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Abstract

Antarctic Bottom Water (AABW) is the densest water in the
ocean and globally significant; its production at the Antarctic
margin is a key component of the global overturnin
circulation. AABW originating from a middle size polynya
called Vincennes Bay Polynya (VBP) was discovered recently
[Kitade et al., 2014]. Although we found some evidences for
AABW formation from the VBP, there are many unknown
processes on its formation. Furthermore, recent Deep-float
data showed no clear evidence of newly formed AABW off
Shackleton Polynya where sea-ice production was more active
than that of VBP[Kitade et al. 2016]. Thus, we carried out
numerical exPeriments to explain detail process of the AABW
formation off middle size polynya. From data analysis and
model results, we finally conclude that not only sea-ice
production but also oceanic condition off coastal polynya
region is important on the process of AABW formation.
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Water property of VBBW and mixing ratio
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TS relation show that DSW is
relatively heavy than the deep
water.

However, Mixing ratio of water

masses are different by
temperature and salinity.

Mixing ratio for temperature
DSW: mCDW=1:1

Mixing ration for salinity
DSW: mCDW=1:1.4

What cause such difference?



Two dimensional model
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Evaluation of double diffusion effects

Horizontal diffusivity coefficient
All case
Kh=1.0(m?/s)

Vertical diffusivity coefficient

% in the case include double ~ __

diffusion effect

% Not include double diffusion

effect
Ks=Ks=0.25 X 10~4(m?/s)

* Density ratio: Rp=a6/5S

Where a is thermal expansion , f§ is harine contoraction

* diffusive coefficient in back grand
Kb=0.1 X 10~4(m?/s)
A=10 X 10~4(m?/s)

|) Finger type: Schmitt(1981)
1<Rp<100
Ks=A/(1+Rp/Rc)*

Ks=0.7 Ks / Rp

[1)Diffusive type: Kelly(1990)
O<Rp<1
K,=0.909 * 0.015exp(4.6exp(0.54(1/Rp-1)))
Ks=Kp (1.85-0.85/Rp)Rp
Ks=Ka(0.15Rp)



* Two dimension, non-hydrostatic level model (domain: 400 X 300)

e Grid size: 200m in horizontal, 10m in vertical

* Bottom topography:slope 110, 1./20.1.740

Heat flux => —1.95°C
Salinity flux 6 km=> 34.5

We moded this
area to see
sinking process of
DSW and
modification of

' water property
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10km
Slope = 1/10 Case C: slope=1/20

As an initial condition, we put
DSW(S=34.5, ©=-1.95) on the
continental shelf.

Heat and salt flux were applied
at the surface.
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Case D: Slope=1/40

As an initial condition, we put
uniform profiles of temperature
and salinity horizontally all over
the calculation domain.Heat and
salt flux were applied at the
surface.
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Cases of experiments

As an initial condition, we put DSW(S=34.5, ©=-1.95) on the continental shelf.
Heat and salt flux were applied at the surface.
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As an initial condition, we put uniform profiles of temperature and salinity
horizontally all over the calculation domain.Heat and salt flux were applied at the

surface.
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results  1emperature distribution Case A2
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resut lEeMperature distribution Case A5 woncompresiiit
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Temperature distribution Case Al soc withdousle diffusion effect
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180-day with Double diffusion
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OS relations

Observation
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CaseB 6S relations

Ml oo L Salinification over
the continental
shelf



Summary of numerical experiment

We have well reproduced 6S-relation observed off VB.

Important process on the formation of VBBW are all
of “Compressibility”, “Coriolis effect” and “Double
diffusion”.

 Compressibility: Quite important on the formation
of dense water off the middle size polynya.

 Coriolis effect: formation of density front at the
shelf edge. Conservation of potential vorticity
induce deepening of cold water its self at the shelf
edge.

* Double diffusion: important to form cold and
saline water
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Introduction

was discovered recently [Kitade et al.,

Seiki Co. [Kobayashi et al., 2015].

Antarctic Bottom Water (AABW) is the densest water in the
ocean and globally significant; its production at the Antarctic
margin is a key component of the global overturning
circulation [eg. Marshall and Speer, 2012]. AABW originating
from a middle size polynya called Vincennes Bay Polynya (VBP)
2014]. The fact that a
middle size polynya can be a formation site of AABW suggests
the possibility that the unknown formation area further exists
along the coast of Australian-Antarctic Basin (AA-Basin).

A deep profiling float, called “Deep NINJA” which is able to observe
temperature and salinity at depths up to 4,000 m, was developed by
Japan Agency for Marine-Earth Science and Technology and Tsurumi-
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Fig. 3. Photo of Deep Ninje
Five deep floats were deployed along 110°E in
Jan. 2014. Two of them drifted west almost
along the continental rise. Ninja 12 has been
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Ninja profiler successtully captured cata up to depth level of AASW. Effects of
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Fig. 3. €5 reiation for 2ii of CTD cats obtained in Fig. 1.
Black dot: TR/V Umitaks; Brown dot: TR Mirsi; Sleck
crosz: Siologging: coiored dot: Ninja ss zame color
indicatedin Fig.

Variety of water property near the Antarctica
in AA-Basin are shown in the figure. Ninjya
profilers observe typical water masses, e.g.
AABW, Modified COW, and cold dense water.
Dense Shelf water (DSwW) with fresher
property were obtained by biologging in

Charbiotan aros

Characteristics of AABW obtained bvaJa Float

Fig. 6. 85 reistion for AABW. Dark gray : 110°2 TR/V Umitaks; light gray
|Vincennes Bxy 2otiom | MNear VB TR/V Umitaka. Colored line:
Data from Ninje flcatz. The 4 .5r-, contour cenctes neutral censity.

Data by Ninjai3 showed Vincennes Bay Bottom Water
(vBBW) signals at first few casts. Because Ningai3 were
near VB than Ninjaid at first, strong effect of VBEW has
been appeared in profiles of 13. Since the temperature
and salinity increase gradually with distance from VB, we
may say that no signal of newly formed AABW has been
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Fig. 8. Vertical prosiles of @ and 5. Red vertical line indicate 8=-0.3°C in temoerature and 5=34.3 in satinity.

Cold and fresh VBBW (6 < -0.3 °C, 5 < 34.65) has been found in Region 1. in region 1(off VB), cold

and fresh signal, implying i i

water column. While

layer,

interleaving layer was not clear in region 2, it appeared again in upper 2000m in region 3 (off SK).
Temperature maximum, implying MCDW, was found at almost 300m depth in region 1, but at

around 600m depth in region 3.

F§ 9 Dense Shell Water cbuained by biokogiing are
compered. with Ninjald. Pink is VE, Bloe & SK The TS
obitained Ly Ninja 13 is indicazed by the color at the right
end. The black solld fne in the figire ndicates the
o,contour fine.

Characteristics of DSW

= We can see DSW in both of VB and 5K, while their
salinity are not so high as shown in other AABW
production region. Nevertheless, DSW in VB shows a
value close to 5 = 34.5 at freezing temperature. This
DSW can become more heavy due to the compession
effect, so it is considered that it has a potential to sink
down to about 3000 m [Kitade et al. 2014].

When D5W and MCDW mix on the shelf, 8 water mass of higher
ity than D5W calied Modified Sheif Water [MSW] is formec.
Athough MSW is frequenty observed in V8, it is likely uncommon
in SK. The related structure sppears in the depth of the MCOW
observed oy Ninjs fiosts off the shelf edge. In the region off VB,
the depth of MCDW iz shallow, anc hence, abie 1o spread over the
Zhelf. In the region off SX, however, it iz too deep to be supplied
On the shelf. Alsa, core salinity of DSW's in SK is lower 85~ 34.3.

. e 5 O

Discussion
In order to investigate the cause of salinity difference
on the shelf, we examined sait flux due to sea ice
ion. The sea ice amount is higher
in SK in 2014, but it is almost the same in 2015.
Therefore, as a total, there is no big difference in the
amount of salt supply induced by sea ice production.
Thus, in VB and SK, the difference in salt content of
DSW can not be explained by salinity flux associated
with sea ice production.
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Time wefies o o BrOSICtion In SK aéed VB Tor 2048 and 2035,

sayer, appeared water column off
VB, while it appesred only in Lpper 2000m oft
K.

DSW cloze to 34.3 and MSW were aoundant in
VB, but in SK, where the zalt content of DSW
o SR LIRSS o i * '° '* " nerdly observed. We can think thet thiz will
make 3 difference in the depth of ventitstion
into the offshore stream.

Despite the comperable sea ice procuction,
what iz cifferent Detween VS and SK? As 3
factor Of thiz, from this csta set, what is
is the andfor absence of

Summary

Ninja profiler successfully captured signals of VBBW. Because the Ninja profilers
drifted westward, we had expected discovery of unknown formation area of AABW.
However, no signal of newly formed AABW has been observed except in the region
off VBP, which is consistent with the BROKE results [eg. Bindoff et al.,
Although these observations do not completely negate the additional formation of
AABW originating from middle size polynyas located west of VBP, their formation
volume of AABW is suggested to be much smaller than that from VBP.

There is a possibility that the lower salinity DSW, which is not heavy enough to sink

down to the bottom, is formed in SK.

The candidates to explain the differences in VB and SK are

(1) Depth of MCDW and circulation off SK,
(2) Possibility of glacier melting.

To confirm AABW formation, long period mooring off SK is also needed as future

subjects.
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Polynya where sea-ice production was more active than that of VBP.




Conclusion

* From these results, we may conclude that not only
salinity flux by sea-ice production but also
surrounding water conditions are important to
form AABW.

* These studies should also be taken into account
for more good estimation of total volume of
AABW formation around Antarctica.

= Good estimation of parameters on Global Ocean Circulation increases
accuracy of long period prediction of climate change.

Further study including detailed observation is
necessary to clarify the mechanism of AABW
modification in Global warming age.



