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Abstract It iswell known that varving of the sea ice not onlv in the Antarctic but ak
so i the A rctic has an active nfluence on the globe amosphere and ocean In order
to understand the sea ice variation n detai] for the first tme an objective mdex of
the A rctic and A ntarctic sea ice variation is defined by projecting themonthly sea ice
concentration anan alies polew ard of 20°N or 20°S onto the EOF ( anpirical orthogo-
nal function) -1 spatial pattem Canparing w ith same work in fomer studies of polar
sea ice the index has the potential for clarifying the variability of sea ice in northem
and southem high latitudes
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1 Introduction

It iswell known that sea ice in the polar region plays an mportant role n the global
clmate changes as a part of clmate systan ( Carleton 1989 Yuan and M artinson 200Q
2001, Cheng and Bian 2002 L and M artinson 2002 Liu and Zhang 2004 G igor and
W allace 2002 et al). In fact numerous modeling studies suggest an mportant mnfluence
through the sea ice fields alone (Grumbine 1994 M eehl1 1990 R ind et al 1995). In or
der to understand the variability of A rctic and A ntarctic sea ice along w ith the possible con-
nections w ith clmatic ananalies n detai] it§ necessary to define an objective ndex But
up to now, there is no any index to describe the polar sea ice variability although Cheng de-
fmed ASO (Antarctic sea ice oscillation) as the EOF ( empirical orthogonal function) -1

mode of sea ice concentration anan alies in the sea area around A ntarctic In the present pa-
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per wew ill give the sea ice spatial variation index not only n the Antarctic sea area but al-
so m Arctic in the light of the defmition of AO I (A rctic O scillation Index) and AAOT(Ant
arctic O scillation Index) and based on the work of Chen (2002).

H ere we demonstrated the pran ment features of A retic and A ntarctic sea ice variability
revealed by empirical orthogonal function analysis firstly and then a num erical defmition of

the spatial variability mdex w ill be given
2 Data

M onthly mean sea ice concentration data on 1 degree grids are used in the study It is
got fran the G ICE dataset which describes data derived fran W alsh Sea-Ice Concentration
data and provided by The British A mospheric Data Centre ( BADC) (htp: //badc nerc
ac uk/hane/). The dataset used here spans a 36-year period fran January 1966 to D ecen -
ber 2001 In addition monthly sea ice concentration ananalies are produced by first crea-
ting the monthly means ramoving themonthly clmatology and then detrending the tine se-
ries at each sanple The datasets used here all span a 23-yr period fran 1981 to 2003

3 The spatial variation of the polar sea ice

In this section the spatial structure of A rctic and Antarctic sea ice variation is nvestr
gated and the enpirical orthogonal function is applied To extract the representative m odes
all 432 months are used as continuous tme series for EOF analysis The EOF-1 pattem
weichted monthly sea ice concentration deviation in southem hem ispheric area fran 50°S to
90°S is illustrated n Fig la Thismode accounts for 2% variance Fran the ficure we
can see that there are wo high deviation poles centered n the W eddell Sea and n the
southem of Indian O cean along 75°S Except for the high centers there is also a stronger
low one centered in the northem of Ross Sea along 60°S and aw eaker low deviation pole in
the southem of Indian O cean w ith the sam e latitude to the stronger low one Sq i Antarc-
tic the sea ice oscillation is pran ment which is the sane to the form studies W ith the
san e data analysis process the EOF-1 spatial pattem of the high latitudes area in the north-
em han isphere fran 50°N to 90°N is showed n Fig 1h It contains 23% of the total varr
ance Canparingw ith the spatial pattem of the southem high-latitude sea ice it doesn t bear
out the evident feature of standing wave n A rctic M ost strik ing of the figure is that there is
an evident high deviation pole centered in Hudson Bay along the latiude of 57°N. A's for
low deviation there are no evident poles But the figure show such a pattem that the high
deviation area exists m the high-latitude A rctic O cean and m the most area of the north Pa-

cific O cean and the north A tlantic O cean are the low deviation ones
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Fig 1a The egenvector of the first EOF mode of the sea ice concentration ananaly fran 1/66 to 12/01 contar

ning 2% of the total variance fran 50°S to0 90°S n the Southem H en isphere

(b)

Fig 1b The eigenvector of the first EOF mode of the sea ice concentration ananaly fran 1/66 to 12/01 contar

ning 23% of the total variance fran 50°N to 90°N in the Northem H an isphere
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4 Definition of A rctic and Antarctic sea ice variation index

The above analysis suggests that the sea ice variation fran 50°S and 90°S and fram 50°
N to 90°N both have high and low deviation areas The spatial variability of sea ice is evr
dent Then m the light of defnition of monthly AAO index and AO index in the National
W eather Service C lm ate Prediction Center the variability can be ob jectively expressed just
by the projecting the monthly sea ice concentration anamalies poleward of 50°S and pole-
ward of 50°N onto the EOF_ 1 spatial pattem They are defined as the EOF _I tine varia-
tion mdex Fig 2 shows the sea ice concentration variance explamned by the Antarctic and
A retic sea ice variation ndex TheH igh (Low) index corresponds to sea ice mcrease ( de-
crease) i high deviation areas and sea ice decrease ( increase) i low deviation areas

Fran the fomer studies it has been known that sea ice extent has a decreasing trend of
-2 730 %% (10° km®) in Arctic and an ncreasing trend of 1 09 30 3% (10° km®) i
Antarctic ( Cavalieri2003 Vyas 2003 W atkins and Smm onds 2000). The decreasing and
increasing trend m A rctic and A ntarctic sea ice can be enbodied fran sea ice variation n-

dex well
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Fig 2 Upper The Antarctic sea ice concentration variation index fran 1/78 to 12/00 fran 50°S to
90°S in the Southem H em isphere Lower The A rctic sea ice concentration variation ndex

fran 1/78 to 12/00 fran 50°N to 90°N in the N orthem H an isphere
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5 Conclusions and discussion

In this paper we defined the varying mndex of the A rctic and A ntarctic sea ice by pro-
jecting the monthly sea ice concentration anam alies polew ard of 20°N or 20°S onto the EOF
( enpirical orthogonal function) -1 spatial pattem Basic fact shows that it has the potential
for clarifying the variability of sea ice n northem and southem high latindes A question
must to clear up is that the study is prmary and attenpting somuch work must be done to
verify it

The ENSO signal has been found n the southem and northem high latitude fran analy-
zing sea ice data (G loersen 1995 Smmods and Jacka 1995 Kwok and Cam iso 2002).
Statistically significant polar-extropolar ( tropics and m idlatitudes) and circum polar telecon-
nection pattems were also recently quantified by nvestigating the relationship beween the
A ntarctic sea ice edge and global surface air tamperature ( SAT) aswell as other clmate n-
dices (Yuan andM artmson 2000). An mportant science question about them echanisn be-
tveen the sea ice variations in the polar region has not been clear This new index definition
about A rctic and Antarctic sea ice variability given m this article will be necessary and
helpful for clarifying the teleconnection beween sea ice and other amospheric or oceanic

physical phenan enon which is the work we are going to do in the future
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