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Riparian Zone Monitoring and Change Detection using
Machine Learning Techniques

Afzali H., Rusnak M., Opravil S.

Institute of Geography, Slovak Academy of Sciences, Stefanikova 49, 814 73
Bratislava, Slovakia

geogafzaesavba.sk, geogmiloesavba.sk, geogopraesavba.sk

Understanding the dynamics of vegetation in river systems is of paramount
importance due to its significant influence on sedimentation patterns and
biodiversity within riparian zones. The main contribution of this study aims to
advance the field of change detection in riparian zones through the utilization
of spatio-temporal classification methodologies. Specifically, the research
focuses on monitoring the evolution of vegetation dynamics on the revitalized
Danube River’s side arms. Employing advanced machine learning algorithms
for automated satellite data classification effectively distinguishes vegetation
responses to natural succession and human-induced impacts within the riparian
zone. The proposed method involves I comprehensive analysis of temporal and
spatial changes in vegetation, exploring the relationships between
environmental parameters and vegetation dynamics, evaluating the effects of
diverse environmental factors and human activities on vegetation spectral
responses, and monitoring the health of vegetation before and after
revitalization in riparian zones. Through these contributions, this innovative
research significantly enhances our understanding of riparian vegetation
dynamics and aids in the development and implementing effective river
management strategies for sustainable ecosystems.

Keywords: Change Detection, Vegetation Dynamic, Classification, Machine
Learning, Riparian Zone

Acknowledgment: This research was supported by the Science Grant Agency
(VEGA) of the Ministry of Education of the Slovak Republic and the Slovak Academy
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Prediction of sediment transport after river training of
the multi-thread river system in Slovak Carpathians

Khan A. Z., Kidova A.

Institute of Geography, Slovak Academy of Sciences, Stefdnikova 898,/49, 814 73
Bratislava, Slovakia

Geogkhanesavba.sk

Sediment plays I crucial role in shaping river morphology, especially during the
construction of hydraulic structures or when managing flood activities.
Understanding sediment transport characteristics withinl river reach is
essential for design engineers to address associated challenges. In the case of
the gravel-bed braided-wandering Beld River, management strategies have
been implemented to modify sediment patterns, resulting in significant
aggradation and erosion. Therefore, investigating sediment transport and
riverbed characteristics is critical to mitigate issues arising from changes in
river morphology. The study focuses on river reaches selected based on river
training sections. To analyze sediment transport, the Hydrologic Engineering
Center's-River Analysis System (HEC-RAS) was employed to develop I hydraulic
model. Geometric data was derived fromI Digital Elevation Model with
resolution of 5 meters x 5 meters using HEC-RAS. Calibration and validation of
the model were performed using various sediment transport functions and
Manning's roughness coefficient. The model's output provides insights into bed
change patterns and identifies areas of erosion or deposition, allowing fort
detailed understanding of the bed change patterns along the river reach and
pinpointing specific areas experiencing erosion or deposition processes. By
combining the model output with local knowledge, effective mitigation
strategies can be implemented to address sediment-related challenges in
river management following river training activities.

Keywords: HEC-RAS, DEM, Sediment Transport, River Training, Manning Coefficient.

Acknowledgment: This research was supported by the Science Grant Agency
(VEGA) of the Ministry of Education of the Slovak Republic and the Slovak Academy
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Floodplain levels identification and delimitation along
the degraded river system in submontane area based
on the multi-sourced data.

Labas P, Kidova A.

Institute of Geography, Slovak Academy of Sciences, Stefanikova 49, 814 73
Bratislava, Slovakia

geoglabaesavba.sk

The river floodplains, stretching along the watercourses, represent I unique and
unmistakable feature of the landscape. They are formed and reworked mostly
by migration and accretion of the rivers, creates mosaics of multi-aged
floodplain units. Lateral shifting and channel migration are dynamic inI time
and space, resulting in uneven inputs, accumulation, and erosion of material
from the river channel and river floodplain. An asymmetrical character of the
river floodplain is predominantly noticeable along braided rivers in
submontane area. Vertical level of floodplain and its differentiation can be
strongly affected by climate and anthropogenic changes, and by land use
modification. I river incision led by human activity can result to the floodplain
level formation and disturb connection between the channel and the river
floodplain. Age determination of the river floodplain is possible based on the
former position of the river, using aerial photographs. Nevertheless, we find I
limitation in spatial representation of elevation difference, between the river
channel and the floodplain. Based on the Relative Elevation Model (REM), we
can identify different stages of river floodplain development and estimate the
age of formation. The methodology is applied on the submontane Beld River,
in the Slovak Carpathians. The river is characterized by I multi-thread channel
planform, distinctive by degradation. The main contribution of the study
includes not only to evaluate I planar modification of the Beld River floodplain,
but also vertical changes presented in planar variation.

Keywords: floodplain development, incision, relative elevation model, The Beld River
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Streams and rivers with high levels of tannins from decaying organic matter
can display colours ranging from amber to deep brown and have unique
chemistry; including notably low pH levels. These unique systems, often referred
to as blackwater, occur in specific environments of the Polish landscape and
elsewhere in the world. Compared to non-blackwater systems, blackwaters
represent a poorly understood aquatic resource. Consequently, those charged
with the management of blackwater systems have no choice but to rely on
information gleaned from the study of non-blackwaters systems. This includes a
poor understanding of how natural factors and anthropogenic activities
impact existing conditions in blackwater streams. This general lack of scientific
understanding of blackwater systems can easily result in highly erroneous
stream management decisions.

We explored several blackwater streams located in the Oraway-Nowy Targ
Basin of Southern Poland. This area is characterized by unfavourable climatic
conditions and relatively poor soils which has limited agricultural use and
development in the basin. Present human activities include logging, small scale
farming, and more importantly, inputs into the stream system from local sewage
and farming operations. Past attempts to drain the peat wetlands and
enhance agriculture are still clearly visible in the landscape of today, including
alterations of stream channel form. However, the area remains largely
undeveloped and overall anthropogenic impacts are limited.

The specific systems we studied were located in the forelands of the Tatra
Mountains and drain extensive fen areas. Over the last decade, many of the
streams in this relatively secluded area have been colonized by beaver (Castor
fiber) resulting in profound hydrological and geomorphic change and rapid
restoration of some of the altered streams. The unique combination of physical
conditions that limited human interest in the area has consequently allowed
relatively natural functioning of the stream systems and providesa good
opportunity to characterize blackwater streams and shed light on their
ecological value and status. Many of these systems could possibly warrant
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protection or, at a minimum, provide scientific data for adequate and informed
management of these streams. This paper focuses on the results of the
preliminary research conducted on the aforementioned blackwater streams of
the Tatra Mountains foreland.

Keywords: blackwater rivers, Tatra Mountains foreland, beaver impacts, river
ecology
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Numerous studies document the importance of precipitation in the high
mountain region of the Western Carpathians in the last two decades. The trend
of increasing values of precipitation totals confirms the increasing effect of
fluviation and water induced geomorphic processes. Correlations of the events
like flash floods, debris flows or shallow landslides with heavy rain values
measured withinl single catchment area are not always unambiguous.
Especially supercell rainstorms, due to limited spatial dimensions, are often not
recorded by meteostations sparsely distributed in the territory. The solution can
be the use of data derived from ground Doppler weather radar imagery. The
objective of our research is to provide spatiotemporal information on the
effects of extreme rainfalls inducing the hydro-geomorphic processes with
considerable impact on landscape and human activities in the Javorinka creek
catchment area. Methods are based on the analysis of multi-temporal data
from the last decade (very high-resolution aerial imagery, including UAV
mapping products), geomorphometric parametrization of the aerial LiDAR-
based DEM, and hydroclimatic data from meteostations and ground weather
radar. During the last decade, the most effective hydro-geomorphic process
with catastrophic response within the catchment area was the single flash
flood event in July 2018, when the precipitation values exceeded 150 mm per
day (Kolové pleso meteostation). The stream beds have been reshaped and
enlarged their area twice (Javorinka +121% in mapped 4 km transect;
Med'odolsky potok +102% in 1.5 km). The increasing frequency of daily
precipitation totals above 40 mm during the last decades is reflected in the
occurrence of vegetation-soil mantle disturbances (shallow landslides and
debris flows). From the period of 2015-2022, we have identified and classified
more than 100 examples of such events within the catchment area.

Keywords: hydro-geomorphic processes, flash floods, riverbed evolution, debris
flows, shallow landslides
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In addition to climate change, the impact of human activity plays an important
role in landscape transformation. Fluvial systems are also subject to change,
which can take place at different rates depending on the geographical
location. In the case of mountainous areas, the effects of human activity on
fluvial systems mainly concern changes in the land cover of the catchment and
the hydro-technical development of the valley floor, which alters the
circulation of energy and matter in the catchment. The effect of indirect and
direct human activity changes the functioning of the fluvial system. Their
reflection is the transformation of the morphodynamic structure of the channels
and changes in the type and dynamics of processes that shape river channels.
The Ochotnica riverbed was covered byl detailed study. Field surveys and
analyses were conducted to determine changes in the functioning of this
mountain river. In 2021, geomorphological mapping of the riverbed was
carried out, the results of which were compared with the results of studies
carried out in 1984 and 2001. It was shown that the morphodynamic structure
of the Ochotnica riverbed has become more complex. In addition, analyses of
land cover changes in the Ochotnica River catchment in the period 1930-2019
were carried out. Moreover, | detailed analysis of the riverbed shape and
active zone in the section that in the past took the character of I rift river was
also carried out. These analyses were carried out based on archival
cartographic materials (such as the Second Military Survey of the Habsburg
Empire, aerial photographs, and orthophotos). The results indicate that
erosional processes currently prevail in the Ochotnica River channel, which
translates into I reduction in the number of accumulation forms and further
deepening of the channel. These changes result in the concentration of flows
in the narrow channel, causing I faster outflow of water.

Keywords: mountain river, structure of river bed, land cover change, human impact
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The Highlanders (gérale) of the Polish Tatra Mountain region are famous for
their characteristic, still lively /living cultural practices including performance
traditions (music, dance, dialect, poetry) and material traditions (costumes,
architecture, musical instruments, and so forth). These iconic traditions are
directly related to living in the often-hostile Tatra landscape, including
transhumant shepherding historically found throughout the Carpathians. As
recent studies reaffirm, transhumant pastoralism and other traditional land-use
policies informed by Traditional Ecological Knowledge (TEK) encourage
biodiversity, reduce greenhouse emissions, and tend to be both sustainable and
resilient.””? While performative and material traditions retain considerable
support from local communities and the tourism industry, labor-intensive
traditional land-use practices are not adequately rewarded by current
economic and land-use policies and priorities.

In this presentation, we ask if innovative and integrated approaches to
traditions in the Tatras may encourage resilient ecological renewal.* We focus
on the historic and material connections between pastoralism in the region
and the music, dance, dialect, costumes, and architecture. This includes music
genres specifically about the mountains and pastoralism, dialect terms for
mountain flora and fauna, and the role of locally produced materials for
costumes that still play I central role in the performance of local highlander
identity. Our recent ethnographic research suggests that intergenerational
transmission of TEK is increasingly separated from performance traditions and
material traditions. However, innovative educational materials® plus local and
EU policy initiatives may present ways to reintegrate core agricultural,
performative, and material traditions that renew resilient ecological land-use
practices.®

Keywords: Traditional Ecological Knowledge, Education, Pastoralism, Performance
Traditions, Material Traditions, Tourism, Heritage.
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The Europe-wide TRANSFARM project is an innovative educational project for
practitioners co-financed by the Erasmus+ Program within the action:
Vocational Education and Training, Cooperation Partnerships in Vocational
Education and Training. The acronym TRANSFARM binds transhumance and
farming. Transhumance is an agricultural system that involves seasonal
movement of livestock from winter stables to summer pastures. It is a rare form
of agricultural land use with specific requirements for land, livestock and
personnel. The system is considered as a sustainable way of land management,
and also as a response to pressure of social challenges. Transhumance has a
cross-sectoral effect. The economic efficiency of animal production is
important for agriculture. Alongside the seasonal grazing contributes to the
provision of adequate management of protected habitats and the
preservation of landscape. It is also linked to a specific culture. Unique musical
instruments, typical dairy products and folklore traditions attract domestic and
foreign tourists. Services in the field of tourism and recreation help to diversify
structure of rural employment, which is still mostly linked to agricultural
production. Despite the positive effects and societal benefits of transhumance,
practitioners are at risk of being excluded from lifelong learning due to nature
of their job, usually located in remote mountain areas. Therefore, online training
education can be beneficial and helpful for this specific group of practitioners.
One of the study areas is the Slovensky kras National Park, Biosphere Reserve and
Natura 2000 sharing border with Hungary. Its cave systems were inscribed on the
UNESCO World Heritage List together with adjacent caves in the Aggtelek Karst in
Hungary in 1995. Currently, analysis of totally 18 case studies from different European
countries is in the process. Finally a freely available education and training material
for practitioners will be published in 8 languages.

Keywords: rural development, environment-friendly pastoralism, education,
Biosphere Reserve, biocultural values
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In the past the hay meadows of northern Slovakia were characterised by two
main elements: solitaries of trees and shrubs and haylofts.

The trees and shrubs in the meadows were left to produce "letnina" (cut
branches of deciduous trees for winter feeding of domestic animals that were
tied into bundles and dried), which was the main winter fodder for sheep in the
mountainous regions of Slovakia until the end of the 19th century (Podoldk,
1982). The trees were used for the construction of haylofts, or sheepfolds. The
lower branches of trees were cut off, such trees shaded the meadows less and
there was less fallout. The branches were used as firewood in huts by shepherds.

Haylofts were log buildings with shingle roofs that were used to store the hay
over the winter. The hay was put into them through an opening in the roof on
either one or both sides. Altogether, we have identified 9,742 haylofts in
Slovakia according to Czechoslovakian military topographic maps from 1952
1957 ata scale of 1:25 000. The data was processed using ArcMap 10.3
software.

Typical hay meadows with a significant representation of woody vegetation,
and together with the haylofts created the traditional landscape scenery of
the region. Until today, almost none of the former hay meadows with haylofts
and solitary trees have been preserved. Some witnesses of former meadow
management have survived due to the enthusiasm of their owners, but most of
them have already disappeared or continue to decay.

Keywords: Hayloft, solitaires of trees,
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In recent years, the use of airborne laser scanning (LiDAR) has become
increasingly common in cultural landscape studies. It provides detailed
information about the terrain morphology and therefore become an important
tool in mapping both natural and anthropogenic geomorphic features. It helps
us to reveal structures in the landscape that are difficult to capture in field
mapping. Following groups of anthropogenic landforms could be mapped with
the LiDAR data: symbolic, habitation, transport, subsistence, mining, water,
refuse or warfare'2 Svéaty Jur represents an important historical site. The area
was permanently inhabited as early as the Hallstatt period (750 - 450 BC).
The area became an important centre controlled by I Hillfort-Nestich above
the town in the early medieval period. Later, after the fall of Great Moravia,
the nobility relocated to the Biely Kamen Castle. At that time, we already
have I documented wine-growing tradition in the area. The inhabitants of
Svaty Jur focused on viticulture and Jur became one of the wine-growing towns
in the oldest wine-growing region in Slovakia. Thanks to Lidar, we have been
able to map the remains of the medieval settlement, the medieval road system,
abandoned vineyards with stonewalls, military structures and more. By
mapping past human activities in the area we would like to show the richness
and diversity of the anthropogenic features in cultural landscape of Svaty Jur
locality.

Keywords: Svéty Jur, LiDAR, historical anthropogenic features, cultural landscape
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Tree uprooting is one of the most important biotic-abiotic interactions in
temperate forests. Geomorphic effects of this process should not be omitted.
These effects include the formation of the so-called root plates, i.e. the micro-
relief forms consisting of undecomposed tree root systems and the soil and rock
particles attached to the roots. Root plates can be considered in terms of
biotransport, i.e. the movement of soil and rock material caused by living
organisms (Schaetzl et al., 1990; Samonil et al., 2015).

The objective of the project was to develop an automatic unsupervised method
of root plate detection and biotransport estimation, based on LiDAR point
cloud data. Analysis was carried out for study areas located in the Polish
Western Carpathians (Babia Géra National Park, Gorce National Park). The
data sources were: 1) open source point clouds from the Polish Head Office of
Geodesy and Cartography and 2) point clouds obtained from the
administration of the national parks. To detect root plates, we produced the
differential model (DM) indicating the location of uprooted trees. For this task,
we applied two approaches: 1) taking into consideration ground points and
points located less than 3 m above the ground, and 2) double classification of
ground points with the use of cloth simulation function (CSF; Zhang et al. 2016).
We applied closed contour lines to delineate the boundaries of root plates.
Then, we estimated the volume of root plates by summing: 1) the values of DM
within the root plate boundaries, and 2) the surfaces of each contour line within
the root plate boundaries. To validate our results, we measured the location
(GNSS receiver) and dimensions of root plates in the field. We applied this
data to calculate the volume of root plates. The accuracy of root plate
detection is at the level of 60%. The methods may be used in forest
management and in the research on the impact of hurricane-force winds on
forest ecosystems.

Keywords: tree uprooting, biotransport, root plates, LiDAR point cloud, Polish
Carpathians
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The Biata isl gravel-bed river in the Polish Carpathians that was severely
affected by human activity over the last century. The analysis of changes in
planform geometry of the Biala during the last 130 years were used to
diagnose hydromorphological river degradation and thus to verify the need of
river restoration. The study used topographic maps from 1878, 1935 and 1962,
aerial photos from 1967, 1977 and 1987, and orthophotos from 1998 and 2009.
For each date, boundaries of active river zone and river geomorphic units were
digitized and their average width in 8 river reaches was determined. Overlays
of an extent of active river zone from all analysed dates indicated the belt of
river migration during the last 130 years. | comparison of contemporary river
width with the largest river width recorded during the study period indicated
the degree of river narrowing caused by its channelization and channel
incision.

As| result of river channelization followed by channel incision, during the study
period the width of the Biata was reduced to 16%-57% of its width in 1878. The
river narrowing was associated with I reduction in the proportion of channel
bars in the total river width and nearly complete elimination of islands. All these
changes demonstrated the degradation of hydromorphological integrity of the
river and the need for its restoration by allowing free channel development in
an erodible corridor. The belt of the river migration during the last 130 years
was 5 times wider than the contemporary river. This justified delimiting the
erodible river corridor on I substantially larger area of the valley floor than the
area of the river in 2009. In 2009 the river was narrower than the largest river
width recorded between 1878 and 1998 along nearly the whole length of the
study river sections. These changes negatively affected the ecological river
state (Wyzga et al, 2013) and increased flood hazard in the river valley
(Hajdukiewicz et al., 2016).

Keywords: channel changes; river narrowing; hydromorphological river
degradation; erodible river corridor; river migration belt
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Mining and post-mining activities, due to their many impacts (vibrations,
mechanical /chemical weathering, unstable sterile piles, denudation on
exposed bed/sloppy waste rocks) are direct or indirect responsible for
triggering geomorphic (landslides, earthflows), hydro-morphological (river
dynamics and flash floods) and hydrological (river dynamics, changes in rivers’
sediment delivery rates) processes.

Although current EU legislation on mining and conservation of sites after mine
closure sets cautious limits for actions or inactions that could affect the
environment, their effects are expected to worsen due to climate change.
Among others, coal mining and processing activities can cause potential
damage to the environment, given their wide spatial impact, affecting slopes
and riverbeds, especially in the upper sectors.

Our study aims to evaluate the risk potential of the coal industry in the
Southwest Oltenia Development Region of Romaniq, vial GIS database and
integrated analyses. In this region, stretching over the Getic Subcarpathian
and Piedmont units of the Southern Carpathians, two mining areas are located:
Motru Rovinari (West), and Alunu-Berbesti (East), where lignite and brown coal
are mined in open pits and, to | lesser extent, in underground mines.

In our geospatial database, various mining objectives in the two basins were
mapped (open pits, tailings dumps, settling ponds), together with the
permanent and temporary hydrographic network (to analyze its exposure to
slope processes and hydrological phenomena). To investigate the risk
potential, the actual (hydro)-geomorphological processes (landslides,
earthflows, riverbed dynamics) were inventoried from aerial images. The
regional database was completed by socio-economic and demographic
variables (total population, demographic and socio-economic structures,
infrastructure), which were further valorised through indexes assessing the
vulnerability to slope-river process in settlements with coal-mining
area/industry.

The evaluations on the coverage and connectivity of the mining objectives and
the potential geomorphological and hydrological processes on the
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hydrographic network were capitalized through spatial analyses, highlighting
the current degree of exposure of the coal mining basins in terms of existing
processes and future trajectories of evolution.

Keywords: coal mining, geodatabase, geomorphic processes, hydrological hazards,
Southwest Romania
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The Outer Western Carpathians is a region very susceptible to landslides. They
are both geo-hazards nowadays and the bank of paleoenvironmental data
from thousands of years. The researched landslide is located on the north-
eastern side of Mt. Snieznica, massif in the Beskid Wyspowy Mountains (1,006
m as.l.). Organic matter, including tree trunks in the stream bed and fen
deposits, was discovered in the area. Geomorphological mapping and
radiocarbon dating were employed to reconstruct the development of the
landslide relief (Pawlik et al. 2022).

The origin of the landslide was dated to 13,466-13,749 (95%) cal BP, based on
the oldest tree trunk found between bedrock and colluvium. Fan deposits
began accumulating between 4,147-4,626 (75.2%) cal BP, indicating the
reactivation of the main scarp and the formation of ramparts, resulting in a
drainless depression. a second tree trunk, also found between bedrock and
colluvium (580-650 (78.8%) cal BP), provides evidence of significant reshaping
of the upper part of the landslide relief. a tree root dating to 312-471 (94.4%)
cal BP, discovered in the stream bottom, indicates a young stream network in
this area, which began forming four hundred years ago.

The dated phases of landslide relief development correspond with humid
periods proposed by Margielewski et al. (2018). However, they also raise
several questions. The research area is one of the oldest documented
landslides in the Polish Carpathians. The most significant question mark
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pertains to a gap of approximately nine thousand years, which does not leave
any record in organic deposits. Is this gap a local anomaly, or were the very
humid periods recorded in other landslides in the region not as
morphogenetically significant? An important conclusion relates to the stream
network. Our research demonstrates that a stream network on a landslide body
can form much faster than is typically considered, and four hundred years may
be sufficient time for its development.

Keywords: landslide, relief development, paleoenvironmental recontruction,
Snieznica Mt,, Outer Western Carpathians
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The geomorphological hazards associated with

climatic change in high-mountain Carpathian region -
High Tatra Mts. (Slovakia)
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Accelerating global climate change affects all natural and socioeconomic
spheres, but high-mountain areas are most attacked. The consequence of the
exposed, dynamic relief of the High Tatra Mts. (the result of deglaciation) is the
activity of geomorphological processes, conditioned and intensified by the current
climate regime and extremes. The montane and, above all, alpine areas of the
Carpathians will thus face major geomorphological events that will fundamentally
change and influence individual ecosystems and their development but also
represent natural dangers and risks for humans. This is also indicated by the events
from the beginning of the summer of 2022, when in mid-June, during| sudden
significant warming and defrosting of the rocks, | large rock avalanche was
released from the northern summit wall of peak Maly Kezmarsky tit. The debris
cone from this wall enters two lakes - primarily to the Zelené (Kezmarské) pleso
and then also the Cierne (Kezmarské) pleso - and undoubtedly affects the current
state, changes, and existence of these lake ecosystems. The runway of the rock
avalanche passed throughl popular and highly visited climbing route - the
Nemecky rebrik and ended at the hiking trail of the Tatransk& magistréla. The aim
of the contribution is the presentation of I case study on the area of valley Zelena
(Kezmarskd) dolina, which is part of the investigated areas of an on-going project
focused on landscape changes and the spatiotemporal expansion of
geomorphological processes in the catchments of the High Tatras lakes, pointing
out the impacts of I changing climate. And reflecting on how these changes will
affect these important natural water sources, supplying the valley systems and
human activities in this environment.

Note: “Pleso” means the glacial lake or tarn [in Slovak]. “Staw” has the same
meaning [in Polish].

Keywords: (Sub)Alpine Lake, Climate Extremes, Catchment Changes, Water State
Changes, Climbing Routes Crumble
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Accurate Mapping of Soil Erosion in Complementary
Romanian Subcarpathian Areas. Integration of
multisensor and multidate satellite images with
systematic field pedological survey validation.
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Subcarpathian regions of Romania are featured by a highly fragmented land
cover and by an intensive landscape transformation during the last 150 years,
when traditional economy based on fruit growing and grazing is gradually
replaced by oil, gas, coal and salt mining and an intensive urbanization as well.
The imprint of these transformations visibly occurs through the effects of soil
erosion and mass movements (Poesen, 2018) in Prahova Subcarpathian region
(400-1000 m asl.), where our study tries to propose an integrated approach
based on remote sensing — mapping and soil cover survey, as a basic step in
developinga decision-making instrument for local/regional territorial
planning.

Two study area are considered for our analysis. They were selected on the basis
of soil erosion susceptibility map (Panagos et al., 2014). First is a sub-montane
hills and plateau region between Slanic and Bughea rivers with overgrazing
activity and orchard surface rapid decrease. Second is a typical oil mining
landscape area of the Tintea Hills, with more than one century oil well
development and a dense fragmentation of forest stands and pastureland.

Our objectives are the mapping of soil eroded occurrences on the basis of
their spectral signatures’ differences and the mapping of the soil erosion
intensity on these patches by integrating data derived from satellite image
processing. Third it was the validation of the output with field data from soil
surveying.

Methodology has three levels. First it is a thematic classification of eroded
terrain based on a data stack integration of Sentinel-1 SAR and Sentinel-2 MSI
multidate images from all the seasons of the year, using comparative Machine
Learning (ML) approaches (Alexakis et al., 2019) after a selective and intensive
training in the context of a complex mosaicked land cover and land use
pattern. Second isa data mining approach in searching the most suitable
combination of spectral and biophysical decorrelated indices (Puente et al.,
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2019), integrated for soil erosion intensity mapping, from the highest level of
erosion (rock layers occurrences) to the lowest level (superficial soil horizon
occurrence).

Validation of the produced layers is done with the help of selected soil profiles
on representative sites, to extract the accuracy parameters and prepare an
improved formula of the erosion land thematic layers. These are compared
with standard soil profiles from FAO and Romanian soil taxonomic systems in
order to assign the intensity of erosion.

The ML classification of the three classes of eroded land returned and overall
accuracy of 70% coefficient with a distinct feature of water related soil erosion
grouped with landslide scars. The soil erosion intensity classes were produced
after a systematic segmentation of raster data from Soil-Adjusted Vegetation
Index (SAVI) and Degraded Land Area (DAI) indices (83% total accuracy).
Moderate soil erosion intensity class is better mapped with the help of the Leaf
Chlorophyll Index LCI (99%).

For the pixel-based classification approach, a suitable level of accuracy is
obtained by integrating multi-sensor (radar, optical, 10 resolution) and multi-
date (all season data) input imagery, with an overall accuracy of 93% for the
selected land cover, and 66% for the soil erosion class.

The output of the analysis can be a starting point for a specific product layer
integrated within the spatial data infrastructure, needing periodic updating.

Keywords: erosion, land cover, classification, intensity, accuracy.
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How natural conditions in the Polish Carpathians do
not affect spatial development

Cwik A.
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Mountains, such as the Polish Carpathians, are particularly sensitive to spatial
mismanagement. Since the international law (Carpathian Convention) was
adopted for the entire Carpathian region two decades ago, trying to stimulate
sustainable development, numerous application projects have been
undertaken to develop and implement policies and guidelines for local
governments forl better planning process. It turns out, however, that the
problem of spatial chaos in the Polish Carpathians seems to be growing. This
is especially visible in new buildings knowingly located in contradiction to the
functioning of the landscape: on landslides, flooded areas and at high
distances from the centres of villages (scattered buildings). Therefore, the
question ‘whether, and to what extent, spatial planning works preventively
against wrong location decisions’ arises. In order to answer it, I study was
conducted within 238 Carpathian communities, where there were over
1,400,000 buildings. Using GIS techniques in the QGIS environment, the
phenomena of locating buildings against natural conditions were examined,
which was expressed in the formation of buildings on: (1) landslides, (II)
floodplains, (1) slopes inclined above 10°, (IV) slopes with northern exposure
and an inclination greater than 5°, (V) areas located above 700 m above sea
level. The phenomenon of building dispersion was also investigated (VI). Next,
the planning situation of communes, expressed in the percentage of coverage
by local plans, was analysed. By using the Spearman's rank correlation, it was
checked whether the good planning situation of communes limits
inappropriate location. It turns out that only in the case of dispersed buildings,
spatial planning can limit this phenomenon to some extent, but I very low value
of the Spearman’s correlation coefficient (rs) = - 0213 may indicate that the
strength of this relationship is weak and could be negligible.

Keywords: the Polish Carpathians, spatial planning, spatial chaos, environmental
conditions, environmental hazards
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Promoting a joint perspective for a better cooperation
governance among Carpathians and the Alps —
the Central Mountains project experience.
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The Alps and the Carpathians are part of a bigger mountain system. Mountains
don't respect borders, as they are shared by many European countries. They
claim specific needs and challenges that cannot be efficiently solved acting
alone on a national /regional /local level. In various reports and territorial
reviews, it is pointed out that new ways to work effectively between regions on
transnational level are needed. This means looking beyond administrative
boundaries to consider “functional” areas and to better understand the links
between different types of territories. The Alps and the Carpathians are one of
the most important natural corridors linking Central European countries.
Despite their unique natural attractiveness, many of these territories are cross-
border areas facing challenges related to strengthening territorial cohesion
across borders, lack of a joint vision and effective cooperation, lack of finance,
and lack of citizen involvement.

The “Central Mountains” project addresses the challenge of achieving a long-
lasting, sustainable cooperation across borders in mountain areas through
improved governance structures and processes that are critical for
strengthening regional development and cohesion beyond borders. These
structures for cross-border and transnational cooperation will support
autonomous operation and continuous coordination, not working in the project
cycles exclusively dependent on EU funding.

The main territorial challenges addressed by the "Central Mountains" project
is the lack of effective cross-border and transnational cooperation in mountain
areas. This cooperation is crucial, since it the basis for the proper management
of natural resources, steering the sustainable development of the whole chain
of mountain areas and ensuring that the local communities are involved in the
process (including youth involvement).

Keywords: Cooperation, Cross-border, Governance, Carpathian, Alps, Carpathian
and Alpine Convention
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Improving wolf-human coexistence in the Alps: first

results from the assessment of socio-economic impact
of the LIFE Wolf Alps EU project
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The LIFE WolfAlps EU project aims at guaranteeing the long-term conservation
of the Alpine wolf population and at improving the wolf-human coexistence
through a participatory approach. Concrete management actions must bear
an impact on the ecosystem, both in ecological, social, and economic terms.
Therefore, the project activated some activities specifically aimed at
evaluating the usefulness and the success of the implemented conservation
actions, to assess the impact of the project on the ecosystem and on the
welfare of the local populations.

During the first year of the projecta dedicated monitoring strategy was
defined by the partnership. To be effective, this study was structured from the
first year and gather data for the whole duration of the project. It had a strong
coordination from a scientific point of view, ensuring that each partner reports
periodically on the output and impact of their project activities. At the
beginning, a set of socio-economic indicators was defined and agreed among
the project team for each of the project actions. At the same time, also
ecosystem functions indicators were developed, consulting the MAES
guidelines (Mapping and Assessing Ecosystems and their Services). The
quantitative assessment of the economic impact is complemented by an
assessment of the social impact of the project. Authors aim at presenting and
discussing the first results of the assessment of socio-economic impact of the
LIFE Wolf Alps EU project; the acceptance and understanding of large
carnivore projects by the public as well as key stakeholders, even in the
Carpathians, depends on being able to demonstrate their added value with
data and facts.

Keywords: Wolf-human coexistence, Alps, socioeconomic indicators
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Mountain areas in Europe are experiencing environmental and socioeconomic
changes, reshaping local human settlements and the landscape, and exerting
pressure on biodiversity and natural resources. Achieving sustainable
management in these areas requires a holistic understanding of current social-
ecological processes and expected responses to future changes, all while
considering the diverse perspectives of stakeholders involved.

This study focuses on the Southeastern Pyrenees, a region that has undergone a
transition from agriculture to a tourism-based economy over the past century.
This shift has promoted immigration, counteracting population decline, and
urbanization of the region. Moreover, the already difficult issue of water
availability is expected to further intensify due to climate change.

We propose a numerical approach that combines piecewise structural
equation modeling, system dynamics and decision trees to assist in decision-
making. Firstly, we use multidisciplinary mountain data to establish a network
of relationships, forming the studied social-ecological system (SES). This
enables the quantification of direct and indirect relationships among SES
elements, offering insights into the system’s current functioning. Ina second
step, the SES is modelled as a dynamical system to explore potential responses
to variations in drivers of change. Finally, by analyzing simulation results, we
can (1) gain further understanding of the effects of drivers of change (e.g.,
temperature) on SES elements; (II) assess how well different scenarios align
with the values and priorities of different stakeholders; and/or (IIl) evaluate
potential impacts of different development pathways on variables of interest.
Therefore, we can evaluate the potential implications of the modeling results
in a context-specific and inclusive way. In this presentation, we will outline the
modeling process, present preliminary results, and discuss the potential
application of this approach in other contexts.

Keywords: social-ecological systems, sustainable local development, system
dynamics, decision-making
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Smart Village Mariiampil: Swiss-Ukrainian solutions on
sustainability, community governance and industry
recalibration for non-mountain Carpathian region of
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“Smart Village” concept has no legal definition within the EU legislation.
However, the notion is well rooted into the world policies since 2016 Cork 2.0
Declaration forl Better Life in Rural Areas with 10-point manifesto for
improving quality of life in rural areas. In 2017 the European Commission
published EU Action for Smart Villages 3. Since 2020, DG AGRI has been
implementing two of the European Parliament’s Preparatory Actions for smart
Villages: Smart Rural 21 and Smart Rural 27. Through these official papers the
Smart Village concept is associated with distinguished features such as
participatory nature of community in improving economic, social and
environment conditions, digital and innovative solutions, and design of
sustainable strategies.

Both the Covid pandemic and the war in Ukraine have shown the rural areas
inl new light, in need of I long-term vision by 2040 and with I focus not on
problems, but potential. In this regard, I village of Mariiampil of 2807,40
hectares (areas) in Ivano-Frankivsk hasl solid history of building on its
resilience and local strengths to implement smart approaches. Furthermore,
Mariiampil Development Strategy has vast opportunities to apply the UN 2030
Sustainable Development Goals, also an integral part of Ukraine’s recovery
plan, into practice and daily life of its 751 inhabitants (incl. IDPs) and
surrounding Dubivtsi territorial community.

The papers, developed within CAS Rebuild Ukraine project, aims to present the
Smart Village Mariiampil vision as an instrument for the innovative and eco-
friendly implementation of public tasks in rural areq, in five following sectors:
(1) land use change toward more sustainable and valve added growing
practices (2) IDPs reintegration, (3) energy independence (4) sustainable
tourism based on local natural and historical resources and (5) vocational
training and job creation. The presentation will include community-driven
solutions and Swiss-Ukrainian expertise in each of the five areas, paving the
way to scale up the project to the neighbouring regions in Ukraine.
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Spatial differentiation of agricultural soils and their

properties depending on selected morphopositional

properties of the relief in the Liptovska kotlina basin,
cadastre area VaZec
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The paper focuses on the influence of morphopositional characteristics on the
spatial distribution of soils in the cadastral area of Vazec. Study area isa
typical submountain village at the contact of the Liptovska kotlina basin and
the Kozie chrbty mountain. At present there is predominance of forests and the
low share of arable land and cattle grazing. The area has high potential for
the development of rural and hiking tourism. Morphopositional characteristics
have an important influence in the soil formation process and thus create room
for the differentiation of soil types and their properties. The main thesis is to
verify the relation of morphopositional properties on the soil properties such
as soil depth and the strength of the humus horizon. It is assumed that in the
concave parts of the slopes there are depth of soils with a deep humus horizon
with sign of pseudo-gleying process. Convex landforms, on the other hand,
have shallow soils with a weak to disappearing humus horizon. To create the
basic analyses, such as slope and types of landforms we used the model of
relief. Based on the results of the field probes, we create maps of soil types,
soil depths, and humus horizon deep. By combining landforms, position and soil
properties, we obtained results to determine the influence of landform
morphology.

Keywords: Soil types, Relief forms, Spatial differentiation of soil, Slope, Soil depth
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Environmental quality is I very important factor that affects the health status of
the population and the very existence of living organisms. The resarch work is
divided into theoretical and application part. The theoretical part is focused
on the development of new landscape-ecological assessment approaches to
the assesment of the quality of the environment, on the selection of relevant
indicators, on the development of own assessment methodology, based on the
evaluation of human activities and their impact on the landscape of its
components and elements, and to find parallels between the quality of the
environment and the health status of the population. In the application part,
the theoretical experience are tested on model settlements of the Trnava
district. The research included the implementation of I sociological survey. The
aim of the sociological survey is to obtain the subjective view of the addressed
sample of respondents on the assessment of the quality of the environment and
its impact on the health status of the population. The results of qualitative and
quantitative research will be used in planning and development documents at
all hierarchical levels.

Keywords: environmental quality, indicators, population, health, sociological survey
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According to the European Landscape Convention (ELC 2006), European
Union countries must carry outl procedure for identifying and assessing
landscapes. The purpose is to protect landscapes of particular value and
monitor the future condition of landscapes. In Poland, the implementing act of
the ELC is the Regulation (2019), defining the procedure and scope of
conductingl landscape audit at the level of municipalities, and its
implementation is delegated to voivodship authorities.

In the presentation, the authors highlight the scientific and practical aspects
of landscape audit results in the case of the Carpathian areas of Poland. The
authors argue that this study may be one of the most important source materials
for land management in mountain areas. The collected resources can be used
in detailed studies, for example, at I scale of 1:10,000.

The Regulation defines I methodology for preparing I detailed database that
combines information from several dispersed data resources. The collected
datasets are partly derived from national databases (e.g. nature conservation
areas, forest habitat types). However, I large part of this data was collected
using expert methods of inventorying natural (e.g. valuable geomorphological
objects) and cultural (e.g. state of preservation of traditional rural buildings)
objects.

The landscape audit introduces new landscape units, whose boundaries should
be based on physiognomic features and relates to physical-geographical
regionalisation boundaries. In practice, most attention has been paid to land
cover and less to landform features. The benefit of including land cover
features is that the synergies of natural and cultural features visible in the
landscape are included in the landscape units. The units obtained from the
landscape audit can be considered as underlying spatial references for
environmental databases, useful for further research.

Keywords: landscape audit, Western Carpathians, spatial data base, European
Landscape Convention
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The paper will present findings from an ongoing participatory action-based
interdisciplinary research project, conducted in collaboration between RESDI
— Roma Environmental Sustainability and Development Initiative, Friends of the
Earth-CEPA, and the Municipality of Lunik IX,, Ko$ice City-Ward, with an overall
aim to develop and implement I municipal sustainable development strategy.
The focus of the paper is on mapping of energy poverty of Roma communities
in Lunik IX, Kogice, the largest urban settlement fully populated by Roma
communities in Europe, and on the analysis of the potential to address it via
the use of renewable energy sources. The issue of energy poverty recently grew
in importance even more significantly due to rising utility prices ast result of
the conflict in Ukraine.

The paper draws from secondary sources, primary data provided by the
municipality, interviews and consultations with the mayor and field social
workers as well as pilot energy audit data conducted atl selected building,
Hrebendova 1-3 block of flats. This building was selected as it is owned by the
municipality andl credit-based system of utility payments had been
successfully implemented there. The paper begins by explaining the
methodology, and presentation of the contextual analysis, which is followed by
an analysis of the existing policy intervention, and subsequently by the results
of the energy audit and the feasibility study, analysing of the available sources
of funding for potential implementation of the interventions proposed by the
auditors.

The study outlines several notable results. Firstly, the field-based findings on
energy poverty, specifically access to utilities (water, electricity, gas),
challenge the data available in the Atlas of Roma Communities 2019,
highlighting that the access to these utilities necessary for basic quality of life
are much lower than outlined in the Atlas of Roma Communities database.
Secondly, the feasibility analysis showed that based on the existing public
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funding schemes for renewable energy and the financial capability of the
municipality and its residents, it is not feasible to implement renewable energy
sources to improve access to utilities, and thus to address the energy poverty
of the local community. The paper concludes by recommendations on the
necessity of adjustments to the existing public funding schemes on the national

level and on exploring the potential of establishing I community energy social
enterprise on the local level.

Keywords: Energy Poverty, Roma Communities, Slovakia
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Mountainous areas with their natural beauty and rugged landscapes, also pose
unique challenges for the communities residing in these regions.
Marginalization, economic disparity, and imbalanced use and conservation of
ecosystem services are prevalent among mountain communities, including
those in the Carpathians. To address these challenges and promote innovative
solutions fora greener, digital future,a collaborative platform has been
established within the EU COST Action MARGISTAR. It focuses on exploring the
interrelationships and interactions among natural, environmental, social, and
economic aspects in mountainous areas, bringing together diverse
stakeholders, including scientists, policy makers, mountain actors, NGOs, SMEs,
public bodies, and private organizations. This paper presents methods and
approaches that facilitate collaboration between citizens and policymakers
to achieve scientific, societal, and policy impacts and co-design innovative
pathways towards their sustainable, digital, and healthy futures. By challenging
conventional discourses and supporting e.g., the engagement of youth, using
the innovative concepts of “pinching the policy maker” and “resilience erosion”
it establishes a society-science-policy platform "Fairway in Europe", which
fosters dialogue among stakeholders, including those in the Carpathian region.
This presentation aims to foster collaboration between the Science of the
Carpathian research network and MARGISTAR, strengthening efforts towards
inclusive, competitive, and sustainable economies and societies. It emphasizes
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knowledge exchange, co-creation, and capacity building opportunities. The
paper highlights the importance of collaboration and cooperation between
these initiatives to address the challenges faced by mountain communities and

promote revitalization of marginalized mountainous areas across Europe to
leave no one behind.

Keywords: resilience, knowledge exchange, co-creation, capacity building and
innovations, “pinching the policy makers” approach, platform "Fairway in Europe”.

Acknowledgement: The paper prepared within EU Cost Action MARGISTAR -
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Sustainable tourism development in marginal regions
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There are currently "corners of extreme poverty" on the territory of the Slovak
Republic, which mainly occur in isolated rural areas and localities where the
population is predominately Roma. The Gemer-Malohont region also once had
the highest concentration of Roma people, but because of the territory's
natural resources and its residents' talent, it was one of the most developed
regions in Hungary. Now it is the poorest region in Slovakia. However, there
are anumber of tourism patterns that are founded on natural and cultural
resources. There is potential for religious tourism at the Gothic Road sites. Karst
relief and the mining-related sites and monuments along the Iron Road offer
favourable circumstances for mining tourism and geotourism. Traditional
agricultural landscapes can be found in the nearby communities, which provide
favourable conditions for agrotourism. Literary tourism has great potential. The
region has also options in lesser-known forms of tourism, such as ethnic tourism.
Additionally, there is the interesting possibility of cross-border cooperation
with Hungary. One of the current solutions for this marginal area is the
coordinated development of these numerous forms of tourism. International
trademarks are suitable for this purpose in this region as well as abroad. These
trademarks include the Traditional Folk Culture Collection, the Center for Folk
Art Production, the Industrial Property Office, and Council of Europe Cultural
Routes, the Central List of Cultural Monuments, UNESCO Global Geoparks and
the list of UNESCO World Cultural and Natural Heritage. These features
collectively give the place aunique character and aesthetic.

Keywords: Biodiversity, Geodiversity, Natural heritage, Cultural heritage, Intangible
cultural heritage

Acknowledgment: This publication was supported by the within the program VEGA
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Challenges and prospects of schools moving towards
energy autonomy in the Ukrainian Carpathians
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Two reasons emphasize the urgency of energy saving and the transition
towards using renewable energy sources in school buildings: 1) energy scarcity,
high prices and unsatisfying heating situation; 2) the institution’s social
significance. Among all public institutions, on account of their educational
purpose, schools have a significant social responsibility (Pereira et al., 2014),
play an important role in ensuring sustainable development of the region and
community well-being (Melnykovych & Soloviy, 2014) through education, and
raise the level of environmental and social consciousness.

An analysis of the state of use of energy resources in educational institutions in
Ukraine indicates that almost 81% are heated centrally, receiving heat from
boilers operating on traditional fuel (i.e., natural gas and coal) (Karmazing,
2017). These numbers demonstrate the strong dependence of educational
institutions on limited sources of fossil fuels. Their use continues to contribute to
global warming. Ukraine has significant potential for renewable energy
production among other Southeast European countries (IEA, 2023). Presently,
10.4% of Ukrainian renewable energy sources are in the Ukrainian Carpathians
(Zhuk & Bashynska, 2016). However, they have been developed only to I smalll
extent (Raslavicius et al., 2011; Child et al, 2017, Soloviy et al., 2019;
Omelchenko, 2022; IEA, 2023).

In an effort to understand the problems, challenges and opportunities of
moving toward energy autonomy of the Ukrainian Carpathians schools, and
also best practices, this study explores the heating situation of these. To do
so, a semi-structured questionnaire was developed, tested, and will be applied
in face-to-face interviews with rectors, teachers, technical staff of the schools,
persons in charge of the heating solution for the school buildings and parents
of pupils. Survey data will be analyzed statistically and presented to key actors
for school buildings' energy transition decision-making.

Keywords: energy transition, schools, forest-dependent communities, Ukrainian
Carpathians, questionnaire survey
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Roads as input zones of artificial macrolitter to fluvial
system. The case of Kamienica Gorczarska stream in
the Polish Carpathians

Haska W. ', Liro M. 2, Gorezyca E.'

'Institute of Geography and Spatial Management, Faculty of Geography and
Geology, Jagiellonian University; Gronostajowa 7, 30-387 Krakow, Poland

2 |nstitute of Nature Conservation of the Polish Academy of Sciences, al. Adama
Mickiewicza 33, 31-120 Cracow, Poland

wojciech.haskaestudent.vj.edu.pl

Mountain rivers are | unique element of the ecosystem. They provide habitats
for many species of plants and animals, provide water resources as well as play
an important recreational role for human [1]. River valleys in mountainous areas,
unlike the slopes, have I relief that facilitates the development of settlement
and related transport infrastructure. This concentration of human infrastructure
in mountain river vallyes can favors waste emission. Plastic debris constitutes
part of the solid waste since the 1960s [2], and its input to mountain rivers is
suggested to be particularilly harmfull because of high biodiversity and
resources provided by these ecosytems for biota and human [3]. To evaluate
importance or road’s network as input zones of macrolitter to fluvial system, we
have sampled macrolitter disposed along the different types of roads
functioning in the floodplain area of the Kamienica Gorczarnska Stream (Polish
Carpathians). Our observations from 103 sampling sites located along the
whole stream course, suggest that areas along the road is important entry
points of macrolitter to fluvial system. The recorded locations of dumping sites
suggests that, dirt roads leading directly to the river channel operate as point
source of larger volume litter disposal. Asphalt roads located in river valleys
more often function as zones of dispersed waste emission. We have recorded
1759 macrolitter items, including 845 (48.04%) macroplastics. Our results
suggest that macrolitter disposal on river floodplain can be explained by
spatial and functional pattern of road network in this area. We suggest that
future management of roads in this area should be performed in the way that
limitis the possibility of dumping here (e.g., by restricting car access or video
monitoring) and to facilitate removal of diposed litter before its mobilization
by river water (e.g., by citizen science clean-up actions).

Keywords: macroplastic, mountain stream, roads, household waste, waste
management, Kamienica Gorczarska stream
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River channel is| specific zone exposed to the constant transfer of water and sediments.
These conditions can accelerate mechanical fragmentation of macroplastics being
transported or stored in river channels, resulting in the production of smaller plastic particles
(micro- and nanoplastics), which threaten biota and human health and are difficult to
remove from the environment [1]. There is| lack of field-based quantification of this process,
however our previous work has suggested that mountain rivers can be particularly effective
in mechanical fragmentation of macroplastic due to its high energy flow and presence of
numerous physical obstacles in the channel zone [2]. Here we report preliminary results from
the first field experiment quantifying the rate of macroplastic fragmentation in mountain
rivers. In 2022 we have placed 1-liter plastic (PET) bottles to the channel of the mountainous
Skawa River in the Polish Carpathians. After 50-57 days of low-flow conditions, we have
collected bottles (n=47) and determined their fragmentation rate as mass loss (g).
Recorded fragmentation rates were non-normally distributed and reached for individual
bottles from -0.0098 g to -0.1530 g (mean= -0.0827 g, SD=0.04 g). Surprisingly, the
fragmentation rates of bottles were not related to their travel distances, which reached
from 0.4 km to 16.3 km during the experiment. Our preliminary results suggest | very wide
range of PET bottles fragmentation rate. Considering the weight of used PET bottles
(mean=33.43 g) it can be roughly estimated they can be fully fragmented, in conditions
represented by our experiment, inl time span ranging from 15 to 605 years, with the 30%
from them estimated to be fully fragmented in less than 50 years. Our experiments suggest I
high rate of mechanical fragmentation of macroplastic debris in mountain rivers occurring
even during low-flow conditions. Future experiments should detail our estimation by the
experimental data collected also during flood stages.

Keywords: riverine plastic, macroplastic fragmentation, secondary microplastic
formation, mechanical fragmentation
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Mountains of plastic: Mismanaged plastic waste along
the Carpathian watercourses
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Presence of plastic debris in the riparian zone of river creates numerous risks
to the natural environment and human livelihood. To set the background for
future evaluation of such risk in the Carpathian Mountains, one of the most
biodiverse mountain areas in Central-East Europe, we utilised existing
databases to map mismanaged plastic waste (MPW) along the 175,669 km of
watercourses draining this region. We explored MPW levels as I function of
altitude, stream order, river basin, country, and type of nature conservation

in | given area. The Carpathian watercourses below 750 m a.s.l. (142,282 km,
81 % of the stream lengths) are recognized as significantly affected by MPW.
Most MPW hotspots (>409.7 t/yr/km?) occur along rivers in Romania (6568
km; 56.6 % of all hotspot lengths), Hungary (2679 km; 23.1 %), and Ukraine
(1914 km; 16.5 %). The Carpathian watercourses flowing through the areas
protected at national level (3988 km; 2.3 % of all watercourses studied) have
larger MPW values (median = 7.7 t/yr/km?) than those protected at regional
(51,800 km; 29.5 %) (median MPW = 1.25 t/yrkm?) and international levels
(66 km; 0.04 %) (median MPW = 0 t/yr/km?). Rivers within the Black Sea
basin (88.3 % of all studied watercourses) have significantly higher MPW
(median = 5.1t/yr/km?, 90th percentile = 381.1t/yr/km?) than those within
the Baltic Sea basin (median = 6.5 t/yr/km?, 90th percentile = 84.8
t/yr/km2) (111 % of all studied watercourses). The MPW hotspots along the
Carpathian watercourses mapped in this work can be seen as| potential
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base for targeting clean-up actions as well as manage rivers in the
Carpathian Ecoregion in the future®

Keywords: riverine plastic, macroplastic, littering, Carpathians ecoregion,
macroplastic hotspots
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Wood jams as hotspots of macroplastic deposition on
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The processes of macroplastic storage in mountain rivers is very poorly
understood and it is unknown how different surface types of river areas affect
it. In order to fill this gap, we investigated macroplastic storage on different
vegetation covers and on wood jams in | channelized, single-thread reach and
an unmanaged, multi-thread reach of the Dunagjec River (Polish Carpathians).
We found that exposed river sediments and herbaceous vegetation stored
significantly lower amounts of macroplastic debris (0.6 and 0.9 g per 1 m?)
than wooded islands and wood jams (6 g and 113 g per 1 m2). Wood jams stored
more than 19, 129 and 180 times more plastic than those found on wooded
islands, areas covered with herbaceous vegetation and exposed river
sediments. Vegetated islands and wood jams covering 16.7% and 1.5% of the
multi-thread reach stored 43.8% and 41.1%, respectively, of the total amount of
macroplastic stored in that reach, whereas these surface types were
practically absent in the channelized reach. On the other hand, the
unmanaged, multi-thread reach, 2.4 times wider than the neighbouring
channelized reach, stored 36 times greater amount of macroplastic per 1 km
of its length. Our results proved that the storage of macroplastic debris int
mountain river is controlled mainly by channel management style and resultant
river morphology. This processes are responsible for river hydrodynamics
alterations and I longitudinal pattern of the zones of transport and retention
of macroplastic during floods. We emphasize future research directions that
should consider in more detail the role of wood debris in trapping and
retention of macroplastic debris on mountain rivers.

Keywords: Macroplastic storage, Mountain river, Wood jam, Wooded island,
Channel morphology
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Information on macroplastic accumulation hotspots in river channels is of
crucial importance for evaluation of environmental risks resulting from this
pollution. It is also useful for planning clean-up actions in riverine environments.
To detect hotspots of floating macroplastic accumulation on mountain rivers
we have performed field experiment utilizing tracked plastic (PET) bottles.
We have placed 196 tagged 1-liter bottles to the channel of the mountainous
Skawa River in the Polish Carpathians. After 50-57 days of low-flow conditions,
we recorded the location of their deposition and travel distances (n=64). We
have found that most of the tracked bottles were deposited on woody debris
(71.9%, n=46) at elevations ranging from 0 to 1.2 m (median=0.4 m, quartile
range=0.45 m) above the low-flow water level. Travel distance of tracked
bottles were non-normally distributed and reached from 0.37 km to 16.27 km
(median=1.73 km, quartile range=5.29 km). Surprisingly, the straight and
narrow channelized reach of the studied river trapped 15.3 % of the plastic
bottles transported through it, while the highly sinuous, wide unregulated one
only 8.7 %, which is probably related to the more frequent contact of woody
debris (present in both reaches) with the flowing water, occurring during low-
flow conditions within the narrower, channelized reach. Our results confirm
previous observation [1] suggesting that areas of woody debris deposition
along mountain rivers can be I good indicator of macroplastic accumulation
hotspots. Information on location of wood jams within the active channel zone
of mountain rivers can support selecting of proper locations for river cleaning
actions, and help in effective performance of such actions.

Keywords: riverine plastic, macroplastic, littering, Carpathians ecoregion,
macroplastic hotspots
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Biogeographic processes, which encompass the evolution of species in space and
time, are exposed by current distributions. No other biological element has I more
evident imprinting of biogeographical processes in its distribution pattern than
endemics, i.e. species with | restricted range to I certain, well-delimited region.

The analysis of endemic species distribution may highlight not only their
biogeography, but may also be used, through both the identification of taxonomic
diversity hotspots, as well as rarity hotspots, as an indicator for prioritizing
biodiversity conservation efforts.

Mountain ranges are recognized, along island archipelagos, as complex
topographic systems that enhance evolutionary processes in their biotic
component through habitat heterogeneity and isolation of distribution areas. In
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Europe, the Carpathians are recognized as being both| center of biodiversity
and an evolutionary hotspot (Mraz & Ronikier, 2016), including | rich endemic
flora with 200 endemic or subendemic taxa (Breman et al,, 2020), but varying
among different authors. Several previous studies have analysed the distribution
or evaluated the list of endemic taxa at biogeographic level, thus stretching
beyond the national view on endemism (Pawtowski, 1970; Tasenkevich, 1998;
Kliment, Turis & lani$ovd, 2016; Mrdz et al., 2016; Hurdu et al., 2016). However, the
knowledge on distribution of endemics is still uneven across the Carpathians, due
to both spatial detailing and taxonomic concepts.

We present in this talk an overview on current knowledge and future prospects
on the distribution and taxonomic diversity of Carpathian endemics at different
spatial scales, with an emphasis on the main aims and preliminary results of the
initiative of the Carpathian Research Network Consortium, i.e. (I) overview of
taxonomic variability and biogeographic concepts among different authors
regarding the Carpathian endemics and subendemics; (Il) distribution and
centers of diversity of different categories of endemic plants at Operational
Geographic Units level; (IIl) potential usefulness in biogeography, ecology and
conservation research of an unified view on both taxonomy and distribution
knowledge across the Carpathians at different spatial scales.

Keywords: species distribution, centers of endemism, weighted endemism, vascular
plants
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Endemic species, i.e. those restricted to I particular geographical region, are
not evenly distributed in space. While some regions are poor in endemics,
others feature high endemic richness, which reflectsl complex
biogeographical, ecological and evolutionary background. Because of their
spatial limitation and biological significance, endemic taxa providel
meaningful proxy for assessing biodiversity hotspots and prioritizing
conservation strategies.

Mountains are long recognized as particularly rich in endemics due to
their spatial isolation and habitat heterogeneity. In Europe, the Carpathians
are among regions with the highest endemic richness. Despite this widespread
recognition, the knowledge of Carpathian endemics is still very fragmentary
and contradictory. This is due to prevailing national level research which
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largely conditioned taxonomic concepts and diversity assessments, neglecting
phenotypic and genetic variation at larger, biogeographically meaningful
spatial scales. To overcome this obstacle, botanists and evolutionary biologists
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