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ABSTRACT

Geological and scenic values of locations are thelindory curiosities that can be
presered and popularized a lot easier using the institutional background of
geotourism, such as geoparks. UNESCO Global Geoparks Network is responsible
for protecting and fostering natural, scenic and cultural values and especially
geosites that are the excitimggible physical elements. Our goal was to quantify the
geotourism potential around Csopak, a scenic village in the Balaton Uplands giving
home for the headquarter of the BakeéBglaton UNESCO Global Geopark. After
designating 216 potential geosites usitogpographic and geological maps, we
applied two assessment models: the Geosite Assessment Model (GAM) and the
Modified Geosite Assessment Model {&HAM). GAM has been applied with good
results in Hungary on different areas, b.tHGWAM has not been used bedo As M

GAM involves tourists into the process counting with their opinion, it may give a
more realistic view of the geositesThe two methods produced different but
comparable final values of geotourism potential counted from thim Malueand
Additiond Value scores. We discovered that the proportion of the difference of
these values <carries major informati on. The
functions and depicted on diagrams can derive which values are more important for
the visitors. From this re#t we can draw conclusions about the future development
trends: scientific or infrastructural values should be more effectively fostered. Using
our results, geosites can be handled and developed as visitors expect it.
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INTRODUCTION GarciaFal ¢ - n, 2003) . They
numerical methods to rate a pantar site.

To start geoconservation the first step is to Since during qualitative assessment we do
recognise and evaluate sites that carry not have the exact process documented and
major geological information amongst the there is a large factor of subjectivity
aspects of tourism. Generally, there are two depend ng on t he asgsie@ssor s¢
ways of geosite assessment. Thaldative mainly used to designate potential gessit
approach mainly uses the expertise of the Proper gesoite assessments bardoneby
assessors and procedures that focus on thethe combined wuse of these two
guality of the examined site. It dates back to methodologies (Pereira, P. & Pereira, D.,
the 1960s (Watson & Slaymaker, 1966). 2010). We need experts from different
The quantitative methodology is related to fields of earth science to determine whether
the ranking of geosites. It stad to emerge  a site has enough scientific values, while
in the 1990s (Grandgirard, 1997; Rivas et quantitative assessment is essential to
al., 1997) and has developed in order to do determne the importance of these
more appropriate and objective evaluations scientific, aesthetic and infrastructural
(Lai & Graefe&Gon2@0@zaluBse !l i 8n
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Quantitative geosite assessing has beenAdditional Values (AV). There are
used in Hungary only a few times. For subgroups within the MV and AV groups:
instance, in the famous volcanic region of scientific/educational values (VSE)
Tokaj, Szepesi et al(2016) made an scenic/aesthetic values (VSA), protection
assessment to revivelungarian volcano  (VPr) and functional (VFn), touristic (VTr).
tourism. It turned out during the assessing These subgroups are also divided into
that the most appropriate model for the area smaller parameters called indicators: 12 of
was the Geosite Assessment Model (GAM) them is in the MV group and 15 is in the
developed in Serbia BWgroap. rEach Igeosite 5. asséssgdiby i |
et al. (2011. Csorvssi ( 2 0 ¥evaluding theser indieadors: dheyt can get 0,
geoste assessment in Fe®r  Cio twan t y0.25, 0.5, 0.75 and 1 values. Then with the
study areas. 6 geosites with different application of three simple equations we
attributes were chosen and assessed usingc an produce the sum of a
10 distinct assessment models. The most

realistic result was given by the MV = VSE + VSA + VPr,
aforementioned GAM. AV =VFn + VTr,
The GAM is a weHdefined method, GAM = AV + MV.

which can be used anywhereowever, it
does not reflect the diversity of the aspects, The evaluation system can be seen i
which makes a certain geosite important for Table 1. and Table 2.
the visitors. To incorporate the opinionsof I n 2014, Tomil & Bogil
the visitors in the assessment a modified the methodology of GAM to assess 3
version of the GAM emerged ant was Serbian geosites. However, they added a
called MGAM ( Tomi |l & Bo ¢isthall charyd # )the model: the Modified
This study is aimed to make a dual geosite Geosite Assessment Model supplements the
assessment at an area, where currentlye x pert sé aspects with th
active geoturism is present: the Bakeny and tourists. Inthis way they involve the
Balaton UNESCO Global Geopark. audience into the evaluation process
Although this was the first geopark of increasing objectivity. It has been necessary
Hungary, t lamyr quantitateves n ast geotourists are mainly not geologists or
assessment in the area. Our study aims toearth scientists: they may be also open for
solve this issue on the Eastern area of the cultural, historical, scenic and entertaining
Geopark, where parallel with the study a sights, pogsilities. Usually an average
new geological hiking map was compiled visitor searches for a particular place for the
(Albert et al., 2018). sum of the mentioned attributes. The
The results of the study highlight the researchers interviewed 96 visitors about
advantages and disadvantages of the their personal importance of each indicator
assessment methods. Is also demonstratesof the GAM. Then the values were summed
the implementation of the scientific and every sing indicator got its
assessment method into a practical Importance (Im) factor. If we multiply the
communication between the geopark and GAM score with his, we produce the-M
the visitors via the geological hiking map. GAM score of a geosite:

MGAM = Im(GAM) = Im(MV + AV).
METHODS: GAM AND M -GAM
In the article describing MGAM T o mi | &
The Geosi Assessment Modelisagreat Bogi | i ntroduces the sceé
milestone in the development process of both models. Casidering the matrix field
guantitative methods. It is consisted of two of every geosite, we can easily determine
main parts: Main Values (MV) and the geotourism deelopment of each geosite
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(Figure 1). Amongst using these diagrams
for visualizing the differences between the

M-GAM MV and AV values of a geosite.
This method provides an opportunity to

two models, it is also an opportunity to
analyse the diffeamces between the GAM

designate if scientific or infrastctural
values need development.

Table 1. GAM and M-GAM MV indicators with their Im factor

Indicators:
Scientific/Educational values- VSE:
Rarity, nearby| 0.95|Common Regional National International | The only
occurrence occurrence
(SIMV1)
Representativen| 0.7 |None Low Moderate High Utmost
ess of e
formation
(SIMV2)
Knowledge on| 0.66 | None Local Regional National International
geoscientific publications | publications publications publications
issues (SIM/3)
Level of| 0.84 | None Moderate Good example g Moderate leve Good example
interpretation level of| processes but hal of processes bt of processes bl
(SIMV4) processes bito explainto non |easy to explaileasy to explai
hard to experts to commor to common
explain to visitor visitor
non-experts
Scenic/Aesthetic values VSA:
Viewpoints to| 0.83 |None 1 2103 4106 More than 6
the geosite
(SIMV5)
Surface, area ol 0.58 | Small X Medium X Large
the geosite
(SIMV6)
Surrounding 0.91 | x Low Medium High Utmost
landscape anc
nature (SIMV7)
Environmental | 0.87 | Unfitting X Neutral X Fitting
fitting of sites
(SIMV8)
Protection values- VPr:
Current 0.92 | Totally Highly Medium damage( Slightly No damage
condition damaged (as|damaged (as | (with essentia damaged
(SIMV9) result off result of geomorph. feature
human natural preserved)
activities) processes)
Protection levell 0.78 | None Local Regional Nationd International
(SIMV10)
Vulnerability 0.87 |Irreversible |High ( could Medium (could bgLow (could be None
(SIMV11) (with be easily damaged by naturidamaged onl)
possibility ofl damaged) proc. or humat by human
total loss) activities) activities)
Suitable 0.58|0 Oto 10 10 to 20 20 to 50 More than 50
number of
visitors
(SIMV12)
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Table 2. GAM and MGAM AV indicators with their Im factor
Indicators:

Functional values- VFn:

Accessibility 0.75 | Inaccessible |Low (on foot| Medium (by| High (by|Utmost (by bus o
(SIAV1) with  special bicycle and car) public transport)
equipment other means ¢
and exper| manpowered
guide tours) |transport)

Additional 0.66 | None 1 2to 3 4106 More than 6
natural values

(SIAV2)

Additional 0.67 | None 1 2to3 4106 More than 6

anthropogenic
values (SIAV3)

Vicinity of | 0.71 | More than 100 to 50 km | 50 to 25 km 25to 5 km |Less than 5 km
emissive centre 100 km
(SIAV4*)
Vicinity of | 0.74 | None Local Regional National International
important road
network
(SIAV5**)
Additional 0.69 |None Low (1) Medium (23) |High (4-6) |Utmost (6<)
functional
values
(SIAVE***)

Touristic values- VTr:
Promotion 0.71 |None Local Regional National International
(SIAVT)
Organized visits| 0.56 | None Less than 1112 to 24 pe|24 b 48 pel More than 48 per yea
(SIAVS8) per year year year
Vicinity of | 0.74 | More than 5050 to 20 km |20 to 5 km 5to0 1 km |Lessthan 1 km
Vi sitor s km
(SIAV9)
Interpretative 0.87 |None Low quality | Medium quality| High quality| Utmost quality
panels (SIAV10)
Number of| 0.58 |None Low (less Medium (5001 High (10001 Utmost (more tha
visitors than 5000) |to 10000) to 100000) | 100000)
(SIAV11)
Tourism 0.7 |None Low (1) Medium (23) |High (4-6) |Utmost (6<)
infrastructure
(SIAV12***)
Tour guide | 0.74 | None Low Medium High Utmost
service
(SIAV13)
Hostelry service| 0.73 | More than 5(25 to 50 km |10 to 25 km 5to 10 km |Less than 5 km
(SIAV14) km
Restaurant 0.76 | More than 2510to 25 km |10to 5 km 1to5km |Lessthan1km
service km
(SIAV15)
(*) We have counted with the distance of Budapes Anot her option could have beer
Sz®kesfeh®rvS8r, but every geosite gets the same value

(**) We have worked with the distance of Route 8.
(***) We have set up a circle area with a radius of 2 km.
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Fig. 1 Scatterplot matricesi Tomi I & Bogil (2004). GAM vGAMuatuess can be
on the right.

By analysing the scatterplot matrices one area even more distinctive. The northern

can determine the relative scientific and coast of the lake is a part othe
infrastructural values of the sites and the Transdanubian Mountains andasowell-
decisionmakers could easily plan vd known for its unique geological formations.

sites can be utilized for geotourism. For The climate of the Balaton Uplands has
example, geosites that can be found in Mediterranean features on the lower areas,

fields Z3 and %3 own enough scientific  but on higher altitudes is mainly

values and have active tourist use. Here, temperately cool and wet. Due to its

future planning demands the wise mountains andills it does not have great
consideration of t o uivers.Buotéhere aee fots ef small stbeams in h e
nature, commuties and the possibilities of the deep valleygalledfi s ®d " . The val
sustainable development. In the case of of t he fAs®d0 streams hayv
field Z,3 the increasing of tourism during hot summer days
infrastructure would be recommended to Fut - |, 2013) . Ther e ar e
satisfy the visitors. Fields 3¢ and % responsible fo the natural values of the

contain geosites with high scientific but low area: Balaton Uplands National Park and
additional values. Thessites can be the Bakony Balaton UNESCO Global Geopark
candidates for future infrastructural (Figure 2)

projects: information panels, natureaits Our work studies the eastern part of the

would attract geotourists. Balaton Uplands. The geological history of
rocks here dates back to ancient times to

Study area times when fie was only present in oceans.

The surrounding of Lake Balaton is one of The great variety of rocks is caused by the
the most visited tourist destinations in intensive work of the nature: volcanoes,
Central Europe. Every kind of sitor can deep and shallow seas, deserts and lagoons
find something to do here: the beaches on has transformed the area. Plates were folded
the shore, famous wine cellars and cultural into mountains by the force of fierce
heritage mean high tourism potential. But earthquakes ah tectonic movements
the great variety of natural values make this (Albert et al., 2018). The oldest formations
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here are from the Silurian Period, so they colour. This formation is commonly used

are more than 410820 million years old. especially in the surroundings of

Between the sediments of Lovas Slate we Bal at o#&Ir mMsdier ®ny as a
can find the layers of a basic volcanic rock: st on e (Budai & Konr 8d,
Al s - °r s Mé&heautclogsmfithede e these famous features Neogene sediments
formations are rare and highly protected. have less importance than marls and

The most specific rock of the area was limestones from the Mesozoic. Such rocks
formed during the Permian. It is called red as in the Alps can be found here from this

Bal atonfelvid®k S a n e (Badaieal., 1999e t o its

Bakony—Balaton
Geopark Hungary
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Fig. 2 The extent of the Bakoinfdalaton Geopark (red border) and the examined area (green border)

GEOSITE ASSESSMENT both works prior hiking and geological
maps were suitable as data sources. The

Convinced by the promising outcomes of preliminary assessing was carried out with
the GAM applications in Hungary, we have the help of a database that servea &#ssis
decided to use this method. Moreover, of our map. In addition, we have usedr
having a geodatabase of geosites assessedield drafts Data gathering and qualitative
with the same methodology as the previous geosite designation were followed by
works may facilitate a countrywide consultation with experts of the area and the
initiative in the future to create a National application of the two quantitative models.
Geosite Cadastre.

In line with the assessing work the design Datamining and filtering
of the first Hungarian largeale geological The extet of the area was inherited from
hiking map has started that depicts the t h e hi king ma p of Fel
examined area (Albert et al., 2018). For surroundings (Schwarcz, 2013) as it was the
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technical base for the geological hiking extent of settlements and industrial areas.
map. This map was also a source for the Google photos and key sections were good

datamining by selecting different map
symbols that may have date geosites
(cliffs, breaks, gullies) with coordinates.
We also used georeferenced military
(GaussKrueger) and civilian (Uniform
National Mapping Systemm EOT R, ME
OFTH 1977) topographic maps with the
scale of 10k and 25kTheir map key
contains much lger amount of
information. So that we searched for all the
elements with the possibility of geosite
features in the key books. Then these point
feature elements were inserted into the
preliminary GIS database.

For processinggeological data sources,
we looked for the corresponding sheets of
the engineering geological maps of the area
(2:20 000, 1986) in the library of the
Mining and Geological Survey of Hungary
(MBFSZ). It contins clastic and intact
outcrops boreholes, quarries, mines and
explorational gs. We set up 3 map size
groups according to importance (<50 m;
501 100 m, 100 m<) and only geosites with
these sizes were recorded. The S0kle
Geological map of the Balaton Highland
(Budai et al., 1999) does not contain
outcrops: this was used to cheble correct
geological formation of the formerly
designated sites.

We put the elements of the key section list
of MBFSZ into our database as they carry
fundamental geological features although
their infrastructure is often pooMBFSZ,
2018). We also loadd through the
available Google photos in the area as

hikers who used Google services and madev al y @y d ci ni ty
photos of their walk often uploaded theseto ifhost el rgndefive cteaddr ant

Google/Picasa. After designating, we had
nearly 450 potetial geosites in our
database.

This huge amount of sitesofn this small
area includes  many unimportant,
inaccessible andhon-existent geosites. To

reduce the number of sites that has to be such asthdivci ni ty

checked on the field ar@liminary filtering
was appliedWe chose the OpenStreetMap
database to filter our points by the @nt

to correct this phase, because some
outcrops have been preserved despite
construction works. In Hungary, mining
areas with valid permission are cannot be
visited by avilians sowe deleted them from
e database. During fieldwork we also
made a filtering according tie geological
importance, distance and size. Aftdris
phase only 75 geosites remained to be
guantitativdy assessed.

Quantitative assessment

The onsie documentation of the
remaining geosites had large importance in
the subsequent work phas&¢e used GPS
and mobile applicationon the field to
record tracklogs and mark evaluable
geosites. We wrote a detailed report on each
site  with  geological index ral
characteristics. Photos of every visited
place were taken. The remaining work
sessions were carried out in office. Using
GAM/M-GAM requires multiple methods
to get results: indicators can be evaluated
by executing spatial queries in the
geodatabase (Glgethods), analysing and
classifying the sites using photos and notes
and consulting with experts.

GIS methods are suitable to evaluate those
indicators which depend ommeasuring
distances and quantities from other
geographic features. These spatial qerie
were carrié out with QGIS open software.

Vi

[
b

A Rrity,neaby occurrenceo, f
t he geositeo, Aaccessi
nat ur al, \ditolhl anth@pogenic

of visit:

were scored by setting up buffer zones
around geosites and counting the
corresponding elements within the circle
with a certain radius. In the description of
the GAM some of the spatiaependent

indicators are vaguely defined. Indicators
of e mi
Aviictiyn of i mportant
Afadditional functi
i nfr astdounott havee determined

S S\

r o
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parameters to define the exact values for i n u mb e r of Vi sitorso a
evaluation. The values in Table 1 and 2 of ser vi ceo
these indicators are wemined for the
study area.

For most of the indicators, our field notes, RESULTS OF THE ASSESSMENT
photos and the corresponding scientific
publications were good materials to The next step was thealcuation of the
perform the assessment. The available tour GAM/M-GAM results based on the
guides and information panels of the assessed indicator values of each geosite.
National Park and the Geayk also helped  For this weexported thedatabase into an
us to reach higher objectivity by piding Excel table, where the calculation and
exact data in some casedlso, we visualization of the data wasmore
consulted with experts in the case of some appropriate than in QGIS. The results are
indicators S u detige ans visualzed on Kigu@aab.

geoscientific i ssueso, Apromoti ono,
15 15
Z13 z23 233 213 223 233
210 . 210
¢ |2 bl 3 | Zn| 2 |2 Zy, i3
= -® e Teo 3
g o ¢ % § .
g ".. - @ p g ® °
i) . &% . 8 e 0%
E E B0
T 5 T 5 el
2 |2 Z, Z,; 2 |2y °q 0’9 o y A
Z21
a) b)

12

0

12

Main Values (MV) Main Values (MV)

Fig. 3 Scatterplot diagrams of the results. a: GAM values in a 15 by 12 matrix determined by the possible GAM
maximum scores; b: MBAM values in a matrix determined by GAM maxim scores modified by the Im
factor. Green matrix fields mean already popular geosites with good scientific and infrastructural balance while
yellow fields mean geosites with high scientific values but poor infrastructural potential.

The Main Values carbe found on the  which fell into the 2, matrix cell after
horizontal axis, while Additional Values are applying tle Im factor (Figure #). So it
on the vertical axis. If we divide both axes seemed that the GAM matrix is not
into three equal parts, the whole diagram expressive fothe presentation of N6GAM
can be seen as a 3x3 matrix. These fields values To better differentiate the geosites,
carry major information that relate to the we decided to use an -BAM matrix
nature and developmeot geotourism. adjusted to the maximum values.

Tomil & Bogil (2014 )n Figlie dab, most of thesgeosites are
diagram defined by the maximum values of out of fields that have the best values. It is
M-GAM, they inserted their Im factor important to select geosites with large
modified results into the GAM diagram. scores, becaudbey are the most developed
The analysis of the result using ortlye ones, or worth neduture development.
GAM  matrix may produce fab We applied Jenksoé
conclusions because amongst tlssessed method for clustering. The clustering
geosites there were frequently visited (i.e., resulted 24 geosites with higher potential
L-czy Cave: 160k vi sthah otmes othens; thesd are tlesonese | |

natur
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Table 3. The clusered geosite with their score

ID Name: Score: | ID Name: 'Score:

62 [L-czy Cave 16.43 26 | Cliffs next to Miske CIiff 11.74

31 |[Fel s R° r-lsegy n&urertrail§ 15.26 47 |Kopasz Hill, quarry 11.74

19 [Lake K°csi nat (414.74 6 |[KR Hill , Ember C|1155

59 |Koloska Cliffs 14.65 60 |Koloska Linden 11.43

22 |Al s-°rs, VOor©°s|K13.85 16 |Nagyk Rrrao 11.31

63 [L-czy Clave, | i/13.30 50 |Cl i ffs next to C{11.15

67 |Csopak, Pele Circuit 13.05 68 |S § r k(Braggn)Hole 11.14

55 [IN§dask%t, werf g1271 29 |[Ki r-B¥sty Vall ey, 101097

21 | Miske CIliff 12.67 66 |[Tam8s Hil l, sedi [10.89

23 |Al s-°rs Metar hy12.22 71 |Cs8k8ny Hill Cav{(10.83

58 [Main Dolomite in Koloska Valley| 12.14 73 |IBal atonal m§di , T1(10.81

42 |Triassic (T3s and T3Rey section|11.84 3 |[Bal atonal m8di , P/10.66

that are worth more detailed examination.

In Table 3 the elements of the set with high Green: 1,006 O s O

scores or high chance of future Yel |l ow: 1,39167 O s(y)

development can be seen. Red: 1,77733 O s(r)
The modificatory effect can also be

COMPARISON OF THE VALUES expressed by the compar
( =pMV) and oy (=pAV) V a

The M-GAM differs from GAM because geosite (Figure 5). This kind of

of the I m factor t hatepresentptioreevsen mors highlights thatiins i t or
opinion about e a c h theGfAlIMcore af d peositd AVrvalses are
importance. Because of the estimathg mor e modi fied by the I m
process, the Im is always smaller than or al ways | arger than the
eqgual one: right t he functions of
I m O 1. differences spectacularly shrink. Thisal

means that the full value of a geosite
That 06 s WwW3J3AM scorbsare Mainly  decreases, so the importance slightly
smaller than GAM scores. If we draw a depends on the Additional Values. There is
GAM diagram and put GAM and N6AM also a difference between the deviation of
values inside of it, the differee can be @MV and AV val ues me

well seen Figure 4. In the next step, we

average people can more easily differentiate

plotted linear functions between points infrastructual indicators than scientific
from the dfferent models. The variable was ones.
the Main Value, the function value was the @A MpMV v alsowmerth mentioning

Additional Value in each case. By counting
the steepness of a function, we can
determine whether the AVs or MVs were
modified by Im more significantly. In our

case every functiomas a steepness larger
than 1 (Figuret) so AVs

(Figure 6. This indexnumber indicates
how important are the infrastructural
Additional Values to a tourist and how
strongly AVs have decision influencing
effect when searching for siitnations. This

( A1 mémber Sst greaterttham @ n)the case of

were much more corrected by visitors than every 24 examined geosite.

MV s (Ascienceod) wi t h Dalirng inta rtonsidexatian ehe trasuwts of
We created 3 groups according to the value this comparison, we can state that an
of steepness by equidistantly trisecting the average geotourist is eager to visit a geosite
difference of the mximum and minimum  with better infrastructure even if it has ses
steepness: scientificeducational values.
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Fig. 6 (A MpMV

The major task for
(Balaton Uplands National Park Directorate
and BakonyBalaton UNESCO Global
Geopark in this case) is to develop sites
with high Main Vales in order to present
the geological uniqueness of it to the

val ues

of the 24 geosite

ttheseresulta wei cangyivel advgcés iand shtow o n' s 0

further opportunities to the corresponding
authorities for developing certain geosites.
The M-GAM has the deficit that it was
evaluated on a certain area. We suppose
that the Im value is unique for all geosites,

visitors. Naturally it is impossible to andte val ues published by
upgrade every geosite to the same (2014) are not universal. Thus, we plan to
infrastructural level, but this is not designate some geoistes in the current study
something to achieve! Planning the area where we ask tourists to fill a
infrastructural investments with taking questionnaire similar to the one in Serbia
consderation of the results of an for each geosite. By the results we will be
assessment is what a caring institution able totell a better prognosis for future
should do! plans for each geosite.

A rare but spectacular way to present

geologtally important information is the
CONCLUSIONS aforementionedeological hiking mapThe

24 examined geosites are marked with a
Our study is unique, because a special pictogram, and the 9 mossited
comparison of GAM and MGAM has are described in details on the back of the
never been done before in such details. We map. This kind of map is a good
found thatif M-GAM resuls are puin the opportunity to bring the geological and
GAM matrix, the local importance of the anthropogenic heritage nearer to the people
geositesaretoo much diminished, and thus, as it presents topographic, touristic and
the method did not seem to reflect the geological information togFigure 7). The
reality. However, when a M6BAM matrix popuhrization of geological treasures
was used, the MGAM method correctly  serves different purposes: the development
reflected tle current state of the geosites. of geosites attract more and more tourists
Using the MGAM method prallel with who i mpinge the areads
the GAM could be the base of detailed and give over heritage to younger

examination too. It is because the Im factor generations

modifies the various sites differently. After

the use of Im factor, a general skew along

the AV axis was detected. This means that Acknowledgement

AVs have more effect on tosts than MVs We thank for the helpofDam8s Budai ,
and the opinions of average visitors are geologist of the Mining and Geological
differentiated better by infrastructural Sur vey of Hungary and
val ues ( AV has g r e ahe eHead dafe the &d¢opacknGroup Who e
magnitude of the skew can reflect the provided data to evaluate some of the GAM
sensibility of certain geosites to indicators.

infrastructural parameters. With analysing
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Fig. 7 An excerpt of the geologicaiking map (Albert et a].2018)
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