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Ocean-induced basal melting of ice shelves is a major cause of Antarctic
ice loss. It is well known that the magnitude of this melt is an important
factor to consider when modelling the future evolution of the ice sheet,
and values of total melt volume or mean melt rates are often quoted for
ice shelves. The finer detail of the distribution of this melt is usually given
less attention. Here we make the argument for using coupled modelling
frameworks such as Ua-FESOM, which employs unstructured triangular
meshes in both the ice sheet and ocean components, providing added
flexibility in resolving critical areas of ocean circulation and ice flow. We
validate our model outputs by assessing correlation with Antarctic-wide
observationally derived ice shelf basal melt rates, and a simple depth-
based parameterisation of the type used in standalone ice sheet
modelling. We show that the distribution of melt - independently of total
melt volume - can significantly affect modelled ice flow, and we
investigate the role of mesh resolutions in both components. Our results
demonstrate the need for setups like Ua-FESOM, showing differences of
10% in the first year of ice sheet responses due to differing melt
distributions and model resolutions.
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ABSTRACT. Ocean-induced basal melting of ice shelves is a major cause of
Antarctic ice loss. It is well known that the magnitude of this melt is an im-
portant factor to consider when modelling the future evolution of the ice sheet,
and values of total melt volume or mean melt rates are often quoted for ice
shelves. The finer detail of the distribution of this melt is usually given less at-
tention. Here we make the argument for using coupled modelling frameworks
such as Ua-FESOM, which employs unstructured triangular meshes in both
the ice sheet and ocean components, providing added flexibility in resolving
critical areas of ocean circulation and ice flow. We validate our model outputs
by assessing correlation with Antarctic-wide observationally derived ice shelf
basal melt rates, and a simple depth-based parameterisation of the type used
in standalone ice sheet modelling. We show that the distribution of melt —
independently of total melt volume — can significantly affect modelled ice flow,
and we investigate the role of mesh resolutions in both components. Our re-
sults demonstrate the need for setups like Ua-FESOM, showing differences of
10% in the first year of ice sheet responses due to differing melt distributions

and model resolutions.
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INTRODUCTION

Basal melting driven by interaction with the ocean is the primary cause of mass loss on two thirds of
Antarctica’s ice shelves (Davison and others, 2023), which are sensitive to changing ocean temperatures
(Shepherd and others, 2004). It has been argued in certain situations that only the total melt volume is
important when calculating sea level contribution (e.g. Joughin and others, 2024), but this is certainly not
a general rule. The distribution of melting under ice shelves can have a large impact on the dynamical
changes upstream, and thus on the rates at which glaciers contribute to sea level (Walker and others,
2008). It has been shown that melt rate patterns can be as important as the magnitude in determining
the modelled response of grounded ice (Gagliardini and others, 2010), and that certain locations around
grounding lines and shear margins can be particularly sensitive to basal melt (Goldberg and others, 2019).

Therefore, often-quoted mean melt rates over ice shelves do not sufficiently describe the forcing.

The most thorough way to represent basal melt patterns in future projections, and to ensure full in-
teractivity between the ocean and ice sheet in predictive simulations, is by using coupled ice sheet and
ocean models. However, the detail these can provide is limited by the resolution at which ocean models
— usually running on a uniform rectangular grid — are able to simulate the system while remaining within
reasonable limits of computational efficiency. Ice shelf basal melt rates near grounding lines require higher
resolution than many ocean models can feasibly provide (McCormack and others, 2023), especially when
considering anything larger than a regional-scale study, because melt rates derived from observations can
vary at kilometre scales (Dutrieux and others, 2013). In many cases where interactive ice sheets have been
coupled to the ocean at a circum-Antarctic or global scale, either the ocean model grid is not sufficiently
fine to resolve small outlet glaciers and processes which affect the basal melting of ice shelves (e.g. Smith
and others, 2021; Siahaan and others, 2022), or the ice sheet resolution is too coarse to track grounding

line movement effectively (e.g. Ackermann and others, 2020; Pelletier and others, 2022).

To address this recognised capability gap in ice sheet-ocean modelling, the ice sheet model Ua (Gud-
mundsson and others, 2012) was paired with the ocean model FESOM (Wang and others, 2014) in a
recently developed coupled framework (Richter and others, 2025). In Ua-FESOM both the ice sheet and

ocean components run on finite-element unstructured meshes, allowing resolution in the ocean to be refined
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in areas of interest without having to compute solutions at the same fine resolution across the entire domain.
This combination is the first of its kind among current coupled modelling frameworks, and overcomes the
resolution limitations of existing setups to simulate a fully interactive global ice sheet-ocean system with

sufficient spatial detail in regions of interest.

Here we follow on from the work of Richter and others (2025), in which the coupling process is described
and verification carried out with forward simulations on both idealised and circum-Antarctic domains.
Using the outputs from the first year of FESOM simulations alongside existing melt rate datasets derived
from observations, we validate the melt rates produced by the ocean model for Antarctica. We run further
ice sheet model simulations in order to show the importance of melt rate distribution and mesh resolutions,

demonstrating why such a coupled setup is advantageous for modelling global systems.

MODELS AND DATASETS

Ocean model — FESOM

We use version 1.4 of the Finite Element Sea ice-Ocean Model (FESOM, Wang and others, 2014). This
is a hydrostatic ocean model solving the primitive equations using a finite element method on a triangular
mesh, and includes a sea ice component (Danilov and others, 2015). Thermodynamic interaction with
the base of ice shelves is included via the three-equation melt parameterisation (Holland and Jenkins,
1999) as in Timmermann and others (2012). It has a history of use in stand-alone and coupled setups
(e.g. Timmermann and Goeller, 2017; Naughten and others, 2018; Schourup-Kristensen and others, 2018),
and participated in the Coupled Model Intercomparison Project 6 as a component of the Alfred Wegener

Institute Climate Model (Semmler and others, 2020).

Ice sheet model — Ua

We use version 2024b of Ua (Gudmundsson, 2024), a finite-element ice sheet model which solves the
shallow shelf approximation (MacAyeal, 1989). The model solves the momentum and mass conservation
equations in a coupled framework, i.e. by simultaneously solving for changes in velocity and ice thickness.
It has been applied to numerous idealised and realistic use cases (e.g. De Rydt and others, 2021; Barnes
and Gudmundsson, 2022; Morlighem and others, 2024), is well established in the cryospheric modelling

community, and results based on the model have been submitted to various intercomparison projects (e.g.
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Cornford and others, 2020; Seroussi and others, 2024).

Melt rates derived from observations

To validate the basal melt rates from the Ua-FESOM coupled model, we have chosen three circum-Antarctic

datasets to compare our outputs to.

Adusumilli and others (2020) estimated average basal melt rates for the period 2010-2018 based on
satellite radar altimetry from the European Space Agency (ESA) mission CryoSat-2, ice velocities from
Gardner and others (2018) and their novel model of variations in surface mass balance and firn density.

Melt rates are provided on a regular grid with 500 m resolution.

Davison and others (2023) also use Cryosat-2 data, and estimate basal mass fluxes from 2010-2021 using
ITS_LIVE (Gardner and others, 2019) for velocities and RACMO2.3p2 (Van Wessem and others, 2018)

for firn density and surface mass balance. Melt rates are provided on a regular grid with 1km resolution.

Paolo and others (2023) provide melt rates generated from the four ESA satellite radar altimetry mis-
sions ERS-1, ERS-2, Envisat, and CryoSat-2, using a novel data fusion approach and the Glacier Energy
and Mass Balance model (GEMB, Gardner and others, 2023). We use the mean melt rates provided at a

resolution of 1920 m.

These observationally-derived melt rates differ from each other due to varying input data and method-
ology. They are not a perfect picture of true melt rates, as assumptions have necessarily had to be used
in their calculations of melt rate from observed surface properties. There are also gaps in their coverage,
for which interpolation and extrapolation must be used in order to provide complete melt rates over ice
shelves. Despite this, they are very useful products based on real data and are the best available estimates
for the large-scale distribution of melt rates around Antarctica. Throughout the text, we refer to these

three datasets by the first author names Adusumilli, Davison and Paolo.
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EXPERIMENTS

Model setup

We use the exact coupling procedure and ocean model setup described in Richter and others (2025). The
horizontal mesh resolution in FESOM ranges from 340km in the middle of the oceans far away from
Antarctica to 2 km underneath ice shelves. There are 100 levels in the vertical, with a resolution of 10-30 m
under ice shelves. The geometry for FESOM was taken from RTopo-2 global bathymetry data (Schaffer
and others, 2016), with ice shelves based on BedMachine Antarctica (Morlighem and others, 2020). The
simulations were started from the Antarctic spin-up state described in Richter and others (2025), in which
the ocean begun at rest with hydrography from the World Ocean Atlas (WOA18) extrapolated into ice
shelf cavities, and was forced by daily ERA-Interim atmospheric reanalysis (Dee and others, 2011) for
1979-2018. This initial adjustment phase was included to mitigate issues caused by instabilities reported in
previous coupled modelling work. The same reanalysis cycle was then used to force the forward simulation,
of which we use only the outputs after the first year. Simulations were performed using two different values
for the drag coefficient at the ice shelf base (Cy), of 1.25 x 1072 and 2.5 x 1072, This coefficient is used
in calculating momentum and turbulent exchange through the ice-ocean boundary layer, and thus impacts
the magnitude of melt rates calculated. Such parameters are commonly used to tune melt rates within
coupled model setups, but its effect on melt rate distribution is largely untested, which is why we include

it as a variable quantity here.

The coupler transfers the outputs from FESOM and converts the thermal forcing into a basal melt rate
for the ice shelves, which is then interpolated onto Ua’s mesh. Here is where our experiments diverge from
those of Richter and others (2025). We have generated new Antarctic meshes for Ua, with a resolution of
20 km at the centre of the continent and refining down to 1.5 km around the grounding lines and areas of high
observed ice velocities. We use two meshes which differ in their resolution on the ice shelves themselves.
Ice Mesh 1 is generated using the same conditions everywhere, resulting in the largest elements in the
middle of the Ross Ice Shelf — far from the grounding line — having element edges around 15 km in length.
Ice Mesh 2 is generated with exactly the same conditions for grounded ice, but a smaller target element
size on the ice shelves, where the edge lengths of the largest elements are now only 3-4km. A comparison

of these meshes on selected ice shelves of varying sizes is shown in Fig. 1. For our purposes simulations
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Fig. 1. A comparison of the two ice sheet model meshes used in Ua, zoomed into selected ice shelves of varying

scales. Ice Mesh 1 on the top row uses the same criteria everywhere, while Ice Mesh 2 on the bottom row uses smaller

target element sizes on ice shelves.

were run on a single computational core, but these meshes are very large and it would be impractical to
run long-term simulations (decade to century scale) on them without some parallelisation of the ice sheet
model. A model inversion was carried out in order to infer values for the flow rate factor A of Glen’s law
and basal sliding parameter C' of Weertman’s law, which are used in the forward simulations. Details on

this process in Ua can be found in previously published work (e.g. Barnes and others, 2021).

Simulations

We run simulations in Ua for one year. For the purposes of this work, we then stop the coupling procedure
before any data is transferred back to FESOM. The focus of this work is melt rates provided by the ocean
model and other sources for the present day, rather than the effects on and of future evolution of the

geometry. In addition to those using our two FESOM outputs, further simulations are run in Ua forced by
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the three observationally-derived melt rates, and also by depth-dependent melt rates defined by

0 ifz>0

M= q —Mmax, if 0 > 2 > —500 (1)

Miax it z < =500,

\

where M.y is a maximum melt rate for which we use value of 50ma~!. We also use Mpax = O0ma™! as a

control to account for model drift, and in parts of our analysis consider outputs from all other simulations

in terms of how they differ from the control.

To fairly assess the impact of melt distribution, we run sets of simulations on Ice Mesh 1 in which
the melt forcings are normalised to produce the same total melt volume across four ice shelf regions; Vi-
grid/Nivl, Amery, Ross and Dotson/Crosson. In this way, we directly address the importance of melt rate
distributions on these ice shelves without the influence of a differing overall melt magnitude . We choose to
match the total melt volume of the Adusumilli data, which produces close to the median total melt among

our melt rate products on three of our four chosen regions.

In order to assess potential impacts of ocean model resolution, we also regrid the FESOM outputs
by interpolating them onto two regular grids of 20km and 5km, hereafter referred to as Grid20 and
Grid5. These roughly correspond to common ocean model resolutions of 1-degree and i—degree around
Antarctica, respectively. The gridded melt rates are then used in the same way as the original model

output — interpolated onto the ice model mesh to force the simulation.

Analysis methods

As ice shelves around Antarctica are not all the same, we evaluate the similarity of spatial patterns on 50
individual ice shelves, with Ross Ice Shelf split into East and West sections. The ice shelf boundaries are
from the MEaSUREs dataset (Mouginot and others, 2017), and a labelled map showing the locations of

the ice shelves we look at is displayed in Fig. 2.

To investigate the similarity between our modelled melt rates and those derived from observations, we

Cambridge University Press
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Fig. 2. A map of Antarctica labelled with the 50 ice shelves included in our analysis. Basal melt rates of ice shelves

are from FESOM with Cy = 1.25 x 1072.
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choose to calculate Pearson’s Correlation Coefficient r (PCC, Pearson, 1895), a commonly used measure

of linear association between two variables (Swinscow and others, 2002), given by

Y(wi — 7)(yi — 9)

VS - 225 - )P ?

r

where x; and y; are the individual values of two variables, * and y are the mean values of each variable.
We interpolate all melt rate datasets and FESOM outputs onto the ice model meshes for comparison.
Since our values are taken from an unstructured mesh, we use a modified correlation which weights the
calculation based on the mesh element areas. Classifying correlation values is not a precise exercise, and
labels given to indicate the strength of correlation vary between studies. We use the labels of Swinscow
and others (2002), which suggests |r| = 0.6 as a “strong” correlation and 0.4 < |r| < 0.6 as “moderate”.
The PCC is not a perfect measure and can be greatly affected by outliers, especially if the sample size is
small (Armstrong, 2019). For this reason we do not rely on it entirely, and we also visually inspect the

outputs.

RESULTS

Correlation with observationally-derived basal melt

Table 4 shows the correlation between each of the model melt rates (from FESOM and the depth-dependent
parameterisation) and the three observationally-derived melt rates on Ice Mesh 1, for our chosen ice shelves.
The colours display the strength of correlations, with red being positive and blue negative, and paler shades
indicating lower correlation. The number of elements used to calculate the correlation in each case are also

displayed, to demonstrate that these are not small sample sizes.

The melt rates under ice shelves show a range of responses to varying Cy. On several ice shelves — such
as Filchner, Ronne, Fimbul, Amery, Sulzberger, Crosson, Pine Island and Stange — FESOM shows fairly
high positive correlation with all three observationally-derived datasets using both Cj; values. Conversely,
on the small ice shelves Vigrid and Nivl on the Dronning Maud Land coast a negative correlation is seen
when using Cy = 1.25 x 1072, but becomes positive when using Cy = 2.5 x 1072. This demonstrates that
in addition to the effects on the magnitude of melt, there is in some locations a sensitivity of melt rate

distribution to the parameter used to tune the ocean model outputs. Table 5 shows correlation coeflicients
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between the two FESOM outputs, and also between each pair of observationally-derived datasets. On
many ice shelves, there is a high level of agreement between the different datasets, but this is not the case
everywhere. Further examples can be seen here of ice shelves where different values of Cy in FESOM lead

to uncorrelated distributions of melt, and in one case a moderate negative correlation on Atka.

Overall, 12 of the ice shelves have a strong positive correlation between at least one pair of modelled
and observationally-derived melt rates, and a further 16 have a moderate correlation. This means that
overall more than half of the ice shelves in our analysis (55%) have a modelled melt rate from FESOM with
at least moderate positive correlation to an observationally-derived melt rate, indicating a significant level
of agreement. The FESOM melt rates do not always correlate well with those from the observationally-
derived datasets, however. For example, almost no correlation is seen between FESOM and any of the
observationally-derived datasets on Larsen D, Borchgrevink, Rennick, Lillie, Drygalski or Wilkins. In a
few cases negative correlation is seen — notably on Nansen with the Paolo datset where this is classed as
moderate for both choices of Cy — indicating that the model output is directly contradictory to the data
in these cases. Where the three observationally-derived datasets disagree, our modelled melt rates from
FESOM do not favour any particular one. On Larsen B, for example, the FESOM melt rates correlate
with those of Paolo but not with the other datasets. Meanwhile, on Dotson the strongest correlation is
with the Davison melt rates and on Mertz we find a high correlation with both Adusumilli and Davison,

but not with Paolo.

The FESOM outputs display much higher agreement to observationally-derived datasets than the depth-
dependent melt rate. Looking at the outputs of the simple paramaterisation, we find only ten ice shelves
— 20% of the total — to have at least moderate positive correlation with any of the observational datasets,

and only one instance of a strong positive correlation with the Paolo melt rates on Crosson.

Table 6 shows the same information as Table 4, but for Ice Mesh 2, which has a higher resolution on
the ice shelves. There are no major differences between the correlation results on the two meshes, although
only 49% of the ice shelves have at least moderate positive correlation between a FESOM output and an
observational dataset using this mesh, which is slightly lower than on Ice Mesh 1. This could indicate that

some processes affecting melt rate distributions at length scales below the element sizes on Ice Mesh 1 are

Cambridge University Press



219

220

221

222

223

224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

Annals of Glaciology

Barnes et al.: The importance of modelled melt rate distributions 11

not being represented in the model.

Table 7 shows correlation coefficients between the observationally-derived datasets and the regridded
FESOM melt rates, on Ice Mesh 2. Patterns in these results vary between ice shelves; for example there is
stronger correlation with observationally-derived melt rates on Stange using Grid5, but stronger correlation
on Thwaites using Grid20. In general we see slightly stronger correlation using Grid5 than Grid20 with
Adusumilli and Davison, but weaker correlation with Paolo. This may be connected to the fact that the
Paolo data is provided on a coarser grid than the other datasets, although it is still at a higher resolution

than Gridb.

Visual inspection of melt rate distributions

In several instances the modelled melt rates from FESOM have a higher magnitude than any observed
values. This is seen for George VI and Bach in the Antarctic Peninsula, along with Abbot, Venable and
Cosgrove. It is also the case along sections of the coast around Dronning Maud Land and on Getz, Nicker-
son and Sulzberger. However, we know that magnitudes can be tuned by use of ocean model parameters

such as Cy, and in this work we are focused on the spatial distributions of the melt.

We present in detail the melt rate distributions from all observationally-derived datasets and mod-
elled/parameterised melt on four regions, chosen to represent areas with different correlation behaviour as
well as a variety of ice shelf sizes and locations around the Antarctic coastline. Vigrid and Nivl ice shelves
(Fig. 3) on the Dronning Maud Land coast stand out in the correlation tables due to the FESOM outputs
having completely opposite correlations — positive or negative — depending on the choice of C;. Amery
(Fig. 4), in East Antarctica, is a large confined ice shelf which displays high correlation between FESOM
and observationally-derived datasets in all cases, but no correlation with a depth-dependent melt rate.
Ross Ice Shelf (Fig. 5) is the largest in the world by surface area. Correlation values here are low in most
cases. Crosson Ice Shelf (Fig. 6) uniquely has moderate or strong positive correlation between every pair of
modelled and observed melt rates, including the depth-dependent parameterisation. Its neighbour Dotson
also displays universally positive correlation, although not as strong. This small sample of ice shelves serve
as examples to demonstrate several wider observations without the impracticality of plotting every single

ice shelf around Antarctica. Our melt rate fields for the entirety of Antarctica are available to be examined
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at the reader’s leisure (Barnes, 2026).

Important features of patterns in the melt rates are similar across several large ice shelves. For example,
all modelled and observed melt rates have high melting in the narrow region of Amery (Fig. 4) near the
grounding line, and refreezing occurring down the Eastern side. The refreezing is better reproduced by
FESOM using the higher value of Cy, although still not as pronounced as in the observationally-derived
datasets. Similarly, areas of refreezing on Ross (Fig. 5) and Filchner-Ronne are better represented when
using the higher Cy, but not to the full extent seen in observations. The depth-dependent parameterisation

does not produce any refreezing, having a minimum melt rate of 0 ma~".

High melt rates are often seen in narrow outlets with deep ice-shelf draft, where glaciers and ice streams
feed larger ice shelves. In addition to the examples in our figures of Amery (Fig. 4), Ross (Fig. 5), Dotson
and Crosson (Fig. 6), this can also be seen in all modelled and observed datasets for glaciers flowing into
Filchner-Ronne as well as Brunt, Jelbart and Fimbul along the Dronning Maud Land coast. The depth-
dependent melt rate does not include this fine detail, simply displaying a gradual gradient from higher

melt near the grounding line to lower melt near the ice front without much variability.

Use of the higher value of C; in FESOM often results in a narrow band of higher melting at the ice
front, as can be seen on Ross (Fig. 5), Vigrid and Nivl (Fig. 3). Conversely, on Amery (Fig. 4) a band of
higher melt is more evident at the ice front when using the lower value of Cy. This is a major difference
on the ice shelves where the two FESOM outputs do not display strong or moderate positive correlation.
In some cases, notably on Ross and Filchner-Ronne, such a band of high melt rates can be seen in the
observationally-derived melt rates. In other cases there is no match with the observations, or at least
not with all datasets. The Davison melt rates include bands of higher melt rates at the fronts of several
glaciers which the other datasets do not, as can be seen on Amery. A reason for this difference between
the observationally-derived and modelled outputs could be that warm surface water penetrates into the
cavities under ice shelves in the summer months. We are looking at model results from the end of the year,
in December, and so this summer signal would be seen. It may however show up to different extents on

different ice shelves in the annual mean observations.
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Variable for which Cy=125x10"2 Cy=25x10"2
difference calculated FESOM mesh | Grid5 | Grid20 | FESOM mesh | Grid5 | Grid20

VAF change 4.5% 3.8% 0.4% 3.5% 1.8% 1.4%
Grounded area change 10.4% 11.3% | 83% 7.4% 5% | 1.9%

Table 1. Percentage difference of VAF and grounded area changes after one year of simulation when using Ice

Mesh 2 compared to Ice Mesh 1, for the full range of melt rate data gridding options.

Effects of resolution in a forward simulation

After our year of forward simulation, we look at additional changes in volume above flotation (VAF) and
grounded area across the entire domain using different mesh and data resolutions, compared to the control
simulation. In general, using a higher mesh resolution either for the ice model or for the input melt rate

data leads to faster changes in the ice sheet.

With the same input melt rates from FESOM, simulations in Ua run on Ice Mesh 2 experience up
to 4.5% more VAF loss and up to 11.3% more change in grounded area across the domain over the ini-
tial year than the simulations on Ice Mesh 1. This difference is greatest when the input melt rates are
either the original FESOM outputs or the Grid5 data. The results of this comparison when using the
Grid20 melt rates are generally more similar. It is also notable that larger differences are generally seen
when FESOM uses Cy = 1.25 x 1072, Grounded area changes are consistently more sensitive to the ice
model resolution than VAF changes in the first year, but changes to the grounding line could lead to ad-

ditional melting and more ice loss as the ice sheet evolves further. These results are summarised in Table 1.

Regridding the FESOM melt rates is a proxy for ocean model resolution. Grid20 represents a 1-degree
ocean grid, while Gridb represents a i-degree grid. Compared to using FESOM’s original output, using
Grid20 results in up to 8.5% less VAF loss and up to 8.3% less grounded area change. Results are generally

more similar when using Grid5, which is closer in resolution to the original FESOM mesh, and when using

Ice Mesh 1, which is coarser over the ice shelves. These results are summarised in Table 2.

The importance of mesh resolution in ocean and ice sheet models is well known, with a recent example

showing instances of grounding line migration in Ua only captured with resolutions less than 2km (Sun
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Variable for which Cy=1.25x10"2 Cy=25x10"2
difference calculated Ice Mesh 1 Ice Mesh 2 Ice Mesh 1 Ice Mesh 2

Grid5 | Grid20 | Grid5 | Grid20 | Grid5 | Grid20 | Grid5 | Grid20

VAF change 06% | -4.8% | -01% | -85% | 3.5% -1% 1.9% | -5.6%
Grounded area change | 0.2% | -6.4% 1% -8.2% 2% | -34% | 21% | -83%

Table 2. Percentage difference of VAF and grounded area changes after one year of simulation when using regridded

FESOM outputs compared to outputs on the original mesh, for both ice sheet model meshes.

and Gudmundsson, 2026). Of course, in all modelling work a balance must be found between resolution
and computational efficiency. This is where Ua-FESOM is a very promising setup for future predictive
studies. The triangular mesh structure shared by both components of the coupled model allows for much
finer detail to be modelled than when using regular grids for a similar computational cost, whether on

regional or continental-scale domains.

Effects of melt distribution in a forward simulation

After one year of simulation, we inspect the results of a set of experiments using melt rate distributions
normalised such that they provide the same total melt volume over certain ice shelves. For each of our four
chosen regions detailed previously, we choose the Adusumilli data as our reference and multiply each of the
other forcing products by a factor which causes the same total melt volume. The distributions are those
displayed in Figs. 3-6, and the total annual melt volumes are 10.42km? for Vigrid and Nivl, 53.84km? for
Amery, 64.15km? for Ross, and 54.47 km? for Dotson and Crosson. In all, 24 simulations were run for the
analysis in this section; one for each of the six melt distributions on each of the four ice shelf regions. These
simulations used Ice Mesh 1 and the FESOM outputs on their original mesh. We calculate the additional
changes to VAF and grounded area in the relevant catchment basins of the ice shelves in question (as
defined by Mouginot and others (2017)), compared to the control simulation; that is, the changes which
can be fully attributed to choice of ice shelf basal melt distribution. A summary of results is shown in

Table 3.

As we are only looking at the differences in VAF and grounded area over one year in the catchments of
specific ice shelves, the magnitudes we see in our results are small. However, in proportional terms, there

are very large differences between the impacts of different melt rate products which would likely propagate
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Melt rate distribution Additional VAF change (km?®) | Additional GA change (km?)
V&N | Amery | Ross | D&C | V&N | Amery | Ross | D&C

Adusumilli -0.03 | -0.53 | -0.78 | -0.32 | -3.97 | -5.08 | -27.01 | -2.82
Davison -0.09 | -1.38 0.75 | -0.60 | -7.25 | -22.74 | 19.64 | -6.05
Paolo -0.03 | -0.69 0.26 | -0.42 | -0.96 | -9.35 | -23.67 | -3.78

FESOM (Cy = 1.25 x 1072) -0.06 | -0.43 1.29 | -043 | -3.80 | -2.85 | -28.40 | -5.48
FESOM (Cy = 2.5 x 1072) -0.05 | -0.30 097 | -0.32 | -2.03 | -0.13 -4.21 | -3.22

Depth-based parameterisation | -0.07 | -0.32 142 | -0.54 | -5.94 | -8.10 | -24.18 | -4.29

Table 3. The additional VAF and grounded area (GA) changes compared to a control run, in the catchment area
of the selected ice shelf region when using weighted melt rates to produce the same total melt volume on the ice

shelf. V&N is Vigrid and Nivl, D&C is Dotson and Crosson.

into greater magnitudes over a longer simulation. The most extreme example is the Davison melt distribu-
tion on Amery causing 175 times more loss of grounded area than FESOM outputs with Cy = 2.5 x 1072
(22.74km? compared to 0.13km?), and almost 5 times the amount of VAF loss. The Davison dataset is
particularly notable as an outlier on Amery, where it produces a large amount of refreezing and thus the
magnitudes of melting areas are amplified during the normalisation to equalise the total melt volume with
the other datasets. Therefore, there is higher melt in the narrow section at back of the ice shelf than in
the other datasets. While admittedly an extreme case, this is a valuable demonstration of the importance
of considering melt rate distribution rather than relying entirely on total melt volume across an ice shelf.
On Ross ice shelf, there are instances of different melt rate distributions causing changes of opposite signs,
showing that differing distribution of the same total melt volume has the potential to affect whether the
ice sheet gains or loses mass. Since these results used Ice Mesh 1, the differences could potentially be larger

if the mesh were refined over the ice shelves as in Ice Mesh 2.

In Fig. 7 we plot the differences in ice speed and thickness between the simulations which displayed
the most different VAF and grounded area changes. On the slow-flowing Vigrid and Nivl ice shelves, the
differences in thickness due to melt distributions do not significantly impact the ice speed. For the other
three regions, where the ice flows faster, the largest differences are seen on the floating ice where the
differences in melt rate distributions have the most immediate impact. Differences in ice speed on all the

1

ice shelves vary on the order of 10ma~!, and up to around 50ma~! on some parts of Crosson. Similar
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Vigrid and Nivl Amery Ross Dotson and Crosson
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Fig. 7. Differences in ice speed and thickness after one year, between pairs of simulations forced by different melt
distributions, selected due to having the greatest differences in VAF and grounded area changes on the selected ice
shelf region. The melt rate distributions are normalised to produce the same total melt volume, and are pictured in

Figs. 3-6. FESOM (2.5) refers to the FESOM melt rates using Cy = 2.5 x 1072,
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speed differences are seen over grounded ice in the glaciers flowing out onto Amery, Dotson and Crosson,
where the Davison melt distribution produces higher melt rates at the grounding lines and drives faster
flow. Proportionally, speed differences between simulations using different melt distributions are on the
order of 2-3% of the initial ice speed across much of Amery and Crosson, with peaks reaching around 10%

in a few locations at the grounding lines.

CONCLUSIONS

The results of our correlation analysis validate the spatial distributions of melt rates produced by FESOM
— the ocean component of our coupled model — against data derived from observations, when interpolated
onto the mesh used by Ua — the ice component. We have shown that melt rate patterns produced for
a majority of Antarctic ice shelves are at least moderately correlated (Pearson’s Correlation Coefficient
r >0.4) with at least one observationally-derived melt rate and using at least one of the two values we
tested for the turbulent exchange coefficient. Correlation is far better when using FESOM outputs rather
than a depth-dependent melt rate, demonstrating the value of a coupled modelling approach compared to

simple parameterisations.

An obvious issue with the FESOM outputs is that, while they perform better than a simple parame-
terisation, the quality of any one output is not universal. This would be true of melt rates derived from
any ocean model. The value of Cj can be used to “tune” the model to match magnitudes of observed melt
in a specific region. However, this parameter would need to be set to different values to best represent
different ice shelves. We show here that changing this value not only alters the magnitude of the melt
rate, but can also cause significant changes in how the melt is distributed across an ice shelf in some cases.
This highlights a localised sensitivity to varying ocean model parameters. Those ice shelves in our analysis
for which melt rate distributions do not correlate with observations may do so after tuning Cy to capture
local behaviour. As a result, we suggest that future simulations of the whole of Antarctica should consider
varying the drag coefficient — or any other tuning parameter — spatially rather than implementing it as a
constant, in order to capture the important differences between individual ice shelves as in, for example,
Nakayama and others (2017). While set up initially for full circum-Antarctic simulations, other use cases
for Ua-FESOM may be in regional studies, where local magnitudes and distributions of present-day melting

can be more closely reproduced by tuning the ocean model parameters.
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Unsurprisingly, model resolution is shown to be an important consideration for both the ocean and ice
sheet components. Higher resolution in either the ice sheet model or the melt rate forcing from the ocean
model leads to larger changes in VAF and grounded area over the first year of model simulation, with
differences on the order of 10% compared to our lower resolution meshes. This will likely propagate into

future years of simulation in longer runs.

By running simulations with different melt rate products normalised to produce the same total mag-
nitude of melt over ice shelves, we show that the distribution of melt can make a large difference to the

I are seen on the larger

evolution of the ice sheet. We show that differences in speed on the order of 10 ma™
ice shelves, with these speed differences propagating inland. The largest differences, around 10% of the
ice speed, are at the grounding lines of specific glaciers where particularly high melt is produced by some

distributions. This emphasises the greater influence of melt in specific areas, and thus the importance of

ice shelf basal melt rate distributions in driving the evolution of ice sheets.

To summarise, in this work we have demonstrated that the Ua-FESOM coupled ice sheet-ocean model
does a good job of reproducing observed melt rate distributions, achieving at least moderate correlation
on half of the ice shelves in our study. We have shown that melt rate distributions can be greatly affected
by the choice of the drag coefficient C,;, which is used to tune the modelled melt rates, and thus localised
tuning could produce good results for those ice shelves on which we did not match observations. We have
also demonstrated how much melt distributions matter, and the importance of model resolution in the ice
sheet-ocean modelling context. To address both of these factors in future predictive studies, we encourage
further work with Ua-FESOM and recommend development and use of other such coupled model setups

with triangular mesh structures in both components.
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APPENDIX: CORRELATION TABLES

25

Ice Shelf

Number of elements
used in calculation

Adu Dav Pao

FESOM correlation
Cy=1.25x%x10"2
Adu Dav Pao

FESOM correlation
Cy=25x1072
Adu Dav Pao

Correlation with
depth-based melt rate

Adu Dav Pao

Larsen B
Larsen C
Larsen D
Ronne
Filchner
Brunt
Riiser-Larsen
Quar
Ekstrom
Atka

Jelbart
Fimbul
Vigrid

Nivl

Lazarev
Borchgrevink
Baudouin
Prince Harald
Amery

West
Shackleton
Tracy Tremenchus
Conger-Glenzer
Totten
Moscow University
Holmes
Dibble

Mertz

Ninnis

Cook
Rennick

Lillie

1102 1015 960
14014 13180 12935
6587 8147 7909
80885 74443 71513
31494 29072 27611
8705 9063 8569
13222 12745 12017
1168 1112 966
3159 3082 2737
874 838 740
4506 4320 4006
11170 10495 9966
1097 1071 923
3016 2897 2623
2692 2499 2396
8185 7911 7497
9587 9066 8839
2074 2191 1903
21026 20133 18172
5607 5025 4842
6339 5790 5577
0 1047 983

0 569 558
2920 2800 2184
2825 2750 2361
932 964 871
0 715 554
1567 1313 1405
0 451 662
1542 1476 1292
1729 1702 1625
0 303 287

0.23 -0.13 0.40
0.10 0.22 0.25
0.22 0.07 -0.01
0.44 0.46 0.34
0.35 0.51 0.44
0.42 0.24 0.13
0.10  0.17 0.29
-0.10 -0.10 0.02
-0.03 -0.17 0.12
0.10 -0.06  -0.35
0.38 0.43 0.37
0.56 0.58 0.35
-0.43 -0.24 -0.37
-0.20 -0.04 -0.24
-0.15  0.18 0.15
-0.12  0.12 0.04
0.26 0.43 0.52
0.09 032 0.55
0.64 0.68 0.58
0.05 0.06 -0.10
0.28 0.20 0.21
0.43 0.40

0.01  -0.10

0.06  0.20 0.02
0.23 0.55 0.49
0.22 0.51 0.42
0.49 0.30

0.53 0.54 -0.28
0.58 0.36

0.18  0.00 0.07
-0.01 -0.13  -0.02
0.16 0.14

0.11 -0.22  0.66
0.08 0.21 0.37
0.15 0.02 0.14
0.54 0.57 0.46
0.37 0.53 0.53
0.43 0.40 0.14
0.27  0.31 0.33
0.26 0.20 -0.28
0.26 0.29 0.09
0.28 0.43 0.70
0.45 0.45 0.36
0.68 0.67 0.47
0.10 0.41 0.37
0.49 0.40 0.50
0.36  0.23 0.03
-0.02  0.23 0.16
0.32 0.48 0.53
0.21 0.45 0.62
0.67 0.70 0.62
0.02 0.03 -0.02
0.08  0.03 0.06

0.47 0.33

0.06 = 0.59
0.02  0.16 0.29
0.32 0.59 0.61
0.11  0.27 -0.10

0.53 0.29
0.58 0.60 -0.15

0.50 0.38
0.08 -0.09 0.08
-0.01 -0.14 -0.11

0.09 0.03
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0.39 0.14 ' -0.58
0.03 0.28 0.16
0.08 0.23 -0.04
-0.13 -0.14 -0.16
-0.10 0.12 0.10
0.21 0.13 0.03
0.02 0.12 0.30
-0.07  -0.16 -0.11
-0.10  -0.22 0.22
0.29 0.07 -0.14
0.01 0.10 0.15
0.14 0.24 0.10
-0.57 -0.50 -0.59
-0.30  -0.13  -0.38
-0.17 0.13 0.13
-0.31  -0.10  -0.03
-0.07 0.06 0.27
0.06 0.17 ~ 0.51
0.08 0.21 0.22
0.06 -0.02 -0.10
-0.04 0.04 0.20
0.11 0.30

-0.13  -0.13

0.05 0.19 -0.19
0.04 0.09 0.18
0.08 0.18 0.05
-0.11 ~ -0.33

0.35 0.42 -0.40
-0.20 0.38

0.22 -0.19 0.10
0.30 0.22 0.25
-0.34  -0.16
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Mariner
Nansen
Drygalski
Ross East
Ross West
Sulzberger
Nickerson
Getz
Dotson
Crosson
Thwaites
Pine Island
Cosgrove
Abbot
Venable
Stange
George VI
Bach
Wilkins

1215 988
924 772
479 521

33357 32189
50143 46342
4949 4440
2679 2724
14664 13629

2724 2712
1279 1015

971 505
2964 2248
1689 1486

10871 10352
1562 1482
3641 3513

11358 10549
2662 2393
4506 3943

1061
731
656

29963
44035
3947
2336
12925

2043

1246

1050

2493

1402

9473

1370

3216

10029

2118

3909
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-0.10
0.13
-0.13
0.29
0.16
0.40
0.27
0.15
0.45
0.42
0.01
0.62
0.27
0.27
0.07
0.50
0.19
-0.03
0.00

0.03
-0.24
-0.22

0.31

0.06

0.38
0.46

0.18
0.61
0.69
0.43
0.77

0.28
0.49

0.15
0.57

0.19
-0.12

0.06

0.32
-0.41
0.19
0.28
0.13
0.53
0.45
0.13
0.52
0.82
0.31
0.49
0.22
0.54
-0.09
0.55
0.20
-0.24
0.03

-0.06
0.20
0.02
0.29
0.23

0.40
0.31
0.09
0.24

0.41

-0.20

0.48
0.12

0.41
0.06

0.66
0.24

-0.02
0.00

-0.13
-0.04
-0.16
0.40
0.27
0.39
0.43
0.13
0.42
0.59
0.14
0.61
0.13
0.52
0.14
0.69
0.22
-0.12
0.07

0.37
-0.47
-0.12
0.41
0.09
0.54
0.19
0.12
0.27
0.81
0.21
0.33
0.11
0.64
0.01
0.72
0.27
-0.23
0.05

0.21
-0.15
0.42

0.03

0.14

0.36

0.18

0.10

0.22
0.50
-0.16
0.49

0.13

0.24

0.07
0.52

0.12

0.05

0.27

-0.01
0.20
-0.30
-0.04
-0.13
0.36
0.23
0.23
0.30
0.43
0.26
0.50
0.10
0.39
0.06
0.57
0.16
0.13
0.48

-0.29
0.37
-0.30
-0.05
0.14
0.49
0.43
0.22
0.33
0.83
0.23
0.40
0.17
0.45
0.01
0.56
0.20
0.16
0.40
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Table 4. This table details correlations between melt rates on each of our chosen ice shelves, calculated on Ice

Mesh 1. The first columns show the number of elements included in calculations with each observationally-derived

dataset. Differences in coverage mean these are not all the same. An area-weighted Pearson’s Correlation Coefficient

was calculated between the observationally-derived datasets and outputs from FESOM - using two different values for

turbulent exchange coefficient Cy - as well as a simple depth-dependent melt rate. Ice shelves are listed by position,

clockwise around Antarctica starting at the tip of the Peninsula. The strength of coloured shading indicates the

strength of similarity, with red for positive and blue for negative correlation. Values in bold have magnitude > 0.4

and are counted as a moderate correlation, while values in a coloured font have magnitude > 0.6 and are counted

as a strong correlation. We refer to the datasets by abbreviations of the first author names; Adu for Adusumilli and

others (2020), Dav for Davison and others (2023) and Pao for Paolo and others (2023).

Ice Shelf Number of elements used in correlation Correlation between dataset pairs
FESOM Adu-Dav Adu-Pao Dav-Pao | FESOM Adu-Dav Adu-Pao Dav-Pao
Larsen B 1350 992 929 886 0.78 0.41 -0.22 -0.21
Larsen C 15954 13130 12455 12254 0.79 0.41 0.07 0.31
Larsen D 11344 5429 5415 7237 0.78 0.28 0.11 0.07
Ronne 83094 74402 71458 70676 0.84 0.71 0.61 0.72
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Filchner
Brunt
Riiser-Larsen
Quar
Ekstrom
Atka

Jelbart
Fimbul
Vigrid

Nivl

Lazarev
Borchgrevink
Baudouin
Prince Harald
Amery

West
Shackleton
Tracy Tremenchus
Conger-Glenzer
Totten
Moscow University
Holmes
Dibble

Mertz

Ninnis

Cook
Rennick
Lillie
Mariner
Nansen
Drygalski
Ross East
Ross West
Sulzberger
Nickerson
Getz

Dotson

32205
10181
14295
1329
3501
981
5065
12281
1267
3365
2958
9181
10342
2846
22989
6503
7299
1534
714
3600
3792
1483
888
1795
1167
1785
2232
550
1603
1252
1011
36300
51215
6884
3411
16613
3521

28977
8253
12605
1105
3039
830
4295
10439
1048
2854
2481
7738
9047
1870
19805
4935
5647
0

0
2624
2584
749

1295

1444
1537
0

962
748
367
31194
46297
4287
2494
13544
2486

27550 27420
8028 8281
11900 11833
965 959
2729 2725
738 732
3982 3987
9903 9734
917 922
2612 2567
2376 2300
7304 7303
8771 8634
1685 1792
18120 17850
4750 4480
5442 5239
0 880

0 511
2145 2033
2250 2293
712 801

0 548
1378 1231
0 343
1292 1280
1486 1539
0 231
1011 882
714 637
389 454
29159 29743
43941 43478
3764 3695
2206 2286
12766 12447
2033 2004

27
0.33 0.21 0.23
-0.34 0.19 0.10 0.29

0.13 0.47
0.32 0.48
0.28

0.22 0.53
0.05 0.36

Cambridge University Press
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Crosson

Thwaites
Pine Island

Cosgrove

Abbot
Venable

Stange

George VI

Bach
Wilkins

Table 5.

1938 691
1729 415
3672 2027
2015 1456
13377 9898
1830 1444
4586 3253
13051 10437
3185 2365
5572 3860

1040 725
738 295
2383 1837
1396 1312
9137 8919
1354 1332
3076 3068
9838 9612
2102 2008
3747 3428

The ice sheet model mesh, Ice Mesh 1, is the same as in Table 6.

0.98 0.55
0.93 0.82
0.92 0.78
0.94 0.50
0.87 0.53
0.88 0.41
0.91 0.82
0.92 0.64
0.98 0.35
0.92 0.71

28

0.54 0.69
0.17 -0.04
0.62 0.87
0.41 0.68
0.57 0.82
0.24 0.12
0.82 0.86
0.54 0.71
0.22 0.52
0.54 0.78

Correlation coefficients between the two different FESOM outputs, and each pair of observational datasets.

Ice Shelf Number of elements FESOM correlation FESOM correlation Correlation with
used in calculation Cy=1.25x 1072 Cy=25x%x10"2 depth-based melt rate
Adu Dav Pao Adu Dav Pao | Adu Dav Pao Adu Dav Pao
Larsen B 1575 1478 1421 0.18 -0.26 038 | 0.11 -0.24 0.66 0.38 0.13 | -0.59
Larsen C 29528 28508 29979 0.09 022 024 | 007 020 0.36 0.07 0.28 0.21
Larsen D 11084 14362 13759 0.21 0.07 -0.02 | 0.14 0.01 0.13 0.08 0.24 -0.03
Ronne 201894 193548 189765 | 0.41 0.45 0.34 | 0.52 0.56 0.47 | -0.13 -0.13 -0.15
Filchner 71979 68820 66935 0.33 0.51 0.44 | 035 0.53 0.53 | -0.10 0.14 0.12
Brunt 22047 22778 22281 036 0.18 0.13 | 0.38 0.35 0.14 0.22 0.14 0.02
Riiser-Larsen 30089 29232 28170 0.10 0.17 029 | 0.26 0.30 0.33 0.04 0.15 0.32

Quar
Ekstrom

Atka

Jelbart
Fimbul
Vigrid

Nivl

Lazarev
Borchgrevink

Baudouin

Prince Harald

Amery
West

1732 1664 1465

5490 5440 4925

1446 1409 1270
8313

8093 7625

26038 24431 24020

1700 1676 1493

5582 5415 5038
5954 5586 5446
15665 15242 14698
22533 21606 21406
3244 3439 3042
43778 42297 40030
10756 9521 9548

-0.11  -0.11  0.05
-0.05 -0.20 0.11
0.12 -0.06 -0.35
0.40 0.43 0.38
0.49 0.55 0.36
-0.41 -0.25 -0.39
-0.18 -0.03 -0.23

-0.16  0.18 0.16
-0.14  0.08 0.05

020 0.39 0.53
0.13 031 0.56
0.63 0.68 0.58
0.00 0.04 -0.09

0.25 0.20 -0.27

0.25 0.29 0.08

0.31 0.42 0.70
0.47 0.46 0.38
0.60 0.65 0.49

0.11 0.42 0.38
0.49 039 0.51
0.37 0.21 0.05

-0.04  0.20 0.17

0.27 0.44 0.54
026 0.44 0.63
0.67 0.71 0.63
0.01 0.02 -0.01

Cambridge University Press

-0.05 -0.15 -0.11
-0.08  -0.21 0.23
0.32 0.09 -0.13

0.02 0.09 0.14
0.16 0.28 0.14
-0.57

-0.49 -0.56

-0.30  -0.10  -0.35
-0.16 0.14 0.11
-0.32  -0.09 -0.02
-0.06 0.09 0.27
0.15 0.20 0.54
0.09 0.22 0.22

0.07 -0.01 -0.11
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Shackleton
Tracy Tremenchus
Conger-Glenzer
Totten
Moscow University
Holmes
Dibble
Mertz
Ninnis
Cook
Rennick
Lillie
Mariner
Nansen
Drygalski
Ross East
Ross West
Sulzberger
Nickerson
Getz
Dotson
Crosson
Thwaites
Pine Island
Cosgrove
Abbot
Venable
Stange
George VI
Bach
Wilkins

15555
0

0
4564
4188
1338

2597

2601
2387
0
1726
1319
1070
94548
147401
7418
4294
25186
4243
1950
1776
4546
2418
20048
2415
5720
18300
3661
7620

14262
1781
991
4301
4093
1371
1094
2123
611
2540
2373
382
1426
1100
1014
93422
142105
6790
4433
23656
4202
1490
808
3316
2143
19462
2315
5591
17134
3324
6823

14370
1699
956
3542
3637
1233
849
2381
941
2215
2288
372
1528
1086
1257
90679
138413
6145
3879
22845
3314
1961
1968
3941
2081
18127
2152
5269
16690
3009
7010

0.06

0.04
0.22
0.14

0.49

0.16
-0.05

-0.11
0.13
-0.14
0.29
0.16
0.40
0.24
0.13
0.45
0.43
0.01
0.62
0.23
0.26
0.02
0.51
0.19
-0.04
-0.02

0.07
0.40
0.01
0.21
0.51
0.40
0.38
0.52
0.27
-0.01
-0.18
0.17
0.02
-0.18
-0.22
0.30
0.05
0.36
0.36
0.18
0.63
0.70
0.42
0.77
0.23
0.47
0.09
0.58
0.17
-0.15
0.04

0.20
0.41
-0.08

0.01
0.50
0.43

0.14
-0.28

0.35

0.08
-0.06

0.11

0.31
-0.38
-0.15

0.29

0.13
0.54
0.43

0.13
0.54
0.84

0.31
0.50

0.18
0.54
-0.09
0.55

0.21
-0.26

0.02

0.00

0.00
0.31
0.02

0.55

0.08
-0.03

-0.07
0.25
0.02
0.29
0.23

0.40
0.26
0.07
0.23

0.42

-0.22

0.48
0.08

0.41
0.01

0.67
0.24

-0.03

-0.03

-0.02
0.44
0.07
0.17
0.55
0.11
0.39
0.59
0.30
-0.09
-0.16
0.10
-0.14
-0.03
-0.14
0.40
0.27
0.37
0.27
0.12
0.44
0.61
0.11
0.62
0.08
0.51
0.08
0.70
0.20
-0.15
0.06

0.06
0.38
0.60
0.29
0.62
-0.10
0.09
-0.15
0.37
0.08
-0.12
-0.01
0.38
-0.47
-0.27
0.43
0.10
0.54
0.15
0.12
0.28
0.83
0.21
0.34
0.07
0.64
0.01
0.73
0.28
-0.25
0.04

-0.05

0.03
0.03
0.18

0.34

0.19
0.32

0.25
-0.16
0.46

0.04

0.14
0.40

0.20

0.10

0.29
0.50
-0.18
0.51

0.14

0.28

0.06
0.54

0.13

0.03

0.30

0.04
0.24
-0.14
0.16
0.15
0.19
-0.11
0.42
-0.16
-0.17
0.24
-0.36
0.04
0.24
-0.35
-0.03
-0.12
0.36
0.24
0.24
0.36
0.44
0.25
0.51
0.21
0.40
0.03
0.59
0.17
0.16
0.50
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0.20
0.21
-0.12
-0.19
0.20
0.03
-0.34
-0.41
0.36
0.13
0.27
-0.26
-0.28
0.38
-0.28
-0.03
0.15
0.50
0.42
0.25
0.34
0.83
0.25
0.41
0.13
0.47
0.00
0.57
0.20
0.11
0.41

Table 6. Exactly as Table 4, for calculations on Ice Mesh 2.

Ice Shelf

FESOM correlation

Cy=125x10"2

5km gridded data

FESOM correlation

Cy=25x10"2

5km gridded data

FESOM correlation

Cy=125x10"2

20km gridded data

Cambridge University Press

FESOM correlation

Cy=25x10"2

20km gridded data



Page 31 of 31 Annals of Glaciology

Barnes et al.: The importance of modelled melt rate distributions

Adu Dav Pao Adu  Dav Pao Adu Dav Pao Adu  Dav Pao
Larsen B 0.18 -0.26 0.43 | 0.10 -0.26 0.70 | -0.12 -0.51 0.68 | -0.03 -0.36  0.70
Larsen C 0.10 0.22 0.25 | 0.07 0.20 0.37 0.14 0.25 0.25 | 0.09 0.23 0.36
Larsen D 0.21 0.06 -0.01 | 0.14 0.00 0.14 0.23 0.06 0.05 | 0.18 0.03 0.18
Ronne 0.42 0.46 0.35 | 0.53 0.57 0.48 0.39 0.43 0.31 | 0.52 0.57 0.47
Filchner 0.33 0.52 0.45 | 035 0.53 0.54 032 0.52 0.46 | 035 0.52 0.55
Brunt 0.36  0.19 0.13 | 0.39 0.36 0.14 0.39 0.23 0.17 | 0.38 0.38 0.16
Riiser-Larsen 0.10 0.17 0.30 | 0.26 0.30 0.33 0.08 0.14 024 | 025 0.28 0.31
Quar -0.09 -0.11 0.02 | 0.26 0.21 -0.27 0.02  -0.07 0.16 | 0.27 030 -0.11
Ekstrom -0.07 -0.21 0.12 | 0.25 0.29 0.08 | -0.12 -0.29 0.11 | 0.19 0.25 0.06
Atka 0.13 -0.07 -0.36 | 0.30 0.41 0.71 | -0.02 -0.04 -0.29 | 0.18 0.29 @ 0.65
Jelbart 0.40 0.46 0.39 | 0.48 0.48 0.39 0.34 0.50 0.41 | 0.45 0.53 0.43
Fimbul 0.48 0.56 0.37 | 0.60 0.66 0.49 | 0.48 0.56 0.39 | 0.65 0.70 0.56
Vigrid -0.45 -0.30 -0.40 | 0.16 0.45 0.45 | -0.56 -0.27 -0.40 | 0.40 0.49 0.44
Nivl -0.19 -0.02 -0.23 | 0.51 0.40 0.53 | -0.20 0.03 -0.18 | 0.57 0.45 0.64
Lazarev -0.15  0.19 0.18 | 0.37 0.21 0.06 | -0.17 0.19 0.15 | 0.37 0.23 0.12
Borchgrevink -0.16  0.08 0.05 | -0.05  0.20 0.17 | -0.17 0.07 0.06 | -0.06  0.18 0.16
Baudouin 0.20 039 0.54 | 027 0.45 0.55 0.12 0.27 0.47 | 020 0.34 0.50
Prince Harald 0.14 031 0.58 | 0.27 0.44 0.65 0.13 0.28 0.57 | 0.09 0.32 0.61
Amery 0.63 0.68 0.57 | 0.66 0.71 0.62 | 0.60 0.65 0.52 | 0.64 0.69 0.55
West 0.01 005 -0.10 | 0.01 0.02 -0.02 | -0.01 0.04 -0.18 | 0.09 -0.06 -0.12
Shackleton 0.06 0.07 0.21 | -0.01 -0.03 0.05 | -0.03 0.10 0.10 | -0.05 -0.04 -0.01
Tracy Tremenchus 0.40 0.41 0.43 0.37 0.32  0.42 0.35 0.35
Conger-Glenzer 0.01 -0.11 0.09 | 0.62 0.32 0.49 0.13 | 0.62
Totten 0.07 0.23 0.02 | 0.01 0.18 0.31 0.00 0.18 -0.08 | -0.12  0.02 0.21
Moscow University 024 0.56 0.55 | 0.33 0.58 0.66 0.31 0.61 0.58 | 0.23 0.49 0.46
Holmes 0.17 0.45 0.46 | 0.00 0.11 -0.12 0.23 0.43 0.26 | -0.34 -0.36 -0.14
Dibble 0.45 0.29 0.48 0.24 0.51 0.45 0.58 0.46
Mertz 0.48 0.55 -0.29 | 0.55 0.62 -0.15 | 0.43 0.57 -0.40 | 0.54 0.68 -0.16
Ninnis 0.28 0.34 0.29 0.37 0.29 0.27 0.40 0.35
Cook 0.16 -0.03 0.09 | 0.08 -0.09 0.10 0.19 0.00 -0.02 | 0.15 -0.16 -0.01
Rennick -0.08 -0.19 -0.08 | -0.04 -0.15 -0.13 | -0.33 -0.30 -0.28 | -0.11 -0.11  -0.22
Lillie 0.06 0.12 -0.02 0.00 -0.05 0.31 -0.35  -0.20
Mariner -0.10 0.01 0.34 | -0.10 -0.14 0.37 | -0.08 -0.04 0.46 | -0.10 -0.13 0.55
Nansen 0.14 -0.20 -0.43 | 0.27 -0.03  -0.51 0.07 -0.13 -0.43 | 0.22 0.09 @ -0.45
Drygalski -0.14 -0.29 -0.15 | 0.06 -0.22 -0.30 0.30 -0.29 0.07 | 0.22 -0.17 -0.08
Ross East 0.29 0.31 0.29 | 0.30 0.40 0.43 0.27 0.29 0.25 | 0.29 0.38 0.43
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Ross West 0.17  0.05 0.14 | 0.23 0.27 0.10 0.18 0.07 0.15 0.26  0.32 0.06
Sulzberger 0.41 0.37 0.55 | 0.41 0.38 0.56 0.39 0.35 0.53 | 0.41 0.38 0.58
Nickerson 0.23 0.36 0.43 0.26 0.27 0.13 0.10 0.29 0.49 0.09 0.17 0.18
Getz 0.15 0.20 0.15 0.09 0.13 0.14 0.18 0.31 0.24 0.08 0.16 0.18
Dotson 0.47 0.68 0.54 0.21 0.45 0.25 0.41 0.67 0.47 0.24 0.54 0.28
Crosson 0.49 0.76 0.86 | 0.49 0.66 0.85 0.52 0.73 0.88 | 0.53 0.67 0.88
Thwaites 0.02 0.40 0.34 | -0.24 0.12 0.25 0.17 | 0.70 0.67 | 0.06 ' 0.59 0.67
Pine Island 0.64 0.78 0.50 | 0.49 0.60 0.33 0.40 0.77 0.51 0.24 ' 0.63 0.36
Cosgrove 0.26  0.25 0.22 0.09 0.09 0.10 0.17 0.23 0.06 | -0.03 0.04 -0.07
Abbot 0.27 0.48 0.56 | 0.43 0.53 0.68 0.18 0.43 0.50 0.37 0.53 0.66
Venable 0.04 0.10 -0.02 | -0.01 0.06 0.08 | -0.10 -0.01 -0.13 | -0.09 -0.11  -0.10
Stange 0.54 0.64 0.60 | 0.70 0.76 0.78 0.38 0.54 0.44 | 0.46 0.59 0.54
George VI 0.21 0.17 0.23 0.26 0.20 0.30 0.24 0.12 0.24 0.29 0.14 0.30
Bach -0.04 -0.16 -0.27 | -0.03 -0.16 -0.26 | -0.07 -0.25 -0.42 | -0.05 -0.26 -0.41
Wilkins -0.04  0.05 0.01 | -0.05  0.06 0.03 | -0.06 -0.03 -0.06 | -0.06 -0.03 -0.05
Table 7. Correlation coefficients using regridded FESOM outputs at two different resolutions: 5km and 20 km.

The ice sheet model mesh, Ice Mesh 2, and therefore the number of elements used for each calculation, is the same

as in Table 6.
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