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08:00–10:30
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16:20–17:00
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Welcome
Oral Session 18B
Discussion
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Oral Session 18C
Discussion
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Lightning Poster Talks (Day 1)
Free Time for Poster Viewing (on Padlets)
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12:00–12:15
12:15–13:30
13:30–14:45
14:45–15:00
15:00–16:20
15:20–16:20
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Oral Session 19A
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Discussion
Lunch
Oral Session 19C
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Lightning Poster Talks (Day 2)
Free Time for Poster Viewing (on Padlets)

Wednesday 20 July
08:00–09:00
09:00–09:45
09:45–10:00
10:00–10:30
10:30–12:00
12:00–12:15
12:15–13:30
13:30–14:45
14:45–15:00
15:00–16:00
15:30–16:00
16:00–17:00

Free Time for Poster Viewing (on Padlets)
Oral Session 20A
Discussion
Morning Coffee & Tea
Oral Session 20B
Discussion
Lunch
Oral Session 20C
Discussion
Afternoon Coffee & Tea
Wrap-Up and Discussion
Meeting Room Teardown
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Session
Date
Time

Oral Session 18B
Monday 18 July
10:45AM – 12:15PM

Global Temperature and Sea-level Change Over the
Last 4.5 Myr
Jeremy SHAKUN1#+, Peter CLARK2, Yair
ROSENTHAL3, Peter KOHLER4, Dan SCHRAG5,
David POLLARD6, Steve HOSTETLER7, Zhengyu
LIU8, Patrick BARTLEIN9, Nick PISIAS2, Hari MIX10
1Boston College, United States, 2Oregon State
University, United States, 3Rutgers University, United
States, 4Alfred Wegener Institute, Germany, 5Harvard
University, United States, 6Penn State University, United
States, 7USGS, United States, 8Ohio State University,
United States, 9University of Oregon, United
States, 10Santa Clara University, United States
Current understanding of global temperature and sea-level
change over the Plio-Pleistocene remains poorly
constrained and highly uncertain. We address these issues
by reconstructing regional and global temperature
evolution using ~120 published SST records that span
some to all of the last 4.5 Myr. We use the resulting
globally averaged SST difference to derive differences in
global mean surface temperature and mean ocean
temperature. We subtract reconstructed changes in mean
ocean temperature from a global benthic oxygen isotope
stack to derive the oxygen isotopic composition of
seawater. We then reconstruct global mean sea level from
our seawater isotope record by accounting for temperature
effects on the isotopic composition of the main global ice
sheets.
Our reconstructions suggest that global cooling between
4.0-0.8 Ma was accompanied by intensification of
Northern Hemisphere glaciation by 2.5 Ma, with
subsequent fluctuations of large, LGM-like ice sheets
occurring under a range of temperatures and temperature
variability. These results present fundamental challenges
to our understanding of ice sheet-climate interactions,
including controls on ice-sheet inception and growth, and
require a reassessment of hypotheses for the middle
Pleistocene transition that invoke an increase in ice-sheet
volume.

The Many Possible Faces of Antarctica in the Warm
Pliocene: How Much Can We Constrain Modelling
Uncertainties with Palaeodata?
Tamsin EDWARDS1+, Jamie O'NEILL1#, Lauren
GREGOIRE2
1King's College London, United Kingdom, 2University of
Leeds, United Kingdom
Palaeodata is essential for out-of-sample testing of climate
models of all kinds. Reconstructions of the Antarctic
contribution to sea level in the warm mid-Pliocene (3.2Ma
BP) have been used to evaluate ensembles of ice sheet
model simulations in several studies. Some have
suggested that rapid cliff failure (Marine Ice Cliff
Instability: MICI) is required, or at least preferred, to
simulate very large sea level contributions. In general, sea

level reconstructions have not provided strong constraints,
unless assuming a fairly restricted range. We present new
perturbed parameter ensemble simulations of Antarctica
in the mid-Pliocene using the BISICLES ice sheet model,
and evaluate these with reconstructions of sea level
contribution and grounding line retreat in the Wilkes Basin.
Varying five model parameters relating to basal friction,
basal melting, surface mass balance, and glacial isostatic
adjustment, and using four climate model forcings from
PlioMIP2, in a Latin Hypercube design (N=120), we
obtain a much wider range of sea level contributions than
previous studies: -15.9 to +28.3m SLE after 10,000 years,
where the range is mostly driven by basal friction. Smaller
ensemble tests (N=30) show that sea level contributions
increase to more positive values if initialising simulations
from a Pliocene ice sheet, rather than modern, or
subtracting a full perturbed parameter ensemble of control
simulations, rather than a single default, suggesting that
both approaches are needed until better understood.
Wilkes retreat is more effective at adiscriminating
between ensemble members than sea level reconstruction,
suggesting that spatial data are more promising for
reducing uncertainties. The two are uncorrelated: all but
two of the simulations that show Wilkes retreat contribute
less than ~10m SLE. Calibration of the main ensemble
with both metrics strongly reduces the range: -3.1m to
8.3m SLE, though these values may increase under
Pliocene initialisation and full control ensemble.

Resolving Gia and Its Impact on Marine Grounded
Ice in West Antarctica and Global Sea Levels
Natalya GOMEZ1#+, Jeannette WAN1, Maryam
YOUSEFI2, David POLLARD3, Rob DECONTO4,
Andrew LLOYD5, Doug WIENS6, Andrew NYBLADE7,
Terry WILSON8
1McGill University, Canada, 2Pennsylvania State
University; McGill University, Canada, 3Penn State
University, United States, 4University of Massachusetts
Amherst, United States, 5Lamont-Doherty Earth
Observatory, Columbia University, United
States, 6University of Washington in St. Louis, United
States, 7Pennsylvania State University, United
States, 8Ohio State University, United States
Glacial isostatic adjustment (GIA) is critical for
interpretating satellite records of ice loss and influences
future grounding line dynamics. But simulating GIA in
Antarctica is challenging due to the complex and laterally
variable nature of the viscoelastic structure of the solid
Earth beneath regions of active ice loss, leading to faster
and more localized viscous response of the solid Earth in
parts of West Antarctica. Modelling improvements allow
for computation of GIA at sub-kilometre resolution and
dynamic ice-sheet models and observational products now
provide the inputs to models of GIA at comparably
unprecedented detail. However, the resolution required to
capture GIA in models remains poorly understood, and
high-resolution calculations come at heavy computational
expense. In Wan et al. (2022), we adopt a 3-D GIA model
with a range of elastic and viscoelastic Earth structure
models and ice loss scenarios to assess what is needed to
resolve GIA in the vicinity of recent and future ice loss.
We find that minimal errors are introduced at model
resolutions of less than a few kilometers and that the error
due to adopting a coarser grid in this region is small
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compared to the effect of neglecting viscous effects and
the uncertainty in the adopted mantle viscosity
structure. For example, low mantle viscosities beneath the
Amundsen Sea Embayment leads to viscous deformation
that contributes up to 25% to the instrumental record on
decadal timescales and equals or dominates over elastic
effects by the end of the 21st century. We then use these
results to inform the setup of coupled ice sheet- 3D GIA
model simulations to assess the influence of viscoelastic
solid Earth deformation on AIS evolution and its
contribution to global sea-level changes in the coming
centuries for a range of climate-forcing scenarios and
different ice physics assumptions.

Effect Of Earth Rheology on Sea-Level Change:
Compressible vs. Incompressible
Rebekka STEFFEN1#+, Pingping HUANG2, Holger
STEFFEN1
1Lantmäteriet, Sweden, 2Newcastle University, United
Kingdom
Glacial isostatic adjustment (GIA) models provide
estimates for velocity, gravity and sea-level change based
on ice loading scenarios of past glaciations. The input to
GIA models is quite extensive and consists next to ice
histories of a variety of Earth model parameters that
describe the 3D structure and rheology. For the latter,
different assumptions can be made in terms of material
parameters. A GIA model often referred to as “simple”
uses a 1D approach where material parameters vary only
with depth. More advanced GIA models incorporate the
lateral variation of the material parameters, and is thus
more realistic. Several material parameters must be
defined in advance for 1D and 3D models, whereas the
Poisson’s ratio defines the compressibility of the material.
Incompressible materials (Poisson’s ratio equal 0.5) do
not change the volume when deformation is applied.
However, seismological observations show that the
Poisson’s ratio in the lithosphere and mantle deviate from
0.5 and are usually much smaller, which means that a
compressible material exists. Thus, GIA models need to
account for compressible material. However, this is not
always the case as some GIA model codes include
incompressible materials only. Here, we will show the
effect of compressible vs. incompressible Earth models on
changes in sea-level, velocity and gravity using a newly
developed compressible 3D finite-element code. We will
also compare results of 1D and 3D models and show their
effect on past sea-level changes.

Antarctic ice sheets. However, the relative contribution of
these ice sheets to GMSL is still actively debated.
Evidence for ice-sheet contribution to LIG GMSL can be
found by reconstructing sea level at mid-latitude sites that
are sensitive to either Greenland or Antarctic mass change.
The spatiotemporal pattern of reconstructed LIG sea-level
change is not only influenced by interglacial ice mass
fluctuations but, importantly, also by the ongoing glacial
isostatic adjustment (GIA) response to ice load during the
Penultimate Deglaciation. Sedimentary data acquired
from North Sea, as part of the RISeR project, must
therefore be corrected for the influence of GIA, making
any effort to understand the magnitude and pattern of the
LIG sea level highly dependent on the GIA model used. In
turn, the GIA model is also a consequence of the modelled
distribution and pattern of terrestrial ice mass deglaciation
during the Penultimate Deglaciation (MIS 6) and, in
particular, of changes in the proximal Eurasian ice
sheet. We produce a series of novel Penultimate
Glaciation geometries for the Eurasian ice sheet,
constructed using a simple ice-sheet model, before
calculating the global GIA response to each configuration.
By employing a gravitationally consistent sea-level model,
we are then able to infer the sensitivity of the North Sea
LIG signal to each model parameter. This work will
improve our understanding of the GIA effects on nearfield relative sea level during previous interglacials and
enable a systematic quantification of uncertainties in LIG
sea level in the North Sea, from which we can better
constrain rates of ice-sheet melt.

Reconstructing Glacial Isostatic Adjustment In The
North Sea Region During The Last Interglacial To
Better Constrain Rates Of Ice-sheet Melt
Oliver POLLARD1#+, Natasha BARLOW1, Lauren
GREGOIRE1, Natalya GOMEZ2, Víctor CARTELLE3,
Jeremy ELY4, Lachlan ASTFALCK5
1University of Leeds, United Kingdom, 2McGill
University, Canada, 3Flanders Marine Institute,
Belgium, 4University of Sheffield, United
Kingdom, 5University of Western Australia, Australia
Global mean sea-level (GMSL) change during the Last
Interglacial (LIG) period (~130-116 ka) was driven, in
large part, by ice-mass changes in the Greenland and
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Oral Session 18C
Monday 18 July
13:30PM – 14:45PM

Constraining 3d Glacial Isostatic Adjustment Models
with Holocene Relative Sea-level Data: Lesson
Learned from the Arctic
Tanghua LI1#+, W. Richard PELTIER2, Gordan
STUHNE2, Alisa BARANSKAYA3, Nicole KHAN4,
Timothy SHAW5, Patrick WU6, Benjamin HORTON5
1Earth Observatory of Singapore,
Singapore, 2Department of Physics, University of
Toronto, Canada, 3Laboratory of Geoecology of the
North, Lomonosov Moscow State University, Russian
Federation, 4Department of Earth Sciences and Swire
Institute of Marine Science, University of Hong Kong,
Hong Kong SAR, 5Nanyang Technological University ,
Singapore, 6Department of Geoscience, University of
Calgary, Canada
The western Far North was partially covered by the
Eurasian ice sheet complex during the Last Glacial
Maximum (~26 ka BP) and is a focus area for Glacial
Isostatic Adjustment (GIA) studies. However, there have
been few GIA studies conducted in the Arctic due to the
lack of high quality deglacial relative sea-level (RSL) data.
Baranskaya et al. (2018) released a quality-controlled
deglacial RSL database for the Arctic that consists of ~400
sea-level index points and ~250 marine and terrestrial
limiting data that constrain RSL since 20 ka BP. Here, we
use this RSL database to constrain the 3D Earth structure
beneath the Arctic, with consideration of the uncertainty
in ice model ICE-7G_NA.We find an optimal 3D Earth
model (Vis3D) improves the fit with the RSL data
compared with the VM7 1D model when fixed with the
ICE-7G_NA ice model. For example, at western White
Sea region the residual between the model and the RSL
data at ~10 ka BP improves from ~50 m to less than 5 m.
Similarly, we show improved fit in the White Sea area,
where 1D model shows notable misfits, with the refined
ice model ICE-7G_WSR when fixed with VM7 Earth
model. The comparable fits of ICE-7G_NA (Vis3D) and
ICE-7G_WSR (VM7) implies that the uncertainty in the
ice model might be improperly mapped into 3D viscosity
structure when a fixed ice model is employed.
Furthermore, fixed with refined ice model ICE-7G_WSR,
we find that an optimal 3D Earth model (Vis3D_R) fits
better than ICE-7G_WSR (VM7), and the magnitude of
lateral heterogeneity decreases from Vis3D to Vis3D_R.
We conclude that uncertainty in the ice model needs to be
considered in 3D GIA studies.

Deglacial Relative Sea-Level Predictions in Near
Field, Peripheral and Far Field: Insights from 1D and
3D GIA Models
Meike BAGGE#+, Volker KLEMANN, Bernhard
STEINBERGER, Milena LATINOVIC, Maik THOMAS
GFZ German Research Centre for Geosciences,
Germany
Although glacial-isostatic adjustment (GIA) models have
been much improved recently, for example by taking into

account lateral Earth structure variability, there are still
large uncertainties in the determination of the GIA signal
during the last deglaciation. We aim to improve GIA
models by using independent constraints for the Earth
structure. Using the GIA model VILMA, we investigated
the influence of the Earth structure on GIA within
uncertainty bounds.
VILMA solves the sea-level equation in the spherical
domain and accounts for viscoelasticity, self-gravitation,
gravitational consistent mass redistribution, mass
conservation, migration of coastlines, rotational feedback
and lateral Earth structure variations.
3D structures are derived from seismic tomography and
geodynamically constrained. We created an ensemble
differing in the conversion from temperatures to
viscosities, using the Arrhenius law with an adjustable
reduction factor and applying different radial viscosity
profiles derived from pressure and radial temperature
dependence and constrained by modeling geoid, radial
heat flux and the Haskell viscosity average. From the 3D
structures, we have derived 1D adapted structures.
Applying the different Earth structures to the GIA model,
we investigated the different behavior of predicted sealevel curves during the last deglaciation at globally
distributed sites in the near field, peripheral and in the far
field. For model data comparison we included sea-level
indicators. The results show a different behavior within
the model ensemble depending on the location for the 1D
and 3D cases. 1D models in peripheral regions are not able
to reproduce the 3D models’ predictions. The 1D models
in the near field are more capable to reproduce 3D model
response behavior, but in detail, lateral variations beneath
the ice sheet influence local relative sea-level predictions.
M. Bagge, V. Klemann, B. Steinberger, M. Latinović, M.
Thomas, Glacial-isostatic adjustment models using
geodynamically constrained 3D Earth structures,
Geochemistry, Geophysics, Geosystems. 2021, 22,
e2021GC009853, doi:10.1029/2021GC009853
The Adjoint Method and GIA: Improving Our
Understanding of Observational Sensitivities to Earth
Structure and First Steps Towards Imaging 3D
Mantle Viscosity
Andrew LLOYD1#+, Ophelia CRAWFORD2, David ALATTAR3, Jacqueline AUSTERMANN1
1Lamont-Doherty Earth Observatory, Columbia
University, United States, 2University of Cambridge,
United Kingdom, 3University Of Cambridge, United
Kingdom
The application of the adjoint method to Glacial Isostatic
Adjustment (GIA) provides a critical missing link to
rapidly quantifying observational sensitivities to key GIA
parameters like mantle viscosity. Through the use of the
adjoint method these sensitivity kernels can be computed
with just two numerical simulations – a forward
simulation driven by changes in ice mass and an adjoint
simulation driven by a ‘fictitious’ load applied at the
observation point. Furthermore, by deriving the adjoint
loads based on a suitable misfit function we can efficiently
calculate the gradient of the misfit function with respect to
the model parameters (i.e., mantle viscosity) for all
observations again with just two numerical simulations.
Thus, with the gradient in hand we can use gradient-based
optimization to image 3D mantle viscosity directly from
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observations (e.g., relative sea level). Here we focus on
two aspects. First, we discuss examples of sensitivity
kernels for absolute sea level and relative sea level
observations. These examples explore the influence of 3D
mantle viscosity on observational sensitivities in both
space and time as well as physical processes like
continental levering and ocean siphoning. Second, we
briefly demonstrate how the adjoint method can be used to
image 3D mantle viscosity by performing synthetic tests
in which we strive to recover a target viscosity model
given a database of Holocene relative sea level data. In so
doing, we examine inversion strategies such as
preconditioning and weighting terms that seek to better
balance the gradient and improve the resulting images.
The key takeaway is that the 3D mantle viscosity structure
can be recovered in regions of the Earth sensed by the
observations.

A Fully Coupled 3D GIA - Ice Dynamical Model To
Simulate The Antarctic Ice Sheet Evolution
Caroline VAN CALCAR1#+, Roderik VAN DE WAL2,
Bas BLANK3, Bas DE BOER4, Wouter VAN DER
WAL5
1Technical University of Delft & University of Utrecht,
Netherlands, 2Institute for Marine and Atmospheric
research Utrecht, Utrecht University & Department of
Physical Geography, Utrecht University,
Netherlands, 3Faculty of Aerospace Engineering, Delft
University of Technology, Delft, 2629 HS, The
Netherlands, Netherlands, 4Earth and Climate Cluster,
Faculty of Science, Vrije Universiteit Amsterdam &
Water Authority Aa and Maas, ’s-Hertogenbosch,
Netherlands, 5Faculty of Aerospace Engineering, Delft
University of Technology & Faculty of Civil Engineering
and Geosciences, Delft University of Technology,
Netherlands
Melt and growth of the Antarctic ice sheet causes the solid
Earth to deform which in turn affects the growth and melt
of the ice sheet, mainly due to a change in grounding line
migration. This Glacial Isostatic Adjustment (GIA)
feedback stabilizes the ice sheet. Most ice sheet models
use a radially uniform Earth structure to compute GIA, and
assume that the Earth deforms with a single constant
timescale. However, the timescale for this feedback
depends on the spatially varying viscosity of the Earth’s
mantle under West and East Antarctica. Alternatively,
studies that do include 3D GIA models use a predefined
ice load, or include the GIA feedback only over timescales
of ten thousands of years. Here, we present a model that
couples an Ice sheet dynamical model, ANICE, to a 3D
GIA Finite Element model over timescales of several
hundreds of years, using high resolution seismic data to
determine the patterns in the viscosity. The coupled model
can run with a dynamical time step for both paleo and
future projections and can restart at any time. For this
study, we simulated the Last Glacial cycle on timescales
of 500-5000 years and show that the grounding line
retreats hundreds of kilometres less near the RonneFilchner and Ross ice shelfs when a 3D Earth structure is
included relative to using a laterally homogenous Earth
structure. Including the 3D GIA feedback on short
timescales stabilizes the Antarctic ice sheet during the
deglaciation phase. These results underline and quantify
the importance of including local GIA feedback effects in

ice dynamic models when simulating the Antarctic Ice
Sheet evolution over the Last Glacial Cycle and future
projections.

Relative sea level response to mixed carbonatesiliciclastic sediment loading along the Great Barrier
Reef margin
Yucheng LIN1#+, Pippa WHITEHOUSE1, Fiona
HIBBERT2, Sarah WOODROFFE1, Gustavo
HINESTROSA3, Jody WEBSTER3
1Department of Geography, Durham University, United
Kingdom, 2Department of Environment and Geography,
University of York, United Kingdom, 3Geocoastal
Research Group, School of Geosciences, The University
of Sydney, Australia
The continental shelf along northeastern Australia is the
world’s largest mixed carbonate-siliciclastic passive
margin and the location of the Great Barrier Reef (GBR).
Following sea-level transgression during the last
deglaciation, extensive sediment deposited along the GBR
due to neritic carbonate deposition and fluvial discharge
of terrigenous siliciclastic sediments. Such sediment
loading can alter local relative sea level (RSL) by several
metres through the sediment isostatic adjustment (SIA)
process, a signal that is poorly-constrained at the GBR. In
this study, we develop a glacial isostatic adjustment (GIA)
model enabled, ensemble-based sediment loading history
for the GBR since Marine Isotope Stage (MIS) 2. A
Bayesian style framework is adopted to calibrate this
sediment history ensemble along with GIA model
parameters to a sea-level database. According to our
results, 1853.7 Gt (1613.1-2078.7 Gt) of sediment have
been deposited across the GBR since MIS 2 (28 ka BP),
which caused spatially variable relative sea-level variation
with the highest magnitude (0.9-1.1 m) being found in the
outer shelf within southern central GBR (18.4-21.6◦ S).
Because the SIA-induced RSL rise is irrelevant to ice mass
loss, neglecting such signal will lead to systematic
overestimate of grounded ice volume (up to ∼4.3 ×
105 km3) during the Last Glacial Maximum. Additionally,
we found the spatially variable sediment loading and
coastal environment may able to explain the different RSL
observed in published fossil coral reef records from
Noggin Pass and Hydrographer’s Passage, which cannot
be explained by ocean loading. These results highlight the
importance of considering SIA for any postglacial sealevel studies adjacent to large sediment systems. Lastly,
by quantifying both the GIA and SIA signals, we provide
spatially and temporally complete RSL reconstruction that
is well-suited to be used as a boundary condition to study
the evolution of the GBR shelf and slope sedimentary
system.
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Lightning Poster Talks (Day 1)
Monday 18 July
15:20PM – 16:20PM

Tropical Beach Ridges as the Paleo-environmental
Archive
Abang NUGRAHA1#+, Adam SWITZER1, Rahul
KUMAR2
1Earth Observatory of Singapore, Singapore, 2Earth
Observatory of Singapore, Nanyang Technological
University, Singapore
Tropical beach ridges are poorly understood relative to
other clastic depositional environments despite being
prominent features along modern wave-dominated
coastlines. This study examines the characteristics of
tropical beach-ridge systems and summarises their
potential to records sedimentary signatures of past sealevel variability, catastrophic events such as storm surge
overwash or tsunamis, and archives of past climate change.
A review of the beach-ridge literature is provided with an
emphasis on those situated in the tropics. Although debate
on beach-ridge definition still exist in the literature, we
consider all relict coastal ridges as beach ridge irrespective
of the processes responsible for their formation. We
proposed two major tropical beach ridge types, they are (1)
clastic and (2) bioclastic systems. Clastic beach ridge is
dominantly comprised of silt, sand, gravel, pumice, or a
mixture of these sediments. Bioclastic beach ridge
systems are predominantly comprised of complete or,
fragmented skeletal shells of nearshore invertebrates with
possible minor input of clastic sediments. Beach ridge
plains including ridge and swale are easily identifiable
features in the shoreline yet adequately preserved
sedimentary records of past tropical cyclones, tsunami
events and sea-level history. Nevertheless, their formation
and morphodynamic evolution are still not well
understood in the tropics. Using a combination of remotesensing techniques, geophysical field surveys, sediment
analysis, and chronology dating, we provide a view to the
future of efforts to determine beach ridge formative
processes and deposits in tropical region and to unveil past
catastrophic events, sea-level variability, and evidence of
changes in climate.

Sea-level Markers Preserved in a Late Holocene
Beach Ridge System on Phra Thong Island, Thailand
Rahul KUMAR1#+, Adam SWITZER2, Chris
GOURAMANIS3, Charlie BRISTOW4, Dominik
BRILL5
1Earth Observatory of Singapore, Nanyang
Technological University, Singapore, 2Earth
Observatory of Singapore, Singapore, 3Research School
of Earth Sciences, Australian National University,
Australia, 4Department of Earth and Planetary Sciences,
Birkbeck University of London, United
Kingdom, 5Institute of Geography, University of
Cologne, Germany
The existing instrumental sea-level record is insufficient
to understand the relation of sea-level with global
temperature on centennial timescales. Regional sea-level

histories spanning the last 3 ka have not been widely
studied in Southeast Asia. This period is crucial to provide
a pre-industrial context to understand changes in sea-level
with climate. This study aims to examine the efficiency of
beach ridge stratigraphy as a proxy for the regional sealevel record. Here we present shore-normal Ground
Penetrating Radar (GPR) profiles on a prograded coast.
We identify the downlap point marking the boundary
between beachface and shoreface deposit as an index point
of sea-level. A 800 m long GPR reflection profile was
collected from the northern segment of Phra Thong Island
(Thailand) beach ridge system in 2014 using a 100 MHz
antenna of pulseEKKO PRO GPR system developed by
Sensors & Software. The GPR profile was topographically
corrected, and a series of index points interpreted across
the profile were connected to approximate past sea-level.
Optically Stimulated Luminescence (OSL) dates collected
at different locations roughly along the same profile line
were incorporated to create the temporal sea-level record.
The result shows an overall falling trend of sea-level in the
region in the last 2700 years. The accuracy of the resultant
sea-level record relies on error induced in elevation and
OSL dates data. However, the result is consistent with the
sea-level curve obtained previously using morphological
indicators in the region. The outcome of this study
confirms that the study of the beach ridge system armed
with GPR and OSL techniques can be highly effective for
reconstructing long-term regional sea-level trends. This
study covers only a part of the entire beach ridge system
in the area. Examination of the further inland ridge system
applying a similar approach may provide sea-level records
further back in the past.

Geomorphological records of sea level change from
the sandy coast of the tropical Asia.
Adam SWITZER#+
Earth Observatory of Singapore, Singapore
Beach ridges and dune systems are commonly developed
on prograded sandy coasts and their subsurface
stratigraphy can, when combined with chronology be
regarded as a time series of coastal evolution that is
inherently linked to sea level variability. Such
geomorphological features are mostly formed from the
progradation of sandy beach and berms in relation to
fairweather wave conditions, coupled with coastal aeolian
activity. Other processes forming ridges and dunes include
the building of gravel and coral ridges by storm waves and
the welding of longshore bars to existing coastal systems.
Seaward dipping stratification is usually formed in
relation to beachface progradation and the boundary
between the foreshore and the underlying shoreface is
commonly well defined as longshore bars lead to complex
bedding structure relative to that of the shallow shoreward
dipping foreshore beds. In clastic coastal systems like
ridges and dunes the chronology can be determined by
radiocarbon and optically-stimulated luminescence (OSL)
dating. Radiocarbon dating of articulated shells, implying
minimal reworking can provide robust results and is often
combined with OSL dating which allows direct dating of
sediment grains. If a dune or ridge system is wave built it
may provide sea-level indicators though the most common
sea level indicators include sediment facies such
foreshore/shoreface, and upper/lower shorefaces or
intertidal/terrestrial boundaries are preferred as sea-level
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indicators and these can be identified by trenching or
through shallow geophysics such as Ground-Penetrating
radar (GPR). Using examples from southeast Asia this
study examines the variety of sea level indicators found in
coastal systems in the region and examines the utility of
each indicator in the context of the desire to produce more
long term records of sea level in the region.

Relative Sea-level Changes in Southeastern Australia
Over the 19th and 20th Centuries
Sophie WILLIAMS1#+, Ed GARRETT2, W. Roland
GEHRELS2, Patrick MOSS3, Sönke DANGENDORF4,
Fiona HIBBERT5, Ian MILLAR6, Nicola ATKINSON6,
Vanessa PASHLEY6, Mark GARNETT7, Atun
ZAWADZKI8
1Durham University/ University of York, United
Kingdom, 2University of York, United
Kingdom, 3University of Queensland, Australia, 4Tulane
University, United States, 5Department of Environment
and Geography, University of York, United
Kingdom, 6British Geological Survey, United
Kingdom, 7East Klibride Radiocarbon Facility, United
Kingdom, 8ANSTO, Australia
Geological proxy records show that rates of global and
regional sea-level rise during the late 19th century and
early 20th century were especially high compared with the
preceding centuries. A sea-level acceleration between
~1850 and 1950 has been found in proxy and
observational sea-level records; however, its cause
remains uncertain. The rise happened largely before
greenhouse gases became the dominant forcing agent and
therefore likely has, at least in part, a natural origin.
Furthermore, the acceleration appears to have been more
rapid in a small set of available relative sea-level records
from the Southern Hemisphere. We generate three new
proxy-based relative sea-level reconstructions for
southeastern Australia, a largely understudied region in
relative sea-level research. Palaeo sea-level estimates are
determined using salt-marsh foraminifera as sea-level
indicators, and chronologies are established using
Accelerator Mass Spectrometry 14C (routine, highprecision and bomb-spike), radiogenic lead (210Pb), stable
lead isotopes and pollen and charcoal analyses. Our new
reconstructions suggest that relative sea level rose by
~0.2 – 0.3 m over the last 200 years in southeastern
Australia. Rates of sea-level rise were especially high over
the first half of the 20th century, with maximum average
rates of 4.0 (-0.4 – 7.1; 95 % confidence range) mm yr1 between 1900 – 1949. Our reconstructions show that the
rate of sea-level rise slowed over the latter half of the
20th century, which is consistent with other proxy
reconstructions from the region and with instrumental data
from the western Pacific. A novel reconstruction of the
sea-level budget at our sites suggests that the onset of the
sea-level acceleration in the early 20th century was
initiated by the barystatic (including gravity, rotation and
deformation) component, but subsequently amplified and
driven by sterodynamic sea level as a result of changes in
ocean density and circulation.

The Significance of Vertical Land Movements at
Convergent Plate Boundaries in Probabilistic Sealevel Projections for Ar6 Scenarios: the New Zealand
Case.
Richard LEVY1#+, Tim NAISH2, Ian HAMLING1,
Sigrun HREINSDOTTIR1, Greg GARNER3, Robert
KOPP3, Nick GOLLEDGE2, Florence COLLEONI4,
Rewi NEWNHAM2, W. Roland GEHRELS5, Rob
BELL6, Judy LAWRENCE2, Paul DENYS7, Ed
GARRETT5
1GNS Science, New Zealand, 2Victoria University of
Wellington, New Zealand, 3Rutgers University, United
States, 4INGOS, Italy, 5University of York, United
Kingdom, 6University of Waikato, New
Zealand, 7University of Otago, New Zealand
Anticipating and managing the impacts of sea-level rise
for nations astride active tectonic margins requires rates of
sea surface elevation change in relation to coastal land
elevation to be understood. Vertical land motion (VLM)
can either exacerbate or reduce sea-level changes with
impacts varying significantly along a coastline.
Determining rate, pattern, and variability of VLM near
coasts leads to a direct improvement of location-specific
relative sea level (RSL) estimates. Here, we utilise vertical
velocity field from interferometric synthetic aperture radar
(InSAR) data, calibrated with campaign and continuous
Global Navigation Satellite System (GNSS), to determine
the VLM for the entire coastline of New Zealand. Guided
by existing knowledge of the seismic cycle, the VLM data
infer long-term, interseismic rates of land surface
deformation. We build probabilistic RSL projections
using the Framework for Assessing Changes to Sea-level
(FACTS) from IPCC Assessment Report 6 and ingest
local VLM data to produce RSL projections at 7435 sites,
thereby enhancing spatial coverage that was previously
limited to four tide gauges. We present ensembles of
probability distributions of RSL for medium confidence
climatic processes for each scenario to 2150 and low
confidence processes to 2300. For regions where land
subsidence is occurring at rates >2mm yr-1 VLM makes a
significant contribution to RSL projections for all
scenarios out 2150. Beyond 2150, for higher emissions
scenarios, the land ice contribution to global sea level
dominates. We discuss the spatial and temporal
complexities of projecting VLMs and the important role
paleo-sea-level records play in constraining their use.

Removing Tectonics-induced Signals from Holocene
Sea-level Records Using Finite Element Models
Weilun QIN1#+, Riccardo RIVA1, Rob GOVERS2,
Natasha BARLOW3
1Delft University of Technology, Netherlands, 2Utrecht
University, Netherlands, 3University of Leeds, United
Kingdom
Relative sea-level (RSL) change recorded by palaeo-sealevel data is associated with multiple solid Earth processes,
such as glacial isostatic adjustment (GIA), earthquakes,
volcanism, alongside sediment compaction, site-specific
coastal change and anthropogenic causes. At decadal to
multi-millennial timescales, GIA and vertical land motion
induced by active tectonic margins are key drivers of RSL
changes. While GIA has often been explicitly modelled in
sea-level studies, the contribution of vertical land motion
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from tectonic processes is usually independently
estimated from geological and/or geodetic observations.
Moreover, GIA models are usually not constrained by
sites located along active plate margins to avoid potential
contamination from seismo-tectonic signals. Our study
focuses on investigating the sea-level change contribution
from GIA and tectonics by combining both processes in
one model. A combined GIA-tectonic modelling approach
is required to better understand Holocene sea-level change
at active plate margins as well as better constrain solid
Earth structure, which in turn will be applicable to preHolocene timescales. Our preliminary study region is the
Pacific coast of central North America where both GIA
and tectonics play an important role in controlling regional
RSL change. This region is located next to the former
Cordillera Ice Sheet, which drives a pattern of regional
GIA, and contains rich datasets Holocene sea-level
records. Tectonically the region has an active convergent
plate boundary (the Cascadia subduction zone) which has
been extensively studied. We plan to construct a
viscoelastic finite element model with realistic subduction
zone geometry to investigate how sea-level change is
affected by earthquake cycles at the Cascadia subduction
zone during the Holocene. After that, we will incorporate
GIA into the 3D tectonic model and investigate the
interplay of GIA and tectonics on regional RSL change.
Eventually, we will extend our study to other tectonically
active regions worldwide.

Relative Sea-level Reconstruction for the Ythan
Estuary, Eastern Scotland, and Implications for the
Cause of the 8.2 Ka Climate Event
Graham RUSH1#+, Grant BIGG2, Mark BATEMAN2, W.
Roland GEHRELS3, Ed GARRETT3, Fiona HIBBERT4
1University of Leeds, United Kingdom, 2University of
Sheffield, United Kingdom, 3University of York, United
Kingdom, 4Department of Environment and Geography,
University of York, United Kingdom
Freshwater pulses from the melting Laurentide Ice Sheet
draining into the North Atlantic Ocean are commonly
thought to have driven the 8.2 ka climate event by
perturbing the Atlantic Meridional Overturning
Circulation. The timing, magnitude and number of
freshwater pulses, however, remain uncertain. This is
problematic because it prevents testing of coupled ocean–
atmosphere climate models against an otherwise excellent
test case of the effect of North Atlantic meltwater on the
climate that is relevant for present and future
scenarios. To address this knowledge gap we present a
high-resolution relative sea-level reconstruction from the
Ythan Estuary, Scotland, for the centuries leading in to the
8.2 ka climate event.
The results show two distinct periods prior to 8.2 ka where
rates of sea-level rise departed from the background rates
during the `sea-level events'. The mean local magnitude
of the sea-level events was around 1 and 1.5 m which, after
considering the geographic location relative to the source,
equate to barystatic (global) magnitudes of around 1.4 and
2.1 m respectively.

meltwater. We hypothesise that the sea-level events were
the result of a series of related meltwater sourced
freshwater pulses. An initial thinning of the Laurentide
Ice Sheet set up subglacial drainage of Lake Agassiz and
a subsequent collapse of the Hudson Bay Ice Saddle that
was the primary source of freshwater. This was followed
by the terminal drainage of Lake Agassiz completing a
sequence of events that likely forced the shift in the
Atlantic Meridional Overturning Circulation and hence
the 8.2 ka climate event.

Investigating the Roles of Relative Sea-level Change
and Glacio-isostatic Adjustment on the Retreat of a
Marine Based Ice Stream in Nw Scotland
Alexander SIMMS1#+, Louise BEST2, Ian SHENNAN3,
Sarah BRADLEY4, David SMALL5, Emmanuel
BUSTAMANTE3, Amy LIGHTOWLER3, Dillon
OSLEGER1, Juliet SEFTON6
1University of California Santa Barbara, United
States, 2University of Gloucestershire, United
Kingdom, 3Durham University, United
Kingdom, 4Department of Geography, University of
Sheffield, United Kingdom, 5Durham University, United
States, 6Tufts University, United States
The record of ice-sheet demise since the LGM provides an
opportunity to test the relative importance of instability
mechanisms, including RSL change, controlling ice-sheet
retreat. Here we examine the record of RSL changes
accompanying the retreat of the Minch Ice Stream (MnIS)
of northwest Scotland during the deglaciation following
the LGM. We use new and existing records of RSL
change to test available glacial-isostatic adjustment (GIA)
predictions of the deglacial RSL history for the region and
examine the nature of RSL change across the retreating
front of the MnIS through the early deglaciation. Near
Gairloch, Wester Ross, RSL fell from a marine limit ~20
m above present at ~16.1-16.5 ka. Three isolation basins
record RSL fall over the following ~0.8 ka allowing a
comparison between GIA predictions and RSL
observations. Our analyses suggest the rate of RSL rise
increased at the ice front, in concert with the MnIS
encountering a landward sloping bed potentially aiding the
rapid retreat of the MnIS from 17.6 to 16.4 ka BP. This
observation suggests that GIA during deglaciation does
not necessarily stabilize marine-based ice streams as some
models have suggested. Along indented ice margins, the
RSL field at the front of individual ice streams may be
governed by the regional GIA signal driven by the ice
sheet as a whole, rather than the local ice front. In addition,
the stabilizing impact of post-glacial rebound is dependent
on an Earth rheology weak enough to respond quickly to
the ice-sheet retreat. In the case of the MnIS, the RSL
experienced at the front of the ice stream was likely
governed by the earlier ice mass extent, the larger ice
masses lying to the east and south of the highly indented
ice front, and the relatively strong Earth rheology beneath
the British Isles.

We demonstrate that Lake Agassiz drainage alone is
insufficient to explain the large volumes of North Atlantic
freshwater and that the collapse of the Hudson Bay Ice
Saddle appears to have been the main source of
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Revisiting Paleo Sea Level Records in Western North
America: Implications for Cordilleran Ice Sheet
History
Karen SIMON1#+, Riccardo RIVA1, Weilun QIN1,
Thomas JAMES2
1Delft University of Technology, Netherlands, 2Natural
Resources Canada, Canada, Canada
The Cordilleran Ice Sheet (CIS) was a relatively small (~8
m maximum equivalent sea level at the Last Glacial
Maximum) ice sheet in western Canada, situated to the
west of the much larger Laurentide Ice Sheet. Over the last
two decades, constraint of relative sea level (RSL) change
along the coastal margins of the former ice sheet has
improved. We review the improved constraints of regional
sea level change, which record rapid RSL fall following
retreat of the southwestern CIS. We then compare the sea
level observations to predictions of RSL change from a set
of glacial isostatic adjustment (GIA) models that explore
variations in both the Earth model and ice model
components. The Earth models include variations in upper
mantle viscosity as well as consider the inclusion of a
transient component of deformation. While the presence
of reduced upper mantle viscosity and/or transient
deformation in the Earth models generally improves
predicted fits to data, we identify persistent misfits
between predictions and data that cannot be resolved by
Earth model variations alone. The predicted RSL changes
are also separated into GIA signals from CIS loading and
the remainder of global ice cover. The regional GIA
response to far-field (non-CIS) ice produces a steady sealevel rise signal that is relatively consistent across the west
coast sites, suggesting that the CIS history is the primary
source of the observed misfits. These results motivate
revised CIS models. Discrepancies between CIS margin
chronology and timing of model deglaciation have been
previously remarked upon by James et al. (2000) and here
we use the extended observational record of sea level
change to suggest updates to a newer generation of Earth
and regional ice models; specifically, we present
preliminary revisions to CIS history that better fit the
observed rapid sea-level fall following deglaciation.

Estimation of Past and Future Mass Balance of
Glaciers of Sikkim Himalaya Using Energy Balance
Modelling Approach and Regional Climatic
Projections
Anubha AGGARWAL#+, Anubha MANDAL, S. Anbu
KUMAR
Delhi Technological University, India
Sikkim is surrounded by Tibet, Nepal and China. A recent
study carried out by Brun et al. (2017) gives the mass
balance of glaciers of these regions using the geodetic
method for the time period 2000-2016. According to their
paper, the mass balance pattern observed in the Tien Shan
region is −0.28±0.20 m w.e. yr−1. Mass balance observed
in Bhutan and the East Nepal region are −0.42±0.20 m w.e.
yr−1 and −0.33±0.20 m w.e. yr−1, respectively.
According to Agrawal and Tayal (2018), where mass
balance is computed from the conventional ice-flow
velocity method using satellite data, for glaciers during the
time period 2010-2014, it is –0.44 m w.e. yr–1. According
to Rounce et al. (2020) and Kumar et al. (2019), the mass
balance of eastern Himalayan glaciers is estimated, using

climate model data, to be –0.6 m w.e. yr–1 and –1 m w.e.
yr–1 respectively. The mass balances reported in the
above given studies are closer to the mass balance
computed for the Sikkim region using REMO data for the
time period 2001-2005. This suggests that even climate
model data can be used to compute the mass balance of
glaciers of a region. The mass balance of the Himalayan
glaciers of Sikkim for time periods 1981-1990, 1991-2000
and 2001-2005 is estimated to be ~0, +0.31 and –0.32 m
w. e. yr–1, respectively. To further investigate the future
possible mass balance of the glaciers in the Sikkim region,
REMO data under different representation concentration
pathway scenarios, such as 2.6, 4.5 and 8.5 are also
analysed. RCP 2.6, 4.5 and 8.5, for the time period 20062100, are giving an average mass balance of -0.75 m w.e.
yr–1, –1.04 m w.e. yr–1 and –1.4 m w.e. yr–1, respectively.

A Deep-learning Based Glacial Isostatic Adjustment
Sea-level Emulator
Yucheng LIN1#+, Pippa WHITEHOUSE1, Andrew
VALENTINE2
1Department of Geography, Durham University, United
Kingdom, 2Department of Earth Sciences, Durham
University, United Kingdom
Glacial isostatic adjustment (GIA) processes describe the
solid Earth and ocean surface response to changes in
surface loading due to ice-ocean mass redistribution.
High-quality modelling of GIA processes is crucial to
understand past, present and future sea-level and ice-sheet
variation. However, it has long been recognized that
poorly-constrained ice sheet change during glacial cycles
(especially since the Last Glacial Maximum) induces great
uncertainty in GIA modelling outputs. One effective way
to reduce this uncertainty is through running a large
ensemble of forward GIA models and performing datamodel inter-comparison (with various types of geological
records) within a probabilistic framework. An important
consideration for this method is the computation power;
efficiently running 105-107 forward models would be
impossible for researchers without access to large
computation facilities. To mitigate this problem, here we
develop a deep-learning based statistical emulator which
emulates the full physics of GIA processes assuming a
radially stratified Earth structure, but which can achieve
orders of magnitude faster results than the original
physical model, without sacrificing much accuracy. In this
presentation, we will present the statistical model and
training set we created to train this GIA emulator. A
systematic assessment of emulation performance
compared with the full physical model will be given along
with some synthetic tests of model ability to decipher
global ice volume history from far-field sea-level data.
The main advantages and limitations of this emulator will
be discussed. By creating an open-source GIA emulator,
we aim to provide a user-friendly python Jupyter
Notebook based platform that enables researchers to
rapidly compute a good approximation of spatially
variable global sea-level change from past to future based
on their own ice model.
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The Role of Enso in Tropical South American
Precipitation Trends Over the Mid-to-late Holocene
Minn Lin WONG#+
Earth Observatory Singapore, Singapore
The El Niño–Southern Oscillation (ENSO) can have a
significant impact on rainfall throughout the South
American continent. As future projections of ENSO
remain uncertain, the study of ENSO impacts in the past
using a combination of model simulations and
paleoclimate proxies can provide valuable insight into the
sensitivity of the South American climate to changing
ENSO characteristics. This study uses a water isotopeenabled atmospheric general circulation model
(ECHAM4.6) to investigate the impact of a weakened
ENSO state on South American precipitation and
precipitation δ18O during the mid-Holocene. Here we
separate mid-Holocene ENSO characteristics into two
aspects: 1) A reduction in the amplitude of ENSO
variability, and 2) A more La Niña-like mean state of
tropical Pacific sea-surface temperatures. In these
experiments, the individual climate scenarios are
implemented by modifying sea surface temperatures in the
tropical to eastern Pacific, and the outputs are compared
with a modern-day unmodified scenario. Finally, we
perform an additional experiment with a mid-Holocene
insolation forcing. We further compare the simulated
precipitation δ18O in each scenario to speleothem δ18O
records in order to evaluate the relative contribution of
either forcings (ENSO variability, ENSO mean state, and
insolation change) to the precipitation trends recorded by
the hydroclimate records.

Triple Oxygen Isotopes in Tropical Precipitation
During Monsoon Cold Surges in Singapore:
Application of 17o-excess as a New Tracer
Yilin ZHANG1#+, Xianfeng WANG1, Shaoneng HE2
1Nanyang Technological University, Singapore,
Singapore, 2Earth Observatory of Singapore, Singapore
Water isotopes (δ18O and δ2H with the secondary
parameter d-excess) have been successfully used as
natural tracers of hydrological and climatic processes.
Recent advances in analytical techniques and instruments
enable accurate 17O measurements, making it possible to
apply 17O-excess, a promising new tracer, in the
investigation of hydrological processes. However, our
understanding of the controls of 17O-excess is limited,
especially in tropical regions, and more observations are
necessitated. In this study, we collected precipitation
samples at minute interval from two well-organized cold
surge events during the Northeast monsoon season in
Singapore, and analyzed their triple oxygen isotopes to
study how tropical mesoscale convective systems affect
precipitation isotopes. δ18O was found to decrease in the
convection zones and then gradually increase in the
stratiform zones, while d-excess exhibits opposite
variation in the stratiform zones. This evolution pattern
suggests that raindrop re-evaporation is an important
process to shape precipitation isotope compositions during
convection. There is a positive correlation (r=0.49, p<0.05)
between d-excess and 17O-excess, inconsistent with their
negative correlation observed in monthly precipitation.
Therefore, triple oxygen isotopes in tropical precipitation
are likely controlled by different factors on different

timescales. Further modelling study will offer more
information. The triple oxygen isotopes data of high
temporal resolution collected in this study can shed light
on cloud microphysics during tropical convection, which
in turn will improve the parameterization of isotopeenabled climate models. Understanding the various
control mechanisms of precipitation isotopes at different
timescales will also help interpret paleoclimate records.

Chinese Interstadials Recorded by a Highly Precisely
Dated Stalagmite from the Edge of the East Asian
Monsoon System During the MIS 4/3 Transition
Wei JIA1#+, Xianfeng WANG2
1Nanyang Technological University,
Singapore, 2Nanyang Technological University,
Singapore, Singapore
The Marine Isotope Stage (MIS) 4/3 transition, i.e., the
so-called “unfinished termination”, is a time period during
which climate shifted from glacial to near-interglacial
conditions. Paleoclimate records on this transition can
provide insights into the mechanisms of abrupt climate
change when the global climate system reaches a threshold
state. However, such records are still rare, particularly in
East Asia, where the monsoon system is sensitive to
changes in climate boundary conditions and in turn can
modulate global hydroclimate cycle. Here, we present a
highly resolved stalagmite record from Wanxiang Cave in
western China, which is located near the northern fringe
of the East Asian monsoon system. This record is
established with 7 high-precision U-Th dates and 647
pairs of isotope data (d18O and d13C), and spans from
59.99 to 52.94 thousand years ago, which contains the
whole MIS 4/3 transition. Our d18O result records Asian
summer monsoon (ASM) variability, and reveals three
Chinese Interstadials, which can be correlated to the
Interstadials and ‘precursor events’ in Greenland ice core
records. When comparing with other records from the
low-to-high latitudes, we find that the abrupt changes in
the ASM are largely influenced by the rapid recovery of
the Atlantic meridional overturning circulation and the
northward movement of the Intertropical Convergence
Zone, as suggested by the bipolar seesaw mechanism. It is
worth noting that the southern hemisphere climate process
may also have played a significant role in ASM variations
during the MIS 4/3 transition, as evidenced by the strong
coupling between ASM and Antarctic climate events.
Moreover, our stalagmite record shows that the
occurrence of glacial termination could not have happened
if without dramatic changes in northern hemisphere ice
sheet size and global sea level.

Multiproxy Analysis of Paleotsunami Deposits in
Kutoarjo, Purworejo, South Java, Indonesia:
Sedimentology, Geochemistry and Diatom Analysis
Rikza Nur Faqih An NAHAR1#+, Purna Sulastya
PUTRA2, Rubiyanto KAPID3
1Sumatera Institute of Technology,
Indonesia, 2Indonesian Institute of Sciences,
Indonesia, 3Bandung Institute of Technoogy, Indonesia
Tsunami hazard is high along the southern shore of Java,
the most populated island in Indonesia. Subduction of the
Indo-Australian plate causes frequent megathrust
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earthquakes, inducing destructive inundation of the shore.
To improve coverage of past tsunami events, a 200 cm
borehole sample (JT-11) was taken by hand drill in a swale
nearby Kutoarjo, Porworejo, Central Java province since
six tsunamis hit the coast between 1900 and 2000.
Characterization of paleotsunami deposits was based on
granulometric analysis, geochemical analysis: x-ray
fluorescence (XRF) and Loss-on-Ignition (LOI) methods,
and analysis of diatom distribution patterns in layers. The
result, paleotsunami sediment was deposited in swale
environment 3.263 km far from the shoreline. Based on
megascopic observations, the tsunami deposit layer is
characterized by silt clay units at a core depth of 95-135
cm. Based on granulometric analysis, the sediment has
average grain size of 4.079 phi - 6.349 phi which is
dominated by very coarse to medium silt sizes with
unimodal to bimodal frequency curve pattern. This
indicates the sedimentation process by low energy
currents and fluctuations indicate that more than one wave
is deposited. Based on XRF data, the Ca and Sr as
elements that characterize the marine environment, are
abundantly available. It indicates this layer is composed of
material originating from the sea and then deposited in the
terrestrial environment due to the large energy that
transports it in the form of run-up tsunami waves. Losson-ignition analysis showed a significant decrease in the
percentage of organic matter with increasing the
percentage of carbonate material in the layer. Based on the
diatom pattern, there is increasing percentage of marine
and brackish diatoms that were deposited in the
paleotsunami layer. The high number of diatom shell
fragments in the layer also indicates intensive collisions
between specimens as a result of the tsunami waves.

Radiocarbon data of the 23 m level are between 5600 and
6200 years, excluding high Mid-Holocene sea level or
tectonic uplift. We suggest that waterspouts repeatedly
siphoned sediment from nearby shallow sea and deposited
it along their route at various elevations. Most of the
deposits might have been washed back to the shore, while
those landed on protected ground below the overhanging
limestone cliffs were secured from surface run-off. Those
deposited within cave openings, and those overgrown by
speleothems got additional protection. Resedimentation
by waterspouts is a mechanism to be considered when
discussing the formation of various marine sedimentary
deposits found in elevated position in coastal and
nearshore settings.

Seashells on the Mountaintop – High-elevation
Holocene Waterspout Sediments at Langkawi Islands,
Malaysia
Miklos KAZMER1#+, Mohd Shafeea LEMAN2, Kamal
Roslan MOHAMED3, Che Aziz ALI2
1Eotvos University, Budapest, Hungary, 2Universiti
Kebangsaan Malaysia, Malaysia, 3 Universiti
Kebangsaan Malaysia, Malaysia
Molluscan sand with unusually well-preserved shells was
found at three sites in the Langkawi Islands, Peninsular
Malaysia (Pulau Tanjung Dendang, Gua Pinang, and
Pulau Singa), in altitudes up to 65 metres above sea level.
At the Pulau Tanjung Dendang site the fossil bed is
exposed in 2.5 m thickness. It is weakly cemented sand,
rich in mollusc shells, arranged horizontally. The fauna is
of mixed origin. Components are derived from coral reef,
from mangrove, and from shallow, sandy bottom
environments, inhabited both by epifaunal and infaunal
groups. Most valves are single, some of them are double.
Double valves indicate that these animals were transported
and entombed while still living. Shells are often intact,
unbroken, and not abraded either (unlike what one would
expect on a beach). There are Saccostrea valves, narrow
V-shaped ones – these probably grew adjacent on
mangrove roots, deforming each others' shape. Other,
palm-sized oysters overgrew coral colonies. Neither of
these were attached to a rock surface. Many of the shells
are oriented with the convex side upwards, indicating
deposition from a high-energy medium. Curiously, a soda
straw stalactite is also embedded among the molluscs.
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Reduced Magnitude of the Onset of Northern
Hemisphere Glaciation During the Early Pleistocene
Georgia GRANT#+
GNS Science, New Zealand
Intensification of the Northern Hemisphere glaciation to
continental scale began about 2.7 million years ago (Ma),
as indicated by the geographic distribution of ice-berg
rafted debris in deep ocean sediment cores and increasing
amplitude of variability in the benthic oxygen isotope
(δ18O) proxy global ice volume record, beyond what
Antarctica could reasonably contribute. However, the
location, extent, and thickness of these ice sheets is poorly
constrained by proximal geologic evidence, and the
interpretation of ice volume from proxy δ18O record is
uncertain due to the additional influence of bottom-water
temperature on δ18O composition.A new direct and
continuous sea-level record (PlioSeaNZ) has been
recently developed from Pliocene shallow-marine
sedimentary deposits in Whanganui Basin, New Zealand,
using the relationships between sediment transport, water
depth, and grain size on a wave-graded continental shelf.
Here we present an extension of the PlioSeaNZ sea-level
record using the early Pleistocene sedimentary sequences
from Whanganui Basin, and reconstruct the amplitude and
frequency of glacial-interglacial, global sea-level
fluctuations between 3.3-1.7 Ma. Early Pleistocene (~2.61.7 Ma) fluctuations in global mean sea-level were
between 5-45 m, with an average of 20 m, significantly
lower amplitude than those reconstructed from benthic
δ18O records (17-60 m) during the intensification of the
Northern Hemisphere Ice Sheets (NHIS). We suggest that
while NHIS reached an extent whereby they were calving
ice bergs at the coast by 2.7 Ma, their volume is
overestimated in reconstructions based on the benthic
δ18O proxy. This has significant implications for the wide
use of δ18O as an ice volume proxy, the assumptions of
NHIS distribution, and the relative contribution of
Antarctic and NHIS to global sea-level at this time.

Drivers of Late Holocene Sea-Level Change in
Southern New Zealand
Ed GARRETT1#+, W. Roland GEHRELS1, Bruce
HAYWARD2, Rewi NEWNHAM3, Matthew BRAIN4,
Maria GEHRELS1, Craig MOREY5, Sönke
DANGENDORF6
1University of York, United Kingdom, 2Geomarine
Research, New Zealand, 3Victoria University of
Wellington, New Zealand, 4Durham University, United
Kingdom, 5University of Plymouth, United
Kingdom, 6Tulane University, United States
We present new proxy-based sea-level reconstructions for
southern New Zealand spanning the last millennium.
These palaeo sea-level records usefully complement
sparse Southern Hemisphere proxy and tide-gauge sealevel datasets and, in combination with instrumental
observations, can test hypotheses about the drivers of

20th century sea-level change, including land-based ice
melt and regional sterodynamics. We develop sea-level
transfer functions from regional datasets of salt-marsh
foraminifera to establish a new proxy-based sea-level
record at Mokomoko Inlet, at the southern tip of the South
Island, and to improve the previously published sea-level
reconstruction at Pounawea, located 110 km to the east.
We base chronologies on radiocarbon, radiocaesium,
stable lead isotope and pollen analyses. Geotechnical
modelling indicates the sea-level reconstructions are not
significantly affected by sediment compaction. Both
records are in good agreement and show sea level several
decimetres below present over the last millennium, before
a rapid sea-level rise in the first half of the 20th century
that reached maximum rates in the 1940s. Previously
reported discrepancies between proxy-based records and
tide-gauge records are partially reconciled by accounting
for barystatic and sterodynamic components of regional
sea-level rise. We conclude that the rapid sea-level rise
during the middle 20th century along the coast of southern
New Zealand was primarily driven by regional thermal
expansion and ocean dynamics, with Northern
Hemisphere ice melt playing a lesser role.

Implications Of Anomalous Relative Sea-Level Rise
In The Western Pacific Ocean
Juliet SEFTON1#+, Andrew KEMP2, Simon
ENGELHART3, Makan KAREGAR4, Joanna
ELLISON5, Mark MCCOY6
1Tufts University/Monash University, United
States, 2Tufts University, United States, 3Durham
University, United Kingdom, 4University of Bonn,
Germany, 5University of Tasmania, Australia, 6Southern
Methodist University, United States
Relative sea-level (RSL) reconstructions provide insight
into the causes of sea-level change by recognizing
spatially- and temporally- consistent trends that are the
characteristic of specific physical processes. We present a
new detailed late Holocene RSL reconstruction derived
from biological and geochemical proxies preserved in
mangrove sediment in the data-poor equatorial western
Pacific Ocean (Federated States of Micronesia; FSM).
FSM is in the far-field and Earth-ice models predict a midHolocene highstand and subsequent RSL fall that is
uniform across the region. This pattern is typical of the
equatorial Pacific and hinders efforts to produce RSL
reconstructions from coastal sediment because
accommodation space is not available. However, ~4 m
thick sequences of mangrove sediment dating to the late
Holocene are widely preserved on the microtidal, basaltic
islands of Pohnpei and Kosrae. These sequences indicate
RSL rise over the past ~5000 years at a rate of ~0.7 mm/yr,
likely due to ongoing subsidence. This subsidence is
further confirmed by: 1) a network of permanent GPS
stations, 2) tide gauge trends, 3) the modern location of
archaeological sites, and 4) the conspicuous absence of
any geomorphic evidence for a mid-Holocene highstand.
Our result demonstrates the need for local-scale RSL
reconstructions for more accurate future projections for
Pohnpei and Kosrae.
The anomalous RSL rise we observe in the paleo record
has implications for the human settlement of Oceania.
Archaeological data places the timing of settlement at
FSM ~1000 years later than similar islands in the wider
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region. According to our reconstruction, RSL was at -2.8
m when FSM was settled. We hypothesize that earlier
settlements, of a similar age to the wider region, lie
submerged and undiscovered on Pohnpei and Kosrae due
to RSL rise. Our results also invite re-evaluation of
archaeological interpretations of sites of historic coastal
monument building.
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Low Latitude Climate Induced Antarctic Melting
Revealed from Far-filed Sea Level Records and Nearfiled Meteoric Cosmogenic Nuclides in Sediments
Yusuke YOKOYAMA#+
Atmosphere and Ocean Research Institute, The
University of Tokyo, Japan
Far-fields sea level records are useful to reconstruct polar
ice sheets melting histories because they are relatively less
sensitive to solid Earth properties (Yokoyama & Purcell,
2021). Since Antarctic ice sheets deglacial pathways are
still not yet fully understood, mid- to late- Holocene farfiled sea levels can constraint the ice sheets behavior in the
past with respect to global climate changes (eg.,
Yokoyama et al., 2019a). In the meantime, information
obtained from near-field sites are useful to unveil the
region of the ice discharges in the Antarctica (eg.,
Yokoyama et al., 2016). High precision mass
spectrometry (eg., Sproson et al., 2021; Yokoyama et al.,
2019b) allows us to disintegrate the sediments sources
either from bedrock, ice, marine etc. In this presentation,
we demonstrate the evidence of Holocene melting of
Antarctica using combined methods between far-field sea
levels and near-filed meltwater signatures using
cosmogenic nuclides. They suggested the close relations
between low latitude climate and Antarctic melting. In
particular, mechanisms of ocean-driven melting of ice
shelves by upwelling of warm ocean water onto the
continental shelf (Behrens et al, 2022) and atmospheric
river induced surface melting of glaciers along the
Antarctic coast were featured (Sproson et al., 2022). We
will also discuss the importance of thorough exercises of
data and model comparison that has been conducted by
PALSEA to solve various issues including so-called
missing ice problem. References:Behrens, B.C. et al.,
(2022) Quaternary Science Advances, 7, 100054.Sproson,
A.D., et al. (2021) Rapid Comm. in Mass Spectrometry,
e9059, 429, 106312.Sproson, A.D., et al. (2022) Nature
CommunicationsYokoyama, Y. and Purcell, A. (2021)
Geoscience Letters 8:13.Yokoyama, Y., et al. (2019a)
Quaternary Science Reviews 206:150–161Yokoyama, Y.,
et al. (2019b) Nucl. Instr. Meth. In Phys. Res, B. 455, 260264.Yokoyama, Y., et al. (2016) PNAS, 113, 2354.
Geological and Instrumental Records of Relative SeaLevel Changes in Singapore
Timothy SHAW1#+, Trina NG2, Tanghua LI3, Stephen
CHUA4, Jędrzej Marcin MAJEWSKI3, Niamh
CAHILL5, Gregory GARNER6, Adam SWITZER3,
Robert KOPP7, Till HANEBUTH8, Benjamin HORTON1
1Nanyang Technological University , Singapore, 2Centre
for Climate Research Singapore / Nanyang
Technological University, Singapore, 3Earth
Observatory of Singapore, Singapore, 4Earth
Observatory of Singapore, Nanyang Technological
University, Singapore, 5Department of Mathematics and
Statistics, Maynooth University., Ireland, 6Department of
Earth and Planetary Sciences, Rutgers University, New
Brunswick, NJ. , United States, 7Rutgers University,

United States, 8Department of Marine Science, Coastal
Carolina University, NC., United States
Singapore, a small (730 km2) island in Southeast Asia, is
vulnerable to relative sea-level rise (RSLR) with
populations, industry, urban, and transport infrastructure
within 5 m elevation of present sea level. Here, we present
geological reconstructions and instrumental records of
RSL change from the Sunda Shelf and Singapore spanning
the last glacial maximum (LGM ~20 ka BP) towards the
present and apply a gaussian process model to quantify
magnitudes and rates of RSL change through time. We
conclude with IPCC AR6 projections to 2100. At the end
of the LGM, RSL rose from −115 m at 19.5 ka BP to −105
m at 16 ka BP at a rate of 5 ± 6 mm/yr as climate warmed
~4°C and Northern Hemisphere ice sheets deglaciated.
Between ~16 ka and ~13 ka BP, RSL rose to −67 m during
which the average rate of RSLR accelerated to 18 ± 6
mm/yr associated with the meltwater pulse 1A. Between
the early and mid-Holocene, RSL rose from -21 m at 9.5
ka BP to ~1 m at 6.5 ka BP at rates up to ~14 mm/yr driven
by continued Northern Hemisphere ice sheet deglaciation.
RSL reached a mid-Holocene highstand of ~4 m at 5.2 ka
BP. Late Holocene RSL fell below present to −2 m at 1.5
ka BP at rates of ~−2 mm/yr driven by hydro-isostatic
processes. Between 1915 and 2020 CE, RSL rose 0.15 m
at a rate of 1.7 ± 1 mm/yr increasing to 2.2 ± 1 mm/yr
driven by ocean volume and mass changes. Future
projections to 2100 shows RSL rising 0.37 m to 0.78 m at
rates of 3–13 mm/yr that may be exacerbated by ice sheet,
ocean, and atmospheric processes.

Extending Instrumental Sea-level Records Using
Coral Microatolls
Jędrzej Marcin MAJEWSKI1#+, Aron J MELTZNER2,
Adam SWITZER1, Timothy SHAW3, Tanghua LI1,
Sarah BRADLEY4, Jennifer WALKER5, Robert KOPP5,
Dhrubajyoti SAMANTA2, Danny NATAWIDJAJA6,
Bambang SUWARGADI6, Benjamin HORTON3
1Earth Observatory of Singapore, Singapore, 2Nanyang
Technological University, Singapore, 3Nanyang
Technological University , Singapore, 4Department of
Geography, University of Sheffield, United
Kingdom, 5Rutgers University, United States, 6LIPI
Bandung, Indonesia
Our understanding of 20th century relative sea-level (RSL)
changes is predominantly derived from high latitude tide
gauges. Reliable, long-term (>50 yrs) tide gauge records
from tropical regions, however, are scarce, leading to a
major source of uncertainty in modern sea-level change.
Coral microatolls, which are vertically constrained coral
colonies, suffer diedowns during particularly low water
levels recording RSL changes on their upper surface by
forming characteristic concentric rings. They have the
potential to be used as proxies, extending the instrumental
record of RSL change back decades to centuries. Here, we
reconstruct RSL from two living coral microatolls from a
location 100 km southeast of Singapore, in Mapur Island,
Indonesia. The reconstruction consists of 16 sea-levelindex points and covers the period from 1915 to 2013. We
validated the reconstruction through a comparison with
the Tanjong Pagar tide gauge record in Singapore. We
combined the coral microatoll reconstruction with tide
gauges in Singapore showing RSL in Mapur Island was
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stable at 0.0 ± 1.6 mm/yr (2σ) between 1915 and 1990
increasing to 1.0 ± 2.1 mm/yr (2σ) between 1990 to 2019.
Through the addition of microatoll RSL data, we extended
the record of RSL change by over 50 years and reduced its
uncertainty by ∼50%.

Tectonic Uplift and Subsidence Inferred from Coral
Archives of Relative Sea Level in Balaoan, La Union,
Philippines
Gina SARKAWI1#+, Aron J MELTZNER2, Joanne LIM3,
Anandh GOPAL3, Andrew MITCHELL3, Loraine Faye
SARMIENTO4, Jennifer WEIL-ACCARDO5, Kathrine
MAXWELL6, Junki KOMORI7, Xinnan LI8, Yiran
WANG9, Ivan PANG2, Ke LIN2, Xianfeng WANG10,
Hsun-Ming HU11, Chuan-Chou (River) SHEN11, ShouYeh GONG12, Yanbin LU2, Noelynna RAMOS13
1Earth Observatory of Singapore NTU,
Singapore, 2Nanyang Technological University,
Singapore, 3Earth Observatory of Singapore,
Singapore, 4University of the Philippines - Diliman,
Philippines, 5CEREGE, France, 6Leibniz Center for
Tropical Marine Research, Germany, 7Earth
Observation of Singapore, Nanyang Technological
University, Singapore, 8State Key Laboratory of
Earthquake Dynamics, Institute of Geology, China
Earthquake Administration, China, 9Earth Observatory
of Singapore, Nanyang Technological University,
Singapore, 10Nanyang Technological University,
Singapore, Singapore, 11National Taiwan University,
Taiwan, 12National Museum of Natural Sceince, Taiwan,
Taiwan, 13National Institute of Geological Sciences,
University of the Philippines, Philippines
In western Luzon, Philippines, the oblique convergence
between the South China Sea tectonic plate and the
Philippine Mobile Belt is accommodated by motion along
the Manila subduction zone, in addition to on- and
offshore upper-plate faults. The tectonic deformation
leads to complex changes in relative sea level (RSL) in
coastal regions. Coral microatolls act as proxies to
reconstruct RSL, as their upward growth is limited by low
tides and thus can be used to infer land-level changes. The
RSL record from coral microatolls in La Union,
Philippines provides insight into the drivers of vertical
deformation in the region. Three generations of coral
microatolls, from fossil corals dated to ~1030 cal yr BP to
living corals, were used to reconstruct RSL and ascertain
the earthquake potential in La Union. While the surface
morphologies of the coral microatolls indicate gradual
RSL rise over the corals’ lifetimes punctuated by small
diedowns, cross sections of fossil coral microatolls reveal
multi-decimeter scale RSL rise and fall consistent with
coseismic subsidence and uplift. Through elastic
dislocation modeling, we attempt to attribute RSL changes
to interseismic and coseismic deformation and to limit the
range of plausible faults and scenarios. Two similar abrupt
~0.37 m subsidence events were inferred from the coral
record at around 1025 and 120 cal yr BP, which may have
resulted from MW ~7.4 or larger ruptures along the Manila
Trench. In contrast, we suggest uplift results from slip
along nearby upper-plate faults. From the modern coral
microatolls, we observe that diedown timings tend to
coincide with El Niño events. By comparing RSL histories
elsewhere along the west coast of Luzon, we are

attempting to identify the key drivers of RSL change in La
Union.

Coral Reef Terraces as Relative Sea-level Indicators
in Southeast Asia: Records from the Philippines
Kathrine MAXWELL1#+, Hildegard WESTPHAL2,
Alessio ROVERE3, Mirasol GUINTO4, Kevin GARAS5
1Leibniz Center for Tropical Marine Research,
Germany, 2Leibniz Centre for Tropical Marine Research
(ZMT), Bremen, Germany, Germany, 3Dipartimento di
Scienze Ambientali, Informatica e Statistica Università
Ca’ Foscari Venezia, Italy, 4Institute of Renewable
Natural Resources, College of Forestry and Natural
Resources, University of the Philippines, Los Baños,
Laguna, Philippines, Philippines, 5Department of
Environment and Natural Resources–Mines and
Geosciences Bureau (DENR-MGB), Quezon City,
Philippines, Philippines
The Last Interglacial (LIG; about 129–116 ka), also
referred to as the Marine Isotope Stage 5e (MIS 5e)
represents a process analog for a warmer world and
analysis of sea-level indicators during this period allows
us to understand the different drivers of relative sea-level
(RSL) change. In Southeast Asia, several studies have
been done to constrain and examine LIG RSL proxies,
such as fossil coral reef terraces or tidal notches. Under the
World Atlas of Last Interglacial Shorelines (WALIS), we
produced a standardized database of these LIG sea-level
indicators in Southeast Asia. Overall, we screened and
reviewed 14 studies on LIG sea-level indicators in the
Philippines, Sulawesi, and Sumba, Timor, and Alor
regions, and from which we report 43 unique RSL proxies
(42 coral reef terraces and one tidal notch), that were
correlated to 134 dated samples. For this compilation,
most of the MIS 5e coral reef terraces were found in the
eastern portion of Southeast Asia, which is situated in the
direct vicinity of major tectonic plates. Following this
work, we revisited a site in west Luzon, Philippines where
inferred LIG coral reef terraces were previously reported.
Previous studies mapped Late Pleistocene to Holocene
marine terraces along the western coast of Pangasinan,
west Luzon Island. In this paper, we present new
geomorphic and stratigraphic data on the fossil coral reef
terraces in Pangasinan, west Luzon. Based on Real-Time
Kinematic Global Navigation Satellite System (RTKGNSS) surveys and analysis of Interferometric Synthetic
Aperture Radar (IfSAR)-derived digital elevation models,
we identified several steps of coral reef terraces in the area,
potentially of Late Pleistocene and older in age.
Constraining the ages of the terraces proves to be
challenging, nonetheless, we hope that data from this
research will help us fill in the gaps on LIG research in
Southeast Asia.
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The Influence of Rock Uplift Rate on Marine
Terraces in Numerical and Real Landscapes
Luca MALATESTA1#+, Kimberly HUPPERT2, Noah
FINNEGAN3
1GFZ German Research Centre for Geosciences,
Germany, 2GFZ Geoscience Research Center Potsdam,
Germany, 3University of California Santa Cruz, United
States
Commonly, individual erosive marine terraces are
attributed to unique sea-level high stands based on the
reasoning that marine platforms could only be
significantly widened at the beginning of an interglacial.
However, this logic implies that wave erosion is
insignificant at other times. We postulate that the erosion
potential at a given bedrock elevation datum is
proportional to the total duration of sea-level occupation
at that datum. The total duration of sea-level occupation
depends strongly on rock uplift rate. We introduce a visual
proxy for the total duration occupation along elevation, the
“sea-level occupation map”, to inspect the fingerprint of
sea level curves under varying rates of rock uplift. Certain
rock uplift rates may promote the generation and
preservation of particular terraces while others prevent
them. For example, at rock uplift of ∼1.2 mm/yr, the
Marine Isotope Stage (MIS) 5e (ca. 120 ka) high stand
reoccupies the elevation of the MIS 6d–e mid-stand,
favoring creation of a wider terrace than at higher or lower
rock uplift rates. The reoccupation of an existing terrace
changes the age of the sediment it hosts but at an elevation
that does not reflect the reoccupying high stand. The “sealevel occupation map” also facilitates the comparison of
various sea-level curves and the role of their occupation
pattern for coastal evolution under different rock uplift
rates. This approach can be further applied to coastal
topography itself by creating maps of elevation
distribution for real and numerical landscapes. Side by
side, these graphical tools help us identify the robust and
the ambiguous parts of the topographic record of paleo sea
level evolution.

Modeling Coral Reef Terraces: The Last Interglacial
At Cape Laundi (Sumba Island, Indonesia)
Denovan CHAUVEAU1#+, Anne-Morwenn PASTIER2,
Gino DE GELDER3, Laurent HUSSON3, Christine
AUTHEMAYOU4, Kevin PEDOJA5, Alessio ROVERE6
1Università Ca' Foscari Venezia, Italy, 2Helmholtz
Centre Potsdam, German Research Centre for
Geosciences (GFZ), Potsdam, Germany, 3ISTerre,
CNRS, UMR 5275, Université de Grenoble Alpes,
Grenoble, France, 4LGO, IUEM, CNRS, UMR 6538,
Université de Bretagne Occidentale, Plouzané,
France, 5Normandie Univ, Unicaen, Unirouen, M2C
1400, Caen, France, 6Dipartimento di Scienze
Ambientali, Informatica e Statistica Università Ca’
Foscari Venezia, Italy

The morphology of coral reef sequences (CRTs) provides
fundamental observations to unravel past sea levels,
including the possible intra-Last Interglacial (LIG) sea
level oscillations. For that purpose, converting
morphometric observations into sea level datum requires
understanding the CRTs morphogenesis. The sequence of
CRTs at Cape Laundi, on the north coast of Sumba Island
(Indonesia), commonly serves as a benchmark. Yet, it
epitomizes a pitfall that challenges the ultimate goal: the
overall chronology of its development remains poorly
constrained. The polycyclic nature of the CRTs, involving
marine erosion and reoccupation of old coral colonies by
more recent ones prevents any clear assignment of Marine
Isotope Stages (MIS) to specific CRTs, in particular the
reference datum corresponding to the LIG. Thus, to
overcome these obstacles, we numerically model the
growth of the sequence, testing a range of sea level curves
(with no or several peaks at the LIG) and uplift rates, as
well as exploring the parameter space to address reef
growth, erosion, and sedimentation. We used these ~500
realizations to improve the morpho-chronological
constraints of the sequence and to explain the
morphogenesis of the several CRTs associated with the
LIG. Our results suggest that, regardless of the sea level
curves used, 1) the lowermost main CRT was first carved
during the LIG marine transgression and was later
reshaped during the LIG marine regression, but also
during the MIS 5c and MIS 5a highstands, and 2) the intraLIG sea level oscillations are not responsible for the
several LIG CRTs observed in the sequence (the older
CRTs being the main cause). But this may not be the case
on other sites in the world (Bahamas, Western Australia,
etc.). Therefore, we propose to try our numerical approach
to discern between an eustatic vs non-eustatic origin of the
‘double-stepped’ stratigraphy of other LIG CRTs.

Constraining Paleo Sea-level Through Inversion of
Marine Terraces
Gino DE GELDER1#+, Navid HEDJAZIAN2, AnneMorwenn PASTIER3, Laurent HUSSON1, Thomas
BODIN2
1ISTerre, CNRS, UMR 5275, Université de Grenoble
Alpes, Grenoble, France, 2ENS Lyon, France, 3Helmholtz
Centre Potsdam, German Research Centre for
Geosciences (GFZ), Potsdam, Germany
Quantifying paleo sea-level changes is an important
challenge given its intricate relation with paleo-climate, ice-sheets and geodynamics, but pre-Holocene
uncertainties currently span several tens of meters. The
world’s coastlines provide an enormous geomorphologic
dataset, and recent modelling studies have showed their
potential in constraining paleo sea-level through forward
landscape evolution modeling. We take a next step, by
applying a Bayesian approach to invert the geometry of
marine terrace sequences to paleo sea-level. Using a
Markov chain Monte Carlo sampling method, we test our
model on synthetic profiles and two observed marine
terrace sequences. The synthetic profiles – with known
input parameters – show that there are optimal values for
uplift rate, erosion rate, initial slope and wave base depth
to obtain a well-constrained inversion. Both the inversion
of synthetic profiles and a terrace profile from Santa Cruz
(Ca, US) show how sea-level peaks are easier to constrain
than sea-level troughs, but that also solutions for peaks
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tend to be non-unique. Synthetic profiles and profiles from
the Corinth Rift (Greece) both show how inverting
multiple profiles from a sequence can lead to a narrower
range of possible paleo sea-level, especially for sea-level
troughs. This last result emphasizes the potential of
inverting coastal morphology: joint inversion of globally
distributed marine terrace profiles may eventually reveal
not only local relative sea-level histories, but catalyse a
better understanding of both global paleo sea-level and
glacio-isostatic adjustments.

Open Data and Open Questions: Challenges in
Holocene Sea Levels
Nicole KHAN#+
Department of Earth Sciences and Swire Institute of
Marine Science, University of Hong Kong, Hong Kong
SAR
Geological proxies provide valuable archives of the sealevel response to past climate variability over periods of
more extreme global mean surface temperatures than the
brief instrumental period. To better understand the sealevel response during the most recent warm period, the
Holocene, the HOLocene SEA-level variability
(HOLSEA) working group is developing the first
standardized global synthesis of Holocene relative sealevel data to: (1) estimate the magnitudes and rates of
global mean sea-level change during the Holocene; and (2)
identify trends in spatial variability and decipher the
processes responsible for geographic differences in
relative sea-level change. Here I describe efforts of the
working group to compile the database, which includes
over 12,000 sea-level index points and limiting data from
a range of different indicators across seven continents
from the Last Glacial Maximum to present. All data were
compiled following standard protocol that incorporates
full consideration of vertical and temporal uncertainty for
each sea-level index point, including uncertainties
associated with the relationship of each indicator to past
sea-level and the methods used to date each indicator.
Finally, I discuss applications of the database to define
thresholds of coastal wetland ecosystems to rapid rates of
sea-level rise, provide high-quality constraints to tune
models of the glacial-isostatic adjustment process, address
open questions regarding the nature of Holocene sea levels,
and improve local projections of future local sea-level rise.
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Database of Holocene Relative Sea-level Data from
Mid-Pacific Ocean Islands
Fangyi TAN1#+, Nicole KHAN2, Tanghua LI3, Erica
ASHE4, Aron J MELTZNER1, Matteo VACCHI5,
Jędrzej Marcin MAJEWSKI3, Benjamin HORTON6
1Nanyang Technological University,
Singapore, 2Department of Earth Sciences and Swire
Institute of Marine Science, University of Hong Kong,
Hong Kong SAR, 3Earth Observatory of Singapore,
Singapore, 4Department of Earth and Planetary
Sciences, Rutgers University, United
States, 5Departament of Earth Sciences, Pisa University,
Italy, Italy, 6Nanyang Technological University ,
Singapore
Holocene relative sea-level (RSL) records from regions
distant from the major ice sheets are commonly used to
infer the ice-equivalent component of sea-level change.
While there have been several prominent attempts to
reconstruct RSL from mid-Pacific Ocean islands, the
methods used to derive RSL from proxy data are not
standardised across studies, making it difficult to
synthesise and compare regional RSL records. Here, we
present a standardised, quality-controlled database of
published sea-level data from five island groups in the
mid-Pacific: Fiji, the Cook Islands, Tuamotu (French
Polynesia) and the Line Islands and Gilbert Islands in
Kiribati. We critically assessed 615 data points derived
from a variety of sea-level indicators (e.g., peat,
archaeological burial, corals) following the HOLSEA
database framework. Only 35% (218 of 615) provided
robust constraints on RSL as sea-level index points (n=35)
or limiting data (n=183). Early Holocene RSL was poorly
constrained at all sites due to the paucity of sea-level index
points from that period; only 13% of data were older than
6 ka. We show that there is insufficient high-quality data
to resolve ice-equivalent sea-level changes in the areas
studied.

Holocene sea-level change in the southwestern
Atlantic: A standardized database
Karla Zurisadai RUBIO SANDOVAL1#+, Timothy
SHAW2, Benjamin HORTON2, Nicole KHAN3, Augusto
Luiz FERREIRA-JÚNIOR4, Rodolfo J. ANGULO5,
Maíra ONEDA DAL PAI6, Guilherme C. LESSA7,
Maria Cristina DE SOUZA5, Matteo VACCHI8, Deirdre
RYAN8, Sebastian RICHIANO9, Evan GOWAN10,
Abdullah S. KAHN11, Alessio ROVERE12
1MARUM, Bremen University, Germany, 2Nanyang
Technological University , Singapore, 3Department of
Earth Sciences and Swire Institute of Marine Science,
University of Hong Kong, Hong Kong SAR, 4Pósgraduação de Genética Evolutiva e Biologia Molecular,
Universidade Federal de São Carlos (UFSCar), São
Paulo, Brazil, Brazil, 5Departamento de Geologia,
Universidade Federal do Paraná, Paraná (UFPR),
Brazil, Brazil, 6Institute of Geography, Pontifical
Catholic University of Chile, Santiago, Chile,

Chile, 7Instuto de Geociêmcias, Universidade Federal da
Bahia, Cmapus Ondina, Salvador, Brazil ,
Brazil, 8Departament of Earth Sciences, Pisa University,
Italy, Italy, 9Patagonian Institute of Geology and
Paleontology, IPGP-CENPAT-CONICET, Argentina,
Argentina, 10Department of Earth and Environmental
Sciences, Kumamoto University, Kumamoto, Japan,
Japan, 11University of Bremen, Bremen, Germany ,
Germany, 12Dipartimento di Scienze Ambientali,
Informatica e Statistica Università Ca’ Foscari Venezia,
Italy
Relative sea-level (RSL) studies along the southwestern
Atlantic coasts confirm the presence of several Holocene
sea-level index points in the facies of beach ridges, marine
terraces, beach, lagoon and estuarine deposits, fixed
biological indicators. Here, we present a standardized
database of Holocene sea-level index points for this region,
compiled using the HOLSEA template. We reviewed
published data for the countries of Argentina, Uruguay,
and Brazil. Our preliminary review produced 800
standardized datapoints and more than 1000 re-calibrated
radiocarbon dates, providing an almost continuous southto-north transect of sea-level data along the southwestern
Atlantic. Our data compilation highlights that several sites
show a mid-Holocene maximum transgression, with RSL
rising 2-4m above its present level, with a subsequent fall
to its modern position. This trend seems to be
predominantly driven by glacio-isostatic processes.
However, we also highlight that elevation measurements,
sea-level interpretations, as well as the chronological
control at several locations may be improved by future
research.

Regional Sea-level Change of the 20th to 21st Century
in Southeast Asia
Trina NG1#+, Benjamin HORTON2
1Centre for Climate Research Singapore / Nanyang
Technological University, Singapore, 2Nanyang
Technological University , Singapore
Global sea level has been rising over the 20th and
21st century and is projected to continue rising in the
coming century even if carbon emissions were to plateau.
However, sea levels do not change uniformly around the
world due to additional regional and local factors such as
vertical land motion and changes in the ocean dynamics.
There are many densely populated low-lying islands in
Southeast Asia that are subjected to this imminent threat.
To aid projections and adaptions to reduce risk, it is
important to understand the observed changes in relative
sea level. Hence, we aim to quantify rates of sea level
change around Southeast Asia using tide gauge and
satellite altimetry data. Because the instrumental
observations are not totally independent, we use the
Generalised Gaussian Markov noise model from the
Hector software to quantify relative sea-level change from
monthly tide gauge data. The results attained are analysed
at an interannual-decadal scale to understand the possible
drivers behind relative sea-level change variability in
Southeast Asia. We quantify rates of sea-level change
from countries including Myanmar, Indonesia, Malaysia,
the Philippines, Singapore, Thailand and Vietnam.
Amongst these countries, the temporal distribution of tide
gauge records is is uneven. There are approximately 100
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tide gauges in the region, with the Manila tide gauge
having the longest record of ~120 years of data. There are
less than 10 tide gauges with 50 years of records, and the
others are 30 years old or less.

Coastal Response to Early to Mid-Holocene Sea-level
Change: a Case Study from the Kallang River,
Singapore
Stephen CHUA1#+, Adam SWITZER2, Chris
GOURAMANIS3, Yama DIXIT4, Michael BIRD5,
Benjamin HORTON6
1Earth Observatory of Singapore, Nanyang
Technological University, Singapore, 2Earth
Observatory of Singapore, Singapore, 3Research School
of Earth Sciences, Australian National University,
Australia, 4Centre for Atmospheric Sciences, Indian
Institute of Technology, Delhi, India, India, 5College of
Science and Engineering and ARC Centre of Excellence
for Australian Biodiversity and Heritage, James Cook
University, Cairns, QLD 4870, Australia,
Australia, 6Nanyang Technological University ,
Singapore
The deceleration of early to mid-Holocene (10 – 7 ka BP)
sea-level rise (SLR) played a key role in transforming
coastal
systems
from
estuaries
to
deltas.
Palaeoenvironmental reconstruction of coeval coastal
evolution provide case studies that can help project the
response of modern coastal systems to future SLR. >1.3
billion people today live within 100 km of tropical coasts,
but few Holocene studies of equatorial delta systems exist.
Here, we investigate the early to mid-Holocene coastal
response to decelerating rates of SLR through
paleoenvironmental reconstruction of the Kallang River
coast in Marina South, Singapore (1.27°N, 103.86°E). We
produce a high-resolution, multi-proxy record from
sediment core MSBH01B to compare with the latest
Holocene sea-level record for Singapore. We identify
different coastal response phases through understanding
the interplay between accommodation space, driven
predominantly by SLR, and sedimentation rate.
Rapid SLR of up to 15 mm/yr coupled with low
sedimentation rates of 2.5 mm/yr led to localised
mangrove disappearance at Marina South within ~300
years (9.5 ka – 9.2 ka BP). Estuarine sediments were
deposited from 9.2 ka – 8.8 ka BP during high but stable
SLR of 12 – 15 mm/yr and sedimentation rates of 5 mm/yr.
Prodelta sediments were deposited from 8.8 ka – 8.2 ka
BP during high but decreasing SLR of 5 – 12 mm/yr and
sedimentation rates of 3 – 5 mm/yr. Delta front sediments
were deposited from 8.2 ka – 7.8 ka BP during low and
decreasing SLR of 3 – 5 mm/yr and sedimentation rates of
~3 mm/yr. A prograding delta started forming from 7.8 ka
– 7.2 ka BP during lowest but stable SLR of 3 mm/yr and
sedimentation rates of 2 – 3 mm/yr. This study helps in
projecting modern coastal response to a variety of future
SLR scenarios.

Reconstructing the Coastal Evolution of a Late Holocene Mangrove Environment in Jurong Lake,
Singapore
Yudhishthra NATHAN1#+, Stephen CHUA2, Ancel
CHONG1, Nicholas CHAN1, Tanghua LI3, Timothy
SHAW4, Fangyi TAN1, Benjamin HORTON4
1Nanyang Technological University, Singapore, 2Earth
Observatory of Singapore, Nanyang Technological
University, Singapore, 3Earth Observatory of Singapore,
Singapore, 4Nanyang Technological University ,
Singapore
Reconstructing coastal evolution can provide information
on the response of mangroves to relative sea-level change.
However, few studies have reconstructed the evolution of
palaeo mangrove environments in Southeast Asia. To
reconstruct the evolution of a palaeo mangrove
environment in Jurong Lake, Singapore, we conducted
stratigraphic, sedimentological and microfossil analyses
using a continuous sediment core (Core JRL1). We used
the radiocarbon dating of plant macrofossils, and a
BChron age-depth model to assess the chronology. Our
results show that Core JRL1 is 5.4m long, reaching a depth
of -7.2m Singapore Height Datum. The base of Core JRL1
consists of two units of clay (Units I and II). We found an
overlying unit (Unit III) with a sharp contact of dark
brown sandy silt with loss-on-ignition values of 3 – 7%,
relative abundance of mangrove pollen in the range of 86
– 90%, and an absence of foraminifera. Our age-depth
model constrains the age of Unit III to 1,250 – 990 cal. yrs.
BP. We found that the top-most unit (Unit IV) comprises
light brown clayey silt with loss-on-ignition values of 11
– 24%, relative abundance of mangrove pollen in the range
of 66 – 70%, and a presence of agglutinated foraminifera.
Our age-depth model constrains the age of Unit IV to 620
– 150 cal. yrs. BP. Our results suggest that an estuarine
channel within a mangrove system existed in Jurong Lake
between 1,250 and 990 cal. yrs. BP, preceding a hiatus of
up to 550 cal. yrs. indicating significant erosion. The
results indicate evidence of a mangrove environment with
rapid sediment accumulation between 620 and 150 cal. yrs.
BP. Relative sea-level change is unlikely to be the primary
driver of this sediment accumulation. These findings
demonstrate the importance of reconstructing the
evolution of mangroves to better understand the role of
relative sea-level change in driving coastal evolution.

Constraining Late Holocene Relative Sea-level
Changes in the Far-field Location of Singapore
Christabel TAN1#+, Jędrzej Marcin MAJEWSKI2,
Yudhishthra NATHAN1, Geoff RICHARDS3, Timothy
SHAW3, Stephen CHUA4, Fangyi TAN1, Benjamin
HORTON3
1Nanyang Technological University, Singapore, 2Earth
Observatory of Singapore, Singapore, 3Nanyang
Technological University , Singapore, 4Earth
Observatory of Singapore, Nanyang Technological
University, Singapore
The reconstruction of Holocene relative sea level furthers
the understanding of the processes governing sea-level
change. However, there is a lack of sea-level records
reconstructed in far-field regions such as Singapore,
which experience minimal Glacial Isostatic Adjustment
and can provide robust constraints on ice-volume
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equivalent sea level. Here, we aim to produce sea-level
index points that consider vertical and temporal
uncertainties from mangrove sediments to constrain late
Holocene relative sea level in Singapore. We collected
basal mangrove peats from an upland-mangrove transition
area in Pulau Ubin, northeast of mainland Singapore,
which we surveyed to mean tide level (MTL). We sampled
plant macrofossils for Accelerator Mass Spectrometry
radiocarbon dating. We defined the indicative meaning
using modern microfossil assemblages of pollen and
foraminifera. Our results show that the relative sea level
of six sea-level index points range from -0.35 ± 0.80 m
MTL to -1.25 ± 0.80 m MTL with radiocarbon ages
between 1945 ± 101 – 526 ± 25 calibrated years BP. The
new sea-level index points, coupled with published sealevel records, will be used to constrain Glacial Isostatic
Adjustment models, and improve the understanding of
processes driving late Holocene relative sea-level changes
in Singapore.

Investigation of an Ongoing Sequence of Coral
Microatoll Diedowns in Singapore (2020–2024?)
Joanne LIM1, Shi Jun WEE2, Fangyi TAN2, Nurul
Syafiqah TAN2, Anandh GOPAL1, Andrew
MITCHELL1, Jireh TEO2, Gina SARKAWI2, Xinnan
LI1, Lin Thu AUNG2, Aron J MELTZNER2#+
1Earth Observatory of Singapore, Singapore, 2Nanyang
Technological University, Singapore
Coral microatolls record low water levels through
diedowns, which can be used to reconstruct relative sea
level (RSL). Diedowns are generally understood to be
caused by instances of extreme low water. However, the
causes of diedowns have not yet been fully explored. How
uniform is each diedown on a single coral, and how
replicable are coeval diedowns on different corals at a
single site or across nearby sites? What might lead to
(centimeter-scale) variability in the elevations to which
different corals die down? An existing limitation on the
use of coral microatolls as RSL proxies is that the main
driving factors of diedowns are not fully understood. Our
study aims to overcome these limitations by documenting
coral diedowns in progress. Beginning in early 2020, a
sequence of coral diedowns has been observed on living
Porites coral microatolls in Singapore. These diedowns
are expected from simple modeling of tides over the
18.61-year lunar nodal cycle, with successively lower
tides each year until 2024. We are capitalizing on this
window of opportunity to document coral diedowns in
unprecedented detail, and to investigate factors that
potentially influence these diedowns, including tide levels,
insolation angle, water and air temperatures, as well as
exposure time out of the water. Work is ongoing to explain
variability in diedowns within and between corals.
Additionally, we are testing the hypothesis that insolation
angle exerts a considerable control on diedown
magnitudes. When the lowest tide occurs at sunrise (April
to September in Singapore), we might expect larger
diedowns on the east face of the coral; when the lowest
tide occurs at sunset (October to March), we might expect
larger diedowns on the west face of the coral.

A Non-Invasive Method to Determine Live Coral
Microatoll Growth Rates Using Three-Dimensional
Models
Lucas KOH1#+, Nurul Syafiqah TAN2, Joanne LIM3,
Gina SARKAWI2, Anandh GOPAL3, Fangyi TAN2,
Andrew MITCHELL3, Xinnan LI3, Lin Thu AUNG2,
Khai Ken LEOH1, Aron J MELTZNER2
1Asian School of the Environment, Nanyang
Technological University, Singapore, 2Nanyang
Technological University, Singapore, 3Earth
Observatory of Singapore, Singapore
Coral microatolls are useful, precise proxies which can be
used to track changes in relative sea level in the Holocene.
Their upper limit of growth in a given year is controlled
by the elevation of the highest level of survival following
a coral diedown at extreme low tide, along with the coral's
growth rate in the years between diedown. Growth rates
can be measured directly in cores or cross-section slabs of
the coral, but this practice is destructive and not permitted
in all jurisdictions. This study introduces a non-invasive
method to quantify the growth rate of a living coral
microatoll, by comparing two three-dimensional (3D)
digital models across a time interval. This poster presents
a comprehensive workflow from field data collection to
results extraction using Agisoft Metashape Professional
and CloudCompare. The workflow is simple, userfriendly and replicable, and was applied to calculate the
growth rates of three living Porites microatolls on St.
John's Island, south of mainland Singapore. Despite the
three corals being less than 20m from one another, growth
rates differed by a factor of up to two. Additionally,
growth was approximately 50% faster during May-August
than during December-May. The high amount of intracoral and inter-coral growth rate variations observed
demonstrate a need for a deeper understanding of
microatoll growth, if they are to be accurately used for sealevel reconstructions.

Using Structure-from-Motion Photogrammetry to
Quantify Growth Histories of Living Coral
Microatolls on St. John’s Island, Singapore
Khai Ken LEOH1#+, Nurul Syafiqah TAN2, Joanne LIM3,
Gina SARKAWI2, Anandh GOPAL3, Fangyi TAN2,
Lucas KOH1, Andrew MITCHELL3, Xinnan LI3, Lin
Thu AUNG2, Kyle E. BRADLEY4, Aron J MELTZNER2
1Asian School of the Environment, Nanyang
Technological University, Singapore, 2Nanyang
Technological University, Singapore, 3Earth
Observatory of Singapore, Singapore, 4Earth
Observatory of Singapore, Nanyang Technological
University, Singapore
Coral microatolls are useful indicators of relative sea-level
(RSL). These are coral colonies that grow in the intertidal
zone with characteristic concentric rings. The vertical
growth of the coral is controlled by low water levels,
causing the exposed portions to die. Studying the surface
morphologies, specifically the elevations of the inner
(older) to outer (younger) rings of the corals, can inform
us about RSL changes throughout the microatoll’s lifetime.
We can deduce a coral’s growth rate from the thickness of
its annual bands. Differences in coral growth rates may
also lead to apparent differences in coral surface
morphologies. One such morphological difference may
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arise from overgrowth, which are regions within inner
rings that survive subaerial exposure and continue
growing upwards, thus are out of sequence. Both the
growth rate and overgrowth on a microatoll need to be
accounted for in RSL reconstructions. Established
methods to distinguish outward growth from overgrowth,
such as slabbing, are destructive. Instead, we explore
three-dimensional (3D) photogrammetry as a noninvasive method to study variations in surface morphology
of coral microatolls, towards improved RSL
reconstructions. This poster explores the use of Structurefrom-Motion (SfM) photogrammetry to differentiate
regions of overgrowth within a coral microatoll, and
compare the growth rates of five living coral microatolls
on St John’s Island, Singapore. First, Agisoft Metashape
Professional was used to produce 3D models of the
microatolls. Then, georeferenced and non-georeferenced
models were generated separately. Multiple elevation
profiles of radial transects were extracted from QGIS for
analysis. These elevation profiles were adjusted and
matched, both within and across corals, to compare and
quantify variability in intra- and inter-coral growth rates.
Distinctive features in the radial transects were utilised to
differentiate regions of overgrowth from non-overgrowth.
Overall, this study shows this SfM photogrammetry-based
technique has promise in improving RSL reconstructions.

Structure-from-Motion Digital Surface Models for
Investigation of Coral Microatoll Surface
Morphology, toward Relative Sea-Level
Reconstructions
Nurul Syafiqah TAN1#+, Shi Jun WEE1, Jędrzej Marcin
MAJEWSKI2, Rohan GAUTAM3, Junki KOMORI4,
Anandh GOPAL2, Fangyi TAN1, Gina SARKAWI1,
Joanne LIM2, Jireh TEO1, Kyle E. BRADLEY5, Aron J
MELTZNER1
1Nanyang Technological University, Singapore, 2Earth
Observatory of Singapore, Singapore, 3School of
Computer Science and Engineering, Nanyang
Technological University, Singapore, 4Earth Observation
of Singapore, Nanyang Technological University,
Singapore, 5Earth Observatory of Singapore, Nanyang
Technological University, Singapore
Many studies have relied on sedimentological proxies to
study relative sea level (RSL) in the Holocene, but these
proxies can be prone to large uncertainties. Coral
microatolls are single coral colonies whose vertical
growth is controlled by lowest water levels and can be
used as RSL indicators due to their vertical precision and
annual growth bands. The ideal method to reconstruct
Holocene RSL curves using coral microatolls is to obtain
a radial slab of the coral to study the annual growth bands
and internal structure of the microatoll in cross section.
However, this method is not always viable and can be
highly destructive. This poster aims to introduce a novel
non-destructive method using structure-from-motion
(SfM) photogrammetry to create a high-resolution true
scale 3D digital elevation model (DEM), from which
measurements can be extracted. This method utilizes the
unique microatoll morphology as a proxy for RSL trends
during the coral’s lifetime. SfM DEMs are made with a
dataset of overlapping photographs which are then
processed in Agisoft Metashape Professional. We
assessed whether DEM-derived data are robust and can be

used in proxy-based reconstructions by comparing DEMderived metrics to surveyed data. Small median
mismatches of only ~4-8 mm between the measurements
indicate that such metrics are reliable, affirming the highresolution nature of DEMs. This poster also explores the
multi-disciplinary use of DEMs, by introducing a method
to reconstruct Holocene RSL with forward models and
illustrating how DEMs can complement existing slabbing
methods. Overall, this SfM photogrammetry technique
offers a relatively fast, simple, and non-invasive method,
with immense potential and applications in Holocene RSL
studies.

Interactive Simulator of Coral Growth in Response to
Sea-level Change Using a General-purpose 3d
Graphics Software
Junki KOMORI1#+, Aron J MELTZNER2, Nurul
Syafiqah TAN2
1Earth Observation of Singapore, Nanyang
Technological University, Singapore, 2Nanyang
Technological University, Singapore
Coral microatolls are increasingly being used as proxies of
past relative sea level because their growth is limited by
approximate low-water level. However, the coral
morphology can be complex, as the coral experiences
diedowns due to sea-level fall, regrowth with subsequent
retreat, and overgrowth after relative sea-level rise. These
complexities introduce challenges in the reconstruction of
past relative sea level from microatolls. To overcome
these challenges, we developed a simulator to forward
model the growth profile of a coral microatoll as a
response to a prescribed relative sea-level curve. This
simulator can help solve this inverse problem by searching
for the best-fit sea-level curve to reproduce the observed
coral morphologies.This study uses Blender, an opensource 3D graphic software package, to build the
simulator. The Geometry Nodes modifier, one of the
functions of Blender released in 2021, enables us to use
interactive mathematical processing based on the
geometry of 3D polygons. The simulator built with
Geometry Nodes can display the calculation results in
response to input parameters in real-time, thus saving time
in solving inversion problems with trial-and-error
methods.

Late Holocene Relative Sea-level Changes from Coral
Microatolls in Sentosa, Singapore
Fangyi TAN1#+, Shi Jun WEE1, Joanne LIM2, Anandh
GOPAL2, Lin Thu AUNG1, Jireh TEO1, Nurul Syafiqah
TAN1, Andrew MITCHELL2, Gina SARKAWI1, Xinnan
LI2, Benjamin HORTON3, Aron J MELTZNER1
1Nanyang Technological University, Singapore, 2Earth
Observatory of Singapore, Singapore, 3Nanyang
Technological University , Singapore
Holocene relative sea-level changes in far-field locations
like Singapore are useful for understanding ice-equivalent
sea-level changes. However, there is a lack of Late
Holocene relative sea-level records in Singapore, with
only five data points in the past 3000 years. Here, we
present new Late Holocene relative sea-level data from insitu fossil corals (Diploastrea heliopora, Porites sp.) at
Sentosa, Singapore. We produced fourteen new data
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points from fossil corals, ten of which are sea-level index
points derived from coral microatolls with distinct ring
morphologies that indicate whether relative sea levels
were stable, falling, or rising throughout the corals’
lifetimes. Coral microatolls are fixed biological indicators
whose upper growth limits are constrained by the lowest
tides. Understanding the variability of this upper limit of
growth on modern microatolls is crucial in determining
relative sea-level change from fossil microatolls as it
constitutes uncertainties in our relative sea-level
reconstructions. We surveyed the elevations of fossil and
living corals; modern Porites sp. microatolls that we
surveyed live between the lowest observed tide (between
February 2021 and February 2022) and mean low water
spring tide level. We determined relative sea level (with
uncertainties of < ± 0.3 m, 2 sigma) by comparing the
elevations of the fossil corals to their living equivalents.
Combining this with calibrated radiocarbon ages from
nine corals, we show that relative sea level in Singapore
was at or slightly above present sea level for the past
~3200 years, with a possible relative sea-level oscillation
at ~2000 years.

Mid- to Late-Holocene Sea-Level Reconstruction
from Coral Microatolls on Pulau Tekukor, Singapore
Nurul Syafiqah TAN1#+, Jireh TEO1, Fangyi TAN1,
Jennifer QUYE-SAWYER2, Joanne LIM3, Gina
SARKAWI1, Anandh GOPAL3, Andrew MITCHELL3,
Lin Thu AUNG1, Junki KOMORI4, Yiran WANG2,
Xinnan LI3, Aron J MELTZNER1
1Nanyang Technological University, Singapore, 2Earth
Observatory of Singapore, Nanyang Technological
University, Singapore, 3Earth Observatory of Singapore,
Singapore, 4Earth Observation of Singapore, Nanyang
Technological University, Singapore
In Holocene relative sea-level (RSL) studies, data from
far-field sites, like Singapore, are essential in
understanding changes in global ice volumes. Currently,
reconstructed RSL curves for Singapore have large
vertical and chronological uncertainties, hindering efforts
to constrain Holocene RSL in Singapore. We address this
limitation by using coral microatolls as a proxy for former
RSL. Coral microatolls are precise sea-level indicators
whose vertical growth is limited by low tides. This gives
them their unique surface morphology of concentric rings,
which is indicative of past RSL changes. This poster will
introduce preliminary RSL reconstructions from Pulau
Tekukor, one of Singapore’s Southern Islands. Sea-level
index points (SLIPs) from four Porites sp. fossil coral
microatolls indicate that RSL was at or just above present
RSL at ~7.8-7.3 ka. Data from Pulau Tekukor will
complement findings from other sites in Singapore to help
reconstruct Holocene RSL in Singapore.

Mid-Holocene Relative Sea-level Changes from Coral
Microatolls on Lazarus Island, Singapore
Jireh TEO1#+, Jennifer QUYE-SAWYER2, Fangyi TAN1,
Nurul Syafiqah TAN1, Nabil BIN MOHAMED
YAZEED3, Qian Hwee PO4, Lin Thu AUNG1, Anandh
GOPAL5, Joanne LIM5, Junki KOMORI6, Andrew
MITCHELL5, Gina SARKAWI1, Xinnan LI5, Shi Jun
WEE1, Aron J MELTZNER1
1Nanyang Technological University, Singapore, 2Earth

Observatory of Singapore, Nanyang Technological
University, Singapore, 3Nanyang Technological
University, Singapore, Singapore, 4Nanyang
Technological University, Singapore, Singapore,
Singapore, 5Earth Observatory of Singapore,
Singapore, 6Earth Observation of Singapore, Nanyang
Technological University, Singapore
Singapore sits in the far-field of major Pleistocene ice
sheets, making it a prime location to study Holocene
relative sea-level (RSL) change to improve our
understanding of ice-volume equivalent sea level
exchange. However, Singapore’s existing Holocene RSL
reconstructions are limited by large spatial and temporal
uncertainties, making it difficult to constrain the timing
and magnitude of the mid-Holocene highstand. We
present new preliminary RSL reconstructions from
southeastern Lazarus Island, using fossil coral microatoll
proxies of the Porites genus. The vertical growth of coral
microatolls are sensitive to RSL and their unique ring
morphology coupled with annual growth bands can
resolve intra-coral relative ages, allowing for precise, high
resolution RSL reconstructions.Surveyed ring elevations
of fossil coral microatolls were used in conjunction with
structure from motion photogrammetry to create highresolution digital elevation models. Past RSL was
reconstructed by comparing the fossil coral elevations to
nearby living coral microatolls of the same genus.
Radiocarbon dating was carried out on 21 fossil coral
microatolls, revealing radiocarbon ages ranging from
~7700 to ~7000 cal yrs BP. The fossil corals at the site
span a large vertical range of elevations, with the highest
elevation corals sitting ~0.8m higher than the lowestelevation corals from the site. Many of the fossil corals at
the site show evidence for rapid local RSL rise during their
lifetimes and preliminary reconstructions indicate midHolocene RSL was higher than modern. Future work will
involve detailed comparisons of digital elevation models
to constrain the RSL history.

3D Morphology of Coral Microatolls at Pulau
Semakau, Singapore
Lin Thu AUNG1#+, Nurul Syafiqah TAN1, Jireh TEO1,
Fangyi TAN1, Jennifer QUYE-SAWYER2, Anandh
GOPAL3, Gina SARKAWI1, Junki KOMORI4, Joanne
LIM3, Aron J MELTZNER1
1Nanyang Technological University, Singapore, 2Earth
Observatory of Singapore, Nanyang Technological
University, Singapore, 3Earth Observatory of Singapore,
Singapore, 4Earth Observation of Singapore, Nanyang
Technological University, Singapore
Coral microatolls are coral colonies with living polyps on
their outer perimeters and distinct morphologies
consisting of dead upper surfaces with concentric rings in
planform. Their upward growth is limited by the lowest
tides, allowing them to be used as precise indicators of
relative sea-level (RSL) change. Therefore, detailed
morphological study of coral microatoll shape, size and
ring elevation is important for the reconstruction of past
RSL. We present preliminary results of 3D coral
morphology studies on the western cost of Semakau Island,
southwestern Singapore, captured by portable iPhone
LiDAR and using Agisoft Metashape software
supplemented with survey data. Pulau Semakau is the
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largest field site in Singapore, with an intertidal flat
extending more than 2 km long by 0.4 km wide, on which
we observed 79 living corals and 65 fossil corals
containing well preserved concentric rings. Our
preliminary findings suggests that many of the fossil
corals (both of the Diploastrea and Porites genus) are
lower in elevation at the center with higher outer rings,
indicative of RSL rise. Conversely, some fossil
Diploastrea corals with larger diameter (>1.5 m) are
observed to decrease in elevation from the innermost to
outermost rings, indicative of RSL fall. While dating
results are pending, we can tentatively compare these
different coral morphologies to populations of corals
observed at other sites in southern Singapore.

Coral Evidence for Mid-Holocene Sea-level Rise and
an Abrupt Uplift at Badoc (Ilocos Norte) and
Cabugao (Ilocos Sur), Philippines
Anandh GOPAL1, Xinnan LI2, Joanne LIM1, Gina
SARKAWI3, Andrew MITCHELL1, Aron J
MELTZNER4#+, Andrew CHAN5, Ivan PANG4, Yiran
WANG6, Loraine Faye SARMIENTO7, Junki
KOMORI8, Jennifer WEIL-ACCARDO9, Kathrine
MAXWELL10, Tsai-Luen YU11, Hsun-Ming HU11,
Chuan-Chou (River) SHEN11, Shou-Yeh GONG12, Ke
LIN4, Yanbin LU4, Xianfeng WANG13, Peter
PARHAM14, Noelynna RAMOS15
1Earth Observatory of Singapore, Singapore, 2State Key
Laboratory of Earthquake Dynamics, Institute of
Geology, China Earthquake Administration,
China, 3Earth Observatory of Singapore NTU,
Singapore, 4Nanyang Technological University,
Singapore, 5California Institute of Technology, United
States, 6Earth Observatory of Singapore, Nanyang
Technological University, Singapore, 7University of the
Philippines - Diliman, Philippines, 8Earth Observation of
Singapore, Nanyang Technological University,
Singapore, 9CEREGE, France, 10Leibniz Center for
Tropical Marine Research, Germany, 11National Taiwan
University, Taiwan, 12National Museum of Natural
Sceince, Taiwan, Taiwan, 13Nanyang Technological
University, Singapore, Singapore, 14University of
Technology Malaysia, Malaysia, 15National Institute of
Geological Sciences, University of the Philippines,
Philippines
Relative sea-level (RSL) change in the Philippines is
driven by a combination of eustatic sea-level change,
glacial isostatic adjustment (GIA) and tectonics. The
interplay between them complicates efforts to quantify
their respective contributions to RSL. This in turn hinders
our efforts to recognize potential seismic and tsunami
hazards that may pose significant threats to coastal
communities in the Philippines. Mid-Holocene coral
microatolls at Badoc (Ilocos Norte) and Cabugao (Ilocos
Sur), ~14 km apart, tracked similar rates of RSL rise of
~2.5-3.7 mm/yr during 7800-7300 cal yr BP. Evidence at
both sites reveals an abrupt fall in RSL between ~0.87 and
~0.93 m that occurred shortly before 7430 cal yr BP. The
similarity in timing and amplitude of this RSL fall leads
us to infer that this abrupt change could be caused by a
single coseismic event that uplifted both sites. Elastic
dislocation modeling of tectonic deformation suggests that
large ruptures along the Manila Trench produce coseismic
subsidence at these coastal sites. The uplift observed at

these two sites is most readily explained by an inferred
upper-plate offshore fault extending past both sites. Future
work seeks to segregate gradual RSL rates into
contributions from GIA and interseismic tectonic
deformation.

Surface Deformation and Fault Kinematics Deduced
from Uplifted Marine Terraces in NW Luzon,
Philippines
Yiran WANG1#+, Aron J MELTZNER2, Xinnan LI3,
Anandh GOPAL3, Joanne LIM3, Andrew MITCHELL3,
Gina SARKAWI2, Noelynna RAMOS4
1Earth Observatory of Singapore, Nanyang
Technological University, Singapore, 2Nanyang
Technological University, Singapore, 3Earth
Observatory of Singapore, Singapore, 4National Institute
of Geological Sciences, University of the Philippines,
Philippines
In oceanic subduction zones, the long-term deformation
information of the overriding plate is scarcely available,
making it difficult to interpret crucial characteristics and
the relationship between individual seismic cycles and the
landscape formation. Lying between the Philippine and
Manila trenches of the western Pacific, the coastal area of
northwestern Luzon Island is dissected by the NNE-SSW
trending Vigan-Aggao Fault, a branch of the Philippine
Fault system, from the mountains and basins to the east.
Although previous studies have reported Holocene-age
tectonic uplifts of coral terraces, more studies are needed
to link the Holocene fault activity to longer-term crustal
deformation and to explore the kinematics of the causative
faults. Through remote sensing, we mapped and surveyed
three generations of uplifted Pleistocene marine terraces
between the municipalities of Pasuquin and Cabugao
along the NW Luzon coast. These terrace surfaces have
been uplifted to ~20-60, ~60-100, and ~100-250 m above
present sea level. Surfaces north of Laoag City are
observed to tilt westward (seaward), with the degree of
tilting increasing with surface elevation/age. In contrast,
surfaces farther south show a uniform deformation pattern,
and the amount of uplift seems to be smaller than to the
north. With elastic modeling, we suggest that the uplift of
the NW Luzon coast results from slip along an eastdipping main thrust located ~10 km off the west coast,
consistent with the bathymetric and focal mechanism data,
combined with reverse movement along the Vigan-Aggao
Fault. The difference in uplift patterns between north and
south likely results from differing fault geometry and sliprate distribution between the two faults. If these terraces
represent peak sea level during interglacial periods, the
long-term average uplift rate of the NW Luzon coast is
estimated to be ~0.2-0.5 m/kyr, consistent with uplift rates
derived by previous studies.
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An Inverse Approach to Quantify Relative Sea Level
from Marine Terraces
Jennifer QUYE-SAWYER1#+, Aron J MELTZNER2,
Kyle E. BRADLEY1, Rei ONG2
1Earth Observatory of Singapore, Nanyang
Technological University, Singapore, 2Nanyang
Technological University, Singapore
Local changes in relative sea level (RSL) are often a
complex function of eustasy, glacial isostatic adjustment,
tectonics and Earth surface processes. Fortunately, many
coastal landscapes are sensitive to RSL change, and
present-day topography may be used to infer past sea
levels. In particular, marine terraces—low-relief
landforms that form due to wave erosion and/or coral reef
growth—are often found in regions that have experienced
land uplift (RSL fall) during the late Pleistocene. For dated
marine terraces, the average uplift rate since the time of
terrace formation can be found using terrace elevations
measured in the field. Studies using only remote sensing
data, however, can be limited by subjectivity in landform
identification, and uncertainty in the Quaternary sea-level
curve can make uplift rate interpretations non-unique. To
overcome these limitations, we have developed a novel
numerical inversion approach to quantify long term uplift
rates of undated marine terraces. This method also allows
us to investigate how uncertainties in our observations and
the global sea-level curve affect our RSL interpretations.
For landscapes experiencing a constant uplift rate,
theoretical models show that terrace ages can be reliably
inferred from as few as five terrace levels, despite metre
scale uncertainty in eustatic highstand elevations. We
subsequently applied our method to southeast Sumatra,
Indonesia, a terraced landscape for which no ages
currently exist. We identified terraces residing up to ≈300
m elevation from digital elevation models and terrain
models. Preliminary results suggest spatially variable
uplift rates less than 0.5 mm yr−1 since uplift began during,
or before, MIS 11. Our current work sheds light on poorly
understood processes affecting RSL in the Sumatran
region and shows the potential for our inverse technique
to be used in other locations.

Paleo Sea Level Plotting and Report Generator
Evan James GOWAN#+
Kumamoto University, Japan
One of the key ways to constrain the geomertry of past ice
sheets is to compare the glacio-isostatic response to sea
level proxies. In this presentation, I present an open source
database and scripts to plot and compare paleo sea level
constraints and calculated sea level, which is available on
Github (https://github.com/evangowan/paleo_sea_level).
The latest release (version 1.2) includes several datasets
from the HOLSEA project and similarly scrutinized
datasets for eastern North America, the Baltic Sea, the
North Sea, northern Russia and southeastern Asia. I have
also included locations that have sea level proxies for the
Last Glacial Maximum and Marine Isotope Stage 3 (29-57
ka). The scripts, which make use of Generic Mapping
Tools and Latex, produce fully cited reports that compares
up to six different models. The scripts also allow for the
re-calibration of radiocarbon dates using OxCal. I
demonstrate the report scripts using the PaleoMIST 1.0 ice
sheet reconstruction.
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Impacts of Relative Sea Level Change on Past and
Future Arctic Subsea Permafrost
Roger CREEL1#+, Frederieke MIESNER2, Jacqueline
AUSTERMANN3, Pier Paul OVERDUIN4
1Lamont Doherty Earth Observatory; Columbia
University, United States, 2Helmholtz Center for Polar
and Marine Research; Alfred Wegener Institute ,
Germany, 3Lamont Doherty Earth Observatory;
Columbia University, United States, United
States, 4Helmholtz Center for Polar and Marine
Research; Alfred Wegener Institute, Germany
Subsea permafrost, which is perennially cryotic sediment
lying below sea level, forms when rising seas during
interglacials flood terrestrial permafrost on the Arctic
continental shelf. Though inaccessibility has limited
direct measurements of Arctic submarine permafrost
distribution, current estimates suggest that permafrost
underlies 2.5 million km2 of the Arctic shelf and reaches a
thickness of up to over 700 m below the sea floor in parts
of the Kara and Laptev seas.Subsea permafrost has
received renewed attention in recent years because its
thawing may release greenhouse gases from very poorly
constrained organic carbon and gas sources. The
distribution of subsea permafrost depends primarily on
local sea level variations, with transient air temperature,
geothermal heat flux, and ice sheet fluctuations playing
secondary roles. Yet to date, no submarine permafrost
model has included local sea level that differs from the
global mean due to glacial isostatic adjustment (GIA).
Here we present the first pan-Arctic model of permafrost
development over multiple glacial cycles to incorporate
relative sea level forcing that accounts for the gravitational,
rotational, and deformational effects of loading a
viscoelastic Earth with ice or liquid water mass. This
model allows us to explore the effect that relative sea level
has on permafrost development and to produce new
estimates for present-day subsea permafrost area, volume,
and ice content. Additionally, we extend the subsea
permafrost simulation for the range of selective
socioeconomic pathways (SSP) outlined in the
International Panel on Climate Change’s sixth assessment
report. This enables us to quantify the millennial-scale
sensitivity of subsea permafrost to 21st century emissions
scenarios, explore the role of relative sea level in that
sensitivity, and place improved constraints on the
vulnerability of Arctic subsea permafrost to climate
warming.

Meter-scale Sea Level Marker Offset Due to Glacially
Triggered Faulting in Arctic Canada
Holger STEFFEN#+, Rebekka STEFFEN
Lantmäteriet, Sweden
Glacial isostatic adjustment (GIA) is among others well
documented by relative sea level (RSL) markers. Also,
GIA leads to remarkable stress changes in the subsurface
which can be potentially released along favourably

orientated pre-existing fault structures, as evidenced by
more than a dozen so-called glacially induced faults in
Fennoscandia. Stress release may cause a notable vertical
shift of some meters in the measured elevation of RSL
markers that must be corrected before they can be used in
palaeo-sea level investigations. Dyke et al. (1991) pointed
to some unexpected "steep sided, north-south oriented
ridge in the region of Boothia Peninsula and western
Somerset Island" in Arctic Canada, which is mirrored in
the RSL-based exponential emergence curves of that area.
They differ locally several tenths of meters and indicate
potential fault motion near the end of the deglaciation
there (ca. 10,000 years ago). No fault has been found, thus
fault motion is only speculated. We analyze GIA-induced
stress changes from a 3D finite element model of North
America. Our stress changes confirm a high likelihood of
fault motion in the Boothia Peninsula region at ca. 10.25
ka before present. We test different stress regimes and
hypothetical fault configurations to identify optimal fault
parameters for reactivation. These are in line with the
speculations by Dyke et al. (1991), pointing to a
submarine fault structure. We then use a GIA-fault model
to calculate fault offsets. We can predict offsets of some
tenths of meters that can explain the vertical shifts in RSL
markers. We suggest that GIA-induced stresses should be
analyzed in those areas where RSL markers were
deposited near ice-sheet margins. Reference: Dyke, A. S.,
Morris, T. F. and Green, D. E. C. (1991). Postglacial
Tectonic and Sea Level History of the Central Canadian
Arctic. Geological Survey of Canada Bulletin, 397, 56 pp.

Common Era Sea-level Change in North America
Jennifer WALKER1#+, Robert KOPP1, Christopher
LITTLE2, Timothy SHAW3, Geoff RICHARDS3,
Benjamin HORTON3
1Rutgers University, United States, 2Atmospheric and
Environmental Research, Inc., United States, 3Nanyang
Technological University , Singapore
Proxy relative sea-level reconstructions provide a record
of pre-industrial variability extending through the
Common Era, which allows for a detailed analysis of
spatially variable driving processes as well as the onset of
significant periods of change. Sea-level budget
assessments can quantify the different physical processes
contributing to sea-level change. Further, the time of
emergence can identify when rates of sea-level emerge
above background variability. Here, we estimate the sealevel budget of the Common Era and the time of
emergence of modern rates of sea-level rise at sites along
North American coastlines. Using a database of
instrumental and proxy sea-level records with a
spatiotemporal model, we separate sea-level records into
global, regional, and local-scale components using the
unique spatial scales of driving processes. Results along
the eastern North American coastline reveal that each
budget is dominated by regional-scale, temporally-linear
processes driven by glacial isostatic adjustment until at
least the mid-19th century. This signal exhibits a spatial
gradient, with a maximum of 1.6 ± 0.02 mm/yr in New
Jersey and lower rates to the north (1.0 ± 0.02 mm/yr in
Newfoundland) and south (0.5 ± 0.02 mm/yr in Florida).
Non-linear regional and local-scale processes, such as
ocean/atmosphere dynamics and groundwater withdrawal,
vary temporally and spatially and are smaller in magnitude.
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The most significant change to the budgets is the
increasing influence of the global signal, which reaches a
20th century rate of 1.3 ± 0.1 mm/yr. The global signal
drives the emergence of modern rates of sea-level rise;
however, the specific timing at individual locations varies
spatially. The time of emergence occurs earliest in the
mid-Atlantic region (1872-1894 CE) and later in the
northeastern and southeastern U.S. (1897-1919 CE),
suggesting regional and local sea-level changes occurring
over different time periods drive the spatial pattern in
emergence.
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Constraining Rates of Antarctic Contribution to Last
Interglacial Relative Sea-level Change in Sediment
Cores from Northwest Europe: Furthering
Understanding of the Response of Ice Sheets to Warm
Climates.
Graham RUSH1#+, Natasha BARLOW1, Amy
MCGUIRE1, Víctor CARTELLE2, Oliver POLLARD1,
Rachel SMEDLEY3, Kim COHEN4, Freek
BUSCHERS5, Kirsty PENKMAN6, Natalya GOMEZ7,
David HODGSON1, Ivan HAIGH8
1University of Leeds, United Kingdom, 2Flanders Marine
Institute, Belgium, 3University of Liverpool, United
Kingdom, 4Universiteit Utrecht, Netherlands, 5The
Netherlands Organisation for Scientific Research,
Netherlands, 6University of York, United
Kingdom, 7McGill University, Canada, 8University of
Southampton, United Kingdom
The rate and magnitude that sea level is projected to rise
beyond 2100 are poorly constrained because of limitations
relating to data availability and understanding of the
response of ice sheets to a warmer climate. Observations
of past sea-level change currently provide limited
scenarios to test climate models under a global climate at
least 1.5°C warmer than present. Under future climate
scenarios, the instability of the West Antarctic Ice Sheet
and its potential contribution to global and regional sea
levels, is unresolved. During the Last Interglacial (130116 ka BP) global mean temperature was ~1-2°C warmer
and sea level was ~5-10 m higher than pre-industrial
values. Therefore, the Last Interglacial provides a valuable
palaeo-laboratory for studying the mechanisms of past
sea-level change forced by warmer global temperatures
and, in turn, to help resolve future uncertainties. We
present initial work from the RISeR project, which aims
to reconstruct the rates and magnitude of sea-level change
during the Last Interglacial in the North Sea due to its
sensitivity to Antarctic melt. Following extensive seismic
surveying
and
subsequent
palaeolandscape
reconstructions, we collected five new cores which
capture
the
transgression
of
the
Last
Interglacial.
Preliminary
sedimentological
and
geochronological analysis on the sediments provides the
first clue as to the timing of environmental changes and
hence the possible rates of relative sea-level rise. By
combining our core-based analysis with ice sheet and
glacial isostatic adjustment modelling output we present
our current work towards constraining the contribution of
the Antarctic Ice Sheet to global sea-level rise during the
Last Interglacial.

Ground-penetrating Radar Evidence for Relative
Sea-level Oscillations Across the Northern Antarctic
Peninsula
Alexander SIMMS1#+, Cameron GERNANT1, Julie
ZURBUCHEN1, Brittany THEILEN1, Regina DEWITT2,
Christopher GARCIA2
1University of California Santa Barbara, United
States, 2East Carolina University, United States
Recent studies have provided evidence for Holocene
oscillations in the glaciers and ice sheets of Antarctica as
well as a relatively weak rheology beneath many parts of
West Antarctica. Did these factors result in highfrequency oscillations in relative sea levels across portions
of the Antarctica Peninsula? We test this hypothesis by
collecting ground-penetrating radar (GPR) profiles from
two locations within the Antarctic Peninsula – Joinville
Island along the NW Weddell Sea and Livingston Island
within the South Shetland Islands. Erosional surfaces and
scarps imaged within the GPR profiles from both locations
provide evidence for relative sea-level (RSL) oscillations
at both locations. New and existing radiocarbon and
optically stimulated luminescence ages suggest that these
oscillations occurred in concert with known periods of
glacial advance and retreat, including the “Little Ice
Age.” These oscillations suggest that the RSL signal from
the Last Glacial Maximum may be contaminated by late
Holocene events. Thus glacial-isostatic adjustment
models that ignore more recent Holocene glacial advances
and retreats may misrepresent the amount of ice in
Antarctica during the Last Glacial Maximum.

Scale-invariant Flow of the Antarctic Ice Sheet and
Implications for Inferring Past and Future Stability
Nick GOLLEDGE1#+, Markus LUCZAK-ROESCH2
1Victoria University of Wellington, New
Zealand, 2Complexity Lab, School of Information
Management, Victoria University of Wellington, New
Zealand
Natural systems in steady state often display a
characteristic known as scale invariance, in which a
power-law relationship describes the size-frequency
distribution of a population of samples from within that
system. Furthermore, in fields ranging from solid Earth
geophysics to population ecology, both sustained and
transient deviations in the otherwise straight line log-log
size-frequency relationship of scale-invariant systems
have been interpreted as representing perturbations in the
described system. In Antarctica, satellite-derived surface
velocities exhibit a broadly scale-invariant relationship,
with binned order-of-magnitude velocity increments
corresponding to approximately an order-of-magnitude
change in the sample size within each bin. Here we show
that the continent-wide statistical properties of modelled
Antarctic ice flow during the last glacial termination
reveal a clear pattern of scale-invariance at certain times,
with notable deviations from the general trend during
intervening periods. We propose that velocities are most
smoothly distributed during times of ice sheet stability,
when the system is best able to self-organize. Kinks or
inflections in the distribution, however, reflect periods
when steady flow state was disrupted by external
environmental forcing. By identifying the changing nature
of these deviations through the last 25,000 years we obtain
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a new metric for understanding palaeo-ice sheet
(im)balance that offers additional insight into the
glaciological response of the Antarctic Ice Sheet to past,
and future, environmental change.

Tidal Forcing and Sea Level History in the
Deglaciation of the Gulf of St. Lawrence
Jesse VELAY-VITOW1#+, W. Richard PELTIER2,
Gordan STUHNE2
1Universoty of Toronto, Canada, 2Department of Physics,
University of Toronto, Canada

documented series of maps showing the evolution of the
ice margin through the entire last glacial cycle, with
uncertainties quantified as minimum and maximum
bounds on the ice margin isochrones. These minimum and
maximum uncertainty bounds are contributing to a History
Matching exercise for the last glacial cycle combining
glaciological modelling with a wide array of data
constraints. To that end, we present some preliminary
data-model comparisons for key regions of the ice sheet.

Recent investigations of the marine-terminating ice
streams of the Laurentide ice sheet have demonstrated that
the role of large amplitude paleotides in triggering and
forcing ice stream deglaciation may be underappreciated.
The analyses of Heinrich events in the Hudson Strait and
the Amundsen Gulf in the Arctic Ocean have
demonstrated that this mechanism is not isolated to a
single location. We present a further detailed analysis of
this phenomenon which is strongly constrained by relative
sea-level observations. This further analysis concerns the
tidally forced instability of the coupled Laurentian
Channel and St. Lawrence River ice streams which
drained the southeastern flank of the Laurentide Ice Sheet
at the Last Glacial Maximum. We find evidence of twophase deglaciation; the first portion involves the collapse
of the Laurentian Channel ice stream into the Gulf of St.
Lawrence, and the second, later, phase concerning the
collapse of the St. Lawrence ice stream. In both phases,
we find evidence of tidal involvement, and between the
two phases a microtidal regime. Combined with our earlier
analyses, the presence of tidal effects in these additional
ice stream deglaciations suggests that this phenomenon
may be ubiquitous in the deglaciation of marineterminating ice streams.

North American Ice Sheet Evolution Over the Last
Glacial Cycle: Data and Preliminary Data-model
Comparisons
April S DALTON1#+, Lev TARASOV2
1Memorial University of Newfoundland,
Canada, 2Memorial University of Newfoundland,
Canada, Canada
The North American ice sheet complex (including the
Laurentide, Cordilleran and Innuitian ice sheets) was the
largest global ice mass to grow and decay during the last
glacial cycle (ie. from initiation at ~115 ka to remnant ice
masses in the late Holocene). Because this ice complex
held globally significant ice volume, understanding its
evolution through time is critical for refining estimates of
global sea level change along with various elements of
earth system evolution. I will overview recent efforts to
reconstruct and refine North American ice sheet dynamics
through this whole interval. This work involved compiling
and interpreting various empirical data sources (ie.
stratigraphic data, geomorphic records, chronology data).
Ice sheet evolution from the last glacial maximum (~25 ka)
to present-day is relatively well understood owing to an
abundance of sediments and landforms that remain on the
land surface; however, reconstructing ice sheet evolution
prior to the last glacial maximum is a particular challenge
owing to limited data. The end results are a fully
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Mid-brunhes Transition Caused by Antarctic Ice
Sheet Melting During Mis11c
Xu ZHANG1#+, Steve BARKER2, Martin WERNER3,
Yuchen SUN3, Chronis TZEDAKIS4, Evan James
GOWAN5
1Institute of Tibetan Plateau Research, CAS,
China, 2Cardiff University, United Kingdom, 3Alfred
Wegener Institute Helmholtz Center for Polar and
Marine Research, Germany, 4University College London,
United Kingdom, 5Kumamoto University, Japan
Interglacial intensity in past 800 kyr is characterized by a
transition, about 430 kyr ago, between the older ones,
which were relatively cool and low sea level, and the more
recent ones, which were relatively warm and high sea level.
This transition, as identified in Antarctic ice core and
benthic calcite d18Oc records, corresponds to the so-called
mid-Brunhes Transition (MBT). However, its origin and
underlying dynamics remain elusive. Here we show, based
on a start-of-art, stable water isotope enabled climate
model, that additional ice volume to the present-day levels
should be considered in order to reproduce the systematic
enrichment in interglacial d18Oc before the MBT. This
extra ice of ~18 e.s.l.m. likely exists in the Antarctic,
which in turn weakens vertical mixing in Southern Ocean,
potentially accounting for the low interglacial atmospheric
CO2 levels prior to the MBT. Our results further indicate
that during MIS11c the unique climate background leads
to extra Antarctic ice sheet melting, eventually giving rise
to a systematic change in interglacial climate and hence
accounting for the MBT.

Submerged Saltpans: a Novel Geo-archaeology
Method for Tracking Last Two Thousand Years Sealevels, a Test Case from Dalmatia, Croatia
Dorit SIVAN#+
Maritime Civilizations Dept. University of Haifa, Israel
Reconstructing paleo relative sea level (RSL) in the
Mediterranean is based on multi-proxy records including
archaeology. Like fish tanks, intertidal saltpans are
anthropogenic constructions with relatively limited
functional height. Unlike fish tanks that are limited mainly
to Roman time, saltpans are used continuously at least for
the last 2 ka. The Dalmatian coast contains large numbers
of submerged preserved saltpans remains, dated by
historical records. The primary objective of the study is to
develop a new method that can be used on large amount
of existing ancient salt work remains in the Mediterranean
for obtaining reliable RSL records. The study was carried
out in two stages: a. mapping the sites using Unmanned
Aircraft System (UAS)-based photogrammetry together
with acoustic bathymetry scanning and underwater survey
and
b.
sedimentological,
geochemical,
and
paleontological analyses of cores drilled in the
saltpans. The UAS-based photogrammetry generates
accurate 3D models enable high quality, continuous
elevation measurements of the indicative structures

relative to local Datum. The top of the separation wall and
the bottom of the sluice gate, suggested that the RSL at the
time of operation was in between. In addition, analysis of
sediment cores carried out in the saltpans revealed a terra
rossa layer, overlying a natural wetland system, which
most likely is a man-made paved layer. The reddish layers
characterized with concentration of terrigenous origin
elements normalized to Ca identified as terra rossa. The
paved layer is overlaid by silty-clayey sediments, rich in
foramenifera and ostracod remains dominated by
euryhaline faunal species such as Ammonia veneta and
Cyprideis torosa. These anthropogenic layers currently are
flooded by the rising sea as manifested by upper unit
dominated with variety of marine species. Dating the
saltpans layers using Optically Stimulated Luminescence
(OSL) obtained ages which agree with available historical
archives.

Regional Vs. Site-specific Sea-level Reconstruction
Along the South African Coastline Using Salt Marsh
Foraminifera as Proxies
Lauren PRETORIUS1#+, Jemma FINCH1, Niamh
CAHILL2, Tevor HILL1, Robert BARNETT3, Kate
STRACHAN4, Craig CORDIER1
1University of KwaZulu-Natal, South
Africa, 2Department of Mathematics and Statistics,
Maynooth University., Ireland, 3University of Exeter,
United Kingdom, 4ICLEI Africa, South Africa
To predict future sea-level rise, recent trends need to be
examined to provide context regarding short and longterm variability. Salt marsh foraminifera are excellent
proxies
for
recent
high-resolution
sea-level
reconstructions owing to their narrow biozones and good
preservation potential. Sea-level records in South Africa
have been generated by a range of proxies spanning from
~ 250 000 yr BP, however these records are discontinuous
and lack the resolution needed to disentangle natural
variability from anthropogenic climate forcing. SA’s farfield location eliminates isostatic effects associated with
recent deglaciation, reflecting eustatic sea-level behaviour,
thus making it an ideal location for Late Holocene
reconstruction. A regional transfer function based on
modern data from multiple estuaries is assessed against
site-specific transfer functions for sea-level reconstruction
along the southern coastline of SA. Sediment cores are
chronologically constrained using Bayesian age-depth
models based on AMS radiocarbon and Pb-210 dating.
The results of the sea-level reconstructions show higher
than present sea level at ~ 1100 cal yr BP, followed by a
rapid fall to below present sea level reaching a minimum
of ~ -1 m below present MSL at ~ 800 cal yr BP.
Thereafter, sea level fluctuates with a net increase to
present-day levels. Model performance shows more noise
associated with the regional transfer function when
compared with the local transfer function and thus poorer
performance. We explore state of art methods in highresolution sea-level reconstruction to shed light on the
optimum balance in precision and prediction power.
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Stratigraphical Evidence for Glacial-interglacial Sealevel Changes in the Indian Ocean: Projection to the
Antarctic Ice Sheet Dynamics
Amila Sandaruwan RATNAYAKE#+
Uva Wellassa University, Sri Lanka
Sedimentary profiles in Sri Lanka capture evidence for the
regional and global-scale long-term climatic transition
during its northward voyage from Gondwana to Asia.
However, a glacial-interglacial climatic transition is not
studied yet in Sri Lanka, and is poorly resolved in the
Indian Ocean. Consequently, this ongoing research project
is aimed to (i) reconstruct glacial-interglacial sea-level
changes and (ii) identify its teleconnection to the Antarctic
ice sheet dynamics. Sri Lanka has few recorded
seismically driven tectonic activities and a low tidal range
(about 0.5 m) making it suited for interglacial sea-level
studies. The continental shelf along the south and
southwest coasts of Sri Lanka is narrow and it is among
the steepest continental slope in the world. However,
several sea cliffs along the northwest and southeast coasts
of Sri Lanka can be used to reconstruct interglacial sealevel changes in the central Indian Ocean. Here, several
sedimentary profiles (i.e. sea cliffs at Point Kudrimalai in
the Wilpattu National Park, Bundala and Patirajavela
cliffs, and Ussangoda cliff) were examined to identify
stratigraphic variations. Sea cliffs along the northwest and
southeast coasts of Sri Lanka provide sufficient
sedimentological evidence for the interglacial highstands.
The Uranium–Thorium ages of marine shells in near-coast
sites in India are dated to ca. 124.0–112.0 ka. It suggests
that sea-level rose about 6–9 m to the present level during
the Eemian interglacial period. The association of crossbedded sandstone with calcrete in the upper beds shows a
terrestrial dune environment after a relative sea-level fall
during the glacial period. Consequently, the preliminary
stratigraphic observations concluded that sea cliffs in Sri
Lanka can be identified as promising sites to study
teleconnection between glacial-interglacial sea-level
changes in the Indian Ocean and the melting history of
Antarctic ice sheets.

last deglaciation [3] considering GIA induced changes in
ocean bathymetry and geometry, ice friction and internal
wave drag. From the amplitudes of the main tidal
constituents the relevant tidal levels are derived as spatial
grids at specific time slices.To correct SLIPs for these
levels, we transferred datasets of the HOLSEA sea-level
database into a relational database system. This allowed
us to update the tidal levels in the datasets and to derive a
consistent representation of tidal corrections. For SLIPs,
where the indicative meaning is expressed by tidal levels,
we discuss consequences for their interpretation.Lit.:[1]
Griffiths, S. D., and W. R. Peltier (2008). Megatides in the
Arctic Ocean under glacial conditions, GRL,
https://doi.org/10.1029/2008GL033263[2] Sulzbach, R.,
Dobslaw, H. and Thomas, M. (2021): High-resolution
numerical modeling of barotropic global ocean tides for
satellite
gravimetry.
JGR,
https://doi.org/10.1029/2020JC017097[3] Sulzbach, R.,
Klemann, V., Knorr, G., Dobslaw, H., Lohmann, G. and
Thomas, M. (2022). Estimation of tidal ranges in the
northern hemisphere since the Last Glacial Maximum. In
preparation.

Tidal Corrections for Paleo Seal-level Data
Volker KLEMANN1#+, Roman SULZBACH1, Henri
DÜMPELMANN2, Henryk DOBSLAW3, Maik
THOMAS3
1GFZ German Research Centre for Geosciences,
Germany, Germany, 2TU Aachen, Germany, 3GFZ
German Research Centre for Geosciences, Germany
The reconstruction of paleo sea levels from geological
data like sea-level index points (SLIPs) demands a number
of corrections due to the local setting and character of the
specific samples. Therein, tidal levels like HAT,
MHWS, ... often define the vertical range (indicative
meaning) in which specific specimen could live or were
deposited, and so, constrain the relative sea level at the
respective time. Tidal levels change markedly during the
glacial cycle as they depend on the ocean's basin geometry
and bathymetry. One prominent example is the presumed
transition of the Arctic ocean into a megatide regime
during the last deglaciation resulting in strongly elevated
semidiurnal resonances in the northern Atlantic [1].In this
study, we apply the global numerical tidal model TiME [2]
at 1/6-degree resolution to estimate tidal levels during the
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