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Abstract 
Geodiversity is the variety of earth scientific elements that can be distinguished from each other based on their unique 
characteristics. Examining the occurrence frequency of geological, relief, pedological and hydrological factors of an 
area relieves its geoscientific complexity and relates to the geotourism and geoheritage potential. Geosites, the most 
spectacular and interesting inanimate natural objects are the base elements of any geoconservational and tourism 
activity. Geodiversity assessment is the initial step of taking any nature protection measurements, as the mapping of 
geosites is based on this result. The evaluation of the surroundings of Sopron, Kőszeg and Eisenstadt aims to identify 
the ’hot spots’ where geoscientific attributes ’densify’. The GIS-based evaluation of thematic data highlighted the 
Sopron, Kőszeg (Güns), Rosalia, Leitha Mountains and the Bucklige Welt. These areas can be the subjects of further 
explorational research (e.g. geosite identification) and geoconservation works. 
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INTRODUCTION 

The formation and evolution of the term ’geodiversity’ (Kiernan, 1996; Sharples, 1995, 2002) are closely related to the 
parallel definition of ’biodiversity’ that comprises all living natural elements of the environment (Wilson, 2001). 
According to current scientific approaches, geodiversity is the assemblage, connection set and natural variety of 
geological (rock types, minerals, building stones and fossils), geomorphological (relief types and their processes) and 
soil features (Gray, 2004). With the development of the geoscientific field of geoheritage and geoconservation, their 
connections to geodiversity also became clearer. According to Gray (2018), geodiversity is considered the ’backbone of 
geoheritage and geoconservation’: the determination of scientific and geotourism potential is needed to be preceded by 
a thorough and accurate geodiversity assessment. 

The terms geodiversity, geoheritage and geoconservation can be well delineated, although they are in a close 
relationship. Geodiversity examines and evaluates all abiotic natural elements of the environment, geoheritage is just a 
narrow set of these objects. These need to have tourism, educational, cultural or historic significance among their 
scientific peculiarities. Geoheritage objects are the subjects of geoconservation which is a toolset for evaluating, 
protecting and promoting geoheritage objects (Brilha et al., 2018; Gray, 2018, 2019; Pereira et al., 2013). 

Based on this theoretical background, national and international organisations of nature protection started to recognise 
the importance and values of the geoscientific elements of the environment. The institutional background of geoheritage 
and geoconservation has started to emerge: the networks of geoparks (on a regional and global scale) became the most 
important units of promotion, protection and tourism utilisation (Henriques et al., 2011; Pál & Albert, 2021; Zouros, 
2004, 2016). In some countries, the board of national geoparks also exists comprising values and services following the 
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international model (MGB, 2019). However, the establishment of these is preceded by thorough scientific investigations 
– with geodiversity assessment as the first step. Our paper aims to provide a scientific basis for validating the 
geoheritage and geoconservation potential of the designated sample area. Geodiversity assessment and the geodiversity 
map edited from the results (based on a GIS database) help to locate diverse areas that are supposed to be the key areas 
of geosite identification and further geotourism development. Pappné Vancsó et al. (2021) has pointed out that 
qualitative geosite assessment has already started around Sopron, and based on these results, the area is suitable for 
geotourism utilisation. The geodiversity assessment presented in this result is capable of validating the geosites 
designated already and delineating the extent of a possible geopark on the border of Austria and Hungary. We also try 
to introduce geodiversity as a quantitative variable of thematic cartography proposing a basic visual representation 
method. 

OUR SAMPLE AREA 

 

Figure 1. An overview map of the sample area and its surroundings 

The examined area (Fig. 1.) is mostly a part of the Styrian Prealps (Sopron Mountains, Leitha Mountains, Rosalia 
Mountains, Bucklige Welt, Kőszeg Mountains), the Eastern Alpine Foreland (Sopron Basin, Balf–Rust Hills, Kőszeg 
Foothills and Vas Hill), and the western borders of the Little Hungarian Plain (Fertő [Lake Neusield] Basin, Vas–
Sopron Plain). The 3,800 km2 evaluated area is divided between Austria (~65%) and Hungary (~35%). This is because 
of the similarities in geoscientific attributions, geological development, and geographical setting: the area is well-
distinguishable from the Eastern Alps and the Hungarian Little Plain in these aspects (Makádi, 2000). 

Proceedings Vol. 2, 8th International Conference on Cartography and GIS, 20-25 June 2022, Nessebar, Bulgaria 
ISSN: 1314-0604, Eds: Bandrova T., Konečný M., Marinova S.

75



The most important and known peculiarity of the area is the saline Lake Fertő (Lake Neusiedl) bordered by many little 
lakes and large reed masses, saline meadows along the shores. These geodiversity elements and the special richness of 
both flora and fauna are the reasons for establishing the Fertő-Hanság National Park (on the Hungarian side) and the 
Neusiedler See – Seewinkel National Park (on the Austrian side) managing the nature protection of the area. The 
significance of the mountains and hills of the Eisenstadt-Sopron-Kőszeg axis is accounted for the rare and old rock 
types such as Palaeozoic amphibolite, gneiss, mica schist (in the northern and central part, especially around Sopron) 
and Jurassic quartz phyllite (in the southern part, especially around Kőszeg). However, there are large quarries and 
surface mines of Neogene sediments in foothill or basin areas are also important such as the coal around 
Brennbergbánya, and the Leitha Limestone which has been a famous building stone in both countries (Gyalog & 
Síkhegyi, 2005; Makádi, 1997; Pappné Vancsó et al., 2021). 

METHODOLOGY AND EVALUATION 

Geodiversity assessment methods evolved continuously in parallel with the definition itself (de Paula Silva et al., 2015; 
Pereira et al., 2013; Serrano & Ruiz-Flaño, 2007; Zwoliński et al., 2018). The common feature of the quantitative 
methods is that they calculate with different earth science factors and variables (mainly synthetizing between distinct 
science fields such as geology, geomorphology, pedology, hydrography, mineralogy, and palaeontology) applying 
mathematical formulae and GIS-based analyses. They also use geoscientific thematic maps and databases that refer to 
the spatial inequality of geodiversity (Zwoliński et al., 2018). 

Geodiversity: a quantitative thematic variable 

Because of the quantitative features and spatial connections, geodiversity can be considered a thematic map variable. 
Most methods use analogue or digital cartographic data examined over unit-size areas – mostly grids with various 
resolutions. The spatial diversity of each geoscientific element can be determined this way in the grid cells. Recent 
quantitative studies apply GIS methods to calculate these thematic index values (Pál & Albert, 2021; Zwolinski et al., 
2018). 

Before geodiversity assessment, the quality of base data has to be taken into consideration. Detailed examinations of 
relatively small areas require large-scale base data (as small-scale materials do not differentiate geoscientific elements 
properly), while the detailedness of large-scale databases and maps is not suitable for regional and national evaluations 
(because they include lots of locally important categories that distort the evaluation). 

Pereira et al. (2013) assessed geodiversity over an area of 230,000 km2, applying 1:500 000 and 1:650 000-scale maps. 
Grid cells of 25*25 km size were laid over the region to be evaluated and the thematic variables were determined in 
each of them. This can be considered a regional-scale model. A much smaller area (285 km2) with subarctic features 
was evaluated by Hjort & Luoto (2010) over 500*500 m grid cells applying 1:20 000 topographic maps and 1:31 000 
orthophotos. This is a local scale model. An evaluation based on the presented theoretical background was conducted in 
the area of the Bakony–Balaton UNESCO Global Geopark in a transitional scale class between local and regional 
methods (Pál & Albert, 2021). 

Methodology of the assessment 

The presented assessment of the surrounding of Eisenstadt, Sopron and Kőszeg is conducted with the application of a 
quantitative model based on the methodology of the Portuguese school (Pereiras et al., 2013; de Paula Silva et al., 
2015). According to this, the process was built up of three main steps: 

• Defining a grid layer consisting of unit-size grids: the GIS evaluation of thematic data is conducted over these 
cells. The cell size has to be in balance with the resolution of base data. 

• The evaluation is based on the quantitative analysis of base data over every grid cell that results in thematic 
subindices (geological, geomorphological, pedological, mineralogical and palaeontological). The sum of these 
indices produces the geodiversity index of each cell. 

• The proper visualisation of the results is essential to draw conclusions and propose measures and plans for the 
evaluated area. In areas, where the overall geodiversity is relatively high, further examinations and analyses are 
suggested to initialise geoheritage and geoconservational work. If the evaluated area is active in this aspect, the 
identified hot spots and regions could be the subjects of short-term geotourism and infrastructural development 
because of their high geoscientific potential. 

The Portuguese model was slightly modified by Pál & Albert (2021). These modifications are also applied in this paper. 
The Bakony–Balaton UNESCO Global Geopark (3244 km2) was evaluated by using 1:50 000 and 1:100 000 base data 
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with the application of a grid with 2*2 km cells. Besides thematic maps of national sources, open-source data were also 
used to increase the possibility of wider application. 

Base data and evaluation 

The various base data analysed during the assessment are the following: 

• the 1:100 000 geological map of Hungary (Gyalog & Síkhegyi, 2005) and the 1:50 000 geological map of 
Austria (Geologischen Bundesanhalt, 2020); 

• the 1:100 000 soil map of Hungary (ATK TAKI, 2020) and the 1:750 000 soil map of Austria (Rieck, 1989); 

• a quasi-landform map (geomorphons, Jasiewicz & Stepinski, 2013) derived from a Digital Elevation Model 
(MERIT DEM – Yamazaki et al, 2017); 

• a watercourse network generated also from the MERIT DEM that was corrected based on topographic maps to 
filter mistakes connected to the automation; 

• a lake polygon set downloaded from OpenStreetMap that was filtered to eliminate artificial pools and other 
manmade objects; 

• mineral resource and building stone database of the European Geological Data Infrastructure (EGDI, 2021); 

• and the digitized database of the fossils of the Carpathian Basin (Főzy & Szente, 2007). 
The evaluation workflow took place in the open-source environment of QGIS 3.22. The geodiversity index was 
determined by determining each subindex and summing them (Fig. 2). The sample area was divided into 2*2 km grid 
cells based on the scale of base data. We determined each subindex for each distinct cell, mainly calculating the 
different thematic features in them. As geological and pedological data are different in the Austrian and Hungarian 
parts, these were unified on the border based on geoscientific attributions (Császár, 2000). 

The geological subindex (Fig. 2a.) was determined by the analysis of the 1:100 000 geological map of Hungary and the 
1:50 000 geological map of Austria. The thematic subindex, in this case, is the number of distinct geological formations 
in each cell. This can be determined with GIS methods: after assigning each formation a unique key value the dataset 
was converted to a raster image (with the key numbers as raster values). The QGIS ’Zonal Statistics’ tool can determine 
the different pixel values in each cell: it is the geological subindex. Its maximum value in the area is 15, while the 
minimum is 1. 

Pedological subindex values were determined similarly to geological ones, but applying the 1:000 000 (Hungary) and 
1:750 000 (Austria) pedological maps. The vector datasets were also rasterised with the help of a key value for each soil 
type and the ’Zonal Statistics’ Plugin was also applied. The subindex extrema are 1 and 5. 

The geomorphological subindex is built up of two parts: relief and hydrography. The relief subindex was determined by 
applying the ’r.geomorphon’ algorithm of QGIS and GRASS (Jasiewicz & Stepinski, 2013). This method can be 
parameterized depending on the resolution of the downloaded DEM and the desired complexity of the results (on a ~90 
m resolution DEM, we applied a 3-cell sized visibility neighbourhood). The final geomorphon map presents 10 distinct 
landform types (Fig. 2c): these were analysed also with the ’Zonal Statistics’ tool. Its ’Variance’ attribute gives the 
distinct landform types in each cell, the maximum value is 10, while the minimum is 1. 

The hydrographic subindex was determined by analysing the spatial distribution of lakes and watercourses. Cells 
containing lakes get a constant subindex value of 3. In the case of streams and rivers (Fig. 2c.) the Strahler value 
(Strahler, 1957) of the watercourses is divided by 2 and rounded up to the nearest integer – the maximum of this value 
in a certain cell is the subindex value (e.g. a cell with a 5 as the maximum assigned Strahler value gets 3 as 
hydrographic subindex). The maximum subindex value in the area is 5, while the minimum is 0. 

The evaluation of minerals and building stones was based on point feature data (EGDI, 2020). The number of different 
mineral and building stone types was calculated in each cell (the extrema are 0 and 2). The palaeontological subindex 
was determined similarly: each different fossil type was counted and their sum in each cell was considered as the 
subindex (the minimum value is 0, while the maximum is 4). 

Subindices were summed up in each cell (this is the final geodiversity index value) and classified by the ’Natural 
Breaks’ method (Jenks, 1967) which maximises the standard deviation between classes and minimises it between class 
members. Five value categories were determined, that were the base of cartographic visualisation (Fig 3). 
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Figure 2. Examples for subindex calculations. Figures a-d) cover the area of the green rectangle in figure e). 
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RESULTS 

The presented thematic map (Fig. 3) delineates areas with different geodiversity values. Hilly and mountainous areas 
got greater values due to their higher geological and morphological diversity (Sopron Mountains, Leitha Mountains, 
Bucklige Welt, Kőszeg Mountains). Basinal and flat territories got mainly lower values. Exceptions are the Pulya Basin 
(in the surroundings of Oberpullendorf, due to its volcanic and metamorphic rocks) and the surroundings of Rust (due to 
a large number of distinct geological formations). 

 

Figure 3. Geodiversity map of the examined area 

DISCUSSION AND CONCLUSION 

The larger emphasis on mountains and hills in a geodiversity aspect is a geoscientific specificity that can be explained 
by the more complex processes that led to the formation of these areas. This is also validated by the GIS-based 
assessment. Because of this, geological and geomorphological subindex values are mainly higher in these areas (due to 
the more diverse structure). However, this tendency can hardly be traced in the case of hydrographic, mineral and fossil 
subindices. The hydrographic subindex is connected to the spatial distribution of the natural linear or polygon water 
features, while the mineral and fossil indices characterize a certain geological formation. Because of these, their 
modificatory effect is usually significant regarding certain cells (based on unique characteristics), not larger territories. 

High geodiversity areas are mainly on the Austrian side, but there are significant objects and geosites in Hungary too. 
This validates the idea of establishing a cross-border geopark similar to the Novohrad-Nógrád UNESCO Global 
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Geopark (shared between Slovakia and Hungary). A short-term plan, that was already presented and validated by this 
study is to form a small, national geopark around Sopron as exemptional cultural, ecological, and historic values are 
also present. 

This study also examines the problem from a cartographic and GIS point of view. This kind of GIS-aided and 
cartography-based assessment is relatively new not just in Hungary, but also worldwide. The theoretical and visual 
basics presented in the study can give a basis for further assessments in Hungary and other countries. This visualisation 
of geodiversity index values with the cartogram method is the first occurrence in Hungary and a good example of 
reaching a balance between the thematic layer and the edited base map. 

Geoheritage and geoconservational works also benefit from this assessment, as this methodology is easily reproducible 
in many areas. The geoheritage research of the examined area has already started (Pappné Vancsó et al, 2021) – this 
study aimed to validate their results and give further ideas of geotourism-compatible and examinable territories. The 
initial idea of a national or international geopark in the area would effectively contribute to the protection, conservation 
and sustainable presentation of earth scientific values. 
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