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Abstract The variations of sea ice are different n different regions in Antarctica
thus have different mpacts on local amospheric circulation and global clinatic sys-
tan. The relationships betveen the sea ice n Ross Sea and W eddell Sea regions and
the synoptic clinate in summer of China are mvestigated in this paper via diagnostic
analysism ethods by using glbal sea ice concentration gridded data covering Jan 1968
through Dec 2002 obtamned fran H adley Center canbmed w ith G eopotential H eight
on 500hPa and 100hPa overN orth H em isphere and monthly precipitation and air temn-
peratures data covering the corresponding period over 160 meteorological stations in
Chma obtamed fran CMA ( China M eteorological A dn mistration). Results disclose
that both these wo regions are of indicativem eanings to the clinate n summer of Chr
na The Ross Sea Region is the key sea ice region to the precipitation in Northeast
China in summer M ore sea ice in this region in Septanberw ill result in less precipr
tation n NortheastChmna m the follw ing June W eddell Sea Region is the key sea ice
region to the air tanperature in Northeast China in summer M ore sea ice i this re
gion i Septenberw ill contribute to lower air tanperature n Northeast China n the
follw ng June

Key words Antarctic Sea-ice Correlation Analysis Teleconnection Clinate
Change

1 Introduction

In the process of global heat balance the huge ice sheet in Antarctica and the sur
round ing South O cean are trem endous cold sources Satellite observation indicated that the
Antarctic sea ice ever undewent a ranarkable nterannual change over its nomal annual
cycle This resulted m ntensive variations of heat balance over the South O cean The red is-
tribution of local cold source can alter the large scale circulation and as a result mfluence
the clinate n the region far away fran Antarctica (Xue et al 2003).

Sea ice is ofmany actions mn global clm atic system. Firstly it is an effective msulator
for heat mass manentum and chemical elanents lying beween ocean and aimosphere
Secondly it nfluences the surface albeda Basically the albedo on ice-free sea surface is
Q I-Q § while the albedo of sea ice can getup to Q 8 on average Even the albedow ill
mncrease to 0 98 on the ice surface covered w ith fresh snow, while itw ill decrease to Q 2—
(0 6 onmelting ice pits Since the albedo of sea ice is relatively higher than that of ice-free
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sea surface the solar radiation absorbed by earth surface decreases considerably due to the
existing of sea ice The msulation and albedo of sea ice are of mportant mpacts and indica-
tive meanings on clinate change

Furthemore the position of sea ice extentw ill nfluence regional clmate thus mpac-
ting the global clmate systan. In w nter the existing of obvious heat and pressure border
lnes between sea ice and expansive ocean evokes mtensive synoptic situation lke polar
low. The remarkable variations occurring n the heat exchange of sea ice extent can nspire
the polar low vortex stomm under appropriate amospheric conditions ( G loersen et al
1992). Recently more researches argue that the variations of sea ice can influence the
stratification and stability of planetary boundary layer thus bringing dynam ic effect on it
(A lexanderetal 2004 Deseretal 2000 2004 Wuetal 2004). Therefore the differ
ent variations of A ntarctic sea ice in each region w ill consequentially nfluence the local at-
mospheric circulation via dynam ic process thus mpacting the amospheric circulation over
North H em isphere (NH ), even the synoptic clmate m China Chengetal (2002 2003)
defined the Antarctic Sea— ice O scillation Index (ASOI) i tems of the teetertotter charac-
teristics of sea ice concentration between the peripheries of Ross Sea and Bellngshausen
Sea mn Antarctic and mvestigated its mpacts on clmate m China Sane new cognitions and
opinions were obtamed fran the special topic " mvestigation on the nteraction between Ant
arctica and global clim ate and environm ent" m asterm inded by A cadem ician X w1 ji Zhou cov-
ering 1991 through 1995 which is under the National Scientific and Technological Iten
“Chiese mnvestigation and research on Antarctica”. The mamn production was that the ab-
nom al distrbution of sea ice and sea surface temperature mpacts on Chinese contnent via
the abnom al zonal circulation on the equator resulting in a series of wave trans on North-
east Pacific O cean which was disclosed by the numerical smulation about the effect of
Antarctic continent on the amospheric circulation (htip //Awww. coi gov en/ ke/cheng-
gua him#5).

There are wo amospheric circulations n NH that are of mportant mpacts on the dry-
ness and wetess in summer of China which are the abnom ality of the position ntensity
and the co-configuration of W est Pacific Subtropical H ich and South A sia H igh ( SAH ).
Since the Pacific SubtropicalH igh lies m the high pressure belts of S and NH, it is called
Subtropical H igh for short It often splits mto sane high pressure monaners with a close
center affected by different distribution of oceans and continents In same isobaric surface
the isohypse shows m ellipse and the long axis is almost parallel to the latitude circle The
monan ers of Subtropical H igh are often naned after the geographical locations W hat m-
pacts the clmate m China ismamly the west part of Pacific SubtropicalH igh and is called
generally W est Pacific Subtropical H igh (WPSH ). Usually it presents zonal fom and
stretches east and west Dryness and wetness variations m large scale have close relation to
dowith its activities In summer i the regions controlled byW PSH arid clinate prevails
while n the northw est edge of this region southw estw ind prevails due to the mteraction of
WP and fluctations n westerlies This is themain water vapor channel of Chinese sum-
mermonsoon and themain ram belt m sunmer of China where there are many low -pres-
sure systans such as shear lines and cyclonicwaves etc There are obvious seasonal varr
ations for the latitude of ridge Ine and the mtensity of W PSH, and the seasonal shift of Chr

nesemam rain belt has close relationship with this but the mterannual discrepancies are
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very large Besides advancing and retreating in south-north direction W PSH also sv ings
west and east which results n an extran ely uneven distribution of dryness and w etness and
canplicatedly changeful weather phenanena m Chna annually In summer the variations
of position and mtensity of SAH have considerable effects on the precipitation in vast areas
Sm ilarly it has not only seasonal variations but also mner-season oscillations eastvard
and wesward It is called East Type when the center of SAH lies in the east of 100°E, and
W est Type when lies in the west of I00°E in summer The corresponding w eather types re-
sulting n these wo types of SAH are right on the contrary W hen it isW est Type it is not
easy for the ridge of W PSH to stretch toward Chinese continent while it is EastType there
are almost smultaneous processes forW P to ump towards north and advance wesw ard
Therefore these wo amospheric circulation systans nteract w ith each other and are
both the key factors mpacting on the precipitation n summer of China The first and third
regions of Antarctic Sea ice regions based on the research ofM a et al (2004), which are
Ross Sea Region and W eddell Sea Region covering 163°E— 132°W and 48W — 23°E re-
spectively are of relatively obvious seasonal variations Sa what changes the variations of
sea ice n these wo regions will bring to the amospheric circulation systans n NH men-
tioned above and the mfluence on the synoptic clinate m China are discussed n this paper

2 Data and M ethodology

G lobalmonthly sea ice concentration data are obtaned fran UK H adley Center ( ht
tp //bade nerc ac uk/cgrbmn/data _ browser/data _ brow ser/badc/ukmo-gosta//data/
gice) covering spatially 89 5°N through 89 5°S and 179 5W through 179 5°E with 1°
% 1° resolution and tamporall; Jan 1871 through Dec 2002 and the data precision is Q
L. Since the data before Dec 1967 have no interannual change (M aetal 2004), the final
dataset used in this paper covers 40 5°S through 89 5°S and 179 5°W through 179 5°E
spatially and Jan 1968 through Dec 2002 teamporally

Geopotential H eight nNH and monthly precipitation and air tem perature data n China
obtaned fran CMA which ncludingmonthly NH G eopotentialH eight over 500 hPa covering
Jan 1951 through Dec 2002 with 5° X 10° spatial resolition and 100 hPa covering Jan
1956 through Dec 2002 with 10° % 10° spatial resolution monthly total precipitation and
average air temperatures over 160 meteorological stations m Chma coverng Jan 1951
through Dec 2002

The correlation coefficients betw een variations of A ntarctic sea ice extent and them ete-
orologic elanents m summer of China such as precipitation and air tanperatures are cal
culated via synoptic correlation analysismethod ( Lu et al 1983). The regions where the
coefficients are more significant than critical correlation coefficient are marked off labeled
as significant correlation regions and made synoptic analysis The distribution of lag correla-
tion iswell explained by searching the synoptic system s correspond ing to sien ificant correla-
tion regions via synoptic analysismethod U sually there are amass of significant correla-
tion regions seen fran the correlation fields of Antarctic sea ice and sane circulation fea-
tureg lke 500 hPa and 100 hPa Geopotential H eight or m eteorological elements lke pre-
cipitation and air tenperature The corresponding synoptic systans can be found out under
the multrryear average chart of this synoptic situation and are consistentw ith the canposite
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chart of synoptic siuation under the analogous weather conditions Therefore these kinds
of significant correlation fields not only are of statisticalmeaning but also can help us see-
king the relationship betw een weather or circulation systans and sane elanents

3 Sea ice in Ross Sea Region and the Clinate in summ er of China

The sea ice n Ross Sea Region is of relatively great seasonal variations (M a et al
2004). In order to disclose if there is any teleconnection between the variations of sea ice
extent i this region and the amospheric circulation m NH and the summer clmate in Chr
na the supermposed fields on correlations of prophasic m ean A ntarctic Sea ice extent and
G eopotential H eight fields over 500 hPa and 100 hPa n summer of NH and the situation of
precipitation and air tanperature fields m Chinawhen i significant correlation aremade n
this paper ( figures are an itted).
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Fig 1 The supermposed field of 500 hPa amospheric circulation in Northem H an isphere n the follow ng June
when Ross sea ice extent index was higher and lower i the previous Septanber and their correlation field
in the corresponding period

Figure 1a and 1b shows the situation of 500 hPa G eopotentialH eight field n NH m the
next June when the sea ice extent ndex in Ross sea region is on the high and low side mn
Septan ber respectively and also the distribution of correlation field beween then. The
curve represents 500 hPa G eopotential H eight field and the regions shown in shade are
those of significant correlations The anallest significant level is Q@ 1, and the critical val
ues are 10 28316 The other critical valies represent the level of @ 0§ Q 02 Q 0L Q
001 respectively and the deeper the color the better positive correlation and the shallo-
wer the better negative correlation W hat notable is that n South H em isphere ( S1), the
higher is the sea ice extent index the less sea ice there is W e can see that there is obvious
positive correlation betv een the sea ice extent ndex m this region in September and the 500
hPa Northw est PacificH igh (NPH ) mn the next simmer That is to say NPH will be stron-
gerwhen the sea ice in Ross sea region is less than nomal There are consistent exhibitions
n the correlation field of Figure 1a which behaves as the point of ridge extending to west
and its area expanding canparingw ith F igure 1h which is the sitnation w ith low sea ice ex-
tent
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Figure 2 shows the superimpose field of the difference field of precipitation n China in
the follow ng summ erwhen therew as less and more sea ice n Ross sea region and the corre-
lation field beween than i the corresponding period The regionsw ith shade represent the
precipitation difference and the deeper the color is the more precipitation there is See
fran the correlation field which is shown mn curve there are flaky positive correlations n
the Northeast China while it is negative n Sichuan and the coastland of South China In
the corresponding precipitation field when the sea ice n Ross sea is less than nomal the
precipitation i Northeast Ching most ofNorth China and part of X injiang ismore than nor
mal i the follow ng June However the sitation in South China is relatively canplicated
Possible reason is that the strengthened NPH enforced upon the weather posture of South
Chma and made the precipitation belt there behaved as fran northwest tending tow ards
southeast altemating w ith positive and negative
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Fig 2 Supermposed field of ramfall dis- Fig 3  Supermposed field of air tenpera-

persion in China mn the follow ng
June when Ross sea ice extent in-
dex was in its high and low side in
the previous Septanber and their
correlation field at the correspond-

ture m China in the follw ng June
when Ross sea ice extent index w as
higher and lower int he previous
Septanber and their correlation
field mn the correspond ing period

ng period

Sin ilarly figure 3 is about air tanperature n China under the sane conditions Obvr
ously there are no flaky regions reaching significant level However there are sane reflec-
tions in the air tanperature field W hen the sea ice extent ndex was hisher i e the sea
ice is less i Ross sea region i the previous Septanber the air temperatures would be
higher than nomal generally in South China and lower than nomal in most of North China
except for the coastland of Bohai in the follow ng June Fran the view of energy the lower
air teamperature in summer n Northeast China which is of relatively low air temperature
and the higher air tanperature n South China which is of relatively high air tenperature
will both result n heat disaster

Therefore we can say that the Ross sea region is the key sea ice region mpacting the
precipitation in Northeast China n sunmer Aswe know, there is apparent increase in the
interannual variations of Ross sea ice (M aetal 2004), and if the sea ice n this region n-
creased i the previous Septanber the precipitation in Northeast China n the follow ing
June w ill be less than nomal
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4 Sea ice nW eddell Sea Region and the clinate in summ er of China

A's analyzed above there is good ramote correlation betw een the sea ice n Ross Sea
region and the synoptic climate n summer of China Ross Sea region can be taken as a key
region of sea ice to the summer clmate of China Sq what is the situation for the sea ice n
W eddell Sea region which is also of great seasonal variationd W hat mpacts itw ill bring to
the ssmmer clmate of Chin® Sm ilar analyses were done ( figures are an itted).

The results showed that the good correlation betw een sea ice extent of W eddell Sea re-
gion and amospheric circulation in NH will first show up i the East Pacific O cean and
W est A tlantic O cean which behaves as large-scale negative correlation and then behaves
as positive correlation in part of East Europe and EastA sia That is to say the nfluence of
W eddell Sea ice on amospheric circulation of westem hem isphere (WH ) is earlier than on
that of eastem ham isphere (EH ), which is the han isphere China locates In Juneg nomat
ter on 500 hPa or 100 hPa G eopotential H eight field obvious negative correlations betv een
W eddell sea ice extent n the previous summer and fall (Dec -Jun ) and amospheric cir-
culation mNH present in the region of East andW est Pacific O cean W estA tlantic O cean
and India-A rabian Sea That is to say NPH and T betan H igh w ill be w eakerwhen there is
higher sea ice extent ndex which means less sea ice n the previous December to June
The correlation n the sane region tums to be positive when talking about the mpact of
W eddell Sea ice in the previous July to Novenber which is enbodied i the region of
Northw est Pacific O cean East Europg EastA sia and North America m 500 hPa G eopoten-
tialH eight field and the region of East Europe and W est Asia in 100 hPa G eopotential
Height field In otherwords NPH will be stronger and N ortheast Low w ill be w eaker when
there is higher sea ice extent index which means less sea ice For the am ospheric circula-
tion n NH in July itis the smilar to that n June In order to show m detail the superm-
posed field of 500 hPa G eopotential H eicht in Northem H an isphere n June when W eddell
Sea ice extent ndex is higher and lower than nomal n the previous Septenber and their
correlation field m the corresponding period are listed as shown m Figure 4a and 4h We
can see that there is apparent positive correlation n the region of Northeast China and the
coast of Southeast China This indicates that the higherW eddell Sea ice extent ndex will
cause the ridge pont of NPH moving westvard and East A sian Trough to be weaker The
consistent results are shown in the 500 hPa G eopotential H eight field

/‘*L. ¥
0.53298 0.53298
0.4304 0.4304
0.39232 0.39232
(0.33448 0.33448
0.28316 0.28316
= -0.28316 «-0.28316
¥.0.33448 -0.33448
-0.39232 -0.39232
-0.4304 -0.4304
-0.53298 -0.53298
a higher ndex h lower ndex

Fig 4 The supermposed field of 500 hPa G eopotentialH eight field m NorthemH an isphere n JunewhenW ed-
dell Sea ice extent ndex is higher and low er than nom al in the previous Septanber and their correlation

field n the correspond ing period
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Correspondingly the supermposed field of precipitation in China n June due to the a-
nan aly ofW eddell Sea ice extent index m the previous Septamber and their correlation field
in the corresponding period are shown in Figure 3 A lthough there is no large pack of signif-
icant correlation n the correlation field show ng as curve there are still sane reflections in
the precipitation field M ore and less precipitation w ill occur mn the region of Y angtze R er
and N ortheast China respectively
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Fig 5 Superinposed field of precipitation Fig 6 Superinposed field of air tanpera-
in China n June due to the anan a- ture in China n June due to the a-
ly of W eddell Sea ice extent index nanaly of W eddell Sea ice extent
n the previous Septanber and ndex n the previous Septanber
their correlation field mn the corre- and their correlation field n the
sponding period correspond ing period

Sin ilar to figure & Figure 6 shows the variations of air tanperatures in the sane condr
tions It ndicates that there is flaky area of positive correlations in N ortheast China and the
coast of Southeast Ching and the mcreases of air tanperature i these regions are the grea-
test However although there is no apparent correlation in the region of northem X i jiang
(Q nghai andM iddle China the air tan perature decreases in these regions as shown i the
air tanperature field ( shaded area).

Sa the nfluence of sea ice m W eddell Sea region on the amospheric circulation n
EastAsia m EH ismuch later than mWH, and the negative correlation dan mate in WH,
while m East A sia the positive correlation dan nate A lthough the mpact of W eddell Sea
ice on the ssmmer clinate m China is not as strong as that of Ross Sea ice as idicated
fran correlation field it can be still taken as the key sea ice region to the air tamperature in
Northeast China Themore sea ice i this region in the last Septanberw ill cause the lower
air tanperature in Northeast China i the follw ing June

5 Conclusion and D iscussion

D ifferent sea ice regions in Antarctica are of different trend of sea ice variations and
different A ntarctic sea ice variationsmust have different nfluence on the aimospheric circu-
lation n NH. Research on the variations of sea ice extent i the recent 35 years indicates
that there is obvious mcreasing trend for the sea ice n Ross Sea region andW eddell Sea re-
gion while n Antarctic Penmsula the trend is decreasing (M aetal 2004). As awhole
the sea ice m both Ross Sea region and W eddell Sea region are of indicative meanings for
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the clmate m summer of China

In order to mvestigate the mpacts of sea ice mn Ross Sea region and W eddell Sea re-
gion on the clmate n summer of China 500 hPa and 100 hPa G eopotentialH eight precip-
itation and air tan perature in 160 meteorological stations m China are used besiles the sea
ice concentration data Results disclose that the sea ice n Ross Sea region which is of ob-
vious seasonal variations is the key to the precipitation n Northeast China n summer
There are significant positive correlations i N ortheast China and significant negative corre-
lations in the region of Sichuan and the coast of Southeast China betveen sea ice extent n
September and the precipitation n the follow ng June Less sea ice n Ross Sea region w ill
help to increase the precipitation and to decrease the air tamperature n the region of N orth-
east China most ofNorth China and part of X mjiang n the follow ng June Relatively can-
plicated situation occurs m South China On one hand the enhanced NPH w ill mpose its
strength on the background of am ospheric circulation and affect the weather m this region
on the other hand the air tanperatures ncrease nmost of this region and the precipitation
altemates w ith positive and negative as seen fran elanents fields W hile for the sea ice m
W eddell Sea region its nfluence on clmate mWH ismuch earlier than m EH, and the
correlation is dan mated by negative nWH and positive in EH. If the sea ice mn this region
is less than nomal about 7 to 10 months ahead of the next Jung the ridge of NPH will ex-
tend westw ard than nom al and the N ortheast Low w ill be weaker m June W eddell Sea re-
gion is the key sea ice region to the air tanperature in Northeast China There is good posr
tive correlation betw een the sea ice m Septanber and the air tanperature in Northeast in the
follow ng June If the sea ice is less than nomal n Septanber the air tenperature and pre-
cipitation in the follw ng June w ill be higher and less respectively in Northeast and South
Chma by contraries the air tanperature and precipitation w ill be lower and more n the
northem X i jiang and M iddle China
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