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' Two oceanographic surveys were conducted .' IBRV Araon from 21
December 2010 to 23 January 2011, and from 31 January to 20 March 2012 (Figure
Weddell 1). Atotal of 30 and 52 CTD stations were occupied during the surveys in 2011 and
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2012, respectively. The temporal variability and properties of CDW were observed N 0 D
from a mooring (72.46°S, 116.35°W) in the eastern side of Dotson Trough (Figure 1) | — - u
from 15 February 2010 to 1 March 2012.
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The mooring line contained Microcats (Seabird, SBE-37SMP) to measure
temperature (with an accuracy of 0.002 K) and conductivity (with an accuracy of
0.0003 S m™); 5 during the first observation period (15 February 2010 to 25 Ty B etutal Density
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December 2010) and 7 during the second observation period (25 December 2010 — Figure 2. Cross sections of potential temperature (a) and salinity (b) _ i o | e i i
1 March 2012). An upward-looking 150-kHz Acoustic Doppler Current Profiler alo“iiffcifjje“ TG e DTN R - TR bl TR o
(ADCP; RDI) was deployed at the bottom to measure current velocity profiles. The N | ; B - T T |
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observed velocity data were processed using the WinADCP® software. | | | s
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The measured velocity was de-tided using the t tide toolbox for harmonic _ | | - |
analysis. In order to calculate the Ekman pumping velocity, we use the reanalysis — e S O | | | g 3 R A3
g B ey oW wind data and observed sea ice concentration and velocity data from satellite. Wind ' “ T - T
e = | data were obtained from the ERA interim reanalysis data. Sea ice concentration data . - T e R %
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g 1 q ) were obtained from the Nimbus-7 SMMR, DMSP, SSM/I, SSMIS. The sea ice : = M“w """w ~ h e ‘“M L 'M i = 5 Ee o d q | g _
e | e s NS o et S tamere obtained from the DAl iR Hs I SeePr e A (e Cea Figure 3. Time-series variation of potentla_l temperature (a), s_allnlty _(b), igure 5. _ e snapshots of the win _stress (red arrow) and total stress (green arrow) and sea ice
=L y y neutral density (c) and along-trough velocity (d) at the mooring station. concentration on (a) January 17, (b) April 11, (c) July 12, and (d) October 11, 2011.
Figure 1. Map of study area with the CTD stations and mooring station. Red and blue  |ce Motion \Vectors Version 2 from 1990 to 2011. B Wl B8 Mool Neel¥ el il WinTl G el il el The white line in (a) indicates the upper boundary of the warm layer
triangles show the CTD stations during the 2010/11 and 2012 Araon expeditions, respectively. Figure 4. Time series of heat content (a) and depth averaged heat content (0°C isotherm).

The purple diamond indicates the mooring station (February, 2010 to February, 2012).
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To examine the effects of the varying Ekman pumping velocity

on the seasonality of both the heat content and the position of the

0°C isotherm, a time series of the wind field and the sea ice extent
were used. Maximum eastward ocean surface stress (0.5 dyne cm -2) N
was at 66°S, where the sea ice concentration was less than 0.25. The
minimum absolute value of ocean surface stress (0.03 dyne cm )
SV R s~ IO ™ was noted at the area of highest sea ice concentration (70°S). Stress
- wml;vaoaty’ T  ] 2 98 K e;,. Surfac;sutess f curl and Ekman pumping velocity at the sea surface were calculated
o Mmel L L ayff 1ot L ) from the horizontal variation of ocean surface stress. An extensive
| | ' area of positive wind stress curl and high Ekman pumping velocities
(>0.26 m day!) was located around 66°S.-Between 68°S and 71°S,
where sea ice concentration is higher than 40%, the stress curl is less

than 0.5x10-8 dyne cm-3.

Wind stress curl and sea ice concentration, both of which show
pronounced seasonal variation, give rise to spatial variation in the
Ekman pumping velocity. From February to April (FMA), north of
70°S, Ekman pumping exceeds 0.2 m day?! due to latitudinal
variation in the sea ice concentration and the wind. North of 68°S,
Figure 6, Spatial distributions of 22-year (1990 — 2011) averages (ERA interim reanalysis data) ~despite the latitudinal variation of wind, Ekman pumping velocity
0 s ecreases due to the horizontally homogenous sea ice concentration
Sea shelf break. A strong Ekman pumping occurs near the Amundsen Sea shelf break.
From August to October (ASO), the sea ice zone extends north of

R N the shelf break and the Ekman pumping velocity at the shelf break Is
-0 “ notably weak during this season.

(b). The blue line in (b) represents the 31-day moving average.
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These seasonal variation of Ekman pumping velocity was also
appear during mooring periods. In February, the strong Ekman
pumping did not appear at Amundsen Sea shelf break because the
westward wind was dominant. Especially, the southward movement
of sea ice margin with the strong westward winds has generated the
strong Ekman suction (downwelling) at south of sea ice margin
nearby Amundsen Sea shelf break in February, 2011. However the
strong Ekman pumping higher than 0.5 m day! appear at northern
poundary of polynya under the influence of westward wind | ,
~ebruary. These strong Ekman pumping Influence to the mooring Fig 9.e es iatiof nthekman pupingeloci (reine) and
nosition as well as the Amundsen Sea shelf break with the extension  heat content (blue line) at the mooring station from January, 2010 to February, 2012.

of polynya. On the order hand, northern extension of sea ice zone
and closing of polynya reduced the absolute magnitude of latitudinal
gradient of ocean surface stress in August. The monthly variation of
calculated Ekman pumping velocity corresponded well with those
of observed heat content; that is the both Ekmam pumping and heat
content IS maximum in February and minimum in August.
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During the austral summer, the sea ice zone contracts
because of atmospheric heating, and Ekman pumping
occurs north of the sea ice boundary due to the
latitudinal change in velocity of the eastward wind.
Ekman pumping Is especially strong around the
Amundsen Sea shelf break or sea ice marginal zone
due to the strong latitudinal gradient in surface stress
, (caused by sea ice). In contrast, during the austral
- : ; \ winter, the sea Ice zone extends further north (to
EW o about 65°S). Because of the horizontal homogeneity : 65°S
| ,, In sea ice concentration, there Is less of a latitudinal
gradient in surface stress across the sea ice covered

areas of the Amundsen Sea shelf.
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Consequently, Ekman pumping
velocity iIs also lower, although
the latitudinal change In wind
velocity In austral winter IS
greater than that In austral
summer. Around the sea Ice
boundary, however, there Is a
rather large latitudinal difference
In wind stress, due to the strong
eastward wind speed and the
steep latitudinal change In sea ice
concentration
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Figure 8. Variation at Amundsen Sea shelf break from January 1990 to December, 2011 of
monthly mean Ekman pumping velocity (red line), sea ice concentration (purple line), and
eastward wind velocity (blue line); and variation in heat content (green) at the mooring station
from 15 February, 2010 to 1 March, 2012.

~ N 8 £ Figure 7. Spatial distributions of seasonal means of wind velocity (arrow), Ekman pumping velocity, and 20% sea
Smsy — o ' | ™ 1 ' ice concentration line (blue line), measured over a 22-year period (1990 — 2011) during (a) February-March-April,
' ' (b) May-June-July, (c) August-September-October, and (d) November-December-January.
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Both heat content and the position of the 0°C isotherm showed seasonal variation, attaining a maximum during austral summer and a minimum during austral winter. The
meridional variation In the observed isohalines and isotherms north of Amundsen Sea shelf break suggests that the thermocline depth depended mainly on the
upwelling/downwelling caused by local wind patterns and sea ice conditions. Therefore, 1t appears that the seasonal variation of the thickness of the CDW at the Amundsen Sea
shelf break 1s mainly affected by the variation in local wind patterns and sea ice condiztions. The monthly averaged sea ice concentration was Ie§_s_1han 50% from January to April
and higher than 50% for the rest of the year. The Ekman pumping velocity reached a maximum of 0.25 m day-tin April when the sea ice concentration was less than 40% and the
marginal ice zone was located at Amundsen Sea shelf break. In the austral winter, the sea ice concentration was high (> 80%) and latitudinally homogenous at the Amundsen Sea ‘ Figure 10. Schematic diagrams explaining the circulation of deep warm water and glacier

) Y meltwater and their relationship with wind forcing and sea ice distribution during austral
shelf break; so the Ekman pumping was small, even though the eastward wind was stronger. SUmmer (a) and winter (b)iin th‘; N ) )
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