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Climate change impacts at the Antarctic Peninsula

Since the 1960’s the Antarctic Peninsula 
has experienced one of the most rapid 
rates of warming in the entire Southern 
Hemisphere.

This warming has contributed to 
enhanced melting of ice sheets in the 
northern part of the Antarctic Peninsula. 

CESM2 (CMIP6) simulations predict that 
over the next century, changes at the 
Peninsula will result in a dramatic increase 
in freshwater forcing in the surrounding 
coastal ocean. 

Here, we show that this freshwater 
forcing will strengthen the Antarctic 
Coastal Current (AACC) and enhance 
ice-shelf basal melt rates throughout 
the West Antarctic shelf seas.
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Figure 1. Overview of the circulation on the WAP shelf, based on multiple sources. Illustrated are the climatological
location of the fronts and southern boundary of the ACC [10]. Solid lines indicate currents for which direct evidence
exists, and dashed lines are suggested pathways. A version of this figure is available for use from https://doi.org/10.6084/
m9.figshare.5954329.

column along the WAP mainland coast, including at the northern section of Gerlache Strait, and
below approximately 100–150 m everywhere else away from the South Shetland Islands slope
[13–16]. There, fresh (salinity less than 34.35) and warm (above −0.4◦C) ‘Shelf Slope Water’
occupies the slope and extends about two-thirds of the Strait width towards the WAP mainland
[17], forming a well-defined surface (approx. 100–150 m) front, sometimes called the Peninsula
Front [18], that separates buoyant water from the cold, salty water of Weddell Sea origin. A
second, sharp front, or Bransfield Front [19], of O(10 km) width is formed at depth along the
slope of the Islands by the downward-sloping isopycnals of the buoyant Shelf Slope Water, and
by a warm (0 < T < 1◦C) and salty (S > 34.50) water core found at varying depths ranging from
200 to 550 m. The latter is thought to be an intrusion of Circumpolar Deep Water (CDW) entering
through Boyd Strait [13,19], while the shallow Shelf Slope Water appears to have contributions
from both Boyd Strait inflow and water advected across the southern boundary from Gerlache
Strait [20–23], and possibly across the gaps separating Bransfield Strait from the warmer, central
WAP. It is also likely to be strongly influenced by meltwater from Shetland Islands glaciers [24],
but this has not been fully quantified on the Strait.

 on May 15, 2018http://rsta.royalsocietypublishing.org/Downloaded from 
The Antarctic Coastal Current and inter-sea exchange

A key feature of the West Antarctic Peninsula circulation system is the 
southward-flowing Antarctic Peninsula Coastal Current (APCC, yellow curve). 
Due to its presence more broadly in West Antarctica, we will refer to it as the 
Antarctic Coastal Current (AACC).

The AACC is characterized by a freshwater anomaly near the coast, a 
positive sea surface height anomaly, and isopycnals that tilt down towards 
the coast in a narrow (~10-km) boundary current.  This gives rise to a 
surface-intensified, southward geostrophic current. 
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Fig. 7. Mean ADCP velocity profile for the velocity front depicted in Fig. 6
(solid) and mean velocity calculated from thermal wind shear (with an
arbitrary offset) over the same cross-shelf region (4–32km from the coast).
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Fig. 6. Gridded temperature, salinity, and along-shelf velocity (ADCP)
data from cross-shelf Section I, occupied on June 1, 2001. The red dots
indicate the approximate location of BIOMAPER-II dives (top and
middle panels) and the ADCP 5-min averages (bottom panel). The thick
black line in the middle panel indicate the 34.4 isohaline. The dashed black
line in the bottom panel indicates the approximate cross-shelf position of
the A1 mooring. The along-shelf velocity is defined as the component
perpendicular to the section shown in Fig. 1, with negatives values
denoting flow to the southwest.
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Fig. 8. Cross-shore ADCP sections collected during the fall 2001 SO
GLOBEC Cruise. The lines indicate the location of Section I, and sections
conducted off the southern coast of Adelaide Island (II), and off the
northern (III) and western (IV) coast of Alexander Island.
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Figure 5. Vertical hydrographic sections of temperature (a) and salinity (c) in the upper 700 meters for Section 3 in Figure 4. Thin black lines

are density contours and the thick, dashed red line is the 34.4 psu isohaline. Cumulative transport (b) and vertical sections of geostrophic

velocity referenced to 400 meters (d). Negative (positive) values indicate transport and velocity to the west (east). Transport was calculated

by integrating to the 34.4 psu isohaline. The dashed vertical line is the latitude where the value of cumulative transport for Section 3 is taken

from. The dashed green line is the 0 meltwater fraction contour. Depth on the y-axis in meters and latitude on the x-axis in �S.

north, the salinity is initially fresh at 34 psu and, as it moves into the region where there is the first temperature minimum,

it increases to 34.2 psu. The potential density contours also show an increase in the temperature minimum region, as shown

by the 27.3 and 27.4 kg/m3 isopycnals sloping up, towards the surface in Figure A6a. In the next temperature maximum,310

the salinity again decreases to 34 psu and the density also decreases. The salinity reaches 34.2 psu again in the final core of

temperature minimum at the surface. The 27.3 kg/m3 potential density contour slopes up to the surface in this area. Moving

down in the water column, Section 1 resembles the other sections. Below the surface layer, the temperature becomes more

uniform from the coast to the northern extent of the section. The thermocline is found around 150 meters, and directly beneath

the thermocline, the temperature is 1.3°C across the entire section. Below the thermocline, the temperature slowly increases315

from 1.3°C to roughly 1.5°C at the bottom of the section. The salinity also becomes more constant at depth. The halocline is

seen at roughly 150 meters, like the thermocline, and salinity increases from 34.5 psu at the top of the halocline to 34.7 psu

at the bottom of the halocline. The salinity reaches a maximum of roughly 34.8 psu at the bottom of the section. The density

contours roughly follow the salinity contours and slope down towards the coast around 65.55°S. This is a feature is also seen in

Figure 6 of Moffat et. al. (2008). The down-sloping of the isopycnals towards the coast is what sets up the baroclinic structure320

of the APCC in the WAP to flow southwestward along the coast.

Moving to Section 2, Figure A6b in the appendix, the more typical structure of the water column on the shelf presents it-

self. The surface mixed layer, consisting of AASW and WW, contains the temperature minimum from about 67.25°S to the
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The dynamic height is useful in understanding the baroclinic structure of flow in a region, by illustrating the accumulation

of water. In the Bellingshausen Sea, the dynamic height at the surface relative to 400 meters has higher values near the coast,360

indicating that water accumulates along the coast (Figure 6). This leads to a pressure gradient directed offshore, which bal-

ances with the Coriolis force to support a mean along-coast flow, the AACC, to the west in the Southern Hemisphere. The

AACC is consistent with standard definitions of a coastally trapped, westward flowing coastal current, as seen in the sections

of geostrophic velocity (Figures 5b & A7) (Gill, 1982). The gradients of the dynamic height of the AACC will be character-

ized as the difference between the dynamic height at the coast to the 2.0 m2/s2 contour, parallel to the coast. In the east, the365

dynamic height reveals that the AACC enters from the WAP, where it is initially a narrow feature, with a gradient of 0.6 m/s2

over a distance of 103 kilometers. As it makes its way around the Wilkins Ice Shelf, the dynamic height field widens to 138

kilometers and the difference in dynamic height is 0.8 m/s2. In the central Bellingshausen Sea the dynamic height becomes

much narrower, occupying a region of only 69 kilometers, but the difference in dynamic height is 0.9 m/s2, making it the

strongest part of the AACC in the Bellingshausen Sea. The dynamic height gradient continues to increase until it passes the370

Venable Ice Shelf, where, in the west, it widens to over 200 kilometers and the difference in dynamic height is only 0.8 m/s2.

After the AACC passes the Venable Ice Shelf, it’s trajectory is less certain as the contours of the dynamic height spread apart.

Figure 6. Surface dynamic height with respect to 400 meters. Red contours have an interval of 0.2 m2/s2
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The Antarctic Coastal Current and inter-sea exchange

Using hydrographic observations 
collected from instrumented seals over 
the continental shelf in the 
Bellingshausen Sea, Schubert et al. 
(2021) constructed a map of dynamic 
topography for this region (map).  

There is a clear signature of the extension 
of the AACC along the coast, flowing 
westward from the West Antarctic 
Peninsula throughout the Bellingshausen 
to the eastern Amundsen Sea.

Composite hydrographic sections constructed from the instrumented seal data show a freshwater anomaly near the coast, surface-
intensified westward flow and downward tilting isopycnals in the pycnocline throughout the Bellingshausen Sea. 

Thus, the AACC links the West Antarctic shelf seas.

Geostrophic flow moves 
west along red contours

AACC AACC

Schubert et al. (2021)
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The model resolves flow in ice-shelf 
cavities and evolving basal melt rates.

We conduct a suite of sensitivity runs to 
model the effects of continental runoff at 
the West Antarctic Peninsula on the 
circulation of the Antarctic margins. 

We impose a freshwater flux anomaly in 
the boxed region, between 0 and 10 m/yr. 

(Further details provided in the 
supplementary slide).

Remote forcing of ice-shelf melt rates

How does freshwater input at the West Antarctic Peninsula impact ocean properties 
and ice-shelf melt rates in the Amundsen and Bellingshausen Seas?



The Antarctic Coastal Current and inter-sea exchange

Freshwater perturbations are propagated throughout the West Antarctic 
shelf seas via the Antarctic Coastal Current.
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Control simulation 
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Salinity at 100 m

A narrow freshwater anomaly is 
observed to extend from the 
West Antarctic Peninsula 
through to the Amundsen Sea.

Freshwater perturbations over the 
West Antarctic Peninsula shelf lead to 
an increase in the SSH along the coast 
and an intensification of the westward 
flowing Antarctic Coastal Current. 

The freshwater perturbation also 
produces a strong freshwater 
anomaly along the coast throughout 
the West Antarctic shelf seas.



Changes in ice-shelf basal melt rates

Freshwater forcing at the West Antarctic Peninsula increases 
ice-shelf basal melt rates throughout West Antarctica. 
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Basal melt rates for all West 
Antarctic ice shelves increase 
approximately linearly with 
increased freshwater perturbation.

Increased freshwater perturbation 
can suppress seasonal and inter-
annual variability in melt rates.  This 
occurs due to the suppression of 
convection during sea-ice formation.

Enhanced melting only occurs after 
the freshwater signature reaches the 
ice shelf via advection by the AACC 
— approximately 2 years for Pine 
Island Glacier (PIG).
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Changes in ice-shelf basal melt rates

The strengthening of the AACC enhances vertical stratification, which traps heat at depth 
and increases the transport of heat into ice-shelf cavities.

Advection of freshwater by the AACC leads 
to an increase in vertical stratification (N2) in 
front of all West Antarctic ice shelves.
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Changes in temperature in the Circumpolar Deep Water 
layer are confined to regions near the coast, with warming 
below 300 m.   

The oceanic heat transport, across the ice-shelf front and 
into the ice-shelf cavity at Venable and Pine Island, 
increases with the same magnitude (%) as the basal melt 
rate for a given freshwater perturbation.

Perturbation (10 m/yr) - Control



Summary & Conclusions

• Previous studies have linked variability in heat 
content of the West Antarctic shelves to changes in 
atmospheric wind forcing.

• We show that ice-shelf basal melt rates are 
strongly sensitive to remote freshwater 
perturbations, propagated throughout West 
Antarctic shelf seas by the Antarctic Coastal 
Current.

• Changes to the AACC give rise to modifications in 
the water column’s stratification in front of ice 
shelves, which feeds back on lateral heat transport 
into ice-shelf cavities.

• In future decades, changes to coastal properties 
and dynamics, poorly resolved in current climate 
models, could provide the dominant control on ice-
shelf melt rates.

Onshore CDW transport

Ice
Shelf

Glacial 
run-off

Antarctic Coastal Current

Sea surface

West Antarctic Peninsula

Basal
melt

Meltwater

1

2

3

4

5

N E

SW

Control
Increased WAP run-off

Ice shelf

Sea surface

Stratification

AACC

Vertical 
heat flux

Lateral 
heat flux

Flexas et al. (2021, submitted)



(b) List of sensitivity runs

Run
Runoff 


(volume flux 
per km of 
coastline)

Total FW 
volume flux 

(m3/s)

Ice 
discharge* 

(Gt/yr)

Runoff wrt 
LLC270


Control 0 0 0 0

0.1 m/yr 0.1 244 7 0.2

LLC270 0.8 1459 42 1.0000

1 m/yr 1.3 2435 70 1.7

2 m/yr 2.6 4870 141 3.3

4 m/yr 5.2 9741 282 6.7

6 m/yr 7.8 14611 423 10

8 m/yr 10.4 19481 563 13.4

10m/yr 13.0 24351 704 16.7

Narrow 10 
m/yr 1.5 2779 80 1.9

Seasonal 
10 m/yr 5.4 10146 293 7.0

(a)  Freshwater input function

* The equivalent ice discharge is calculated using an ice density 
of 917 kg/m3. For reference, the estimated discharge at WAP 
from observations (Gardner et al. 2018) was 88+/-13 Gt/yr in 
2008 and 91+/-12 Gt/yr in 2013, leading to an overall range of 
75-103 Gt/yr for the 2008-2013 period. 
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Supplemental:  Freshwater perturbation at the West Antarctic Peninsula

Freshwater perturbations: (a) Freshwater input function. The freshwater input function is imposed at the ocean surface with maximum 
values at the coast decreasing exponentially 300 km offshore along 1881 km of coastline. Top panel: Model domain showing FW input 
function for the 10 m/yr run. Bottom panel: Zonal distribution for the sensitivity runs. (b) List of sensitivity runs, with freshwater volume flux 
imposed at the WAP and glacier ice discharge equivalent for reference.


