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A b s t r a c t: The paper presents geomatics – GIS based system for inventory and evaluation of geodiversity. It 

is composed in a simple way including three phases with various methods used in a specified order. In accordance with 

this it is objective, repeatable and applicable at different landscapes and different surface size areas. The system was 

applied in the Kratovo area which is located within the largest paleovolcanic area in North Macedonia. Geodiversity 

elements were obtained through GPS supported morphographic field mapping, remote sensing method, and statistical 

analyses. The inventory of geodiversity elements on a spatial unit was performed with approach developed during this 

research. For this purpose, the Block Statistics tool, and statistical analyses of maximum and variety in ArcMap were 

utilized. Geodiversity index was calculated by multiplying two layers: number of different geodiversity elements within 

the spatial units and terrain ruggedness index of the spatial units. In order to facilitate the application in tourism, edu-

cation and nature conservation the geodiversity index was classified in three classes: low, medium and high. The results 

of the method showed that three major units with high geodiversity index are present at the study area or 9.95% of the 

surface. At the west part where the high geodiversity index was detected geomorphological site Kuklica is located. 

Medium geodiversity index is on the 37.33% and low index on the 51.77% of the study area. 

Key words: quantitative method; GIS; geomatics; geodiversity; Kratovo; Republic of North Macedonia 

1. INTRODUCTION 

The diversity of our planet is wide from a dif-

ferent point of views. To provide comprehensive ex-

planation of its diversity and functioning, various 

scientific fields interweave and supplement (Gray, 

2013). One of them is earth science which provides 

an integrated, quantitative and interdisciplinary ap-

proach to the study of abiotic and biotic sphere 

among others (Goudie, 2006; Rafferty, 2012). The 

omittable part of all is interminable human’s inter-

action with nature which leads to exploit and mod-

ify environmental resources (Gray, 2008, 2013). 

Therefore, legal protection and conservation can en-

sure longer existence of diverse landscapes (Gray, 

2013) and endangered species (Maclaurin and 

Sterelny 2008).  

Over the last few decades, the nature protec-

tion was primarily focused on biotic sphere or bio-

diversity. This was particularly highlighted after the 

United Nations Conference on Environment and 

Development (UNCED), also known as „The Rio 

Summit of 1992”, when scientific community com-

mitted to improve biodiversity enhancement and 

protection (Myers, et al. 2000; Jenkins, et al. 2013). 

Although, the abiotic protection within geology and 

geomorphology occurred at the end of the XIXth 

century by establishing the first geologic reserves 

Siebengebirge and Yellowstone national parks. A 

special attention for abiotic nature was devoted in 

Tasmania, Australia, where the geodiversity term 

appeared for the first time at geological and 

geomorphological studies. The term was coined by 

analogy of the term »biodiversity« (Gray, 2013). 

The last, geodiversity was mentioned at the IUCN 

World Conservation Congress in Hawaii in the 

resolution 091 – Conservation of moveable 

geological heritage, and in a few other adopted 

resolutions (IUCN 2016). In fact, the scientific 

interest for geodiversity and geoheritage is 

increasing. 

Until today, variety of articles appeared which 

discuss the geodiversity definition and theory, the 
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geodiversity elements and their inventory and eval-

uation as well as the connections to tourism and 

geoheritage. In addition, articles with different 

methods for inventory and evaluation of geodiver-

sity elements exist. The qualitative and qualitative-

quantitative ones merged various criteria, which are 

divided into scientific and additional values in most 

of the cases (Zouros, 2007; Reynard et al., 2007; 

Panizza and Mennella, 2007; Pereira et al., 2007, 

2015; Pereira and Pereira, 2010; Fernández et al., 

2014; Clivaz and Reynard, 2018). Scientific values 

assess the basic value of the elements in terms of 

rareness, representativeness, paleogeographical val-

ues etc. Additional values are usually introduced to 

emphasise results application in tourism, education 

or nature protection filed (Reynard et al., 2007). All 

these methods provide qualitative description as-

sessment based on subjective estimation criteria. 

Their main aim is to improve or establish new man-

agement within already protected areas. 

The opposite of letter, the quantitative methods 

utilize digital spatial data, geomatics and geo-

graphic information systems. It is notable that the 

geodiversity elements and their spatial distribution 

are treated to define geodiversity index and numer-

ical explanation (Zwoliński, 2009; Hjort and Luoto, 

2010, 2012; Pellitero et al., 2011; de Paula Silva et 

al., 2014; Melelli, 2014; Ravanel et al., 2014; 

Stepišnik and Repe, 2015; Argyriou et al., 2016; 

Araujo and Pereira, 2017; Melelli et al., 2017; Forte 

et al., 2018; Bétard and Peulvast, 2019; da Silva et 

al., 2019). We already have a range of new methods 

which must to be improved in future research (Mu-

civiuna et al., 2019). 

Geomatics, GIS and systematic problem solv-

ing are widespread in scientific fields where the ge-

odata collection and management is relevant (Rego-

lini-Bissig and Reynard, 2010; Warfield, 2003). 

Also, they are used in geodiveristy inventory and 

evaluation (Regolini-Bissig and Reynard, 2010). 

Geomatics are an integrated approach to selecting 

the instruments and techniques for collecting, or-

ganizing and visualizing spatial georeferenced data 

(Gomarasca, 2009). The established database can be 

useful to evaluate spatial large areas for which field 

work is timeconsuming and sometimes even impos-

sible (Gomarasca, 2009; Regolini-Bissig and Reyn-

ard, 2010). On the other side GIS are software de-

vices equipped with many processing and represen-

tation tools that enable managing digital elevation 

models, 3D and model creations, and other analyses 

(Gomarasca, 2009). The advantage of the systems 

and consequently systematic problem solving is 

their high organization, structure with purpose and 

interconnected and interdependent elements. Sys-

tems have precisely defined incomes, dynamics, and 

outcomes (Warfield, 2003). Therefore, the connec-

tion of geomatics, GIS and a systematic problem 

solving can allow comprehensive geodiversity ex-

amining.  

The main aim of this paper is to present geo-

matics – GIS based system for inventory and evalu-

ation of geodiversity. It consists three phases and 

welldefined methods and techniques to ensure the 

objectivity and applicability at different landscapes 

and different study area size. One of the objectives 

was to define the exact number of different geodi-

versity elements on a spatial unit. For this reason, 

we developed an inventory method using the Block 

Statistics tool with two different statistical analyses. 

The final geodiversity index calculation was made 

with the application of modified equation (Trenčov-

ska, 2016) at the first proposed by Serrano and Ruiz-

Flaño (2007). The system was applied in the Krato-

vo area within the largest paleovolcanic area in 

North Macedonia.

2. MATERIALS AND METHODS 

2.1. Regional settings 

The Kratovo-Zletovo paleovolcanic area is sit-

uated in north-eastern part of North Macedonia (Fig. 

1). It covers 970 km2, thus is one of the largest in 

the country and the Balkans (Stojanov, Serafimov-

ski, 1990; Serafimovski, 1993). It spreads at north-

west–southeast direction in a length of 60 km and 

width of 30 km. In general, the bedrock comprises 

volcanic rocks (basalt, andesite, dacite, tuffs, pyro-

clastic material). Volcanic rocks are transformed 

with numerous faults, which in some places cross 

each other; there are also deposits of lead and zinc 

ore (Hristov et al., 1969; Serafimovski, 1993).  

The geodiversity study area is located at the 

north-eastern part of Kratovo-Zletovo paleovol-

canic area and covers 82 km2. It is situated among 

two geotectonic units. The west slopes of Osogovo 

Mountain which are located on the east and north-

east belong to the Serb-Macedonian geotectonic 

unit; the rest of the study area is part of Vardar geo-

tectonic unit (Hristov et al., 1969; Serafimovski, 

1993). .
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Fig. 1. Location of the study area 

It was researched the entire valley of Kratovo 

River and the middle part of the Kriva River valley. 

The slopes were researched from the valley bottoms 

up to the nearby mountains and hills ridges. The 

most specific are paleovolcanic landforms such as 

volcanic bombs, lava flows and volcanic necks 

Different landforms appear across the area for-

med because of the diversity of geological structure, 

rainfall and climatic regime, the relief fragmentati-

on, hydrological conditions, and anthropogenic 

impacts.  

The terrain is highly dissected with numerous 

gullies and badlands due to high erosion and denu-

dation dynamics. Moreover, there are several loca-

tions where the 2 m to 5 m andesitic tuffs beneath 

the surface are transformed in earth pyramids land-

forms. Within the study area there is a protected ge-

omorphological locality where prominent land-

forms are the earth pyramids. It is called Kuklica 

and covers 0.3 km2 (Milevski, 2000). The entire 

study area is not protected with policy. 

2.2. Geodiversity inventory and evaluation system 

The geomatics – GIS based system for inven-

tory and evaluation of geodiversity is composed of 

three phases. The geodiversity elements were cho-

sen on the basis of main physical features of the 

study area and prior field study. Within the research 

were used morphographic and geologic maps as 

well as a map of terrain ruggedness index derived 

from 1” SRTM digital elevation model (USGS, 

2015) and statistical analyses. All produced maps 

and methods were performed using ESRI ArcGIS 

software, version 10.3.1 (Figure 2). The whole sta-

tistical analyses were made for a spatial unit in a 

square shape with the size of 240 × 240 m to ensure 

objectivity and possibility to compare the results. 

Thus, the area was automatically divided into 1772 

equal size spatial units. 
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Fig. 2. Detailed scheme of geomatics – GIS based system for inventory and evaluation of geodiversity 

2.2.1. Phase 1: Choosing and mapping  

the geodiversity elements 

The geodiversity elements for detailed rese-

arch were chosen on the basis of the scientific lite-

rature (Serrano and Ruiz-Flaño, 2007; Gray, 2013), 

cartographic material at various scales, digital aerial 

imagery (Real Estate Cadastre Agency of the Re-

public of Macedonia, 2015), remote sensing data 

and prior filed study. Namely, the following geodi-

versity elements were included: the geomorpho-

logic, geologic, hydrologic and topographic.  

All geomorphologic and hydrologic geodiver-

sity elements were documented by combination of 

several methods (GPS supported morphographic 

field mapping (Pavlopoulos et al., 2009), remote 

sensing, previous studies (Serafimovski, 1993) and 

digitalization. In this category were included all 
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different types of geomorphologic and hydrologic 

elements with purpose to define the number of dif-

ferent geodiversity elements in the spatial units. On 

the other side, the geologic geodiversity elements 

were documented just with digitalization based on 

the general geological map – sheet Kratovo (“Os-

novna geološka karta SFRJ. List K 34–69, Kratovo, 

1:100.000”, 1974).  

The topographic geodiversity element was in-

cluded through the terrain ruggedness index calcu-

lation using the equation by Riley et al. (1999) 

which reflect the change in elevation. The change of 

elevation also affects the variety of orientations, 

slopes and radiation affecting soil, hydrological and 

geomorphological processes (Serrano and Ruiz-

Flaño, 2007). All digitalizing geodiversity elements 

were represented in vector format with polylines, 

polygons and points within two maps. While the 

morphographic map consists 19 vector layers that 

overlap at certain locations and create NoData value 

areas, the geologic map has only one vector layer 

where geologic geodiversity elements are in a con-

tinuous order. The first phase results are input data 

for the next phases. From them it is possible to de-

termine spatial distribution (e.g. density, pattern dis-

tribution) and the total number of different geodi-

versity elements (geomorphologic, hydrologic, geo-

logic). 

2.2.2. Phase 2: Inventory of different geodiversity 

elements on a spatial unit 

The method for inventory of different geodi-

versity elements on a spatial unit is based on the 

analysis performed with Block Statistics tool within 

Neighborhood toolset. Therefore, all vector layers 

from the previous phase were transformed in raster 

format, otherwise the functioning of the tool is im-

possible (ESRI, 2016a). After that, only for the ras-

ter layers of the morphographic map the statistical 

analyses of maximum were performed in order to 

determine whether the element is present within the 

spatial units. For the geologic raster layer was per-

formed the statistical analyses of variety with the 

same purpose. It was followed with reclassifying 

and summing the raster layers from the block statis-

tical analyses with the Raster calculator tool. As a 

result, the map of exact number of different geodi-

versity elements on a spatial unit was obtained.   

2.2.3. Phase 3: Calculation of terrain ruggedness 

and geodiversity index  

The first step in this phase was the calculation 

of terrain ruggedness index based on the equation 

by Riley et al. (1999). It was used 1”SRTM 30 m 

digital elevation model from USGS database 

(USGS 2015). The terrain ruggedness index was 

calculated for a spatial unit of a square with size of 

240 m to match with the layer of different number 

of geodiversity elements obtained in the first phase. 

The equation can be used at different scales (Riley 

et al., 1999) which is important for the final geodi-

versity index calculation. 

The second step was to calculate the geodiver-

sity index based on the modified formula (Trenčov-

ska, 2016), which prior was proposed by Serrano 

and Ruiz-Flaño (2007): 

Gd = Eg · R, 

where Eg is the number of different geodiversity el-

ements within a spatial unit and R is terrain rugged-

ness index on a spatial unit. The both layers were 

multiplied at the Raster Calculator tool with the aim 

to determine the geodiversity index within the entire 

study area. Geodiversity index was divided into 

three classes, low, medium and high on the bases of 

Jenks classification (Jenks and Caspall, 1971).

3. RESULTS 

The study area that covers 82 km2 was divided 

into 1772 equal spatial units in the shape of a 240 × 

240 m square size. For each spatial unit was deter-

mined the exact number of different geodiversity el-

ements, the terrain ruggedness index and geodiver-

sity index. Three different thematic maps were gen-

erated through the system processes. 

The chosen geodiversity elements for the re-

search were defined on the basis of the scientific lit- 

erature, cartographic data and prior field survey. It 

was detected 16 different geomorphologic geodi-

versity elements and only 2 hydrologic which are 

distributed discontinuously over the entire study 

area (Figure 3). There are 12 different geologic ge-

odiversity elements with continuous distribution 

(Figure 4). Thus, the number of different geodiver-

sity elements mapped at the study area is 30 and the 

total number of all geodiversity elements is 498.
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Fig. 3. Map of the geodiversity elements (geomorphic and hydrologic)  

.  

Fig. 4. Geological map of the study area (by OGK SFRJ, 1974) 

The number of different geodiversity elements 

(geomorphologic, hydrologic, geologic) within the 

spatial units was defined by performing statistical 

analyses within the Block Statistic tool. It varied 

from one to nine (Figure 5). Most of the spatial units 

had one different geodiversity element while just 
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one of them had the highest value of nine. About 

70 % of the study area has one or two different ge-

odiversity elements. The spatial units with   the 

highest number of different geodiversity elements 

are located at the western part of the area at the val-

ley of Kriva River. 

Terrain ruggedness index represents a quanti-

tative objective assessment of surface heterogeneity 

(Riley et al., 1999) which can enhance result com-

parability among different areas. Calculation was 

based on a Riley et al. (1999) equation and 30 m 

digital elevation model (USGS, 2015). It ranges on 

a value index scale from 62 to 619 (Figure 6). The 

spatial units with a high index are positioned on the 

east at the higher altitudes of Osogovo Mountains. 

Also, the high index values are on the steep slopes 

of the hills and mountains on both the east and the 

west parts of the study area. The low index appears 

on the valley bottoms and at the high altitudes of the 

hills and mountains but in a small area.

 

Fig. 5. Map of the number of different geodiversity elements within the 240 × 240 m sized spatial units 

 

Fig. 6. Map of terrain ruggedness index of the 240 × 240 m sized spatial units  
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The geodiversity index is a result of the geo-

matics and GIS within the established system. It was 

obtained by multiplying the digital layers of the 

number of different geodiversity elements and the 

terrain ruggedness index on the spatial unit. The val-

ues of the index are ranged between 62 and 5571. 

They were divided on low, medium and high geodi-

versity index values (Table. 1) according to the nat-

ural Jenks method (Jenks and Caspall, 1971). In or-

der to provide better visualization and interpretation 

of the geodiversity index values homogenous areas 

were created. (Figure 7). 

T a b l e  1 

Surface area and percentage of geodiversity index 

values in the Kratovo 

Geodiversity index Area  

(km2) 

Ratio  

(%) 

Low 42.64 51.77 

Medium 31.16 37.83 

High 8.20 9.95 

 

Fig. 7. Map of geodiversity index of Kratovo area classified in three classes 

Areas with low and medium geodiversity in-

dex are distributed quite evenly throughout the en-

tire study area. Low index areas are most in com-

mon in the central part of the southern slopes of the 

Osogovo Mountain both at higher and lower alti-

tudes. Another major area of low index is located 

northwest of the village of Kuklica (Figure 8 (C)). 

Medium index areas are located widespread through 

the entire study area and kind of follow slopes with 

gullies and geologic geodiversity elements spatial 

distribution (Figure 8 (B)).  

The areas of high geodiversity index appear at 

three major areas. They are also defined as geodi-

versity hot spots, and there can be found from six to 

nine different geodiversity elements. The first high 

geodiversity index location is in the geomorpholog-

ical locality “Kuklica” and its surroundings, which 

includes small part of the Kriva River valley (Figure 

9). In this area were documented the following geo-

diversity elements: earth and stone pyramids, ero-

sive hot spots, gullies, a river terrace, alluvial fans, 

a bottom valley and a river. Only two types of lith-

ological elements appear: tuffs and alluvial. Earth 

pyramids cover about 0.30 km2 on the right side of 

the Kriva River terrace which is very eroded at this 

place (Milevski, 2000). The Kuklica locality is pro-

tected with a legal status as a natural monument in 

2008 (“Zakon za proglasuvanje na lokalitetot 

‘Kuklica’ za spomenik na prirodata”, 2008). As 

such is the only protected abiotic part of nature in 

the entire research area. 
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Fig. 8. Relief forms within the areas of mid and low geodiversity index: (A) hill, (B) slope, (C) river with background hill  
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Fig. 9. Geomorphological locality “Kuklica” 

The second area of high geodiversity index be-
gins at surroundings of Kratovo and spreads to-
wards northeast to the village of Gorno Kratovo. 
There are appearing volcanic bombs (Figure 10(D)), 
badlands, gullies, lava flows, stone pyramids, caves, 
scree, canyon (Figure 10(E)), the river (Figure 
10(B)), and the former volcanic centers Kamen and 
Pešter (Figure 10(A)). There is present just one of 
the geologic geodiversity elements, namely the 
graypink ignimbrite with dacite composition (Hris-
tov et al., 1969; Serafimovski, 1993). Within this 
area, the intertwined paleovolcanic and fluvial fea-
tures are the most notable on the surface. There is 
no legally nature protected areas, although the 
diversity is very high. However, the results of this 
paper can be a step forward to its protection in the 
future. 

The third major area is directly above the sec-

ond location. As such is the smallest of the three 

with a high geodiversity index. Here again on the 

surface area is noted the interconnection of several 

geodiversity elements like gullies, river and three 

different geologic geodiversity elements (slate, 

dacite breccia and flysch). The other high geodiver-

sity index locations cover small surface areas and 

appear in separate spots through the study area.  

This occurs as a result of the contact of differ-

ent geological geodiversity elements on a small 

area. The diversity of these small high geodiversity 

areas is not reflected on the surface like a relief 

form. As such they are relevant from scientific per-

spective. 
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Fig. 10. Relief forms within the areas of high geodiversity index: (A) volcanic center, (B) river, (C) ridge in the south part,  

(D) volcanic bomb and (E) canyon on the east side of the study area 

4. DISCUSSION 

The geodiversity concept within the field of 

geography has evolved over the last two decades. It 

includes inventory and evaluation of abiotic nature 

elements (Gray, 2013). During this time, many dif 
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ferent methods for inventory and evaluation were 

proposed. Initially most of them were with a quali-

tative nature due to improvement of management at 

the actual protected areas. The criteria and processes 

for inventory and evaluation of geodiversity ele-

ments differ among the methods and the result is 

usually presented descriptively (Zouros, 2007; 

Reynard et al., 2007; Panizza and Mennella, 2007; 

Pereira et al., 2007, 2015; Pereira and Pereira, 2010; 

Fernández et al., 2014; Clivaz and Reynard, 2018). 

The principal problem of these methods is their sub-

jectivity and tough comparison of results among dif-

ferent areas. The process of identification and in-

ventory of geodiversity elements is questionable if 

it is carried out by different evaluators. The results 

obtained can be useful to increase tourist or educa-

tional potential within actual protected areas. 

In the last decade, on the field of geodiversity 

surveys emerged also quantitative methods and us-

age of geomatics and GIS (Zwoliński, 2009; Hjort 

and Luoto, 2010, 2012; Pellitero et al., 2011; Me-

lelli, 2014; de Paula Silva et al., 2014; Ravanel et 

al., 2014; Stepišnik and Repe, 2015; Argyriou et al., 

2016; Araujo and Pereira, 2017; Melelli et al., 2017; 

Forte et al., 2018; Bétard and Peulvast, 2019; da 

Silva et al., 2019). Their advantage is precise and 

accurate interpretation of numerical results, the 

repeatability of the processes and the use of large 

databases, which can be processed in a relatively 

short time. Moreover, they allow monitoring and 

forecast of geodiversity loss or extension in a time 

as well as result comparison among different study 

areas. These articles also highlight the application 

of geomatics, various tools and techniques within 

geographic information systems, remote sensing 

methods, statistical analyses and GPS method. In 

general, the inventory and evaluation processes are 

carried out on the basis of geodiversity elements 

selection and its distribution within the study areas 

in combination with the terrain ruggedness. All 

these processes lead to establishment of the 

geodiversity index and most diverse areas, or 

geodiversity "hot spots" (Ruban, 2010). 

A common characteristic of the existing quan-

titative methods is the spatial unit size and design 

which varies among the articles depending of the 

authors decisions. Also, the authors used different 

geodiversity elements as input data and a variety of 

tools and processes order for the statistical analyses. 

This can cause problems in the reapply of the meth-

ods and results comparison among different areas. 

The focal statistics tool applied by Melelli (2014) 

performs a neighborhood operation that computes 

an output raster where the value for each output cell 

is a function of the values of all the input cells that 

are in a specified neighborhood around that location 

(ESRI, 2016b). Thus, the accurate number of differ-

ent geodiversity elements within a spatial unit can-

not be defined. Other methods used summing (Hjort 

and Luoto 2010) or subtracting (de Paula Silva et 

al., 2014) processes for the geodiversity elements, 

but without specific information for utilized tools.  

The geomatics GIS based system, which is 

presented, offers a new way for geodiversity invent-

tory and evaluation. It is composed of three phases 

which consists a set of methods, procedures and 

techniques arranged in an exact order. From each 

phase, it is evident an intermediate result, which is 

used in the next phase. These features of our system 

enabled objectivity, controlling the interim data and 

results. Moreover, the repeatability of the system to 

other study areas, regardless of the landscape type 

and the study area size, is facilitated. It was tried to 

upgrade already recognized advantages of the meth-

ods used so far and to remove their shortcomings 

with a new inventory method of geodiversity ele-

ments which was developed at this research. The 

objectivity of our system is highlighted by carrying 

out the inventory and evaluation for the system of 

spatial units. The entire study area was automati-

cally divided into 1772 equalsized spatial units in a 

square with a size of 240 × 240 m. The size of the 

units was determined on a base of the size of the en-

tire study area, several test analyses with smaller or 

larger unit sizes and DEM resolution. In further re-

search will be necessary to establish correspondence 

among the spatial unit size, the number of geodiver-

sity elements taken into consideration and the sur-

face size of the study areas.  

Geodiversity calculation needs to take scale 

and hierarchy issues into account, which makes 

comparison among study areas only possible if the 

same scale is used. The scale is also important in 

application phases of the results in real manage-

ment, because areas subject to protection turn out to 

be entire regions or squares as extensive as several 

municipalities. This is obviously also dependent on 

the scale of the country, so large countries like Bra-

zil may be able to afford management on such broad 

scales, although frequency studies can be suggested 

to compare areas with the same geodiversity index 

(Pellitero et al., 2015). The method presented in the 

article would be a significant benefit for the next ge-

odiversity research as well as to extent it on regional 

and even global scale. 
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The geodiversity elements were digitized in 

order to create the digital morphographic and geo-

logic map. Some of the geomorphologic and hydro-

logic geodiversity elements from the morpho-

graphic map overlapped and at the same time gen-

erated areas with NoData value. On the other side, 

the geological geodiversity elements spread contin-

uously and without NoData value areas. It has been 

found that it is significant to determine the men-

tioned features of digitized elements to choose the 

adequate statistical analysis within the Block statis-

tics tool. Consequently, were chosen two statistical 

analyses to identify the different geodiversity ele-

ments within the spatial units. Obtained GPS posi-

tions of the geodiversity elements helped to align 

field mapping data with the shaded relief map, 

which has been used for a base of the digital final 

maps. 

The Block Statistics analyses in the second 

phase offer innovative method to inventory and es-

tablish the exact number of different geodiversity 

elements within a spatial unit. The Block Statistics 

tool allows calculating statistics for each spatial unit 

or block based on the value of the input raster cell 

data. Blocks are not overlapped, and the value of 

each input raster cell is considered only once to cal-

culate the statistics of the block. The statistical anal-

yses which can be performed are the average, most, 

maximum, median, minimum, minority, range, 

standard deviation, sum and difference (ESRI, 

2016a). For each different geomorphological and 

hydrologic geodiversity element converted in a ras-

ter format was determined the presence within the 

spatial unit with Block Statistics tool and the statis-

tical analysis of maximum. For the geological geo-

diversity elements was used the same tool and the 

statistical analyses of diversity. With both statistics 

was obtained the number of the different geodiver-

sity elements within the spatial unit. Different sta-

tistics were used as the spatial distribution of geo-

morphologic and hydrologic geodiversity elements 

in nature is different from that of geologic. Geomor-

phologic and hydrologic elements are discontinuous 

and may also overlap while geological appear more 

continuously. 

To calculate the terrain ruggedness index have 

been used different methods and equations so far 

(Melton, 1965; Riley et al., 1999; Jenness, 2004; 

Nellemann et al., 2007; Grohmann, 2015; Trevisani 

and Rocca, 2015). In this research, was used the 

equation suggested by Riley et al., (1999) as appli-

cable in a different spatial scale. The input data was 

the 1ʺ SRTM 30 m digital elevation model from 

USGS database (USGS, 2015). Considering the size 

of the entire study area and the results, we believe 

that its accuracy was satisfactory. In the case of 

smaller areas, we assume it will be needed more de-

tailed digital elevation model.  

The geodiversity index was calculated on the 

basis of modified equation (Trenčovska, 2016) de-

veloped by Serrano and Ruiz-Flaño (2007). The 

modification was needed because of the new inven-

tory method developed in the second phase. After 

the calculation of Eg and R for the equal spatial 

units, the natural logarithm of the surface of spatial 

unit was taken away. The natural logarithm at the 

original formula was used because the spatial units 

for inventory and evaluation of geodiversity ele-

ments were of different sizes. With the aim the geo-

diversity index to be useful in tourism, education, or 

management of protected areas it has been automat-

ically divided into three classes according to the 

method of natural Jenks classes (Jenks and Caspall, 

1971). Consequently, the most diverse geodiversity 

areas or hot spots were obtained.  

Our system is used on a local scale for inven-

tory and evaluation of different geodiversity ele-

ments within a spatial unit. Its usage at regional and 

global level should be tested. According to the ob-

jective system design and application of geomatics 

and GIS we considered that it can also be useful in 

other professional fields inside and outside of the 

geography, where the number of different ele-

ments/processes/phenomenon at spatial unit are rel-

evant. Such usage can be experimented in the future. 

Also, it is necessary to determine the size of spatial 

unit for research at different scales and try to auto-

mate repetitive processes within the system using 

some programing language or building a model in 

GIS software. 

5. CONCLUSION 

The article offers new geomatics – GIS based 

system for inventory and evaluation of geodiversity. 

The system is designed of three phases and different 

methods in an exactly defined order. The Kratovo 

geodiversity index calculation was based on several 

geographical digital data. There were used the geo-

morphological, hydrological, geological and topo-

graphical geodiversity elements obtained with field 
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work, remote sensing method, GPS, GIS mapping 

and statistical analysis. The system includes a new 

method for inventory of the different geodiversity 

elements within a spatial unit. It was developed 

within the research to facilitate the calculation of ge-

odiversity index. The geodiversity index is a result 

of multiplying the digital raster layers of the number 

of different geodiversity elements within the spatial 

unit and the terrain ruggedness index at the spatial 

unit. It was classified into three classes low, medium 

and high, and has an interdisciplinary application in 

tourism, education and nature conservation. Further 

work can contribute to a complete automatization of 

the processes and methods within the system and 

extension of the geodiversity research at regional 

and even global scale.
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ИНВЕНТАРИЗАЦИЈА И ЕВАЛУАЦИЈА НА ГЕОДИВЕРЗИТЕТОТ ВО КРAТОВО  

СО ПРИМЕНА НА ГЕОГРАФСКИ ИНФОРМАЦИСКИ СИСТЕМИ И ГЕОМАТИКА 
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Геолошки завод на Словенија, Димичева 14, 1000 Љубљана, Словенија 
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Клучни зборови: квантитативни методи; ГИС; геоматика; геодиверзитет; Кратово; Република Северна Македонија 

Во трудот е претставен геоматски систем базиран на 

ГИС (географски информациски систем) за инвентаризаци-

ја и евалуација на геодиверзитетот. Системот е составен на 

едноставен начин, вклучувајќи три фази со различни мето-

ди користени по одреден редослед. Во согласност со ова, 

тој е објективен, повторлив и применлив на различни пре-

дели и области со различни површини. Системот е приме-

нет во кратовското подрачје што се наоѓа во рамките на 

најголемиот палеовулкански предел во Република Северна 

Македонија. Елементите на геодиверзитетот се добиени 

преку GPS поддржано морфографско теренско картирање, 

метод за далечинско препознавање и статистички анализи. 

Инвентаризацијата на елементите на геодиверзитетот на 

просторната единица е извршена со алатката за блок-ста-

тистика (Block Statistics) и статистичките анализи за макси-

мум (Maximum) и разновидност (Variety) во програмскиот 

софтвер ArcMap. Индексот на геодиверзитетот е пресметан 

со множење на два растерски слоја: број на различни еле-

менти на геодиверзитетот во просторни единици и индекс 

на раздвиженост на теренот на просторни единици. Со цел 

да се олесни примената на резултатите во туризмот, образо-

ванието и зачувувањето на природата, индексот на геоди-

верзитетот е класифициран во три класи: ниска, средна и 

висока. Резултатите покажаа дека три главни единици со 

висок индекс на геодиверзитет се присутни на проучувано-

то подрачје во Кратово, односно 9,95% од вкупната повр-

шина. Во западниот дел, каде што е присутен висок индекс 

на геодиверзитет се наоѓа и геоморфолошкиот, локалитет 

Куклица. Индексот на среден геодиверзитет е забележан на 

37,33%, а на низок на 51,77% од површината на проучува-

ното подрачје. 
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