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Enhancing Natural Catastrophic Risk Management in New Zealand: Insights
from the 2022 National Seismic Hazard Model and RiskScape Applications
Dr Mostafa Nayyerloo?, Dr Alec Wild?, Ms Ellen-Elizabeth Jude?, Dr Lovleen Acharya-Chowdhury?, Dr

Nick Horspool?
1Aon, , Australia, 2Aon, , New Zealand, 3GNS Science, , New Zealand

10D: Advanced technologies for natural hazard monitoring and data integration with social
vulnerability for risk reduction strategies, Dobson 3, February 5, 2026, 2:30 PM - 4:00 PM

New Zealand's geological location at the boundary between the Pacific and Australian tectonic plates
has historically predisposed it to frequent seismic activity and consequent land failures. This dynamic
environment necessitates continuous advancements in seismic hazard assessment to safeguard
communities and infrastructure. The 2022 update of the New Zealand National Seismic Hazard Model
(NSHM) represents a significant advancement in seismic hazard assessment, integrating the latest
scientific insights and refined data. This revision revealed increased ground shaking hazards in
regions such as Wellington, Christchurch and the central North Island, driven by new fault discoveries
and enhanced subduction zone modelling. Thus, these developments necessitate a re-evaluation of
risk and loss projections, as heightened seismic hazard levels suggest potential increases in damage
to infrastructure and lifelines, impacting insurance costs and resilience investments. However, the
relationship between hazard and risk is complex, emphasizing the need for precise risk
quantification.

In this context, Aon, in partnership with GNS Science, has effectively utilized RiskScape in various
projects, including government and infrastructure portfolios, showcasing our versatility and the tool’s
effectiveness. Developed collaboratively by GNS Science and NIWA, RiskScape facilitates geospatial
data integration, enabling decision-makers to estimate economic losses and infrastructure impacts.
Thus, it emerges as a crucial tool for assessing the implications of the updated NSHM on
infrastructure, such as the buried pipe networks owned by Councils like the Outer Wellington
Councils which includes Porirua City Council, Kapiti-Coast District Council, Upper Hutt City Council,
and Hutt City Council, as well as telecommunications assets like those managed by Chorus. Our work
explores insights from these projects, providing an understanding of how advanced modelling tools
can enhance the management of natural hazards and risks to linear infrastructures. This also includes
informing insurance policies and emergency response strategies, ultimately supporting disaster
resilience and risk-informed decision-making.
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The Paleo-Anthropocene and the genesis of the current landscape of Israel

Professor Oren Ackermann?, Dr. Liora Kolska Horwitz?
Ariel University, Ariel, Israel, 2The Hebrew University, Jerusalem, Israel

10F: Geoarchaeology: Interactions between people and the environment, Conway 1, February 5, 2026,
2:30 PM - 4:00 PM

This study explores the nature of the Paleo-Anthropocene in Israel, beginning with the earliest
human occupation of the region, which served as a catalyst for ongoing changes in the physical and
biotic landscapes. Focusing on human impacts on the natural and physical environment, we propose
a division into four key stages that mark turning points in the intensification of anthropogenic
activity:

“Natural Ecosystem and Landscape” — as characterized during the period inhabited by hunter-
gatherers, beginning around 1.5 Ma years BP.

The onset of “Human Niche Construction”, starting around 12,500 BCE.

The emergence of an “Anthropogenic Ecosystem”, beginning around 3300 BCE.

The shift to a “Total Anthropogenic Ecosystem and Landscape”, from approximately 1200 CE.

Each stage represents a progression marked by acceleration in the pace and extent of human
intervention. As such, the landscapes and ecosystems of modern-day Israel are not “natural” in the

conventional sense but are the direct outcome of a long sequence of continuous anthropogenic
modifications.



437

Validation of Analytical Morphodynamic Theories through Observations of
Alternate Bars in the Alpine Rhine

Dr Luca Adami?, Prof. Walter Bertoldi?, Prof. Guido Zolezzi?
tUniversity Of Trento, Trento, Italy

Poster Session 3, Exhibition & Poster Hall, February 5, 2026, 4:00 PM - 5:00 PM

This study investigates the applicability of linear analytical theories of river morphodynamics to real-
world observations of alternate bar formation, with a specific focus on the Alpine Rhine. Building
upon classical formulations derived from the Saint-Venant and Exner equations, the study applies a
2D linear stability analysis to predict bar wavelengths and migration behavior in channelized river
reaches. The analytical outcomes are then compared to a comprehensive dataset of bathymetric
surveys collected over multiple decades along a 20 km stretch of the Alpine Rhine near Widnau,
Switzerland.

A hybrid methodology combining Fourier analysis and semi-automated detection algorithms is
developed to extract dominant bar wavelengths and migration velocities from observational data.
These metrics are then matched with theoretical predictions under varying hydraulic and sediment
transport conditions. The results demonstrate a remarkable agreement between theoretical and
observed bar characteristics, particularly in terms of longitudinal wavelengths and their dependence
on flow depth and Froude number. The study also highlights the influence of local channel geometry
and sediment availability on the spatial variability of morphodynamic patterns.

This validation effort not only corroborates the predictive potential of linearized morphodynamic
models for engineered river systems but also identifies their limitations in contexts where non-linear
effects or boundary constraints prevail. The findings offer a robust framework for the design and
adaptive management of river training works in gravel-bed rivers, especially in Alpine contexts where
morphological stability is critical for flood safety and ecological integrity.
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Responses of mangroves to environmental changes in estuaries that
periodically close to the sea

Professor Janine Adams?, Professor Débora de Freitas?, Professor Kerrylee Rogers?, Professor Lara
Van Niekerk*

INelson Mandela University, Ggeberha, South Africa, 2S3o Paulo State University (UNESP), Institute of
Biosciences, P.O. Box: 73601. 11380-972, S3o Vicente, Brazil, 3Environmental Futures Research
Centre, School of Earth, Atmospheric and Life Sciences, Faculty of Science, Medicine and Health,
41.G30, University of Wollongong , Wollongong, Australia, “CSIR, P.O. Box 320, Stellenbosch, 7599,
South Africa

O5F: Bar-Built Estuaries: Dynamics, Disturbances, and Future Challenges, Conway 1, February 3, 2026,
11:35 AM - 1:20 PM

The distribution and growth of mangroves in closed estuaries provides insight to the functioning of
mangrove ecosystems and future responses to environmental extremes. Estuaries that close to the
sea experience rapid changes in salinity and water level; mangroves either adapt or die rapidly. In
the Kobongaba Estuary, South Africa Avicennia marina died after three months of pneumatophore
inundation when the mouth closed to the sea and water level increased. Extended mouth closure in
the St Lucia Estuary has led to a freshening of the system and replacement of mangrove habitat by
reeds and sedges. Increases or decreases in freshwater inflow in response to climate change will
change the connectivity of estuaries with the sea and thus the distribution and growth of mangrove
species that prefer tidal conditions. Artificial mouth opening or entrance training such as that at Lake
[llawarra, Australia modified the tidal frame and its elevation, leading to proliferation of mangroves
but loss of salt marsh. A conceptual model is presented that captures our global knowledge on
estuarine morphodynamics, abiotic drivers and mangrove responses in estuaries that close to the
sea. These systems occur predominantly along the Gulf of Mexico, Brazil, India, South Africa and
Australia. An understanding of mangrove changes in temporarily closed estuaries allows us to plan
for conservation and restoration interventions.
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The tale of two glaciers: reassessing the climatic sensitivity of the Otira and
Bealey Glaciers in Arthur’s Pass, New Zealand.

Dr Patrick Adams?, Dr David Fink?, Professor James Shulmeister?
LANSTO, Lucas Heights, Australia, 2ANSTO, Lucas Heights, Australia, 3The University of Canterbury,
Christchurch, New Zealand

05G: Cryogenic Landsystems of Southern Hemisphere Alpine Environments, Conway 2, February 3,
2026, 11:35 AM - 1:20 PM

Two paleo-glaciers, Otira and Bealey, once flowed from the same source—Mt. Rolleston in Arthur’s
Pass National Park—yet their subtly different aspects and exposure to regional atmospheric
conditions resulted in contrasting glacial behaviours. Both glaciers faced west, but the Bealey glacier
lay in the lee of Mt. Rolleston, largely shielded from prevailing westerly winds, while the Otira glacier
remained fully exposed to them.

The majority of Otira ice flowed westward down the Taramakau Valley towards the West Coast.
However, a significant eastern lobe of Otira overtopped the Arthur’s Pass saddle and merged with
the Bealey glacier, flowing eastward into the headwaters of the Waimakariri River. This eastern lobe
persisted until approximately 16.6 ka, when thinning caused it to cease overtopping the pass, leaving
behind the prominent Dobson Memorial Moraines as its terminal expression.

Continued thinning of the Otira glacier led to its retreat to the vicinity of Lake Misery, forming largely
lateral moraines. This phase coincides with the onset of the Antarctic Cold Reversal (ACR; ca. 14.4
ka), during which remaining ice was funnelled westward over the steep escarpment at Falling
Mountain, continuing towards the Taramakau. The Otira glacier persisted in a much-reduced form
near Lake Misery until the early Holocene, with evidence for ice lingering until ca. 9.8 ka.

The Bealey glacier exhibits a retreat sequence that appears broadly coeval with the Otira’s eastern
lobe, though Bealey’s behaviour was more sensitive to variations in precipitation. Being shielded
from direct westerly flow, Bealey was more readily starved of moisture during minor reductions in
westerly wind strength.
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Dynamics of Modern Washover Deposits in Southern New South Wales,
Australia

Mr Olawale Adenugba?, Dr Thomas Oliver?, Dr David Paull?
tUniversity Of New South Wales (UNSW) Canberra, Belconnen, Australia

02E: Coastal dynamics and climate change: from the recent past to the near future, Dobson 4,
February 2, 2026, 2:00 PM - 3:30 PM

Washover deposits are layers of sediment moved inland when strong waves overtop sandy barriers
(overwash), leaving behind a geological record of storm events that shape and reshape these
deposits. Along the stable, wave-dominated sandy coast of southern New South Wales (NSW),
Australia, these processes occurred during the later stages of the post-glacial marine transgression.
Since Holocene sea levels stabilised, they have been far less common as barriers have built vertically
and seaward. However, in recent decades contemporary examples of barrier washover are evident
re-shaping the barrier morphology. Understanding these modern washover dynamics is crucial as
they provide valuable analogues for the past but may also indicate present and future sensitivity of
barrier systems to episodic high-energy events, which may become more frequent or intense under
future sea-level rise scenarios. In this study we investigated one such example of modern washover
integrating a range of datasets to document its morphology and the process driving its formation.
Elevation and shoreline change data derived from spatial datasets such as LiDAR and DEA Coastlines
provided detailed insights into surface morphology and shoreline dynamics. Complementary
hydrodynamic data including nearshore wave and ocean tide records as well as river discharge data
were used to quantify the external forcing mechanisms responsible for overwash initiation and
sediment transport. Furthermore, high-resolution temporal imagery from Nearmap and Planet Labs
enabled detailed monitoring of surface changes and sediment redistribution following overwash
events. The results emphasise that washover and associated ongoing reshaping of the sandy barrier
is driven by the interaction of episodic storms with tides and river discharge. The results also
highlight the importance of continuous, high-resolution monitoring and have broader implications for
barrier resilience and future coastal management as overwash becomes a more dominant feature of
sandy shorelines impacted by projected sea-level rise.
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Rethinking GLOF Hazard Assessment: Lessons from Overlooked Small
Glacial Lakes and Their Socio-Environmental Impacts
Dr Rayees Ahmed?, Dr Anshuman Bhardawaj?, Dr Lydia Sam?, Prof Anil V Kulkarni®

Indian Institute Of Science Bangalore, Bangalore, India, 2School of Geosciences, University of
Aberdeen, Aberdeen, AB24 3UF, UK, , United Kingdom

11J: Hydrological extreme events, climate variability and environmental changes: patterns, controls,
and attribution across scales and landscapes, Conway 5, February 5, 2026, 5:00 PM - 6:30 PM

Glacial Lake Outburst Floods (GLOFs) are high-magnitude cryospheric hazards that are increasing in
frequency and intensity in response to ongoing climatic and glaciological changes. While existing
GLOF risk frameworks predominantly focus on large glacial lakes (>0.1 km?), small glacial lakes (<0.01
km?) remain systematically overlooked, despite mounting evidence of their potential to cause
devastating downstream impacts. This study analyzes two recent, high-impact GLOF events triggered
by small glacial lakes: the Limi Valley flood in northwestern Nepal (May 15, 2025) and the Huaraz
flood in the Peruvian Andes (April 28, 2025). Although these lakes were well below the size
thresholds commonly used to classify potentially dangerous glacial lakes (PDGLs), both events
resulted in catastrophic consequences, including fatalities, infrastructure destruction, agricultural
losses, and widespread displacement. We employed high-resolution satellite data (Sentinel-2,
PlanetScope, Maxar), and pre-/post-event digital elevation model (DEM) analysis to characterize
geomorphic changes. Flood propagation was modeled using HEC-RAS 2D, and findings were validated
through post-event field surveys and stakeholder engagement. Our findings challenge the prevailing
area-threshold paradigm for GLOF hazard classification. We demonstrate that lake area alone is
insufficient to assess risk. Key contributing factors—including dam material and structure, proximity
to steep slopes, glacial connectivity, and basin topography—play critical roles in determining the
likelihood and magnitude of GLOFs from small lakes. We argue for the integration of multi-criteria
approaches in GLOF hazard assessments, moving beyond simplistic size-based classifications.
Recognizing and addressing the overlooked threat of small glacial lakes is essential for strengthening
early warning systems, informing policy, and safeguarding vulnerable mountain communities in an
era of accelerating cryospheric change.
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Landscape sensitivity and change in the Gisborne region of New Zealand

Mr Wali Akhtar?, Prof Martin Brook?, Dr Jon Tunnicliffe!, Dr Matt Cook!, Dr Murry Cave?’
tUniversity Of Auckland, Auckland, New Zealand, Gisborne District Council, Gisborne , New Zealand

12J: Landscape sensitivity and global change, Conway 5, February 6, 2026, 9:35 AM - 11:05 AM

The Gisborne region of New Zealand’s North Island is a landscape exposed to a range of natural
hazards, including earthquakes, tsunamis, landslides, mud volcanoes, and flooding. Landslides, in
particular, are often generated by the passage of severe rainstorms, and this can generate 10s of
1000s of landslides in a single event. This study provides an initial assessment of landslide hazards
within Gisborne City and along a segment of State Highway 35 (SH35), stretching from Tokomaru Bay
to Ruatoria. The region is particularly vulnerable to landslides due to a combination of geological,
climatic, and human-induced factors. Important geological factors include the typically weak rocks
and overlying sensitive, clay-rich, residual and transported soils, as well as colluvium, which fail due
to increased porewater pressure, reducing the effective stress in the slope, following heavy rainfall.
The styles of landslides in suburban Gisborne tend to be rotational slumps that quickly transition
downslope into flows, which can damage residential property. Along the segment of the SH35
transport corridor, both over-slips and under-slips occur, with shallow translational landslides
extending downslope and across SH35 at some locations. The clay-rich soils also exhibit expansive
behaviour, leading to strain-softening over time. Anthropogenic factors such as deforestation, land-
use changes, and slope cutting and filling are also important, and along SH35, vibration-induced slope
failures from heavy vehicles is also a problem that has been identified. All of these factors can
decrease the factor of safety below one. Remote sensing techniques, including UAV, LiDAR, and
INSAR, are employed here to detect and monitor changes in the landscape, as well as targeted
ground investigations. It is envisaged that results will help in the development of regionally
appropriate engineering solutions aimed at reducing slope failure risk in this sensitive landscape.
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Biogenic-abiogenic interactions in soil and soil-like bodies of Antarctica:
insights from micromorphology

Mr Ivan Alekseev!?, Dr. Elena Grek®!, Mrs. Antonina Chetverova!

!Arctic And Antarctic Research Institute, Saint Petersburg, Russian Federation, 2Institute of
Physicochemical and Biological Problems of Soil Science, Puschino, Russian Federation, 3State
Hydrological Institute, Saint Petersburg, Russian Federation

Poster Session 2, Exhibition & Poster Hall, February 3, 2026, 4:00 PM - 5:00 PM

The identification of pedogenetic processes in Antarctica is crucial for understanding not only the
current state of its environment, but also for better understanding of soil development on Earth
through time. East Antarctic ice-free areas are characterized by acute lack of moisture, ultraviolet
radiation, sharp temperature changes and strong winds, which significantly reduce the primary
production of organic matter and the formation of organogenic horizons on the surfaces of loose and
rocky substrates that prevail there. This study examines micromorphological features of soil and soil-
like bodies in Larsemann Hills and Bunger Hills. Soils investigated predominantly exhibit coarse
texture, low organic carbon content, and pH ranging from alkaline to near-neutral. Thin section
analysis reveals a dominance of primary mineral grains (quartz, feldspars) with angular morphology,
indicating limited mineral alteration. Cryogenic processes significantly influence soil microfabric,
evidenced by cracks and vertically oriented mineral structures; microfabric is characterized by a
coarse detrital matrix with abundant voids; clay particles are mainly dispersed within the fine earth
fraction. Topsoil horizons often contain localized clay plasma zones showing signs of accumulation
and mobility, with mineral grains coated by thin clay films (cutans), indicating clay translocation.
Conversely, soils from Maritime Antarctica (previously studied) display high humus-like plasma
accumulation on large particles, including guano and ornithogenic organic matter. Organo-mineral
interactions in studied soils of East Antarctica are primarily associated with biofilm development in
topsoil horizons, correlating with higher biological activity rates. The findings support that soil
formation in Antarctic oases results from the combined effects of the "oasis" phenomenon,
surrounding ice influence, and local climate. Moisture availability, rather than temperature alone,
limits biological activity and pedogenesis in coastal eastern Antarctic substrates. Microclimatic
factors—such as wind sheltering and moisture retention in wet valleys—are critical for creating
conditions conducive to increased biomass under harsh climatic regimes.
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Estuary Dentistry: The Mouth of Te Waihora / Lake Ellesmere

Mr Liam Allan?, Mr Dan Meehan?
'Environment Canterbury, Christchurch, New Zealand

08B: Predicting and responding to geomorphic change: case studies from Aotearoa New Zealand,
Dobson 1, February 5, 2026, 9:35 AM - 11:05 AM

Te Waihora / Lake Ellesmere has been opened to the Pacific Ocean by humans since Ngai Tahu
settled the area centuries ago. The arrival of European settlers saw new technology used to manage
the lake, enabling more frequent lake openings and lower operating levels that led to farming in the
surrounding low-lying land of the old lakebed. The management of river mouths and estuaries has
recently re-emerged into the public spotlight following several flood events around the country,
including the rainfall event in May 2025 which again raised questions about the management of Te
Waihora and the neighbouring Wairewa / Lake Forsyth. These public and political pressures will
compound the need to understand the potential impact of sea level rise and climate change on the
management of Te Waihora.

While connecting the lake to the sea appears a simple task (i.e., move gravel so water can flow out), a
number of complex geomorphic and environmental challenges must be navigated in order to
complete a successful opening. The opening is completed with a very small difference in water level
between lake and sea, deep water is required in the feeder channel, sea conditions quickly
overwhelm the beach, and wind fetch can alter the lake level by up to 1m.

In addition to the combination of required physical conditions outlined above for a successful
opening, the National Water Conservation (Te Waihora/Lake Ellesmere) Order 1990 also directs
when and at what level the lake can be opened to the ocean. This paper will describe how these
challenges are met, along with the future challenges to come as a result of climate change.
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Potential Origin of Mushroom Rocks in Barbados’ Scotland District

Dr Casey D. Allen!, Miss Shanice Haynes!
The University Of The West Indies, Cave Hill, St. Michael, Barbados

02F: Lessons and future prospects for rock coast geomorphology, Conway 1, February 2, 2026, 2:00
PM - 3:30 PM

A small tropical island mainly formed via tectonic uplift of an accretionary wedge, Barbados’ rocky
eastern coastline and northern coastal areas remain dotted with large coral limestone boulders,
many of which have distinct basal notches. Instead of wave action, however, the tidal notch shape of
these boulders is due mostly to bioerosion from West Indian chiton feeding patterns. While some of
the smaller boulders are obvious products of headland erosional processes (e.g., sea stacks,
undercutting), the larger, so-called “mushroom rocks” of the island’s Scotland District do not match
the area’s main geology of sandstones, marls, clay/silt/mudstones, and older oceanic basement
sediments. The leading (unsubstantiated) presumption for the large boulders’ origins suggests they
are remnants from mass wasting processes along Hackleton’s Cliff ridge — a limestone member dated
to >484,000 years ago (Upper Coral Rock, UCR) and approximately 1.5 km away from, and more than
300 meters above, the mushroom rocks’ current coastal location, with an average slope of ~20o0.
However, younger, interdigitated coral limestone exposures (Middle Coral Rock, MCR, 127,000-
484kya) surveyed near the shoreline displayed greater similarities in fossil coral species to the larger
mushroom rocks, suggesting a more coastline-contiguous origin. We also compared the ages of MCR
and morphology of the mushroom rocks determined by chiton feeding rates with fossil coral species
in the UCR, considering current and potential paleoslope angles in the coastal MCR outcrops and
higher elevation UCR. These data support the notion that Barbados’ large mushroom rocks likely
have an adjacent source rather than the always assumed but unsupported origin hypothesis of
Hackleton’s Cliff.
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Linking geomorphology and biogeochemisty to predict soil organic carbon
stocks at landscape scales

Dr Peter Almond?, Prof. Josh Roering?, Prof. Isaac Larsen?, Ass. Prof. Brooke Hunter?
Lincoln University, Lincoln, New Zealand, 2University of Oregon, Eugene, USA, 3University of
Massachusetts, Amherst, USA, *Appalachian State University, Boone, USA

08C: Earth Surface Processes and Carbon Dynamics, Dobson 2, February 5, 2026, 9:35 AM - 11:05 AM

Soil organic carbon (SOC) is the largest terrestrial pool of C, exceeding the size of the atmospheric
pool by a factor of ~ 3 or more. Thus, changes in SOC can have pronounced impacts on atmospheric
greenhouse gas concentrations (GHG) and climate. Wise management of SOC can modulate
atmospheric GHG concentrations, help mitigate some of the negative effects of anthropogenic GHG
emissions and improve soil health. In this context, inventories of SOC take on added significance. At
global scales, inventories identify state and trend, possibly signally trajectories to tipping points,
while national inventories serve to meet reporting requirements for global climate treaties.
Inventories of SOC stocks are commonly based on empirical (statistical) models using training
datasets and covariates derived from harmonised environmental data, remote sensing or
topographic analysis. There is potential for improving inventories by developing semi-mechanistic
models of SOC that link geomorphic and biogeochemical processes underpinned by detailed
topographic data. Here we review a recent model relating topographic characteristics to erosion, soil
production and soil residence time and ultimately the formation of poorly crystalline secondary
minerals, which are fundamental in forming stable SOC pools. We present a data set from soils on
hilltops with different curvatures in a superhumid region of western South Island, New Zealand to
test the model’s predictions. We conclude that the model as currently formulated fails to capture
strong interactions of inorganic and organic phases in “podzolising” soil environments, which have a
large bearing on mineral weathering rates and trajectories. We offer alternate model routines to
account for these effects.
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Long-term plant-herbivore dynamics and niche shifts in arctic—alpine
ecosystems disclosed by ancient sedimentary DNA

Professor Inger Greve Alsos?, Dorothee Ehrich?, Dilli P Rijal!, Antony G. Brown?, Youri Lammers?,
Marie F Merkel?, Anne Karin Hufthammer?, Jan Magne Gjerde3, Benjamin Mark Boyes*, Sandra
Garcés-Pastor!

Uit - The Arctic University Of Norway, Tromsg, Norway, 2University of Bergen, , , 3Norwegian
Institute for Cultural Heritage Research, , , %4, ,

04K: Biogeomorphology and Ecological Baselines: From Life—Landscape Interactions to Restoration,
Bealey 3, February 3, 2026, 9:35 AM - 11:05 AM

To respond to ongoing climate change and establish resilient ecological baselines, we need to
understand the long to medium-term drivers of ecosystem dynamics. Biotic drivers may be as strong,
or even stronger, than climatic drivers and changes in community composition can alter the
ecological niches species occupy. Ancient sedimentary DNA (sedaDNA) has revolutionised our ability
to study the formation and dynamics of past ecosystem by enabling the simultaneous identification
of plant and animals from their past living and physical environment. Reconstructing past plant-
herbivore interactions marks a crucial first step toward understanding ecosystem dynamics over
time. Using sedaDNA, bones and archaeological data we show how the ecosystem of Northern
Fennoscandinavia and the Alps changed over time and was virtually never the same as it is today.
Emphasis is placed here on keystone species, such as the beaver and reindeer in the Arctic and
domesticated animals (cattle, sheep et.) in the Alps. Although less complete, we show that other
organism groups are also recorded including the immigration and establishment of freshwater fish,
aquatic plants and even freshwater annelids (worms). The ability to be able to identify multiple biotic
components of the ecosystem from a definable area makes this data far more valuable for defining
past ecosystem states and potential equilibria than traditional proxies such as pollen. But further
than this, the realization that key-species niche-size changes provides some avenues for exploring
future ecosystem change in a warming world. So although Arctic-Boreal and Alpine ecosystems show
resilience to increased interaction complexity, individual species may change their niche due to
human influence such as reindeer husbandry, grazing regimes, hunting and introductions.
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Pedogenesis vs. Morphogenesis in Vertisols: implications for OSL dating in
the Brazilian Semiarid region

Mrs Amanda Dias Reis?, Grace Alves!, Matheus Figueiredo?, Fabiano Pupim?, Sheila Furquim?
lUniversidade Federal Da Bahia, Salvador , Brazil, 2Universidade de S3o Paulo, S3o Paulo, Brazil,
3Universidade Federal de S3o Paulo, Diadema, Brazil

Poster Session 3, Exhibition & Poster Hall, February 5, 2026, 4:00 PM - 5:00 PM

Optically Stimulated Luminescence (OSL) has been applied to various soil types, including Vertisols,
which are notable for their pedoturbation processes. The results of such analyses are often
interpreted as depositional phases, without considering the roles of pedogenesis and
morphogenesis. Our study aimed to understand the balance between pedogenesis and
morphogenesis in the genesis of Vertisols and their impact on the ages obtained through OSL. We
analyzed two Vertisol profiles in the Brazilian semiarid region: P1 in Souza, Paraiba, developed from
sedimentary parent material; and P2 in Madalena, Ceara, developed from meta-igneous parent
material. We conducted analyses of: a) particle-size distribution, to determine the quantity and
predominance of soil particles and to assess the feasibility of using quartz for OSL; b) OSL dating in
horizons Bv1, Bv2, BC, C/Cr, and C or BC, to determine the age of the material and evaluate whether
it reflects pedogenesis or morphogenesis; and c) soil micromorphology, to assess the degree of
development (pedality) and composition. In the Vertisols, sand content was predominantly
concentrated in the horizons of profile P2 compared to P1, indicating a strong influence of the parent
material in these horizons. The OSL results revealed Holocene ages that coincide with stabilizing
current semiarid conditions in northeastern Brazil in both profiles, although older ages were found in
P2. The micromorphological analysis of P1 revealed a crystalline birefringent, subparallel, and
undifferentiated fabric with coarse material in Bv2, whereas P2 showed a granostriated fabric,
suggesting a dual contribution: morphogenetic in P1 and pedogenetic in P2. These findings indicate
that both profiles receive allochthonous materials. Still, the ages result from pedoturbation
processes, with meta-igneous materials appearing more susceptible to pedogenetic processes or
being exposed to them for more time (FAPESP 2020/16446-1).
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Reframing Landscape Evolution in Tropical Drylands: a
pedogeomorphological approach to the lowlands of the Brazilian Northeast

Grace Alves!, Matheus Figueiredo?!, Weldon Santos!
1UFBA - Federal University of Bahia, Salvador, Brasil

09J: Responses of geomorphic processes and earth surface systems to extreme weather and climate
events, Conway 5, February 5, 2026, 11:35 AM - 1:05 PM

The Brazilian Northeast is a key region for investigating long-term landscape dynamics, shaped by
morphogenetic processes such as the uplift of sedimentary basins, exposure of ancient massifs,
differential erosion, and prolonged denudation. These processes contributed to forming the low-
relief Sertaneja Surface, a prominent planation feature in the region. Although classical models, such
as peneplanation, pediplanation, and structural geomorphology, have been proposed to explain its
genesis, they often underestimate the role of soils as both archives of environmental history and
agents of landform transformation. This study analyzes how soil characteristics and spatial
distribution relate to different surface levels, using them as indicators of the evolutionary stages of
the landscape. Soils were categorized into two main groups: those formed under humid paleoclimatic
conditions, such as deeply weathered tropical soils (e.g., Latossolos), found in relict landscapes; and
those developed under present-day semiarid conditions, including Planossolos, Luvissolos,
Vertissolos, and Chernossolos (as defined by the Brazilian Soil Classification System), typically
occupying low-relief positions. Their spatial stability suggests they correspond to a steady-state level
in the landscape and are thus essential for interpreting planation surfaces. The presence of soils with
contrasting climatic signatures at similar elevations and under comparable lithological and climatic
conditions reveals a complex pedological mosaic. This diversity challenges the assumption that
morphogenesis necessarily precedes pedogenesis, suggesting instead that multiple phases of
landscape transformation have occurred. We argue that soils on the Sertaneja Surface offer critical
insights into polygenetic processes shaping tropical drylands and advocate for an integrative
framework in which pedogenesis and morphogenesis are interpreted as co-evolving processes across
spatial and temporal scales, thereby enhancing our ability to reconstruct the morphoclimatic history
of tropical drylands.
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Spatial Distribution of Woody Vegetation within River Channels: A Case
Study of Major Rivers in South Korea

Seonggi An?, Chanjoo LEE?, Yongmin KIM3, Hun CHOI*

!Department of Land, Water and Environment Research, Korea Institute of Civil Engineering and
Building Technology, Andong-si, South Korea, ?International Cooperation & Public Relations Division,
Korea Institute of Civil Engineering and Building Technology, , South Korea, 3Department of
Construction Test & Certification, Korea Institute of Civil Engineering and Building Technology, , South
Korea, “Department of Land, Water and Environment Research, Korea Institute of Civil Engineering
and Building Technology, , South Korea

O8A: River and catchment evolution, processes, and management, Auditorium, February 5, 2026, 9:35
AM - 11:05 AM

Vegetation establishment within river channels alters fluvial landscapes and influences
geomorphological processes. In particular, woody vegetation increases potential flood risks (Rood et
al., 2019) and enhances ecological functions by diversifying habitats (Gurnell, 2014). Such changes
have been observed in many South Korean rivers. Due to levees constructed on both sides, Korean
rivers are spatially confined, making it essential to balance river management with ecological
conservation. Accordingly, understanding the current status of surface cover within river channels is
a critical first step.

Traditional field-based vegetation surveys have limitations in capturing the spatial complexity of
dynamic river environments. To address this, the present study used Sentinel-2 satellite imagery and
the Random Forest classification algorithm to assess surface cover in the Naeseong Stream(An et al.,
2024). Ground truth data from 2016 were used for training, and the classification covered the period
from 2016 to 2023. Surface cover was classified into four categories: open water, bare bars, herbal
vegetation, and woody vegetation, with an overall accuracy of 85.1%.

This methodology was expanded to major rivers across South Korea. For each river, datasets from
2016 to 2023 were constructed. River channels were segmented at 1 km intervals to calculate the
proportion of woody vegetation and a relative distance score, with higher scores for vegetation near
the channel center, where flood risk is greater (Bae et al., 2024). Among 6,115 river segments, 3,868
were classified as low-density with dispersed woody vegetation, while 282 showed intermediate
densities with potential to develop into high-density areas.

This study demonstrates the effectiveness of combining satellite data and machine learning for
riverine vegetation monitoring and offers a cost-efficient, quantitative tool for decision-making on
vegetation management within confined river channels.
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LiDAR-Based Analysis of 19th-Century Fortifications in the Reims Region
(France): Morphogenesis, Geoheritage, and Environmental Impact
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February 3, 2026, 11:35 AM - 1:20 PM

Following the Franco-Prussian War (1870-1871), the French government launched the ex nihilo
construction of 234 forts, built using a variety of geomaterials and covered with massive earthworks
involving several tens of thousands of cubic meters of fill. In Reims (northeastern France), a belt of 13
detached forts was constructed and modernized between 1875 and 1892, later integrated into the
defensive networks of the WW1. This PhD research offers a morphological analysis of the "Séré de
Rivieres" fortifications, anchored in the broader field of geomorphological studies on the
environmental imprint of warfare.

Using high-resolution airborne LiDAR data covering the entire Reims fortification belt, this study aims
to (1) analyze the morphological structures resulting from the hybridization of topography and
fortification design, (2) investigate the morphogenesis of these war-related anthropogenic landforms
to decode the « palimpsest » of the current landscape, and (3) assess their multifaceted legacy—
geomorpological, biogeographical, historical, architectural, military, and cultural—with implications
for heritage conservation, ecological dynamics, and environmental risk assessment. These
contrasting territorial trajectories—ranging from ruin and reforestation to abandonment,
preservation, or museographic valorization—reflect the diverse outcomes of military landform
integration into peri-urban environments.

The complexity of these artificial terrains calls for an interdisciplinary GIS-based approach combining
geomorphology with archaeology, history, military and historical geography, geo-history,
biogeography, and spatial planning, to explore past, present, and potential future landscape
transformations.

This research situates war landforms within anthropogeomorphology, where war is considered a
powerful shaping force of contemporary landscapes. It also contributes to the recognition of these
inherited reliefs as geoheritage objects—carrying scientific, historical, and ecological value—and calls
for their inclusion in landform classification frameworks, as well as in heritage management policies
and strategies addressing the long-term environmental impacts of conflict-altered terrains,
particularly in post-conflict and rapidly urbanizing areas.
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Toward a carbon budget in the Arctic Canning River delta

Dr Suzanne Anderson?, Dr Robert Anderson?', Mr Cole Cochran?, Dr Marisa Repasch?, Dr. Irina
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tUniversity Of Colorado, Boulder, Boulder, United States, 2University of New Mexico, Albuquerque,
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The carbon budgets of dynamic river corridors are less studied than surrounding terrestrial
environments, even though eroded terrestrial material including carbon must pass through river
corridors to reach the ocean. In river corridors, carbon accumulates through growth of pioneering
riparian flora, deposition of exogenous organic matter, and burial. Decomposition and fluvial erosion
remove carbon. We outline elements of a carbon budget for the fan-delta of the Canning River (70°N,
146°W) in continuous permafrost on the North Slope of Alaska.

Canning River delta deposits cover 980 km? of the ~32 km wide coastal plain abutting the Beaufort
Sea. The three active gravel channel belts found in the eastern third of the delta contain
anastomosing channels in summer but are fully submerged during spring freshet when clogged by
ice. In the channel belts growth of willow (Salix)-dominated vegetation adds new carbon, although
typical soil carbon stocks are low (3-10 kgC/m?, to 0.3 m) and vulnerable to either removal and loss
by fluvial scour, or burial and preservation by deposition. Delta deposits outside the active channel
belts appear less disturbed and much older judging from their ice wedge polygons and more carbon
rich soils (~18 kgC/m?, to 0.3 m). These dominant delta deposits are eroded only where the channel
flow impinges against the outer wall of a channel belt. Thermal undercutting mobilizes the sedge-
shrub tundra in meter-scale turf blocks, a process favored in warmer summer flows despite lower
stages that limit channel-outer wall impingement to ~10-30% of channel lengths. Toppled turf blocks
line channel belt edges awaiting transport in higher stage flows and protecting banks in the
meantime. Some proportion of transported turf blocks strand on bars. The net effect of riparian
vegetation growth, and fluvial erosion, deposition and burial, on carbon stocks across river corridors
has yet to be fully quantified.
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Lingering beneath crumbing walls: the necessary conditions for rock glaciers

Dr Robert Anderson?, Dr Suzanne Anderson?, Ms Juliana Ruef!, Dr Bradley Markle!, Ms Maya
McDonough'
tUniversity Of Colorado, Boulder, Boulder, United States

03G: Open session on rock glaciers dynamics, Conway 2, February 2, 2026, 4:00 PM - 5:30 PM

Rock glaciers may appear to be stubby, slow-moving, debris-mantled cousins of glaciers, yet the
controls on their formation, size, and persistence differ from glaciers. Their defining feature is a
debris cover sufficiently thick to protect the icy core from ablation, even below the regional
equilibrium line altitude. We therefore focus on controls on debris thickness at the down-valley end
of the rooting zone, the area where avalanches and rockfall deliver the ingredients for a rock glacier.
We incorporate debris input, ice accumulation, and the resulting surface speed of the rock glacier.
Our model shows that rock glaciers exist in a narrow range of conditions that provides sufficient
debris from eroding headwalls, and enough ice from focused snow avalanches to create a small ice
accumulation area. The ice deformation speed sets the time available to accumulate the protective
cover. A tradeoff between headwall backwearing rate and the duration that ice lingers in the rooting
zone controls the conditions necessary for rock glacier formation and persistence. Quantitatively, if a
2 m thick debris cover is required to fully prevent melt of underlying ice, a 100 m tall headwall
eroding at 1 mm/yr produces enough debris cover only if rock glacier surface speeds are less than 1
m/yr. This low speed limits the maximum length of rock glaciers. Where surface ages have been
constrained, rock glaciers are found to have originated in the early Holocene. There is only so far,
typically hundreds of meters, that rock glacier lobes can advance in the Holocene. The handover from
glacial to rock glacial occupation of alpine valleys may involve complete deglaciation before rock
glacier conditions are met. Finally, the headwall retreat required to produce a protective debris
mantle far outpaces vertical summit lowering rates, offering an explanation for the asymmetry
observed along ridgelines.
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Ground surface temperature linked to remote sensing land surface
temperature in mountain environments
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04H: Geospatial Innovations in Geomorphological Research: Integrating Remote Sensing and
Advanced Technologies, Conway 3, February 3, 2026, 9:35 AM - 11:05 AM

Ground surface temperature (GST, approximately 5 cm deep) is a crucial parameter influencing all
subsurface biophysical processes in the complex land-atmosphere interaction and is vital for
understanding climate-induced impacts across various environments. Despite the GST significant
importance, it remains a challenge to monitor the GST due to the high heterogeneity of surface cover
and topography, and the sparse observational network. This work assesses the potential of the
physical model GEOtop to simulate GST driven by satellite-based land surface temperature (LST) and
climatic variables. The LST derived from the Terra MODerate resolution Imaging Spectroradiometer
(MODIS) was downscaled to a finer spatial resolution of 250-m using data-driven sharpening from
random forest algorithm. Comparisons at 14 weather stations in Matsch Valley, North-eastern Italian
Alps, revealed larger LSTs than GST with an average difference of 7.9 °C from 2013 to 2017. The 1D
simulations of GST at 1500 m elevation in meadows revealed the highest accuracy (r> = 0.96, RMSE =
2 °C, Bias = 0.68 °C) when the model was forced by hourly air temperature as the upper boundary
condition. Forcing the model only based on daily LST revealed a lower accuracy (r? = 0.88, RMSE =
9.27 °C, Bias = —8.72 °C) but with a bias still in the range of the differences between the compared in-
situ GST and MODIS LST. Forcing the model based on hourly air temperature and humidity, solar
short-wave incoming radiation, precipitation, and wind speed, also revealed a high accuracy (r? =
0.95, RMSE = 2.57 °C, Bias =—1.76 °C). Although the model overestimates GST, the LST closely
followed the pattern of the GST variability, suggesting the possibility of linking GST to LST products.
Using the satellite LST as input in data-based models could simplify and improve the simulation of
GST over large areas.
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CanRoGl: Towards a National Rock Glacier Inventory in Canada as a
Foundation for Geomorphic and InSAR-Based Analysis
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Rock glaciers are key indicators of mountain permafrost and hydrological storage, yet remain poorly
mapped across much of Canada’s vast alpine regions. While comprehensive inventories exist for
several alpine countries, Canada currently lacks a standardized rock glacier dataset at the national
level. This project aims to address that gap through the development of the Canadian Rock Glacier
Inventory (CanRoGl) which will be the first coordinated, nationwide inventory of rock glaciers in
Canada. The project follows the guidelines established by the Rock Glacier Inventory and Kinematics
(RGIK) Working Group (BPC v1.0) and leverages publicly available high-resolution imagery and digital
elevation models to identify and classify rock glaciers based on geomorphological criteria. To date,
rock glacier investigations in Canada have been limited in both spatial and temporal resolution, with
only a handful of regional studies conducted using varying classification methods (i.e. 3 regional
inventories within the past 5 years). This fragmented coverage underscores the need for a unified
and consistent mapping effort. Current work is focused on regions such as Western Canada, the
Yukon Territory, and Nunavut, where rock glaciers remain largely undocumented, further
emphasizing the potential scale of these landforms across northern and western Canada. The
resulting CanRoGI dataset will support interferometric SAR (InSAR) time-series analysis and enable
future assessments of kinematic activity, permafrost stability/hazards, and long-term landscape
evolution. It will also contribute to international efforts to standardize and compare rock glacier
dynamics in the context of climate change. This contribution highlights the urgent need for
coordinated rock glacier mapping in Canada and the foundational role of CanRoGl in advancing
national and global periglacial science.
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Distribution and Surface Morphology of Debris-Covered Glaciers and the
Latitude Dependent Mantle (LDM) in Phlegra Montes, Mars

Dr Chimira Nicole Andres?, Dr. Susan J. Conway?, Dr. Isaac B. Smith®3
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02D: Planetary Geomorphology, Dobson 3, February 2, 2026, 2:00 PM - 3:30 PM

Debris-covered glaciers, or Viscous Flow Features (VFFs), in Phlegra Montes exhibit systematic
variations in morphology and distribution with latitude. Using a newly developed Confinement Index
(Cl), we categorize 479 VFFs, ranging from fully confined (Cl = 1) to fully unconfined (C=0). Our results
show that Cl values decrease at northern latitudes (>40°N), where low-relief landscapes host only
unconfined and isolated glaciers. A focused analysis of 83 of these isolated lobate debris aprons
(LDAs) reveals a southward offset in massif bedrock exposures positions and ice accumulation on
pole-facing slopes, which is accentuated towards higher latitudes. SHARAD radar data shows that the
total ice thickness increases with latitude, with a maximum thickness of ¥390 m at 48°N. We identify
five surface textures associated with LDAs (i.e. Lineated, Knobby, Undulating, Smooth, and Scalloped
terrains), which exhibit latitudinal trends. We interpret Lineated terrain (30°-44°N) as a relict of
active glacier flow, derived from Knobby terrain (28°-44°N), with a gradational lateral contact
between the two facies. Smooth-Undulating (~40°-46°N) and Scalloped (>44°N) terrains are
expressions of the LDM. Smooth-Undulating terrain reflects a range of surface roughness with no
clear stratigraphy, whereas Scalloped terrain marks the most degraded form of the LDM,
characterized by relatively high ice purity. Our findings suggest that the LDM, deposited episodically
due to obliquity-driven climate variations, modulates and/or is modulated by subsurface ice.
Overtime, ice degradation, sublimation, and debris redistribution influence the LDM with distinct
surface textures, reflecting the long-term stability and modification of Martian debris-covered
glaciers.
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Assessment of urbanisation-related groundwater flooding process: a case
study for Almaty, Kazakhstan
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Groundwater flooding might be triggered by disregarding hydrogeological processes during urban
area development. Such flooding might result in public disruption, engineering infrastructure
destruction and general damage to the natural and human environment. During the development of
a new residential area in the northern part of Almaty city, repeated flooding of these newly
developed neighbourhoods has started, which motivated research aimed at recognising the causes
and the means for preventing the flooding. A MODFLOW groundwater flow model was used to
simulate and quantitatively assess the changes in hydrogeological conditions affecting the flooding
process. A field study of the Akbulak micro-district research site showed that groundwater rise
caused flooding to occur in its centre owing to a water table hillock with a total area of 0.07 km2,
with groundwater levels ranging from 1.2 to 0.25 m below the ground surface. The MODFLOW
simulation suggested that this water table hillock developed from runoff, which, owing to a decrease
in natural infiltration across the urbanised area, accumulated in low-elevation areas and infiltrated.
This runoff accumulation effect may be up to eight times the annual average precipitation amount.
Once larger runoff volumes in local sub-basins infiltrate into an underlying aquifer with a water table
that is already high, groundwater flooding in populated areas might occur. The Almaty scenario
simulation confirmed the field observations, suggesting that the clogging of the Karasu-type stream
has concentrated runoff to low-elevation areas and is the leading cause of flooding.
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Urban development effect on Mediterranean karstic mountainous
watersheds
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11J: Hydrological extreme events, climate variability and environmental changes: patterns, controls,
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Anthropogenic development considerably influences a watershed’s ability to absorb runoff.
Transformation of permeable natural areas into impervious surfaces (e.g. roads, parking lots, and
buildings) is altering the watershed response to precipitation, generating bigger runoff volumes with
increased peak discharges. As climate change seems to motivate the generation of a larger volume of
precipitation over a shorter time period, once such a large runoff volume travels to the watershed
outlet, it might accumulate in intermittent basins and cause flooding. While a karstic rural landscape
is highly permeable, impervious urban area land cover expansion is known to reduce this inherent
permeability and cause runoff intensification. Urban area flooding often results in severe economic
damage and even a life hazard. Runoff/recharge modelling is an essential tool for a water-sensitive
urban area design, which may prevent such negative outcomes. In the establishment of such a model
for flat terrains of porous and fractured lithological infrastructure, constant infiltration rate and
runoff velocity may be assumed, which is not the case in mountainous karstic terrains. This
presentation summarises an over a decade-long, detailed study that estimated the effect of
urbanisation and climate change on runoff and groundwater recharge in a karstic mountainous
terrain (Samaria) that encounters rapid urban area expansion. Within this study, several common,
readily available models were integrated and adjusted to act as a nominal tool for urban
mountainous karstic area hydrological modelling. The study indicates that optimal modelling
resolution is not necessarily the highest available and that with the application of nominal resolution
modelling, the urban area may be designed with local runoff sinks and retention areas, which can
absorb the surplus urban runoff. It is also suggested that scattering many small-scale retention-
infiltration systems across the watershed is more efficient than placing larger ones near flood-prone
areas.
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Assessing Landslide Block Movement with NDVI Ratio from Sentinel-2 and
UAV Data in Hokkaido, Japan
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Monitoring the deformation rates of deep-seated landslides is crucial for hazard assessment, but it
remains challenging in forested and remote areas. Here, we estimate landslide deformation using
NDVI (normalized difference vegetation index) values derived from open-source Sentinel-2 satellite
imagery. These slowly deforming landslides in forests may often cause increase in tree tilt with
declining vitality, hence, reducing NDVI values. If satellite-derived NDVI values accurately represent
landslide vegetation health, it may reveal deformation history and rate.

We applied this approach to the Otarimappu landslide (ca. 1.6 ha) in Hokkaido, Japan, consisting of
seven internal blocks with distinct, active deformation histories, tracked by LiDAR (light detection and
ranging) surveys since 2010, and compared to an adjacent inactive reference landslide (ca. 0.8 ha).
NDVI values for 77 larches on active blocks and 20 on the reference were extracted from UAV
(uncrewed aerial vehicle) multispectral data (8 cm resolution, 2021-2024) and Sentinel-2 images

(10 m resolution). The standardized NDVI ratios were then calculated as the active/reference ratio to
eliminate climatic variations. Field measurements of trunk tilt were also performed.

Results show that blocks with greater movement since 2010 had more tilted and unhealthy trees, as
reflected by lower NDVI ratios. Despite the variability within active blocks, UAV and satellite NDVI
values were strongly correlated. We found a linear relationship between annual block movement (V,
m/yr) and satellite NDVI ratio (s): V = -3.35s + 3.80 (R? = 0.78).

These results demonstrate the promise of satellite-based NDVI for remotely assessing landslide
deformation. Further research should address environmental variability and landslide history to
refine this relationship.
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Seasonal Nitrate Concentration and Flow Regimes Control Nitrous Oxide
Saturation Across Multiple Channels in Braided Rivers
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Human activities have increased reactive nitrogen inputs to rivers, intensifying emissions of nitrous
oxide (N20), a potent greenhouse gas and ozone-depleting substances. While rivers are a significant
source of N20, the interactive effects of hydrology and nitrate availability remain unclear. Braided
rivers, with their dynamic, parallel channels, offer a unique system to examine these drivers. To
assess how flow and nitrate influence N20 dynamics, eight braided rivers in Canterbury, New
Zealand, were sampled: four small hill-fed rivers (average flow ~8 m3s-1) and four large alpine-fed
rivers (average flow ~160 m3s-1), during winter and summer across multiple channel types
(backwaters, side channels, and main channels). Concentrations of N20O exceeded saturation across
all rivers and seasons. Hill-fed rivers had higher average N20 saturation, 215.8% (SD £ 118.9%), than
alpine-fed rivers, 120.3% (SD + 16.9%), with significantly higher summer values for both river types (p
< 0.001), likely due to temperature-driven microbial activity. Higher N20 saturation in hill-fed rivers
likely reflects slower flows and higher nitrate availability, while lower saturation in alpine-fed rivers is
consistent with faster flows and frequent channel migration disrupting biogeochemical processes. A
similar pattern of N20 saturation was also observed across channel types, with backwaters showing
the highest average levels, 212% (SD + 362%), followed by side channels, 176.6% (SD + 255.4%), and
main channels, 123.2% (SD + 55.6%). All rivers showed a seasonal shift toward higher nitrate in
winter but lower N20 saturation from summer to winter. By linking N20 saturation to the interacting
effects of flow conditions and nutrient availability, this study advances our understanding of the
mechanisms driving riverine N20 dynamics, highlighting how geomorphic and seasonal variability
modulate saturations beyond braided river systems.
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THE ATACAMA DESERT ROCK COAST: A MULTISCALE PERSPECTIVE ON
WAVE-DRIVEN EROSION
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02F: Lessons and future prospects for rock coast geomorphology, Conway 1, February 2, 2026, 2:00
PM - 3:30 PM

The Atacama Desert rock coast provides a unique natural laboratory to study long-term interactions
between tectonic activity, climate, and coastal erosion in a hyper-arid environment. Despite its
geomorphological significance, evident in features such as the Great Coastal Cliff and extensive
staircased marine terraces, this region remains understudied regarding the surface processes that
shape its evolution. This work presents a multiscale approach to understanding wave-driven erosion
and its role in the construction of the coastal relief along the Atacama Desert. By integrating
morphometric analysis, numerical modeling, and field observations, we investigate the spatial and
temporal dynamics of marine erosion across time scales ranging from annual variability to processes
operating over 10* to 10° years. At short-term scales, we explore the influence of coastal geometry
and wave refraction on erosion patterns. At long-term scales, we assess how wave erosion, intertidal
weathering, sea-level fluctuations, and tectonic uplift collectively drive the formation and
preservation of shore platforms and marine terraces. We develop a quasi-3D numerical model that
simulates the evolution of rocky coastal landscapes under variable uplift rates and marine conditions.
The model results are constrained using high-resolution digital elevation data and morphometric
profiles extracted along the Atacama coast. Our findings emphasize the importance of lithological
resistance, wave exposure, and platform geometry in shaping coastal forms. By adopting a cross-
scalar framework, this study offers new insights into how dynamic erosive forces sculpt one of the
world’s longest and most striking desert coastlines. The results contribute to broader questions of
landscape evolution under extreme climatic conditions and highlight the geomorphological
complexity and scientific value of the Atacama Desert rock coast.
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ALTITUDINAL BOUNDARIES OF KARSTIFICATION
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07B: Karst geomorphology, Dobson 1, February 3, 2026, 5:00 PM - 6:30 PM

Carbonate rocks cover 15.2% of the Earth’s ice-free surface, making them one of the most
widespread rock types. While previous research has explored the distribution of karst in relation to
climate (e.g., tropical vs. temperate), age of carbonate/karst, and karst landscape types, few studies
have quantified the development of karst features as a function of elevation. A global survey using
ASTER GDEM satellite imagery enabled an analysis of karst distribution by altitude. As most
carbonate rocks are marine in origin, the presence of carbonate karst decreases with increasing
elevation. Roughly 24% of carbonate terrains (about 5.7 million km?) lie above 1,000 m, and only
6.2% (1.5 million km?) are found above 3,500 m. These areas represent 4.2% and 1.1% of the Earth’s
land surface, respectively. In the Western Hemisphere, high-elevation karst (>3,500 m) is mainly
located along the Andes, while in the Eastern Hemisphere, it is concentrated on the Tibetan Plateau.
At higher elevations, several factors hinder karstification: reduced atmospheric CO, and lower
temperatures (which decrease CO, solubility), diminished soil cover (limiting epikarst development),
and increased ice coverage that restricts infiltration. In Peru, high-altitude karst (>3,500 m) accounts
for 37% (74.9 km?) of the country’s total carbonate karst. Since 1989, climate-induced ice melt has
reduced carbonate ice coverage by approximately 70%. Currently, large expanses of exposed
limestone, free of soil and ice, are notably lacking in classical surface karst features such as dolines.
Subsurface karstification appears to be primarily driven by hypogene processes, underscoring the
contrasting roles of deep-seated versus surface-derived karst formation mechanisms at high
elevations, and suggesting an elevation-dependent threshold for epigenic karst development.
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Geomorphological consequences of urban expansion in hazard-prone areas:
the 2023 Derna flood case

Assoc. Prof. Roberto Sergio Azzoni?, Dr Luca Forti!, Dr Andrea Pezzotta?, Professor Andrea Zerboni?
tUniversita Degli Studi Di Milano - Dipartimento Di Scienze Della Terra "A. Desio", Milan, Italy

Poster Session 2, Exhibition & Poster Hall, February 3, 2026, 4:00 PM - 5:00 PM

The catastrophic flood that struck the city of Derna (northeastern Libya) on 10—11 September 2023,
following the collapse of two upstream dams, caused more than 10,000 fatalities and widespread
destruction. Over 30 million cubic metres of water and debris were abruptly released, resulting in
one of the deadliest flood-related disasters of recent decades. Beyond the extreme meteorological
trigger, the event reveals the cumulative effects of long-term anthropogenic pressure on a
geomorphologically sensitive environment.

This contribution investigates the interaction between urban development and geomorphic dynamics
within the Wadi Derna watershed, a steep and narrow catchment (575 km?) with short runoff
concentration times and a natural predisposition to flash flooding. Over the past century, urban
expansion in Derna has increasingly occurred on the lower sectors of the alluvial fan—an area
historically exposed to episodic flooding and sediment reworking. This progressive land-use change
has altered surface hydrology and significantly increased exposure and vulnerability to extreme
events.

By integrating high-resolution satellite imagery from ESA’s Pleiades and SPOT 6/7 missions with
geomorphological interpretation and digital elevation models (DEMs), we reconstruct the evolution
of the urban landscape and assess the morphological consequences of the 2023 flood. A DEM of
Difference (DoD) analysis allows precise quantification of erosion, sediment deposition, and
topographic change, particularly in zones inaccessible to fieldwork due to damage or security
constraints.

Framed within the GEOTRes project (PRIN 2022), this case study highlights the geomorphological
implications of long-term, unregulated urban growth in hazard-prone environments. It underscores
the necessity of integrating geomorphological knowledge with urban planning and remote sensing
tools to anticipate and mitigate future impacts in vulnerable regions increasingly exposed to climatic
and anthropogenic stressors.
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Anthropic geomorphology in high-altitude Alpine settings: A multitemporal
assessment
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High-mountain landscapes are particularly sensitive to human-induced modifications, which
increasingly interact with natural geomorphic processes and contribute to the reconfiguration of
slopes, sediment dynamics, and hydrological systems. In many cases, these transformations are not
exclusively recent, but have a longer history linked to infrastructure development, tourism, and
legacy land use.

This study focuses on selected sites in the Central Italian Alps—Cancano, Livigno, Stelvio Pass, and
Cervinia—where the geomorphological imprint of human activity is evident across different temporal
scales. Through the integration of remote sensing, historical aerial photography, archival research,
and detailed field surveys, we reconstruct the evolution of anthropogenic impacts in high-altitude
settings.

In the Cancano basin, early 20th-century dam construction altered fluvial morphodynamics and
disrupted sediment connectivity. At Livigno and Stelvio, the expansion of ski resorts and related
infrastructure since the 1950s has reshaped slope profiles, enhanced runoff, and triggered erosion
and instability, particularly in paraglacial and periglacial environments. The Stelvio area also retains
evidence of World War | engineering works—trenches, craters, and access roads—that continue to
influence geomorphic responses.

In Cervinia, the interaction between the retreating glacier and the expanding touristic infrastructure
provides a paradigmatic case of human—glacier co-evolution, with implications for slope stability,
hydrological reorganization, and hazard exposure.

These examples, developed within the GEOTRes project (PRIN 2022), underscore the value of
diachronic and multiscale approaches in assessing anthropogenic geomorphology. They contribute to
a broader understanding of long-term human—landscape interactions and their relevance for
contemporary landscape management in alpine environments affected by ongoing climate change.
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Is geomorphology sufficient to deciphering recent tectonic activity on
intraplate faults?

Dr Stéphane Baize', Dr Nicolas Cathelin'?, Dr Camille Thomasset?, Dr Jean-Francois Ritz?
LASNR, Fontenay-Aux-Roses, France, 2Géosciences, Montpellier, France

08D: Engineering Geomorphology, Dobson 3, February 5, 2026, 9:35 AM - 11:05 AM

Metropolitan France belongs to the intraplate domain, with low rates of deformation and seismicity.
In 2019, a very shallow earthquake of magnitude Mw=5 shook the south of the country. The rupture
broke the surface over a length of more than 4 km, reactivating as a reverse fault a former normal
fault, unknown to be active. However, a series of paleoseismological trenches has shown that this
fault and those associated with it in the same structural system, inherited from Paleozoic to Cenozoic
histories, were activated during the last 25 ka.

While the kinematics of some recognized paleoearthquakes are consistent with those of the 2019
earthquake, the morphological signature of the faults remains clearly that of normal faults. This
apparent contradiction can be explained by a combination of factors. Firstly, the cumulative offset
during the extensional phases of these faults, reaching hundreds of meters, lead to the juxtaposition
of highly contrasted lithologies, between massive limestones in the footwall and marls in the hanging
wall: erosion thus exhumed the fault plane over several to ten meters, partially buried by the
abundant accumulation of periglacial clasts derived from the limestone bar. Secondly, the moderate
reverse offsets in the Upper Pleistocene/Holocene times are small compared with the scarp exposed
by erosion. Recent tectonic inversion has therefore not yet succeeded in reversing the relief.

We conclude that morphology is a relevant tool for locating regional faults, as it is throughout the
world, whatever the tectonic environment. It is thus a critical method for studies leading to the
seismic hazard assessment because future earthquakes will be generated on the inherited structural
canvas. However, this case study shows that only paleoseismology can decipher the kinematics and
the timing of surface paleo-ruptures, in regions with a strong structural inheritance like the West
European Platform.
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Rapid socio-economic development drives differential channel adjustment
in major Albanian rivers

Mr Flamur Bajrami®, Dr Marta Crivellaro?!, Dr Bestar Cekrezi’, Dr Klodian SkrameZ, Dr Guido Zolezzi?
lUniversity Of Trento, Trento, Italy, 2 Polytechnic University of Tirana, Tirana, Albania

03A: Learned lessons about anthropogenic drivers in the river evolution, Auditorium, February 2,
2026, 4:00 PM - 5:30 PM

This study investigates the multidecadal hydromorphological evolution of three major Albanian
rivers, known for high sediment loads and low channel fragmentation. In a context of limited
environmental data, typical of many Balkan rivers, a combination of remote sensing, historical flow
analysis, and GIS-based mapping was used to analyze channel changes over the past 60 years.
Representative reaches were selected in each river system, characterized by distinct morphologies
and degrees of human impact, to reconstruct active channel width trajectories from the 1960s to
2020.

The analysis reveals a general trend of channel narrowing across most of the reaches, though the
timing, rates and magnitude of changes vary. Mountain reaches were generally less modified than
lowland ones, where rapid socio-economic development is mostly concentrated since the early
2000s. Multi-thread, mid-course reaches show the most pronounced narrowing in the earlier period
(1960-1990), whereas downstream reaches downstream of major sediment mining sites experienced
stronger narrowing after 1990, together with locally relevant bed incision. This shift in temporal
dynamics is linked to two dominant external drivers: reduced flow rates prior to 1990 and the
intensification of in-channel sediment mining thereafter. The latter, largely unregulated to keep the
pace of rapid infrastructural growth, which followed the fall of the totalitarian regime, led to
increased morphological degradation and channel incision.

Statistical analysis confirms a decrease in monthly discharge until the early 1990s, with no clear trend
afterward. The spatial distribution and intensity of sediment mining were mapped using multi-
temporal high-resolution imagery, highlighting their concentration in downstream reaches. Overall,
the study emphasizes the value of integrating historical imagery, hydrological data, and field
observations to understand river evolution, especially in data-scarce regions. The findings show how
rapid socio-economic development can drastically alter river dynamics, with implications for
management, restoration, and hazard mitigation—common issues for Albanian and other Balkan
rivers.
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Deep learning in the shallows

Ms Alaina Baker?', Dr Sarah McSweeney?, Prof James Brasington?
Waterways Centre for Freshwater Management, , New Zealand, 2School of Earth and Environment, ,
New Zealand

O4F: Bar-Built Estuaries: Dynamics, Disturbances, and Future Challenges, Conway 1, February 3, 2026,
9:35 AM - 11:05 AM

Hapua are coastal lagoons located at the mouths of braided, gravel bedded rivers which enter the
ocean on mixed-sand and gravel beaches. They are characterised by freshwater dominance, a shore-
parallel morphology, and are fronted by mixed sand and gravel barriers which intermittently close.
Hapua are globally rare, being only found on active margin coasts at high/low latitudes but are
ubiquitous along the southeastern coast of New Zealand where they are of high ecological and
cultural significance. The Canterbury Bight is an eroding coastline and contains 11 of the 29 hapua in
New Zealand.

Field work at hapua is challenging, which means research has tended to focus on individual sites
without integrating data/analyses on geomorphic change and its driving processes across multiple
hapua. As hapua morphology changes daily — or even over tidal cycles, extracting useful data to
guantify this change is time consuming and often impractical in the field. To address this, we have
developed a deep-learning model capable of extracting hapua surface water area, mouth state, and
other morphometric variables using high-resolution, near daily frequency Planet imagery. In this
approach we train a convolution neural network to automate the delineation of binary (wet/dry)
masks to represent lagoon, barrier and tidally influenced river areas.

Our results show that CNN models trained with 90 scenes and a tile size of 10 pixels provide masks
with the highest classification accuracy. From an 18-month analysis of hapua imagery a strong
relationship between lagoon surface water area and tidal prism is evident for the Rangitata hapua.
Results show that hapua type lagoons do not fit into any existing inlet type class.

With increasing pressures of water abstraction, coupled with changing river regimes and sea-level
rise, this novel approach will enable us to benchmark current conditions and better understand
hapua dynamics.
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Holocene flood frequency at Vangsvatnet, western Norway, reconstructed
from lake sediments

Dr P&l Ringkjgb Nielsen'?, Professor Jostein Bakke?, Dr. @yvind Paasche??, Jan Magne Cederstrgm?,
Johannes Hardeng'?, George Young!

lUniversity Of Bergen, Bergen, Norway, %Bjerknes Centre for Climate Research, Bergen, Norway,
3NORCE Climate, Bergen, Norway

10J: Hydrological extreme events, climate variability and environmental changes: patterns, controls,
and attribution across scales and landscapes, Conway 5, February 5, 2026, 2:30 PM - 4:00 PM

Instrumental records reveal an increase in precipitation in Norway over the past 120 years, with a
marked rise after 1980 CE, leading to more frequent and severe floods—a trend consistent across
Europe. Palaeoflood reconstructions from Southern Norway indicate non-stationary flood
frequencies over the Holocene, with a notable regime shift around 4000 years ago. However, the
seasonal drivers of these floods remain poorly understood. This study presents an 8000-year flood
record from Lake Vangsvatnet, Western Norway, combining high-resolution computed tomography
(CT) scanning, X-ray fluorescence (XRF), grain size analysis, and radiocarbon dating to differentiate
between seasonal flood deposits (spring snowmelt vs. autumn rainfall).

The 11-meter sediment core reveals distinct flood layers classified as minerogenic (M), organic (O),
and mixed (MO), linked to varying hydrological conditions. Historical discharge data (1892-2016 CE)
validate the sedimentary record, with O-layers corresponding to spring/snowmelt floods and M/MO-
layers to autumn/rainfall-induced events. The record shows fluctuating flood frequencies, with peaks
at 6000-5300 and 1400 cal yr BP to present. A seasonal shift from rainfall-dominated to snowmelt-
dominated floods occurred around 3100 cal yr BP, coinciding with regional cooling. The last 500 years
exhibit the highest flood frequency of the entire record. These findings highlight the sensitivity of
flood regimes to climatic and anthropogenic forcings. Under future warming, reduced snowpack may
diminish spring floods, while intensified autumn rainfall could increase flood risks.
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Holocene Glacier Variability in the Sub-Antarctic: Geomorphological and
Sedimentological Insights from South Georgia and Kerguelen
Professor Jostein Bakke, Dr Fabien Arnaud, MsC Jarle Slerie Bgrve, Dr Talin Tuestad, Dr Henriette

Linge, Dr @yvind Paasche
tUniversity Of Bergen, Paradis, Norway

06G: Cryogenic Landsystems of Southern Hemisphere Alpine Environments, Conway 2, February 3,
2026, 2:30 PM - 4:00 PM

Sub-Antarctic islands offer exceptional natural archives for understanding long-term cryospheric and
climatic variability in the Southern Hemisphere. Drawing on decades of research, this study presents
new reconstructions of Holocene glacier dynamics from South Georgia (54°S, 36°W) and the
Kerguelen Archipelago (49°S, 69°E), based on integrated glacial geomorphological mapping,
cosmogenic *36Cl exposure dating, and lake sediment coring.

In South Georgia, glacier-fed lake sediments and moraine chronologies reveal a pattern of gradual
glacier retreat since the Antarctic Cold Reversal (14.5-12.8 ka), interrupted by at least nine
readvances over the past 10.5 ka. These fluctuations are linked to changes in summer insolation and
modulated by shifts in the Southern Hemisphere westerlies (SHW) and the Southern Annular Mode
(SAM). On Kerguelen, a 1200-year sediment record from a glacial threshold basin, supported by 17
new exposure ages, documents glacier advances during the Late Holocene, including a significant re-
advance at 1.4 + 0.3 ka.

The synchronicity of glacier advances across South Georgia, Kerguelen, and southern Patagonia
suggests a hemispheric-scale response to SAM-like variability. The discovery of Early Holocene
moraines on Kerguelen—previously undocumented—further enhances our understanding of glacier
sensitivity to climate forcing in the Southern Ocean region.

This research highlights the importance of integrating geomorphological mapping with
sedimentological archives to reconstruct glacier histories and enhance our understanding of past
climate dynamics. These findings contribute to a growing body of evidence on the role of sub-
Antarctic glaciers as sensitive indicators of atmospheric circulation changes, providing a critical
baseline for assessing future cryospheric responses.
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Understanding Natural Periodic Soil Movements in Long-term Monitoring
Data
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Periodic signals in monitoring time series may originate either from sensor behaviour—particularly
due to temperature sensitivity—or from actual, reversible movements of soil layers driven by
variations in temperature and water content. ldeally, sensor-related influences can be minimized
through calibration or correction procedures (a priori), but this approach is often complex and rarely
fully effective—some residual effects almost always remain. As a result, periodic components are
frequently removed during time series analysis without fully considering their origin. However, this
process typically eliminates both sensor-induced artifacts and genuine cyclic soil responses.
Consequently, such signals are often overlooked, with analytical attention focused primarily on long-
term trends, velocity changes, or sudden displacements considered as main indicators of potential
slope instability.

In our research, we shifted focus also toward analysing the periodic signals themselves across
different monitoring methods—remote sensing, terrestrial geodetic techniques, and subsurface
geotechnical instrumentation. After accounting for temperature-induced measurement biases, we
concentrated on natural periodic movements in near-surface soil layers. Our findings suggest that
both temperature and water content can act as key triggers for these movements.

Field monitoring confirms that temperature gradients can induce measurable near-surface soil
displacements. Laboratory tests show that even minor temperature changes (~1-2 °C) significantly
affect soil parameters such as shear strength, compressibility, viscosity, and hydraulic conductivity.
These thermal effects can alter pore water pressures and generate mechanical stress and strain
within soil masses, leading to seasonal fluctuations in slope stability. Such effects are particularly
pronounced in slow-moving landslides or slopes close to failure, shallow slides (less than 5 meters),
and in soils with fractures or high clay content, where thermally driven processes and enhanced heat
transfer dominate slope behaviour.
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Paraglacial geomorphology in the 21st Century: an overview

Professor Colin Ballantyne?
tUniversity Of St Andrews, St Andrews, United Kingdom

10G: The role of paraglacial processes in the evolution of glacial landscapes, Conway 2, February 5,
2026, 2:30 PM - 4:00 PM

Our developing understanding of paraglacial landscape modification is here employed (1) to suggest

a revised general model of paraglacial sediment transfer; (2) to test the validity of exhaustion models
in representing the temporal trajectory of paraglacial sediment flux; and (3) to highlight the synergic

relationship of glacial erosion and paraglacial processes over successive glacial/paraglacial cycles.

It is argued that the paraglacial sediment cascade model requires modification to take into account
the connectivity of different components, mainly controlled by the coupling (or otherwise) of
hillslope sediment delivery and fluvial sediment entrainment, itself largely conditioned by
topography and sediment calibre. Dating of paraglacial rock-slope failures has shown that the timing
of these rarely if ever conforms to a simple negative exponential exhaustion model. The trajectory of
paraglacial sediment entrainment, movement and re-deposition by small-scale rockfalls, debris flows,
hillslope runoff and rivers may broadly be approximated by exhaustion models but is strongly
influenced by extrinsic circumstances such as extreme climatic events, climate change, seismic events
and base-level (or sea-level) change that lead to rejuvenated sediment flux.

Finally, although most post-2000 developments in paraglacial geomorphology have focused on
landscape modification associated with post-LGM deglaciation or recent glacier retreat, the
implications of successive Pleistocene glacial/paraglacial cycles for long-term landscape evolution are
now beginning to be explored, and are here illustrated with the respect to the relationship between
interglacial rock-slope failures and the geomorphology of alpine-style ‘glacial’ landscapes.
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Stream power mapping to predict river channel response to watershed
urbanization

Victoria Barlow?!, Peter Ashmore!?
Western University, London, Canada
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Watershed urbanization increases runoff volumes and peak flows, often leading to changes in
channel morphology including channel widening and planform change. Understanding changes in
urban watershed hydrology over time can form the basis for predicting river channel response. The
Stream Power Index for Networks (SPIN) tool is designed to model stream power continuously along
a river network based only on topographic and land cover information, and an established
relationship between watershed area and stream discharge. Adding a hydraulic geometry function
based on total stream power predicts changes in channel width and specific stream power. Highland
Creek, located in Toronto, Canada, experienced extensive land cover changes due to almost-
complete urbanization since the late 1950s with urban area increasing from 30% in 1966 to 80% in
2017 in a watershed of 100km2 , with approximately five-times increases in peak flows caused by
urbanization. The SPIN tool was used to predict the historical progression of the response of river
channel width to urbanization from seven epochs of land cover change during the decades of
expansion of urban land cover. These results were compared with measurements of channel width
from aerial photos for the years coinciding with the land cover mapping epochs. The results show a
progressive increase in stream power and channel width correlating with urban land cover at each
epoch. Overall, the predicted results reliably modelled the spatial and temporal pattern and
magnitude of channel response, although the effects of two large floods are an important but
unpredictable component of the channel change history and timing, along with restrictions of actual
channel widening because of channel engineering. The SPIN tool approach has great potential for
application in the management of future channels within urbanizing environments, including locating
morphologically vulnerable areas and anticipating the effects of planned interventions and channel
control.
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Temporal evolution of debris flow susceptibility in paraglacial alpine
environments: a multi-decadal analysis from the Eastern Italian Alps
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High-altitude Alpine regions exhibit heightened sensitivity to climate change, with pronounced
effects on cryospheric dynamics and slope stability. Post-Last Glacial Maximum deglaciation has
progressively expanded paraglacial domains, enhancing mass-wasting susceptibility across recently
exposed terrain. Debris flows represent dominant geomorphic processes in these environments,
affecting both proximal source areas and distal catchment sectors.

We present multitemporal debris flow susceptibility maps for the Valpiana Valley (Presanella Group,
Eastern Italian Alps), developed through geomorphological analysis and statistical selection of causal
factors. Considering the central role of debris flows in sediment transfer, we also evaluate
topographic connectivity between source areas and downstream zones. Our analysis reveals
substantial increases in debris flow susceptibility between 1983 and 2015, with higher susceptibility
classes expanding across 35% of the study area.

Temporal changes exhibit distinct spatial patterns: screes and debris cones show pronounced
susceptibility increases. High-susceptibility zones increasingly concentrate along established debris
flow channels and unconsolidated sediment accumulations, contrasting with decreased susceptibility
on exposed bedrock surfaces. Holocene glacial deposits demonstrate the most pronounced
evolution, with 50% of the surface now affected by the highest susceptibility class.

Statistical analysis confirms that extreme rainfall events, particularly the 1987 episode, triggered
positive feedback mechanisms through channel modification and sediment mobilization.
Contributing area emerges as the primary controlling factor, with intensifying influence through time.
These patterns reflect climate-driven destabilization of paraglacial landscapes and the growing
dominance of debris flow processes in contemporary Alpine geomorphology.

Our results underscore the growing geomorphic instability of high-mountain paraglacial landscapes
under ongoing climate change, emphasizing the increasing significance of debris flows in shaping
these environments. Furthermore, the analysis of debris flow processes in uninhabited alpine
settings offers valuable analogues for interpreting similar morphologies on Mars, thereby
contributing to the understanding of extra-terrestrial slope dynamics and surface evolution.
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Geo from the morphology and morphology from the geo: some New
Zealand perspectives

Mr David Barrell?, Dr Dougal Townsend?, Ms Julie Lee?, Dr Katie Jones?, Dr Kyle Bland?
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13H: Quaternary Geomorphology and Landscape Evolution, Conway 3, February 6, 2026, 11:35 AM -
1:05 PM

Information on rocks and poorly-consolidated deposits has long been conveyed via geological maps.
Making geological maps has been a core aspect of government-funded geoscience practice for the
New Zealand Geological Survey, established 1865, and since the late 1980s, its successor institutions.
Information on the nature and origin of landforms generally came from textbook examples,
especially from the books and papers of famous New Zealand (NZ) geomorphologist the late Sir
Charles Cotton. Geomorphological information has also been a relatively important, though typically
implicit, component of soil maps.

Although seldom emphasised, geomorphology has been an important part of the NZ geological
mapper’s toolkit, via the use of landform characteristics to infer the position of contacts between
different geological units and the nature of the lithology. The regional-scale mapping of Quaternary
geological units has been heavily based on landforms, thus getting the geo from the morphology. So
even though primarily a geomorphological unit, the Quaternary geological units were always
emphasised as deposits. The emergence of digital GIS maps has made it functionally easy to
represent geological map polygons as geomorphologically-described units. But it can be surprisingly
difficult to get a satisfactory morphology from the geo, because many different types of geological
map unit do not have distinctively different landform characteristics.

Illustrations of interplays between geological and geomorphological mapping in NZ include a
Southern Alps example where a traditional geological map, and a geomorphological map highlighting
glacial landforms, each conveys different but complementary, mutually valuable, information.
Another example is the conversion and re-framing of regional geological map polygons to produce a
geomorphological map emphasising the coastal landform environment. In NZ urban areas,
compilation of detailed geoscientific datasets is tailored to local geological conditions. Some places
need companion geological and geomorphological maps, whereas elsewhere a single map
characterising both geological and geomorphological information may suffice.
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Morphology of the Philippine Rise from high resolution bathymetry:
Implications for tectonics, planetary studies, oceanography, biodiversity
conservation, and national identity

Jenny Anne Barretto?, Kevin Mackay*
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O7E: Marine and lacustrine geomorphology - mapping and applications, Dobson 4, February 3, 2026,
5:00 PM - 6:30 PM

The Philippine Rise (Benham Rise), located in the northwest Pacific, is the only oceanic plateau
completely mapped with multibeam echosounder. Swath bathymetry data, originally intended for
delineating extended continental shelf under UNCLOS, revealed the morphology of large-scale
undersea features making up the rise. These include a main body (>300 km in diameter) with a shield
platform base, a caldera (>100 km in diameter) on its crest, and three spurs extending 100-200 km
from its eastern side. Ridges, terraces, and numerous seamounts, hills and mounds are also present.
Knowledge of the rise’s detailed morphology paved the way to an enhanced understanding of the
region’s tectonic history, provided an Earth analogue for giant calderas observed on other planets,
aided studies of ocean circulation, influenced the creation of a large marine protected area, and
enabled the naming of undersea features. Coupled with geological and geophysical data, the
Philippine Rise was identified to be a large igneous province formed by ridge-plume interaction.
Comparison with Atira Mons’ caldera on Venus showed many morphological similarities with the
Philippine Rise’s caldera. Oceanographers studied how its topography affect the Kuroshio Current.
Conservationists and local government partners used morphology as basis to define boundaries for a
150,000 km2 ocean biodiversity conservation area. Undersea features were given names consistent
with international standards and reflect local culture.

The Philippine Rise example shows that there is significantly more to discover and learn if we map
the world’s entire seabed.
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Differentiating natural variability from human induced recovery.
Geomorphology has a lot to offer, but we need a multidisciplinary approach
Dr Rebecca Bartley!, Mr Brett Abbott, Dr Samantha Munroe, Dr Sana Khan, Dr Daniel Grainger, Dr

Anthea Coggan
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06A: Using geomorphology in river management: From science to action, Auditorium, February 3,
2026, 2:30 PM - 4:00 PM

During the United Nations Decade on Ecosystem Restoration, there is growing global attention on
the methodologies and outcomes associated with restoring degraded landscapes. Environmental
markets play a key role by assigning economic value to certain ecosystem services, offering credits or
financial incentives for activities that generate measurable environmental benefits. Geomorphology,
the study of surface features and processes, is well positioned to support these initiatives. The
physical landscape underpins improvements in carbon sequestration, biodiversity conservation, and
water quality—three pillars of emerging environmental investment. However, a major challenge lies
in distinguishing between natural variability and human-induced disturbance or recovery. This
distinction is critical to ensure that credits and incentives reflect genuine ecological improvements.

In the Great Barrier Reef (GBR) catchments, decades of research have identified erosion "hotspots."
Many of these areas are now undergoing active remediation. Yet, defining and quantifying success at
the spatial and temporal resolutions required for environmental markets and natural capital
accounting remains complex. This presentation will showcase how techniques—such as cosmogenic
nuclide analysis (*°Be) and optically stimulated luminescence (OSL) dating—have been integrated
with sediment flux monitoring to identify areas at high risk of anthropogenically accelerated erosion.
Additional case studies will illustrate how climate-adjusted remote sensing data can assess
vegetation dynamics, a key factor influencing erosion. While these methods offer valuable insights,
they are resource-intensive and time-consuming. In contrast, government-supported operational or
market-based programs for landscape restoration often prioritise consistency and scalability over
innovation. As a result, we are often left asking more questions such as:

. At what spatial and temporal scales should we be measuring change?

. How do we balance empirical measurements with remotely sensed or modelled data?
. How should we account for the impacts of extreme events?

. And critically, what is the role of research in informing and supporting operational

landscape repair programs?
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Holocene Infill of a Large Structural Estuary: Westernport Bay
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The morphodynamic evolution of estuaries is determined by hydrodynamics and sediment supply. In
some large estuaries mouth morphology is strongly controlled by bedrock structures. These Large
Structural Estuaries (LSEs) have relatively stable entrances over millenial timescales. While LSEs are
morphologically similar to Barrier Estuaries, their morphological controls on hydrodynamics
developed independent of Holocene estuarine morphodynamics. The infill of LSEs is poorly explored,
but initial research suggests infill is determined by fluvial supply. Westernport Bay is a tide-
dominated LSE on the microtidal wave-dominated coast of Victoria, Australia. It is distinguished from
other LSEs by a low fluvial sediment supply and has been tectonically stable setting during the
Holocene. The aim of this study is to explore the Holocene evolution of Westernport Bay to identify
characteristic infill processes for LSEs under low sediment conditions, and by comparison, produce a
generalised model of Holocene infill. 12 sediment cores were collected across the Upper North Arm
of Westernport Bay. They were subsampled for radiocarbon dating, sediment grain size, and carbon
content. The initial infill of Westernport Bay occurred via vertical accretion. Sedimentation rates
increased when sea level fell during the Holocene Marine Regression (~3-1kya). The sediment
showed an upward coarsening trend toward the top of the cores suggesting that wave-base
winnowing is now occurring and sediment deposition has slowed. This is similar to other transport
dominated estuaries on tectonically stable coastlines. However, a comparison of the evolution of
several LSEs under different conditions suggests that distinct end-members arise due to local
tectonics, geomorphologically forced local hydrodynamics, and relative fluvial supply. A conceptual
model of LSE infill and end-members is presented.
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Quantifying Subglacial Water Flow Using Glaciohydraulic Tremor: A Multi-
glacier Analysis
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Glaciers and ice caps store over 68% of the Earth’s freshwater, serving as critical reservoirs for over
1.9 billion people in downstream communities worldwide (Ciraci et al. 2020; Gleick, 1996).
Accelerated melting driven by anthropogenic climate change disrupts subglacial hydrological
systems, impacting ice movement, water flow, and bed erosion. Meltwater and precipitation drain
through the ice into these networks, generating seismic energy upon interaction with the bed, known
as glaciohydraulic tremor, which is detectable by seismometers on or near the ice (Gimbert et al.
2016). Tremor acts as a proxy for subglacial discharge, revealing trends in melt variability, sediment
transport, and larger-scale glacier dynamics (Gimbert et al. 2016; Bartholomaus et al. 2015). Despite
strong empirical correlations, the quantitative relationship between tremor characteristics and
subglacial discharge remains poorly constrained, and existing theoretical models lack rigorous
validation.

This project seeks to quantify the non-linear relationship between tremor amplitude and subglacial
discharge using a statistical regression framework, while investigating how local factors, such as
glacier size, source-receiver distance, and ice geometry, influence this relationship through
multivariate analysis. These hypotheses will inform the development of an empirical model,
evaluated alongside existing theories (Gimbert et al. 2016). The study employs an extensive dataset,
integrating stream gauge records, weather station observations, Digital Elevation Models (DEMs),
climate and hydrological modelling, and passive seismic observations from glaciers across Alaska and
Central Europe. Ultimately, this research aims to advance the capacity to use seismic methods as a
reliable proxy for subglacial discharge, offering valuable insights into large-scale glacier processes and
enhancing our ability to predict glacier change.
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The Decolon-ice-ation of Glaciology: An Indigenous, Feminist Analysis
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Modern glaciology has largely been shaped by exploration narratives and reductionist research
methodologies, often rooted in Western colonial frameworks. This project reimagines glacial
environments through the process of deep mapping, examining their significance across Indigenous
ways of being, historical exploration, sociopolitical contexts, academic discourse, and the
geohumanities. It will begin by probing my own positionality as a researcher, acknowledging the
lands that sustain my personal livelihood and the environments that inspire my work. This project
highlights existing gaps in cryospheric research, situating its broader importance within the
geosciences and society. The intricate relationships embedded within glacial landscapes—rock, water
(in all phases), life (of all scales), external influences, and environmental change — will be explored
through a dynamic, holistic lens. Drawing from a systematic literature review and a non-systematic
analysis of gray literature, this project will examine existing frameworks grounded in anti-colonial
principles, Indigenous science, and community-engaged methodologies. It will consider how these
values may remain embodied in cryosphere research, particularly in contexts where Indigenous
presence, local knowledge, or community engagement is limited or absent. Limitations, assumptions,
and biases of this work will be reframed through perspectives of harmony and hope. It will invite the
audience into self-reflection and a broader call to action, advocating for a reimagined framework of
glaciology research grounded in relational accountability, resurgence, and reciprocity. By unsettling
dominant paradigms and honoring knowledge plurality, this work envisions the field of glaciology as
grounded by relationality, embodiment, and justice.
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How abrasive is a bedrock river?
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Rocky river beds are crucial sites for landscape evolution, as they represent baselevel heights. Here,
bedrock is exposed to sediment impact abrasion due to missing protective cover. Such conditions
occur where sediment availability is lower than transport capacity, being a general catchment
pattern or a local phenomenon at steeper slopes downstream of covered bed sections. At rocky
beds, different from alluvial sections preventing abrasion predictions due to unknown spatio-
temporal bedrock exposure, grain trajectories could be assumed discrete. Thus, given discharge and
sediment parametrizations, here bedrock abrasion potential is predictable.

Assuming different grainsize distributions (GSDs), lithology-specific abrasion is calculated across
discharge recurrences by coupling a grainsize-resolved sediment transport model with a mechanistic
total abrasion model. Abrasion efficiency peaks at specific water depths, independent of GSD’s mean
grainsizes (D50), while wider GSD shapes (decreased grain sorting) increase it. Usual GSD
representation by single grainsizes (D50, or D84 in mountain rivers) misses common discharge’s
abrasion, and stream-power based predictions (USP) fail reproducing sediment-driven abrasion
patterns. Instantaneous abrasivity from D50/D84 predictions start above daily to monthly discharges
and rise by two orders of magnitude to millennial recurrences. Long-term predictions reveal potential
bed-normal abrasion of 100s of meters ranging by factor five within the different GSDs.

This assessment assumes constant under-capacity conditions, fixed GSD feed and neglects bedrock
surface evolution. Still, it shows a bedrock river’s abrasion potential is predictable given rock
strength, GSD and hydrologic regime. Total annual abrasion could exceed meters (equaling
magnitudes of rock plucking) and already common discharges over months to years could abrade
centimeters — consistent with longer-term bedrock river evolution studies. Predictions using a
dominant grainsize (D50 or D84) neglect abrasion for common discharges, while USP modeling is
unrealistic. The method allows long-term abrasion assessment for landscape evolution, but also
addresses event-based evaluations of hazard potential for hydraulic structures.
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The Irish continental margin: where seafloor mapping, blue sky and applied
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The seafloor around Ireland has been mapped to an unprecedented level of detail for a maritime
country with such a large marine territory. The Irish National Seabed Survey (2000-2006) and the
INFOMAR programme (2006-2026) have now surveyed almost 100% of Ireland's continental margin
and made available to the public, with funding and full support of the Irish Government, many
marine geophysical datasets including multibeam echosounder (MBES) bathymetry and backscatter,
shallow seismic profiles and groundtruthing datasets. These data are readily accessible to the
research community. This contribution will show some of the extensive geomorphological mapping
work that has been carried out in both shallow and deep water. We will visit the glacial landscape of
the continental shelf and move into deeper water through canyons and channels, including the
staggering Gollum Channel System in the Porcupine Seabight and the Donegal-Barra trough-mouth
fan, to the Rockall Trough and its complex abyssal plain documenting the interplay of alongslope and
downslope processes. We will then explore some examples of how these data have provided the
background for the development for many more avenues of both fundamental and applied research
in marine geoscience in Ireland.
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Coastal dynamics along the Mediterranean and Black Sea basins are influenced by both wave climate
and atmospheric oscillations. This study investigates the relationships (teleconnections) between
wave power, climate indices and shoreline change between 1984 and 2022 across various erosional
deltaic coasts, including Danube (Romania), Rhone (France), Ebro (Spain), Nestos (Greece) or Nile
(Egypt). Using satellite-derived shorelines, wave power (kW/m) and multiple climatic indices (NAO,
EA, EA/WR, SCA, MO), we applied both Pearson moving-correlations and wavelet spectral analyses to
assess temporal relationships at different scales. Results show significant erosion across all study
sites as coastal area losses reached 60% in the Danube Delta, 50% in Rhone, 18% in Ebro, respectively
10% in Nestos and Nile. An overall decline in coastal dynamics was observed post-2010. Wave energy
and shoreline change display stronger correlations at multi-decadal scales, with localized climatic
signals dominating at shorter timeframes. Notably, the Danube and Nestos deltas are showing higher
correlations between wave variability and atmospheric forcing, suggesting a common Eastern
Mediterranean—Black Sea climatic control. These findings highlight the necessity of a predictive
regional climate index adapted to these semi-enclosed basins, an alternative approach being the
development of localized climate indices to better capture and explain variability.
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Piping erosion affects both topsoil and subsoil, and it is often associated with gully development. Till
now, there has been no research on the role of this subsurface process in soil organic carbon (SOC)
dynamics. Therefore, this study aims to recognize the dynamics of SOC due to piping erosion in mid-
elevation mountains under a temperate climate (SE Poland). In the study area, piping erosion occurs
in grasslands and in young forests (<70 years old; formerly pastures). Soil profiles were done in three
land cover classes: grasslands, young forests (<70 years old), and in old forests (>100 years old).
Standard soil analyses were performed, i.e., soil texture, structure, consistence, porosity, bulk
density, pH, exchangeable cations, sodium absorption ratio, SOC content, dissolved organic carbon
(DOC) content, and total nitrogen content. The analysed soils represent Cambisols dominated by silt
loam textures with the highest SOC values in the uppermost horizons. Soils both in old and young
forests are more acid (pH <5 in the upper horizons) and contain more SOC (2.97%) compared to soils
in grasslands (pH >5, SOC 1.78%). Although SOC concentration in grasslands is generally lower than in
forests, its sequestration is usually higher due to the formation of mineral-associated soil organic
matter. Piping erosion affects SOC-rich upper soil horizons and lower horizons that have a lower but
more stable SOC pool. The eroded material is transported through the pipes to gully heads, and then
to fluvial system. Piping, often associated with gully erosion, may have mainly a negative impact on
SOC dynamics compared to surface soil erosion, which not only negatively impacts eroding sites but
can also have positive effects on depositional sites.

The research was supported by a grant from the Priority Research Area ‘Anthropocene’ under the
Strategic Programme Excellence Initiative at the Jagiellonian University, Krakéw, Poland.
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Unveiling the magnitude of soil piping at a regional scale: mapping pipe
collapses using LiDAR-derived DEM (SE Poland)

Dr Anita Bernatek-Jakiel®
1Jagiellonian University, Krakow, Poland

02H: Novel geospatial and remote sensing methods for geomorphological feature mapping and
monitoring AND Geospatial Innovations in Geomorphological Research: Integrating Remote Sensing
and Advanced Technologies, Conway 3, February 2, 2026, 2:00 PM - 3:30 PM

Soil erosion is the most significant threat among all soil degradation processes and poses a risk to
healthy soils. The study of subsurface erosion caused by soil piping is often restricted to the hillslope
or small catchment scale due to the subsurface nature of the process and methodological challenges
in detecting its associated landforms and features. The regional and global extent of soil piping
remains largely unknown. However, the increasing availability of high-resolution, LiDAR-derived
elevation data enhances our ability to analyze and understand this specific erosion process. Evidence
of soil piping becomes visible at the surface when the roof of a pipe collapses, forming features
known as pipe collapses (PCs), which can be identified on hillshaded digital elevation models (DEMs).
This study aims to assess the magnitude of soil piping at the regional scale by mapping PCs in the
Bieszczady Mountains (Carpathian Mountains, SE Poland) using a freely available LiDAR-derived DEM
with 1 m resolution. Expert-based on-screen mapping identified over 11,400 PCs within the 2,212.80
km? study area. The density of PCs ranges from 0 to 122 PCs/km?. This newly developed database
enables a better understanding of the factors controlling soil piping and its role in landscape
evolution. Soil piping contributes to gully development and is strongly influenced by land use and
land cover changes in the study area. PCs are predominantly located on grasslands and in young
forests (<70 years old), and often found above gully heads. The use of LiDAR-derived DEMs has made
it possible to delineate the spatial extent of soil piping features at a regional scale which was not
previously possible through traditional field-based geomorphological mapping.

"The study is supported by the National Science Centre, Poland within the project OPUS 29
(2025/57/B/ST10/01326)."
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Contribution of airborne LIDAR to the understanding of hydrosystems:
example of the Montagne de Reims (northeastern France)
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Airborne LiDAR is increasingly being used in geomorphology to study river mobility beams, slope
dynamics and more. Nevertheless, interfluves, particularly in northeastern France, remain little
studied despite growing LiDAR coverage. This presentation takes the Montagne de Reims, at the
eastern end of the Tle-de-France cuesta, as a starting point for analyzing the structure and evolution
of the hydrosystem during the Holocene.

Although this 250 km? area has great potential for heritage enhancement, it remains largely occupied
by private forests, limiting access to the field and overall understanding of geomorphological
dynamics. The approach combines LiDAR data with a multi-scale, diachronic spatial analysis using GIS,
supported by field observations, to discriminate hydro-geomorphological forms according to their
genetic, historical and hydrodynamic criteria.

The results reveal a hydrosystem inherited from a multi-phase trajectory, shaped by the interaction
between natural dynamics and human intervention. Geological controls explain aquifer disparities
along the east-west axis, while quaternary legacies induce slope asymmetry and geomorphological
processes such as landslides and karstification. On a historical scale, climatic and anthropogenic
forcings condition hydrological contrasts between plateaus and valleys, influencing the
hydrographic system.

By proposing a conceptual model of current hydrosystem functioning, this presentation illustrates
the value of LiDAR-based geomorphology for understanding past and present interactions between
environmental constraints and human uses. It is part of a wider reflection on the role of interfluves in
the hydrosystem and proposes a reproducible methodological framework.
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Multi-year observations of beach-shoreface morphodynamics at a
macrotidal embayment in NW France: forcing mechanisms and timescales
of geomorphic change
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Sediment exchanges between the beach and shoreface are rarely quantified, meaning the
understanding of forcing mechanisms and timescales, important for coastal management and to
enable predictions, is currently lacking. For embayed beaches, the initial assertion of a mostly closed
sediment cell implied that beach sediment eroded during storms is stored on the shoreface, before a
progressive return to the beachface during low energy periods. This is increasingly challenged by new
research highlighting the eventuality of sediment by-passing, as well as sediment inputs from deeper
regions, during extreme events.

This study makes use of a multi-method dataset of beach topography and nearshore bathymetry at
Porsmilin, a macrotidal embayment in NW France, with the general objective to improve our
understanding of the forcing mechanisms and timescales associated with beach-shoreface sediment
transfers. Covering 2003-2020, the survey period comprises several energetic winters. To help
comprehend geomorphic change and environmental controls, morphological surveys were assessed
in relation to waves and water levels derived from numerical models and field observations.

Our results demonstrate that beach and shoreface react differently to hydrodynamic forcing.
Volumetric changes of the upper and lower intertidal zones have a seasonal component and mirror
each other, indicative of a cross-shore dominant behaviour, while the middle intertidal zone presents
reduced volumetric variations and no clear seasonal signal. Sediment budget at the event-scale
(storms) is determined by the concomitance of various factors, including wave height, water level
and pre-storm beach state. Multi-annual evolution is modulated by climate variability and essentially
relates to erosion during the winter 2013-2014 and subsequent recovery, which was responsible for
the most notable sediment transfers with the shoreface. Still representing a challenge, we show that
careful management of measurement errors is critical to reconcile disparate datasets, enabling
realistic quantifications of volumetric budgets from the dune to the depth of closure.
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Characterizing and modeling roots of riparian seedlings
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Recent models integrating riparian vegetation feedbacks on fluvial morphology have highlighted the
importance of the uprooting mechanism in reproducing biogeomorphological dynamics. Plants resist
flow and sediment disturbance in fluvial settings, whereby their roots provide both anchorage and
access to water. In particular, young seedlings can only survive if they develop a sufficient roots
system to withstand the stresses during subsequent floods. However, accurate data on root structure
and resistance remain scarce, particularly for young seedlings in highly disturbed environments, such
as gravel bed rivers.

To address this gap, we conducted a field campaign on the Tagliamento River (ltaly) to characterize
the roots of Populus nigra and Salix spp. seedlings, the most common riparian plants in the region.
We characterized root structure as a function of environmental conditions such as sediment grain
size, groundwater access, and soil moisture. At each of seven sites, we carefully excavated ten plants
of each species, selecting individuals of similar age (approximately 1-2 years) and preserving their
entire root systems. For each seedling, we measured taproot depth, total root biomass, the number
and length of lateral roots, stem diameter, and stem length. In addition, we used a load cell to pull
out seedlings and measure their resistance to uprooting. We also measured the breakage resistance
of individual roots for both species, accounting for variations in root diameter and moisture
conditions.

Statistical analysis showed high variability in all measured parameters, with environmental conditions
significantly influencing root characteristics. In particular, taproot depth was primarily related to
groundwater level in gravel sites, while root biomass was more strongly related to plant age and
sediment grain size. Sandy sites exhibited distinct traits with a greater number of shallower roots. We
are currently using this dataset to support the development and validation of mathematical models
that simulate riparian vegetation dynamics.
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Predicting the (active) width of braided rivers
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Regime theories are effective tools for predicting the bankfull width of single-thread gravel-bed
rivers, based on the assumption that bed shear stress slightly exceeds the threshold for bedload
transport. However, applying regime width predictors to multi-thread braided rivers is more
challenging because channel width is consistently underpredicted. Field and laboratory studies
indicate that in braided rivers, only a small portion of the wetted width -referred to as the active
width - is involved in sediment transport, or shows morphological change, over short time periods
like that of a single flood event. In this study, we compile results from various laboratory experiments
to test the hypothesis that regime-based width predictors better estimate the active width rather
than the total channel width in braided rivers. Our dataset, which spans a range of stream power and
degrees of flow confinement, confirms that regime width estimators align closely with active width
measurements. Prior research has shown that active width is typically 15-40% of the wetted width
suggesting that a corridor width at least three times the regime width is necessary to sustain a
braided morphology for stream power conditions under which braiding could occur.

We further tested this finding taking advantage of a recently published dataset of historic trajectories
of braided rivers in the Canterbury region, Aotearoa New Zealand (Barlow and Ashmore, 2025). On
average, braided reaches exhibit channel widths greater than three times the regime width. In
contrast, wandering reaches have widths roughly double the regime width, and single-thread reaches
correspond closely to regime width. These findings offer a robust physical and theoretical basis for
channel corridor design criteria that have been applied in restoration and conservation efforts for
braided rivers in this region and are relevant to controls on the occurrence, and to conservation and
restoration, of braided morphology more generally.
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Towards Effective Debris Flow Mitigation: Mapping and Classifying
Hazardous Fans with Remote Sensing
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Debris flows pose significant risks to life and infrastructure due to high velocities and long runouts.
They are distributed near globally; however, some regions are more susceptible than others. Debris
flows often occur repeatedly, with risk typically focused on debris flow fans. Debris-flow fans are
morphologically distinctive and so can potentially be identified using geomorphic metrics derived
from Digital Elevation Models (DEMs), although this is complicated by local interactions between
fluvial and debris flow processes, which act to modify fan features. Globally, there is a lack of
comprehensive fan inventories, which can limit debris flow studies to a local or regional level.

This study develops remote sensing methods to improve our ability to map and classify fans
susceptible to debris flows. Current classification work has often been limited to well-studied areas
(i.e., with validated debris flow histories) and arid regions. This study develops existing fan
classification methods by adapting and extending them to apply to a range of different climatic and
topographic regions. Once the fans are detected and mapped, their morphometric parameters are
extracted to identify the dominant geomorphological processes and hazards.

We leverage cloud computing platforms to process datasets for semi-automated fan detection.
Change detection and land use datasets support environmental context. Variables such as Melton's
Ruggedness Number, basin area, length, and slope are extracted from existing fan inventories to
identify thresholds to differentiate between debris flow and fluvial-dominated fans, which can be
upscaled for wider regions.

Communities often choose to live on fans as it can be the only flat, fertile land in mountainous
regions and can be elevated above main-river fluvial flooding. It is therefore essential to understand
the dominant hazard, flood or debris flows, to inform hazard management. Dynamic exposure
analysis using population and infrastructure spatial data can then identify key at-risk fans.
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Finding needles in a haystack: Opportunities and challenges for semi-
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Large, slow-moving landslides can be key drivers of landscape change, with implications for
infrastructure, hazard management, land use, catchment sediment budgets, and ecosystem health.
However, understanding their distribution across entire regions (hundreds to thousands of square
kilometres) remains challenging due to the limited coverage (<1% globally) of landslide inventories
and the time-consuming nature of manual mapping methods.

Synthetic Aperture Radar (SAR) approaches, especially Permanent Scatterers (PS) and other
Interferometric SAR (InSAR) techniques, have become popular for detecting slow-moving landslides.
However, these methods have several key limitations, particularly in steep non-urban terrain,
including dependence on reflective features being present in each radar scan, and signal de-
correlation due to vegetation or displacements exceeding the radar wavelength. Further constraints
include limitations on capturing horizontal landslide displacements due to directional (line-of-sight
and look angle) restrictions, and signal distortion on steep slopes due to layover effects.

Pixel tracking of multitemporal LiDAR datasets provides an alternative method for detecting and
quantifying landslide displacements, offering some advantages over SAR-based techniques. The
increasing availability and frequency of very high-resolution, regional LiDAR surveys presents an
opportunity to quickly identify the presence and quantify the displacement of active slow-moving
landslides using existing LiDAR datasets.

This study applies and validates a pixel-tracking workflow using multitemporal LiDAR datasets to
detect and quantify active, slow-moving landslides across New Zealand’s 8,694 km? Gisborne region,
an area highly susceptible to landsliding. Despite limitations in areas with dense vegetation and low-
quality early LiDAR, the method successfully identified large landslides and measured their
displacements with far greater efficiency than traditional field or manual mapping approaches (hours
to days compared to months or even years).

We discuss the potential benefits of pixel tracking LiDAR data compared with SAR, optical imagery,
and manual methods for rapid, regional-scale landslide inventory development.
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Sediment (dis)connectivity and denudation in Mediterranean drainage
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Denudation and the relative shares of chemical and mechanical denudational processes are
controlled by a range of environmental drivers, and are in most environments and landscapes
worldwide significantly affected by anthropogenic activities and disturbances. Anthropogenic
pressures can significantly affect the sediment (dis)connectivity in defined drainage areas. The three
selected drainage basins in eastern Spain (Calpe region) are located in a Mediterranean, mostly
mountainous and anthropogenically modified environment. The Quisi drainage basin has the highest
share of urbanized surface areas and has, at the same time, a comparably high availability of fine-
grained sediments. The Pou Roig and Mascarat drainage basins have large shares of terraced surface
areas, with Mascarat being the steepest of the three drainage-basin systems. Our work includes the
observation and monitoring of sediment-transfers, runoff and fluvial-transport events. In the field,
we are using a combination of different observation, monitoring and sampling techniques, including
different tracer techniques and sediment traps in stream channels, remote time-laps cameras, and
event-based high-resolution field monitoring combined with frequent water and sediment samplings.
Sediment connectivity is significantly reduced by extended terraced areas within the drainage-basins,
particularly in Pou Roig and Mascarat. Sediment transfers, the intermittent runoff, fluvial transport
and land-to-ocean fluxes are almost entirely controlled by pluvial events. High runoff during extreme
rainfall-events poses a relevant hazard, particularly in the lower parts of the drainage-basin systems.
Mechanical fluvial denudation shows a clearly higher spatiotemporal variability than chemical
denudation, with the highest rates of mechanical fluvial denudation being measured in the Quisi
drainage basin. Altogether, drainage-basin wide chemical denudation dominates over drainage-basin
wide mechanical fluvial denudation which is explained by partly limited sediment availability,
sediment deposition and short- to long-term sediment storage at numerous defined locations within
the drainage-basin systems, and by the high solubility of the predominant marine limestones found
in the drainage-basin areas.
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Effects of environmental change on contemporary sediment yields in
selected cold-climate environments in Norway
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It is widely stated that atmospheric warming increases erosion and sediment-transport processes in
cold-climate environments, with these increases being mainly driven by cryosphere degradation. In
this study we compare the effects of ongoing global warming on measured sediment yields in three
different cold-climate environments in Norway: (i) partially-glacierized drainage basins (Bgdalen and
Erdalen, connected to the Jostedalsbreen ice cap, western Norway), (ii) one drainage-basin system
with discontinuous permafrost (upper Driva, central Norway), and (iii) one boreal drainage-basin
system free of permafrost (Selbusjgen, central Norway). Our study includes the multi-year (>10 yr)
monitoring of fluvial solute and sediment transport using a range of different advanced techniques.
In the partially-glacierized drainage basins mechanical denudation dominates over chemical
denudation. Most sediment transport occurs during pluvial events in fall, followed by thermally-
determined glacier melt in summer, and thermally-determined snowmelt in spring. An increasing
frequency of extreme rainfall events leads to increased sediment yields whereas smaller amounts of
wintry snow and the ongoing retreat of outlet glaciers are not causing a detectable increase of
sediment yields. For the drainage-basin system with discontinuous permafrost it is found that global
warming and the connected shifts in the ratio of snow and rain, the increased frequency of heavy
rainfall events, and the continued thawing of permafrost have complex effects on denudation, with
an increasing importance of pluvially-induced denudational events, a decreasing importance of
snowmelt-induced denudation processes, and an increasing dominance of chemical denudation over
mechanical denudation. Also in the boreal environment an increasing importance of pluvially-
induced denudational events, a decreasing importance of snowmelt-induced denudation processes,
and an increasing dominance of chemical over mechanical denudation can be observed. As a result,
the different cold-climate environments respond differently to ongoing atmospheric warming, and a
significant increase of mechanical denudation due to cryosphere degradation cannot be detected in
our study areas.
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Glaciers are widely recognised as indicators of climate change; however, they may also respond to
sudden, non-climatic events such as large supraglacial landslides. These events have been
documented across all major mountain ranges, yet quantitative data on glacier response to debris
loading remains scarce and inconsistent.

This study investigates changes in glacier surface velocity before and after large supraglacial
landslides using satellite data. Landslide deposits were first identified through manual mapping from
high-resolution satellite imagery. To estimate the timing of these events, we analysed time series of
medium-resolution satellite imagery (Sentinel-2, Landsat, ASTER) to determine a time window of
occurrence. Surface ice flow velocities were then quantified using the Glacier Image Velocimetry
toolbox applied to Sentinel-2 data for pre- and post-landslide periods.

The analysis focused on several glaciers in the Southern Andes, including Glaciar Oriental and Glaciar
Cerro Balmaceda. For Glaciar Oriental, velocity estimates were based on 58 satellite images. Peak
pre-landslide median velocities in the lower 2 Km of the glacier was approximately 116 m/year which
dropped after the event to 83 m/year up-glacier from the landslide. Analysis for the lower 4 Km of
the Glaciar Cerro Balmaceda, based on 25 images, revealed peak median pre-landslide velocity
around 182 m/year, with a slight post-event decrease to 143 m/year.

Additionally, velocity patterns were examined across different glacier zones (e.g., accumulation,
ablation, snout) to assess spatial heterogeneity in the response and to explore optimal approaches
for reporting such changes.

Our results demonstrate that glacier response to supraglacial landslides is not uniform and may
depend on event magnitude, glacier dynamics, and the location of debris deposition.

This research was funded by the National Science Centre, Poland, project number
2021/42/E/ST10/00186
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Although there have been significant advances in monitoring Earth surface processes—driven by new
surveying technologies, high-frequency sensors, and proliferation of data—physics-based models
have struggled to keep pace and fully harness the potential of these rich datasets.

Physics-Informed Neural Networks (PINNs) embed governing physical laws, described by nonlinear
partial differential equations (PDEs), directly into neural network training. This integration enables
PINNSs to learn accurate solutions from limited data by minimizing a loss function that balances
observational data with PDE constraints, while keeping compliance with the governing PDEs.
Although PINNSs are increasingly being adopted to solve hydrodynamic and hydrological problems,
their application in geophysical research remains limited. This is partly due to the challenge of
obtaining reliable boundary condition time series at both the upstream and downstream ends of the
model domain, which are essential for accurate internal predictions. Moreover, the complexity of
geophysical processes—often involving multiple interacting boundaries across different spatial
scales—make existing PINN frameworks inadequate for reliably modelling and predicting these
systems.

Adapting PINN architectures to represent catchment processes across a river network is a clear
example. Because of the localized nature of inputs, a simple PINN framework cannot effectively
handle data from all sources to sinks. An interconnected PINN framework, as implemented in the
development of the SED-PINN model, helps to overcome some of these limitations. This model links
individual PINN structures for separate river reaches using appropriate loss functions at their
boundaries, enabling the construction of a cohesive and integrated network model.

This presentation introduces the structure and real-world application of the SED-PINN model. It also
discusses the current limitations of PINN approaches in geophysical studies and highlights potential
pathways for advancing the technique to better capture the complexity of physical processes in
future research.
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braided rivers
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This presentation examines how private land ownership constraints limit nature-based solution (NBS)
implementation across Canterbury's braided river systems, demonstrating the institutional and
economic barriers to effective landscape-scale river management in privatised agricultural
landscapes.

Canterbury's braided rivers are among the world's most significant examples of glacially-influenced
river systems. The Canterbury Plains formed as alpine sourced rivers transported glacial sediments
across the coastal plain, building successive alluvial fans over geological time to create the current
landscape. These naturally dynamic rivers historically carried high sediment loads and migrated
across wide braidplains.

European settlement fundamentally altered these systems through progressive channelisation and
confinement. Stopbank construction narrowed the rivers to allow room for agriculture, significantly
reducing the width of active braids. At the same time, new vegetation was introduced to promote
confinement and channelisation. Willows and exotic weeds now occupy the majority of lowland
braided river habitat, binding bed sediments and preventing natural gravel movement.

The naturally dynamic braided channels are now confined into single-channel systems, concentrating
flow energy and increasing breakout risks during flood events. Herbicide application is used to
manage vegetation, which would otherwise act to stabilise bed sediment and restrict bed mobility
during high flow events. Economic drivers struggle to incentivise extraction of accumulated
sediments that cannot redistribute naturally due to low gradients.

Contemporary management through implementation of NBS seeks alternative means to manage
these dynamic ecosystems. However, implementation faces significant barriers, primarily related to
adjacent private land ownership that constrains large-scale management. Acquiring property for
stopbank retreat projects faces high costs and strong landowner opposition, especially where
generational, improved farmland is involved. Projects are limited to piecemeal interventions where
landowners are willing and funding is available.

This is an invitation for discussion on how we can shift from piecemeal interventions to integrated,
landscape-scale strategies that balance ecological function with landowner realities.
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Wildfires are becoming increasingly frequent and intense as a result of ongoing climate change,
affecting not only ecosystems but also the stability and integrity of rock masses in fire-prone
landscapes. High temperatures associated with wildfires can alter the physical and mechanical
properties of rocks, with significant implications for slope stability, weathering rates, and landscape
evolution in affected regions.

In this study, we investigated the effects of thermal shock on rock mechanical properties in four
lithological groups: sandstones, limestones, crystalline rocks, and volcanic rocks. For each group,
samples were collected from 25 different locations across the Czech Republic to provide a
representative dataset covering the country’s geological diversity. Cylindrical specimens were
subjected to fast short-term heating (5 minutes) at target temperatures of 200 °C, 400 °C, 600 °C, and
800 °C. In addition, selected samples were directly exposed to flame to simulate the heterogeneous
thermal exposure typical of real wildfire conditions.

After each heating step, changes in the propagation velocities of P- and S-waves were measured,
allowing the calculation of dynamic elastic moduli. Our results reveal markedly different thermal
responses across the lithological groups. In several cases, a surprising increase in wave velocity and
rock strength was observed after heating to 200 °C, possibly due to the closure of microcracks or
dehydration of clay minerals. However, higher temperature exposures generally resulted in
progressive degradation of mechanical properties, including a sharp decrease in wave velocities and
inferred moduli.

These findings highlight the complex and non-linear nature of thermal alteration in rocks and
underscore the importance of considering lithology-specific behavior when assessing post-fire
landscape stability and rock mass quality. Our results contribute to a better understanding of how
wildfires, intensified by climate change, may accelerate rock degradation processes and reshape
geomorphological systems.
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BathyBoxes Aotearoa — hands on learning for seafloor mapping
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Aotearoa is a maritime country; 95% of Zealandia lies beneath the waves. Marine geosciences are
inherently ‘out of sight’ as our study areas lie deep beneath the sea surface. Therefore,
communicating the relevance and impact of marine research and how we collect data requires
paying particular attention to conveying the significance of these environments, and the challenges
that we face in researching them. Our ocean is already a busy place, and activity is increasing as new
industries are explored and implemented. With increased activity comes the need to better
understand the offshore space, and particularly our sensitive marine habitats.

Seafloor mapping is a critical tool for furthering our understanding of offshore hazards, ecosystem
distributions, regulating underwater resource exploration and infrastructure, and ensuring safety of
navigation. Furthermore, these maps provide information vital to understanding marine life, allowing
us to characterize marine habitats and make decisions for solid, sustainable conservation measures.
However, many people still have little idea how we go about mapping the seafloor.

Now more than ever we need to increase scientific literacy to enable informed decision making
across all levels of society. To help address this, we have developed resources that can be used across
a wide range of ages, backgrounds, and disciplines, to increase interest, awareness, and engagement
in seafloor mapping. BathyBoxes combines hands-on learning, using 3D printed real-world examples
of New Zealand’s diverse bathymetric landscapes, introducing the concepts of map drawing, and
bilingual introductions to technologies behind modern-day seafloor mapping. Furthermore, the
activity provides insights into why scientists explore these areas of the seafloor. The aim is for the
BathyBoxes to be flexible in scope so that they can be utilised by educators in a wide range of
activities. Here we present the development of the resources and some initial feedback from users.
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Landslide mapping within Auckland’s northern Future Urban Areas

Dr Kyle Bland?, Dr Dougal Townsend?, David Barrell?, Julie Lee?, Dr Katie Jones', Gokul Anand?, Dr lan
Hamling?
1Earth Sciences Institute, Lower Hutt, New Zealand, 2Earth Sciences Institute, Dunedin, New Zealand

08D: Engineering Geomorphology, Dobson 3, February 5, 2026, 9:35 AM - 11:05 AM

Auckland, New Zealand’s largest city, is rapidly expanding into previously rural areas. The city’s
designated northern Future Urban Areas (FUA), including Silverdale-Dairy Flat-Wainui and Kumeu-
Waimauku, will soon see tens of thousands of new residents and associated infrastructure and
industrial development. The bedrock geology of these areas includes variably volcaniclastic Early
Miocene turbidite (alternating sandstone-mudstone) successions (Waitemata Group) and
Cretaceous—earliest Miocene deep-marine sedimentary strata and sea-floor basalts (Northland
Allochthon). Both units predominantly comprise engineering weak rocks and have propensities to
slope instability. Sand-dominated Quaternary aeolian deposits are widespread in the west; these
typically poorly consolidated engineering soils are also prone to slope instability.

Landslide mapping and susceptibility evaluations before development occurs reduces landslide risk
by identifying and delineating areas characterised by slope instability, thereby helping inform land-
use management, planning, and infrastructure development. When applied optimally, this supports
informed choices about where to avoid construction, implement remedial measures, and allocate
resources to mitigate risks, ultimately reducing exposure of assets to landslide-related damage.

On-going LiDAR-based geomorphological mapping including in the FUA has identified >7000 existing,
largely pre-historic, landslides up to ~767,000 m? in extent. There is high-level correlation between
bedrock geology and landslide occurrence. Most mapped landslides are in areas underlain by
Waitemata Group strata, with the largest failures (up to ~1 km across) associated with thick,
conglomeratic slope-canyon turbidite fills (Cornwallis Fmn / Helensville Conglomerate). Landslides
are common but generally smaller in areas underlain by rhythmically alternating sandstone-
mudstone of the Waitemata Group’s East Coast Bays Formation, and on steeper slopes underlain by
Quaternary aeolian sediments. Landsliding on low-angle failure planes typifies fine-grained
Northland Allochthon strata. Collectively, these observations suggest that variable lithification and
grainsize may play important roles in failure mechanisms and landslide size.

Initial observations from LiDAR-derived surface-difference maps and InSAR data show that some of
these features are active.
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Late Glacial-Holocene Transition

Professor Mirostaw Btaszkiewicz!
Institute Of Geography And Spatial Organization Polish Academy Of Sciences, Warsaw, Poland

Poster Session 3, Exhibition & Poster Hall, February 5, 2026, 4:00 PM - 5:00 PM

Lake basins are among the most characteristic features of glacial landscapes shaped within the extent
of the last continental glaciation. In general, the genesis of lake basins is associated with erosional
and depositional processes that occurred during the advance and retreat of the last Scandinavian Ice
Sheet. The vast majority of large lake basins in the young glacial regions of the Central European
Lowland are tunnel valleys formed by the erosive activity of subglacial meltwater and/or glacial
erosion (the depression formation phase). Immediately after their formation, these glacial
depressions were filled with blocks of dead ice, which—under permafrost conditions and beneath a
mineral cover—could be preserved for extended periods, in some cases exceeding 5,000 years (the
conservation phase). The subsequent melting of the buried dead ice occurred under thermokarst
conditions and was influenced by both global climate changes during the Late Glacial and local
environmental factors (the buried ice melting and lake formation phase). The uneven and gradual
melting of dead ice was the primary factor determining the varying ages of lakes—from pre-Allergd
lakes, through those of the Bglling-Allergd complex, to lakes that formed only at the onset of the
Holocene. A detailed understanding of the timing and processes of lake formation also provides an
important basis for discussing permafrost evolution in glacial landscapes at the end of the last glacial
period.

The presented research works are financially supported by the NCN Project, Opus 23, (UMO-
2022/45/B/ST10/03167).
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Although numerous structures associated with the presence of permafrost have been documented in
areas within the extent of the last ice sheet in the Central European Lowland, many issues related to
its evolution and actual role in the transformation of glacial landscapes remain unresolved. Our study
area is located directly in the foreland of the Pomeranian phase of the last glaciation, in northern
Poland. The research focused on networks of thermal contraction polygons, aeolian covers, and
organic infillings within the floors of tunnel valleys. As a result of the analyses carried out, two main
stages of periglacial transformation of this area were identified. The first occurred at the beginning of
the Late Glacial period, during which thermal contraction polygon structures and the older aeolian
series were formed. The second stage was associated with the Younger Dryas and the intense aeolian
processes that took place during that time. Based on the dating of processes related to the melting of
buried dead ice blocks within tunnel valleys, the final degradation of permafrost in the study area
occurred at the transition from the Preboreal to the Boreal period. The coexistence of permafrost
and a substantial amount of buried dead ice blocks allows for the use of the term “dead ice-rich
permafrost” by analogy, particularly in the context of thermokarst processes, with “ice-rich
permafrost” known from modern periglacial zones. This type of permafrost developed in the Central
European Lowland during deglaciation, and its evolution and eventual disappearance significantly
influenced the course of paraglacial transformation of glacial landscapes.

The presented research works are financially supported by the NCN Project, Opus 23, (UMO-
2022/45/B/ST10/03167).
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The shoreline of Nunavik (Northern Québec, Canada) is undergoing rapid and spatially variable
transformations, driven by the combined influence of natural geomorphic processes, climate change,
and the historical establishment and growth of Inuit and Cree communities. This Arctic—subarctic
region is strongly affected by glacio-isostatic rebound, leading to localized relative sea-level fall, while
also experiencing dynamic permafrost conditions (ranging from degradation to aggradation),
periglacial processes, and diverse hydrodynamic regimes — from microtidal conditions in Hudson Bay
to hypertidal ranges in Ungava Bay. These physical drivers are further influenced by shifting patterns
in sea ice and storm activity.

Since 2021, several coastal field campaigns have been conducted across Nunavik to monitor
shoreline change and better understand local coastal dynamics. This study combines multiple data
sources, including historical aerial photographs (1950s—present), UAV-based surveys, and field
observations. Shoreline change analysis using the Digital Shoreline Analysis System (DSAS) has
quantified both erosion and progradation trends. In parallel, high-resolution Digital Surface Models
(DSMs) derived from LiDAR datasets (2010, 2015-2016, 2021) and UAV imagery have enabled the
assessment of volumetric sediment changes across key sectors.

The 15 coastal communities of Nunavik exhibit markedly contrasting shoreline responses. Some
communities (e.g., Umiujaq, Salluit, Tasiujaq) are affected by active erosion, while others (e.g.,
Whapmagoostui-Kuujjuarapik) exhibit long-term shoreline progradation. In Umiujag, for instance,
major storm events in 2017 and 2018 triggered shoreline retreat rates approaching 2 meters per
year.

Importantly, the coastline is becoming increasingly anthropized, with expanding infrastructure often
situated in hazard-prone zones. These findings underscore the urgency of localized, community-
based shoreline monitoring and coastal risk management strategies. Despite growing environmental
pressures, Inuit and Cree communities demonstrate strong resilience and adaptive capacity. Their
local knowledge and collective governance practices are essential for guiding sustainable coastal
adaptation in this rapidly evolving environment.
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Coastal Dynamics of Arctic and Subarctic Emerging Coastlines: The Case of
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The Arctic and subarctic shorelines of Nunavik (northern Quebec) have long been shaped by
postglacial emergence, driven by isostatic rebound following the retreat of the Laurentide Ice Sheet.
Over thousands of years, this geomorphological uplift has led to the progressive progradation of land
into the sea — forming raised beaches and marine terraces. In recent decades, however, this trend
has slowed: the rate of isostatic uplift is gradually decreasing, although it still exceeds global sea-level
rise in many areas.

Meanwhile, Inuit and Cree communities have established and expanded across these emerging
landscapes — often on sandy spits, deltaic margins, or estuarine outlets. Historically, many key
infrastructures were built on low-lying landforms perceived as stable. Today, this assumption is being
challenged. Climate change is disrupting coastal stability by intensifying freeze—thaw cycles, altering
surface runoff, accelerating glacier melt, and weakening permafrost. In addition, increasing storm
activity and shifting sea ice regimes are further exacerbating local vulnerability.

Several communities are now experiencing visible geomorphic change, including accelerated erosion,
the episodic flooding of low-lying terrain, and stress on buildings and essential services situated too
close to the shoreline. These changes carry implications not only for physical landscapes but also for
cultural heritage, land-use practices, and long-term planning.

This presentation draws on fieldwork conducted annually between 2021 and 2025, combined with
geospatial analyses and instrumental monitoring in selected communities. It seeks to illustrate the
transition from an emerging coastal system to one facing increasing climate-driven risks —
highlighting the urgent need to integrate geomorphological processes, Indigenous land-use history,
and adaptation strategies into northern planning frameworks.
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Quantifying wildfire-flood impacts to a central California bar-built estuary
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Debris flows after wildfires can significantly alter watershed processes and may be beneficial and (or)
detrimental to aquatic biota at varying spatiotemporal scales. Bar-built estuaries (BBEs) naturally
serve as sediment sinks, making them vulnerable to changes in hydrology and sediment dynamics.
Despite numerous studies investigating post-wildfire impacts on watershed processes and a marked
increase in fire disturbance in coastal watersheds, few studies have investigated sediment impacts in
BBEs. To address this knowledge gap, we characterized sediment deposition patterns in the Scott
Creek Watershed (central California, USA) directly after the 2020 CZU Lightning Complex fire and four
years post-fire. We quantified fine-sediment deposition (pebble count transects) throughout the
watershed, conducted RTK-GNSS grade bathymetric surveys within the estuary, and measured
sediment deposition (sedimentation tiles) on the marsh plain adjacent to the estuary, to quantify
changes in sediment characteristics and estuary morphology. We found substantial inputs of fine-
sediment one year post-fire throughout the watershed (mean = 15%, min = -11%, max = 44%) that
extended into the estuary despite below-average precipitation. Subsequent surveys revealed
relatively large deposition rates on the marsh plain (mean rates = 11-19 mm/yr, ~7-13x greater than
long-term Holocene rates). There was moderate net aggradation in the estuary channel one year
post-fire followed by limited net bathymetric change in subsequent years. This suggests that
although there were elevated sedimentation rates in the upper watershed and on the adjacent
marsh plain, post-fire sediment that was transported to the estuary quickly exited the system.
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Lake Opuha in New Zealand is an artificial reservoir used for hydropower generation and irrigation of
nearby agricultural land. Accurate estimates of flow and sediment loads are essential for effective
reservoir management, ensuring that water supply meets water quality requirements. This study
uses the SWAT+ model to simulate erosion from catchment sources around Lake Opuha, with the
aim of improving sediment routing through braided rivers into the reservoir by applying NIWA’s
suspended sediment transport model. The methodology includes: (1) using Sentinel-2 satellite
imagery to detect landslides and update bare soil classes in the New Zealand Land Cover Database;
(2) simulating sediment loads spatially and temporally with SWAT+; (3) analysing suspended
sediment concentration and particle size distribution of the main tributaries to the lake; (4)
calibrating the correlation between suspended sediment concentration and turbidity; (5) linking
SWAT+ to the NIWA sediment transport model; (6) calibrating the model with observed data; and (7)
evaluating the accuracy of sediment simulations using the improved model. The improved sediment
routing capabilities in the model are expected to refine the prediction of sediment yields across the
stream network and the delivery of sediments to the lake. These improvements will support more
effective sediment management in Lake Opuha and help maintain water quality standards.
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Changes in land use and land cover (LULCC) have modified the Earth's surface, with emphasis on the
replacement of native vegetation by sugarcane crops in southeastern Brazil, especially in the Paulista
Peripheral Depression (PPD) — Parana Sedimentary Basin. The sugar cane is normally used in the
production of biofuels (ethanol), which are responsible for 42 % of renewable energy supply in Brazil.
However, the expansion in the sugar cane crops have increased the soil loss and sediment
accumulation rates (SAR), promoting landscape and geomorphic changes in several Brazilian
watersheds. Here, we used the RUSLE model to understand the soil loss in a watershed located in the
PPD (Claro Stream basin), considering different temporal scenarios 1990 and 2020. In addition, the
SAR were characterized through the 210Pb sediment radiochronology (based on the CF:CS model) in
a sediment core sampled on Claro Stream basin. The results indicated an increase in the sugar cane
crops of 44.7 % between 1990 and 2020 in the study area, which increased the soil loss from 6.63
ton/ha at 1990 to 8.18 ton/ha at 2020, suggesting an increase in annual soil loss of 17.9 tons. In
relation to SAR, the rates were 1.0 £ 0.1 cm/year from 1986 to 2011 and 3.1 £ 0.2 cm/year from 2016
to 2022. The period of significant changes in the rate of soil loss occurred between 2010 and 2015,
same period where the increase in SAR was observed. Therefore, this study reinforces that the
human-landscape systems associated with sugar cane crops are complex and increase the natural
processes of soil loss and SAR, affecting the landscape evolution in PPD.
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Understanding the past dynamics of the Antarctic glacial system in response to late Cenozoic climate
shifts is critical for assessing its sensitivity to current and future global environmental changes.
Despite substantial progress, establishing robust chronological correlations between terrestrial
geomorphological evidence, marine sedimentary records, and deep ice cores remains a significant
challenge.

This study presents an integrated geomorphological, glacial geological, and geochronological
investigation of key ice-free areas in Southern Victoria Land (SVL), East Antarctica. Our primary
objective is to reconstruct the spatial and temporal evolution of the East Antarctic Ice Sheet (EAIS)
through glacial—interglacial cycles, with a particular focus on outlet glacier dynamics and ice surface
elevation changes along the Victoria Land coast.

This investigation is based on a systematic analysis of field data collected during several PNRA (ltalian
National Antarctic Research Program) expeditions, along a broad latitudinal transect in SVL, spanning
from McMurdo Sound to the Convoy Range. Be-10, Al-26 and C-14 cosmogenic surface exposure
dating of glacial erratics and striated bedrock surfaces is utilized to constrain the timing and extent of
EAIS fluctuations with high chronological precision.

Selected sampling sites include low-elevation coastal areas along the Scott Coast, identified to refine
the post Last Glacial Maximum (LGM) deglaciation chronology, as well as high-elevation nunataks
adjacent to the EAIS margin, where geomorphological evidence indicates ice-level oscillations
predating the late Pleistocene. These new datasets provide valuable constraints on the long-term
behaviour of the EAIS and offer critical insights into Antarctica’s contribution to past and potential
future sea-level changes.
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Beavers (Castor fiber, Castor canadensis) are capable of modifying river corridors through dam
construction, thereby altering the local hydrology, geomorphology and biogeochemistry of their
habitat. One such impact of beaver dam activity is an increase in long-term carbon storage through
the creation of anaerobic conditions reducing decomposition, the trapping of allochthonous organic
carbon and sediments, or an increase in autochthonous carbon inputs from aquatic and riparian net
ecosystem productivity. A century ago, Eurasian populations of these ecosystem engineers were
reduced to c. 1200 individuals. Reintroduction, conservation efforts and natural spread have restored
populations throughout Europe in recent years to number c. 1.5 million. This expansion provides
opportunities for nature restoration and enhancing natural floodplain functioning, and subsequently
for ecosystem services related to these. Conversely, this expansion also conflicts with anthropogenic
land-use, and thus river management approaches require comprehensive knowledge on beaver dam
impacts. Presently, there are no large-scale quantifications of potential carbon storage associated
with beaver damming activity. This research postdicts the European-wide loss of floodplain carbon
storage resulting from beaver eradication throughout the Holocene. Our approach is to (1) use
archaeological findings and Holocene land use change data to identify palaeodistribution and
(human-related) patterns in beaver eradication history; (2) model suitable beaver habitat zones
across Europe using hydrological and geomorphological constraints; and (3) combine site-specific
data on beaver-related carbon increase with European soil carbon maps for areas deemed suitable
habitat within beaver palaeodistribution. By quantifying beaver-related carbon storage for their
natural distribution, we aim to highlight the potential impact of continental-scale beaver
reintroduction as a nature-based solution in the carbon sequestration and climate change mitigation
context.
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In January 1855, the Mw 8.0-8.2 Wairarapa earthquake ruptured the Wairarapa Fault and
Wharekauhau Thrust, which strikes offshore beneath Palliser Bay to the east of Turakirae Head. At
Turakirae Head, the earthquake produced a maximum uplift of 6.4 m, resulting in an elevated beach
ridge that wraps the headland. In total, the landscape contains 5 beach ridges, including a modern
ridge created by post-1855 storms.

A new undergraduate exercise was developed to compare GNSS RTK measurements of uplifted beach
ridges and intertidal platforms with elevation profiles extracted from a LiDAR-derived digital
elevation model (DEM). In the field, students work in groups to obtain a GNSS RTK survey profile of
successively elevated beach ridges. By interrogating a DEM with QGIS tools, the groups then measure
the elevations of all the well-preserved beach ridges at Turakirae Head.

Results are combined with active fault maps, beach ridge ages, and paleo-earthquake ages to assess
how seismic events variably impact the landscape. From the exercise, students learn the importance
of on-site observations, the utility of digital tools, the difference between measurement accuracy and
precision, and the limitations inherent in geological mapping, landscape preservation, and the paleo-
earthquake record.

Tectonically, the Wairarapa Fault and Wharekauhau Thrust are known as upper plate faults, faults
that lie on the tectonic plate overlying an active subduction zone. Earthquakes on upper plate faults
represent significant seismic hazards, yet their frequency and potential magnitudes are still poorly
understood because of earthquake rupture complexities. This new learning exercise gives students
experience with a range of site evaluation tools and real, incomplete datasets. It also teaches
students how to deal with uncertainties, a key skill for an informed workforce and resilient
communities. In this presentation, we summarize the exercise and discuss the students’ research
results and reflections on learning.
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Catchment development, particularly the unmitigated expansion of impervious surfaces, accelerates
stormwater runoff into streams, a process known as hydromodification. This intensifies stream
evolution, often leading to incision and channel widening, which degrades riparian habitats and
threatens infrastructure. Traditional management approaches typically focus on controlling runoff
and erosion through channel armoring or detention facilities, with the expectation that these
measures will allow stream recovery. However, in incised or confined reaches, concentrated stream
power limits the effectiveness of flow control alone in restoring lost channel functions. As an
alternative, the resilient stream corridor approach reconnects streams to their floodplains and
restores both hydrologic and morphologic complexity in degraded areas. This strategy reestablishes
natural fluvial processes that dissipate stream energy, lower flood stages, and extend time-to-
concentration by increasing the connected floodplain width and surface roughness. Morphologically,
the approach fast forwards stream evolution toward a more stable and ecologically functional
condition that is easier to maintain. This concept aligns with the Stream Evolution Model by Cluer
and Thorne (2014), where accelerated evolution moves impacted channels from Stages 3 or 4 to
Stages 0 or 8. For over a decade, Wolf Water Resources has partnered with urban authorities and
water management agencies to implement this approach as a practical hydromodification
management strategy. Our stream power-based assessment and design tool enables agencies to
assess, quantify, and track urban runoff impacts, linking them to targeted resilience actions that limit
or reverse the effects of hydromodification. Compared to conventional hydraulic modeling, this
method provides a more scalable and cost-effective way to evaluate risks, benefits, and costs at the
catchment scale. These strategies have been successfully applied in the Pacific Northwest of the
United States to guide urban stream restoration and inform project design, and to support the
development of guidance frameworks for Auckland Council in New Zealand.
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Martian Deltas: Experiments on the Impact of Sediment Density on Delta
Morphology as a Proxy for Gravity

Dr Lisanne Braat!, Maarten Kleinhans?
1Utrecht University, Utrecht, The Netherlands
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Martian deltas provide compelling evidence for past surface water activity and are key to
reconstructing the planet’s paleoenvironmental conditions. Understanding how these sedimentary
systems formed under Martian conditions, and how they differ from terrestrial analogues, is essential
for interpreting orbital and rover observations, including those from the Perseverance rover in Jezero
Crater.

This study presents results from controlled flume experiments designed to simulate delta formation
under reduced gravity. All deltas were created under identical conditions: a flat basin with 3 cm
water depth, a constant water discharge of 300 L/h, and a sediment supply of 2 L/h. Martian
analogue experiments used low-density nutshell grains (1350 kg/m?3) to increase sediment mobility,
while terrestrial analogues used standard silica sand (2650 kg/m?3).

Previous studies have demonstrated that reduced gravity increases sediment transport capacity,
particularly for coarser grains, and enhances suspended load (Braat et al., 2024). We therefore argue
that using low-density grains in Earth-based experiments can approximate sediment dynamics on
Mars. However, the morphological consequences of these dynamics have not yet been studied.

Our results show that deltas formed with low-density grains exhibit greater surface area and lower
elevation compared to those formed with silica, under identical boundary conditions. This reflects a
reduced equilibrium slope associated with increased sediment mobility, leading to minimal
aggradation and rapid progradation. Furthermore, deltas in the Martian analogue experiments
display more irregular shorelines, wider channels, reduced channel migration, and increased avulsion
frequency.

These findings improve our ability to interpret Martian delta morphology from remote sensing data
and allow for more accurate estimates of flow duration, sediment supply, and water volume. Such
insights are essential for constraining the climatic history and habitability of early Mars and for
informing future sampling strategies in planetary exploration missions.
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The Use of High Frequency GPR for Monitoring the Spatial Distribution and
Temporal Evolution of Wildfire-Related Hydrophobic Soil Layers.
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In many post-wildfire environments, one of the most significant impacts—beyond vegetation loss—is
the formation of a shallow, water-repellent (hydrophobic) soil layer (HSL). It is well understood that
the presence of this layer can greatly alter the hydrologic and geomorphic conditions in a watershed,
often leading to substantially increased storm-induced runoff, heightened erosion rates, elevated
sediment loads, and in some cases hyperconcentrated flows or debris flows.

Efforts by researchers to evaluate the presence, extent, and persistence of the HSL and to quantify
the impact on post-fire watershed dynamics and recovery rates have proven challenging. To date, the
most commonly used methods to detect the presence and extent of HSLs include the water drop
penetration test (WDPT), the molarity of ethanol drop test (MED), and the mini-disc infiltrometer test
(MIDI). All involve the observation of resistance to fluid passage (either water or ethanol) by the HSL
as the fluid infiltrates into the soil. These methods are spatially limited, typically covering only a few
square centimeters per test, and because they disturb the soil structure are not temporally
repeatable.

Over a period of more than ten years, we have developed and refined a non-invasive geophysical
approach using high frequency ground penetrating radar (HFGPR) to enable the delineation of HSLs.
High Frequency Ground Penetrating Radar (HFGPR) radargrams provide high-resolution imaging, with
sample intervals as small as 5 mm along the line —yielding over 200 measurements per linear meter
and thousands of data points when adjacent and crossing lines are incorporated and processed for
3D analysis. The data density, interpretability, and repeatability of this method provides unmatched
mapping of the depth, spatial variability, and temporal changes of the HSL.

The theoretical framework, methodology, and representative laboratory results and field-based case
studies demonstrating the utility of HFGPR for post-fire watershed assessments are presented.
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An assessment of the factors contributing to the Saint Sophia Debris Flow of
Dec. 25, 2003

Dr Jordan Brady?, Professor Frank H. Weirich?
tUniversity Of lowa, lowa City, United States, 2IIHR - Hydroscience and Engineering, Oaklahoma,
United States
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On December 25 a post-fire storm related debris flow in the San Bernardino Mts. near San
Bernardino, CA. struck the Saint Sophia Church Camp located near the base of the mountains
resulting in the destruction of the camp and 14 fatalities of which many were children. The debris
flow was on the order of 5 meters in depth with a width 75 meters and a peak discharge on the order
of 425 cms in the area of the church camp. It was generated in a watershed only 310 ha in size. A
study was undertaken to evaluate the role of a recent wildfire, rainfall amounts and intensities from
a postfire storm that impacted the watershed and initiated the debris flow, the topographic and
geomorphic conditions of the watershed and channel upstream of the church camp, and land use
changes over time associated with a highway crossing through a portion of the upper watershed in
generating what became known as the St. Sophia Debris Flow. The results of this study indicate that
occurrence of the wildfire, rainfall from a storm that impacted the watershed in the hours up to the
occurrence of the debris flow, the steep terrain of the watershed and channel, the large quantity of
sediment present in the channel areas upstream of the church camp that became incorporated in the
debris flow all contributed to the initiation and size of the debris flow. However, the land use
changes associated with the presence and development of the highway crossing the upper portion of
the watershed contributed additional large quantities of material to the debris flow and as a result
significantly further increased the size of the flow such that it reached a scale large enough to destroy
the portion of church camp where the fatalities occurred.
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with high geo-cultural values: some examples from Eastern Liguria, Italy
Pierluigi Brandolini®, Francesco Faccini!, Andrea Ferrando?, Andrea Mandarino?, Sofia Pietrogrande?

!Department of Earth, Environment and Life Sciences, University of Genoa, Genoa, Italy, 2Department
of Chemical and Geological Sciences, University of Modena and Reggio Emilia, Modena, Italy

Poster Session 3, Exhibition & Poster Hall, February 5, 2026, 4:00 PM - 5:00 PM

Climate change and the relevant anthropogenic imprint on various landscapes at the global scale
have often exacerbated hazard and risk conditions associated with geomorphic processes worldwide.
As a result, sites of geomorphological and geocultural interests enjoyed by tourism are now
addressing serious challenges for their conservation. Detailed geomorphological investigations are
thus essential for geoheritage protection and conservation in both urban and rural environments.
Earth surface processes and landforms have been severely modified by the development of
settlements and infrastructure, particularly at two recent historical and socio-economic phases: the
first began with the Second Industrial Revolution, in the first half of the 19th century, the second
occurred with the Great Acceleration of the 1950s.

In this context, this research presents the preliminary results of an investigation developed within the
framework of the Italian project of relevant national interest “GEOTRes — Geoheritage threating and
resilience: mapping the impact of geomorphic and human processes in sensitive morphoclimatic
environments”, funded by European Union — Next Generation.

The coastal stretch between Genova and Chiavari, in the central-eastern sector of the Liguria region
was considered and three case studies were investigated in detail: i) the western sector of the
Portofino Promontory; ii) the Castellaro cliff, in the municipality of Zoagli; iii) the slope on which the
Sanctuary of N.S. delle Grazie in Chiavari stands. They represent three spots affected by ubiquitous
instability located along a coastal slope, where the anthropogenic morphogenesis has most likely
played a decisive role as a landslides factor.

In all these cases, the role of geological and geomorphological factors is clear, and equally evident is
that of anthropic impact. This last is related to significant quarrying activity that led to new
excavation and accumulation landforms and to an increase of geomorphological hazard.
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Anthropocene geomorphological mapping within a small Mediterranean
catchment for the comprehension of human impact on earth surface
processes and landforms

Andrea Mandarino?, Francesco Faccini, Sofia Pietrogrande!, Roberto Sergio Azzoni?, Pierluigi
Brandolini*

lUniversity Of Genova, Genova, Italy, 2Department of Earth Sciences “Ardito Desio”, University of
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Poster Session 2, Exhibition & Poster Hall, February 3, 2026, 4:00 PM - 5:00 PM

Even though the Anthropocene has not been officially recognised as a stratigraphic period, there is
no doubt that processes on the Earth's surface are influenced by anthropogenic activities. On one
hand, climate change seems to be causing an intensification of meteorological phenomena; on other
hand, it cannot be denied that their ground effects are amplified by anthropogenic interventions.
The identification of anthropogenic and human-modified natural landforms can therefore become a
tool for the comprehension of the interaction between natural processes and anthropogenic
constraints.

Within these issues, the research presents a prototype geomorphological map devoted to the
Anthropocene, i.e. aimed at identifying and mapping anthropogenic landforms and modified natural
landforms.

The catchment of the San Francesco stream, only 6 km2, facing the Ligurian sea, was chosen as case
study. Despite its limited extent, it represents the mean geomorphological and land-use conditions of
a wide Mediterranean coastal sector. This catchment is located in Rapallo (Eastern Liguria, Italy), a
sea side tourist resort that has experienced in the 1955-1975 period a massive and sometimes
irrational urban growth, so much so as to give rise to the neologism “rapallizzazione” (which can be
translated as “rapallization”). The lower sectors of the surrounding slopes, historically modified
through the construction of dry stone walls supporting agricultural terraces, were also affected in the
last half century by the sprawl of residential and tourist settlements.

On site survey and remote sensing analysis have made the identification of both anthropogenic
landforms, such as excavations, landfills, quarry activities and dumps, and modified natural
landforms, such as the culvert of the final section of the watercourse or the masonry embankments
of the middle and final sections, possible. These evidences result in a relevant impact of the human
interventions on geohydrological risk scenarios and the related land planning and management
issues.
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Assessing the Geomorphic Consequences of Historic Agroforestry
Abandonment in Northern Italy
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Agroforestry —integrating perennial and seasonal crops within a single agricultural framework—have
shaped European rural landscapes from the Middle Ages (~1450 BP to 450 BP). These complex
systems, grounded in traditional ecological knowledge, were progressively abandoned during the
Great Acceleration, particularly in the mid-20th century. Their decline led to the erosion of long-
standing land management strategies now recognised for their valuable ecosystem services,
including soil stabilisation and biodiversity enhancement. This study investigates the
geomorphological consequences of the abandonment of historic agroforestry systems in Northern
Italy, with particular focus on how the transition from polyculture to monoculture has influenced
erosion and sediment dynamics. Using digitised historical cartography and remote sensing datasets,
we reconstructed Land Use and Land Cover (LULC) transitions over the past century. A spatially
explicit model was implemented within a GIS environment to quantify the effects of these LULC
changes on soil erosion risk and sediment connectivity. Preliminary results reveal an increase in
sediment export and a reduction in sediment retention capacity in areas formerly managed through
historic agroforestry systems. These findings underscore the geomorphic legacy of land-use change
and emphasise the relevance of reintegrating historical landscape management practices into future
erosion mitigation strategies. Ultimately, this research contributes to a deeper understanding of the
long-term anthropogenic imprint on geomorphological processes and the loss of ecosystem functions
associated with traditional agroecosystems.
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The role of size-dependent particle abrasion in the generation of a grain size
gap along gravel-sand transitions
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Particle abrasion rates during bedload transport, expressed as percent volume change per distance
traveled, are commonly assumed to be independent of size. However, experimental and field
evidence suggest otherwise. Size-dependent abrasion, with high rates biased toward fine clasts, may
contribute to the wear of fine gravel sizes observed along gravel-sand transitions. Here we introduce
an analytical model of the evolution of the grain size distribution of bedload with distance
downstream, supported by data from our own laboratory experiments and previously published data
to evaluate the role of size-dependent abrasion in grain size evolution in the fine gravel range. In
previous work, we performed tumbling wear experiments on multiple lithologies, including Bishop
Tuff from the Long Valley Caldera in eastern California; limestone from north-central California; and
sandstone from northern California. In addition to abrasion, which produces sand- and silt-sized wear
products, we also observed particle fragmentation in some lithologies. We calibrated the sensitivity
of the fractional wear coefficient to initial grain size for different lithologies, and developed an
analytical model to explore the effect of size-dependent wear on the evolution of grain size
distributions. We considered two cases of bedload evolution: (1) abrasion rates are constant across
all grain sizes (i.e. Sternberg’s Law), and (2) abrasion rates are size-dependent, where smaller
particles wear faster than larger particles. Analytical modeling shows that the formation of a grain
size gap below 5 mm is consistent, regardless of whether or not the abrasion coefficient alpha is
constant or size-dependent. We find that rock strength, which in principle is independent of size, is a
primary control on particle wear rates. The secondary effect of size-dependent wear for certain
lithologies may, however, be a contributing mechanism driving the paucity of fine gravel in bed
material and the evolution of a grain size gap at gravel-sand transitions.
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Landscapes in motion: the Eastern Andean piedmont fluvial history
recorded in the Guaviare River deposits, Colombia.
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The sedimentary record of fluvial systems provides essential insights into how landscapes respond to
climate change over time. While fluvial processes in temperate and arid/semi-arid regions are well
documented, a notable research gap remains concerning Quaternary fluvial dynamics in tropical
mountainous environments. This study focuses on the evolution of the piedmont zone of the
Guaviare River basin in Colombia's Eastern Andean Cordillera (4°N), an area influenced by increased
tectonic activity during the late Cenozoic. Geomorphological mapping and field surveys revealed four
alluvial fan units (Q1 — Q4), eight terrace levels (Q5 — Q12), and two floodplain levels (Q13 — Q14) in
the Upper Guaviare River. These deposits are predominantly coarse-grained and consist mainly of
conglomerates and sandy conglomeratic facies (Gm, Gt, and Sgm). Optically Stimulated
Luminescence dating data from quartz and feldspar grains indicate that the distributary fluvial system
was active from at least 350 ka to 150 ka, and a significant shift to a tributary system occurred
around 150 — 50 ka. Floodplain formation occurred during the early Holocene (~10 ka).
Paleoenvironmental and palynological evidence, in addition to the luminescence ages, suggest that
the transition from a distributary to a tributary system is linked to changes in precipitation in the
northern tropical Andes, driven by shifts in the intertropical convergence zone (ITCZ) on an orbital
scale. Periods of reduced rainfall, associated with a more northerly ITCZ position, supported alluvial
deposition across both distributary and tributary systems. Tectonic activity, including faulting, is
evident in alluvial fans dated to at least 250 ka and in river terraces dated to 110 ka. We are working
to integrate cosmogenic nuclide data ('°Be and 2°Al) with luminescence dating to improve our
understanding of long-term paleoerosion and denudation rates, and to refine our
paleoenvironmental reconstruction of the Eastern Andean Cordillera. (FAPESP grants #2021/14947-6
and #2022/03007-5).
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Paraglacial adjustment of valleys in the southern Fraser River basin, British
Columbia, Canada
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Maximum ages of fluvial incision and terrace abandonment were determined from multi-grain single-
aliquot optical dating of overbank sand on the Fraser River around Big Bar and the 3rd order lower
Nicola River in British Columbia, Canada. Potassium feldspar grains were dated given the uncertainty
around the utility of quartz for optical dating in the British Columbia interior. Paraglacial incision of
Fraser River reach is 180 m to bedrock and occurred 11.3 + 1.5 ka to present. Paraglacial incision by
the 3rd order lower Nicola River is at least 55 m to bedrock and occurred 8.5 = 1.1 ka to present. The
wider valley of the Fraser River mainly formed unpaired terraces, while the narrower valley of the
lower Nicola River mainly formed paired terraces. Despite incomplete bleaching of feldspar grains in
the narrower Nicola Valley associated with shorter grain travel distances and the proximity of
samples to the valley side, both valleys exhibited similar patterns of incision rates: slower through
the xerothermic interval and faster through the cooler and wetter mesothermic interval.
Mesothermic (~8-4 ka) incision rates averaged 30 mm/a for Fraser River and 9.5 mm/a for Nicola
River, this magnitude difference is expected given the larger basin size and higher flow power of the
Fraser River. Higher mesothermic incision rates are attributed to cooler and wetter conditions and
the development of forests. These factors increased slope stability and stream power whilst upland
sediment supply decreased. In the Fraser River valley landslide dams and paraglacial fan
sedimentation caused localized floodplain aggradation and paired terrace formation. It is not known
when either river first incised to bedrock.
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The role of underbursts and proglacial lakes in Cordilleran Ice Sheet
deglaciation
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Recent releases of high-resolution elevation data obtained from LiDAR surveys covering the southern
interior plateau of British Columbia, Canada have revealed a landscape dominated by previously
unidentified meltwater corridors, ribbed and murtooized terrain, crevasse-fill ridges, spillways and
proglacial lake derived landforms. Large meltwater corridors contain fill and large eskers attributable
to underbursts. Smaller corridors contain minimal fill, curvilinear troughs and small eskers
attributable to more steady-state flows. Ribbed and murtooized terrain contain evidence of
glacitectonic activity and active ice. Delicate crevasse-fills and landform preservation are evidence of
ice stagnation. Spillways record both lake-stage maintenance and catastrophic drainage. Lake stage
evolution records ice margin retreat. In one sector of the CIS, we weave a story of deglaciation as
much driven by meltwater activity in the form of underbursts and proglacial lake formation and
drainage as it was by climate warming. Deglaciation resembles stagnation zone retreat.
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Pleistocene Tunnel Valleys of Northern Germany and the North Sea:
Geomorphology, Sedimentation, and Glacial-Regional Geological
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Tunnel valleys are large subglacial landforms formed by pressurised meltwater beneath retreating ice
sheets. In northern Germany and the adjacent North Sea region, these buried tunnel valleys reach
depths of up to 600 meters and display complex morphologies that reflect the interplay between
meltwater drainage, ice-sheet dynamics, and underlying geology. This study presents a detailed
geomorphological and sedimentological analysis of tunnel valleys using digital elevation models and
high-resolution 3D seismic data from the offshore “GeoBasis3D” survey (2021).

Onshore, tunnel valleys are clustered into zones of similar depth and formed parallel to the direction
of ice retreat. Zones with maximum incision depths correlate with the main subsidence axis of the
North German Basin. While some tunnel valleys are aligned with neotectonically active faults—
particularly where ice flow paralleled these structures — no systematic control by salt tectonics or
pre-existing faults is observed.

Offshore seismic data reveal steep-walled tunnel valleys with undulating bases indicative of intense
erosion by subglacial meltwater under high hydrostatic pressure. The infills exhibit a range of
depositional features, including chaotic basal reflectors, erosional unconformities, and stacked
parallel reflectors. These patterns suggest multiple infilling phases driven by fluctuating meltwater
discharge and episodic reactivation during glacial retreat. Cut-and-fill structures indicate dynamic
water flow and evolving drainage pathways. In some areas, the tunnel-valley fill and overlying
sediments are displaced by crestal faults linked to underlying salt structures, evidencing Quaternary
fault activity.

The results emphasize the geomorphic and stratigraphic complexity of tunnel valleys and their
formation by high-pressure subglacial meltwater systems. A multidisciplinary approach combining
seismic geomorphology, sedimentology, and structural geology is essential for reconstructing their
development and for understanding past ice-sheet behaviour in glaciated sedimentary basins.
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Hawke’s Bay Flooding, but without the 1931 earthquake and coastal uplift
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Geomorphological landscape formation of Hawke’s Bay is extensively affected by braided river
systems, sedimentation and erosion. The coastal plains of Hawke’s Bay are prone to periodic flooding
and have sustained severe flood damage during events such as the 1938 flood, Cyclone Bola and
more recently, Cyclone Gabrielle. Little consideration has been given to the tectonic setting of Napier
along the Hikurangi Subduction Zone when considering flood models.

The coastline and coastal valley of the Esk River was uplifted by as much as 2.5 m at the coast during
the 1931 Napier earthquake, which had a magnitude of 7.8. The earthquake lifted the seabed and
shallow marine beach deposits out of the ocean and formed what is inhabited, dry land on the
present day. However, with this uplift, drainage features (i.e., rivers) which previously drained into
the South Pacific Ocean unimpeded were also affected and in some cases (e.g., the Ahuriri River), the
river flow was stopped or even reversed.

The uplift has caused extensive sedimentation along the coast, and a gravel spit — formerly the
continental shelf - along much of the Napier coastline has caused many drainage features to become
blocked and periodically displaced or realigned. Blockages, whether partial or complete, severely
worsens the effect of flooding, unless the river mouths are opened, often manually, by using
earthmoving equipment.

Our research used flood modelling and historic data for the Esk River to simulate a flood assuming
the coastal uplift from the 1931 earthquake never took place. Results show a significantly more
effective drainage system, with sediment loads and flood waters being conveyed into the ocean far
more effectively.

The research emphasises the extent and severity of effects coastal uplift can have, and gives an
indication of how much less damaging flooding could potentially have been without the coastal
uplift.
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Geomorphology and Ecological Civilization in China
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09F: Engaging the relational work of geomorphology, Conway 1, February 5, 2026, 11:35 AM - 1:05 PM

Moves towards ecological civilization present genuine hope for the wellbeing of humanity and Planet
Earth. Emerging approaches to ecological civilization in China build upon long-standing sociocultural
relations that work with nature and emphasize the role of rivers at the heart of civilization and
society. Here we outline three geomorphic principles that underpin a dynamic landscape template as
an integrating platform to conceive, design and implement moves towards ecological civilization: (1)
a holistic lens manages the land to manage the river/catchment, applying process-based measures
that manage from source to outlet and at scale; (2) a living river ethos works with rivers as adjusting
systems, not stable/static entities; (3) adaptive management strategies strive to achieve proactive,
realistically achievable goals, recognizing inevitable uncertainties in working with the evolutionary
(emergent) traits of each river/catchment. These relations play out in inherently contextual ways, in
sociocultural and biophysical terms. Recommendations and implications highlight prospects to build
upon existing management approaches (happy river index, river chief system) to construct an
ecological civilization.
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Megadune migration teeny weeny preservation: : Late Pleistocene
megadune dynamics and sabkha accumulation in the Rub’ Al-Khali, Saudi
Arabia
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Luminescence dating of a crescentic mega-dune and adjacent interdune in the eastern Rub’ al- Khali
sand sea of Saudi Arabia are used to establish rates of megadune migration in the late Pleistocene
and early Holocene and contemporary rates of sabkha accumulation for the first time. Despite their
giant size, dune preservation is limited by the rate of sabkha accumulation, meaning that very little of
the dune deposits would be preserved in the rock record. Luminescence dating of cross-strata
deposited on the lee face of a 167 m-high mega-crescentic dune in the eastern Rub’ Al-Khali sand sea
show that the dune accumulated rapidly during the period 15.3 to 9.47 ka, with peak accumulation
and migration at 0.49 m/yr to the SSE between 11.97 and 11.46 ka. Sedimentary structures indicate
that this was the result of strong northwesterly “Shamal” winds. During the same interval of the late
Pleistocene and early Holocene, linear dunes in the northeastern UAE were also accumulating
rapidly, indicating that the period 16 — 9 ka was characterized by regionally widespread dune
formation and/or reworking. The main dune has subsequently migrated to the SSE some 740 m
since 9.47 ka, at an average rate of 0.08 m/yr, indicating persistence of the Shamal wind system for
at least 20 ka, albeit at lesser intensity. Combining rates of megadune migration and wet sabkha
accumulation reveal that despite their very large size only a tiny portion of the megadune might be
preserved within the rock record.
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Landslides in sensitive tropical soils: the case of Upolu, Samoa
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The Samoan volcanic island chain covers an area 1400 km by 380 km, located in the southern part of
the Pacific Ocean, aligned northwest to southeast between latitudes 13° and 15°S, and longitudes
168° and 171°W. The focus here is the island of Upolu, on which the capital city of the Independent
State of Samoa, Apia, is located. Upolu is 75 km long and 1125 km2 in area, and with ~145,000
inhabitants, is easily the most populous of the Samoan Islands. Rainfall-triggered landslides are
prevalent along Upolu’s main roads, but detailed studies of factors pre-conditioning slopes to fail and
slope failure mechanisms, are sparse. Upolu is formed from a large, ocean floor basaltic shield
volcano, with 6 mapped volcanic formations from oldest to youngest: Fagaloa Volcanics; Salani
Volcanic; Mulifania Volcanics, Puapua Volcanics; and, the Lefaga Volcanics. All formations are
basaltic, except for andesites in the Fagaloa formations. On account of high rainfall, ranging from
3000 mm to 6000 mm per year, the landscape is a deeply dissected volcanic terrain, with the highest
peak Mount Vaivai at 1113 m. The high, rugged volcanic terrain is susceptible to landslides including
slumping, earthflows and rockfall. The residual soils are a product of chemical weathering of the
volcanics, and landslides typically form along shear planes within the residual soils and highly
weathered underlying rock. Geotechnical properties and behavior are typified by moderately plastic
clays that can show a range of activities and sensitivities, at least part-dependent on the underlying
volcanic formation. In summary, despite the possibility of large landslides in rock (e.g. Tuialamu
Landslide), most landslides are shallow, in soil, but nonetheless cause significant disruption to roads,
crucial links to delivering aid during disasters.
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Landsliding in Vanuatu and Fiji: a comparative study
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Landslides, unlike some other geological hazards, occur globally and are triggered either by natural
processes or human activities. Both Fiji and Vanuatu are volcanic islands in the southwest Pacific but
exhibit varying hazard levels from earthquakes and volcanoes. However, both these countries are
highly vulnerable to landslides due to their rugged topography, tropical climate, high rainfall
amounts, and highly weathered volcanic materials. Indeed, the southwest Pacific region experiences
numerous landslides annually, often rainfall-triggered, and these can be unpredictable and are often
poorly understood. In Vanuatu particularly, population growth and land development has led to
deforestation and undercutting of slopes for infrastructure, increasing the risk of slope failure.
Nevertheless, landslides in Vanuatu are damaging, but are understudied, which limits the
effectiveness of landslide mitigation strategies. This study compares and contrasts the properties of
slope materials on landslide-prone slopes on Maewo Island, Vanuatu, and the southeastern region of
Viti Levu, Fiji. Field studies of selected slope failures have been conducted at study sites to identify
slope failure types and their characteristics. Coupled with this, in situ investigation of soil properties
at each study site was also undertaken, including penetrometer and shear vane testing. Sampling of
soils from landslide scarps occurred for laboratory testing, including particle size, Atterberg limits,
and mineralogy. Soils from all the sampled locations plot below the ‘A-line’ on the plasticity chart and
are classified as medium to high plasticity silts. Overall, the landslides investigated are a combination
of failure types, exhibiting both slide and flow slope failure mechanisms, in clayey and silty cohesive
soils. Preliminary results show no clear relationships between landslide morphology, type and
material properties but this requires further study.
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In recent years, extreme flood events—far exceeding the historical range of variability—have
occurred with increasing frequency across the Australian tropics and subtropics. These events are
initiating geomorphic processes such as large-scale landslides and severe channel and floodplain
stripping, often at a scale not previously observed in these regions. The magnitude and intensity of
these erosion processes are presenting significant challenges for land and water managers, who have
traditionally focused on managing erosion driven by anthropogenic land use disturbances.
Significantly, many of these extreme erosion events are occurring in largely undisturbed or protected
landscapes, including the Queensland Wet Tropics World Heritage Area, Boodjamulla National Park in
the southern Gulf of Carpentaria, and Nightcap National Park in northern New South Wales. Unlike
more familiar erosion processes linked to human activity, these events cannot be directly attributed
to conventional land use impacts. Nevertheless, they are contributing substantial sediment loads to
downstream ecosystems, and have the potential to undermine the effectiveness of major investment
programs—such as those targeting anthropogenic sediment sources affecting the Great Barrier Reef.
In this presentation we present recent examples of extreme erosion associated with high-magnitude
floods that are at a scale not reflected in the historical record. We explore the implications for river
and catchment management and argue that a fundamental shift in erosion management thinking is
needed to address the challenges posed by an emerging climate regime characterised by increasingly
extreme hydrological events.
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The restoration or ‘rewilding’ of rivers and lakes and even small catchments, which generally involved
manipulating biotic drivers, has traditionally used several palaeoecological techniques including plant
macrofossils, microfauna and pollen. These, however, have well known limitations due to both
taxonomic level and indeterminate source-areas. SedaDNA potentially offers answers to both of
these limitations as well as expanding the organism groups substantially to animals, fish and
invertebrates. But in order to fully utilize this new approach we need to understand the taphonomy
of sedaDNA so that biases can be assessed and allowed for in baseline reconstruction. Taphonomy
here includes aspects of transport, preservation and bioturbation in the sedaDNA record. In this
paper we look at the spatial input of sedaDNA into a small lake within a small Boreal-zone catchment
and variations in sedaDNA quality with changing lake and floodplain conditions and sedimentation.
The taphonomic biases can theoretically come from spatial factors, such variations in sediment
connectivity, local environmental factors such as pollution loading, and longer-term variations in
sedimentation and land-use. One of the advantages of sedaDNA is that it can record aspects of
taphonomy such as the appearance of bioturbating organisms. However, with comprehensive
taxonomic data that is spatially constrained it becomes possible to investigate biotic interactions as
well as construct past food webs and ecological dynamics. However, taphonomy poses limitations
that may limit the depth and completeness of our reconstructions of ecological conditions and
processes.

The topic is highly relevant today as our environmental policies seek to restore former catchment
conditions, promote resilient ecological dynamics and biodiversity.
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In the lowland soft-rock landscapes that dominate the highly populated regions of the Globe
floodplains are the major geomorphic sink for sediment eroded from catchments. In the early and
Middle part of this interglacial (Holocene) most streams and rivers were in approximate balance in
continuity terms with deposition balanced by channel erosion and sediment compaction, creating
accommodation space. However, as both alluvial chronologies and lake sedimentation histories
show, this balance changed in the late Holocene with floodplains becoming net sinks for sediment
and carbon. This paper explores how new methods can help explain the interacting factors of climate
and human catchment land use in the reconfiguration of catchment sediment flow dynamics that led
in many cases to relative incision and channel stabilisation. In particular the emerging use of
sedimentary ancient DNA (sedaDNA) on floodplains, whilst not as advanced as for lakes, can provide
much more spatially and taxonomically precise data on human activities in the catchment. This crop
and domestic stock data coupled with sediment flux and character is ‘palaeoagronomy’. In Europe
key questions are what drove palaeoagronomic trends including what the historians refer to as the
Medieval ‘cerealisation’ of Europe, new crops, changing technology and even idealogy. Despite set-
backs the population of NW Europe more than quadrupled from the 8th to 14th centuries CE with
environmental repercussions. Here we use floodplain and coupled slope-system examples from the
UK and the loess belt of Belgium. We also discus the particular problems for alluvial sedaDNA and
how the preservation is related to sedimentology and floodplain hydrology.

The topic is highly relevant today as our environmental policies seek reduce soil and carbon loss from
catchments, protect sediment and carbon stores and promote biodiversity. However, this is in a
changing climate which might rejuvenate unprotected floodplains with wildlife and environmental
quality results.
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Submarine landslides (SMLS) are mass sediment transport features and are widespread along the
south-east Australian continental margin (SEACM) despite the margin lacking many of the typical
SMLS pre-conditioning factors that other continental margins like New Zealand’s possess. The
Brooms Head (BH) SMLS complex, recently mapped in full, presents a unique morphological case
study of a SMLS site along the SEACM. The complex is ~3,417 km?, and sits ~60 km south-east of
Yamba, NSW. This study uses recently acquired bathymetry, seismic survey data, and sediment
samples, to investigate the morphology, stratigraphy, sedimentology and tsunamigenic potential of
the BH SMLS complex.

Morphology of the complex suggests a large sediment failure event occurred in geological past and,
since then, erosional bottom currents have scoured the bottom of the continental slope within the
complex. Sediment failure within the complex appears to be partially controlled by bedrock as well as
a primary slip failure surface identified in a seismic survey across the site. A tsunamigenic assessment
was conducted using a validated numerical model, Basilisk, with scenarios incorporating a range of
sediment densities calculated from sediment samples along the SEACM. Two different failure
scenarios were modelled which indicate that if either of these two sliding scenarios occurred and the
sediment failed in one cohesive event, there is a significant tsunamigenic risk to the nearby coastline
with models indicating varying extents of inundation that would be damaging to coastal populations
and infrastructure.

The data indicates a dominant slip surface from which material has failed from, providing new
insights into the reasons these features are observed on our margin. This case study of a SMLS
complex along the SEACM contributes to the effort to better understand these erosional features
and their tsunamigenic implications for the east Australian coastline.
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Headland bypassing is a sediment transport process connecting adjacent beaches and sediment
compartments through the migration of sediment around a natural headland. Crowdy Head, located
on the southeast Australian coastline, significantly protrudes from the coastline exposing it to the
dominant southeast swell regime which drives a major sediment transport pathway in the region.
Additionally, the site exhibits a discontinuous sediment pathway around the headland, due to the
presence of a reef outcrop obstructing the sediment pathway, providing an interesting natural
laboratory to study the bypassing process.

This project quantifies sediment volume and shoreline change to detect bypassing events using high-
resolution Unmanned Aerial Vehicle (UAV) (Drone) LiDAR data combined with historical aerial LiDAR,
photogrammetry, and satellite-derived shorelines which enables analysis of long-term beach
morphology either side of the headland, a proxy for the detection of headland bypassing.

A six-week field campaign throughout July—August 2024 included repeat UAV-LIiDAR surveys and in-
situ deployment of hydrodynamic equipment. A high-energy swell event occurred during the
campaign, with a significant wave height of 5.2 m recorded by a nearshore wave buoy moored
offshore the headland. This event has enabled an opportunity to evaluate sediment transport under
conditions suspected to be required for bypassing.

Preliminary analysis of annual mean shorelines and reference transects either side of the headland
indicate no linear shoreline trend between 1988-2023 but a significant inter-decadal difference in
shoreline position on the north side between the 1990s—2000s and 2000s—2010s. This suggest that
shoreline variability at the site is likely driven more so by shorter-term and smaller-scale processes
such as bypassing rather than by long-term processes.

This case study is one of a small number of case studies of headland bypassing along the NSW
coastline and aims to link bypassing events with the hydrodynamic conditions that drive bypassing to
inform coastal management in the region.
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Pockmarks and similar seabed fluid seepage features are commonly described as circular to sub-
circular depressions, typically spanning a few meters to several hundred meters in diameter and a
few to tens of meters in depth. This understanding is largely derived from ship-based bathymetric
surveys with horizontal resolutions on the order of tens of meters. However, recent high-resolution
mapping using remotely operated vehicles (ROVs) equipped with multibeam echosounders, direct
visual observations, and ultra-high-resolution 3D seismic imaging (6 m vertical resolution) reveals a
far more complex and dynamic geomorphology.

Our investigations along the western Svalbard margin demonstrate that these features are not
simple depressions, but intricate geomorphic systems. The pockmark interiors and perimeters host a
mosaic of meter-scale pits, carbonate crusts, hydrate mounds, and soft, moaty sediment zones—
often linked to active or past gas seepage and diverse benthic ecosystems. Subsurface imaging shows
complex fluid migration pathways and shifting centers of seepage activity over time.

These observations not only challenge the traditional view of pockmarks as static fluid escape
structures, but also underscore their significance in marine carbon dynamics. Pockmarks are key sites
for the transport and transformation of carbon in multiple forms—methane, dissolved inorganic
carbon, and carbonate precipitates. They represent dynamic interfaces where microbial,
geochemical, and physical processes interact to mediate the flux of carbon between the seabed and
the ocean.

This revised perspective has important implications for our understanding of seafloor processes,
benthic habitats, and the role of cold seeps in the marine carbon cycle.



151

Assessing anthropogenic sinkhole hazard scenarios in the city of Napoli
(Italy)

Professor Domenico Calcaterra®, Dr. Giuseppe Bausilio?, Professor Vincenzo Allocca?, Dr. Silvio Coda?,
Professor Diego Di Martire!, Professor Giovanni Forte?, Dr. Rita Tufano?!

!Department of Earth Sciences, Environment and Resources, University of Napoli Federico Il, Napoli,
Italy, 2Department of Civil, Building and Environmental Engineering, University of Napoli Federico I,

Napoli, Italy

05K: Identification, quantitative assessment and mapping of anthropogenic landforms in urban areas,
February 3, 2026, 11:35 AM - 1:20 PM

Sinkholes are vertical and enclosed cylindrical or funnel-like depressions, often associated with karst
environments or evaporite rocks, regardless of the existence of an internal drainage network. In
urban areas, sinkholes are also related to the presence of manmade underground cavities and can be
called “anthropogenic sinkholes.” A method aimed at different anthropogenic sinkhole hazard
scenarios assessment has been developed to provide an instrument focused on cultural heritage or
human life damage prevention. Such scenarios are evaluated considering the sinkhole diameter
instead of the depth for two main reasons: i) more available data within the inventory, and ii) in
urban areas, the sinkhole diameter can heavily affect the economical fabric (larger area impacted by
interdiction). As the first step, the available sinkhole inventory has been divided into three different
subsets based on user-defined thresholds. The three subsets are used to evaluate the spatial
occurrence of sinkholes with different diameters employing an ensemble method approach: the
sinkhole susceptibilities obtained with different machine learning algorithms and input data are
combined using the weighted mean method to obtain a final product. Subsequently, the temporal
occurrence probability is evaluated independently using the Poisson distribution analysis. By
combining the three anthropogenic sinkhole susceptibilities with the temporal probability
occurrence, different anthropogenic sinkhole hazard scenarios were obtained related to both
magnitude and temporal occurrence. This methodology can be a useful tool aimed at studying the
possible interactions between sinkhole dimensions and specific areas of interest or predisposing
factors, although highly dependent on the quality and quantity of the inventory data.
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Along the arid tropical coast of Western Australia, the De Grey is a dryland ephemeral river
associated with a tide-dominated delta. On February 14, 2025, the De Grey River has been directly hit
by Zelia, a category 5 cyclone, leading to an extreme flooding event. Drone photogrammetry offers
the opportunity to study the impact of this single flood event on the geomorphology of this
depositional system by comparing pre- and post-cyclone surveys conducted in mid-2024 and mid-
2025, respectively. A key technical challenge is to achieve very fine spatial and vertical resolution
(<10 cm), while covering a large area.

Here, we present the tools and methods that were used to conduct pre- and post-cyclone drone
photogrammetric surveys, using a post-processing kinematic (PPK) solution. 16 base stations /
landmarks (i.e., known points with <1 cm accuracy) were created across the entire De Grey to ensure
that each drone survey conducted was located within a 5 km radius of the closest base station. Drone
surveys were then conducted using a fixed-wing Quantum Trinity Pro flying at an altitude above
ground of 120 m, with photos overlap of 70%, while a PPK base station was recording at the closest
landmark. Finally, surveys were post-processed in QBase and then loaded / processed in Agisoft
following a consistent workflow.

Overall, an area of ~50 km? was covered and results show an average horizontal and vertical total
error of 2 to 2.5 cm for a resolution of 1.6 cm/pix. Digital Elevation Models (DEMs) generated for
each survey seamlessly blend together. The creation of differential sedimentation maps using DEMs
pre- and post-cyclone at this scale and resolution offers unprecedented insights on the geological
record of one single flood event across a dryland river delta, which can help to predict future changes
along similar systems affected by extreme events.
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The January 2023 flood event was the largest measured flood to impact the Martuwarra (also
Mardoowarra) Fitzroy River (peak flow of ~50,000 m3sec-1), and the largest ever instrumented or
measured flood in Australia. The size of the event raised questions about the impact on the river
geomorphology, with this study using “Floodplain Process Zones” as a way to inform river
management and discussion of development setbacks for the town of Fitzroy Crossing, which is
located on the floodplain of this anabranching system.

Planet nanosatellites were used to map immediate post-flood depositions and in combination with
LiDAR and a hydrodynamic model to map depositional “Floodplain Spill-Out Zones”, and more
energetic high-velocity and deep areas to Australia Disaster Handbook ratings. Benchmarking of long-
term, and 2023 event bank erosion, plus satellite mapping of lost riparian vegetation (662 ha lost)
looked at dynamics at the river bank. It was found that 34% of the banks along the 76km study reach
had bank erosion rates greater than 1m/yr, where bank erosion would exceed the historical
floodplain development setback (50m), within 50 years. The 2023 event was also benchmarked
against an previous palaeo-flood study (Wohl et al, 1994), and suggests events of this magnitude
(~50,000 m3sec-1) are not unprecedented at a (multi) centennial frequency.

Despite extreme bed mobility (sediment mobile to at least 12m deep) and localised areas of bank
erosion and significant loss of fringing riparian forest, the anabranching river geomorphology was
relatively resilient to the “mega-flood”. The Fitzroy Crossing area has a complex river and floodplain,
a complex social and historical context to where people live, and ongoing challenges that have been
better informed by using geomorphology to support better floodplain and development
management.



343

Evaluating River Corridor Change using the Natural Character Index: A
Geomorphic-Based Tool for Integrated River Management in Aotearoa New
Zealand.

Miss Nicole Cameron?, lan Fuller'?, Khendra Harvey!, Matt Adams?, Anataia van Leeuwen?, Jess
Sheldon?, Gianni Huang!

Tonkin + Taylor, Wellington, New Zealand, 2Massey University | Te Kunenga ki Pirehuroa,
Palmerston North, New Zealand

Poster Session 3, Exhibition & Poster Hall, February 5, 2026, 4:00 PM - 5:00 PM

How much has a river changed due to deliberate human intervention — and what does that mean for
future river management? Understanding a river’s geomorphic history is essential for managing its
future, yet few tools offer a simple, consistent, scalable way to assess change. The Natural Character
Index (NCI) is an objective approach that quantifies changes in large-scale river corridor
geomorphology over time by comparing present-day, post-intervention characteristics (e.g. channel
width, bar area, riparian vegetation) with historic, pre-modification conditions derived from aerial
imagery and terrain data. The NCl offers a repeatable method for identifying the nature and
trajectory of river corridor change, supporting evidence-based decisions in river restoration, hazard
mitigation, and infrastructure decision-making.

In Aotearoa, earliest aerial imagery tends to capture pre-management river states, enabling NCI
assessments to provide a first-cut evaluation of river evolution from pre- to post-intervention. The
NCl is calculated as a ratio between a parameter describing the river’s current form and function and
the same parameter measured at a previous point in time. This provides a quantifiable metric to
assess changes in both the extent and composition of river corridors, including shifts in river
character and assemblages of large-scale geomorphic units.

Originally developed by Fuller et al. (2021) to assess the success of floodplain restoration and river
recovery, the NCl assessment has since been applied across diverse river corridors — from Tairawhiti
to Southland — supporting a wide range of river management objectives. These include anticipating
river responses to future interventions, evaluating the impacts of gravel extraction, understanding
sediment-driven landscape evolution at the catchment scale, assessing post-cyclone river response,
and defining ‘Room for the River’ for future planning. As pressures on river systems grow, the NCI
provides a scalable foundation for integrating geomorphic understanding into national river
management strategies.
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Reconstructing long-term landscape changes requires a proper understanding of the relationship
between modern signals and their natural controls. In this context, this Master's thesis project
investigates the spatial variability of sediment provenance and erosion rates in the eastern Andes
through the analysis of modern fluvial deposits. Sediment provenance and erosion rates along the
Amazon river latitudinal gradient from 3°N to 15°S will be estimated using luminescence sensitivity
(from quartz and feldspar grains) and terrestrial cosmogenic nuclides (TCN, °Be and 2°Al). Samples
were collected in the Iquitos and Huallaga regions of Peru, from major rivers of the Andes-Amazon
system, including the Ucayali, Marafion, Napo, Madre de Dios, and Huallaga. In general, the
luminescence sensitivity analysis on pure quartz samples yielded low sensitivity values, as expected
for Andean-sourced sediments. Sensitivity values ranged from a few tens to <200 cts mg-1 Gy-1 in
most cases. The lowest values (<25 cts mg-1 Gy-1) were observed for samples from Marandn River.
More spread and higher values in the range of 100 to 500 cts mg-1 Gy-1, which is still relatively low
compared to other studies, were observed for samples from the Madre de Dios River. Luminescence
sensitivity data on polymineral samples showed a negative correlation between IRSL1.2s/BOSL1s and
BOSL1s, indicating an increase of quartz sensitivity with a decrease of feldspar content in the
sediments. TCN analysis to estimate erosion rates is being obtained and should be available soon. We
expect to find a negative correlation between OSL and the TCN data, i.e., where higher quartz
sensitivity OSL values are associated with higher erosion rates. Both OSL and TCN data will also be
compared to environmental variables to assess what controls their spatial variability and, thus,
contributes to a better interpretation of the sedimentary and erosive processes in the Andes-Amazon
River system. FAPESP #16318-1; #2022/03007-5
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The hydraulic and glaciological conditions controlling floods from ice-marginal glacial-lakes remain
poorly understood, despite increasing occurrences due to climate change. Many floods result from
tunnels developing within the ice, allowing impounded water to discharge to the glacier margin
rapidly. However, little is known about how ice tunnels evolve, models being constrained by limited
field observations and the physical theory of ice melt with flowing water. This study explores the
basic principles of the development of a simple linear ice tunnel using a laboratory flume. Sudden
water flux from an upstream reservoir passes through an open circular tube within an ice block.
Growth in the tube shape simulates the development of an ice tunnel within a glacial dam. The
velocity at the tunnel entrance and the discharge through the tunnel were recorded as the head of
reservoir decreased, enabling the assessment of the temporal development of the hydraulic gradient,
and the tunnel roughness, size and shape for different water temperatures and flood durations. An
increase in water temperature positively controlled the rate of rise of hydrographs. The Nikuradse
equivalent roughness value increased from c., 107-9 to 10”-4 m as the hydrograph progresses. For
any given temperature and tunnel roughness, the surcharged wetted tunnel cross-sectional area
increased logarithmically with time whilst velocity also increased on the rising hydrograph. As
frictional melt induced form roughness, velocity declined, and the surcharged tunnel cross-sectional
area increased to accommodate the discharge. Once a free surface occurred within the tunnel on the
falling hydrograph limb, the open-channel wetted area decreased linearly with time. The initial
circular tunnel enlarged to an ovoid as the surcharged discharge increased. Downcutting was
pronounced once a free surface developed. Incorporating a time-varying roughness coefficient, the
simplified Nye model reproduced the observed surcharged-tunnel discharge data well until the free
surface develops.
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Debris, accumulated from rockfall below a limestone cliff in the English Lake District, has been
investigated to determine if the lithofacies and stratification styles hold clues to changes in the
environment since deglaciation through to the present day. A range of methods were used to
characterize the deposits, including particle size and clast shape characterization. The mineralogical
composition of a calcite cement was determined by X-ray fluorescence and oxygen isotope analysis,
whilst the structure of the cement was determined using scanning electron microscopy of freshly-
broken cement surfaces. Two distinct facies occur: talus which is defined herein as largely-unsorted,
well-packed, boulder to cobble-sized rock debris at the cliff base; and an overlying scree that is a
looser accumulation of sorted, small, rockfall fragments, typically of pebble-size. Both of these facies
have been subject to the diagenetic processes of compaction and, more importantly, precipitation of
calcite cement along preferential drainage lines at the base of the deposits. The talus predominantly
is a glacifluvial accumulation of poorly-sorted sub-rounded cobbles and boulders with a subsidiary
admixture of angular cliff-fall boulders. A weakly-cemented matrix avers for largely phreatic former
groundwater conditions at the cliff base. In contrast, the scree is a gravity accumulation of well-
sorted rock fragments that is characterized by openwork void spaces as well as localized calcite
cementation that, together, indicate a vadose drainage system occurs down the cliff face above the
base. A red-coloured sandy-matrix within the scree is a wind-blown infiltration deposit of a locally-
derived coversand and loess. The development of calcite cement can be related to warmer periods
since deglaciation. After the deposition of the distinctive deglacial talus, there are no stratigraphic
indicators (such as clast size changes) within the scree, that would indicate any variation in the
climatic drivers of the weathering process that followed deglaciation until today.
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In cold mountain environments, moisture availability becomes the critical factor controlling the
dominance of glacial or periglacial processes: where moisture is sufficient, glaciers dominate,
whereas in drier regions, periglacial processes prevail (Haeberli & Burn, 2002). This relationship
provides a valuable lens for interpreting past climate variability in the Subtropical Andes of Chile (30—
35°S), a region highly sensitive to shifts in the Southern Westerly Winds (SWW) (Garreaud, 2009). The
SWW are a primary driver of Holocene climate variability in the Southern Hemisphere (Lamy et al.,
2010) so understanding their past variability through terrestrial archives is critical for reconstructing
Holocene climate evolution and its causes. To investigate past climate dynamics and their spatial
expression, we use glacial and periglacial landforms as climate proxies through detailed
geomorphological mapping in two climatically contrasting end-member catchments: the semi-arid
Piedra Valley (30°S) and the sub-humid San José Valley (34°S). High-resolution optical satellite
imagery and field-based mapping reveal distinct landform assemblages that reflect climatic regimes.
The Piedra Valley is dominated by periglacial features, notably multiple generations of rock glaciers,
indicating repeated phases of permafrost creep. Moraines are restricted to lower elevations and
enclosed by rock glacier lobes, suggesting that deglaciation was followed by extended periglacial
conditions. Conversely, the San José Valley preserves large, well-defined moraine ridges from
multiple glacial episodes, some of which show evidence of periglacial reworking. Talus and forefield-
connected rock glaciers are also well developed, possibly reflecting alternating glacial and periglacial
dominance through the Holocene. This observed alternation of landform types reflects shifting
moisture availability under an overall cold climate over time, controlled by latitudinal variations in
SWW strength and position. The resulting landform mosaics provide tangible evidence of Holocene
climate variability, particularly in terms of changing moisture balance, and offer insights into the
climatic sensitivity of subtropical mountain landscapes in the Southern Hemisphere.
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Holocene chronology of glacial and periglacial phases in the Subtropical
Andes of Chile
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2026, 2:30 PM - 4:00 PM

Despite advances in paleoclimatology, key questions remain about the nature of Holocene climate
variability. One unresolved issue is how the position and intensity of the Southern Westerly Winds
(SWW) varied during the Holocene, and how these shifts influenced the southern hemisphere high
mountain cryosphere response. The Subtropical Andes of Chile (30—-35°S) are ideally situated to track
these changes due to their sensitivity to the globally important SWW (Garreaud, 2009). In this
mountainous region, the cryosphere is highly responsive to climatic changes (Hock et al., 2019), and
associated landforms such as moraines and rock glaciers serve as valuable paleoclimate archives
(Haeberli & Burn, 2002). While moraines provide evidence of former glacier extents and are widely
used to reconstruct glacial histories (Mackintosh et al., 2017), sequences of relict to active rock
glaciers are diagnostic of periglacial processes and ice-rich permafrost, forming under cold and
relatively dry conditions (Haeberli & Burn, 2002). Despite the widespread co-occurrence of these
landforms in the Subtropical Andes (e.g., Azdcar & Brenning, 2010; Garcia et al. 2024), their
chronological frameworks remain poorly constrained, limiting their contribution to Holocene
paleoclimate reconstruction. To address this, we apply '°Be cosmogenic exposure dating to both
moraine boulders and surface blocks on rock glaciers in two catchments: the Piedra Valley (30°S) and
the San José Valley (34°S). The selected moraines represent former glacial extensions, while rock
glaciers, composed of multiple lobes of different generations, record phases of periglacial activity
linked to colder and drier conditions. To date, this is the first application of cosmogenic exposure
dating to both moraines and rock glaciers in the Subtropical Andes of Chile. The resulting age
constraints, to be presented at the IAG International Conference, will establish a spatio-temporal
framework of glaciation and periglaciation phases, shedding light on the region’s paleoclimate from a
southern hemisphere and global perspective.
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From geomorphic chaos to restoration of mining waste rock deposits: The
“Waste to Place” project in northern Sweden.

Dr Ricardo Carrillo?, Dr Lina Polvi!
1Umea University, Umea, Sweden

021: Living with geomorphic change, Conway 4, February 2, 2026, 2:00 PM - 3:30 PM

Of all anthropogenic activities, mining has one of the largest impacts globally, leaving behind various
types of waste that can affect ecosystems and, consequently, society. One of the most extensive and
visible legacies of mining are waste rock deposits, which are often formed into terraces according to
traditional mine closure protocols. In contrast, a geomorphic approach, seeks to recreate small
basins with channel heads based on fluvial principles and natural geomorphic evolution.

Although geomorphic restoration has shown apparent success in various sites, the objective of the
exploratory ‘Waste to Place’ (W2P) project in northern Sweden is to assess the performance of this
approach applied in a cold, paraglacial environment. The project involves the restoration of
approximately 4 hectares of waste rock deposits at a mine site in northern Sweden, using
geomorphic parameters derived from landscapes dominated by fluvial processes. However, the
landscape in northern Sweden has been shaped predominantly by glacial activity and is continuously
exposed to snow, ice, and rainfall throughout the year. Therefore, a new perspective is required to
restore waste rock deposits in these environments—one that is grounded in local geomorphology
and ongoing surface processes.

In this work, we highlight findings from two work packages of the W2P project. First, we examine the
geomorphic characteristics of northern Sweden, focusing on the controls influencing channel head
formation, their relationship to various paraglacial landforms, and the potential of these landforms to
design basins and channels in geomorphic design. Second, we present the latest results from a
comparative study of a geomorphic restoration site and a conventional waste rock deposit in
northern Sweden, evaluating erosion and stability through multi-temporal UAV surveys using LiDAR
and photogrammetry.

The outcomes of this research contribute to the adaptation of current geomorphic restoration
methodologies to enhance geomorphic understanding and improve restoration design in paraglacial
landscapes.
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Complexity of an active temperate glacial landsystem at Te Anau, South
Island, New Zealand

Professor Jonathan Carrivick!, Professor David Evans?, Dr Jenna Sutherland?
tUniversity Of Leeds, Leeds, United Kingdom, 2University of Durham, Durham, United Kingdom,
3Leeds Beckett University, Leeds, United Kingdom
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Glacial landform assemblages enable identification of distinct glacial landsystems that are diagnostic
of palaeo-glaciological conditions, including the spatial and temporal evolution of ice flow
configurations, meltwater drainage patterns, basal thermal regimes and internal dynamics. The
availability of high-resolution topography generated from the national survey campaign of airborne
LiDAR by Land Information New Zealand (LINZ) reveals a spectacular landform record that has
hitherto remained undetected beneath dense forest canopies and throughout mountainous terrain
across South Island. We undertook detailed geomorphological mapping from 1 m Digital Elevation
Models (DEMs) derived from this LiDAR data to characterise the nature and behaviour of outlet
glaciers of the Southern Alps icefield. On this poster, we showcase the exceptionally well-preserved
evidence of extensive and repeated glaciations of the Southern Alps throughout the Quaternary, at
Te Anau, documenting a variety of ice-marginal, subglacial, supraglacial, glaciofluvial and
glaciolacustrine landform assemblages. At Te Anau, the southernmost sloping piedmont forelands
comprise fluted till surfaces with low-relief ridges that lie transverse to the dominant streamlined
patterns, interpreted as series of minor recessional push moraines. Contrastingly, the northernmost
part comprises widespread evidence of palaeo ice-dammed lakes and glacifluvial deposition. Overall,
this landsystem is typical of active temperate glaciers. The landform record is of ice-marginal
oscillations that reflect a long term (multi-millennial) quasi-stationary ice lobe. However, there is
considerable complexity; for example corridors of smoothed topography and attenuated mega-
lineations near Te Anau that are superimposed and inset within occasional meltwater channels
suggest intermittent fast glacier flow. Overall, the glacial landsystem at Te Anau reflects intensive
glacial erosion, variable glacier flow speeds and high-volume debris transport and offers insights and
perhaps an analogue for outlet glacier evolution in modern temperate regions such as Patagonia,
Canada or southern Alaska for example.
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Reconstructing mountain glaciers during the Little Ice Age across the Andes
in the Deplete and Retreat project

Professor Jonathan Carrivick*
1University Of Leeds, Leeds, United Kingdom

01G: Glacial and Periglacial Processes in Mountain Regions: Past and Present, Conway 2, February 2,
2026, 11:40 AM - 1:10 PM

Reconstructions of mountain glaciers during the Little Ice Age, which was the last period of
regionally-synchronous glacier advance, deliver (i) a baseline from which numerical models of
present day glacier extent can be initiated, (ii) quantitative context for the rapid changes to glaciers
observed during the satellite era, and on the basis of both of those two, then (iii) greater confidence
in projections of future mountain glacier changes. This presentation highlights the reconstruction of
thousands of glaciers across the Andes during the LIA, in terms of length, area, ice surface, volume
and mass change. Issues with the datasets and workflow used for the reconstructions will be
discussed. Results will include glacier-specific examples, especially anomalies, sub-regional and inter-
regional comparisons e.g. by latitude and continentality, and by groups e.g. terminus environment,
all to show association of glacier changes with climate and local controlling factors. Comparisons
comparing the long-term centennial-scale rate of changes with those of the last few decades will
evidence an order of magnitude acceleration in glacier mass loss. Finally, examples drawn from
completed and ongoing work across other world regions (e.g. Greenland, Southern Alps New
Zealand, Himalaya, and Alaska, respectively) will highlight the utility of these LIA glacier outline
datasets more widely for quantitative examinations of proglacial landscape development.
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Adaptive River Management in New Zealand: A Comparative Analysis of
"Room for Rivers" Strategies Following Extreme Flood Events

Mr Camlo Carter-Ritchie?
!Massey University, Palmerston North, New Zealand

Poster Session 2, Exhibition & Poster Hall, February 3, 2026, 4:00 PM - 5:00 PM

New Zealand's dynamic river systems present an opportunity to demonstrate "room for rivers"
management principles in practice, yet real-world examples remain limited. This research will
establish a comparative study examining contrasting management approaches along the Pohangina
River corridor following recent cyclone-related channel expansion.

Three reaches are analysed: a "leave-alone" reach downstream of Pohangina Village, characterized
by natural bifurcations, high surface roughness from vegetation and gravel deposits, and allowance
for channel migration; an intermediate reach with a mixed management; and a heavily constrained
"managed" reach featuring bank armor, and narrow channels with low roughness coefficients. Using
a quasi-experimental design, we quantify the geomorphic and hydraulic differences between
adaptive versus restrictive management strategies.

Geomorphic Change Detection, using LiDAR-derived Digital Elevation Models (2016-2024, 2025,
2026), and high-resolution drone surveys measure erosion, deposition, and volumetric changes. Two-
dimensional HEC-RAS hydraulic modelling simulates flood dynamics under roughness scenarios,
quantifying stream power distribution and flow resistance patterns. Historical analysis using aerial
photography and maps tracks long-term channel evolution under different management regimes.

This project represents a unique opportunity to demonstrate river resilience through strategic
accommodation of natural channel migration, allowing a substantial area to adjust to new fluvial
processes rather than forcing a return to pre-cyclone channel conditions. The willingness to establish
flexible river boundaries challenges conventional council practices and positions this site as a
potential exemplar for adaptive management. By documenting how surface roughness, vegetation
patterns, and channel complexity influence energy dissipation and erosion risk, this research provides
critical evidence supporting "room for rivers" implementation across New Zealand's managed
landscapes, with implications for global river corridor management facing increasing flood risks.
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A thousand-year record of strandplain progradation eroded within decades
since port construction

Dr Rafael Carvalho!, Dr Toru Tamura?
1James Cook University, Townsville, Australia, 2Geological Survey of Japan, Tokyo, Japan

06l: Human impact on geomorphological processes: from the Quaternary record to the present,
looking to future trends, Conway 4, February 3, 2026, 2:30 PM - 4:00 PM

Human actions predominantly at very local-scales have substantially altered pre-industrial
sedimentary stores and fluxes (natural sedimentary budgets) causing global-scale impacts. In this
study we investigate how the construction of a port in the 1950s interrupted the provision of sand to
a prograded barrier (strandplain), resulting in severe recession and erosion of ridges formed in the
past millennium. Prograded barriers are worldwide depositional landforms that develop along
relatively flat coastal areas with positive sediment budgets. Along the Dutton Way coast, western
Victoria, Australia, a low-lying narrow prograded barrier was formed along a carbonate-rich margin
partially sheltered from the southwesterly waves of the Southern Ocean in the late-Holocene.
Optically stimulated luminescence dating retrieved from the second landward most ridge revealed an
age for barrier initiation of at least 2.74 + 0.15 ka, whereas seven other samples retrieved from
younger ridges and LiDAR data indicated the continuous development of the barrier sustained
through an average progradation rate of 0.12 m/yr. Textural and elemental analyses suggested that
sediment characteristics remained relatively the same through barrier evolution, whereas remote
sensed imagery indicated that the shoreline retreated ~140 m in the decades following port
construction, resulting in significant public and private real estate loss and erosion of ~1,000 years of
depositional record. Rock armouring of the shoreline temporarily halted the receding shoreline, but
eventually led to the loss of beach and further erosion of the adjacent coastline, propelling the
construction of the longest seawall in Australia. The Holocene and recent history of the Dutton Way
barrier demonstrate how engineering interventions can have a major adverse and fast effect on even
coastlines subjected to positive budgets.
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Extreme rainfall and coastal erosion: a case study of a tropical bay beach

Graciele Clarisse Guedes!, Thaind Altafini', Beatriz Fernandes?, Dr Breylla Carvalho?®
lUniversidade Federal de S30 Paulo, Santos, Brazil

O8E: Coastal geomorphology: from monitoring techniques to littoral hazard analysis, Dobson 4,
February 5, 2026, 9:35 AM - 11:05 AM

Gonzaguinha Beach (GB), located in Sdo Vicente Bay (SVB; Southeastern Brazil), has been suffering
from a chronic process of coastal erosion. Although the effects of waves and sea level on SVB
beaches have been addressed, the effects of extreme precipitation have been neglected. This work
analyzes the effects of the 18-19/February/2025 rainfall on the GB coastline. Records were acquired
from a rain gauge station near the SVB. PlanetScope images were used to calculate suspended
particulate matter (SPM) concentration, as well as to extract the dry and wet shorelines. Erosional
features were measured in situ for one month, and sediment samples were collected. It rained
144mm, of which 116.33mm in less than 1.5 hours. MPS concentration in SVB showed a slight
variation, with median values of 1.31g/m? for the 18th and 1.16g/m? for the 19th. The wet shoreline
showed stability, while the dry shoreline showed greater variation, indicating the occurrence of
channelization. The area with dry sand decreased by 17.1% and with wet sand by 7.5%. Five erosion
features were monitored, ranging in length from 11.0 to 42.3m and width from 2.6 to 13.6m,
persisting for up to 3 weeks. All showed erosion scarps, ranging from 13 to 70cm. Sediments were
classified as fine sand, with a low percentage of organic matter (<0.09%) and carbonate (<5.6%). The
drainage outlets channeled the rain flow, and strong flows were developed, generating large erosion
features. Most of them dissipated around three weeks, except for the widest and longest feature,
where the erosion was so severe that the adjacent sidewalk structures were damaged. Extreme
events can have devastating effects on coastal morphodynamics, as observed in this study, affecting
the local economy, tourism, and the lives of the inhabitants of coastal towns.
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Understanding sediment (dis)connectvity in Late Quaternary landscapes: A
case study from the Alpine region
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Sediment (dis)connectivity is a key concept for interpreting landscape dynamics, but its temporal
evolution across different climatic phases remains poorly understood.

This study explores how sediment connectivity evolved during critical periods of landscape
development: the pre-Last Glacial Maximum (>30 ka), the Early Late Glacial (~17-14.7 ka), the Late
Late Glacial (~14.7-11.7 ka) and the Holocene (11.7 ka—present). The study focuses on the Terragnolo
Valley, an alpine catchment in the southeastern European Alps, shaped by late Pleistocene
glaciations, both from local ice field and from the Adige trunk glacier (>1000 m thick). In this area, we
will apply the sediment connectivity index (IC) developed by Borselli et al. (2008) and refined by
Cavalli et al. (2013), considering how different forcing factors (e.g., glacial masses, topography,
vegetation, anthropic modifications) influence connectivity across these timeframes. To simulate
connectivity through time, we reconstruct high-resolution paleotopographies (5 m DTMs) for each
target period using a combination of geomorphological mapping, stratigraphic data, and terrain
modelling techniques.

The application of the index is complemented by geomorphological observations in the field. Special
attention is paid to the delineation of buffers and barriers following the framework proposed by
Fryirs et al. (2007), enabling a more realistic representation of past (dis)connectivity patterns. The
SedInConnect software (Crema and Cavalli, 2018) is used to compute the connectivity index under
modern conditions, while tailored modifications to the input parameters will allow for the analysis of
connectivity in past landscapes.

The aim of this study is to shed light on the evolution of sediment connectivity in response to major
climatic and geomorphic transitions, providing insights into the natural variability of (dis)connectivity
in Alpine systems. Ultimately, these results will support efforts to contextualize current sediment flux
patterns and inform management strategies aimed at preserving or restoring connectivity at source
and at scale.
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Development and application of a geomorphological approach to support
debris-flow hazard zonation in alpine catchments
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12D: Sediment-rich flows as extreme events: Triggers, dynamics, and environmental impacts, Dobson
3, February 6, 2026, 9:35 AM - 11:05 AM

The sediment availability is a key factor governing the triggering and the volume of debris flows. A
reliable assessment of sediment availability in a catchment is essential to provide input to numerical
models used for mapping the inundation areas of debris flows. In the context of improving hazard
assessment in alpine environments, a comprehensive methodological approach aimed at
geomorphological characterization of potential debris-flow dynamics was developed and tested in
the Camonica Valley (Italian Alps). The methodology, which aims to enhance the role of
geomorphological and geomorphometric analyses as prerequisites for numerical modelling, involves
the collection of field data, historical documents on past flow events, and morphometric data to
define the dominant process affecting the study catchment (e.g. debris flow versus floods with
bedload) and to assess the sediment volume available for mobilization. It includes the application of
a GIS-based tool for the preliminary characterization at the regional scale of debris-flow susceptibility
along the drainage network, the identification of sediment source areas through orthophoto
interpretation and geomorphometric analyses, the assessment of catchment sediment connectivity,
and finally, the evaluation of sediment availability through field surveys. The proposed workflow
supports more consistent and transferable criteria for debris-flow hazard zonation and territorial
planning in mountain regions.
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Impact of landslides activity on changes in the composition of alluvia in
stream beds on the example from Polish Carpathians

PhD Jaroslaw Cebulski'~
!Department Of Earth Science, University Of Rome, Rome, Italy, 2Institute of Geography and Spatial
Organization PAS, Cracow, Poland

07C: The geomorphological impacts of landslides and their associated hazards, Dobson 2, February 3,
2026, 5:00 PM - 6:30 PM

The relief of the Polish Carpathians has been strongly modified by mass movements, especially
landslides. In an area of over 19,600 km2, there are more than 60,000 landslides and over 5,000
areas at risk of landslides, which accounts for more than 9% of the area of the Polish Carpathians. A
large part of the Carpathian landslides are in direct contact with river and stream beds, which is why
they are referred to as riverside landslides. Riverside landslides are more active than other landslides
due to an additional activating factor in the form of fluvial erosion of landslide fronts. Another type of
interaction is the change in particle size composition of the alluvium through colluvium supplied to
riverbeds. This research considers the effect of active landslides on the change in particle size
composition in the alluvium below the landslides. The effect of active landslides on the change in
channel morphometry at the site of the resulting landslides was also determined. Material from the
riverbeds and landslides was sampled twice, first immediately after a flood and second a year later
after a period without a flood. The material was analysed using laser diffraction. The volume of
colluvium supplied to the riverbed was measured using terrestrial laser scanning. The results show a
significant effect of colluvium influx on the particle size composition of the alluvium by increasing the
proportion of the very fine fraction: clay and silt. The highest proportion of material from landslides
in the composition of alluvium was noted immediately below each given landslide. Further
downstream this proportion decreased and then declined to zero after 190 to 450 m. Differences in
the particle size composition of alluvium depending on the time of sampling were also observed.
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Temporal and spatial variation in suspended sediment concentration in the
small badlands catchment (Southern Tuscany, Italy)
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08H: New frontiers in the study of erosion processes and geomorphic dynamics in badlands, Conway
3, February 5, 2026, 9:35 AM - 11:05 AM

Badlands experience higher erosion rates than any other landform and often contribute
disproportionately to sediment yield at the catchment scale. The Upper Orcia Valley, offers a
representative setting for studying erosion in Mediterranean badlands. A small subcatchment was
monitored by applying an integrated methodology combining dynamic - focused on sediment
transported by runoff—and volumetric assessments—which track surface changes over time and
volumetric approaches. This landscape combines agricultural land, forest, and bare or sparsely
vegetated surfaces. The upper catchment hosts actively eroding calanchi—steep badland formations
marked by dense drainage networks and rill, gully, and mass-wasting processes. These landforms
contribute large volumes of unconsolidated sediment to the fluvial system.

SSY measurements covered the main hydrometeorological events of the 2024-2025 winter season.
The winter monitoring campaign revealed a marked response of the system to rainfall and runoff
events. Average water level reached 6.4 cm, with nephelometric turbidity 140 NTU and a suspended
sediment concentration of 6.3 g/I.

Event-scale hysteresis patterns was analysed from the data, to evaluate the complex timing of
sediment mobilization and delivery. The results revealed exceptionally high variability in hydrological
and SSY parameters, providing valuable insights into stream behaviuor in the badlands areas. In
addition, during one of the floods — on 26 February 2025 —6 water samples with suspended solids
were collected along the longitudinal profile of the Scalonca stream. The results of this experiment
will allow us to determine the variability of suspended solids concentration depending on the
distance from the Calanchi landforms. Simultaneously, drone-based photogrammetry was used to
create high-resolution digital terrain models for investigating the geomorphodynamics at the
badlands hillslope scale.

These findings underscore the need to link hillslope and channel processes in badland systems. By
combining surface-change detection with real-time sediment transport data, the study provides
more holistic understanding of sediment dynamics in Mediterranean landscapes.
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High-Resolution Late Holocene Climate Reconstruction from Lake
Guynemer, Kerguelen Archipelago
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06G: Cryogenic Landsystems of Southern Hemisphere Alpine Environments, Conway 2, February 3,
2026, 2:30 PM - 4:00 PM

As part of the SOUTHSPHERE/PALAS-2019 project, a 10.1-meter sediment core was retrieved from
Lake Guynemer, a glacier-fed lake on the remote Kerguelen Archipelago in the South Indian Ocean.
This site offers a rare and valuable opportunity to reconstruct high-resolution Holocene climate
variability within the core belt of the Southern Hemisphere Westerlies. Radiocarbon dating indicates
a basal age of approximately 1200 calibrated years before present (cal BP), with an average
sedimentation rate of approximately 1.2 cm/year, suggesting an exceptionally detailed archive of
past environmental change.

Preliminary analyses reveal that the core is varved, and high-resolution CT scanning has enabled the
extraction of annual sedimentation rates. These data provide a unique opportunity to extend
instrumental climate records and investigate year-to-year variability in glacier-fed sedimentation. The
Lake Guynemer record complements geomorphological and sedimentological data from nearby sites,
including moraine chronologies and lake records from Cartographie, Aphrodite, Athena, Hera and
Lake "5", which together document Holocene glacier dynamics, temperature shifts, and atmospheric
circulation changes across the archipelago.

The Guynemer core is central to the Southsphere project’s broader aim of understanding the role of
the Southern Westerlies in regulating Antarctic climate and ocean-atmosphere interactions. By
integrating sedimentological, geochemical, and glaciological data, the project has generated
guantitative reconstructions of glacier extent, summer temperature, and precipitation—key
indicators of atmospheric dynamics, including the Southern Annular Mode (SAM), El Nifio-Southern
Oscillation (ENSO), and the Indian Ocean Dipole (IOD). The Lake Guynemer archive is particularly
valuable due to its continuity and resolution, offering insights into natural climate variability, rates of
change, and potential tipping points in the Southern Hemisphere. As the project enters its synthesis
phase, the Guynemer record will play a pivotal role in refining our understanding of Holocene climate
evolution in the Southern Ocean and its relevance for future climate projections.
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Geomorphic and tectonic implications of raised Quaternary shorelines along
the Tyrrhenian margin of the southern Apennines, Italy

Dr Ciro Cerrone?, Prof Alessandra Ascione?
lUniversity of Venice Ca' Foscari, Venice, Italy, 2University of Naples Federico Il, Naples, Italy

04D: Advances, challenges and future directions in Tectonic Geomorphology, Dobson 3, February 3,
2026, 9:35 AM - 11:05 AM

The southwestern margin of the Southern Apennines is shaped by extensional tectonics related to
the formation of the Tyrrhenian back-arc basin, active since the Late Miocene. Quaternary
deformation along this margin has produced a system of horsts and grabens, with subsidence
reaching several thousand metres in the grabens. In contrast, the horst blocks experienced significant
uplift, as evidenced by well-preserved marine terraces, with the oldest (Early Pleistocene) now
located several hundred metres above sea level in the Cilento headland.

Numerous previous studies have yielded essential data on both exposed and buried paleoshorelines;
however, the chronological framework for relative sea-level fluctuations remains largely based on
local-scale reconstructions, with absolute dating still limited and unevenly distributed.

Detailed geomorphological and geological mapping integrated with Quaternary stratigraphy was
conducted across key sites along the southern Apennines Tyrrhenian margin. This study integrates
recent research from the past years and focuses on identifying, characterising, and dating raised
marine terraces and buried paleoshorelines through field surveys of rocky coasts and alluvial-coastal
basins, while also reinterpreting existing literature data at a regional scale. These new age constraints
on late Middle to Late Pleistocene sea-level markers strengthen the reconstruction of vertical
deformation patterns at both local and regional levels. This allows a refined understanding of
Quaternary surface uplift patterns along the southwestern flank of the southern Apennines.
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Morphodynamics of Mediterranean microtidal beaches presenting
permanent megacusps under the influence of waves and strong offshore
winds (Gulf of Lions).

Dr Raphaél Certain?, Plerre Feyssat?, Nicolas Robin?, Jean-Paul Barusseau?, Antoine Lamy?, Olivier
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03E: Coastal dynamics and climate change: from the recent past to the near future, Dobson 4,
February 2, 2026, 4:00 PM - 5:30 PM

This study focuses on low-microtidal emerged beaches (average tidal range = 0.3 m) located along
the French Mediterranean coast, characterized by permanent megacusps. The offshore wind (> 20
m-s~" and gusts >30 m-s™"), due to its transport capacity and its predominance (73% of the time), can
have an erosive effect of up to -0.3 m on the upper beach (situation 1). The resulting sand transport
from the upper beach toward the shoreline leads to accretion on the beach face, causing a seaward
advancement of the shoreline by several meters. Low-energy wave action (Hs < 1 m), either
combined with offshore wind and the associated sediment transport from the upper beach toward
the shoreline (situation 2), or occurring with a stable upper beach and no offshore wind forcing
(situation 3), leads to accretion and a preferential advancement of the megacusp horns due to wave
refraction. This is accompanied by slight erosion and potential retreat of the megacusp embayments.
More energetic wave conditions (Hs > 1 m), either without wind or with only onshore winds, cause
erosion of the lower beach through wave attack, combined with a strong swash that creates a higher
berm and a steeper beach face in a more landward position (situation 4). Following short but intense
storm events typical of the Mediterranean climate (situation 5), berm retreat is maximal and can
reach a new remote position in central part of the beach. These events may also result in sediment
deposition on the upper beach along the base of the dune. Thus, the alternation between storm
episodes (shoreward transport) and periods of offshore wind (seaward transport) may control the
relative stability of the emerged beach on an event time scale. Any changes in forcing, particularly in
the context of climate change, will disrupt this balance.
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In Bangladesh, research on human-environment interactions remains limited, despite the fact that
the history of Bengal is closely linked to its dynamic deltaic environment. Shifting river systems have
played a crucial role in shaping landscapes and influencing human settlement throughout Bengal’s
history.

This presentation introduces the first geoarchaeological study conducted in Bangladesh, focusing on
Mahasthangarh. The study examines environmental changes over the past 2,000 years and explores
how these shifts affected human settlement.

Mahasthangarh was a major fortified city of ancient Bengal, founded around the 4th century BCE and
thriving until the 13-14th centuries CE. It is located on the alluvial Barind Terrace beside the Karatoya
River, which, though modest today, was a significant waterway in the past. Historical written sources
and ancient maps indicate that the Karatoya has undergone many changes, while archaeological
evidence indicates flood-related damage to parts of the site.

In 2022, the French-Bangladeshi Archaeological Mission launched a pioneering geoarchaeological
study at Mahasthangarh. Focused on geomorphology, it aims to reconstruct human—environment
interactions in response to the changing alluvial landscape. Early chronostratigraphic data provide a
new framework for interpreting the site’s archaeological record and past environmental conditions.

During the first millennium CE, the Karatoya was a branch of the ancient Tista River. Its stronger flow
caused major flooding, damaging parts of the citadel. Despite this, Mahasthangarh flourished,
particularly during the 7th—10th centuries CE under the Pala dynasty. From the 11th to 13th
centuries CE, the river shifted, especially after an earthquake in 1255. This led to significant alluvial
changes and likely contributed to the city’s decline by the 13th—14th centuries. The Karatoya
continued to change course until the late 18th century, when a Tista River avulsion led to its current
reduced flow.
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Morphometric parameters serve as proxies for deciphering the geomorphic responses of fluvial
systems to underlying topographic, tectonic, lithological, and climatic forcing, which often vary
spatially along a river's course. In this context, empirical geomorphic indices are critical for
unravelling morphogenetic processes. One such diagnostic tool is the Stream Length-Gradient Index
(SL Index), conceptualized by Hack (1973), which facilitates the identification of tectonic
perturbations and lithological controls along longitudinal stream profiles. This study implements the
SL Index to analyze the morphotectonic framework of the Rispana River, situated the front of Lesser
Himalaya, India. The methodology is grounded on a high-resolution digital terrain model (DTM),
developed from 1:50,000 scale. The river's longitudinal profile was subdivided into two primary
reaches and further resolved into 13 morphometric segments based on slope inflection points. SL
Index values were computed for each segment and visualized through tabular and graphical
representations to delineate spatial anomalies along the river continuum. The SL Index exhibited a
range from 0.33 to 11.48, with elevated values concentrated in the upper mountainous tract and
lower values prevailing in the downstream Doon Plain sector. Notably high SL values (11.00, 11.44,
and 11.48) were associated with structurally resistant lithologies such as quartzite and dolomite, and
with convex slope geometries, signifying first-order anomalies frequently correlated with knick point-
induced waterfalls. The majority of the remaining segments manifested second-order anomalies,
with one exception. Tectonically induced slope deformation, particularly along the Main Boundary
Thrust (MBT), manifests as concave slope profiles, facilitated by gravitational mass-wasting
processes. Overall, the longitudinal configuration of the Rispana River reflects a strong imprint of
active tectonics, lithological heterogeneity, upper-reach slope dynamics, and sedimentary processes
operative in the piedmont and Doon fan deposits.

Keywords: Longitudinal profile, Active tectonics, Morphometric analysis, SL Index, Rispana River,
Geomorphic anomaly
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To transform communities within the field and better serve those of the lands we study, place and
reciprocal relations with land must be recentered in the training of geoscientists. While community
knowledge of landscapes extends for millennia, there are many barriers to integrating scientific
research with place-based knowledge that has long been undervalued and excluded within the
academy. The devaluation of place-based knowledge deters many people with deep cultural ties to
place from persisting within the field. This contributes to the position of geosciences as the least
diverse STEM field and hinders the ability to meaningfully engage with communities experiencing
problems of geoscientific significance.

Many of geoscience’s shortcomings are directly tied to the historic value on placelessness for
researchers and geoscientists who are expected to be rootless and mobile to study the Earth through
neutralizing lenses. Engaging student affect by cultivating learning spaces where place-attachment is
valued and recentering reciprocal relations with the land is a clear route to rejecting the inherited
values of geoscientific study in academia. Place-based education (PBE) in geoscience has
demonstrated the ability to engage more diverse groups in geoscience learning but little has been
done to investigate the efficacy of PBE integrated with environmental justice and critical perspectives
to transform relations between geoscientists and landscapes. Here, we present approaches in PBE in
the American Southwest that infuse geoscience learning with human and other-than-human topics as
inseparable components that construct the landscapes we study, live, and learn in. This work adopts
methods used in ‘land-education’ proposed by researchers of Indigenous and post-colonial
pedagogy. With water as a topic of convergence in the arid lands, interrogation of geologic and
human relationships with water serve to emphasize the interconnectivity of human-Earth systems
and place-building in lands where water is life.
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Some of the most enigmatic landscapes shaped by the interplay of tectonics, climate, and volcanics
are continental rift settings such as the Rio Grande rift in southwestern North America. The Rio
Grande, the axial drainage of the Rio Grande rift, is the fourth longest river in North America. Despite
the large size of the Rio Grande basin, its modern fluvial system may have evolved within just the last
500 kyr. However, the processes driving this young drainage evolution remain poorly understood.
One hypothesis posits that climate-driven spillover of a large pluvial lake drove drainage area
expansion and rapid incision of the 240 m deep Rio Grande gorge at 400 ka. If this is true, then
widespread incision on tributaries to the upper Rio Grande with knickpoint celerities of 100 m/kyr
would be expected. Another hypothesis is that the Rio Grande knickzone has been propagating
upstream in response to basin level fall when the river reached the Gulf of Mexico at ~1 Ma.
Determining the relative importance of spillover (top-down) versus headward incision (bottom-up)
processes is key to parsing tectonic vs. climatic drivers of landscape evolution in rift settings.

To resolve rates and test models of drainage evolution in the Rio Grande basin, we performed a
quantitative analysis of longitudinal profiles and knickpoint celerity over the past 500 kyrs.
Preliminary results suggest that tributary relict profiles record transient responses to rapid baselevel
fall following the proposed <400 kyr onset of gorge incision. These analyses show the dominance of
Pleistocene climate cycles in driving rapid incision and upstream knickpoint propagation, while
lithology modulates local rates of knickpoint celerity across tributaries. While rift tectonics create a
template upon which river basins can develop, this study highlights the dominance of Pleistocene
climate cycles in rapidly reshaping these drainage networks within the last million years.
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The Hume to Yarrawonga reach of the Murray River, extending approximately 200 kilometres
downstream of Hume Dam, is a heavily regulated lowland river system that plays a critical role in
water delivery to agricultural and urban users. Since the completion of Hume Dam in the 1930s, and
particularly following intensified water extraction in the post-war period, the natural hydrological
regime has been substantially altered. Historic high winter and spring flows have been replaced by
elevated and sustained summer flows to meet irrigation demand, resulting in an inversion of the
seasonal flow pattern and a reduction in flood frequency and magnitude.

These hydrological changes have triggered significant geomorphic responses. Prolonged high summer
flows have increased shear stress on channel banks during periods of low vegetation stability, leading
to accelerated bank erosion, undercutting, and slumping. Simultaneously, reduced overbank flows
have limited sediment redistribution, contributed to bed degradation, and weakened riparian
vegetation condition. The reach’s historically dynamic anabranching network has become
increasingly simplified, with widespread sedimentation, channel widening and contraction, and
disconnection resulting from reduced floodplain inundation and flow variability.

A foundational study by Erskine et al. (1993) documented these impacts in detail and proposed
management strategies, including modifying the duration of near-bankfull flows. Building on this
work, a 2025 study provides updated evidence of continued morphological change, including
measurable channel widening, increased anabranch disconnection, and a loss of geomorphic
complexity. Despite environmental flow programs and riparian restoration efforts, the system
continues to respond to the legacy of regulation, constrained by ongoing water delivery
requirements.

This paper synthesises past and recent findings, including the 2025 study that provides updated
evidence of continued channel degradation and anabranch disconnection, to explore the geomorphic
legacy of regulation.
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Current understanding of fine-grained sediment transport dynamics in rivers remains limited, as most
remote sensing studies have focused on coastal and lacustrine plumes - phenomena that occur under
fundamentally different hydrodynamic conditions than riverine environments. These existing
approaches are poorly suited for studying fine-grained sediment plumes within river channels,
especially those with complex morphologies and where the occurrence of plumes can be
unpredictable and highly transient, creating unique observational challenges.

This study develops a novel methodology to capture and quantify sediment plumes in river channels
using high-resolution (3 m) PlanetScope imagery. Our technical approach addresses three key
challenges: (1) detecting plume signals in narrow channels where water depth and local morphology
affect surface reflectance; (2) capturing the complete spatial extent of plumes during flood
conditions when turbidity can remain uniformly high; and (3) characterizing plume fronts despite the
absence of visible plume tails in single-time-step imagery. We employ flow-path-aligned NDTI
analysis to isolate plume fronts and quantify their spatial characteristics, developing new metrics that
describe the transition from ambient to saturated turbidity conditions.

The methodology enables investigation of fundamental sediment transport processes during major
events (such as outburst floods) when the entire river system transitions to high turbidity and fast
moving, fine grained plumes can have the furthest reaching impacts. By focusing on plume front
propagation patterns examine how dammed, braided, and canalized reaches differently influence:
(a) the sharpness of turbidity transitions, (b) the downstream progression of plume fronts, and (c) the
spatial distribution of sediment-laden flows. This approach provides the first dedicated framework
for studying sediment pulse propagation through complete river networks using remote sensing.

Keywords: remote sensing, fluvial sediment transport, suspended sediment, PlanetScope, NDTI
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The measurement of in situ abrasion has been investigated since the early 20th Century and it is
thought to represent a significant loss from coastal sediment budgets of mixed sediment beaches.
Traditional methods of tracking pebbles or cobbles to assess abrasion have numerous shortcomings,
however, Radio Frequency ldentification (RFID) now makes it feasible to track and relocate tagged
particles on a beach. In this study, RFID was used to quantify pebble and cobble abrasion on a mixed
sand and gravel beach, South Island, New Zealand. A total of 228 greywacke pebbles and cobbles
were tagged and released on two occasions on the study beach. Some of these pebbles and cobbles
were relocated on the first two days after release and then again at intervals of months with a
maximum recovery period of 15 months. Particles were weighed each time they were relocated to
assess abrasion and their positions recorded to calculate the distance travelled from the initial
release point. The mean daily abrasion rate of pebbles and cobbles was 0.02%/day, equivalent to
7.30%/year. A significant correlation was found between abrasion and transport distance and wave
energy. These results contribute to the small database of abrasion rates for mixed sediment beaches.
The study also provides detailed data on cross-shore and alongshore displacement, as well as burial
depth. Comparison with previous studies from around the world suggests that a universally
applicable abrasion rate for all mixed beaches is unattainable.
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Landslides are among the most severe natural hazards, with their frequency and impact projected to
grow under future climate change. In Taiwan, where over 70% of the land is mountainous or steeply
sloped, intense rainfall associated with typhoons poses a serious threat to slope stability. This study
assesses future changes in landslide probability within the Dahan River watershed by combining high-
resolution climate projections with grid-based slope stability modeling, aiming to support
community-level adaptation strategies.

Typhoon rainfall datasets were derived from the Meteorological Research Institute of Japan and
dynamically downscaled using the Weather Research and Forecasting (WRF) model. A total of 335
events were analyzed, including 166 from the base period (1979 to 2003) and 169 projected for the
late 21st century (2075 to 2099). These were input into the TRIGRS model to compute the factor of
safety (FS) for each grid cell. Landslide probability was calculated as the proportion of events in which
FS dropped below 1.0. Results show an increase from 14.0% to 22.4% by the end of the century, with
higher risks concentrated upstream of the Shimen Reservoir.

To enhance practical relevance, model outputs were transformed into categorized impact maps that
visualize current and future risk levels. These maps were shared with local stakeholders, including
sediment management authorities and representatives from the Xiuluan Tribe, who confirmed their
usefulness for early warning and planning. This study highlights the value of impact-based risk
mapping as a tool for promoting consensus and action on climate-resilient landslide adaptation.
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The 2021 Chamoli disaster delivered an unprecedented sediment pulse into Himalayan river
networks, providing a unique opportunity to study how extreme events propagate through fluvial
systems. This work examines the downstream evolution of fine-grained sediment plumes from their
origin in the landslide-affected headwaters through three critical environments: dam reservoirs,
wandering and braided gravel bed river reaches, and engineered canals. Using satellite-derived
turbidity observations, we reveal how natural and engineered controls collectively shape sediment
transport dynamics during such high magnitude events.

In dam reservoirs, the sudden sediment influx interacted with standing water and operational
infrastructure, creating distinct plume signatures that reflect both particle sorting and modified
downstream delivery. Downstream braided reaches displayed complex redistribution patterns,
where channel morphology likely enhanced dispersion through frequent flow divergence and
convergence. The engineered canals presented fundamentally different transport conditions, where
narrow, divided channels and regulated flows likely alter both the timing and distribution of sediment
movement compared to natural reaches.

Across environments, plume travel speed declined from over 160 km/day upstream to 20 km/day
downstream. Plume length also decreased: dams produced the longest plumes (up to 22.5 km), rivers
intermediate (8—21 km), and canals the shortest (as little as 6.1 km). NDTI of flood water dropped
from 0.11 to near 0 downstream.

These observations provide the first system-scale perspective on the Chamoli disaster’s sedimentary
legacy, highlighting: (1) sediment retention and transformation at dams, (2) dispersion in natural
braided channels, and (3) the unique transport regime of managed canal networks. Our findings
establish a framework for understanding how extreme sediment pulses propagate through partially-
engineered watersheds, with particular relevance for predicting sediment connectivity in the
aftermath of future disasters. The study demonstrates how event-driven sediment pulses can serve
as natural experiments to reveal fundamental transport processes across diverse fluvial
environments.
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The geomorphology and environmental conditions of the southeast China coast are significantly
influenced by sediment discharge from the Yangtze River, a major river located to the north.
Nonetheless, the extent to which the Yangtze River affects sediment transport processes from source
to sink along the southeast coast remains unclear. Our recent findings in coastal/marine deposits
from the late Quaternary period (MIS5e, MIS3, and MIS1) in Ningde Bay offer new perspectives on
this issue. Provenance discrimination of the late Quaternary boreholes was carried out using
sediment geochemical analysis and OSL dating of fine- and medium-grained quartz. The results
indicate varying provenances during sea-level fluctuation, with distal Yangtze River origins during
MIS5e, MIS3, and MIS1, and a local source during MIS4. The findings also suggest that the southward
transport of Yangtze sediments along the southeast China coast has occurred since MIS5e. However,
OSL ages of the finegrained quartz in the MIS3 deposit range from approximately 90 to 140 kyr,
notably older than those of medium-grained quartz (40-80 kyr). This remarkable age discrepancy
indicates that Yangtze-derived sediments previously deposited on the shelf of the East China Sea
during MIS5 were reworked and transported southward in MIS3. This phenomenon can be elucidated
by the insufficient supply of Yangtze sediments during MIS3, which could be linked to the weakened
East Asian monsoon. This new source-to-sink pattern for the southeast China coast is characterized
by a compensating mechanism of inner shelf old sediment in response to the inadequate supply of
Yangtze sediments. This study contributes to a better understanding of the significant impacts of
reduced Yangtze sediment input on its distal sedimentary systems over time.
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Southern Tibet is undergoing active east—west extension despite continued north—south compression
from the India—Asia collision, producing prominent north—south trending rifts. Understanding the
rates of late Quaternary extension across these rifts is key to interpreting ongoing plateau
deformation and landscape evolution. In this study, we examine the Xainza—Dinggye Rift (XDR) to
assess whether its extension rates match those observed along the Yadong—Gulu Rift (YGR), where a
clear northward increase in extension has been linked to interaction with strike-slip faulting. Using
cosmogenic 10Be surface exposure dating and high-resolution topographic surveys at seven sites
along the entire XDR—including areas affected by the 2025 Mw7.1 Tingri earthquake —we quantify
vertical displacements across normal faults bounding the rift. Extension rates along the XDR are
generally <1 mm/yr, significantly lower than those reported for the YGR (0.8 to 1.3 to 3 - 6 mm/yr),
except at sites where surfaces are younger than the Last Glacial Maximum (LGM). This pattern
suggests a post-LGM acceleration in extension, likely driven by glacial unloading and related
lithospheric rebound. Our findings challenge the assumption of a constant 1.3 mm/yr extension rate
across all southern Tibetan rifts, indicating that deformation is spatially variable and possibly
concentrated in more mature, throughgoing rift systems. Notably, the absence of a northward
increase in extension rate along the XDR may reflect its orthogonal orientation to the Himalayan
Main Frontal Thrust, in contrast to more obliquely aligned rifts like the YGR. These results underscore
the importance of fault geometry and glacial-interglacial processes in modulating late Quaternary
extension and associated geomorphic development in the Tibetan Plateau.
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Landforms have interacted with and co-evolved alongside organisms. However, in comparison to the
well-studied processes of landform development and conservation, the role of landforms as habitats
remains relatively underexplored. This study investigates the distribution of weathering landforms
known as ‘gnammas’ and examines their ecological function as habitats through case studies in South
Korea.

In Korea, there are at least 140 gnammas, with approximately two-thirds located on granite. At the
summit of a 650-meter-high mountain in Gangwon-do, groups of fire-bellied toads (Bombina
orientalis) inhabit these areas. For these frogs to reproduce, a hydroperiod of at least three months is
essential. For two years, we monitored the habitat of the species, tracking changes in water level and
quality as well as weather conditions. Our findings revealed that the water within the weathering pits
rarely dried out, maintaining a minimum depth of 15 cm and a maximum depth of 42 cm. The frogs
spawned in pools during late March and early May; however, they did not reproduce in all available
pools. The most successful breeding habitats featured deeper water levels and favorable water
quality indicators, including lower biochemical oxygen demand (BOD) and total phosphorus levels.
Notably, sites with high concentrations of NH3-N were avoided by the frogs.

Gnammas not only serve as habitats for aquatic organisms but also provide a home for terrestrial
plants. In the study area, we observed the growth of mosses, herbaceous plants, and shrubs within
the weathering pits, with the soil primarily composed of sand, silt, and clay derived from granite. Our
research illustrates how gnammas, formed by weathering on dry rock surfaces, evolve into vital
habitats for a variety of organisms by effectively storing water and soil.
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Since the 2000s, many Korean rivers have transitioned from “white rivers,” dominated by exposed
sediment bars, to “green rivers” characterized by dense riparian vegetation. This transformation
reflects not only anthropogenic alterations but also broader climatic influences. As climate change
progresses, it is expected to further reshape fluvial landscapes by altering hydrological regimes and
driving changes in the timing and extent of riparian vegetation. Variations in rainfall and
temperature, in particular, directly influence germination timing, growth rates, and vegetation
mortality, thereby affecting fluvial morphology through complex biogeomorphic feedbacks.

This study aims to enhance an eco-morphodynamic model to more realistically simulate the
interactions between riparian vegetation and fluvial processes under climate variability. The model
incorporates precipitation and temperature as key drivers of vegetation dynamics, affecting
germination, growth, and mortality. By introducing climate-sensitive mechanisms into the vegetation
module, the model captures changes in life cycle timing and growth patterns driven by hydrological
and thermal conditions.

A comparative analysis between the enhanced model and its earlier version demonstrates the critical
role of climatic variables in realistically simulating interactions between riparian vegetation and
fluvial processes. These improvements enable the model to better capture potential shifts in
vegetation phenology and spatial distribution under changing climate conditions. Ultimately, the
results provide insight into how riparian and fluvial systems may co-evolve in response to climate
variability, supporting more integrated approaches to river management and ecological restoration.
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Black pine (Pinus thunbergii) is commonly found along the coastal regions of Korea and Japan. Due to
its tolerance for coastal conditions, this species is often planted to establish coastal forests. Black
pine is present in over 97% of the approximately 200 coastal dunes on the Korean Peninsula. These
coastal forests are believed to protect the hinterland from strong winds, salt spray, and blown sands
while stabilizing the coastal landscape and maximizing land use. This study analyzes changes in the
dune landscape using aerial and satellite imagery since the establishment of these coastal forests,
complemented by recent wind and shoreline data. It also explores the relationship between the trees
on the dunes and their resilience. The findings indicate that the natural resilience of all dunes where
coastal forests were planted has diminished. Specifically, the dunes on Daecheong Island in Incheon
have experienced reduced wind speed and changes in wind direction due to the coastal forests
developed in the late 1990s. In response, residents advocate for the restoration of the previous dune
landscapes. Even in the coastal dunes on the East Coast that originated from beach ridges, planting
pine trees has led to increased shoreline retreat and erosion. This is due to the trees fixing the dune
surface and reducing its flexibility. Eventually, many artificial structures, including submerged
barriers, were built to prevent coastal erosion, leading to adverse effects, such as causing further
coastal erosion. In contrast, areas without pine forests have experienced the emergence of new dune
formations and even an advance of the coastline. Forests on coastal dunes reduce onshore wind and
aeolian sand transport. Consequently, they negatively impact the landscape, making it less adaptable
to coastal changes, including those triggered by climate change.
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The Opawaho / Heathcote River catchment in Otautahi Christchurch has a long history of flooding,
with major floodplain management schemes developed in 1985 and 1992. These proposed
interventions included upper catchment storage, mid-reach channel works, property raising, and the
Woolston Cut bypass. However, much of the strategy remained unimplemented due to a drier
climate in subsequent decades.

The Canterbury Earthquake Sequence (CES) significantly altered the river’s geomorphology. Ground
settlement in the upper and mid-catchment and uplift in the lower reaches increased flood exposure
across the catchment. An additional 101 dwellings were placed at risk of above-floor flooding in a 2%
AEP event, with many more affected during frequent events. Riverside roads experienced recurring
deep flooding, compounded by sea level rise impacts and increasing “sunny day” tidal inundation.

Following severe floods in 2013, 2014 and 2017, a renewed floodplain management strategy was
urgently developed. Drawing on earlier studies, updated models, and extensive post-earthquake
investigations, the strategy addressed frequent (10% AEP) flood risks under current climate and sea
level conditions. The resulting $120 million programme included voluntary property purchases,
targeted dredging, upper catchment storage, and bank stabilisation. Potential low stopbanks were
ultimately not adopted due to community and Council concerns, realising that these were not a
resilient option in this location.

The system has since been tested during multiple storm events over the past eight years, with no
above-floor flooding observed despite events matching or exceeding post-CES flood magnitudes. In
addition, one of the main flood management facilities has won multiple awards for its multi-value
approach to flood management. This case study highlights the value of preserving long-term planning
options, using post-disaster recovery to implement resilient infrastructure, and maintaining
transparent, ongoing engagement with the community. The Opawaho / Heathcote experience offers
important lessons for flood management in geomorphically dynamic and climate-affected
environments.
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Geodiversity and geoheritage at the macro and microscales. Case study
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071: Geomorphology for geoconservation, Conway 4, February 3, 2026, 5:00 PM - 6:30 PM

The Western Carpathians are a province of the Carpathian Region located in Central Europe. They lie
primarily in Poland and Slovakia, but also extend into small parts of Hungary, the Czech Republic, and
Austria. The Western Carpathians are characterised by a banded geological structure consisting of
three main subprovinces: 1. The Outer Western Carpathians, composed of Carpathian flysch—
alternating layers of sandstones, claystones, and shales; 2. The Central Western Carpathians, made
up mainly of crystalline and metamorphic rocks, as well as carbonate rocks, sandstones, and shales;
3. The Inner Western Carpathians, composed of volcanic and carbonate rocks.

The region's geological richness is also reflected in a variety of landforms shaped by glacial, karst,
volcanic, and fluvial processes. The main objective of this presentation is to highlight the geological
and geomorphological diversity at both the macro scale—across the entire Western Carpathians—
and the micro scale—within specific mesoregions of the highest Carpathian range, the Tatra
Mountains.

The analyses were conducted using geodiversity maps created for this area, based on geological
maps, a digital terrain model, and CORINE land cover data. The geodiversity map for the entire
Western Carpathians reveals that the highest geodiversity corresponds to areas of high elevation,
composed mainly of crystalline and carbonate rocks. However, more detailed maps show that within
areas of average geodiversity, there can be zones of high geodiversity and vice versa. This indicates
that while province-scale maps are useful for identifying areas with high geoheritage potential,
detailed geoheritage analysis is only possible using more precise, fine-scale maps.
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Tectonic geomorphology and Holocene uplift rates of the Lae Urban Area,
Papua New Guinea
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04D: Advances, challenges and future directions in Tectonic Geomorphology, Dobson 3, February 3,
2026, 9:35 AM - 11:05 AM

Lae is Papua New Guinea’s (PNG’s) second largest city and is the home of PNG’s largest port. Here, a
convergence rate of ~50 mm/yr between the South Bismarck Plate and the Australian Plate is
accommodated across the Ramu-Markham Fault Zone (RMFZ). The active structures of the RMFZ
bifurcate immediately west of the Lae urban area, with one trace (the Wongat South Thrust) trending
southeast through Lae City and connecting to the Markham Trench within the Huon Gulf. The
geomorphology of the Lae urban area relates to the interaction between riverine (and limited
marine) deposition and erosion, and range-building over the Wongat South Thrust. Flights of
deformed river terraces imply repeated tectonic uplift events. Terrace riser heights are typically on
the order of 2.5-3.0 m, indicating causative earthquake events of greater than magnitude 7.0.
Preliminary dating of fluvial and marine terrace deposits indicates a recurrence for these events in
the order of 300-400 years, at an uplift rate of ~12 m/kyr. The results of the tectonic geomorphology
study form part of a PNGAus partnership project, and will inform future seismic hazard and risk
assessments for the region.
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Unravelling the Winds of the Past: Atmospheric Drivers of Beach Ridge
Formation in Kati Thanda-Lake Eyre, Australia
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Poster Session 1, Exhibition & Poster Hall, February 2, 2026, 5:30 PM - 7:00 PM

Palaeolake shorelines, formed by wave-piled sediment, are exceptional markers of ancient lake-
stands, providing critical proxies for palaeohydrology. In dryland environments, where water is
presently scarce and lakes are predominantly shallow and ephemeral, these proxies offer evidence of
past wetter periods and potential insights into future hydrological scenarios. However, the
atmospheric conditions responsible for the wind- and wave-storms that create beach ridges in
shallow lakes remain uncertain. To investigate these conditions, we analysed the largest desert lake
in the world, Kati Thanda-Lake Eyre (KT-LE) in Australia. We explored the factors behind ridge
formation by combining wave modelling simulations driven by atmospheric reanalysis data with
optically stimulated luminescence (OSL) dating of the lake’s historical shorelines. Our analysis
focused on 12 of the most intense wind- and wave-storms, selected from a dataset of over 1,000
identified windstorms recorded between 1950 and 2023. We found that significant lake waves are
predominantly generated by a synoptic dipole pattern, characterised by a high-pressure gradient
between a cyclone and an anticyclone over southern Australia, often amplified by the passage of an
atmospheric front. This pattern produces high-magnitude (>10 m/s) southerly winds, driving waves
that can exceed 0.75 m in significant wave height. Despite these findings, wave simulations based on
historical water depth observations suggest that no single storm was likely responsible for the
formation of KT-LE's modern beach ridge. This conclusion is further supported by OSL dating and
high-resolution topographic analyses, showing composite barrier landforms with regressional
features. The OSL chronology indicates that some sections of the modern barrier or paleo-shoreline
are effectively “modern,” while other locations preserve beach deposits that are centuries old. These
findings suggest that the formation of the modern shoreline is most likely the result of cumulative
sediment deposition over multiple windstorms, rather than a single large storm event.
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Extreme runoff events over the last two millennia shape the shorelines of
Kati Thanda — Lake Eyre
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Auditorium, February 2, 2026, 2:00 PM - 3:30 PM

Thousands of ephemeral lakes characterise arid and semi-arid Australia. Under the current climate
they only fill after extreme (daily or seasonal maxima) rainfall conditions, depending on their
hydrometeorology, lake area, watershed areas and physiography. The largest, ephemeral Kati
Thanda-Lake Eyre [KT-LE], drains 1.14 M km? (one seventh of the Australian continent), fills
occasionally, but only after exceptional and widespread headwater or local desert rainfall like was
seen in 2025, and previously in 1974. High-resolution topography was combined here with new
chrono-stratigraphy of the palaeoshorelines of KT-LE, to reconstruct barrier and shoreline formation.
The landforms investigated are all at or above the known modern maximum filling level (e.g. 1 -2 %
annual exceedance probability), therefore representing extreme storm coverage, rainfall quantities
and runoff conditions which provide unambiguous evidence of lake-filling events equivalent to or
larger than the historical maxima of 1974. The analysed modern or late Holocene barrier is a
composite feature comprised of young (< 500 years) beach sediments over a proto barrier up to
~3,000 years in age and in some locations has formed on a much older underlying resistant poorly-
sorted clay-rich sedimentary unit. Aerial photographs, stratigraphy and chronology indicate that the
1974 historical maxima effectively reworked significant parts of the Holocene barrier, redeposited
overwash deposits and extended longshore spit recurvature. The net result was the formation of a
barrier overwash and subsequent regressive berm sequence that dominates the modern shoreline
morphology. In contrast, older shorelines that were deposited episodically over the last 5000 years
have differing orientations to the modern barrier and are significantly smaller in volume but indicate
larger filling events than 1974. These sedimentary archives, whilst discontinuous, add to our capacity
to evaluate late Holocene climate change and extreme rainfall event occurrence within context of the
observational record.
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Statistically derived hydroclimatic debris-flow trigger threshold model
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Debris-flow occurrence on the south coast of British Columbia, Canada is commonly associated with
intense rainfall and rain-on-snow events. Infrastructure managers and emergency planners have an
interest in receiving warning prior to occurrence of damaging debris flows to reduce life loss risk, and
economic and reputational damages. For a section of the Trans Canada Highway in the lower
mainland of British Columbia that is subject to debris-flow hazards, records of debris-flow impact to
the highway were combined with hydroclimatic parameters such as precipitation, snow, snow water
equivalent and temperature to create a probabilistic model. First the dataset was reduced to
eliminate low precipitation days where no debris-flows occurred using a two parameter peaks over
threshold analysis. Several statistical models were considered; however a logistic regression was
chosen as it produced interpretable results, out performed other models and provided probabilities
rather than a classification. An initial model was developed to test the significance of parameters
prior to developing a two-dimensional probability matrix. Several variable pairings were tested to
determine which set would be most useful. Statistical models that accepted more than two variables
as inputs were considered but were deemed challenging to visualize or implement operationally. The
chosen model uses 1-hour and 48-hour precipitation to determine the probability of one or more
debris flows impacting the highway during a given storm. The model was then interpreted and
simplified to produce an easily digestible tool that can be used as part of a geohazard management
system by infrastructure managers and emergency planners.
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Persistent control of channel dynamics by active faults in an alluvial river
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Fluvial controls by tectonic processes operating between millennial/orogen and annual/reach scales
are relatively unexplored. We use a time-series of six surveys of thirty monumented cross-sections,
collected over twenty-two years, to evaluate change in bed material storage (bed change) in a gravel
bed river within an active New Zealand forearc basin. The 16-kilometre study reach crosses four
active oblique strike-slip faults and several folds. We analyse metrics of bed change and relate spatial
patterns to surface deformation interpreted from a 1 m LiDAR-derived elevation model. Incremental
changes between surveys at the same station are noisy, but over the 22-year time period, patterns of
net and total bed change show spatial coherence with intersecting geologic structures. At cross-
sections immediately upstream of faults aggradation and channel widening is generally observed
coinciding with back-tilting. Along areas of more distributed deformation (e.g. anticlines) we observe
maximum net incision. We conclude that bed change compartmentalisation by active geologic
structures along this alluvial river is detectable, spatially coherent, and persistent during an
interseismic period. These tectonic controls on alluvial channel dynamics persist and have
implications for channel and hazard management.
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Using geomorphological drivers to inform Nature Based Solution
optioneering — a case study from the Waipoua River.
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A geomorphic study of the Waipoua River was conducted for Greater Wellington Regional Council to
better understand the processes driving flooding and erosion issues in Masterton. This Stage 1
assessment used a modified River Styles framework to identify key factors such as connectivity,
stream power, and bed level trends, pinpointing areas sensitive to changing conditions. It also
highlighted geomorphic drivers such increased flood peaks caused by deforestation, artificial
confinement and gravel resource exhaustion, which informed the Nature-Based Solutions (NBS)
explored in Stage 2.

The Stage 2 Geomorphic Assessment and NBS Feasibility Study aimed to address symptoms of these
geomorphic drivers, including sediment runoff, rainfall runoff, and artificial confinement (e.g.,
stopbanks and river-edge willows). The goal was to identify catchment specific NBS to reduce flood
peaks. Four NBS options were prioritised for the Waipoua Catchment based on their geomorphic
effectiveness and likely flood reduction potential, which considered river character, geomorphic
sensitivity, and expected geomorphic responses to interventions. These options included hillslope
revegetation, distributed retention storage, channel realignment, and floodplain re-engagement.
Each was tested using hydraulic modelling.

While flood risk reduction from the NBS was modest, with limited impacts peak discharges, the
potential co-benefits were significant. For example, afforestation could reduce sediment runoff over
decades, supply large wood, enhance ecological conditions (e.g., stream shading and habitat
creation), and improve cultural value. Ultimately, allowing the river space to recover naturally
emerged as a key driver of geomorphic recovery. This approach focuses on enabling the river to
choose its own path, restoring its form and function over time.

This work highlights the importance of understanding geomorphic drivers and response to change in
creating holistic approaches to catchment and river management.
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Assessing geomorphic risk or geomorphic effects in the Auckland Region - A
Practice Guidance Note
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There are existing provisions in the Auckland Unitary Plan (AUP) that intend to protect Auckland’s
rivers from development impacts, or infrastructure / developments from flood and erosion risk. Yet
despite this, new developments and infrastructure are still being placed close to actively adjusting
rivers, or effects assessments undertaken without consideration of geomorphic trends / processes.
This has led to unintended adverse outcomes, with the costs to remedy borne by the rate payer.

To address this, Auckland Council Healthy Waters are developing a Practice and Guidance Note (PGN)
that sets out criteria and processes to assess the risk to developments, buildings and infrastructure
from fluvial processes, as well as assessing the effects of an activity on the physical stream
environment.

The overarching purpose of the PGN is to increase industry understanding of geomorphic assessment
methods, and provide a more consistent approach to determination of geomorphic risk / effects.

The proposed approach centres on geomorphic sensitivity, as a nested hierarchy focusing on
catchment scale drivers (catchment landuse, connectivity, hydrology and historic change), and reach
scale processes (river character and behaviour, evolutionary trajectory, sediment flux, and erosion
susceptibility), in order to determine geomorphic sensitivity.

This is then used to either inform the geomorphic risk (in terms of managing natural hazards to
developments or infrastructure fro