping process and were converted to vector data. There was a necessity to convert 17 *.pdf map 

files with nature habitats distribution to *.shp files. These vector data were used as a basis for defining the indicative 

area of the nature habitat types distribution in the park and the subsequent geospatial analysis showing the highest 

density of habitats crowding. For conversion purposes trial version of reaConverter 7 program was selected as a suitable 

program. Mapping applications were developed in ArcMap 10.3 and several geospatial tools were used in a procedure 

for finding the habitats clustering along the territory of the “Bulgarka” Nature Park. 

RESULTS AND DISCUSSION 

Created digital map of CLC in Figure 2 shows the structure and spatial distribution of land use/cover in the “Bulgarka” 

Nature Park in 2012 (reference ellipsoid: WGS 84, cartographic projection: Universal Transverse Mercator (UTM) 

Zone 35N, geographical coordinates). 

The statistical analysis of land use and land cover of the park territory in 2012 represents the distribution of forest and 

semi-natural areas (89.12%), agricultural areas (9.32%), artificial surfaces (1.12%), and water bodies (0.44%) (Table 2). 
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Figure 2. CORINE Land Cover 2012 map of the “Bulgarka” Nature Park 

Table 2. CORINE Land Cover (CLC) 2012 in the “Bulgarka” Nature Park 

CLC class 
CLC 

code 

Number 

of 

polygons 

Area 

(ha) 
Area (%) 

Artificial surfaces Discontinuous urban fabric 112 13 170.9 0.71 

Industrial or commercial units 121 1 53.2 0.22 

Road and rail networks and associated land 122 1 27.8 0.12 

Sport and leisure facilities 142 2 17.6 0.07 

Agricultural areas Non-irrigated arable land 211 6 148.2 0.62 

Fruit trees and berries plantations 222 3 43.2 0.18 

Pastures 231 1 51.0 0.21 

Complex cultivation patterns 242 21 482.7 2.01 

Land principally occupied by agriculture with 

significant areas of natural vegetation 243 45 1510.9 6.29 

Forest and semi-

natural areas 
Broad leaved forest 311 32 16217.0 67.57 

Coniferous forest 312 7 303.5 1.26 

Mixed forest 313 68 3681.8 15.34 

Natural grassland 321 34 444.6 1.85 

Transitional woodland scrub 324 22 742.8 3.09 

Water bodies Water bodies 512 1 106.1 0.44 

Total   257 24001.4 100.00 
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Forest areas (classes 311, 312 & 313) predominate in the “Bulgarka” Nature Park covering 84.17% of its total area. The 

beech represents the highest percentage (60%) of the forest cover and forms typical plant communities protected by 

both national nature conservation (Bulgarka NP, 2016) and the pan-european ecological network Natura 2000 (2016). 

These communities are represented by beech-woodrush, beech-asperule, beech-mountain ash, beech-laurelcherry, 

beech-whortleberry, beech-water hornbeam and some unique habitats: beech-yew-laurelcherry, beech-holly-moss, and 

beech-dendriform hazel. Another deciduous trees which can be found in the park include oak, water locust, birch 

hornbeam, linden, elm, acacia, aspen, maple, ash, wild cherry, holly, rowan, birch, etc. In turn, the coniferous trees 

include white and black pine, spruce, fir, white fir, etc. 

The species of flora on the territory of the “Bulgarka” Nature Park with the highest conservation value are included in 

the Red Book of the Republic of Bulgaria. According to the data of Natura 2000 (2016) these species include: mountain 

great maple (Acer heldreichii), holly (Ilex aquifolium), yew (Taxus baccata), Atropa bella-donna, Veronica jaquinii ssp. 

Neiceffii, Haberlea rhodopensis, Daphne blagayana, Daphne cneorum, Saxifraga marginata, Rhynchocorus elephas, 

Cynoglossum germanicum, Kernera saxatilis, Goodyera repens and various representatives of Orchidaceae, etc. In 

turn, the gymnosperm plants covers approximately rounded 1ha. This botanical uniqueness, which occurs only in this 

part of the country makes the park a significant conservation habitat. The park territory is extremely rich also in 

medicative herbs. Almost 70% of the officially recognized medicative herbs in Bulgaria can be found here. Within the 

“Bulgarka” Nature Park several protected areas are declared to promote better habitat protection. The list of important  

species of flora in the “Bulgarka” Nature Park is presented in Table 3. 

Table 3. A list of important  species of flora in the “Bulgarka” Nature Park 

№ Species name 
Population size Conservation categories 

Min Max National Red Book Endemics 

1 

 

Acer heldreichii 6 10  X 

2 Achillea ageratifolia 251 500  X 

3 Achillea clypeolata 101 250  X 

4 Achillea grandifolia 1001 10000  X 

5 Alchemilla viridiflora 11 50  X 

6 Allium melanantherum 101 250  X 

7 Angelica pancicii 11 50  X 

8 Aquilegia vulgaris 11 50 X  

9 Asperula capitata 1 5 X  

10 Atropa bella-donna 251 500 X  

11 Betonica bulgarica 501 1000  X 

12 Campanula jordanovii 6 10  X 

13 Campanula lanata 1 5  X 

14 Campanula velebitica 51 100  X 

15 Carum graecum 501 1000 X  

16 Crocus veluchensis 1000 –  X 

17 Daphne blagayana 101 250 X  

18 Daphne cneorum 251 500 X  

19 Daphne oleoides 1 5 X  

20 Dianthus moesiacus 11 50  X 

21 Festuca balcanica 251 500  X 

22 Festuca xanthina 101 250 X  

23 Galanthus elwesii 501 1000 X  

24 Haberlea rhodopensis 501 1000  X 

25 Hieracium pannosum 241 500  X 

26 Ilex aquifolium 11 50 X  

27 Inula aschersoniana 11 50  X 

28 Iris reichenbachii 101 250  X 
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29 Jovibarba heuffelii 11 50 X  

30 Kernera saxatilis 51 100 X  

31 Laserpitium siler 11 50 X  

32 Limodorum 6 10 X  

33 Micromeria frivaldszkyana 501 1000  X 

34 Minuartia bulgarica 11 50  X 

35 Ophrys cornuta 6 10 X  

36 Orchis militaris 1 5 X  

37 Pinus peuce 11 50  X 

38 Pulmonaria mollis 101 250 X  

39 Rhynchocorys elephas 11 50 X  

40 Satureja pilosa 51 100  X 

41 Saxifraga marginata 251 500 X  

42 Sedum stefco 6 10  X 

43 Sempervivum erythraeum 251 500  X 

44 Sesleria latifolia 1000 –  X 

45 Silene nutans 6 10 X  

46 Spiranthes spiralis 1 5 X  

47 Taxus baccata 101 250 X  

48 Trinia glauca 101 250 X  

49 Veronica jaquinii ssp. Neiceffii 501 1000  X 

50 Viola aetolica 51 100  X 

51 Viola balcanica 6 10  X 

52 Echium russicum 6 10 X  

53 Himantoglossum caprinum 30 50 X  

Data processing of nature habitat types distribution in the “Bulgarka” Nature Park was performed in GIS environment. 

Firstly, the exported *.shp files have not contained information that could identify which Coordinate System was used 

to define their features. In this case, the Shape column's Spatial Reference property was displayed as Unknown or 

Assumed Geographic. Thus, an appropriate Projection and a proper Coordinate System were defined for the mapping 

territory, namely Transverse_Mercator Projection and WGS_1984_UTM_Zone_35N Coordinate System. Another 

problem was that in some of the converted already *.shp files too many lines were duplicated. Almost each one of the 

line features was duplicated several times. An efficient approach provided by ArcGIS Geospatial Tool was applied to 

unsplit all lines in order to reduce their number. Then, all lines were moved at once to somewhere close to their real XY 

coordinates and precise located. 

Afterward, polyline vertices were converted to points, so as to be grouped in one when they are surrounded by polygon 

boundaries using method of aggregation. For this operation the Cartographic Tools for generalization were used, i.e. 

Aggregation Tools for points and polygons. The next operation was to create a buffer of 150 meters around the 

polygons in order to visualize the nature habitat types distribution in the park. Applying the deductive approach in the 

process of mapping we achieved an indicative representation of the habitats’ areas. The determining factor for 

delineation of these areas was the accuracy of the available input data and their transformations. After buffering, some 

of polygons were overlapping each other, so they were merged in order to receive more correctly calculated data for 

nature habitats coverage. Then, an operation of smoothing the polygons boundaries was performed for realizing a better 

visualization. Created maps of the spatial distribution of habitat types in the “Bulgarka” Nature Park are presented in 

Table 4. 
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Table 4. Spatial distribution of habitat types in the “Bulgarka” Nature Park 

№ Code Habitat types Map Scale: 1:500,000                                                    

Spatial reference: WGS 84 / UTM Zone 35N 

1 4060 Alpine and Boreal heaths 

 

2 6110 Rupicolous calcareous or 

basophilic grasslands of the 

Alysso-Sedion albi 

 

3 6210 Semi-natural dry grasslands and 

scrubland facies on calcareous 

substrates (Festuco Brometalia) 

(*important orchid sites) 

 

4 6430 Hydrophilous tall herb fringe 

communities of plains and of the 

montane to alpine levels 

 

5 6520 Mountain hay meadows 

 

6 8210 Calcareous rocky slopes with 

chasmophytic vegetation 
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7 8220 Siliceous rocky slopes with 

chasmophytic vegetation 

 

8 8310 Caves not open to the public 

 

9 9110 Luzulo-Fagetum beech forests 

 

10 9130 Asperulo-Fagetum beech forests 

 

11 9150 Medio-European limestone 

beech forests of the 

Cephalanthero-Fagion 

 

12 9170 Galio-Carpinetum oak-

hornbeam forests 

 

13 9180 Tilio-Acerion forest of slopes, 

screes and ravines 
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14 91G0 Pannonic woods with Quercus 

petraea and Carpinus betulus 

 

15 91M0 Pannonian-Balkanic turkey oak-

sessile oak forests 

 

16 91W0 Moesian beech forests 

 

17 91Z0 Moesian silver lime woods 

 

Finally, a map of the density of nature habitat types in the “Bulgarka” Nature Park was created. For this purpose 

initially each polygon layer that contains nature habitats was incorporated into a single layer using Union ArcGIS 

Geoprocessing Tool. The resulted attribute table includes 17 column fields, each one of them corresponding with its 

unique nature habitat code. Thus, for finding the habitats clustering, i.e. their number on a specific area, a geospatial 

operation of dissolving the Union layer by all habitat codes and analyzing the results by a full combination of the nature 

habitat codes for each attribute table record, i.e. for each polygon territory was completed. The obtained spatial data are 

represented in the form of thematic map on Figure 3 visualizing the nature habitat types density in the “Bulgarka” 

Nature Park. 
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Figure 3. Density of nature habitat types in the “Bulgarka” Nature Park 

CONCLUSIONS 

Based on the integrated geo-data a set of specialized maps and thematic data for the “Bulgarka” Nature Park was 

created with the necessary attributive and geospatial information, verified in terms of accuracy and relevance. As a final 

result, it can be assumed that an attractive map visualization is achieved by applying an appropriate aesthetic design of 

cartographic elements. 

In future work, research efforts will be focused on creating integrated geospatial database for biodiversity and tourism 

in the nature park’s area, there will be a number of different data categories. Furthermore, a set of Web GIS tools will 

be developed that allow multi-scale maps visualization, analysis of geospatial location and access to built-in functions 

for user requests implementation. In addition, an embedded hyperlink technology will provide supplementary 

geographic information for habitat types and eco-tourist sites. 

The Web GIS application for the “Bulgarka” Nature Park will be provided as a main contribution that allows public 

access to custom web maps and various data resources, which in turn can be filtered in different categories and 

keywords, such as biodiversity, protected areas and zones, tourist sites and routes, protected species, rivers, roads, etc. 

This application may have a great potential for further improvement, considering that it is an innovative information 

product, which is on the one hand, a particular GIS application, and on the other, a solid base for developing another 

new GIS products and Web Services. 
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