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Abstract Using sea ice concentration dataset covering the period of 1968-2002 ob-
tained fran the Hadley Center of UK, this paper mvestigates characters of Antarctic
sea ice variations. The finding dan onstrates that the change ofm ean sea-ice extent is
almost consistentw ith that of sea-ice area so sea-ice extent can be chosen to go on
this research Themaxmum and them nimun of Antarctic sea ice appear n Septan-
ber and Febmary respectively Themaxmum and themaxmal variation of sea ice ap=
pear n W eddell Sea and Ross Sea while them nmun and the m mmal variation of
sea-ice appear in Antarctic Peninsula In recent 35 years as awhole Antarctic sea
ice decreased distinctly M oreover there are 5 subdivision characteristic regions con=
sidering their different variations H ereinta the sea-ice extent of W eddell Sea and
Ross Sea regions extends and area ncreases while the sea-ice extent of the other
three regions contracts and area decreases They are all of obvious 2— 4 years and 5
— 7 years significant oscillation periods It is of significance for further understand ng
the sea-ice-air nteraction in A ntarctica region and discussing the relationship betw een
sea-ice variation and amospheric circulation
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1 Introduction

Now adays global clmate change has been an mportant issue n the world Antarctic
area is just the key and sensitive region fran which scientists are trying their best to find
the anen of global clim ate change And for the revolving global am osphere Polar R egions
are cold source The oceanic and amospheric condition of Polar Regions is mportant to
global amospheric circulation and clinate change Antarctic area is one of the cold sources
of global earth-am osphere systan, while equatorial area is itsmain heat source ( see Zhou
and Lu et al 1996). And the non-even distribution of cold and heat sources on the rotating
earth is just the direct reason that causes amospheric circulation

Sea-ice is one of themost mportant characters of am ospheric environm ent in A ntarctic
area [Its being and seasonal and mterannual change are themost distinct characters of polar
marine regine Its high reflectivity its restraming to the exchange of heat and vapor be-
tveen ocean and amosphere and the variation of latent heat accan panying w ith its grow ing
and disappearing are all of great mportance to the amosphere heat balance m polar and
high latitude regions and consequently affecting the mtensity of am ospheric cold source mn
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Polar Regions Therefore the covered area variation of polar sea ice can nfluence the at-
mospheric circulation by mfluencing the ntensity of polar aimospheric cold source On the
other hand the effect of sea ice m different polar areas has obvious spatial and seasonal
difference on amospheric circulation due to the non-unifom ity of sea ice geographical dis-
tribution caused by land-sea distribution and ocean flow ( see Zhou and Lu et al 1996).
The anan alous variation of Antarctic sea ice can affect on not only the local energy balance
but also on the stability and variability of global clin ate systean mcliding sea air and polar
ice National A eronautics and Space A dm mistration (NASA) and US Navy have analyzed
the clmatic characteristics of sea ice earlier and done global ice analysis and forecast
(Zwally etal 1983 OLenic 1978). WMO clmate annual report and IPCC assessment re-
port also enphasize the mportance of Antarctic sea ice variation (WMO 2002 IPCC
2001). And Yuan and M artinson ( 2000) studied not only the Antarctic sea ice and its
global connectivity but also the correlation betw een sea ice and ENSO and the coupling os-
cillation beween sea ice n South Pacific and amosphere ( Yuan and M artinson 200Q
Kwok and Cam iso 2002 Silviaetal 2001). M any dan estic scientists investigated the pos-
sible relation of Antarctic sea ice phm ram n Y angtze R ver Basin and W est Pacific Sub-
tropicalH igh ( Fu 1981 Peng andW ang 1989); discussed short-tem clmate characters i
A ntarctica and the possible relation betv een sea ice oscillation and ENSO and the tenpera-
ture of Antarctic Peninsula ( Zhou et al 1999 Cheng et al 2003); mnvestigated the effect
of Antarctic snow-ice variation on global aimospheric circulation using num erical models
( see Zhou and Lu 1996). Theseworks denonstrate that there is a close correlation betv een
Antarctic sea ice variation and global clmate change

In the recent years damestic and foreign scientists have done m any researches on the
changing characters of Antarctic sea-ice and its response and feedback to global climate
change The research on Spatial-tem poral characters of Antarctic sea ice variation is of great
mportance nmany ways such as further understanding the mteraction of sea-ice-air and
its physical process in Antarctic area discussing the effect of sea ice variation on local cir-
culation and global amospheric circulation especially on the circulation n East A sia and
synoptic clmate m China The spatial-tanporal characters of Antarctic sea ice variation i
recent 35 years are researched in this paper by the means of diagnostic analysis using the
ice concentration can ing fran H adley center The effect of sea ice variation on am ospheric
circulation m East A sia and the synoptic clmate m Chmnaw ill be discussed n another pa-
per

2 Data and m ethods

U sing globalmean monthly sea ice concentration dataset covering the period Jan 1871-
Dec 2002 totally 132 years obtained fran theH adley Center of UK ( htip //badec nere
ac uk/cgirbin/data. browser/data. browser/badc/ukmo-gosta//data/gice), 89 5°N 1o
89 5°S i latiude 179 5W to 179 5°E i longitude and 1° X 1°spatial resolution i e
the total number of grids for each month is 180 X360 H ereinto the area betveen 40 5°S
and 89 5°S 179 5W and 179 5°E i the southem hem isphere is selected i this paper
1 e 50 grds m latimde and 360 grids n longitude which we take as the original sea ice
concentration data of Antarctic region Systen ic observation for the sea ice concentration of
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Antarctic region started at the end of 60s 20th century by satellite observation So n this
data before 1968 itonly gives long tem mean value ( figure 1) for lack of actual observa-
tion data And anong then, fran 1871 to 1942 the mean extent of Antarctic sea ice is
64°S and fran 1943 to 1967 it is 64 1°S both of no nterannual change So herewe only
select the data fran Jan 1968 to Dec 2002 totally 35 years when there were plenty of sat-
ellite observation data to do further research
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Fig 1 The mterannual variation of Antarctic mean sea ice extent
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Fig 2 The seasonal variation of total Antarctic sea ice area and extent ( 1968-2002).

For the large data content of sea ice concentration mean sea ice extent of sane lon gr
tude or corresponding sea ice area is usually taken as the characteristic paran eters to nves-
tigate the variation of sea ice In this paper we defmed the latitude mwhich its concentra-
tion is larger than or equal to Q 2 and nearest to the equator in each longitude as the sea ice
extent (SIE). And when calculating the sea ice area not only the sea ice concentration i
each unit but also the different area of each unit grid due to the different latitude w ere con-
sidered hereof

Figure 2 shows the seasonal variation of total Antarctic sea ice area and extent and it
is of the sane characters as that experts revealed before (O Lenic 1978 Zhou and Lu
1996). W hen the value of SIE is higher the corresponding area is snaller and vice ver
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sa So n order tomake the expression of SIE be consistentw ith the sea ice area we reverse
the X -coordnate for SIE, i e fran maximum tom nimum. And for all of the sm ilar situa-
tions occurred n this paper belw, we dealwith then smilarly The result danonstrates
that both of thean are of distinct seasonal variation In February the sea ice area is the snal
lest and the location of SIE lies mn the southemmost while n Septanber they are the lar
gest the northemmost and the snallest respectively It is obvious that the seasonal varia-
tion of sea ice area and mean extent goes all the way Figure 3 shows that there is distinct
lnear correlativity betw een area and extent of Antarctic sea ice The correlation coefficient
is up to O 9859 and passes a significance test at 99 9% . Sowe unify the expression take
the SIE as the index to do regression analysis cluster analysis and spectral analysis to ana-
lyze synthetically the spatial-tanporal characters of Antarctic sea ice variation in recent 35
years because it ismore convenient than sea ice areawhen calculating
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Fig 3 The corresponding relation betveen area
and extent of Antarctic sea ice

3 The mean character (D istribution and tanporal variation) of Antarctic sea ice
variation

3 1 The patial distribution and seasonal variation

Figure 4 shows the seasonal variation of Antarctic average SIE. The dashed just outside
the shadow represents the coastline of Antarctic continent and filanents represent the aver
age SIE of eachmonth It indicates that although the location of extent is the nearest to the
equator n East Antarctica (E), the most sea ice doesn f exist there but n W eddell Sea
(W) and Ross Sea(R) due to the nfluence of terran while the least lies n the Antarctic
Penmsula (P), and next the west of Ross Sea which is near to the East Antarctica (E).
Besides it demonstrates that in February the location of SIE is the lowest and the sea ice
area is the snallest while in Septenber it is the highest and the largest respectively Fran

sunmer tow nter the freezing tme is 7months while fran w inter to summer themelting



Spatial-ten poral characters of A ntarctic sea ice variation 79

tme is only 5months This ndicates thatmelting rate of sea ice is quicker than freezing
rate And the biggest seasonal changing rate of Antarctic sea ice lies mW eddell Sea and
Ross Sea while the snallest lies in Antarctic Peninsula Furthemore it is relatively small
in the west of Ross Sea
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Fig 4 The variation of Antarctic sea ice extent n lngitude

3 2 The interannual change of Antarctic sea ice

Figure 5 gives the interannual variation of mean Antarctic SIE As awholg the Ant
arctic SIE has a trend of contraction towards South(Q 1°/10a). And hereinta it extends
tow ards North in 80s but contracts towards South n 70s and 90s The wuming point oc-
curred about n 1980 and 1991 Yuan et al ( 2000) have discussed the variation of Antarc-
tic SIE using the data fran Oct 1978 to Dec 1996 and pomnted out that the mean extent of
sea ice had a trend of expanding tow ards the equator But it isn f mncanpatible w ith the re-
sult of this paper Because during different period the extent of sea ice has different chan-
ging trendzand this also can be found n figure &

1
—

o

Anomaly of extent /*

Y =0.0104525%X + -20.7533

td %]
T T T

| IR ST SO ST S ST W T SN S SN S SHN S S | M ET SR R SR S N T N SN S S T |

1968 1973 1978 1983 1988 1993 1998 2003
Year

Fig 5 The mterannual variation ofm ean Antarctic sea ice extent
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3 3 The interannual variation of sea ice in each longitude
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Fig 6 The tanporallatiudinal section draw ing of Antarctic sea ice extent anan alies

Figure 6 gives the interannual variation of SIE ananalies The negative value ( black)
represents the SIE is partial to the north and the corresponding sea ice area is larger than
average while things reverse for the positive value (white) and the corresponding sea ice
area is snaller than average It ndicates that it is of large regional difference for the mtera-
nnual variation of Antarctic sea ice and there is distinct oscillation character beween the
Antarctic Peninsula and Ross Sea area In 70s when the sea ice ofRoss Seawas less than
average, the sea ice of Antarctic Peninsulawasmore than average W hile n 80s things re-
versed less in Antarctic Peninsula and more in Ross Sea This is consistentw ith the result
pointed out by Cheng Y anjie m 2002 which said “ there is special relation for the sea ice be-
ween the periphery of Ross Sea and the Bellingshausen Sea which is near the Antarctic
Peninsula just lke a teetethoard”. M eanwhile we can also see fran figure 6 that there are
all 2 to 3 interphase positive and negative ananalies centers during the sane period and a
trend propagating tow ards east

4 The divisions of Antarctic sea ice and their variation characteristics
4 1 The characteristic regions of Antarctic sea ice

There is different variation for sea ice i different longitude because of its large region-
al difference In order to canparmentalize its spatial distrbution extemally cluster analy-
sis ofmean monthly extent ananaly is adopted n this paper ( Lu Longhua 1984). The re-
sult (at93% confidence level) demonstrates that there are 5 subdivision regions totally as
considering their different variations ( figure 7), i e iv: 164°E-132W (Ross Sea); @
131W -49W ( Antarctic Peninsula), @ 48W -23°E (W eddell Sea and its down-
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stream); (@ 24°E-95°E (west of East Antarctica), 00 96°E-163°E ( east of East Ant
arctica). This is the sane by and large to the cluster result canparim entalized by Zhou X r
uji and Lu Longhua in 1996 using data covering 1973-1992 totally 20 years and 10° spatial
resolution This ndicates that this kind of regional division is stable and just the borderline
ismore subtle when using data of 1° resolution
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Fig 7 The five diagnostic regions for
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Fig 8 the mterannual variation of Antarctic sea ice

extent ananalies i each region

4 2 The patial-tanporal variation characters of each subdwision region
Figure 8 gives the changing curve of Antarctic SIE ananaly in each subdivision region
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The thick real lines represent the runningm ean of 13 months and the broken Ines represent
linear regression of sea ice variation in each region and corresponding regression equation
are given respectively It can be seen that there are different variation trends in different re-
gions Themost distinct variation occurs in regioniv and region (dwhere there are the most
sea ice Seeing fran general trend the sea ice in region ivand @ are increasing In region
iv, the expanding rate of SIE is aboutQ 19°/10a and it is themost The sea ice in region
@) @and OV are all decreasing and it is the most distinct in region (C) i e Antarctic
Peninsula region and the contracting rate of SIE is Q 4°/10a

The auto-spectrum of Antarctic SIE i each region is shown m figure 9 The Y -coord
nate represents P XF/ S herein P represents the estimate value of power spectum, F ex-
presses the power and S represents the standard spectrum of non-dan mant period assump-
tion test For sane fluctuation if the ratio reaches 1, itmeans that this period is significant
(at 9%% confidence level). While at 99% and 99 Y% confidence level this ratio is
L 2295 and 1 6847 respectively ( Lu et al 1997). Figure 9a is the sitation after band
pass filtey i e the auto-spectrum by munningm ean of 12months and difference An signif-
icant oscillation period of 2-4 years is presented for sea ice variation Figure 9b is the sita-
tion after low pass filter 1 e the auto~spectrum only by munning mean of 12 months It
shows that in low frequency part there is significant oscillation period of 5-7 years W hatg
more the coherence between A ntarctic sea ice and sam e characteristic circu lations such as

ENSO is stillwaiting for further research
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Fig 9 the auto-spectrun characteristics of Antarctic sea ice extent for each region
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5 Epilogue

The spatial-tamporal characters of A ntarctic sea ice variation are researched in this pa-
per by the means of diagnostic analysis using the ice concentration obtamed fran H adley
center The results damonstrate there is almost the sane variation betw een A ntarctic sea
ice extent and area in different longitude And Antarctic SIE can be used as the characteris-
tic paran eter for nvestigating the sea-ice spatial-tanporal variation In general the Ant
arctic sea ice has decreased during the last 35 years 1 e the extent is contracting Southto-
wardly But the sea ice has different changing trend mn different periods It decreased mn
70s while mcreased n 80s and decreased agan n 90s Obvious seasonal variation also
can be seen It isup to themaxmum in Septanber and down to them nmun n Febmary.
The freezing rate of sea ice ismuch less than melting rate And the sea ice nW eddell Sea
and Ross Sea is the most and the seasonal variation is also the most obvious while n Ant
arctic Penmsula it changes the least There is large regional difference for the nterannual
variation of Antarctic sea ice D istinct oscillation character exists beween the Antarctic
Penmnsula and Ross Sea area There is 2 to 3 interphase positive and negative anan alies
centers during the sane period and the fluctuations propagate eastv ardly

For the variation of Antarctic sea ice spatial-tamporal diversification obviously There
are 5 subdivision characteristic regions spatially A lthough them ean SIE generally has a de-
creasing trend it is quite different in different regions Herein in region iv and @ the
changing range is larger and the sea ice m both of the regions has an mncreasing trend
W hile in region &) @and 0 it is all of decreasing trend And all are of significant oscil-
lation periods of 2 to 4 and 5 to 7 years temporally

This svstan ic research on spatial-tean noral characters of recent A ntarctic sea ice varia-
tion can help better to understand the mteraction beteen the Antarctic underlying surface
and amospheric circulation and offer clue for further studying the nteraction betwween Ant
arctic sea ice and global clmate M eanwhile it lays the foundation for further analyzing the
effect of Antarctic sea ice upon the Northem H am isphere especially the aimospheric circu-
lation n EastA sian A rea and considering the Antarctic sea ice-underlying surface m num er-
ical smulation et al .
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