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Abstract As an inportant part of global clmate systan, the Polar sea ice is effec-
ting on global clinate changes through ocean surface radiation balance mass bal
ance energy balance aswell as the circulating of sea w ater tamperature and salin ity
Sea ice research has a centuries— old historv. The manv correlative sea ice nriects
were estab lished through the extensive ntemational cooperation during the period fran
the primary research of ntensity and the bearing capacity of sea ice to the develop-
ment of sea/ice/air coupled model Based on these researches the sea ice variety
was canbined w ith the glbal clinate change A 1l research about sea ice ncldes
the physical properties and processes of sea ice and its snow cover the ecosystan of
sea ice regions sea ice and upper snow albeda mass balance of sea ice regions sea
ice and clinate coupled model The simulation suggests that the both of the area and
volme of polar sea ice would be reduced in next century W ith the develop ing of the
sea ice research more scientific issues are mentioned Such as the mteraction be-
ween sea ice and the other factors of glbal clin ate systan, the seasonal and regional
distribution of polar sea ice thickness polar sea ice boundary and area variety trends
the growth and melt as well as their nfluencing factors the wle of the polynya and
the sea/air mteractions W e should give the best solutions to all of the issues n future
sea ice sudying
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1 Introduction

Polar sea ice as the msulating effect regions between sea and aix it distinguish fran
ice free water area by its ice-albedo feedback adiabatic effect and other them odynam ics
effects m air sea nteraction process Sea ice plays an mportant role in the state and varia-
bility of regional and global clmate through themodynan ic and dynam ic processes and
feedback m echanign s operating over a hierarchy of space and tme scales (W alsh 1983 Jo-
hannessen et al 1992 W adhans 1994 1995).

Sea ice study ismore mportant i global change research M ore and more researches
on sea ice are mclided m mtemational projects (Table 1). As a factor of clinate systang
sea icew as discussed onm any aspects by global researchers fran the Institute of Low Ten -
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perature Science ( ILTS) i 1950 related to ice properties dynam ics and remote sensing to
A ntarctic Sea ice Process and Clm ate project (ASPeCt) i 2000 that focused on the contrr
bution of air/ice/sea couplingmodel to climate systans Sea ice studymamnly have underg-
one the follow ng stages the prinary researches on sea ice mtension bearing capacity sea
ice characteristics dynam ic process the research on sea ice extent change thickness dis-
trbution mass balance then the researches on ice dynam ics and them odynan ics process
air-sea interaction global sea ice couplingmodel Based on the systanatic polar ice theo-
1y, these research projects with the related work provide the sufficient evidence of sea ice
role n clmate Beside the research on sea ice effects also we should focus on its study
history and presentwork for further know ledge about its connectionsw ith other factors of clr
mate systan. W ith the studying on polar sea ice we are faced w ith more and more scientif-
ic questions The presentation of the questions would be the based of its answers

2 The past and present of polar sea ice research

A's a significant factor of clmate systans sea ice was primarily discussed n 1550s
During the period between roughly 1550 and 1616 Russian traders starting at the W hite
Sea and portaging the Yanal Penmsula had reached the A rctic sea ice for geographic rea-
sons In 19005 W illian Scoresby an experienced captain in England with excellent re-
cord he understood the ice and the general environm ent conditions of the A rctic He can-
pleted a paper “On the Greenland or Polar Ice” and later a book “A 1l A ccount of the A retic
Regions”. H is understanding of sea ice and the A rctic environm ent qualifies hin for the ti-
tle of the first sea ice scientist Scoresby’ s views that there was no open ocean beyond the
ice barrier and that even if ice conditions proved to be light one year there was no guaran-
tee that conditions would generally be favorable were prophetic and are still considered to
be true today However he did not prove to be a prophet n his own tme Since then a
series A rctic expeditions were taken on by John Ross ( 1818 1829-1833) and W illian
Edward Parry ( 1819-182Q 1921-1922 1824-1825 1827).

In 1773 Janes Cook w ith his can rades made them way through Antarctic Circle and
circumnavigated Antarctic They encountered large area of sea ice and speculated that there
has contment to the south During 1800s with the ncreased Antarctic exploration the
more considerations were paid to whaling and hunting up of seals meanwhile people know
more about sea ice The collection ofmuch sea ice mfomation data ultmately culm mated
in the publication of good m aps of the general sea ice distribution in both the westem A rctic
and A ntarctic by the British Adm iralty n 1866 and 1875 and of the eastem A rctic by the
Russians n 1884 It should also be mentioned that in the 1870s papers began to appear n
the scientific literature that discussed the properties of sea ice as well as the variations n
the ice conditions (Tan linson 1871 Pettersson 1883). In addition papers describing ex-
perinents on both the freezing and m elting of seaw ater aswell as the properties of the resul-
ting ice were published ( Buchanan 1874 1887% 1911). Payer and W eyprecht led an ex-
ploratory trip to Svalbard and then in 1872-74 organized the A ustroH ungarian A rctic Expe-
dition A lthough this expedition had more than its share of disaster it led to very mportant
results that there is absolutely no perpetual ice ifwe have mm ind one and the sane piece
of ice Such ice cannot exist just as there are no perpetual trees and there are no people
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Tahle 1 Same of the larger sea ice smdies or sea ice velated projecis thatwere funded from 1950

Project

D ates

G eneral subject

Institute of Low Tenperature Science

Joint Services Sea Ice Physics Pro-
gran

Australian National Antarctic Re-
search Exped ition

A rctic SEV Progran

(A DD JEX) A rctic Ice Dynan ics Jomnt
Experm ent

A retic Buoy Progran ( ABP)
Intemational Progranme for A ntarctic
Buoys ( IPAB)

Passive m icrow ave satellites

Synthetic Aperture Radar ( SAR)

satellites

1950-present

1954-1960

1960-present
1968-1972

1971-1976

1975-present

1994-present

1991-present

Ice properties dynam ics and remote sensing

Strength and bearing capacity

M ass balance

nam ics

sea ice and clmate

Pressure ridge characteristics

Ice dynam ics

Ice dynam ics

Icemotion pressure and tanperature

1973-76 1978-present Sea ice extent and type

Radarmapping of the ice cover

LEADEX 1991-1992 New ice properties in leads
U. S /Russian Ice Station W eddell 1992 Ice dynam ic and properties
A rctic O cean Section (A0S-94) 1994 MY ice properties and thickness

Antarctic Sea Ice Processes and Clr

m ate( ASPeCt)

Antarctic Ice Thickness Project( AN -
SIT'P)

Surface H eat Budget of the A retic O-
cean( HEBA)

Arctic Clmate Systan Study ( AC-
SYS)

Clinate and Cryosphere (C1L)

Intemational A ntarctic Zone progran

( AnZone)

Antarctic pack ice seals(APIS)

1998-present

1990-present

1996-present

1998-present

2000-present

1992-present

1992-present

Sea ice processes and climate effects

them ody-

Antarctic ice thickness seasonal and regional

variability

A irice~sea interactions and they them odynan-

ics coup ling

A retic sea ice boundary and its variab

flux

Crvosphere and its nteractions
physical properties

ility  heat

polar sea ice

Smulation Antarctic sea ice extent variab ility

Ecological nteractions w ith prey and
rorm ent

the envr

Arctic enviroorment change m particular the

recent decade

Study of Envirorment A rctic Change

(SEARCH) 2001 -present

thousands of years old Stefan ( 1891) exan ned the classic freezing problan that is now
known under his nane using polar ice as amodel H is interest n this problan was sparked
by W eyprecht’ s earlier field observation that ice thicknesswas a function of the accumula-
ted number of freezing degree-days

Sea ice research m the Twentieth Century can be divided nto wo periods separated by
the SecondW orldW arw ith the pre-w ar period being described as sam evhat Im ited and ler
surely and the postwar period asmore frequent and frenetic The scientific data collected

during the drift of the Fran (N ansen 1900-1906) vindicated Nansen’ s view of the general
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circulation of the ice proved that the A rctic O cean was both deep and contained several
sub-basing served as the basis for the smple ice driftmodel that still proves useful today.
W ith the expanding econany, not only had sea ice entered nto the world of geophysics it
also entered the world of engineering In the summer of 1901, M akarov carried out sea ice
studies using the Yemak for the purpose of mproving ice breaker design This appears to
be the first sea ice progran thatwas both specifically engineering oriented and not tied to a
trip of exploration The organization of first ntemational sea research progran — A rctic and
Antarctic R esearch Institute (AART), which indicated that sea ice research entering the n-
temational cooperation time period In 1921, Drygalski published descriptions of A ntarctic
sea ice conditions based on his expedition of 1901-1904 And also this year W ordie pub-
lished his observations on the nature history of pack ice as observed n theW eddell Sea on
the Shack leton Expedition of 1914-1917 (W ordie 1921). Followed byW right and Priestley
in 1922 they published the results under the title Glaciology. This book is a classic that
although not prmarily about sea ice contains a nunber of interesting observations relative
to thismaterial It provides a good description of the gean etric selection process occurring
during crystal grow th  the first observation on platelet ice In 1937 the first of the Russian
North Pole research station SP-1 was established on the driftng pack ice and operated suc-
cessfully for significant periods of tme (months to even year) for ice condition studying

During 1930-195Q sea ice researches entering the new period w ith themore aspects to
be mvolved mamly nclided sea ice structure and characteristic sea ice mechanical
property sea ice them odynam ic and electran agnetics characteristics sea ice grow ng and
melting processes sea ice morphologic and its thickness distributions sea ice knem atics
and dynam ics the ocean wave effects both of besides the floes and betveen the floes Sea/
ice interaction M ore and further deepgoing research works have been done by sea ice re-
searchers during 1979-1999 maink ncluded sea ice characteristic studving ( A llison
1989a A llison andW otby 1994 Eicken et al 1994 Gow et al 1982 1987 Jeffries et
al 1993 Kawanuraetal 1997 Lange and E icken 1991b); sea ice drift and defom ation
(Ackley 1981 Allison 1989h Geiger 199§ Worby et al 1998 Agnew and H irose
1997); polynya (Adolphs andW endler 1995 Branw ich and Kurtz 1984 Bramw ich et al
1998 Gordon and Can iso 1988); mass balance (Eicken et al 1994 A ckley 1979); sea
ice extent changes (M assan and Camiso 1999 Enanoto and Ohmura 1990 H arangozo
1997 Hurrell and Van 1994); snow on sea ice ( Eicken et al 1994 Branw ich and Kurtz
1984 Eicken etal 1995 Allison et al 1993 Garrity 1992); sea ice and global change
( Branw ich and Kurtz 1984 Sissala et al 1972 Budd 1975 Kukla and Garvin 1981;
Fletcheret al 1982 Zwally etal 19833 Zwally et al 1983b); sea icemodel and other
researches ( Gray and Morland 1994 H ibler 1979 Holland et al 1997 Hunke and
Dukow icz 1997 Sm ith and Nelson 1985 A rrigo and M Clain 1994).

Early studies one-dmensional n space focused on sea ice themodynam ics mtrodu-
cing vertical heat transport in the floes but thesemodelswere only un i the A retic (M ay-
kut and Unterstemer 197L; Sem tner 1976). Parkinson and W ashington ( 1979) extended
sin ilar fomulations for physics of sea ice to the whole A rctic and Antarctic regions w ith
interactive air/sea ice fluxes canputations and smple ice transport ( Parknson and W ash-
mngton 1979). ThenH bler ( 1979) mtroduced thew dely used viscous-plastic theology and
managed to mprove themodeling of sea ice circulation n the Central A rctic A globalm od-
el mcluding relatively sophisticated sea ice themodynam ics a viscous-plastic theology for
dynan ics and a m xed layer was developed by Fichefetand and M aqueda ( 1997). They
cane to the conclusion that n the Antarctic taking snow ice fomation into account is -
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portant whereas it is just the contrary in the Arctic when the themal mertia of the ice
floes is negligible Through the use of a coupled ocean m xed layer-sea ice model a study
by Holland et al (1997) deamonstrated that the ice thickness distrbution plays a crucial
role m detem ning the exchange of both heat and fresh water betw een the ocean and the at-
mosphere n the A rctic The mnfluence of the Southem O cean sea ice m a global ocean m od-
elwas mvestigated by Stiossel et al ( 1999) later who found that the rate of Antarctic
bottan -w ater form ation strongly depends on sea ice processes ( particularly brine rejection).

Salas (2002) described and validated the GELATO sea ice model ( G lobal Expermental
Leads and sea ice for A mosphere and O cean) . GELATO is a dynam ic and them odynam ic
sea icemodelw ith the consideration of several sea ice categories accounts heat conduction
and storage n the slah snow layer aging and the fomation of snow ice Goosse et al

(2004) mvestigated the causes of sea-ice volume variations using wo different sea-ice-o-
cean models They suggested that the ananalous exchanges of sea ice air and water be-
ween the North A tlantic and the A rctic play a laige role m explammng ice volime varia-
tions The tme evolution of the ice voim e appears well correlated w ith the low frequency
variations of the North A tlantic O scillation (NAO). G ildoretal (2002) had been model
ng the svitchmechanism of sea ice during glacial-mterglacial cycles The further study m-
volved sea ice physicalmechanisn and its effect on the amospheric CO,. Sea icg fomed
by freezing of seaw ater coversmuch of the polar oceans It exhibits considerable seasonal

regional and iter-annual variability in both hen ispheres Seasonally sea-ice extent in the
Southem H an isphere varies by a factor of § fran am nimum of 3-4 m illion km” i Febru-
ary to amaxmum of 17-20 m illion km® in Septanber ( G loersen et al 1992) . W hereas

Northem H an isphere ice extent varies by only a factor of 2 fran am nmum of 7-9 m illion
km® in Septanber to amaxmum of 14-16 m illion km® in M arch ( Parkinson et al 1999).

A ntarctic sea ice extent show the increase trend during 1978-1996 while the A rctic sea ice
cover is decreasing w ith the decrease rate of 2 9% every decade ( Cavalieriet al 1997).

Wuetal (1998 1999a) used coupled sea ice model with the consideration of future
greenhouse effects human active CO, en ission that led to global wam ng suggested that
the Antarctic sea ice cover would be decrease i the next century the seasonal m nmum
and the maximum extent would be decrease 2° and 1 8° in latitude respectively South
hen isphere surface temperature and global surface tanperature n average would be rise 2

2°C and 2 7°C respectively V innikov et al (1999) used sea ice coupled model and sug-
gested that the A retic sea ice extent showed the decrease trend in past 30 years This find-
ng is n agreanentw ith the observations They took into account of the ncrement of hum an
active CO, and aerosol an issions which results m greenhouse effect and suggested that the
A retic sea ice coverw ill be decreased by 2000 i average up to 205Q Keith et al (2003)

used coupled clmate model of Geophysical Fluid Dynam ics Laboratory (GFDL) ( IPCC
2001) and suggested that due to the globalwam ing the substantialw eakenng of the North
A tlantic overtuming circulation and a large reduction n the volme of the A rctic sea ice is
to occur n the 21st century( Keith et al 2003 Houghton et al 2001). In recent years

the researches of polar sea ice m Chmamamly concentrated m follow ng subjects sea ice
and clmate (Bian etal 1996 1997 Chenetal 2002 Li1996 Liuetal 2003 Xieet
al 1994a 1994h Zhaoetal 2001); the ecology environment of sea ice cover areas (He
et al 1998 W ang and D ieckman 1993); sea ice spatial and temporal variability (W ang
and Yang 2002 Xieetal 1994¢ 1998 Zhao et al 2000); sea ice characteristics (Kang
et al 2002 LiandKang 2001); sea ice albedo (Tang et al 2003); sea ice in-situworks
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(Kang et al 2003 Sun et al 2002 Tang et al 2004); mnteractions between sea ice of

the A rctic and Antarctic (X ie et al 1994b) and sea ice effects towatermass (Dong an L.
ang 1993).

3 The role of sea ice n climate

The role of sea ice n the global clm ate systan has been recognised and mnclided as a
study canponent ofmajr ntemationalw eather and clm ate progran s such as the Polar Sub-
Progranme of the G lobal A mospheric Research Progranme and the W orld Clmate Re-
search Progranme Sea ice plays an mportant role n the state and variability of regional
and global clmate (W alsh 1983). This role is largely attributed to the ice-albedo feed-
back the msulating effect of sea ice and its nfluence on the global themohalmne circula-
tion through salt rejection during ice growth and surface freshening during ice melt The
presence of sea ice is affecting ocean surface radiation balance energy balance and m ass
balance

The presence of sea ice through its higher albedo has changed the polar ocean
surface radiation balance Sea ice cover can change the ocean surface albedo variability
Due to the effect of ocean surface solar radiation absorption the presences of sea ice broken
down the ocean surface radiation balance of ice cover areas Sea ice cover area has lower
surface tamperature nw inter than open water due to its albedo feedback In general ocean
surface albedo is 10-1%%, however the albedo of sea ice w ith new snow cover can rise to
90% .

Polar ocean surface energy balance has been changed as the result of sea ice in-
sulating effect W ith its high albedo ( the fraction of ncident solar radiation that is reflec-
ted bv the surface) the ice and its snow cover also reduces the anount of mcan ng solar ra-
diation absorbed at the ocean surface by reflectingmuch of it back to space The direct n-
teractions betw een air and sea are energy exchanging and finally cane to its balance In
summ ey this balance is controlled by shortwave radiation and the surface albedo variabilr
ty. Itacts as an msulating layer beween the ocean and the amosphere as surface wrbulent
heat flux exchanges affecting sea ice can be asmuch as wo orders ofm agnitude less ntense
than those conceming the neighbouring open water area subjected to the sane amospheric
conditions A lso solar shortwave absorption by an ice cover is considerably less than that of
open water and where there is sea ice the precipitation that should othew ise directly fall
nto the ocean is stored at the surface of the floes hence the strong dependence of the m a-
rine surface heat and freshw ater budgets on the ice fraction (Oberhuber 1993). In the Cen-
tral Arctic the summermelting of sea ice contributes to stratify ( i e, here stabilize) the
water cohmn which mhibits heat exchanges beween the upper and deeper ocean This
lack of deep convection prevents most of the region fran being ice free during the summ er
Around the Antarctic in contras} sea ice ablation ismamly due to the release of energy
fran the ocean as relatively wam water m asses reach the surface (Oberhuber 1993). Ex-
perinents w ith sea icemodels have shown thatmodels ncluding only sea ice them odynam-
ics are more sensitive to changes in the themal forcing than those that mclude dynam ics
(H bler 1984 Lenke et al 2000 R ind 1997). The mnclusion of sea ice dynam ics is par-
ticularly mportant n the Southem O cean ( Pollard 1994).

Sea icemay transform oceanmass balance The ice acts as a physical barrier to the
exchange of gases ( such as oxygen carbon dioxide and water vapour), and as an msulating
blanket between the relatively wam ocean and colder amosphere In geophysics area sea
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ice thickness concentration and other characteristics are controlled by its variable dynam-
ics and themodynanm ics processes ( driftng defomation freezing and melting) aswell as
the mfluence of the boundary layers of air and sea So the consequences of these mnterac-
tions would detem me the ice cover conditions ( sea ice drifting speed concentration
thickness) and the variability of sea/air nteraction and its response to clmate change

Sea ice may transform the themmohaline circulation of the Polar Regions Sea
During w inter when the temperature falls below 00C, never falls below -1 9°C, sea water
would freeze to fom sea ice Sea ice crystal is relatively fresh water at the beginning of the
ice fom ation w ith the most salt reject to ocean Sea ice is considerably less salty than sea
water and salt rejected fran the ice structure during its fomation and grow th increases the
salinity and density of the underlyng water Thismay induce deep vertical convection that
contrbutes to the upwelling of nutrients and to the overall themohaline circulation (water
moven ent driven by salinity and temperature gradients) of the ocean Conversely when the
icemelts n spring it releases fresherwater fom ing a stable low salinity surface layer Sea
ice freezing and meltngwould nfluence the form ation and mtension of sea themohaline cir-
culation aswell as of deep seawater (M artnson and lannuzzi 1998). This occurs through
“keel stirring” and the processes of sea ice fom ation andm eltswhich change the density of
the upper ocean layers through brine rejection during freezing and deposition of fresh water
duringmelting These coupled w ith heat exchange through leads directly affect them xing
of the upper ocean layers and the fluxes of salt and freshwater nto the ocean and thus the
buoyancy of the upper ocean layers

The role of Antarctic sea ice cover in South Ocean ecosystan. The A ntarctic sea
ice zone is a habitat formany species of biota M any algal canmunities reside w ithin or un-
der the ice and algal bloans occur i the stable freshwater  lens” that foms as the ice
edee retreats n the ssmm er Larce auantities of krill feed on the phvtoolank ton that in sane
way depend on the sea ice and n tum provide amajor food source for larger anmmals such
aswhales seals and penguins The sea ice is also used as a breeding platform for same
seals and penguing andmay provide a refuge fran predators The presence of Antarctic sea
ice show es themost mportant roles m South O cean halobios and energy transfom. So the e-
cology of Antarctic sea ice becane the mportant part of polar sea ice research ( Legendre et
al 1992).

Sea ice is known to mpact on ocean and ammosphere on aw ile variety of tmescales
On short tmescales ( days toweeks) sea ice fluctuations are ofmost mportance regionally
On longer tmescales sea ice can have aw ider nfluence on the clinate systen overall, m
particu lar through the mportantm echanisn of ice-albedo feedback which models show will
enable polar anplification of greenhouse gas-induced wam ng over the high latitudes m
winter And also the poleward anplification of globalwam ng n observed surface air tan-
perature ( SAT) m both hen ispheres (Gateset al 1996 Flato and Boer2001). H owever
clinate change smulations in global coupled climate models typically show amarked hen
spheric asymm etry,  w ith more wam g over the northem high latitudes than the southem
(Kattenberg et al 1996). This asymm etry m ight be ascribed to smplified tream ents of sea
ice and ocean processes

4 Key scientific questions which must be answered to meet the polar sea ice re-
search

W hat are the broad-scale tine-varying distributions of the ice and snow-cover thick-
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ness ice canposition and other physical characteristics n the polar sea ice zon€

M ore and more researches show that the A rctic sea ice thickness appear the large varr
ability Rothrock et al (1999) suggested that sea ice m ean draft reduced 1 3m at end of
summ er during 1958-76 and 1990 i the A rctic abysnal areas and the primarily evidence
show this trend would continue ( Rothrock et al 1999). The retreat of Antarctic sea ice
balanced 38% of the globalwam ng (R ind et al 1997). Because we are ignorant of Ant-
arctic sea ice thickness distrbutions and its variability take the consideration ofmass bal
ance and energy balance we can not confim the results about ice thickness variab ility
The presence of snow cover on sea ice mfluences the themodynanm ic properties of ice and
the seasonal grow th and retreat rates (M aykut and Unterstemer 1971). Themoldng results
indicate that sea ice zone appear the large sensitivity in response the global change (M itch-
elletal 1990 Wuetal 1999b). The snow coverwould increase this sensitivity ( E icken
1994) and furtherwould bring on the global cooling (Ledley 1991).

W hat are the dan nant processes of ice fomation modification decay and transport
which nfluence and detem me ice-thickness camposition and distributior?

The characteristic of sea ice thickness structures and canpositions nfluence air/ice/
sea mteractions The refreezing flooded snow layer and melted snow can mcrease the ice
thickness however the high ocean heat flux can reduce the ice thickness and the surface
water salinity through the bottan melting The research shows that frazil ice has a much
large proportion in the South O cean sea ice region than n the Arctic (507 mn Antarctig
10 i Arctic) (Gow 1987). The frazil ice and grease ice fomation controlled by nten-
sive dynam ic process that led the fomation of granule ice Under this condition its thick-
ness rise to 40-60 an to fom the thin pancake ice W ith this thickness it can restrain and
altering the prinary condition and the further thicken mamly controlled by them odynam ic
process that led to the fomation of colmnar ice During the ice erowth ice defom ation
rafting and ridging can induce the rafting of multi-layers of both granule ice and colmnar
ice The observations show that amospheric condition and tide can mnfluence the dynam ic
conditions of ice fomation and defomation Due to the regional variability of snow fal]l the
proportions of snow ice show the seasonal and regional variability n the Antarctic W e need
more data now to explain themaily process of ice grow th and decay.

W hat is the role of coastal polynyas in detem ming total ice production heat salt and
biogeochem ical fluxes and water m ass mod ificatior?

The polynyas development can be found n both the A rctic and A ntarctic sea ice cover
areas M ost of then are m the South O cean W eddell polynya is regarded as the free ice ar-
eawhich results fran the upwelling sensitive heat of the deep ocean pycnocline On the oth-
er hands coastal polynyas are regarded as the result of latent heat A s the ntensive heat
exchange areas it can rapidly bring upmuch ice n polynyas regions The concentrated re-
jection of salts when sea ice grow th can also mduced regional water mass changes and the
increase of the contmental shelfwater salinity Ice free polynyasm ake the key roles m con-
trolling biology and cheam ical flux of the Antarctic halobios systan. And also the mportant
roles of polynyas i air-sea gas flux and biogeochem ical cycle such as carbon trangm ission
mechanisn. W hereas few relative research work has been done till now. There are no sys-
tem atic observation data

The other scientific questions mclide what are the processes that control the ice-w ater
nteractions at the ice-edge and what about their seasonal changed W e have no data about
icew ater interactions at the ice-edge
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5 Summ aries

In the future polar sea ice would decay Thismay contribute the global wam ing as
the result of negative feedback of sea ice Based on the fomer researches both the filed
observations and the modelmng are needed m the future study The w de rages mtemational
cooperation m polar sea ice research are also necessary In particular sea ice research m
Chma should jom mmore ntemational prograns on sea ice and clmate Itmust contrbute
our research m polar ice and global change
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