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Supplementary Information

In about year 2075 of our simulation warm water carried by the coastal current

begins to enter continously the Filchner Trough (see Fig. 2; main text). To reveal the

mechanism behind the redirection of the coastal current the atmospheric forcing of the

HadCM3-B A1B scenario was analyzed and additional experiments were performed.

A trend analysis for the period 2000–2099 of the atmospheric forcing (2-m temperature,

specific humidity, short-wave/long-wave downward radiation, precipitation minus

evaporation, and 10-m wind) indicates the largest linear trends for the 2-m temperature

and the long-wave downward radiation. In the eastern Weddell Sea the trends for

temperature and long-wave heat flux amount to 4 ◦C/century and 10W/m2/century,

respectively. In addition, the analysis for the period 2000–2049 shows that about 80% of

the changes occur in this time period. On top of the linear trends, strong year-to-year

variability complicates the analysis of the mechanism controlling the redirection of the

coastal current. Therefore, four additional experiments were conducted.

For the period 2000–2099 the linear trend was removed from all forcing variables

and BRIOS was run with the new fields starting from year 2000 of the HadCM3-

B 20th-century experiment. HadCM3-B detr shows no increase in mass loss at the

Filchner-Ronne Ice Shelf (FRIS) base (Fig. S1; compare black and magenta lines).

For the period 2060–2069, prior to the onset of the redirection of the coastal current in

the ’standard run’ HadCM3-B A1B, differences in sea-ice thickness, sea-ice concentration

and ocean-surface stress (at the ice–ocean interface) between HadCM3-B A1B and

HadCM3-B detr experiments were calculated (Fig. S2). Over the Filchner Trough the

sea ice is thinner by up to 2 m, the sea-ice concentration is reduced by up to 30%, and

the ocean-surface stress is stronger by about 4mN/m2. This corresponds to an increase

of the ocean-surface stress of more than 100% (see also Fig. 3b; main text).
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According to this analysis we propose the following mechanism driving the redirection

of the coastal current: The increase in 2-m temperature and long-wave downward

radiation reduces the sea-ice thickness and concentration in the southeastern Weddell

Sea, making the ice more mobile. Consequently, the stress at the ocean surface, which

directs to the southwest, increases. The Ekman spiral deflects the deeper ocean current

to the left, allowing the coastal current to enter the Filchner Trough.

Three more experiments were designed to test this hypothesis. In the first experiment

all forcing fields were detrended except the 2-m temperature (HadCM3-B 2mt). This

experiment shows, same as HadCM3-B-detr, no increase in mass loss at the FRIS base

(Fig. S1; green line). The second experiment with all forcing fields detrended except the

long-wave downward radiation (HadCM3-B lwdw) displays again no increase in basal

melting beneath FRIS (Fig. S1; blue line). Only the third experiment with all forcing

fields detrended except the 2-m temperature and the long-wave downward radiation

(HadCM3-B 2mt-lwdw) reveals a basal mass loss which is almost identical to the FRIS

basal mass loss in the ’standard run’, but delayed by about 10 years (Fig. S1; red line).

The comparison of sea-ice thickness, sea ice concentration, and ocean-surface stress of

the experiments HadCM3-B 2mt-lwdw and HadCM3-B detr in the southern Weddell

Sea for the period 2070-79 (Fig. S3) is very similar to the results shown in Fig. S2. This

indicates that the trends in 2-m temperature and long-wave downward radiation explain

virtually all of the reduction of sea-ice thickness and concentration, and the increase in

ocean-surface stress over the Filchner Trough. The trends in the other forcing variables

(e.g. wind) are not negligible but only contribute to a triggering of the redirection of the

coastal current and, consequently, the increase in FRIS basal mass loss 10 years earlier.

Essential for the change in the ocean-surface stress therefore is the thermodynamically

forced reduction of sea-ice concentration and thickness over the southeastern Weddell

Sea continental shelf (Fig. 1; main text).
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Figure S1 | 2000–2099 modelled basal mass losses (Gt/yr) for the Filchner-Ronne

Ice Shelf. The black line represents forcing BRIOS with HadCM3-B A1B output, the

magenta line is from the run with all forcing fields detrended, the green line from the run

with all forcing fields detrended except the 2-m temperature, the blue line from the run with

all forcing fields detrended except the long-wave downward radiation, and the red line for all

forcing fields detrended except the 2-m temperature plus the long-wave downward radiation.
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Figure S2 | Distributions in the Weddell Sea for the period 2060–2069. The top

row shows mean sea-ice concentration, the middle row sea-ice thickness, and the bottom

row ocean-surface stress. The left column displays the results for the baseline experiment

HadCM3-B A1B, the middle column the results for the HadCM3-B detr experiment, and

the right column illustrates the differences between the results of HadCM3-B A1B and

HadCM3-B detr.
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Figure S3 | Distributions in the Weddell Sea for the period 2070–2079. The top

row shows mean sea-ice concentration, the middle row sea-ice thickness, and the bottom row

ocean-surface stress. The left column displays the results for the HadCM3-B 2mt-lwdw ex-

periment, the middle column the results for HadCM3-B detr experiment (same as in Fig. S2),

and the right column illustrates the differences between the results of HadCM3-B d2mt-lwdw

and HadCM3-B detr.
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Figure S4 | Near-bottom temperatures in the Weddell Sea for the year 2037.

Values, representing the layer 60 m above bottom, are from FESOM forced with the output

of the HadCM3-B A1B scenario. In contrast to the BRIOS results (Fig. 2: year 2037; main

text), early pulses of warm water into the Filchner Trough reach far south into the Filchner

Ice Shelf cavity. The thick gray line marks the ice shelf fronts.
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Figure S5 | Basal mass losses (BML) in giga-tons per year (1 Gt = 1012 kg). Thin

(thick) lines represent simulations forced with the atmospheric output of the climate models

HadCM3-A (HadCM3-B). HadCM3-A forcing is available only for the period 1900–2099 and

the A1B scenario (Tab. 1; main text). Solid (dashed) lines display simulations forced with

20th century and A1B (E1) atmospheric output. Black lines show BML for the Filchner

Ronne Ice Shelf and the gray line BML for the Ross Ice Shelf (RIS). The red line illustrates

the basal mass loss for the Filchner-Ronne Ice Shelf from FESOM forced with 20th century

and A1B atmospheric forcing of the climate model HadCM3-B. Due to computational

constraints, which are imposed by the large number of grid nodes (1.85 million) and the

small time-step (180 seconds), the FESOM time series starts in 1960 and has reached 2129

at the time of writing. The inset provides a short definition of all lines.


