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Introduzione 
 

A dieci mesi dalla sua scomparsa, l’VIII Convegno Nazionale AIGeo vuole ricordare Mario 
Panizza, instancabile pioniere della Geomorfologia italiana e protagonista indiscusso dei più 
importanti consessi a livello internazionale.  

Mario Panizza, classe 1935, era Professore Emerito di 
Geomorfologia all’Università di Modena e Reggio Emilia, 
nonché Socio onorario dell’AIGeo. Prima di ricoprire il ruolo 
di Professore all’Università di Modena, ha insegnato negli 
atenei di Bologna, Catania e Ferrara. È stato inoltre 
ricercatore del CNRS francese a Strasburgo e insignito di 
lauree honoris causa in Geografia e in Geomorfologia presso 
università europee. 

Tra le numerose cariche rivestite a livello internazionale mi 
preme menzionare la Presidenza della International 
Association of Geomorphologists (IAG), che ha ricoperto dal 
2001 al 2005. Durante il suo mandato ha dato avvio al 
Training Programme della IAG, che è tuttora attivo con 
successo. Nel 2013, a Parigi, la IAG lo ha insignito del 
prestigioso riconoscimento di Honorary Fellow. È stato inoltre 
fondatore e primo Presidente del “Centro Europeo sui Rischi Geomorfologici” con sede a 
Strasburgo presso il Consiglio d’Europa. 

Mario Panizza è stato consulente scientifico di importanti organismi internazionali, tra i quali 
UNESCO e IUCN. Da sottolineare il suo coinvolgimento nella Fondazione Dolomiti 
UNESCO, proseguito fino a pochissimi anni fa, che ha fatto seguito al suo fondamentale 
contributo alla produzione del dossier che ha permesso alle Dolomiti di essere iscritte nella 
Lista del Patrimonio Mondiale dell'UNESCO come bene naturale nel 2009.  

Il Convegno è volutamente focalizzato sul tema della ‘Geomorfologia applicata e 
ambientale’, al quale Mario Panizza si è dedicato con grande passione nel corso della sua 
lunga e prestigiosa carriera. Sono previste relazioni ad invito da parte di studiosi italiani e 
stranieri su diversi argomenti che rientrano a pieno titolo nei suoi temi di interesse. Tra 
questi, in particolare, le pericolosità geomorfologiche e il patrimonio geologico e culturale, 
temi sui quali si è spesso dimostrato un precursore.  

Il Convegno ospita inoltre una ricca ‘Sessione Poster’, che illustra i risultati di ricerche in 
diversi ambiti della Geomorfologia, i cui riassunti sono raccolti in questo volume. 

Desidero ringraziare sentitamente coloro che hanno voluto portare i loro contributi scientifici 
a Firenze, anche per onorare la memoria di Mario Panizza, nonché gli organizzatori del 
Convegno per il grande impegno profuso per la buona riuscita dell’evento.  

 

Mauro Soldati 
        Presidente AIGeo 
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In recent decades, rivers have undergone significant adjustments, documented in Italy and 
worldwide. These changes have been analysed through parameters such as channel width, 
bed elevation, and channel pattern. Among these, channel pattern is a key descriptor of river 
behaviour, reflecting combined effects of discharge, sediment supply, and valley 
morphology. Although channel pattern changes are often analysed with other morphological 
variables, systematic and comparative studies specifically addressing their evolution across 
multiple rivers remain limited. Targeted analyses of channel pattern provide insights into 
regional morpho-evolutionary trends, supporting scientific understanding and river 
management. 
This study proposes a simple, schematic, and generally applicable approach for 
reconstructing medium-term channel pattern changes at the regional scale, aiming to 
identify common morpho-evolutionary trends. To this purpose, channel pattern changes of 
four rivers in the Campania Region (Southern Italy), representative of a wider 
morphoclimatic scenario (Mediterranean area), over ~150 years were investigated. The 
rivers are Calore, Sele, Tammaro, and Sabato, which differ in length, flow discharge, and 
mean width. Geomorphological analyses were conducted in a GIS environment using 
historical and topographic maps, orthophotos, and Google Earth imagery from 1870, 1909, 
1955, 1998, and 2023, with an average temporal resolution of ~38 years. 
The results showed a dominance (45-94% of river length) of the sinuous channel pattern 
between late XIX century and early XX century, clearer in minor rivers (i.e., Tammaro and 
Sabato). During the 1950s, sinuous channel pattern remained generally dominant (20- 
60%), but transitional morphologies (wandering and sinuous with alternated bars) 
significantly increased (22-60%). From late XX century onwards, sinuous channel pattern 
returned dominant in all investigated rivers (43-79%). Land-use changes and associated 
floods were identified as primary controlling factors. The coherence of results was discussed 
with existing literature, highlighting the role of scale of available materials for correct analysis 
of channel pattern changes. 
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According to the Water Framework Directive (WFD), assessing hydromorphological quality 
is essential both for defining the ecological status of surface water bodies and for identifying 
heavily modified water bodies (HMWBs). In this work, the geomorphological approach 
proposed by Rinaldi et a. (2011) and integrated into a wider methodological framework 
named IDRAIM (stream hydromorphological evaluation, analysis and monitoring system) is 
adopted. This method defines the Morphological Quality Index (MQI) by evaluating 
deviations of current conditions from a reference state, based on three components: (a) 
functionality of processes; (b) absence of artificiality; (c) absence of significant channel 
changes over the last decades. The MQI procedure was applied to 47 surface water bodies 
in western Sicily The mean MQI value was 0.63, indicating an overall moderate 
morphological quality. The Guidaloca, Modione, Finocchio, and S. Bartolomeo surface water 
bodies showed average values above 0.70, corresponding to good morphological status. In 
contrast, the Birgi and Lenzi catchments revealed the most critical conditions. In particular, 
Lenzi has a mean MQI value of 0.19, largely influenced by a single surface water body with 
an MQI of 0. Analysis of the contribution of individual components revealed that artificiality 
has the strongest influence on the overall MQI, with a very high positive correlation (r = 
0.972). Since MQI is calculated as a length-weighted mean of reach values, long stretches 
with artificial discontinuities can greatly reduce the overall score, as observed in Lenzi. 
Finally, a sensitivity analysis conducted on a surface water body demonstrated that 
improving the MQI of a single reach—particularly if it is spatially long —can result in 
significant changes in the overall water body MQI. These results highlight how interventions 
on specific reaches can lead to measurable and meaningful improvements in river quality 
status. 
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Reliable landslide susceptibility mapping is increasingly important as climate change 
intensifies extreme rainfall. Mapping units govern both model behavior and the resulting 
cartography. Among available options, pixels and slope units (SU) are the most widely used: 
pixel-based models capture local controls but often yield speckled outputs, whereas SU 
frameworks enforce geomorphic consistency at the risk of over-smoothing. A key challenge 
is to retain the benefits of both while limiting their drawbacks. 
This study adopts two predictor groups. A baseline group comprises lithology and a set of 
pixel-level predictors drawn from standard topographic variables commonly employed for 
susceptibility modelling. An enhanced group augments the baseline by appending SU 
summary descriptors-means, 10th/90th percentiles, standard deviations of the topographic 
variables, and lithological proportions - thereby providing each pixel with its hillslope context. 
Baseline and enhanced models are trained with Multivariate Adaptive Regression Splines 
and Random Forests and evaluated through spatial k-fold cross-validation. 
Performance is measured using Area Under the ROC curve (AUC) and Cohen’s kappa (κ), 
while spatial coherence is assessed with Moran’s I. 
The case study covers the northern Ilopango Caldera, El Salvador, affected by extensive 
landsliding during Tropical Storms Amanda and Cristóbal (29 May - 7 June 2020). 
Enhanced models consistently outperform baseline models in AUC and κ and produce maps 
with higher Moran’s I, indicating reduced speckle while preserving pixel-scale detail. The 
enhanced Random Forests configuration achieves the best overall performance. A concise 
R script implementing the pixel-plus-SU workflow will be released in a public repository to 
support reproducibility. 
  



 

Automated Landslide Dating Using Multisensor Satellite Data on 
Google Earth Engine 

Liborio Barbera1*; Antonino Maltese2, Christian Conoscenti1 

1 Dipartimento di Scienze della Terra e del Mare (DiSTeM), Università degli Studi di Palermo, 
90123 Palermo, Italy 

2   Dipartimento di Ingegneria (DI), Università degli Studi di Palermo, 90128 Palermo, Italy  
* Corresponding author: liborio.barbera@unipa.it 

 
 
Landslides are complex phenomena influenced by natural and anthropogenic factors. In 
recent years, the need to better understand their dynamics has driven the development of 
methodologies aimed at improving risk monitoring and mitigation. In this context, accurately 
dating landslide occurrence is essential to correctly identify triggering causes and define 
critical thresholds. This study presents a fully automated and objective methodology, 
implemented on the Google Earth Engine platform, which enables access to and processing 
of large volumes of satellite data directly online, thereby accelerating analyses and 
facilitating method sharing. The procedure exploits the complementarity between changes 
in vegetation cover detected through vegetation indices and variations in radar 
backscattering, intending to narrow down the time window in which the landslide occurred. 
In 45 out of 46 cases analyzed, a time interval of landslide occurrence could be correctly 
identified, with an average temporal window of approximately 8 days, confirming the 
robustness of the approach across different geomorphological settings and landslide types. 
The complete automation of the workflow represents one of the most innovative aspects of 
the methodology, as it allows the script to be directly and consistently applied to a wide 
range of recent and vegetated landslides larger than about 10 Sentinel-2 pixels without 
requiring additional manual and subjective procedures. 
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Ground deformation, such as landslides and land subsidence, is a prevalent and potentially 
hazardous phenomenon in a multitude of landscapes. It is imperative to comprehend the 
nature and extent of ground movement to ensure the safety of individuals, infrastructure, 
and natural environments. The advent of satellite-based radar technology and related 
services has facilitated the observation of ground motion across extensive regions with 
exceptional precision and continuity. 
Among these, the European Ground Motion Service (EGMS) provides free and standardized 
displacement measurements that are increasingly utilised in geomorphological studies. The 
present paper includes an automated methodology to extract and classify ground 
deformation patterns from EGMS data. The objective is to support large-scale 
geomorphological analysis and hazard assessment. A fully automated procedure has been 
developed and applied to identify clusters of ground motion across Italy. Two different 
velocity thresholds (±10 mm/year and ±5 mm/year) were used to test their influence on 
detection and classification. 
The application of the higher threshold resulted in the identification of over 2,000 clusters, 
while the lower threshold led to the identification of almost 10,000 clusters. The results 
obtained demonstrate that steeper slopes exhibiting horizontal movement are commonly 
associated with landslides, while vertical motion in flat areas is indicative of subsidence. 
Local case studies confirmed the ability of the method to detect both strong and subtle 
deformation signals, even in complex or urbanized environments and its capability to support 
characterization of deformation pattern. The findings demonstrate that open satellite data, 
when combined with automated tools, can improve our ability to map and interpret surface 
deformation. The method is scalable and adaptable and may be applied to other regions to 
support land management, early warning, and long-term monitoring strategies. 
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IDRAIM (System for Stream Hydromorphological assessment, analysis, and monitoring) is 
the multiparametric expert based approach for assessing the ecological status of the 
Surface Water Bodies (SWBs), which has been formally adopted by the Italian Institute for 
Environmental Protection and Research and explicitly included in the national technical 
standards. 
In the framework of a collaboration between the University of Palermo and the Basin 
Authority of the Sicilian Region, an approach has been devised to evaluate the potential 
effects of variations in the assignment classes of each indicator. In particular, by iteratively 
modifying the assigned class for each indicator, new MQI values were obtained for each 
reach. 
The results obtained for the five SWBs of the San Bartolomeo Basin (north-western Sicily) 
are presented: Sirignano, Freddo1, Caldo and Bartolomeo streams, having 0.73, 0.79 and 
0.77 (good quality) MQIs, respectively, and the Freddo2 stream, with a 0.69 (moderate 
quality) MQI. The quality status of these streams is primarily influenced by the F1, F2, F11, 
F13, A1, A2, and A5 indicators. 
By applying to the set of indicators almost 200 and 2000, for confined and semi- and 
unconfined reaches, respectively, effects on MQI values of individual reaches up to 80% 
confined, and 70% for semi- and unconfined were observed. The confined reaches shifted 
from an excellent to a good quality status, while the semi- and unconfined reaches 
transitioned from good to sufficient quality. 
The sensitivity analysis is a mandatory procedure when adopting expert based 
multiparameter ranked approaches as it open a view on the real reliability of the quality 
estimation. At the same time, it furnishes useful indications regarding the more sensitive 
reaches and more influent factor changes which is an important tool to support management 
decision. 
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Digital Terrain Models (DTMs) are widely employed in geomorphological research to 
characterize landslide processes and quantify their evolution over time. However, the 
reliability of volumetric estimations strongly depends on the quality, resolution, and 
acquisition method of the DTMs used. In this contribution, we explore the implications of 
using heterogeneous DTMs for landslide monitoring and focus on the application of the DEM 
of Difference (DoD) technique to assess elevation changes and material displacement. Our 
case study is the Calita landslide (Northern Apennines, Italy), a large and complex slope 
failure with repeated reactivation phases documented over the last century. Multi-temporal 
DTMs were derived from a variety of sources, including historical cartographic surveys, 
LiDAR datasets, and recent UAV photogrammetry at sub-meter resolution. The integration 
of such diverse products required specific preprocessing steps, notably resampling to a 
common cell size and spatial alignment, to reduce uncertainty in the DoD analysis. By 
differencing DTMs spanning from the 1970s to 2024, we quantified spatial patterns of 
depletion and accumulation within the landslide body. The results highlight how roto- 
translational processes in the crown area contrast with the predominantly superficial, 
earthflow-like dynamics affecting the toe. Volumetric calculations revealed mobilization of 
about 1.5 million cubic meters, with distinct phases of acceleration linked to extreme rainfall 
events in 2003–2004 and 2022–2023. Moreover, UAV-derived DTMs allowed for a more 
detailed recognition of secondary slides and small-scale erosion/accretion processes (about 
33 thousand cubic meters), often overlooked in coarser datasets. This study emphasizes 
both the potential and the limitations of DoD-based volume assessments. While UAV 
surveys significantly enhance geomorphological interpretation, cross-comparison with 
lower-resolution DTMs entails uncertainties that must be carefully addressed. Ultimately, the 
combined use of multi-temporal DTMs and DoD analysis provides a robust framework for 
quantifying landslide movements, supporting both scientific understanding and hazard 
management. 
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Urban landslides represent a major threat to infrastructure, cultural heritage, and public 
safety, particularly in densely populated cities with complex geological settings such as 
Rome. Within a collaborative framework between ISPRA – Geological Survey of Italy and 
Roma Capitale, three representative landslide-prone sites have been selected for detailed 
investigation: Monte Ciocci (Via P. De Cristofaro), Monte Mario (Via G. Bausan), and Via A. 
Di Pietro (Parrocchia SS. Protomartiri). These sites exemplify the challenges of slope 
instability in an urban environment where natural geomorphological processes interact with 
anthropogenic modifications. The research is grounded on a comprehensive bibliographic 
analysis integrated with historical landslide inventories and recent technical surveys. All 
three sites are characterized by stratigraphic heterogeneity, alternating clayey and sandy 
deposits with interbedded conglomerates, that, in combination with steep slopes and intense 
rainfall, predispose them to shallow translational slides and debris flows. Urban 
development, quarrying, and drainage alterations further exacerbate instability. Particular 
attention is devoted to Monte Mario, where the eastern slope of Via G. Bausan has long 
exhibited recurrent slope movements, with notable events in 1986, 1998, 2002, and 2014. 
Most recently, the large wildfire of July 2024 dramatically worsened slope stability by 
removing protective vegetation cover, thus increasing susceptibility to erosion and rapid 
surface failures. This case highlights the compounded risk factors acting on urban slopes, 
where hydro-meteorological forcing and sudden external disturbances, such as wildfires, 
interact to lower safety thresholds. The ongoing project aims to establish an integrated 
monitoring system combining geotechnical instrumentation, UAV surveys, and continuous 
data acquisition. Such a system is essential to capture early warning signals of reactivation, 
inform risk mitigation strategies, and protect exposed urban assets. Ultimately, the Rome 
case studies emphasize the urgent need for adaptive, site-specific monitoring solutions in 
metropolitan contexts where landslide hazards are intensified by both climate variability and 
urban pressures. 
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Evritania Region, located in central Greece, occupies the southern part of the Pindos 
Mountain range and is characterized by rugged topography, steep slopes, and complex 
hydrological networks resulting from successive tectonic thrusts and lithological contrasts. 
The geology is dominated by the Olonos–Pindos zone, mainly flysch and limestones, highly 
prone to slope instability under high precipitation and seismic activity. In addition to these 
natural conditions, human activities such as road construction and the associated cut-slope 
failures have further contributed to slope instability. As a result, Evritania is one of the most 
landslide-prone areas in Greece. 
One of the most catastrophic events occurred on January 13, 1963, at Palaio Mikro Chorio, 
when a large landslide destroyed much of the settlement, killed 13 people, and forced the 
permanent abandonment of its lower part. The landslide involved thick scree deposits and 
underlying flysch–limestone formations, with failure surfaces exploiting pre-existing tectonic 
discontinuities. Despite its tragic impact, this event was never revisited using modern 
geomatics approaches. 
In this study, we present the first UAV-based mapping of the Palaio Mikro Chorio landslide, 
producing a high-resolution digital terrain model and orthomosaic. The collected data were 
integrated with historical photographs, which provided valuable evidence for assessing the 
geomorphological modifications induced by the 1963 event and for tracking subsequent 
landscape adjustments. Preliminary results highlight the exact extent of the landslide scar 
and deposits, while offering a geomorphometric characterization that refines our 
understanding of the slope’s post-failure morphology. 
This work fills a critical gap in the documentation of one of Greece’s deadliest landslides 
and demonstrates the value of UAV surveys coupled with historical imagery in reassessing 
past disasters. More broadly, it represents the first stage of a larger project aimed at 
systematically analyzing landslide-prone areas of Evritania, with implications for hazard 
assessment, regional planning, and strengthening the collective memory of geohazards. 
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High-altitude environments are particularly sensitive to climate change, and accurate 
paleoclimatic reconstructions are essential to understand long-term trends. 
Dendrochronology provides a particularly valuable tool for climate reconstruction in remote 
mountainous areas where instrumental records are sparse or absent, permitting our 
understanding of climate variability beyond the instrumental period. Traditional X-ray 
maximum latewood density analysis provides excellent climate proxies but requires 
expensive equipment and time-intensive processing. 
Here we present the first application of Blue Intensity (BI) methodology to Swiss stone pine 
(Pinus cembra L.) from the Ortles-Cevedale Group (Rhaetian Alps). BI measures reflected 
light intensity in the blue spectrum, offering a cost-effective alternative to X-ray density 
analysis while maintaining comparable reconstructive power. 
We applied various methodological approaches, including different solvents, polishing 
techniques, and CooRecorder pixel percentage settings, to optimize the BI protocol. Our 
tests indicate that methodological variations have minimal impact on final chronologies, 
demonstrating the robustness of the technique. 
Our dendroclimatic analysis reveals strong correlations (r = 0.6) between Swiss stone pine 
BI values and July-August temperatures over the 1800-2017 period, successfully capturing 
high-frequency temperature variations. The species' natural resistance to insect defoliator 
outbreaks enhances signal reliability, making it particularly valuable for paleoclimatic 
studies. 
This research validates BI as a reliable, accessible proxy for reconstructing past temperature 
variations in high-altitude Alpine environments. The findings contribute to expanding 
paleoclimatic reconstruction capabilities in the Alps, supporting broader understanding of 
mountain system responses to climate variability. In fact, the methodology's cost-
effectiveness and processing efficiency make it particularly suitable for extensive 
paleoclimatic studies in sensitive mountain ecosystems, providing crucial data for 
understanding regional climate dynamics and geomorphological processes influenced by 
temperature fluctuations. 
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Landslides represent a key expression of geomorphological sensitivity in different 
landscapes, where multiple forcings interact to shape slope stability. This study explores the 
contrasting landslide dynamics of two adjacent catchments in southern Italy – the Bradano 
and Basento river basins – which, despite comparable climatic regimes, display markedly 
different morphotectonic and lithological settings. By integrating official landslide inventories, 
lithological mapping, high-resolution DEM-based geomorphometric indices (Asymmetry 
Factor, Transverse Topographic Symmetry, Valley Floor Width-to-Height Ratio), and annual 
rainfall data of the last about 70 years, we unravel the relative role of climate and tectonics 
in predisposing slopes to failure. Results show that tectonic inheritance and uplift-driven 
incision dominate in the Basento River basin, where landslide density is higher and failures 
are deeper and structurally controlled, while the Bradano River basin exhibits a more diffuse 
distribution of shallow landslides linked to heterogeneous clay-rich units and gentler 
morphologies. 
Although climatic triggers, especially extreme rainfall events, primarily act as activating 
factors, the contrasting behaviours of the two basins can also be read through their 
structural, morphological, and lithological properties, as well as the chain–foredeep areal 
extension ratio. The comparative analysis highlights how lithology and tectonic setting 
outweigh climate in controlling slope instability patterns, emphasizing the need for basin- 
specific susceptibility assessments. These findings provide a natural laboratory for 
investigating climate–tectonic interactions in erosion-prone Mediterranean environments 
and support targeted land-use planning and climate adaptation strategies. 
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This study delineates a multidisciplinary framework that integrates geo-environmental 
analysis with inferential statistical modeling to predict vineyard spatial distribution within the 
Taurasi DOCG terroir, situated in the Avellino province, Southern Italy. By harmonizing high-
resolution morphometric, pedological, and bioclimatic datasets within a geospatial analytical 
infrastructure, the research advances a data-driven paradigm for viticultural site suitability 
assessment, traditionally governed by tacit local knowledge. Through the synergistic 
application of predictive modeling techniques and Geographic Information Systems (GIS), 
the study seeks to formalize the spatial characterization of the Taurasi terroir, identifying 
ecologically coherent zones where topographic configuration, soil properties, and 
mesoclimatic conditions converge to support optimal vine performance. 
The Taurasi DOCG terroir, characterized by pronounced morpho-topographic and 
lithological heterogeneity and a climate conducive to viticulture, offers an ideal context for 
methodological implementation. A logistic regression model was developed using a suite of 
environmental predictors and iteratively refined via stepwise selection and multicollinearity 
diagnostics based on the Variance Inflation Factor (VIF). Model performance was assessed 
using the Receiver Operating Characteristic (ROC) curve to ensure robust classification 
accuracy. 
The resulting predictive map delineates zones with optimal edaphoclimatic and topographic 
conditions for viticulture, revealing the significant influence of elevation, slope gradient, 
aspect, and thermal regime on vineyard spatial distribution. These findings underscore the 
potential of quantitative spatial modeling to complement traditional viticultural expertise, 
offering a replicable and scalable tool for strategic planning in winegrowing landscapes. 
The proposed methodology demonstrates the value of integrating geospatial technologies 
and statistical inference in terroir characterization, contributing to a more systematic and 
data-driven approach to vineyard zoning and land suitability assessment. This framework 
may serve as a decision-support instrument for stakeholders aiming to enhance 
sustainability, productivity, and resilience in viticultural systems. 
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In recent years, there has been growing interest in urban geomorphology, either to better 
understand the effects of anthropogenic and modified natural landforms on natural 
processes, or to protect and enhance the urban cultural geomorphology heritage. 
To this end, the IAG has also set up a working group on Urban Geomorphology with the aim 
to evaluate: the impact of urban growth on geomorphology; the constraints imposed by 
geomorphology on urban development; the attitude of the different landforms for urban use; 
the identification of anthropic landforms in the urban landscape; the geomorphological risks 
in urban environments; methods for geomorphological survey and mapping in urbanized 
areas; the geological model of the anthropogenic deposits; an interdisciplinary forum for a 
wide range scientists interested in applying methods and techniques for analyzing 
geomorphological features in urban areas. 
This preliminary research presents the transformations of the Genova urban area on which 
the city's main hospital and an important university campus are located, the San Martino 
district. This is an area in the Middle East municipality that extends over the Noce stream 
catchment.  
The anthropogenic impact appears here with intensity at the beginning of the 20th century: 
in order to obtain a flat area for the construction of the hospital pavilions and university 
buildings, large excavations and embankments were carried out, as well as the culvert of 
the Noce Stream riverbed. In the years 1941-1942, due to the II World War, an extensive 
network of tunnels was dug, used either as a shelter for people or as an emergency hospital. 
The area transformations reconstructed over the last 100 years represent anthropogenic 
constraints on natural hazards, also in the light of climate change: in recent times there have 
been processes such as sinkhole phenomena, flooding and hydraulic stresses related to the 
culvert of the Noce stream. 
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The geomorphological analysis of the lower course of the Ticino River, between Motta 
Visconti and Pavia, reveals a peculiar combination of processes which contribute to shaping 
of the river banks. In this tract the river displays a wandering channel pattern within an 
incised valley cut in Plio-Pleistocene fluvial and fluvio-glacial deposits which were shaped in 
two major terraces during the Last Glacial Maximum. The lower terrace forms a scarp of 
about 20m above the current alluvial plain. The terrace deposits are dominated by sand and 
gravel with occasional finer grained layers. The finer layers often support perched water 
tables which convey ground water to the scarp, originating in springs at the scarp slope. The 
main erosional process affecting the scarp is scouring by the river at the toe and consequent 
collapse, however a major contribution to shaping the scarp is also given by suffusion. 
Abundant subsurface water flow in the water tables, tied to irrigation activities, is thought to 
generate significant suffusion and consequent piping. These effects are accentuated near 
the terrace edge, where the pressure gradient increases, and can lead to the formation of 
sinkholes by collapse of the overlying sediments. Scarp Piping-Sinkholes (SPS) (Bosino et 
al., 2024) are developed at the terrace edge, form in a matter of minutes or hours, can 
measure up to 50m in diameter and are a significant hazard and land waste. Continuous 
suffusion/piping action related to springs at the scarp can also generate retrograding 
erosional landforms incising the scarp along with surface streams. Several examples of SPS 
were studied in detail in the Casottole area where the river and the scarp are currently 
juxtaposed, and similar landforms are being investigated in adjacent areas where the river 
has moved away from the scarp, as well as on the opposite Ticino river bank. 
 

Bosino, A., Mandarino, A., De Amicis, M., Cazzini, F. F., El Khair, D. A., & Flores, P. (2024). Assessment of 
piping-sinkhole development in a fluvial-terrace scarp retreat environment: A multi-temporal analysis on the 
lower Ticino River (Italy). Geomorphology, 450, 109082. 

 

“This work is dedicated to the memory of Luisa Pellegrini, dear friend, colleague and 
teacher.” 
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The Cassio Varicoloured Clays (AVV) crop out in different sectors of the northern Apennines 
and are made up of clays and claystone, sporadically silty and marly, assuming principally 
grey, red, green, purple, and nut-brown colours. Sometimes, intercalations of turbiditic 
sandstones are present. The AVV rocks are often highly tectonized and folded. The study 
area is located in the Northern Apennines, in the middle Arda Valley, in a catchment of 0.5 
km2 situated on the hydrographic left of the Arda River, one kilometre downstream from the 
Mignano dam. The catchment is geologically characterized by AVV and Scabiazza 
Sandstone (SCB): these rocks are particularly prone to be eroded by running water causing 
soil erosion and mass movements. The most common landforms are badlands and gullies, 
as well as active mudflows, translational slide bodies, and locally small debris flows. The 
latter landforms represent a geomorphological peculiarity in these bedrock formations. The 
arenaceous levels present in the AVV are completely tectonized, assuming a mélange 
structure (i.e., heterometric blocks of sandstone embedded in a clay matrix), and are 
subjected to the effects of running water. When the matrix is eroded, the sandstone blocks 
may fall and accumulate in the gullies, which act as preferential drainage channels. During 
extreme meteorological events, these deposits can be mobilized as debris flows, 
contributing material to the Arda River and representing a geomorphological hazard. The 
study area was fully characterized by a detailed geomorphological field survey as well as a 
dedicated drone investigation. Acquired data were integrated into a dedicated geodatabase 
(MorphDB; Bosino et al., 2024) to represent the landform evidence, producing a 1:2500 
geomorphological map. 
 
Bosino, A., La Licata, M., Franceschi, L., Hafiz, A., Maggi, V., Maerker, M., Szatten D., & De Amicis, M. (2024). 
Multi-strata geomorphological database (MorphDB): a methodological breakthrough in geomorphological 
mapping. Geografia Fisica e Dinamica Quaternaria, 47(1), 147-160.  
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Sea cliffs and shore platform represent an integrated coastal system influenced by marine 
and subaerial processes. The development of shore platforms involves wave attack at the 
cliff foot leading to cliff retreat. The debris is subsequently removed by waves, leaving behind 
a gently sloping rock surface that extends from the cliff base to the sea. The width of the 
shore platform is strongly influenced to local factors, such as lithology, exposure to wave 
energy and the relative sea level history. 
The integration of remote sensing techniques in support of traditional field surveys has 
significantly improved the study of sea cliffs and shore platforms. Within the framework of 
the SEA-LAND” Project of National Interest, we investigated the evolution of two case study 
sites in the Adriatic Sea. We employed a combination of remote sensing techniques and 
field observations, both in the emergent and submerged conditions, along with bathymetric 
and GNSS surveys. Both sites are developed in terrigenous rocks, but they differ in term of 
exposure, height, and width of the shore platforms. 
Our results show that the recent evolution of the cliff/platform system is driven by a 
combination of subaerial and marine processes strongly influenced by local, recent, even 
instantaneous sea level variations.  
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The Pays de Herve region, in eastern Belgium, is characterised by widespread slope 
instability, with numerous Quaternary paleoslides, some of which are still active. These 
movements are mainly controlled by weak surface layers, including clayey deposits locally 
covered by altered gypsum, which rest on discontinuous layers of sand and silt. These 
stratigraphic configurations, combined with climatic and anthropogenic triggers, favour the 
occurrence of landslides that can damage infrastructure and buildings. 
This study presents an integrated geophysical investigation of three representative 
landslides in the area: the Sérezé, Thimister and Manaihan landslides, with a particular 
focus on the Manaihan site, which is the most active and has the greatest impact. The survey 
combined electrical resistivity tomography (ERT), seismic P-wave refraction (SRT), multi- 
channel analysis of surface waves (MASW) and environmental seismic noise 
measurements analysed using the horizontal-to-vertical spectral ratio (H/V) technique. 
While ERT, SRT and MASW provided high-resolution information on limited survey lines, 
H/V measurements allowed for complete spatial coverage of the landslide areas. 
The integration of these complementary datasets made it possible to identify key lithological 
contacts and potential slip surfaces, particularly at the interface between sandy clays and 
underlying shales, at depths ranging from approximately 10 to 30 m. These results were 
used to construct a detailed 3D geological model of the Manaihan landslide, providing 
information on its subsurface structure and slope movement mechanics. The study 
demonstrates that multimodal geophysical approaches offer a cost-effective and non-
invasive solution for characterising landslides in soft sedimentary settings. By combining 
active and passive techniques, it is possible to overcome the limitations of individual 
methods, improve the interpretation of subsurface geometry, and support risk assessment. 
This integrated methodology can be applied to other landslide-prone areas around the world, 
providing a robust framework for mapping slip surfaces, understanding triggering 
mechanisms, and guiding mitigation strategies. 
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Historically, the Mediterranean coastlands have been vulnerable to natural processes and 
increasing anthropogenic pressures, especially in transitional environments, such as 
estuaries and deltas. In this sense, impacts inherent to human activities, such as 
urbanization, sediment extraction, and modification of river courses, have been causing 
imbalance in these environmental systems, especially in coastal areas located close to river 
mouths, as is the case of the coast of Pineios (western Greece) and Volturno (southern Italy) 
river mouths. Different types of use and occupation, especially dams, throughout history 
have progressively altered the hydro-sedimentary dynamics in these environments and 
consequently generated new morphological responses in the coastal landscape, such as 
coastline displacement through erosion and aggradation processes. The intensification of 
this process has been making the coastline of the Pineios and Volturno rivers increasingly 
less resilient and generating negative socioeconomic consequences due to environmental 
changes. Thus, this work aims to perform a multi-temporal analysis of these two areas, 
identifying the most vulnerable coastal sectors and quantitatively measuring the 
morphological changes resulting from the horizontal displacement of the coastline. 
Geospatial data and analysis of two coastline sectors were used to present the progression 
of such changes on the coast, identifying their possible causes and relationships with the 
main vectors of human pressures. The results in progress indicate that over the last 70 
years, the Italian coast has undergone more significant changes. In contrast, in Greece, the 
recent intensification of land use and reduction in river sediment input have exacerbated 
erosion processes close to the Pineios river mouth over the last 30 years. Finally, the need 
for integrated management and coastal adaptation strategies is highlighted, focusing on 
mitigating these negative. 
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Glaciers represent key indicators of climate change worldwide. After Antarctica and 
Greenland, the Southern Patagonian Icefield (SPI), which forms the border between 
Argentina and Chile, is the third-largest continental pack of ice in the world, with an estimated 
total area of 13,000 km². It is the biggest freshwater reservoir in South America. Given the 
extent and inaccessibility of the study area, satellite remote sensing using optical imagery 
was identified as the most suitable method for analysing glacier surface displacement and 
velocity through the ESA’s Sentinel-2 constellation. In particular, the optical images have 
been analysed using the ENVI module called COSI-Corr. The results show a significant ice 
shift across the area, with velocity values reaching up to 2 m/day, especially in the ablation 
zones, in both East-West and North-South directions. A comprehensive analysis of seasonal 
trends between 2016 and 2024 was conducted for two specific glaciers, Viedma and Tyndall, 
that are located in two different sectors of the entire study area, the central eastern and the 
southern ones. The results display an increase in displacement velocity, up to 2.6 m/day, 
highlighting the seasonal trend of the velocities due to the temperature variations, also 
underscored by the ESA’s ERA5 reanalysis climate dataset. Monitoring glacier dynamics is 
crucial for the comprehension of the impact of climate change on the environment, as it 
provides insights into the acceleration and movement of these ice masses. This method thus 
offers invaluable information about glacier shifts, allowing data collection in inaccessible and 
remote areas. 
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In mountain environments, landslide activity can be assessed through a variety of remote 
and proximal sensing techniques at different scales of investigation and the combination 
between them. The complementarity of different methods and techniques and the 
synergistic use of the data collected can be crucial for the recognition and monitoring of 
hillslope processes. 
The research involved the investigation of slow-moving landslides in the Scoltenna 
catchment (Northern Apennines, Italy) through an interdisciplinary approach combining 
proximal and remote sensing techniques with geomorphological field surveys. Active and 
dormant landslides are the dominant geomorphological process in the valley. The most 
frequent are earth slides and earth flows mainly affecting clayey terrains locally overlaid by 
calcarenites, and often characterized by an intermittent activity and a complex style of 
movement. 
Satellite interferometry, global navigation satellite systems (GNSS) surveys, aerial 
photogrammetry based on uncrewed vehicles, and terrestrial laser scanning were 
implemented in the research activity. Historical aerial photos and high-resolution satellite 
images were also analysed. All data collected were organized in a multitemporal framework 
and integrated in a geographic information system (GIS) environment. 
The study, besides providing clues on the state of activity of slow-moving earth flows / earth 
slides and their evolution through time, proved how the use of integrated remote and 
proximal sensing techniques can be beneficial in supporting investigation of slope dynamics 
in clayey terrains. The integration of data collected from different methodologies overcame 
the limitations of each technique and allowed the validation of the results obtained. The 
application of this integrated methodological approach detected centimetric displacements 
at the investigated sites and highlighted that the most significant displacements through time 
appear at the foot of the landslides where interaction with fluvial activity takes place; in fact, 
the investigated landslides evidenced a remobilization of sediment volumes that were 
transferred to the Scoltenna channel. 
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Geomorphic connectivity (IC), describes patterns of energy and matter exchange within a 
landscape system, encompassing physical connections, such as hillslope and rivers, and 
the movement of water, sediment and organism across different spatial and temporal scales. 
This concept is fundamental for understanding how fluvial landscape systems evolve and 
respond to disturbances. While the link between geomorphic connectivity, soil erosion, 
sediment transport, and pollution is well-established, its influence on soil biological 
communities is a relatively new and developing field of research. The research aims to 
determine the relative importance of geomorphic factors and soil bioindicators in defining 
spatial patterns of dynamic connectivity. Focusing on a Mediterranean agricultural and 
forestry catchment, we combined field surveys with remote sensing and bioinformatics data 
to obtain metrics that represent this complex suite of landscape features. The fungi to 

bacteria ratio (F:B), biotic component of the landscape, was used as a new weighting factor 

(W) for the IC calculation (CIFB), instead of the land cover factor which is generally used. 
The results of stochastic gradient boosting machine demonstrate that the F:B ratio can be 
considered an intrinsic structural property of landscape units and can be used as a soil 
ecological bioindicator able to highlight hillslope-channel coupling situations that could not 

be identified with the geomorphometric approach alone. The variable importance analyses 

showed a relationship between CI, F:B ratio and soil erodibility factor (K). CIFB models was 
also capable of depicting geomorphic dis-connectivity in connection with a quiescent 
landslide and its impact on stream longitudinal connectivity, potentially leading to increase 
in-channel erosion downstream. These preliminary results can serve as a basis for 
constructing new working hypotheses regarding the structural-functional interactions on 
hillslopes, particularly when utilizing advanced geospatial data and analytical techniques. 
The tool, while requiring further development, holds significant promise for monitoring and 
conserving fluvial ecosystem functions. 
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Central Asia, and in particular Tajikistan, is one of the most geologically hazardous areas in 
the world, particularly in terms of seismicity, floods, and landslides. The majority of 
landslides that occur in the region are seismically induced. A notable site is the Baipaza 
landslide, which has been subject to deformation since the 1960s, with the most recent 
collapse occurring in 2002. The potential collapse of the landslide represents a significant 
risk to the nearby Baipaza hydroelectric dam, situated 5 km away, and has the potential to 
create widespread challenges for the entire region. The objective of this work is to provide 
a comprehensive characterization of the Baipaza landslide through the utilization of satellite 
remote-sensing techniques, exploiting both Sentinel-1 Synthetic Aperture Radar (SAR) and 
Sentinel-2 optical images freely available from the European Space Agency’s (ESA) 
Copernicus project. The employment of these two techniques enables the acquisition of 
insights into the distinctive characteristics and dynamics of the landslide, including the 
displacement rates up to 246 mm/year in the horizontal component; the precise mapping of 
landslide boundaries and the identification of distinct sectors with varying deformation 
patterns; and an estimation of the volume involved within the landslide, which is 
approximately of 1 billion m3. 
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This paper presents the first geomorphological and pedological investigation conducted on 
the northern slopes of Mt. Aiona, located within the Aveto Regional Park (Liguria, Italy). 
This area is characterized by the widespread presence of glacial landforms mostly likely 
associated with the last glacial cycles, including moraines, cirques, and erratic boulders. The 
study forms part of the GLAMED project, a collaborative initiative involving researchers from 
multiple universities. We present new data aimed at better constraining the extent and 
chronology of the Last Glacial Maximum (LGM) in the Northern Apennines and contributing 
to the poorly documented record of older glacial episodes. Evidence for multiple glaciations 
in the area is suggested by the occurrence of moraine ridges and erratic boulders distributed 
at various altitudes within the same valley. Glacial deposits along the investigated profiles 
range in thickness from 15 to 25 meters and exhibit notable differences in both lithological 
composition and pedological characteristics. The high- altitude moraines, which appear 
inconsistent with the current orographic configuration, are composed primarily of lherzolite 
and gabbro boulders. Soils developed on these deposits show higher clay content in the 
subsoil relative to the topsoil and exhibit strong rubefaction, indicative of a humid 
environment and advanced weathering (Acrisols). These features suggest that the deposits 
may date back to a glacial phase preceding the last interglacial, corresponding to MIS 6. In 
contrast, lower-altitude and less extensive moraine deposits, preserved as well-defined 
lateral and frontal ridges within the valley of the Rezzoaglio stream, are composed mainly 
of basalt and jasper clasts. The associated soils exhibit early signs of horizon differentiation 
and moderate weathering of the parent material (Cambisols), indicative of incipient 
pedogenesis. These moraine deposits are tentatively attributed to the MIS 2. Future 10Be 
exposure-age dating of sampled selected erratic boulders will constrain the reconstruction 
of these glaciers on Mt. Aiona. 
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Plastic debris, ranging from micro- to macro-plastics, is widespread in various marine 
environments, particularly along the coast. In this study, an overview of the research 
performed for the environmental characterization of the beach environment by utilizing 
innovative, low-impact, and replicable procedures that allow us to assess the composition, 
densities, and distribution of microplastics (MPs) and beach litter (BL) is proposed. Research 
activities are carried out in the frame of the RETURN Project “Multi-risk science for resilient 
communities under a changing climate” supported under the National Recovery and 
Resilience Plan. Data collected both by in-situ surveys (direct visual monitoring, sediment 
sampling) and remote sensing acquisitions (e.g., UAV surveys) have been exploited to 
define the environmental quality of different beach sectors in the Apulia Region by 
calculating tailored environmental indices widely used in the literature. Furthermore, in order 
to assess the potential litter displacement along the beach profile as a consequence of 
marine dynamics, monitoring surveys have been conducted before and after the occurrence 
of a number of storms. Finally, a dedicated tool to model the litter transport in the marine 
environment has been developed. These aspects, which are in general scarcely 
emphasized, are of relevant importance for identifying zones of litter accumulation and thus 
supporting more effective management strategies. Such strategies are fundamental for the 
sustainable use of beaches that, due to their morphodynamic characteristics, tend to act as 
litter traps. In conclusion, the research highlights how the application of interdisciplinary 
techniques that involve morphological investigations, laboratory procedures, and 
elaboration of images acquired by a remote sensing system represents a valid tool for the 
integrated management of the coastal areas. 
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Since the Last Glacial Maximum (LGM), substantial sea-level fluctuations have influenced 
the long-term geomorphological evolution of the Maltese Islands, located in the south- 
western part of the Malta Plateau (central Mediterranean Sea). During the LGM, the sea- 
level was about 120-130 m lower than today, and the Malta Plateau was largely emergent 
and formed a land-bridge connecting the Maltese Islands to Sicily. The palaeogeographic 
reconstruction of this area remains poorly understood, mainly due to the scarcity of high- 
resolution bathymetric and seismic datasets, and the overprint of tectonic processes. This 
study aims at addressing this gap by reconstructing the LGM coastline of the Malta Plateau, 
combining 2D multichannel seismic profiles with EMODnet bathymetry data. 
The seismic interpretation revealed two main stratigraphic facies: (i) a lower carbonate unit, 
corresponding to the pre-Plio-Quaternary (pre-PQ) sequence exposed on the Maltese 
Islands; (ii) an overlying unit of Plio-Quaternary (PQ) deposits, onlapping on an erosional 
surface marking the top of the pre-PQ sequence, interpreted as the Messinian unconformity. 
The integration of the available seismic and bathymetric data allowed for the identification 
and mapping of the western palaeocoastline of the Malta Plateau, at depths ranging 
between 119 and 131 m below sea level. Here, a low-gradient shelf with extensive emerged 
areas hosted a coastal barrier-lagoon system. This landscape was progressively submerged 
during the post-LGM transgression, with key features being preserved beneath a thin 
sedimentary cover. 
Although the eastern margin of the Malta Plateau remains less constrained due to limited 
seismic coverage and the dynamic nature of the Malta Escarpment, the reconstruction of 
the western sector refines previous palaeogeographic models and contributes to a broader 
understanding of sea-level dynamics and geological evolution in the tectonically complex 
Mediterranean region. 
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As part of Italy’s National Recovery and Resilience Plan (PNRR), the Extended Partnership 
RETURN (multi-Risk sciEnce for resilienT commUnities undeR a changiNg climate) aims to 
strengthen the research capacity on climate-related environmental risks, foster 
technological innovation, facilitate knowledge transfer and enhance governance strategies. 
According to the National System for Environment Protection (SNPA, 2021), climate-impact 
indicators describe the effects of climate variability on ecological, social, and economic 
systems, and on human health. 
Within this framework, the Geomorphology Group of Sapienza University of Rome 
contributed to the RETURN project by focusing on discerning climate-impact indicators in 
three representative natural environments: mountainous and hilly areas, alluvial plains, and 
coastal zones. 
In mountainous and hilly environments, landslide frequency and distribution were analyzed 
as key indicators of climate change impacts. Variations in rainfall regimes and snow cover 
result to strongly influence slope instability: rainfall can act as both a preparatory factor, 
gradually saturating soils, and as a triggering factor, initiating failures during high-intensity 
events. Similarly, fluctuations in snow accumulation and melting affect pore water pressures, 
increasing susceptibility to slope failure during thaw periods. 
In the alluvial plain sector, the confinement index - defined as the ratio between active 
channel (bankfull) width and floodplain width - emerged as a representative indicator of 
hydro-geomorphic dynamics. Changes in rainfall patterns and related discharge variability 
directly influence river channel adjustments, making the confinement index a valuable tool 
for detecting climate-driven impacts. In coastal sectors, shoreline position and morphological 
evolution were recognized as key indicators of climate change. The integrated analysis of 
the effects of natural forcings and anthropogenic pressures reflects the complex interactions 
shaping coastal environments. 
Overall, the research highlights the relevance of geomorphic indicators in identifying climate- 
related impacts across diverse Italian landscapes. The results provide essential information 
to the development of more resilient strategies for environmental risk management. 
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Rock-block slides in soft rocks are often challenging to characterize due to their structural 
complexity and hard-to-detect geomorphological features. This is especially true for older 
landslides, where remnant rock blocks are largely obliterated by reshaping processes on 
slopes. In this context, passive seismic data can provide useful information that can be 
correlated with rock-block mechanical and geomorphological properties, to assess unstable 
sectors and landslide zoning. However, the often-lacking geomorphological observations 
may render this correlation difficult and non-trivial. We therefore selected a recently 
reactivated rock-block slide in northwestern Italy to extensively test passive seismic 
techniques in an environment where geomorphological features are well defined. A dense 
grid of passive seismic stations was deployed, supported by an active seismic survey and a 
geological-geomorphological survey. Passive seismic data, analyzed using the HVSR 
(Horizontal-to-Vertical Spectral Ratio) method, revealed clear resonance contrasts between 
in-place and displaced rock masses. The displaced landslide body shows internal 
heterogeneity, increased joint density, and reduced mechanical integrity, enhancing seismic 
impedance contrasts and causing high amplification and strong signal polarization in its most 
degraded areas. 
A clustering-based analysis approach through k-means was also employed to assess the 
spatial distribution of passive seismic signal properties. Resonance frequency, amplitude 
and polarization direction were analyzed together with several spectrum curve shape 
parameters, adopted to enhance the clustering-based classification. This approach enabled 
the landslide area to be zoned into four sectors with different hazard scenarios. The resulting 
classification is well correlated with geomorphological observation, correctly highlighting 
areas of increased potential instability within the landslide body. Thanks to the correlations 
evidenced in the test site between passive seismic data evidence and geomorphological 
and geomechanical features, the proposed survey and analysis framework can be widely 
applied to rock-block slide contexts supporting landslide hazard mapping and seismic 
microzonation activities. 
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Morphometric analysis of the physical landscape, utilising Digital Elevation Models (DEMs), 
is widely acknowledged as a key element in the field of geomorphometry. However, in 
completely flat areas, the display and analysis of topographical attributes is not significant. 
In this case it is necessary to derive the Relative Elevation Model (REM), by analysing the 
elevation distribution within a study area in relation to a morphological reference feature. 
This method can be used to study river surroundings by relating the elevations of the thalweg 
to those of the floodplain, in order to determine the distribution of depressed and raised 
surfaces. REMs may highlight slight differences in altitude which, although modest in terms 
of height, can reveal significant features for reconstructing the distribution of 
geomorphological processes. 
This facilitates the identification of depressions in alluvial plains, fluvial ridges, alluvial 
terraces, abandoned meanders, meander scars, and traces of paleochannels. The following 
study analysed the drainage networks of the Caina and Anguillara rivers on the 1:50,000 
scale Geomorphological Map of Italy (sheet no. 310, 'Passignano sul Trasimeno'). These 
areas have undergone profound changes in their hydrographic network over the centuries. 
The study started with the photo-interpretation of aerial photos from G.A.I. flights (acquired 
by Gruppo Areonautico Italiano between 1954 and 1956) compared with more recent 
images. The landforms mapped on the floodplain areas of the Caina and Anguillara rivers 
were then compared with the elements highlighted by the REM analysis starting from the 
ministerial LiDAR dataset. 
This revealed a significant correspondence until a localization improvement, particularly in 
terms of the distribution of depressed areas. These anomalies can be associated with the 
presence of SW-NE tectonic lineaments, which influenced the evolution of the drainage 
network through fluvial inversion and fluvial piracy phenomena and secondarily with the 
anthropic adjustments occurred in recent times. 
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Beach morphology is influenced by climate-driven factors, including sea-level rise and 
anthropogenic pressures, making long-term monitoring essential for understanding coastal 
evolution. In this context, some beaches develop morphological features that can buffer 
high-energy events, functioning as natural protections against erosion and flooding. A 
notable example in the Mediterranean is the formation of Posidonia oceanica banquettes, 
seagrass accumulations that influence beach dynamics, shoreline stability, and dune 
development. This study investigates their role on a western Sardinian beach through an 
integrated methodological framework combining long-term aerial orthophotos (~70 years) 
with high-temporal-resolution multispectral satellite imagery (~10 years). Results highlight 
the interaction between storm events, human activity, and natural processes: storm direction 
and intensity control banquette deposition and removal, while persistent accumulations 
evolving into stable states act as effective barriers, protecting the shoreline and the dune 
toe from erosion. In contrast, temporary deposits offer limited protection. Banquettes also 
improve dune resilience by facilitating sediment redistribution and enabling vegetation 
colonisation, which improves dune stabilisation over time. However, human interventions, 
particularly beach cleaning operations, disrupt these natural dynamics and limit the 
protective function of banquettes. The integration of orthophoto time series with Satellite-
Derived Shorelines enables the detection of erosion “hotspots” and provides a multiscale 
perspective on coastal response to storms. Overall, this work underscores the value of 
remote sensing for tracking the formation, persistence, and removal of Posidonia deposits 
across multiple timescales, offering insights to support coastal management strategies. 
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This study presents a comprehensive overview of the geomorphology of Greece at a 
1:1,000,000 scale, aiming to integrate and interpret the geological and geomorphological 
factors responsible for the formation and evolution of its landscape. It represents a 
pioneering cartographic synthesis, bringing together diverse data sources and employing 
semi-automated GIS techniques. The production of the geomorphological map was based 
on an extensive literature review of previous studies covering Greece's territories at varying 
scales. By integrating high-resolution topographic data from the Hellenic Cadastre with 
1:50,000-scale geological maps from the Institute of Geology and Mineral Exploration of 
Greece, a spatial geodatabase was constructed. Several secondary layers, including 
hillshade, slope-aspect, and red relief image maps, were combined with Google Earth 
Imagery to delineate landforms across the entire Greek territory. 
The resulting map provides a comprehensive representation of landforms formed through 
both endogenic and exogenic processes. It encompasses structural landforms, fluvial 
erosional and depositional features, gravity-induced landforms, coastal, karst, volcanic, 
glacial and periglacial landforms, as well as anthropogenic elements. Additional maps and 
tables were produced, detailing topographic parameters, geotectonic setting, and climatic 
regime. The results highlight Greece's diverse geomorphological environments, shaped by 
active tectonics and surface processes. The map serves as a valuable tool for stakeholders 
involved in land management, providing crucial quidance for informed decision-making. 
Furthermore, it presents a solid foundation for interdisciplinary research, supporting 
investigations across fields such as geology, geography, environmental science, and related 
disciplines. Overall, this comprehensive geomorphological map reflects the latest 
advancements in the study of Greece's landscape. 


