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This supplementary material contains additional detail on the analysis, in support of the findings described in6
the main manuscript. In Supplementary Section 1, we discuss the dynamics which lead to the accelerated7
deep-ocean carbon accumulation in the 2080s, which is only briefly summarized in the main text. Thereafter,8
additional figures are provided in Supplementary Section 2: Besides additional detail on the deep-ocean9
carbon budget, water mass properties, and water mass transformations in the southern and eastern Weddell10
Sea (Fig. S1-S10 & S13), Supplementary Figures S11 & S12 and S14 & S15 show the comparison of11
simulated fields of temperature, salinity, density, and dissolved inorganic carbon concentrations with available12
observations in the area of interest and the horizontal resolution of the mesh used for the FESOM-REcoM13
simulations in this study. The following Figures are included in this document:14

Fig. S1: Upper-ocean carbon inventory in the southern Weddell Sea over the 21st century.15

Fig. S2: Components contributing to the biologically-driven deep-ocean carbon accumulation.16

Fig. S3: Vertical and lateral distribution of total carbon concentrations.17

Fig. S4: Vertical carbon mixing in the deep ocean of the southern Weddell Sea.18

Fig. S5: Vertical carbon advection in the deep ocean of the southern Weddell Sea.19

Fig. S6: Bottom water ventilation and density distribution in the 2080s.20

Fig. S7: Deep convection in the southern Weddell Sea.21

Fig. S8: Water mass transformations due to E-P and heat fluxes on the Weddell Sea shelf.22

Fig. S9: Water mass properties on the eastern Weddell Sea shelf.23

Fig. S10: Water mass transformations due to buoyancy fluxes on the eastern Weddell Sea shelf.24

Fig. S11: Model evaluation of density in the southern Weddell Sea.25

Fig. S12: Model evaluation of temperature and salinity in the southern Weddell Sea.26

Fig. S13: Southern Weddell Sea carbon budget below 2500 m and 3000 m.27

Fig. S14: Grid resolution in the Weddell Sea sector of the global FESOM-REcoM simulations in this study.28

Fig. S15: Model evaluation of dissolved inorganic carbon in the southern Weddell Sea.29
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1 Enhanced deep-ocean carbon accumulation in the 2080s30

Compared to the preceding and subsequent decades, the downward transfer of carbon in the 2080s is en-31
hanced in the southern Weddell Sea (see Fig. 2a & b in the main text). Since neither oceanic CO2 uptake nor32
biological sinking fluxes are enhanced in this decade (Fig. 2b & d in the main text) and thereby fail to explain33
the increased downward carbon flux, this signal is driven by an enhanced downward physical transport. In34
fact, as shown in Fig. 3a of the main manuscript, vertical mixing in the southern Weddell Sea amounts to35
∼11 Tg C yr-1 in the 2080s (with 70% of that taking place in the open ocean), largely explaining the increased36
downward transfer of carbon in this decade. In general, this high mixing flux could be either due to changes37
within the southern Weddell Sea or due to changes in the properties of source waters imported on the eastern38
flank of the Weddell Gyre (or a combination of both). However, given that the decline both in the ventilation of39
bottom waters and in the density of waters at different depth levels along the southwestern continental slope40
is similar in the 2080s to that in the 2090s (relative to the 1990s; compare Supplementary Fig. 6 to Fig. 4 in41
the main text), the transfer of dense waters from the southern continental shelf sea to the abyss is not en-42
hanced in the 2080s, implying that the enhanced downward mixing in the 2080s is mostly driven by changes43
upstream. In fact, in the 2080s, bottom water ventilation is enhanced on the eastern side of the southern44
Weddell Sea (Supplementary Fig. 6a). This positive ventilation anomaly extends from the sea floor all the45
way to a water depth of ∼1km at the transect "WS east" (Supplementary Fig. 6a & c), suggesting that these46
waters have relatively recently been in touch with the upper ocean, where they have possibly been enriched47
in carbon (see Supplementary Fig. 3). Further, since these waters close to the eastern Weddell Sea con-48
tinental slope have a high-density signature (much higher than the high-density signature due to enhanced49
upwelling of waters from below in the more central parts of the southern Weddell Sea; see Supplementary50
Fig. 6e & f and compare to Fig. 4 in the main text), it seems plausible that these waters - after their inflow on51
the eastern side - are mixed to below 2000 m in the open ocean south of the transect SR4, leading to the52
largest signature of enhanced deep-ocean carbon accumulation in this area.53
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2 Additional figures54

Figure S1: Upper-ocean carbon inventory over the 21st century. a Cumulative carbon accumulation in Pg C
above 2000 m in the southern Weddell Sea south of the WOCE transect SR4 (see blue area in inlet) in the
model simulation simA (dark grey; historical + SSP5-8.5 scenario; see Methods in the main text) and the
control simulation simB (light grey). b Average annual total carbon accumulation rate in Tg C yr-1 in simA
for the 1990s, 2000s, 2080s, and 2090s, as indicated by the hatching of the bars. Note that for the upper-
ocean carbon inventory shown here, only the volume directly overlying the deep-ocean volume of interest
in the main part of the manuscript is shown. By the year 2100, the carbon inventory in the top 2000 m has
increased by 4.71 Pg C in this region, while the deep-ocean inventory has increased by 0.75 Pg C (see Fig. 2
in the main text).

Figure S2: Components contributing to the biologically-driven deep-ocean carbon accumulation. Average
annual accumulation rate of carbon in Tg C yr -1 south of the transect SR4 and below 2000 m due to sinking
fluxes of particulate organic carbon (POC; green) and fluxes of dissolved inorganic carbon from the benthic
layer (brown). Benthic fluxes are multiplied by 100 to fit the scale, demonstrating the dominance of POC
fluxes for the accumulation of carbon in the deep ocean due to biological fluxes. Rates are given for the
1990s, 2000s, 2080s, and 2090s, as indicated by the hatching of the bars.
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Figure S3: Vertical and lateral distribution of total carbon concentrations. a Average vertical profiles of total
carbon concentrations [mmol C m-3] for different decades of simA (see different colors) on the slope (solid
lines) and in the open ocean (dashed) of the southern Weddell Sea. The regions "slope" and "open ocean"
are separated by the 3500 m isobath (see e.g. Fig. 3 in the main text). b & c Average total carbon concentra-
tions [mmol C m-3] in the 1990s of simA at b 2000 m and c at the bottom. d & e Same as panels b & c, but
for the difference between the 2090s and the 1990s. Note the different scales of total carbon concentrations
across the panels a-c.
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Figure S4: Vertical carbon mixing in the deep ocean of the southern Weddell Sea. The divergence of vertical
mixing of carbon [mol C m-2 yr-1] in the southern Weddell Sea south of the WOCE transect SR4 and below
2000 m in the a 1990s, b 2000s, c 2080s, and d 2090s in simA (historical + SSP5-8.5 scenario; see Methods
in the main text). Positive fluxes denote an increase in the deep-ocean carbon inventory in the volume of
interest due to this flux component. Grey contours show the 700 m (solid), 2000 m (dashed), and 3500 m
(dotted) isobaths.
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Figure S5: Vertical carbon advection in the deep ocean of the southern Weddell Sea. The divergence of
vertical advection of carbon [mol C m-2 yr-1] in the southern Weddell Sea south of the WOCE transect SR4
and below 2000 m in the a 1990s, b 2000s, c 2080s, and d 2090s in simA (historical + SSP5-8.5 scenario;
see Methods in the main text). Positive fluxes denote an increase in the deep-ocean carbon inventory in the
volume of interest due to this flux component. Grey contours show the 700 m (solid), 2000 m (dashed), and
3500 m (dotted) isobaths. Black contours denote selected isolines of the barotropic stream function in the
respective decades, namely 5 Sv (solid), 12 Sv (dashed), and 20 Sv (dotted), indicating an intensification of
the gyre circulation in the southern Weddell Sea over the 21stcentury in simA.
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Figure S6: Bottom water ventilation and density distribution in the 2080s. a Difference in the age-tracer-based
fraction of water that is ventilated at the bottom between the 2080s and the 1990s. The position of a transect
in the southeastern Weddell Sea (WS east) is indicated in blue. b-d Age-tracer-based fraction of water that
is ventilated at WS east in b the 1990s, c in the 2080s relative to the 1990s, and d in the 2090s relative
to the 1990s. e & f Change in the distribution of potential density anomalies (σ2 in kg m-3, i.e., potential
density referenced to 2000 dbar minus 1000 kg m-3) between the 2080s and the 1990s at e 700 m and f
2000 m. In the transects in panels b-d, σ2 isolines for the b 1990s, c 2080s, and d 2090s are shown as the
solid (37.2 kg m-3) and dotted (37.25 kg m-3) white contour, respectively. In the maps in panels e & f, black
contours show the 700 m (solid), 2000 m (dashed), and 3500 m (dotted) isobaths. In panels b-f, hatching
denotes the presence of Weddell Sea Deep Water and Weddell Sea Bottom Water in the a,b 1990s and c,d
2090s, defined in the model as waters with a potential temperature <-0.2◦C and a practical salinity>34.55.
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Figure S7: Deep convection in the southern Weddell Sea. a Annual mean mixed layer depth (MLD; m) in the
southern Weddell Sea in the 1990s in simA (historical + SSP5-8.5 scenario; see Methods in the main text).
The MLD is determined with the 0.125 kg m-3 density criterion1 . b Same as panel a, but given in % relative
to the water depth. This metric can be interpreted as an indicator of deep convection, with open-ocean deep
convection typically being defined as areas where this quantity exceeds 50%1 . For the annual mean MLD in
simA, this threshold is not exceeded anywhere in our focus region. c & d Same as panels a & b, but for the
difference between the 2090s and the 1990s. Black contours in all panels show the 700 m (solid), 2000 m
(dashed), and 3500 m (dotted) isobaths.
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Figure S8: Water mass transformations due to E-P and heat fluxes on the Weddell Sea continental shelf.
a & c Surface water mass transformation rates (WMT) in Sverdrup (Sv; 1 Sv is 1·106 m3 s-1) as a function
of the density anomaly (σ2; potential density referenced to 2000 dbar; kg m-3) due to evaporation minus
precipitation (blue) and due to heat fluxes (red) on the a southern and c eastern Weddell Sea continental
shelf (see blue area in maps) in the 1990s (solid) and 2090s (dotted) from simA (historical + SSP5-8.5
scenario, see Methods in the main text). b & d denote the same quantities as panels a & c, respectively, but
from the control simulation (simB). Positive transformations denote a densification of surface waters due to
the buoyancy fluxes. Note that transformations due to freshwater fluxes from evaporation minus precipitation
and heat fluxes are generally an order of magnitude smaller than those from sea ice and ice shelves (see
Supplementary Fig. 10 and Fig. 6 in the main text).

Figure S9: Water mass properties on the eastern Weddell Sea continental shelf. a Bottom potential density
anomaly referenced to 2000 dbar (σ2) in kg m-3 on the eastern Weddell Sea shelf (blue area in the map)
in the 1990s (plain bar) and 2090s (hatched bar) in the experiment simA (dark grey; historical + SSP5-8.5
scenario, see Methods in the main text) and in the control simulation simB (light grey). b-d Same as panel a,
but for b bottom salinity, c bottom temperature in ◦C, and d total heat content in 1021 J.
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Figure S10: Water mass transformations due to buoyancy fluxes on the eastern Weddell Sea shelf. a, b
Surface water mass transformation rates (WMT) in Sverdrup (Sv; 1 Sv is 1·106 m3 s-1) as a function of the
density anomaly (σ2; potential density referenced to 2000 dbar; kg m-3) due to the total buoyancy fluxes
(black) and due to buoyancy fluxes from sea ice (blue) and ice shelves (mint) on the eastern Weddell Sea
continental shelf (see blue area in map) in the 1990s (solid) and 2090s (dotted) from a simA (historical +
SSP5-8.5 scenario, see Methods in the main text) and b the control simulation simB. Positive transformations
denote a densification of surface waters due to buoyancy fluxes. Transformations due to heat fluxes and
freshwater fluxes from evaporation minus precipitation are an order of magnitude smaller than those shown
here (see Supplementary Fig. 10). c Sea-ice growth in m yr-1 and d ice-shelf basal melt rates in Gt yr-1. The
bars in panels c & d denote averages for the 1990s (plain) and the 2090s (hatched) in simA (darker colors)
and simB (lighter colors), respectively.
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Figure S11: Model evaluation of density in the southern Weddell Sea. Potential density anomalies (σ2 in
kg m-3, i.e., potential density referenced to 2000 dbar minus 1000 kg m-3) at the WOCE transect SR4 a
as simulated for the 1990s in simA (historical + SSP5-8.5 scenario; see Methods in the main text) and b
averaged over all available ship-based observations2 . See Fig. 1 in the main text for the exact location of
the transect SR4. In both panels, hatching denotes the presence of Weddell Sea Deep Water or Weddell
Sea Bottom Water, defined in the model as waters with a potential temperature <-0.2◦C and a practical
salinity>34.55. This definition differs slightly from that used for the observed distribution of these two water
masses, for which a temperature threshold of 0◦C and practical salinity thresholds of 34.6 (Weddell Sea Deep
Water) and 34.63 (Weddell Sea Bottom Water), respectively, are used3 . See also Method section of the main
text.
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Figure S12: Model evaluation of temperature and salinity in the southern Weddell Sea. Temperature-Salinity
diagrams as a function of the depth (see colors; m) of a & b FESOM-REcoM output for the area south of the
transect SR4 in the 1990s in simA (historical + SSP5-8.5 scenario; see Methods in the main text) and c all
available observations in the same area from Driemel et al.2 . See map in inlet in panel c for the locations
of the observations. For the model output, averages over a the whole year and b December, January, and
February are shown, respectively, as 59% of all observations were taken in these three months. In all panels,
grey contours in the background denote selected isopycnals of surface-referenced potential density.
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Figure S13: Southern Weddell Sea carbon budget below 2500 m and 3000 m. Average annual a & f total
carbon accumulation rate, b & g sinking flux of particulate organic carbon (POC; green) and dissolved inor-
ganic carbon fluxes from the sediments (orange), and divergence of physical flux components, namely c & h
vertical mixing, d & i vertical advection, and e & j lateral advection in simA (historical + SSP5-8.5 scenario,
see Methods in the main text). The contribution of other physical flux components is small and therefore not
shown here (see Fig. 3 in the main text). All fluxes are given in Tg C yr-1 for the 1990s, 2000s, 2080s, and
2090s, as indicated by the hatching of the bars. Further, all fluxes are integrated over the area south of the
WOCE transect SR4 (see inlet in panel c) below a-e 2500 m and f-j 3000 m, respectively.

Figure S14: Horizontal grid resolution in the Weddell Sea sector of the global FESOM-REcoM simulations in
this study. Black contours show the 700 m (solid), 2000 m (dashed), and 3500 m (dotted) isobaths, the white
contour indicates the ice-shelf front.
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Figure S15: Model evaluation of dissolved inorganic carbon in the southern Weddell Sea. Scatter plot of
observed (x-axis) and simulated (y-axis) concentrations of dissolved inorganic carbon (DIC; mmol C m-3) in
the southern Weddell Sea as a function of a the depth of the respective observation and b the simulated sea
ice concentration (dimensionless). Simulated DIC concentrations are extracted from monthly model output
of simA (historical + SSP5-8.5 scenario; see Methods in the main text) at the location and timing closest to
that of the respective observation. The ship-based DIC observations are taken from GLODAPv24 , and the
locations of all available observations in the area of interest for this study are given in the inlet in panel a.
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