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1. Introduction

Deliverable D2.1.2 gathers the results of an extensive monitoring effort carried out across the HUMANITA
pilot sites, offering an integrated view of how protected natural areas respond to different forms of tourist
activity. The document reflects the diver sity of contexts encountered during fieldwork , ranging from steep
mountain paths to forested slopes and coastal environments, and illustrates how specific indicators can be
measured to assess the anthropic impact in the protected area .

The monitoring is organised around five main thematic domains. The first one concerns visitor dynamics ,
examining how people move across trails and recreational sites, how these movements fluctuate seasonally,
and how they generate different levels of pressure on the environment. The second domain focuses on
vegetation , documenting changes in plant communities, shifts in species composition, and signs of stress or
disturbance that may emerge where trampling or repeated passage occurs. A third area addresses erosion
and landscape change, considering how soil surfaces and trail morphology evolve over time under the
combined influence of natural factors and human use. The deliverable also includes a dedicated section on
wildlife , capturing how selected animal groups respond to the presence of visitors in sensitive habitats.
Finally, the theme of pollution is explored by assessing conditions in water bodies and soils, with the aim
of detecting traces of anthropogenic impact and understanding how they relate to to  urism intensity and
local land use. Monitoring activities that do not directly fall in one of these categories, but still provide
valuable support and additional insights for specific tasks , are also included in this report.

Bringing all these elements together, the document offers a broad and coherent perspective on the state of
the monitored environments. The results reveal patterns that often become evident only when different
types of observations are viewed side by side and, at the same time, acknowledge the influence of external
drivers such as climate variability, topography, and background ecological dynamics, all of which contribute
to the changes observed in the field.

Rather than producing a single conclusion, this document provides a shared reference framework for
interpreting environmental conditions across the pilot areas. It also defines the baseline from which
partners can continue monitoring activities and identify where management action may be needed to
safeguard ecological integrity , while at the same time promoting responsible visitor use.
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2. Visitors monitoring

Protected Area: Mala Fatra National Park

Project Partner: UNIZA

We use five ECOCounter PYRO NANO automatic tourist counters, installed next to the hiking trails (Figure
1). The PYRO Nano is a small outdoor sensor that automatically counts people passing by a specific point on
a trail or path. It uses passive infrared technology to detect the heat emitted by human bodies. The counter

is designed for discreet installation in na tural environments.
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Figure 1. Location of sensors and data collected for perie@2026

The device stores the timestamp and direction of movement. The counter can detect visitors up to about 4
meters from the device, making it suitable for narrow trails or entrances to natural areas. The counters are

designed for outdoor use and are waterproof, with an o
The expected battery life of the devices is approximately two years.  Sensors can also determine movement
direction. This works by analyzing the s ededsteomzomes. of S i

This allows managers to estimate the number of visitors entering an area, the number of visitors leaving,
and approximate visitor flows along trails.

We installed the counters at locations with the highest visitor movement (hiking trails), and access points

to protected habitats. The devices were mounted on trees, branches, or trail signs depending on the site
conditions and visibility of the trail corr idor. The counters store the collected data internally. During field
visits, the data were downloaded via Bluetooth using the Eco -Link Evo mobile application. After
downloading, the datasets were uploaded to the Eco -Visio analysis platform, where we analyz ed visitor
patterns, including daily visitor numbers, peak visiting hours, seasonal trends.

Figure 2 presents daily visitor traffic recorded between September 9, 2024 and December 19, 2025 at a
monitoring point located on the trail between Chleb Peak and Snilovské sedlo, near upper cable car station.
This area is one of the most visited place the park. Th e two lines in the graph represent opposite movement
directions recorded by the same counter. The data show significant temporal variability in visitor numbers,
with clear seasonal patterns and short -term peaks.
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The visitor numbers are highest during the summer season, particularly between July and September. During
this period, daily counts occasionally exceeded 1,500 visitors per day in one of the movement directions.
This suggests that the area experiences the highest tourist pressure during the main hiking season, when
weather conditions are favorable and mountain trails are fully accessible.
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Figure 2. Daily traffic on the most visited trail in the period September, 20Récember, 2025 both directions

In contrast, winter and early spring months (December -March) show very low visitation levels, often close
to zero or only a small number of visitors per day. This pattern can reflect bad weather conditions or snow
cover with reduced accessibility of hiking trails. In general, both directions follow similar temporal patterns,
which indicates a natural flow of hikers moving along the same trail segment. However, occasional occur
due to different hiking routes used for ascent and descent. Several sharp daily p eaks are visible coresponding
to weekends, public holidays, and periods of favorable weather conditions. Such spikes demonstrate that
visitor pressure can increase rapidly within short time periods, which may lead to temporary overcrowding
and increased pressure on trails and surrounding ecosystems. From May onwards, visitor numbers gradually
increase, reaching their maximum during mid -summer. This trend corresponds with the typical hiking season
in mountain protected areas, when tourism activity intensifie  s.

The other two counters (Chrapaky, Pod Chlebom Hromové) were located at high -traffic locations. The
counters were used to obtain an overview of the total number of visitors and to better understand the
movement patterns of tourists within the study area. On e counter (General) was placed in a location where
visitors frequently leave the marked trail and enter sensitive habitats. This area is known to host several
rare species. Monitoring visitor numbers at this site allows us to assess the intensity of unauth orized
movement outside the marked trail network and to evaluate its potential influence on the abundance and
distribution of rare species. A site where Western capercaillie were historically present, but were disturbed

by tourists who did not comply with the established visitor regulations. During a three -month period in the
winter season 2026, more than 1,500 tourists passed through the area, many of whom were ski touring
enthusiast.

Page4
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counter records the number of visitors moving in both directions along this route. The data provide
information on the number of tourists approaching the hut from the valley as well as those descending in
the opposite direction. Together with the third counter placed along the trail section between Chata pod

Chlebom and Hromové sedlo, these measurements help to more accurately estimate the distribution of
tourists moving through this important mountain corridor on several trails.

In addition to automatic counters installed along the monitored trails, several complementary data sources
were used to improve the accuracy of visitor monitoring. Camera traps were deployed to record movement
patterns and verify the number of visitors pas sing through selected locations. However data have not been
evaluated yet. Furthermore, aggregated mobility data from the Strava application, provided through the

Strava Metro platform, were used to capture spatial and temporal patterns of recreational act

ivity in the

area (Figure 3). This combination of monitoring tools made it possible to obtain a more comprehensive
understanding of visitor flows and activity types within the study area.

The aggregated mobility data indicate a significant and growing level of recreational use within the
monitored area. During the latest full year, a total of 249,900 trips were recorded, representing an increase
of approximately 19.5% compared to the previo us year. Weekend activity constitutes a substantial share of
this use, with 90,100 trips (+18.7%), confirming the strong recreational character of the location. The

dataset also shows that 31,900 individual users generated these trips, which represents a 2 1.3% increase,

suggesting both a growing popularity of the area and an expanding user base.
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Taken together, the demographic and activity data suggest that the area is mainly used by younger,
physically active visitors engaged in hiking, walking, and running. This user profile is consistent with typical
patterns observed in mountain and nature -based recreational environments. At the same time, it is
important to note that data derived from Strava -based monitoring may be biased toward technologically
engaged users, meaning that certain groups (such as older visitors or casual tourists who do not use activity -
tracking applications) may be underrepresented .

Counters provide objective data on how many people visit a site. They identify peak use periods and show
busiest days, peak hours, and seasonal visitation patterns. In this way we can see when and if visitation
exceeds ecological limits. On the basis of th is information, park mangers can redirect visitors, close some
trails temporarily or improve trail conditions. Key advantages of systems like PYRO Nano include non -
intrusive monitoring, anonymous data collection, low maintenance, long battery life, high ac  curacy, easy
installation, and relocation.

Several limitations may affect data collection. One of the main issues occurs during the winter season, when
the devices may become partially or completely covered by snow. This effect can also be seen in Figure 2,
when during the winter months the counter did not correctly count all tourists due to snow cover and
weather conditions . To minimize this problem, counters should be installed at an appropriate height above
the ground or mounted on elevated structures.  Another limitation relates to the accuracy of detection
when visitors move in groups. When several people pass the sensor very close together, the device may
register them as a single event, which can lead to underestimation of the actual number of visito  rs. In
addition, incorrect installation of the sensor, such as improper orientation toward the trail or an excessively
wide detection angle, can negatively affect the quality of the data. Environmental factors may also
influence the counting accuracy. For example, movement of nearby vegetation, such as tree branches or
tall grasses affected by wind, can occasionally trigger t he sensor and create false counts. To reduce such
errors, it is important to carefully select installation sites and to regularly check the surroundings of the
device.

Visitor monitoring combined several complementary methods, including automatic counters, camera traps,
and aggregated mobility data from the Strava application. While the camera trap data have not yet been
evaluated, the Strava Metro dataset indicates a si gnificant and increasing level of recreational use in the
monitored area. A substantial proportion of these trips occurred during weekends (90,100 trips)  correlates
very well with findings from counters.

Protected Area: EGTC Geoparkkarawanken-Karavanke

Project Partner: EGTCGEOPARK

We established 11 locations with 11 visitor counters based on RadioBeam technology from Chambers
Electronics. To enhance the visitor experience, we have implemented a network of three types of "visitor
counters" in key locations across two pilot sites: a simple visitor counter  dcounting only hikers or only
bikers; visitor counters A @ & counting only hikers while establishing the direction of approach; and
complex triple visitor counters  dcounting and differentiating between vehicles, bikers, and hikers w ith
establishing the direction of approach where needed .

The counters were placed at the locations with the  highest visitor traffic,  including hiking and biking trails,

as well as at access points to protected areas and starting positions for these activities on key locations

across two pilot sites, Petzen /Peca (Figure 4) and Hochobir/Ojstrc (Figure 5). The triple visitor counter

Petzen StraBe 6 dirt road (Petzen/Peca) will be moved to the NEW location in summer 2026 near the
mountain cottage O6Dom na Peci 6 to cover the opposite d
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The triple visitor counter from Trogerner Klamm & gorge (Hochobir/Ojstrc ) will be moved to the more
appropriate location (still needs to be determined in summer 2026).

nlerrey
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The dual -sided sensors (receiver and transmitter) capture everyone who passes through &on foot, by bike
or otherwise (depending on the counter and position of the monitoring) 8 without the need for a complex
setup. The meters are battery -powered, weather -resistant, easy to ins tall and suitable for trails, parks and

remote locations. RadioBeam counters provide a simple and effective way to measure visitor numbers and

traffic flow.

The counter can detect passing up to approximately 4 meters between the units  (hikers and bikers), and
up to 6 meters distance for triple counters; however, it is recommended to narrow the space between the
units for hikers and bikers to approximately 2,5 meters and vehicles to approximately 4 meters for better
results.

Our selected counters operate as part of a wireless monitoring network, with data collected automatically
transferred via NB -l10T or satellite to the Dashboard, where we can instantly analyse visitor patterns,
including daily visitor numbers, peak visiting hours, and seasonal trends.
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Figure 5. Location of visitor counters on pilot site Hochobir/Ojstrc

All devices log the date, time, number of passes,  and basic weather conditions, including temperature,
humidity, wind speed, and pressure, as well as the time of sunrise and sunset at the installation location.
All devices also send basic information about the counters, including battery status, location, error
messages, and the timing of the last data transmission (information for the smooth operation of the devices
to define the gaps).

Some selected devices (A @) also record and distinguish the directions of movement of the passages.

Complex triple visitor counters,  along with all the aforementioned data, monitor, record and  distinguish
between the number of vehicles, bikers  and pedestrians.

2.2.1. Results, Assessment, and Interpretation

Figure 6 The following graph displays daily data collected from June 23 to October 31, 2025 , at a specific
location along the circular hiking trail on Mt. Petzen/Peca between Slovenia and Austria. This location is
situated above the mountain station of the cable car (1.705 meters above sea level) at an altitude of 1.905
meters above sea level. Name of the counter: 005 Petzen H1 . The data captures one of the access points
to two peaks on the mountain, as well as the opportunity for hikers to cross between the two countries.
This area is one of the most frequently visited sites within the Geopark, as its proximity to the operation
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time of the cable car and open road connections on the Slovenian side significantly facilitates access,
especially during the summer season.

The graph shows the recording of two directions (visitor access and descent) at the visitor counter location.
The data show a logical temporal variability in the number of visitors with a clear behavioural pattern,
which is defined by peaks in the summer s eason, especially in July and August, and highlights of visits during
favourable weather conditions.

Recording the direction of movement and the clear differences between ascent and descent along a given
route also highlights the route's popularity and difficulty level. Hikers generally prefer ascending in one
direction rather than descending on this trai |. To better understand the number of visitors at the trail, we
need to apply a correction factor of 1.24 , as the counter is approximately 81% accurate based on our
testing period at the location. A more comprehensive analysis and calculation of the data f rom all visitor
counters in the surrounding area (3), with the connections to the access routes, and visitor movements on
the pilot site, is necessary to conclude the approximate number of visitors on the spots. The given nhumber
covers the impact on one tr ail, but not the area itself.

88 Karavanke UNESCO Global Geopark / UNESCO # < ¢ () 2025-06-23 00:00:00 to 2025-10-31 23:59:59

005 PETZEN H1 ~ oup Time Period | Th v
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>
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5058
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o g S ; m T "m o Y o e w;"']-'.f:- i
Location of the 005 PETZEN H1 St \ ‘I i II“ “‘ (et ( l” I \ ‘ I] rp 1|'l“|” ‘“l [“M WMHH'M [[‘ﬂ
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Battery Details

Figure 6. Daily data collection of visitor flow on hiking trail on Mt. Petzen/Peca from June 23 to October 31, RO6@bdirections.

Two additional visitor counters have been installed to monitor the routes leading to the peaks of Mt.
Petzen/Peca in the nearby area. One counter, named 006 Petzen H1 , is positioned along the bypass trails
that connect the summit trails of 005 Petzen H1 counter, providing access to both the Austrian and Slovenian
sides of the mountain, which stands at an altitude of 1 @05 meters above sea level. This new counter is the
same type as the parallel counter and gathers the same data for its designated directions

The third counter, named 004 Petzen H1, is situated closer to the mountain station of the cable car,

beneath the artificial lake, at an altitude of 1  &77 meters above sea level. This route is directed towards

the Austrian peak of the mountain and passes over Kris
directions and detects all passings on the hiking trail.
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A flat rate analysis comparing and combining data from all three measuring devices shows the frequency of
use of different trails in the same direction  (Figure 7).

Pilot site: Petzen/Peca

Flat rate analysis

Comparison period: August 2025

Visitor counter Type of counter A-B B-A no direction All CF Final Recap % %

004 PETZEN H1 Single — hike / / 1.660 1.660 1,25 2.075 1.400 23,43% 23,43%

005 PETZEN H1 Simple A-B 1.750 2.370 / 4120 1,24 5110 2.555 42,76% 7657
'y 0

006 PETZEN H1* Simple A-B 1.463 1.257 / 2.720 1,35/1.1 4.040 2.020 33,81%

*Gaps: 2.8. - 4.8.2025 / 21.8. - 25.8.2025 5.975 100% 100%

Figure 7. A flatrate analysis comparing and combining data from three visitor counters for comparative analyses of trail use in the
same directions. Monthly visit comparison from August 2025 (peak of the summer season).

*Peaks of hiking tourism are mainly tied to the seasonal summer operating hours of the cable car, which take place between mid -

May and the end of October. In winter, the location itself is a popular ski resort. Measurements in winter are difficult due tothe
snow cover that obscures the hiking trails and also the measuring devices (the snow cover can be up to 1.5 meters high), and  hiking
is not feasible during this time, or it is spread out of the classical summer trails (ski touring and occasional snowshoei ng). The
monitoring with existing visitor counters in the wintertime will not give a satisfactory result. There are no visible hiking trails for

hikers to remain on the path, and the visitor can easily bypass the monitoring sites due to the wide winter pan orama.

The combined data provides insight into the number of visitors during the visiting periods who are heading
to the mountain peaks. There is still a gap in the coverage of the monitoring locations, and we are currently
only estimating the number of visitors who use directions and can avoid detection by the visitor counters.
A comparison of the routes clearly shows that both parallel routes are  3x more congested than the hiking
trail that leads directly to the Austrian Peak, and is also a more demanding and lo nger route.

Existing data shows that in August 2025 alone, an average of around 63000 visitors set off in three
directions from the Austrian side towards both peaks.

Yet to come: In the following, we will also compare this number with the number of cable car tickets sold.

To analyse the comparison of how many cable car users continue their journey to the summit and how many
remain near the viewpoint of the upper cable car station and the Panorama Restaurant & culinary
experience.

We will continue and expand the network of visitor counter monitoring with a focus on strategic guidelines
for understanding visitor behaviour patterns on Mt. Petzen/Peca, to determine the use of different mountain
trails to the mountain peak directions.

STRAVA Metro remains the basis for detecting illegal outdoor recreational activities, especially mountain
biking outside legal bike trails and illegal biking access to mountain peaks. The goal is also to reduce errors
and fill the gaps in missing data collections.

Counters provide objective data on the usage of hiking, biking, and other trails. By utilising a set of data
from various locations and positions of measuring devices along a common route, we can estimate the
number of visitors over specific time frames. These measurements help identify peak visitation periods and
reveal patterns regar ding the busiest days and seasons.

The data serves as an important indicator that helps to calculate the carrying capacity of the trail and
determine when ecological limits are exceeded. Additionally, it provides insights into the popularity and
usability of the trails and directions.
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Armed with this information, park managers and trail supervisors can effectively redirect visitors, limit
access, or temporarily close certain trails  to improve their condition. In cases where trails are consistently
underused or have become unusable, permanent closures may be considered.

Preliminary tests conducted at the beginning of the Humanita project examined various technologies and
different suppliers of visitor counters (such as magnetometers, infrared sensors, RadioBeam, and Al). These
tests revealed that no technology or visitor counter can guaran tee 100% measurement accuracy. Therefore,
it is essential not only to focus on the technology itself but also to adapt it to the specific monitoring
location.

Nevertheless, the advantages of systems such as RadioBeam technology includeaffordability (user-friendly

price), no maintenance costs, low annual datatransfercosts (appr oxi mat el y loh@hatte9 0 GO/ y e
life (3 years), easy installation (no settings needed), easy relocation if needed, automatic data transfer
(Dashboard), weather resistance, a certain degree of robustness and shock resistance, satisfactory
measurement accuracy with non-invasive anonymous data collection (numbers).

During the testing phase (as mentioned above), we identified various factors that can influence the data
collection of the measuring devices and sought solutions to address them.

Here are some general observations that can reduce the accuracy of measuring positions, along with
potential solutions:

1 Detection: Most suppliers guarantee the performance of their counter devices at distances of up to
4 meters, regardless of the technology used. At this distance, hikers may walk in parallel or form
groups without maintaining any space between them. This often confus es the sensors, leading to
situations where the device records only one person or fails to detect anyone at all because the
object appears too big. A straightforward solution is to establish a designated path where hikers
cannot group or walk in parallel and must walk in a single file. We recommend a width of the
monitoring position of around 2 meters  to minimise this issue.

1 Automatic data transfer:  Avoid enclosed areas such as dense forests, closed, narrow valleys and
gorges, which can limit or interfere with the signal for automatic data transmission. Open sky above
the devices and open, unobstructed space in the immediate vicinity provide a good si gnal. If you
find that the device does not have a strong enough signal or that it occasionally loses the signal
required for automatic data transmission, we suggest moving the device until you have a strong
enough signal for smooth operation.

1 External natural factors: Avoid the installation area where there are moving elements near the
device, such as branches, tall grass, wind carrying leaves, ... The rule of thumb for free space is 2x
the diameter of the sensor's tracking length to avoid impact from surroundings.

1 Weather effects: even though there are no potential visitors in nature in bad weather, heavy rain
or snowfall can affect the triggering of the sensor by overlapping the measurement direction (some
technologies are more affected, others less - in case of bad weather condit ions, check the data
captured by the measuring device). Sun: It is advisable to avoid placing measuring devices directly
facing the sun in all cases.

1 Other possible external factors:  avoid proximity to large metal, electrical or electromagnetic
structures, as well as devices that emit micro vibrations into the surrounding area.

1 Instruction: Follow the manufacturer's instructions, such as the height at which the device should
be mounted, where it should be oriented, how batteries should be installed, how to test the device,
and other technical characteristics when starting the devices.

1 To assess the accuracy of the device's data collection at the measuring point, it's important to
note that no technology or device is 100% accurate. Numerous factors can influence the results. To
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better understand and correct the results, we suggest conducting an accuracy test. In our case, we
performed this test directly at the visitor counter location by manually counting the number of
passages through the measuring devices. This counting was repeated 4 to 5 times throughout a whole
day, lasting up to 6 hours during peak visitation times. We then compared the manually counted
data with the automatically recorded data. If the results were unsatisfactory (with an acceptable
accuracy threshold of 80 % comparative accuracy in our scenario), we adjusted the device's position,
measurement angle, unit level, and reduced the distance visitors had to pass between the units. By
repeatedly comparing the manual counts with the automatic counts, we were able to  achieve a
satisfactory accuracy level suitable for us (above 80%). Finally, we calculated a flat -rate correction
factor for each visitor counter, which helps us estimate the true number of visitors at that specific
location more accurately.

1 Animals: Avoid pastures. Cows and sheep often rub against objects such as visitor counters. Their
activity near monitoring positions will trigger sensors and add invalid crossings.

Protected Area: Biikk National Park Directorate

Project Partner: BNPD

Visitor flows were evaluated using a tripartite approach combining telecommunication data, Strava Metro
statistics, and physical ForestVisit infrared counters. The telecommunication data provided daily traffic
figures, weekend versus weekday splits, and estimated domestic and international visitor ori  gins for specific

polygons including Sarhegy, Totovics, Nagy-L 8 pat et s, K®kes £szak,  -lylkaStrdval i |l eg
Metro data complemented this by mapping broader, monthly and yearly cycling and hiking trends across the
park, while the physical coun ters provided precise, hourly passage rates in the Hor -valleyand Tar-k s pi | o't
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Figure 8. Location of visitor counters installed the Horvalleyand Tatk R pi | ot si t es

In the case of the telecommunication data, "stays" in specific areas are defined as a sequence of events
recorded within a single polygon where the time elapsed between events exceeds a pre -defined maximum
(2 hours). The duration of a stay is the time between the first and last event of the sequence. A "visitor" is
a user whose total duration of events within a single day exceeds a pre -defined minimum (1 hour). A "visit"
is counted when an individual appears in a target area on a given day (per the description above). Multiple
appearances in the same area on the same day count as a single visit. Consequently, visitors meeting the
criteria every day of the month will increase the count for both weekday and weekend visits. The residence
of visitors was categorized at the level of Hungarian macro -regions (with special focus on Budapest and
areas surrounding the target polygons), at the country level for Europe, and by world regions for the rest
of the world. Domestic residences are estimated from nocturnal locations in the 6 weeks preceding the visit,
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while roaming visitors are categorized by MCC (Mobile Country Code). To identify local residents, specific
polygons were designated around the target areas.

Located at each of the vegetation monitoring sites, automatic counters using an infrared beam from the

company ForestVisit Ltd. are present at the splittowardsthe Suba -l yuk cave in the H-r val
l ined designat ed t r aeadtoftheTart-khse kkbtasedveraynobilessénlice analysis will

be carried out by Telekom along designated trails at the pilot sites Kékes -Nor t h a n-dalleg mgshe g s

Matra Mountains. Spatially it coincides with the areas of the genetical survey, the  educational trail and the
participatory monitoring of littering. Tourist flows are further monitored using STRAVA Metro Data along

designated trails in all pilot areas.

The raw data with hourly visitor numbers from the automatic countersw asbe wupl oaded to the
shared database, from where stand -alone or correlation analyses will be possible to conduct, in order to
determine peak seasons and hours as well as potential correlation to trampling damages.

STRAVA METRO data (monthly and yearly, bikes and hikes) is collected from the relevant protected areas
(Bukk National Park, Matra Landscape Protection Area) and sent to project partner Carinthia University of
Applied Sciences (CUAS) for analysis STRAVA METRO data for the project durationwas analysed by CUAS.

Integrating the disparate datasets reveals complex, overlapping pressures that a single methodology could
not expose.

Merging the telecommunication traffic data (Figure 9) with the amphibian swabbing results (Section 5.2)

highlighted a direct correlation: Kékes North exhibited both high mobile device traffic and the highest Bd

fungal infection rates, whereas Nagy -l 8 pafs demonstrated |l ow visitor traf
presence of the disease. Visitation data was used as supplementary information for the amphibian infection

studies, providing valuable insights. The high visitation of the ~Kékes-Eszak polygon correlates with the high

chytrid infection rates at Haluskasi Ut and Hidasi at. Similarly, the low visitation of the Nagy-l § p @dlygon

corresponds with the |l ow infection values aPtarBadg o llyekgseil
polygon is likely due to its proximity to roads; it is possible that the higher infection rate at Gloébusz ut
(compared to Bagolyksi %Yt) is linked to this.
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Figure 9. Monthly tourist traffic of KékeEszak, Nagy § paf R, and P&2028)d i |l egel R (202

Examining visitor "origins" at Kékes-Eszak, the highest number of European visitors come from Germany
(15%), but the number of visitors from North America (14%) is similarly high. Romania (10%), Slovakia
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(9%), and the Czech Republic (8%) are also highly represented. Guests arrived from nearly all parts of
Europe, with other continents represented by the Middle East, Far East, Africa, Oceania, and South America.
This distribution provides ample opportunity for the introduction of infectiou s diseases.

The high proportion of North American visitors is particularly noteworthy, as we must account for the

potential introduction of new genetic lineages of both chytrid fungus and ranaviruses from that region.

Among domestic visitors, local traffic from the Matra region dominates, though the proportion of visitors

from Budapest is nearly as high. In summary, tourism to Kékes -Eszak presents a high probability for the

domestic spread of amphibian pathogens. (Since Kékes-Eszak is currently the only known site in H ungary

where amphibian mortality caused by chytridiomycosis has been recorded, the risk of dispersal from here is

of grave significance.) . Similar visitation patterns were observed for Nagy -| § paf s and Par 8di | ec
with a notably lower proportion of guests from North America.

This integration of human demographic data with wildlife pathology suggests a hypothetical but serious risk
of new, virulent pathogen lineages being introduced from abroad.

Similarly, combining visitor heatmaps with vegetation transects (Section 3.2) confirms that while tourists
rarely venture off the designated paths, their concentrated movement along these arteries is sufficient to
alter the micro -climate and soil compaction enough to facilitate the rapid spread of invasive weeds like
Anthriscus cerefolium into vulnerable habitats.

A significant limitation arose from the telecommunications side, as the phase -out of the 2G network in
September 2025 and the installation of new 4G cells altered the spatial distribution of geolocation signals.

To counter this limitation, time  -series modeling incorporating annual, monthly, and weekly seasonality had
to be applied to forecast and complete the dataset for the final quarter of the year. Furthermore, aggregates

with fewer than ten visitors were masked for GDPR compliance, slightly obscuring da ta for the least -visited
trails. The combined analysis proves that while each dataset has blind spots , such as Strava's bias towards
athletic users, integrating all three methods successfully captures both the volume and the spatial diffusion

of tourists.

Morever, installing a greater number of physical on -site visitor counters is crucial to establish reliable
baselines. These physical counts are necessary to calibrate and validate the broader, aggregated mobile
service data and STRAVA Metro datasets.

Protected Area: Lower Kamenjak

Project Partner: PIK

Visitor monitoring was conducted through installed counter cameras at ten parking zones. Also, 10 LED
panels were set up at each parking zone and a big LED panel was rented before the main entrance to the
area to inform the visitors of the availability of  space at each parking zone/beach. The data was collected
through the three peak months of summer(July, August, September). To evaluate visitor activity, a model
was developed that integrates data from Strava Metro with other available datasets.

The initial phase was to set up 10 camera counters for parking zone monitoring, 13 solar power plants to
enable camera counters at the parking zones. The installation of LED panels is meant to inform the visitors
about the availability of parking zones and thus prevent traffic jams and overcrowding. Also, the visitor
movement is monitored by comparing data collected through the LPR cameras at the two main entrances,
which show us the peak times, and times of less tourist pressure. The cameras also classify vehicles by type
(motorcycle, car, bus, camper).

According to recorded data, seasonal tourism impact can be seen, as the highest numbers are in July and
August, and before and after there is a very high drop in the total number of vehicles.That suggests a very
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high ecological pressure on the area in a very shorttimeline. Overal |l , 2276647 vehicles
of Lower Kamenjak during the year 2025 ( Figure 10). This kind of monitoring will enable PIK to introduce
seasonal limitations and regulate movement, and actively reroute visitors to less crowded zones.

Long-term data collection is needed to better understand visitor trends and behaviour, to finally implement

a meaningful visitor management strategy and make tourism in the area sustainable. Improvements can be
and will be made to the monitoring by install ing more cameras and establishing more parking zones. Overall,
the counting system has enabled a better understanding of seasonal flows and identified critical spots of
overcrowding and illegal parking. Also, regular updates are needed to fully utilize the camera counter
monitoring network. Visitors can also be more thoroughly monitored if pedestrian and bicycle counters are
installed, so visitor dynamics can be better understood. The monitoring system provides a foundation for
the potential introduction of a planned carrying capacity of the area and predicting congestion hotspots in
future management and planning.

Vehicle entry by month for 2025
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Figure 10. Vehicle entry by month in the area of Lower Kamenjak

Continuous data collection from camera counters, LPR systems, and integrated datasets (such as Strava
Metro) provides a clear picture of visitor flows, peak periods, and spatial distribution. This allows managers

to identify when and where environmental pr essure is highest. By understanding that the majority of visits
are concentrated in July and August, authorities can introduce seasonal limits or restrictions during critical
periods, reducing stress on ecosystems when they are most vulnerable.

Second, the use of LED panels to inform visitors about parking availability helps prevent traffic congestion,
illegal parking, and unnecessary driving. This reduces vehicle emissions, soil degradation, and damage to
vegetation caused by off -road parking.

Vehicle classification data enables more precise regulation strategies. For example, limits can be set on
larger or more environmentally impactful vehicles, or incentives can be introduced for more sustainable
transport options. This supports the promotion of low -impact mobility options and further reduces reliance
on motor vehicles.
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Long-term complex monitoring supports the development of a scientifically grounded carrying capacity for
the area. Improvements, such as adding pedestrian and bicycle counters, will provide a more comprehensive
understanding of visitor behavior.

Overall, the system transforms raw visitor data into actionable insights, enabling adaptive management,
reducing environmental degradation, and ensuring that tourism development remains sustainable while
preserving the natural integrity of the area.

Protected Area: EGTC Geopark KarawankenKaravanke

Project Partner: CUAS

GPS data were collected in the Karawanken-Karavanke UNESCO Global Geopark to analyze tourism patterns.
This dataset was used to produce density and intensity maps, identifying areas with high visitor
concentration and longer stays.

GPS loggers are compact devices equipped with positioning technology that capture detailed spatio -
temporal information on individual movements. In this study, 40 Renkforce GT -730FLS units were made
available at the ticket office of the cable car valley st ation (Talstation Petzen Bergbahnen). Visitors were
informed about the data collection through staff communication and informational posters placed
throughout the area. Before being handed out, the devices were activated in advance to ensure proper
signal acquisition and calibration. To increase participation, visitors were offered the chance to win a free

ski pass through a random draw. Overall, 69 devices were distributed to pedestrians and hikers at the cable
car station. Due to some devices being turned on and off during use, a total of 75 movement tracks were
ultimately recorded and downloaded: 15 on 19 July 2024, 28 on 26 August 2025, and 32 on 19 September
2025. The loggers were configured to record location data every five seconds, allowing not only the
reconstruction of movement paths but also the identification of areas where visitors remained longer,
reflected by higher point densities.

The raw GPS data were processed in Python using a sequence of four filters, applied iteratively three times.
First, a minimum distance threshold of 2 meters was introduced to reduce noise caused by the high recording
frequency (every 5 seconds), which can generate inaccuracies when visitors remain stationary for short
periods. Second, a maximum distance of 50 meters between consecutive points was imposed, as it is unlikely
for pedestrians to exceed this range within 5 seconds. Third, a maximum speed limito f 6 km/h was applied
to exclude unrealistic movements. Finally, a spatial filter was used to remove isolated points: clusters
containing fewer than five points within a 50 -meter radius were discarded.

All tracks were subsequently checked visually in QGIS, and those showing implausible movements were
either corrected or removed. Three tracks were manually adjusted using the Move Feature tool, as they
were slightly offset from the most probable trail. Additionally, seven tracks were excluded due to irregular
GPS signals that could not be corrected through automated processing. These inconsistencies were likely
caused by signal disturbances from the cable car, particularly affecting nearby trails.

A descriptive analysis was conducted in R, including summary statistics for travel distance and duration for
each track. To investigate the spatial patterns of visitor activity, both the density of GPS points and the
duration of stays were analyzed in QGIS. The density map was created using the Heatmap tool with a Kernel
Density Estimation (KDE) approach, applying a search radius of 10 meters and a raster resolution of 0.10
meters. The intensity map was produced by calculating the average stay time in Pytho n, resulting in a raster
heatmap with a spatial resolution of 30 meters. Each track was processed individually, assigning points to
grid cells; within each cell, the stay time was calculated as the difference between the earliest and latest
timestamps of t he points belonging to that track.
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2.5.1. Results, Assessment, and Interpretation

The analysis was based on 68 GPS tracks collected within the Karawanken Geopark. On average, visitors
covered a distance of 6.5 km, with values ranging from 0.11 km to 15 km (SD = 4.32 km). The mean duration
of the tracks was 197 minutes, with a minimum of 3 minutes and a maximum of 421 minutes (SD = 112
minutes). Shorter distances and durations were mainly recorded near restaurant areas, where participants
likely turned off the devices during breaks. These records were retained, as they were not considered  to
introduce significant bias into the analysis.

The Density Map (Figure 11) illustrates the spatial distribution of GPS points using a heatmap with a
standardized scale from 0 (low spot) to 100 (high spot). For better interpretation, additional elements such
as viewpoints, points of interest (POIs), the cable car route, and hiki ng trails are included.
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Figure 11. Density Map in the Mount Petzen area

The most prominent hotspot appears around the cable car valley station (Talstation Petzen Bergbahnen),
which becomes highly congested during peak hours due to its role as the main departure point and the
presence of services such as bike rental and dining facilities. A high concentration of visitors is also observed
at the cable car mountain station (Bergstation Petzen -Kabinenbahn); however, this congestion tends to
dissipate more quickly as visitors spread across multiple routes. Data from the valley stati on itself were
excluded from the map because they were considered unreliable, as some devices were activated before
the real start of the trips and, in some cases, remained on long after. At the mountain station, an artificial
lake used for snowmaking in winter is surrounded by recreational areas, attracting visitors during the
summer season. The Hochpetzensteig circular trail is frequently used in two alternative routes, either along
the ski slope or via a forest road leading to a rest area near the top of the Siebenhitten lift. Many visitors
turn back at the Knieps saddle, which serves as an accessible turnaround point without reaching the peaks.
Others continue toward the Petzen summit (Feistritzer) and complete the loop, or head toward
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Kordeschkopf, a popular destination also accessible from the Slovenian side. Overall, visitor density is higher
in areas close to infrastructure, while it decreases in more remote, upper sections of the mountain. Some
minor deviations of GPS points from th e trail network were observed, likely due to signal inaccuracies.

The Intensity Map (Figure 12) represents the duration of visitor stays within 30 -meter grid cells, ranging
from less than 2 minutes up to 50 8120 minutes. It uses the same visual framework as the density map to
allow comparison.
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Figure 12. Intensity map in the Mount Petzen area.

At the cable car valley station, visitors tend to remain for 60 to 170 minutes, likely due to the availability

of services such as restaurants, ticket offices, and bike facilities, although some of this may also reflect
GPSrelated inconsistencies. At the mountain station, visitors typically spend time near the lake, with
durations varying between short stops (2 810 minutes) and longer stays (25&0 minutes). Longer stop durations
are particularly evident on the eastern side of the mountain station, where fac ilities such as restaurants,
mountain huts (e.g., Panoramarestaurant and Alte Zollhttte), and the Geopark visitor center (Geo.Dom) are
located. Signal loss was occasionally observed in this area, likely when visitors entered buildings. On the
western side, a viewpoint is associated with average stays of approximately 10 &5 minutes. Along the trail
network, especially at the junction leading from the Siebenhiitten area to the Knieps saddle, visitors tend

to spend more time on the left -hand path, likely due to its easier terrain and more scenic views. Routes
leading toward the summit also show increased stop durations, as visitors pause to rest or enjoy viewpoints.
At the summit of Mt. Petzen/Peca (Feistritzer), average stay times of 25 &0 minutes were recorded within
a 30-meter grid cell. Finally, the Kordeschkopf trail network shows consistently high stay durations, which
may partly reflect inaccuracies in some of the recorded GPS tracks in that area.
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The findings highlight the strong potential of GPS logger technology to generate highly detailed data,
enabling a wide range of applications. In particular, density and intensity maps offer valuable insights into
visitor behavior, preferred routes, and tem poral patterns of use. These outputs make it possible to identify
the most frequently used trails and key tourist hotspots. Density patterns are especially useful for locating
areas where interactions between visitors and the natural environment are most ¢ oncentrated, helping
managers prioritize monitoring and mitigation efforts. Intensity patterns, in addition, provide information

on how long visitors remain in specific locations, contributing to a better understanding of the type of
tourism taking place. Together, these insights support more informed decision -making, improving the
balance between tourism activities and nature conservation.

During the data collection phase, the number of recorded tracks was relatively limited compared to the
overall visitor capacity and flow of the area. Increasing the active involvement of park staff in distributing
GPS devices and ensuring they understand toth the innovation and its practical value is essential. This would
also help guarantee that visitors receive clear and consistent instructions, ultimately improving participation
and data quality.

The main technical difficulties were related to signal inaccuracies, which required manual correction. While

the automated cleaning procedure in Python effectively addresses point -level errors, it does not account
for the broader spatial context of movemen t paths. As a result, inconsistencies such as points deviating from
plausible trails cannot be fully corrected automatically and must be handled manually. Although one of the
objectives was to streamline and automate data processing to make the method more accessible, this
remains challenging, particularly in natural environments or in areas with cable car infrastructure, where
signal disturbances are more common.

Ensuring reliable results also depends on the technical characteristics of the GPS devices, especially the
recording interval. In this case, positions were recorded every 5 seconds, producing highly detailed datasets
and allowing for the estimation of stay durations. However, such high frequency may also lead to an
overestimation of time spent in certain locations. For this reason, careful preprocessing and data cleaning
are necessary to reduce bias and improve data accuracy. Nonetheless, as observed in the Kordeschkopf
area, some inaccuracies may still persist even after filtering procedures.

In the Mt. Petzen area, the highest levels of crowding are concentrated in zones with dense infrastructure
and services, such as cable car stations, equipment rental points, maintenance facilities, and restaurants.
These locations also correspond to areas where visitors tend to spend most of their time, particularly those
offering recreational opportunities. Many tourists remain close to the mountain station and do not venture
far along the trail network, suggesting a predominantly family -oriented form of t ourism facilitated by easy
accessibility. As a result, picnic areas, lakeside zones, and mountain huts often experience high visitor
pressure. In contrast, higher -altitude areas near the summit are mainly used for short passages, such as
resting or enjoyin g viewpoints, and generally experience lower levels of congestion.

Presenting results through both spatial maps and numerical indicators provides a clearer picture of visitor
dynamics. These tools enable a data-driven approach to managing protected areas at a fine spatial
resolution. However, integrating multiple monitori  ng methods offers a more comprehensive understanding
of tourism patterns. While GPS loggers are effective for identifying movement paths, stopping points, and
hotspots, they do not provide information on the total number of visitors, which can instead be o btained
through automated counters. Likewise, they do not
which require survey-based approaches. Combining these different tools therefore allows for a more
complete assessment of visitor behavior.
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Protected Areas: TuscanEmilian Apennine National Park

Project Partner. PNATE

The monitoring activities carried out within the ~ Appennino Tosco -Emiliano National Park (PNATE) aim to
qguantify the number of visitors who access four designated pilot sites (Pietra di Bismantova, Monte Cusna,
Fonti di Poiano and Val Parma Forest , represented in Figure 13) and, in some cases, to evaluate their
impacts on the local ecosystems, particularly on vegetation and disturbance to wildlife.

Equipment in pilot sites
Scrivi una descrizione per la tua mappa.

Casola.ir

Google Earth s 3 Spisn g8 7
Figure 13. Location of visitor counting sensor

Another objective is to understand how visitors use certain areas (whether on foot, by bicycle, on horseback,

or with motorized vehicles such as motorcycles and cars), in order to detect unauthorized access with non -
permitted means . Examples include bicycles on the summit of Pietra di Bismantova , motorized vehicles in
the Monte Cusna area, or to quantify the damage caused by hikers who leave the designated trails.

The number of visitors was quantified using two types of devices to count people: Vvisitor counters and
cameratraps , installed in all four pilot sites:  Pietra di Bismantova, Monte Cusna (Lama Lite), Fonti di Poiano
and Gessi Triassici, and Val Parma Forest

In all four pilot sites, both types of devices were installed. The selection of their exact placement was
guided by both logistical and research requirements. In particular, people counters must be mounted on
fixed poles, preferably with a highly stable bas e such as concrete, and require precise positioning in terms
of distance and alignment to ensure proper functioning. At the same time, their placement had to take into
account the most effective locations for accurately recording visitor flows.

As for the camera traps, the choice of installation sites resulted from consultation with experts from the
University of Parma, who were conducting studies on root damage to trees along the trails. Given their
easier and more flexible installation, their p lacement primarily followed the indications provided by these
investigations.

Data collection and routine maintenance were carried out periodically by a designated operator, who was
responsible for downloading the data and checking the devices (including battery status, potential
vandalism, and overall functionality). These operatio ns were conducted more frequently during periods of
high tourist attendance and less frequently during the winter months.
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Given the different nature of the two approaches, the data processing workflow differs slightly between
people counters and camera traps.

For camera traps and people counters, data were processed and displayed through graphs and time series,
representing visitor flows on daily, weekly, and seasonal scales. These visualizations allow the identification
of visitation patterns, peak periods, and differences among monitoring sites,  facilitating the interpretation
of tourism dynamics.

For infrared people counters, raw data are accessed through the dedicated web platform  CheckinWeb
developed by Microlog Srl. A standardized protocol was adopted for data extraction, consisting of
downloading both hourly and daily data for complete monthly periods (from the first to the last day of each
month) in CSV format. These datasets are subsequently uploaded to the HUMANITA dashboard, where they
are processed and visualized through time -series graphs. Although the CheckinWeb platform itself provides
graphical visualization, the integration of these data into the shared HUMANITAdashboard ensures a
consistent graphical format across datasets, facilitating direct comparison with outputs derived from other
monitoring systems.

Camera trap data follow a different workflow. Video files collected in the field are directly uploaded to the
HUMANITA dashboard, where they are processed using an artificial intelligence -based system capable of
detecting and classifying visitors. The outp uts are automatically converted into structured data and
visualized through graphs. This dual workflow enables the integration of heterogeneous data sources within

a unified visualization environment, improving the comparability and interpretability of vis itor monitoring
results.

As already mentioned, the dashboard processes and provides a large amount of data in various formats.
With regard to the results of visitor monitoring, only a selected period from the most recent tourist season

is presented here for illustrative purposes, consistent across all pilot sites, spanning from 20 July 2025 to
10 August 2025, selected as representative of the peak summer season, although the full dataset is not yet
available. Within this time window, both camera traps and infrared people counters i  ndicate an overall
increase in visitor presence from late July to early August, with recurrent peaks that are consistent with
weekends and holiday-related tourism.

The two monitoring systems, however, provide different types of information. Camera traps offer a more
detailed reading of visitor use, as they make it possible to distinguish among different user categories and
show that the monitored trail is used mainly by pedestrians, with only occasional detections of other means
of access. Infrared people counters, by contras t, provide aggregated visitor counts and are not able to
distinguish between walkers and other users. Their function is therefore mainly to captu re the overall
intensity and temporal variability of visitor flows.

As for the Monte Cusna site (Figure 14 and Figure 15), these datasets should not be interpreted as directly
comparable in absolute terms, since the two devices were installed on different trails, located several
hundred meters apart . Rather than measuring exactly the same flow of visitors, they provide complementary
information on different portions of the site. Read in parallel, they suggest that visitor pressure is not
uniformly distributed, but varies according to trail characterist ics, accessibility, and patterns of use.

Overall, the observed patterns confirm that tourist pressure intensifies during the central summer period
and becomes more concentrated along specific routes. This is particularly relevant for site management, as
even predominantly pedestrian use may produ ce localized pressure on trails and surrounding habitats.

The interpretation of these results remains subject to some limitations. In addition to the different spatial
positioning of the devices, camera traps may underestimate total passages because of their limited
detection field, while infrared counters may in clude counting inaccuracies linked to bidirectional
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movements or repeated crossings. Moreover, the present assessment is based on a restricted portion of the
monitoring period and should therefore be regarded as indicative rather than exhaustive

**
*
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Figure 14. Graphical visualization of data from tiJUMANITAdashboard for infrared people countéo the left and camera traps
(on the righy at the Monte Cusna pilot site
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Figure 15. Graphical visualization from the Checkinweb platform for the people counters at the Monte Cusna pilot site

Visitor monitoring at the Pietra di Bismantova site highlight a consistently high level of visitor presence
throughout the period, with marked daily variability and frequent peaks  (Figure 16 and Figure 17).

Infrared people counters show intense and recurrent peaks of visitation, indicating a high concentration of
visitors along the monitored access route. These peaks occur regularly across the entire time window and

become particularly pronounced in late July and early August, reflecting sustained tourist pressure during
the summer season.

Visitors - Infrared counter (code 01: Bismantova path no 697) = Visitors - Camera trap on Bismantova top codene. 1 =
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Figure 16. Graphical visualization of data from the Humanita dashboard for infrared people counters on the left and camera traps on
the right at Pietra di Bismantova pilot site
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Figure 17. Graphical visualization from the Checkinweb platform for the people counters at the Monte Cusna pilot site.

Camera trap data, collected along a different trail on the summit area, show lower absolute values but
confirm a continuous presence of visitors over time. As in the previous site, detections are dominated by
pedestrians, with only occasional records of ot her user types. This supports the interpretation of the area
as primarily used for hiking and recreational access on foot.

The two monitoring systems were installed in different locations within the site and therefore capture visitor
dynamics along distinct trail segments. For this reason, the datasets are not directly comparable in
guantitative terms, but rather provide compl ementary information on spatial patterns of use.

Taken together, the results suggest that Pietra di Bismantova experiences a higher and more continuous
visitor pressure compared to other sites, with flows that are both temporally structured (daily and weekly
peaks) and spatially concentrated along specif ic access routes. The intensity and frequency of peaks indicate
that this site functions as a major tourist hotspot within the study area.

These patterns have important implications for site management, as sustained and concentrated pedestrian
use is likely to increase pressure on trails, vegetation, and sensitive habitats, particularly in summit areas.

The interpretation of the results is subject to some limitations. As in other sites, differences in device
location influence the comparability of the datasets, while each monitoring method presents intrinsic
constraints (e.g., detection limits for camera traps and potential counting inaccuracies for infrared sensors).
In addition, the analysis is based on a limited portion of the monitoring period and should therefore be
considered indicative rather than exhaustive.

2.6.2.1. Comparative insight s

When compared with the Lama Lite site, Pietra di Bismantova shows a markedly higher and more continuous
level of visitor pressure. This is evident from the greater intensity and frequency of peaks recorded by the
infrared counters, as well as from the rela tive continuity of visitor presence throughout the monitoring
period.

This difference can likely be explained by the contrasting accessibility of the two sites. Pietra di Bismantova
is easily reachable by car and requires only a short approach on foot, making it highly accessible to a broad
range of visitors. In contrast, La ma Lite is located in a high -altitude environment and can only be reached
on foot, except for limited authorized motorized access. This reduced accessibility likely limits the overall
number of visitors and results in a more intermittent pattern of use.

At the same time, the lower visitation pressure observed at Lama Lite does not necessarily imply a lower
level of vulnerability. On the contrary, high -altitude environments may host more fragile habitats, where
even relatively limited but repeated disturba nce can produce significant ecological impacts.

The monitoring of visitor flows confirmed that tourist pressure is highly uneven across sites and strongly
influenced by accessibility and site attractiveness. Easily reachable locations, such as Pietra di Bismantova,
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experience consistently high and concentrated visitation, while more remote areas show lower but still
ecologically relevant levels of use.

The combined use of infrared people counters and camera traps proved effective in capturing both
guantitative and qualitative aspects of visitor dynamics. While people counters provide robust data on flow
intensity and temporal variability, camera traps al low for the identification of user typologies, confirming
the predominance of pedestrian use with occasional unauthorized access by other means.

However, the results also highlight methodological limitations, including differences in device placement,
potential counting inaccuracies, and the partial temporal coverage of the dataset.

According to these outcomes, f uture monitoring should prioritize:
1 Extending the temporal coverage to include full seasonal and interannual variability
1 Improving the spatial design of device placement to ensure better comparability between datasets

1 Integrating visitor flow data with spatial analysis to identify hotspots of use and areas of
concentrated pressure

1 Strengthening the detection of unauthorized access through targeted placement of camera traps

Management strategies should focus not only on total visitor numbers but also on spatial distribution of use,
in order to reduce localized impacts on sensitive areas.

Protected Areas: EGTC Geopark KarawankenKaravanke, Mala Fatra National Park , Biukk National Park
Directorate, TuscanEmilian Apennine National Park , Lower Kamenjak

Project Partner: CUAS

The activity focused on analysing data from outdoor and fitness applications to better understand visitor
behaviour in protected natural areas. With the increasing use of digital platforms such as Bergfex, Komoot,
Outdooractive, and Strava, visitors are no t only navigating and planning their activities digitally but also
actively contributing content, including routes and points of interest. This has led to the proliferation of
both official and unofficial trails, which can become particularly problematic i n ecologically sensitive
mountain regions, raising concerns about environmental impacts and regulatory compliance.

The primary objective of the analysis was to identify spatial patterns of visitor activity (hotspots and low -
use areas), assess the popularity of routes, and detect potential conflicts between recreational use and
conservation goals across several pilot areas, including touristic hotspots in the Karawanken -Karavanke
UNESCO Global Geopark, Bukk National Park, Mala Fatra National Park, Significant Landscape Lower
Kamenjak, and the Tuscan-Emilian Apennine National Park.

Data were collected from multiple platforms using different approaches depending on data availability and
platform structure:

1 Strava Metro provided aggregated and anonymized user activity data mapped onto an OpenStreetMap -
based network. Monthly and yearly datasets covering 2019 2024 were downloaded, with a focus on
aggregated temporal scales to ensure data reliability.

1 Outdooractive, Komoot, and Bergfex data were collected through manual download of GPX tracks and
associated metadata (e.g., user interactions, ratings, usage indicators).

Data collection was conducted as a one-time structured extraction (summer 2025), with retrospective
coverage of multiple years where available.
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A combination of GIS tools and Python scripts was used to process and harmonize the datasets:

|l

Data cleaning included removal of empty or duplicate records and clipping datasets to defined areas
of interest.

Integration of datasets was achieved by converting GPX tracks into shapefiles and linking them with
metadata via unique tour IDs.

Handling missing values : Missing metadata (e.g., in Komoot datasets) were set to zero in scoring
calculations.

Normalization : Mindmax scaling was applied to ensure comparability across different metrics.

Data aggregation: Temporal aggregation (monthly/yearly) and spatial aggregation (network -based
segmentation) were performed, depending on dataset. Some data (e.g. STRAVA metro) was received
monthly/yearly for all OpenStreetMap (OSM) network segments and then aggregated fo r the
provided period (2019-2024) to an average visitor/year/segment value. Other datasets (Outdoor
apps like komoot, OutdoorActive, bergfex) have no timely dimension and consist of complete tours
provided and their corresponding metadata.

Network analysis : Tour densities were calculated through spatial interpolation. Basis for the
interpolation was an modified OSM -based network (without highway/motorway, additional segments

if content was oOoffroadd). The promot edelayeduposn o f
and counted for each segment based on a spatial distance of 20m. If needed, miscounts due to
narrow infrastructure network parts (e.g. high density settlements with narrow roads) were
manually removed.

The analysis combined several approaches:

f
f

Descriptive statistics : quantifying number of tours, user counts, and interaction metrics.

Scoringmodels: devel opment of O0Tour Scoresé6 (for Komoot
normalized engagement indicators.

Spatial analysis : identification of hotspots using GIS -based heatmaps and density mapping.

Exploratory analysis : identifying patterns in user behaviour across regions and activity types (e.g.,
cycling vs. hiking).

A total of 2615 pedestrian tours and 2356 cycling tours were downloaded across Outdooractive, Komoot,
Bergfex and trailforks within the project area of Humanita. = Results are summarized in the following figures
(from Figure 18 to Figure 22).

Tour Score analyses identified routes with high estimated usage based on user engagement metrics (e.g.,
downloads, ratings, interactions). Trailforks has its own popularity score, which contains hidden engagement
metrics. As the engagement metrics are not accessable, the trailforks popularity score was used.
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Figure 22. STRAVA Metro pedestrian data in Mala Fatra National Park

2.7.2.1. Qualitative Findings

A significant number of routes promoted on platforms are unofficial or non -compliant with local regulations.
Especially mountain biking activities frequently occur on undesigned or restricted trails. Community -
generated content on outdoor apps plays an inc reasing role in shaping visitor behaviour and route selection
of app users. Regularily monitoring information on those platforms becomes important for conservation
areas to make sure that digital trail information is in line with conservation goals.

A QGIS project was created for our conservation area partners integrating the collected data from outdoor
and fithess apps and corresponding metadata. This project can become the starting point for PAs to manage
the contents on the analysed platforms.

Based on the data they can easily identify
problematic routes or future potentials,
interact with users and content creators and
platform managers or directly adapt
metainformation of trails on Open Street
Map. The OSM provides the base data source
of most outdoor apps, so editing this data
will improve the quality of information
shown on outdoor apps. For each
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Figure 23. Structured QGI®roject, including metadata and layouts

metadata as .xIsx ( Figure 23).
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The geodata is contained within Esri shapefiles including a QGIS project with symbolization suggestions. The
QGlISproject itself is well sorted and only contains the important data, including attribute tables with
specific information for each content (e.g., Figure 24). The metadata collected from Outdooractive, Komoot
and Trailforks is well suited for digital rangers to manage currently available unwanted online content.
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Figure 24. QGIS deliverable for TEA National Park, including attribute tabl&ofmoot content

The findings suggest that digital platforms significantly influence visitor distribution and behaviour in
protected areas. The widespread availability of user -generated routes increases the risk of unregulated
exploration, particularly in mountain biking.

The mismatch between existing trail infrastructure and user demand despecially among cyclists dindicates
a need for better -aligned recreational planning. Furthermore, inconsistencies in regulations and their
communication contribute to unintended non -compliance.

2.7.2.2. Limitations and Uncertainties

The analysis reveals several important limitations related to the use of app -based data. Most notably, such
data is not representative of the entire visitor population, as it only captures individuals who actively use
specific platforms. This introduces a clear bias that must be acknowledged when drawing conclusions.
Methodological constraints further affect the robustness of the results, particularly where data extraction
relies on manual downloads or dynamic web content, both of which limit reproducibilit  y. Moreover, the
aggregation methods applied in datasets such as Strava, including the use of minimum thresholds, can
reduce accuracy at finer temporal resolutions and obscure short -term variations in visitor behaviour.

Despite these limitations, the application of advanced analytical techniques provides clear added value.
The use of normalized scoring models allows for meaningful comparisons across heterogeneous datasets,
helping to harmonize data originating from differ ent platforms. Furthermore, GIS -based network analysis
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enables the precise spatial identification of visitor hotspots, offering detailed insights into patterns of use.
The integration of multiple data sources significantly enhances the overall robustness of the findings, as it
allows for cross-validation of ob served patterns and reduces the reliance on any single dataset. Together,
these approaches strengthen the analytical framework and demonstrate the potential of combining diverse
digital data sources for environmental monitoring.

The analysis demonstrates that data derived from outdoor and fithess applications provides valuable
complementary insights into visitor behaviour, particularly by revealing spatial patterns and identifying
frequently used routes. At the same time, the find ings underline that such data is only partially
representative and subject to methodological limitations, which must be carefully considered when
interpreting results.

In terms of methodological effectiveness, the continued use of multi -source data integration is
recommended, as it enables a more comprehensive understanding of both promoted routes and actual usage
patterns. To enhance the reliability of results, app -based data should be systematically combined with
ground-truth sources, such as visitor counters, allowing for validation and calibration of digital observations.

With regard to data collection, there is a clear need to establish standardized protocols across different
platforms in order to ensure consistency and comparability. Increasing the level of automation in data
extraction processes would further improve rep roducibility and efficiency. Additionally, datasets should be
updated on a regular basis to account for the dynamic and frequently changing nature of platform content.

Monitoring strategies should also be refined to address the evolving role of digital data. Continuous
monitoring approaches are particularly relevant in this context and could be supported by dedicated roles,
such as o0digital ranger ge danlinewchrent. cStrengtterdng colabodatiom with a
application providers would facilitate better content validation and management. Furthermore,
improvements in the mapping and tagging of protected areas and associated restrictions in OpenStreetMap
would contribute to more accurate spatial analyses and better -informed users.

From an analytical perspective, further development of integrated GIS systems is essential, especially those
that combine multiple datasets along with their associated metadata. Expanding comparative analyses
between digital data sources and real -world visitor counts would deepen understanding and help identify
discrepancies. In addition, scoring models should be refined and extended by incorporating additional
variables, such as seasonal patterns, to better capture temporal dynamics.

Overall, the analysis highlights the growing importance of digital data sources in environmental monitoring.
It also emphasizes the necessity of proactive and adaptive management strategies to mitigate potential
unintended impacts of digital platforms on p rotected areas while leveraging their significant analytical
potential.
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3. Vegetation monitoring

Protected Area: Mala Fatra National Park

Project Partner: UNIZA

We combined expert botanical monitoring with a citizen science approach using the iNaturalist app to
improve the documentation and monitoring of rare plant species in the national park. Our goal was to
connect regular scientific surveys with the observations from visitors and volunteers, and thus increase
spatial coverage and the probability of detecting rare taxa. At the beginning of the project, we defined a
monitoring framework based on expert botanical surveys in the past. We also identified a set of ta  rget rare
plant species and priority habitats and established standardized field protocols including methods for
recording population size, phenological stage, habitat characteristics, and precise locality data. Species
were recorded at 5 pilot sites.

The botanical survey started at the beginning of June 2024, when the alpine vegetation was optimally
developed. The participatory monitoring for the HUMANITA project via iNaturalist started in July 2024, when
we posted a propagation video on the website an d social media about the use of the app. Survey was
repeated in the summer 2025. The start of the vegetation monitoring took place approximately at the same
time as in year 2024 &half of the June. However, it was obvious that the vegetation was developing slower,
maybe 7-10 days later. Many of the species r ecorded year before (e.g. orchids) were only beginning to form
inflorescence, compared to full bloom in 2024.

This monitoring aims to record the presence of habitats of European and Slovak importance, as well as
protected and endangered species of plants. We observed pilot sites step by step, wrote down all species,
and assigned them a level of coverage according to the Braun - Blanquet scale. We took a lot of photos, and
some plants were collected and later identified in the office. We determined the occurring habitats
according to the recorded species.

To complement the expert surveys, we created a dedicated project on iNaturalist focused on the rare flora

of the park. The project included a list of target species, identification tips, and clear instructions for
documenting observations in the field. We also included guidelines emphasizing responsible behaviour to
avoid disturbance of sensitive plant populations. Members of NP team reviewed incoming observations. This
process ensured that the citizen science data reached a sufficient level of reliability.

We conducted stepwise surveys at the pilot sites to assess plant community composition. Within each plot,
we recorded all rare plant species present and estimated their cover -abundance using the BraundBlanquet
scale. For each species, we assigned a score eflecting its relative dominance, from very sparse to highly
abundant. The Braun®Blanquet scale classifies species cover using a semiquantitative approach, with
categories ranging from r (very rare, solitary individuals) to 5 (species covering nearly the  entire plot)
Intermediate categories capture increasing abundance and density, providing a consistent method to
compare species dominance across sites(Figure 25).
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Figure 25. Visualisation of survey results in HUMANITA dashboard
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Figure 26. Elements included in the iNaturalist observations in the pilot site
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Figure 27. Visualisation of Citizen science project

Observations submitted by park visitors and volunteers significantly expanded the spatial coverage of plant

records. In several cases, these observations helped us detect previously undocumented localities of rare
species or confirm their continued presenc e in areas that had not been surveyed by experts. Some citizen
scientists also recorded representatives of wildlife ( Figure 26 and Figure 27).

Our approach demonstrated that combining expert botanical monitoring with an iNaturalist project can

create a complementary monitoring system. While expert surveys ensured methodological consistency and

data quality, citizen science observations broadened spatial coverage and improved the detection of rare

plant species across the national park. The iNaturalist project also served as an important outreach tool. By

involving visitors and volunteers in biodiversity documentation, we increased publicawareness of t he par k&
rare flora and encouraged responsible nature observation.

While iNaturalist is a valuable tool for expanding the spatial coverage of plant monitoring, there are several
limitations we have encountered:

1 The geographic coordinates recorded by users are not always accurate, which can make it difficult
to determine the exact location of rare plants.

1 By informing visitors about the presence of rare plants, we may expose these species to disturbance
or coll ection.

1 Most observations are concentrated along trails and accessible sites. As a result, areas away from
paths are often underrepresented.

1 Although expert validation helps, some obs ervations may be misidentified

Despite these limitations, iNaturalist remains a useful complement to our expert monitoring, helping to
detect new populations and engage the public in conservation efforts.

Protected Area: Biikk National Park Directorate

Project Partner: BNPD

Botanical surveys were meticulously conducted in the H6r -valley (Figure 28) and Tar-k s p (Eiguke 29) to
assess the cenological impacts of tourism. The botanical surveys carried out by an external expert aim to
provide an impact assessment of trampling damages and the introduction of invasive species along tourist
routes. The sampling sites are around the Suba-lyuk cave in Hor valley and where hikers rest around Tar-k s
peak with vegetation in different forests and on grassland types at the centre of the study. The monitoring
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activity encompasses a habitat mapping of sample sites, a mapping of tourism impacts and an assessment
of the impact of tourism on vegetation.
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Figure 28. Hor-valley pilot site

Atthe Hoér-volgy | (Rocky Grassland) transect, 8 new species were identified compared to the 2024 baseline,
while 14 species recorded in 2024 were not detected in 2025. Total species counts were 67 in 2024 and 61
in 2025. These fluctuations are considered typical seasonal variations rather t han permanent trends.
Notable, however, is the appearance of Senecio vernalis, an expanding weed not previously recorded in the
local flora. While its presence is a negative phenomenon, it is likely due to regional expansion rather than
tourism. Detected specimens were weeded out while in bloom to prevent further spreading.

At Hér-volgy Il (Thermophilous Oak Forest) , species counts dropped from 40 (2024) to 32 (2025). This
decline, including the disappearance of 15 species, is likely attributed to early and prolonged drought
conditions clearly visible by May and June. The trodden path affects quadrats 11/2 and 11/3,  where species
numbers fell from 30 to 23.

At Hoér-volgy Il (Slope Forest) , species counts remained stable (17 in 2024, 19 in 2025). Interestingly, in
quadrat 111/1, which is directly affected by the tourist stairs, the species count increased from 4 to 9.

Atthe Tar-k s | V ( B e e tahsedg epeotes numbers increased from 38 to 46. However, in quadrat
V/2, where the footpath crosses, the count dropped from 34 to 25, with several disturbance -tolerant and
weed species appearing (Echium vulgare, Euphorbia cyparissias, Myosotis arvensis).

At Tar-k s VI ( Ro ¢ k yspeGiesasmbdrsadacceased from 65 to 51. In the affected quadrat (VI/5),
the count remained at 27, but with a high proportion of weeds and disturbance -tolerant species.

Changes in plant coverage and frequency were diverse and showed no singular dominant trend. In  H6r-volgy
[, Allium flavum doubled its frequency, while Acinos arvensisshowed minimal changes unlikely to be linked
to tourism.

In Hor-volgy 1l and lll, weed-like species such as Anthriscus cerefolium and Galium aparine saw significant
increases in coverage, with Anthriscus becoming a dominant species in all quadrats by 2025. Similarly,
Lapsana communisappeared as a new weed-like presence.

At Tar-k s , Mdnificant increases were noted in the coverage of Capsella bursa-pastoris (from 0.2 to 17),
Draba nemorosa, and Poa bulbosa despite a general decrease in the total number of species across the
transect.
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3.2.3. Social Behavior Types and Phenology

In most sites, the ratio of species belonging to natural plant communities versus weeds changed
proportionally with the total species count.In Tar-k s V ( St e p p kowéXer,avdedsarcreased from
3 to 6 species, alongside an increase in the coverage of disturbance -tolerant plants. Phenological data (the
study of periodic plant life cycle stages) showed that the drought in 2025 impacted flowering. In Hér-voélgy
I, the number of species reaching the generative (flowering) phase in the foot -traffic -affecte d quadrats
decreased, while in Tar-k s , 22 species showed a decrease in flowering frequency.

3.2.4. Mapping of Tourism Impact
3.2.4.1. Hoér-volgy

The valley floor is dominated by a gravel road used by hikers and cyclists. A steep, marked path leads to
the Suba-lyuk Cave (Figure 30). Beyond the cave, unmarked paths lead to makeshift latrines and lookout
points. In the forest, these paths are visible, but they "diffuse" (spread out) upon reaching the grasslands,
meaning trampling is scattered rather than concentrated. In 2025, new inf rastructure (railings, benches,
and concrete stairs) was installed near the cave. The cave interior remains heavily disturbed due to intense
trampling.

Kimutatott hatasok
® 2025

® 2024

Figure 30. Tourism impacts identified at the Hdblgy sampling area (2022025)

3.24.2. Tar-k s

The area is primarily affected by the intersection of major hiking trails. Significant trampling is evident near

the lookout points, where the grassland composition has changed. Evidence of human presence includes fire
pits, litter, and areas used as infor mal latrines. Near the Tar-k § R o ¢ k , Bnpaets dareeminimal and
difficult to distinguish from game trails, though bare soil remains at the entrance due to historical
excavations (Figure 31).

COOPERATION IS CENTRAL
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Kimutatott hatasok
e 2025
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Figure 31. Tourism impacts identified atthe TRrR s amp | i nig02®r ea (2024

3.2.5. Habitat Mapping of the Study Areas

The delineation of individual habitat patches was conducted using aerial imagery (Bing, Google) and
handheld GPS devices. Aerial photographs were primarily utilized to define the boundaries between forest
and grassland, and to a limited extent, to differentiate between specific forest and grasslandt  ypes. The
differentiation of these types was typically carried out in the field by walking the perimeter of the given
habitat stands and recording the tracks.

The processing of the collected and recorded data, as well as the creation of the  digital habitat maps , was
performed using QGIS software version 3.34.8 .

Within the designated area in Hor-volgy, 17 habitat patches were identified (Figure 32). The vast majority
of these are natural rocky habitats, though the gravel road running along the valley floor is also present. In
this area, a total of six natural and one atrtificial habitat types occur.

In the designated area at Tar-k $ 26 habitat patches were identified (Figure 33). Most are natural rocky
habitats, with disturbed (trampled) habitats occurring in small areas. A total of eight natural and one
artificial (secondary) habitat types occur in this region.

COOPERATION IS CENTRAL
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Figure 32. The habitat map of the H&dlgy study area according to theMER classification
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Figure33. The habitat map ofthe T&t R st udy ar e a -NkR dassifichiong t o t he
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The 20248025 study utilized habitat mapping (large -scale), impact mapping (meso -scale), and coenological
transects (small-scale) to assess tourism.

Meso-scale: High-traffic attractions (Suba -lyuk, Tar-k s | ookout) show concentrated
infrastructure upgrades (stairs, railings), visitors frequently stray from designated paths. There are currently
no signs warning visitors about the sensitivity of t he protected habitats.

Small-scale: The direct impact of footpaths is limited to a 0.5 &L m wide zone of bare soil and a 1 & m wide
buffer where weeds and disturbance -tolerant species appear. The primary risk is these paths acting as
invasion hotspots for non-native species into high -natural -value areas.

Environmental Factors: The study highlights that weather (specifically the 2025 drought) and long -term
climate change currently exert a more significant influence on vegetation composition than local tourism.

These two years of data serve as a baseline. Continued monitoring is required to clearly distinguish between
annual environmental fluctuations and the long -term cumulative effects of tourism.

The key outcomes show that the direct physical impact of footpaths on plant associations is detectable but

spatially restricted, mostly confined to a 0.5 to 1 -meter wide band characterized by bare soil and the

appearance of disturbance -tolerant weed specie s. However, distinct trends of degradation were observed

near the trails; for example, in the Hér  -valley thermophilous oakwood transect, the invasive weed Anthriscus

cerefolium saw an approximately twenty -fold increase in cover between 2024 and 2025, becom ing the

dominant species. Similarly, in the Tar -k s st eppe meadow transect, t he numb
species decreased, while the number of weed species doubled.

The most severe limitation to this analysis was the continuous, extreme drought experienced in 2025, which
drastically altered species composition and phenology across all sites. This macro -environmental climatic
factor heavily masked the localized impacts of tourism, making it challenging to attribute all observed
vegetative declines solely to trampling. Nevertheless, the analysis concludes that while trampling has a
narrow physical footprint, the footpaths act as critical invasion corridors for non  -native and weed species,
slowly degrading the high natural value of the inner stands.

Protected Areas: TuscanEmilian Apennine National Park

Project Partner: PNATE

At the pilot sites of Pietra di Bismantova and Fonti di Poiano, botanical surveys were conducted by a
botanist specifically appointed for this task, with the aim of assessing the impact of visitor presence and
passage during the tourist season.

An initial field survey made it possible to identify the main critical issues, define the sample areas and
environments to be investigated, and establish the survey methodology. Monitoring activities were carried
out at two distinct times, at the beginning of the peak tourist season (May 2025) and at its end (late
September 2025), in order to compare the collected data and assess the impact of anthropogenic pressure.

At the Poiano Springs site, the analysis also relied on a substantial body of pre -existing data, both historical
and recent, particularly those derived from the LIFE Gypsum project, which were used as a baseline for

interpreting vegetation dynamics. In thi s area, two types of herbaceous habitats with different degrees of
aridity were selected, allowing for a comparative assessment of trampling effects on vegetation.

As for Pietra di Bismantova (Figure 34), the initial plan to use transects was revised following a preliminary
site assessment, leading to the adoption of an approach based on three homogeneous case studies. Surveys
were therefore concentrated in the most heavily visited areas, where the impact s on plant species and
ecosystems were most evident.
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