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Abstract Based on the hydrographic data in austral summ er during the 22nd A ntarc-
tic Expedition of China ( 2005/2006), same features can be found about the northem
margin of Emery ice shelf as follws The heat content in the surface layer( 0-50 m)
at the eastem end and the westem end of the ice-shelfm argin ismuch higher than that
at them iddle The upperm i ing-layer depth and the seasonal themocline depth at
the m iddle of the ice-shelf northem margin are much shallow er than those at the both
ends However there ismuch less difference bew een the m iddle and the ends in the
bottan layer The ramote sensing photos show that the mhanogeneity n the surface-
layerwater is closely related to the spatial distribution of the floes and polynia mn the
area
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1 Introduction

The eastem Antarctica is the most northward land i the Antarctica extending across
the Antarctic circle toward the Southem Indian Ocean Prydz Bay is a anall water area
stretching nto the eastem Antarctica and it is thus affected to a great degree by the contr
nent In addition to the contmnental effects on the bay the Lanbert glacier slow ly moves to-
ward the bay and becanes connected w ith Em ery ice=shelf at the nland Im it of the bay
Therefore the bay is also affected by ice Furthemore the amosphere can heat the water in
austral ssmmer and cool it n austral winter A Il those causative factors make Prydz Bay
w ith its ad jacent sea area a canplex systan effected by the iteractions anong the ocean
the contnent the ice and the amosphere

On 14-18 January 2006 R /V Xuelong dashed mto the seasonal floe area along the
northem margin of Emery ice-shelf and canpleted a hydrographic section ( see Fig 1) m
order to study the themohaline structure and its spatial variability n themargmnal area It is
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found by means of the full depth CTD data obtamned during the cruise that the them ohaline
structure has spatial nhanogeneity in the northem margin area of Emery ice-shelf In this
paper the hydrographic data are used for both the surface layer waterm ass analysis and the
low er layer watermass analysis in the first section and the second section respectively

Then the heat content n the upper layer was calculated show ing its spatial mhan ogeneity
and the abnom ality of its geographic distrbution F mnally it canes how the mhanogeneity
and the abnomality can be caused and explaned Conclusions are drawn at the end of the

paper
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Fig 1 Station locations of the 22nd Antarctic Expedition the dash Ine shows the northem margin of Emery
ice=shelf

2 Surface layer water at the northern margin of Em ery ice-shelf in austral summ er

R /V Xuelong navigated n Prydz Bay and its ad jacent sea area to canplete the 56 hy-
drographic stations and totally 94 CTD full depth casts (Fig 1 for the station locations)
the period fran 14th to 18th January 2006 when itwas right in australm idsummer The 13
CDT stations anong the 56 are located n the dense floe area at themargin of the ice-shelf
The navigating route went fran the east to the west M ulti-disciplinary observations contin-
ued for 25 hours at both the 1st station (1 e at the east end of the section) and the 13th
station ( 1 € at thewest end). The others of the 56 stations were arranged for the 4 sec-
tions n the sea area adjacent to Prydz Bay which will be discussed n another paper n the
future It can be seen fran Fig | that the section or the ice-shelfm argin appears a gean et~
ric curve being northw ard convex and further offshore at them iddle part about 68°20°S 72°
E ( the location of Station IS10). To canpare w ith the m iddle part of the section the east
part of the section is rather southw ard and reaches 69°15°S at Station ISOL, while the west
reaches 68°39°S at Station IS12 Obviously Emery ice-shelf becanemelted to a larger ex-
tent at the east and the west than at them iddle The temperature salnity and density of
the section are shown n Fig 2 The hydrographic features can be described as follws The
surface layerwaterw ith its tenperature higher than — 1 0C are thicker at either the east or
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the west of the section canparing w ith the m iddle It becane as thick as 60 m at the east
and 40 m at the west but itwas only 15m thick at the m iddle where Emery ice -shelfw ith
its ice-tongue is the most northward convex The surface layer water with its salinity less
than 34 2 had the vertical distrbution sm ilar to the temperature section and becane as
deep as 40 m at either the east or the wesl almost wice thick as that at them iddle The
vertical distribution of density also shows sin ilar features i e the surface waterw ith lighter
density is thicker at either the east or the west The hydrographic features described above
can be summarized as follws The surface water lying at the northem margin of Emery ice-
shelf has higher tanperature less salnity and a greater thickness at either the east or the
west canparing w ith the surface water at the m iddle A lthough the latitude of the m idle
part of the section is lower than the latitudes for either the east or thewest thewater at the
m kldle part of the section is colder and fresher than that at either the east or the west and
not only the themocline but also the halocline is shallow er there Therefore the temperature
and salmnity distribution has the spatial mhanogenneity i the section and the geographic i~
regularity in the surfacewater i e water is colder at the lower latindes and wam er at the
higher latitudes along the section
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Fig 2 Sections for tanperature ( left), salnity (m idle), and density ( right) at the northemm argin of Em ery

ice~shelf respectively

Pu et al (2000 2004)"""™ used the CTD data obtained during the Chinese 15th
Antarctic Expedition to analyze the physical features of the surface water n Prydz Bay and
its ad jacent sea show ing that the surface waterw ith a highest tanperature about L 9C and
the salinity about34 0 are distrbutedmainly i the top layer shallow er than 50 m. They al-
so found that the temperature and salinity are variable n the top layer because it is affected
by various causative factors such as floe distrbution icemelting degree ramnfall and solar
radiation etc Therefore the values of tanperature and salmnity are dispersed n a large ex-
tent Chen et al (2005)""" draw the sane conclusion based on the data obtained during
the 19th Antarctic Expedition Therefore the spatial mhanogeneity and the geographic i
regu larity of the temperature and salinity distribution along the northem margin of Emery
ice=shelf can be expected as the reasonable conditions n summer The causes for those in-
han ogeneity and irregularity w ill be discussed n Section 4 of this paper
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3 Prydz Bay shelf water in the lower layer at the northern margin of Emery ice-
shelf

Prydz Bay contmnental shelf water are distributed below the surface water in the bay,
fran the 100 m depth down to the sea bottan, It can be seen fran Fig 2 that the salinity of
Prydz Bay shelfwater is about 34 § higher than the surface water its tanperature is lower
than — 1 8C, colder than that of the surface water and its density is 7 8 kg/mz, denser
than that of the surfacewater The Prydz Bay shelfwater unlke the surface water is rath-
er hanogeneous and stable It is fomed m the long tme polar night n australw inter when
am ospheric cooling is strong wind is bittey Emery ice-shelf is northw ard extended salt-
rejection fran the new ice which is recently frozen becanes strong density is heavy and
descending motion happens Therefore Prydz Bay shelfwaterw ith such a heavy density is a
kind of “‘memory’ kept by sea for the amospheric extrane cold event in austral w inter
W hen weather tums to ( be) wam n summer of the follow ng year fresh water flux be-
can es ncreased due to themelted sea-ice n the surface water layer Furthemorew ind gets
weaken and sun heating mcreases mm dsunmmer awamer less salty and lighter surface
water is fomed and overlies the denser bottan water Because of the mamntenance of the
stable structure ( lighter at the top and denser at the bottan ), the surface layerw ith greater
buoyancy plays a role lke a barrier layer to obstruct the downward tranam ission of the heat
flux and manentum flux and to isolate the Prydz Bay continental shelfw ater underlying the
summ er surface water w ith the bottan layer being kept undistuthbed If one bears n m ind
that the northem margin of Emery ice-shelf is a floe-densest area in Prydz Bay and the
mu lti-year ice coverage is distributed to the further south of the ice-shelfmargin it can be
understood that both the summ er heating to the surface layer and fresh water flux due to the
floemelting are much stronger n the northem margin area canparing w ith the sea area
south of themargin where the sea surface is covered by themulti-year ice of the ice-shelf
Therefore n this sense the floe area at the northem margin of Emery ice-shelf ismost af
fected by the mteraction anong the amosphere ocean and sea-ice

Puetal (2000)'", Puetal (2004)" pomted it out that Prydz Bay continental-
shelf water is situated at the depths deeper than 100m in the sea area north of 67°sw ith its
salinity beween 34 4 and 34 5 and its tenperature belw — 1 8C, according to the 15th
A ntarctic Expedition data H owever the data obtamed during the 22nd A ntarctic Exped ition
show that the extranely hich salinity was about 34 6 at the depth of 750 m at Station ISO7
and the extranely low temperature was about — 2 01°C at the depth of 150 m at Station
IS12 and Station IS13 This is because this section went along the northem m argin of Em ery
ice~shelf and it is geographically sitated south of the sections of the 15th A ntarctic Exped
tion The canparison result beween the wo means that the salt-rejection by ice freezing
and the seasonal cooling n w nter tine is stronger n the seasonal floe area at the northem
margin of Emery ice-shelf than that n the sea area north of the northem margin of Emery
ice-shelf where the 15th Antarctic Expedition was carried out

To sum up the above-description it is leamt that Prydz Bay continental-shelfwater is
distributed n the lower layer at the northem margin of Emery ice-shelf, and the water be-
ng relatively han ogeneous has higher salinity lower tanperature and denser density This
water is fomed i polarnight keeping “amanory” of amospheric cold events in the prevr
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ousw inter A lthough the spatial nhanogeneity of the water is not as obvious as the surface
layer water the salinity and density of the lower layer water is still a little higher at the
m kldle part of the northem margin than either of the both ends of themargin section while
the tanperature is lower at the westem end Camparing with the northem area of Prydz
Bay the salmnity of the continental-shelfwater at the northem margin of Emery ice-shelf is
still higher the tamperature lower and the density denser

4 Heat content in the upper layer at the northern margin of Em ery ice-shelf

In order to expound the seasonal heating effect on the heat content in the oceanic upper
layer at the northem margm of Emery ice-shelf n the 2005/2006 summey the follow ng e-

quation can be used to estmate the heat content n awater column on an unit base betv een

the water depth Z, and Z,.

5
H = Jcp Xdz

where C, is the specific heat of seawater z the depth P= P(x, y z) the density at the lo-
cationx, 5, 3 T=T(x ¥ z) the location tanperature andH =H (x, y) the heat content
n the water comn betwweenZ, and Z,. As it is usually done C, can be roughly taken as
a constant and the density variation AP is negligible if seawater is taken as ncanpressible
liquid ie C, and Pgive much less effects on the heat content canparing w ith tem pera-
wre FmallyH can be expressed by Edez, which w ill be used to estinate the heat content
in awater column on an unitbase n any depth mterval Fig 3 shows the heat content varia-
tion along the section of the northemm argin betw een the sea surface and the depth of 50 m,
because in general the summer heating effect is lim ited in the top layer shallwer than the
50m depth which can be identified as the tenperature section shows n Fig 2
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Fig 3 H eat content variation n the upper layer (0-50 m in depth) at the northem margin of Emery ice-shelf

It is leamt fran Fig 3 that the heat content reaches the highest at Station ISO1 of the
east end of the section where the latiude is the highest The next canes the heat content
at Station IS13 of the west end The heat content at either of the both ends becan es h igher
than at them iddle part of the northem m argin of the ice-shelf where the latitude is the low-
est n the section In addition it can be also leamt fran Fig 3 that the low est heat content
of the upper layer is simated at Station IS07 where Emery ice-shelf becanes the most
pran nent northw ard i its ice tongue Therefore the heat content distribution along the sec-
tion shows that the heat contentw ithin the upper layer shallower than 50 m depth also has
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its spatial mhanogeneity and geographic abnomality 1 e lower at the m iddle of the sec-
tion ( at the lower latiudes) and higher at the both ends ( at the higher latitudes).

As it is described mn the above paragraph i general tanperature or heat content
should have becane higher as the latitudes decreased H owever as it is expounded n Sec-
tion 2 the tan perature becan es low er rather than higher at the stations of them iddle area a-
long the northem marginal section where the latitudes of the stations are decreased than er
ther of the both ends where they are located at the higher latiudes n the section In order
to understand the cause for the spatial mhanogeneity and the geographic abnomality the
exp lanation w ill be expounded in the next section by means of the seasonal variation of po-
lynia and floe area at the northem margin of Emery ice-shelf

S Effects of polynia developm ent and floe coverage on the seasonal oceanic heating

Papers discussed polynia and its effects on themohaline structure (Gorden and Can iso
1988'“; Dong and Liang 1993"); Pu et al 2000'"; Pu et al 2006°; Smth et al
1984'" ), and expounded oceanic upper layer heating affected by polnia Conceming the
causes of polynia fomation n the southem O cean and the Antarctic coastalwaters usually
polynia can be divided mto 2 kinds One kind is fomed i the ocean away fran coast re-
sulting fran upw elling of C ircumpolar DeepW ater (CDW ), featured w ith itswam temper
ature and high salinity and heating the cold sea surface which was originally covered by ice
and becan e open after the ice had been gradually eroded and fnally melted by CDW. This
kind of polynia is surrounded by ice where no upwelling occurs and ( it is) called as oce-
anic polynia Another kind is called as coastal polynia and it is fomed when the offshore
strong w ind of polar cyclones or the Antarctic down slopew ind fran the pole blow s the new-
ly fomed ice avay fran the coast Obviously both the geographic locations and the fom ng
causes for the wo kinds of polynia differ fran each other It is evidenced by satellite remote
mages that coastal polynia is often formed at the northem margin of Emery ice-shelf Fig
4 is the mages for the polynia form ng and developing there W hen it was early austral
spring on 24th Septenber 2003 a narrow ice gap were already fomed ( see F'ig 4( a) ).
The gap becane gradually w dened and eastward extended Especially the west part of the
gap becane obviously wider on 3rd O ctober 2005 ( see Fig 4(b)). On 18th Novenber
2005 the floe area north of the polynia becane obviously shrunk after same of floes had
beenmelted At the sane tme the polynia becane also shrunk because the ran aining floes
moved toward the northem margin of Emery ice-shelf ( see Fig 4( ¢) ). On 28th Decanber
2005 the floe areawas furthermelted and shrunk Especially the floe coverage northeast of
the polynia becan e obviously decreased ( see Fig 4(d) ). On 14th January 2006 when R /
V Xuelong started the summer cruise along the northem margm of Emery ice-shelf samne
floes still remamned to the northw est but no ice could be observed in the northeast ( see F ig
4( e) ). Thereafter the polynia is going to be disappeared However i sharp contrastw ith
the tanporal variation i the floes area to the north of the polynia the northem margin or
the ice tongue of Emery ice-shelf kept its northw ard pran mence and configuration mvaria-
ble (seel'ig 4). It is because the ice tongue is the thickest part of the ice-shelf and can
not bemelted by seasonal heating Therefore it is leamt fran the above description that ( 1)
the seasonalmelting of the floe area to the north of the polynia is the mamn cause for the
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Fig 4 Satellite ranote mages show ng the polynia fomation and development ( a) on 24th Septanber 2003
(b) on 3 October 2005 ( ¢) on 18th Novanber 2005 ( d) on 28th Decanber 2003 and ( e)
onl4th January 2006
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polynia vanishing (2) the polynia open water fomed in early spring w ill be directly rad ia-
ted by sun-light and heated by the aimospheric seasonalwam ng (3) the ice tongue i e
the northw ard pran nent part of Em ery ice-shelf can notmelt and vanish during the wam ing
seasons but the floe area north of the polynia will be shrunk by solar radiation and amos-
pheric heat transfer and (4) the configuration of the polynia open water detem nes the
spatial mhanogeneity and geographic abnom ality of the hydrographic features at the north-
emmargin of Emery ice-shelf Therefore polynia fomed mn early spring is samething like a
‘window’ through which solar radiation and amospheric heat can transfer and wam the o-
ceanic upper layer and melt the floe in the ocean

6 Conclusion

Conclusions can be drawn fran the above analyses and descriptions

(1) Seasonalwam g is observed in the oceanic upper layer (0O~ 50 m in depth) a-
long the northem margin of Emery ice-shelf in austral summer temperature ncreasesmuch
more at the west end and the east end of the northem margin section than at the middle
The sectional distribution of salinity is s ilar to that of temperature because of the ncreas-
ng fresh water flux mnto the upper layer which responds to sea-ice melting during the sea-
sonalwam ing The water density response to the seasonal wam g and freshening is that
the density becanes lighter at either of the both ends of the section than at the middle
However (a) the distribution of water tanperature i the lower layer ( deeper than 100m )
is different to that n the upper layer Low tenperature is observed n the lower layer at the
section ends and tenperature is even lower at the west end Therefore the spatial nhan o~
geneily of the hydrographic features is obvious at the northem margin of Emery ice-shelf

(2) The heat content distribution also shows ( the) mnhanogeneily and irregularity in
the upper layer (0-50m) along the northem margin The heat content is higher at either of
the wo ends especially at the east end while it is lower at them iddle of the section where
the ice-tongue is northw ard pran nent

(3) Fomation and enlargement of the polynia at the northem margin of Emery ice-
shelf are themam causes for ( the) distributional nhanogeneity ( of the hydrographic fea-
res). In early spring the open water of polynia is samething lke a > w ndow’” through
which more solar radiation and heat flux are directly transferred to the oceanic upper layer
Therefore polynia is an mportant causative factor for oceanic seasonalwam ing and freshe-
ning n spring and summer The polynia configuration gives effects on the themohaline mn-
han ogeneity at the northem margin of Emery ice-shelf

(4) Prydz Bay continental shelf water is simated n the lower layer at the northem
margin of Emery ice-shelf It is rather hanogeneous and of relatively low tenperature high
salnity and denser density Thiswater keeps  itsmemory’ of the amospheric cold event
in the previousw inter The lowest temperature is observed in the lower layer at the westem
part of the section and how to explamn it keeps unknown at the present
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