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1 Introduction
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Abstract The A rctic vortex is a persistent large-scale cyclonic circulation i the
m iddle and upper troposphere and the stratosphere Its activity and variation control
the sem rpem anent active centers of Pan-A rctic and the short-tine cyclone activity in
the subarctic areas Its strength variation which directly relates to the amosphere o-
cean sea ice and ecosystan of the Arctic can affect the lower amospheric circu la-
tion, the weather of subarctic area and even the weather ofm iddle latitude areas The
2003 Chiese Second A rctic Research Expedition experienced the transition of the
stratosphereic circulation fran awam anticyclone to a cold eyclone during the end ing
period of A rctic summertine a typical establishing process of the polar vortex circula-
tion The mpact of the polar vortex variation on the low-level circulation has been in-
vestigated by sane scientists through studying the coupling mechanisns of the strato-
sphere and troposphere The mpact of the Stratospheric Sudden W am ing ( SFW ) e-
vents on the polar vortex variation was draw ing people§ great attention i the fifties of
the last century The A retic Oscillation (AO), relating to the variation of the A retic
vortex has been used to study the mpact of the A rctic vortex on clinate change The
recent A rctic vortex studies are smply reviewed and same discussions on the A retic
vertex are given n the paper Sane different views and questions are also discussed
Key words Arctic Polar Vortex A rctic Oscillation  Stratosphere and T ropo-
sphere C linate Change

The A rctic plays a key role in the global energy budget The earth-am osphere systam

gams the energy fran solar shorwave radiation and retums the energy to the space by long-
wave radiation On average the gamned net energy fran the area whose latitude is lower
than 40° is al ost the sam e as the lost net energy fran the areawhose latitude is higher than
40° Both the A rctic and the Antarctic are heat sinks the energy is transferred fran the
lower latitude to the higher latitude and both of the earth § polar regions by am ospheric and
oceanic circulation systen. The A rctic climate shows the signal of fast change which draws
people$ great attention ( Johannessen et al 1996 W alsh et al 1996 Thanpson andW al-
lace 1998). During the observation period ( the ending period of the A rctic summ ertin e)

on ChukchiSea the tean of the Second Chinese A rctic R esearch Expedition ( Zhang 2004)
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experienced the transition of A rcticm iddle and upper stratosphere fran awam anticyclonic
circulation to a cold cyclonic circulation This typical case that the polar vortex began to
fom in the ArcticOn Sep § 2003 arouses our research nterest n the A rctic vortex The
word of “ polar vortex” appeared in san e m eteorological text books long time ago (M eteoro-
logical D wision 1976 Q m 1985), and i the sixties of last century sane Chinesem eteor
ologists had already done sane pran ment research work (Tao 1964). Since then the relat-
ed research work has been stopped for a long tme due to short of the data and lm itation of
observing conditions The studies on the polar vortex evolution the relationship betw een
polar vortex variation of the A rctic stratosphere and the low er tropospheric circulation their
relationship w ith the ocean-air nterface flux sea ice and ocean pan-A rctic circulation and
m id-latitude circulation the mfluencemechanisn of the polar vortex and the A retic change
on clmate have drawvn the attention of same ntemational projects such as SEARCH
(M orison et al 2001), SHEBA (U ttalet al 2002) and SPARC ( 1998), however these
studies are still very poor mn China There are already san e published articles and books on
the study of the relationship betw een polar vortex variation and the clmate of China (Yu et
al 2003 Gong et al 2004 Zhao 1999), but there are very little studies on the physical
process and mechanign. Though the polar vortex area mdex the polar vortex strength index
and polar vortex center position have been used as one of the ndexes form id-tem and long-
tem weather forecast and short-tern clmate prediction n sane operational depariments
large part of these studies and applications are still on the stage of “ seek ng ndex and find-
ing correlation”, the studies on the physicalmechanisns and processes still need to be en-
phasized and strengthened

W hereas there are still sane often confused concepts on polar vortex and sane preju-
dice on polar research n academy sane discussions on the polar vortex w ill be mtroduced
firstly n section 2 the polar vortex variation and its mpacts on lower-level circulation are
discussed n section 3 the mfluencem echanisn of the polar vortex strength variation on the
clmate is discussed i section 4 the conclusions and discussions are given in section &

2 Arctic vortex

As themam role of the pan-polar am ospheric circulation the polar vortex is a persis-
tent large-scale whirl circulation n the m iddle and upper troposphere and stratosphere and
centered on the wo poles of the earth The center of A rctic vortex usually deflects fran the
A rctic center and the circulation pattem is usually asymmetric Canparing w ith the A retic
vortex the center of A ntarctic vortex is closer to the polar center and its circulation pattem
ismuch closer to symmetric ones (X ie and Fan 1991). There are sin ilar descriptions on
the averaged horizontal circulation pattem and seasonal variation of polar vortex n samem e~
teorological and synoptic text books long tme aga Butup to the present there are very lit-
tle descriptions and discussions on the mstant circulation pattems and characteristics of po-
lar vortex

Fran Sep 3rd to Sep 13th 2003 the period of Xuelong mvestigation vessel entering
the ChukchiSea of the A rctic and carrying out the Second Ch nese A rctic R esearch Exped
tion ( Zhang 2004), is the typical transition period of the A rctic m idle and upper strato-

sphere fran awam anticyclone to a cold cyclong the period of a typical w mtertime polar
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vortex circulation establishing The center of polar vortex stayed stably i the area of Chuk-
chiSea during this period The center strength of the vortex began to strengthen since Sep
3rd them mmun geopotential heightwas 16072 geopotentialm eters on 100 hPa height on
Sep 8th the center geopotential height decreased to 15951 geopotentialm eters and began
to ncrease slow ly thereafter Fig 1 shows the geopotential height and air ten perature fields
fran NCEP reanalysis data on Sep 8 th In order to clearly show the daily circulation varr
ation a 5-day running averaging method is used here and the sanemethod is used on fol
low ng figures The geopotential height of polar vortex center shown on Fig 1 is a little bit
higher than the one w ithout smoothing treament which represents the characteristic of the
Arcticm ddle and lower stratosphere during this period itwas controlled by a wam low
pressure on the layer fran 200 hPa to S0hPa the position of low pressure center is alnost
the sane as the wam center deflecting fran the A rctic center and located on the Chukchi
Sea And itwas controlled by the cold and low pressure for the layers lower than 300 hPa
Fig 2 shows the geopotential height and air ten perature of Sep  8th on 500 hPa which re-
presents the characteristic of the A rctic m ddle and upper tropospheric circulation during
this period The position of cold center is alnost the sane as the low pressure center which
is located on the ChukchiSea It should be paid attention that the polar vortex shown on the
synoptic charts fran 500 hPa to 300 hPa clearly shows that the A rctic circulation field has
sam e relationship w ith the north branch jets of tropospheric longw ave systan. Fran the dis-
tribution of isothem and isopotential on the synoptic charts of constant pressure surface it
can be seen that the A rctic vortex is highly barotropic and it is clearly different to the strong
baroclinic mesoscale polar low. This typical polar vortex circulation extends fran the strato-
sphere not only to them iddle and upper troposphere but also to the sea surface As shown
on above figures the geopotential field of 1000 hPa n Fig 3 obviously shows that a strong
large-scale low pressure circulation controls thewhole ChukchiSea the adjacent east Siber
ia Sea the Beaufort Sea and their northem A rctic ocean The center positions of each layer
are alnost the sane During the period of second Ch inese A rctic science expedition the re-
mote sensing mage of FY -1D received by the SEASPACE on “Xuelong” vessel (Fig 4)
clearly showed that the lower layer eddy cloud i the polar vortex circulation controlling a-
bove A rctic ocean areas was developing strongly at that tme The center of cloud eddy de-
flected only 208km to the west of the eddy center of 500 hPa potential field at0Q OOUTS of
Sep 10th The scale of this type of cloud systan, strongly developing cloud eddy center
and the corresponding tropospheric and stratospheric circulation all denonstrate that the
cloud on Fig 4 is different fran the cloud systan of nomal cyclone or the polar low.
During this period the polar vortex upward till the upper stratosphere was still con-
trolled by the cyclonic circulation but a cold center appeared clearly i the polar vortex re-
gion Fig 5 shows the geopotential height and air tamperature of Sep 8th on 10 hPa syn-
optic chart which clearly displays the difference of the themal structure canparing w ith
the layers under 10 hPa As reuming to the m iddle of August the whole A retic even the
pan-A rctic was still covered by strong anticyclone on the m iddle and upper A retic strato-
sphere The geopotential height and air tanperature of 10 hPa on Aug 16th 2003 shown
on Fig @ clearly damonstrates that a strong wam anticyclone was controlling the whole
A rctic and its center is close to the A rctic center The circulation pattem is highly symmet
ric which is very smilar to the averaged summer circulation pattem of the A rcticm iddle
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and upper stratosphere Thereafter the anticyclone strength ofm iddle and upper stratosphere
decreases and the air tanperature becanes cold gradually By Sep S5th  a cold cyclonic
vortex located at the A rctic center fomed rapidly A round the vortex are the regions of high
pressure During this period the lowerA rctic stratosphere stillmamtaned awam cyclonic
circulation and the vertical structure of the A rctic circulation can be summ arized as the
troposphere was a cold vortex the lower stratosphere was a wam cyclonic circulation a
large wam anticyclonic circulation mamntained in them iddle and upper stratosphere till the

last ten days of August (Fig 6) and it becane a cold cyclonic circulation after Sep
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Fig 5 Same asFig 1 but for 10 hPa Fig 6 Sane asFig § but forAug 16 2003

5th (Fig 5). Ac- cording to the data statistic Q m ( 1985) pomted out that the high latr
tude circulation on 20 km height ( corresponding to 50 hPa) begins to becane cvelonic cir-
culation fran anticyclonic circulation during the last ten days of August and the transition
of the higher layer ( 60 km or so) circulation begins usually in the first ten days of Septen-
ber Black et al (2006) use NCEP/NCAR daily-averaged reanalysis dala to swudy the

stratospheric zonalw ind transition They set 10 hPa 70°N zonalm ean zonalw ind 0 value as
a threshold to canposite 47 stratospheric fmal coolng ( SFC) events fran 1958 to 2004
The average date of N orthem H am isphere SFC onset isAug 29 and its nterannual variation
is 4 days

The polar vortex is often confused w ith the polar low or the polar cyclong such as mn
“Vocabulary for A mospheric Science ( 1994) 7, the polar vortex is confused with polar
low. In the “ IntemationalM eteorologic D ictionary” (WMO 1992) the polar vortex is de-
fined as the large-scale cyclonic circulation in the m iddle upper troposphere and strato-
sphere and the polar low is defmed as the snall and shallow low pressure fom ing on the
high latitude ocean which means that the polar low is the synoptic systan of lower tropo-
sphere Fig 7 shows the satellite reanote sensing mage of the outhreak of the polar low
down the Noway and D enm ark coast The eddy cloud on Fig 7 has clear eye-lke structure
as the one on Fig 4 but they represent different scales and different type circulation sys-
tan on pan-A rctic area Summarizing the descriptions above the polar vortex is a large-
scale persistent vortex circulation covering the whole A rctic m idddle and upper troposphere
and the stratosphere it can extends to the sea surface when it is strongly developing the
polar low is sub-synoptic scale systan occurring on the troposphere of pan-A rctic areas
mak ing itmore clear the polar low is a-scale or B-scale eddy which ismuch snaller than
the polar vortex and the polar low is highly baroclinic and itsmaxmum horizontal scale is
only several hundred kilameters the A rctic cyclone is the tropospheric cyclonic circulation
which foms and develops on the A rctic ocean in w ntertme its scale nomally is 1000km
to 2000km, larger than the A rctic low but usually snaller than the polar vortex Sametm es
these traveling tropospheric w eather systan smay relate to the activity of sem rrpersistent low
centers The san rpersistent active centers of the northem ham isphere such as A leutian
low and Icelandic low, are the statistical characteristic of a serial ofmoving cyclonesmoving
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close to the area of active centers decelerating strengthening in sub-A rctic areas

Fig 7 A visble wavelength satellite mage of an outbreak of polar low down
the coast of Noway and Demmark The eddy cloud systans of three
polar lows are respectively indicated by arrows at North Cape
Nomw egian Sea (650N ), and over Detmark ( after Rasnussen and
Tumer 2003)

On average the low er troposphere undemeath the A rctic vortex is the high pressure or
ridge the polar low or polar cyclone is seldan undemeath the polar vortex center but often
exists m the periphery of the polar vortex As shown on Fig 1 to Fig 3 fran the lower
troposphere to stratosphere all are large cyclonic circulations and their center positions on
each layers seldan appear on the sane location The vertical structure and its evolution of
this polar vortex w ill be discussed in detail m the other papers

3 Polar vortex variation and its impact on lower aimospheric circulation

Itwas pomnted out by observations (Thanpson et al 199 Baldw n and Dunkerton
1999 Perw itz et al 2003) that the stratospheric polar vortex strength variation can affect
the tropospheric circulation and the temporal scale of the strength variation is more than
several weeks but tropospheric weather situation variation takes only several days The
strong stratospheric circulation variation firstly occurs on the 50km height thereafter de-
scends to the lower troposphere with an anamnaly tropospheric weather systan appearing
(Baldw m and Dunkerton 2001). It has been noticed that the variation of polar vortex is
correlative to the outbreak of strong cold air m the northem ham isphere W hen polar vortex
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is strong the westerly belt sinks to the earth surface and carries large anount ofwam and
hun i air fran the ocean to the land These correlations and the stratospheric sign can be
used for num erical forecast of tropospheric weather systam. Investigating them echanian s of
stratosphere affecting the troposphere and ncluding thesemechanisns in the numerical sim-
ulation w ill help understand the clin ate evolution well and serve the w eather forecast ( Bald-
win et al 2001, 2003).

The annularmode (AM ) can represent the characteristic of the polar vortex strength
well Baldw n and Dunkerton (2001) got the daily variation of annularm ode on 26 isobaric
surfaces beween 1000 hPa and Q 316 hPa fran November to next A pril fran NCEP § 1000
hPa to 10 hPa analysis data fran 1958 to 1999 the T iros operational vertical sound ng data
ncliding the layers till 1 hPa fran 1979 to 1993 and the British M eteorologic Bureau data
ncliding the layers tillQ 316 hPa fran 1993 10 1999 AM provides betterm easuran ent for
vertical coupling than latitudinal averaging field such as a ( Baldw n and Dunkerton
2001). The value of stratospheric AM is the measuranent of the polar vortex strength
whereas the behaviors of near surface AM are called A rctic O scillation (AO) (Thanpson
and W allace 1998 Baldw m and Dunkerton 1999) and North A tlantic O scillation (NAO )
(W allace 2000). It affects short-temn clmate change with the tanporal scale of several
weeks to several ten-days During thew nter the AM signal of northem hen isphere extends
fran the stratosphere to the surface which shows the modulation on the strength and the
structure of the polar vortex ( Black et al 2002). The AM variations of northem hen r
sphere w ith tine on different heights during the w inter of 1998 to 1999 clearly show that the
larger anan aly firstly appears on the upper and m idle stratosphere and extends downw ard
thereaftey the temporal scale of AM evolution m troposphere is very short and when AM is
changing in troposphere it is evidently different canparing with its changing in strato-
sphere In otherw inters fran 1958 to 1999 same positive and negative anan alies often ex-
tend to the surface butnot all the processes behaves in thisway U sually only the strongest
positive and negative anam alies relate to the surface and the weak ananaliesmamntain n
the stratosphere Baldw n and Dunkerton (2001) use the average of large negative anan aly
and large positive ananaly as them easurement of the AM on 10 hPa height Iis daily value
is hichly correlative to thea of 60°N on 10 hPa height (Q 95). Iis positive value represents
the strong vortex w ith clear structure whereas the large negative value represents the w eak
vortex w ith unclear structure (G illleff et al 2001).

The dates when the value of AM on 10 hPa is snaller than the critical value -3 0 and
larger than the critical value 1 5 are defined asweak and strong “ vortex event” respective-
ly which signals the establishment of large anan aly of stratospheric circulation In order to
nvestigate the tropospheric evolution after the polar vortex event the extending period after
the fom ation of stratospheric ananaly is further defined as “ vortex regme” (Thampson et
al 2001).

Though there arem any studies on the statistical correlation of circulation anan alies be-
tveen the stratosphere and troposphere and the relationship of the circulation anan aliesw ith
the AM of northem hen isphere in seasonal scale ( Baldw n ez al 1999 2003), themecha-
nisn controlling the mteraction betveen the stratosphere and troposphere must be further
studied m order to diagnose the dynam ic process causing the daily variation of AM i detail
Early in the sixties of last century the Chinese scholars already paid attentions to the above
studies and got san e noticeable results ( Sun et al 1964). Song and Robmson ( 2004) pro-
posed a “ downward control with eddy feedback” hypothesis to explain the mechanisn of
stratospheric mfluence on the troposphere the ananalous stratospheric p lanetary wave driv-
ng trangn its the forcing to the surface by secondary circulation Instead of a weak and
downw ard decay ing mod ification of tropospheric w nd the response to this forcing signal n
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the troposphere is anplified and modified by eddy feedback Subsequentmodel test experr
ment show s that the forcing of tropospheric response is dan mated by that due to tropospher-
ic eddies consistentw ith the hypothesis and Kushner and Polvanis results (2004). How-
ever the experment also shows the tropospheric response depends strongly on the state and
dynan ics of stratosphere which is different fran the hypothesis Hence the realistic down-
ward nfluence process must be more canplicated than the hypothesis M ore observational
analysis and modeling of stratosphere-troposphere coupling could contribute to the deep un-
derstand ing of this m echan ism.

The possible mechanians of the stratosphere affecting the troposphere ndlude (1)
the propagation of planetary wave ( Perlvitz and Hamik 2003); (2) the interaction be-
tveen thewave and the zonal flow ( Christiansen 1999); (3) ramote response to the ad just
ment of the troposphere potential vorticity ( Baldw m and Dunkerton 1999 H artley et al
1998); (4) downward control (H aynesetal 1991) and (5) the anplification of mtrinsic
mode (Robmson 1991). However until now, it is still not clear thatwhich of the m echa-
nims is dan mant for this downward mnfluence process

M any studies use a general circulation model (GCM ) to smulate the tropospheric re-
sponse on stratospheric pertutbation and nvestigate the sensitvity of the surface clmate to
the stratospheric polar vortex variation ( Polvani and Kushner 2002 Norton 2003). H owev-
er most of then focus on the dynam ic mechanisn, not the themal effect

4 The influence m echanisn of polar vortex strength variation on clinate

The synoptic analysis clearly uncovered that the establishmeni mamntenance and de-
struction of polar vortex on m iddle and upper troposphere and stratosphere closely relate to
the ad usment and the seasonal variation of amospheric circulation In the sixties of last
century Tao ( 1964) pointed out the characteristic of the seasonal am ospheric circulation
variation in low er stratosphere during the periods fran w ntertme to summertme and fran
sunmertme tow ntertime and its close relationship w ith A rctic circulation The stratospher-
ic sudden wam ing not only closely relates to the polar vortex splitting and the circulation
ad usment of polar stratosphere but also considerably relates to the stratospheric block ng
high on high latiude ( L mpasuvan et al 2004). Since discovered by Scherhag ( 1952) m
the fifties of last century large anount of observing data especially the radiative data fran
the satellite ramote sensing the analysis of am ospheric dynam ics and the num erical smu la-
tions all represent the significance of the sudden wam g for the studies of polar vortex varr
ation and the relationsh ip betw een polar stratosphere and troposphere ( Chen 1962 M uraka-
mietal 1963). Since the sixties and the seventies of last century the energetics (M u-
rakan iet al 1963 M illeret al 1972) has beenw dely applied to study the transportation
and transfom of averaged effective potential energy, averaged k inetic energy, effective eddy
potential energy eddy kinetic energy and the effects of radiative heating and cooling n the
intem ediate layer stratosphere and troposphere Since the super longwave of the tropo-
sphere transfers superabundant energy upward for stratospheric sudden wam ing inversely
the troposphere of polar and high latitude regions accepts more radiative energy fran the
stratosphere and causes the wam ing effect of the troposphere and the earth surface The
variation of troposphere circulation caused by this feedback mechanism further affects the
polarweather and even the weather ofm iddle latitude areas

The AM and AO can represent the characteristic of the polar vortex strength variation
wel] their varyng tendency shows the strength variation of A rctic vortex and signals the
variation of A rctic amosphere ocean sea ice and ecological environoment and hence it
has been uncovered that the annual variation of the A rctic sea ice closely relate to the sea-
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sonal strength of AO ( Belchansky et al 2004). People used to call the canplex future
change of the pan-A rctic areas as Unaam iwhich is Esquimau and means “ tanorrow ”,  the
relationship betveen Unaani and AO and how to closely relate Unaani to the clmate
change through AO now have becane a sub ject that is causing people§ great attention and is
listed as one of the research focuses under SEARCH project (M orison et al 2000). Since
AO is themamn mode of the A rctic amospheric variation it is reasonable to consider the
AO as an mportant canponent of clinate change It can be concluded that the appearance
of ncreasing tendency of the AO is consistent w ith greenhouse effect which means this
tendency is related with the lower layer amosphere heating and higher layer amosphere
cooling There are stillmany questions on how AO is driven Sanebody proposes that the
sea surface itself can drive the AO due to thewam ing effect of CO, (Fyfeetal 1999), but
the simulations (Y anazak1 and Shinya 1999) and the observations ( Baldw n et al 1999)
by other people suggest that the stratosphere is the key for the AO change

About the nfluence of the A rctic variation on the clmate people have paid more at-
tention to the mportant effects of the feedback m echanian of the amosphere cloud variation
and the ice cover evolution at the ocean-air mterface m the whole clm ate system. Sea ice is
the underlyng surface w ith maxmum temporal and spatial variation m the wo polar areas
and it has unique function m the global clmate The ice and snow covers can change the
reflection rate of the earth surface and change the shortwave absorbability of the underly ng
surface and the energy exchange beween the ocean and the amosphere The feedback
m echanisn betveen ice and reflection rate is the key factor of large-scale feedback m the
clmate systan, and it is also the mportant topic on studying the physical process of energy
budget on the air-ice-ocean mnterfaces m SHEBA ( Surface H eat Budget of the A rctic O-
cean) project ( Perovich et al 1999 Curry et al 1995). The cloud anount variation dr
rectly affects the absorbability of long-wave radiation and the cloud-radiation feedback
strengthens the A retic heating through samemechanisns These are not only the focuses of
study ing physical processes m SHEBA project but also the keys of large-scale clmate re-
search (Curry et al 1996). The feedback effect of the fresh water cycle of the A rctic O-
cean and its mpact on subpolar ocean circulation cause the large-scale global feedback
which affects the global themohalne current and further affect the long-tem global clr
mate change ( Polyakovetal 1999 Steele and Boyal 1998). In addition the stratospheric
polar vortex lkes a cham ical reaction vesse] the concentrations of vapor nitrogen oxides
(NO,) and ozone (O;) entering the polar vortex through the polar vortex wall dram atically
drop but the concentration of chlorine monoxide (CD) mncreases dramatically which re-
sult mmore and more radiative cooling i polar regions The low tanperature and the catal
ysis of Clmake the O; becanes even lesser especially there appears a hole of O; i the
Antarctic This feedback function of low er stratospheric chan ical canponents noticeably af
fects the mamtenance and splitting of the polar vortex (W augh et al 1999). The destruc-
tion and maintenance of the polar vortex the variation of its strength and it nfluence m ech-
anign on the clinate are getting more and more people$ attention

The Chinese researchers analyses the relationship of the strength change of the A rctic
vortex w ith the East A sia amospheric circulation and Chnese clinate by using the synoptic
and statistic methods and have gotten noticeable results (W u and W ang 2002 Yu et al
2005). Gong (2003) analyzed the mpact of AO on the Chinese w inter clmate through
large amount of data and uncovered that the AO mndex has san e applicable value on Chnese
long-tem and m idle-tem weather forecast and clmate prediction Y u Y ongqiang ( 2005)
also mvestigated the relationship between the AM of southem heam isphere m springtme and
the precipitation of China n summ ertm e
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S Summary and discussions

The A rctic vortex is an mportant aimospheric circulation systan of the A rctic m idle
and upper troposphere and above its activity has significant mpact on the AO, NAO and
the northem ham ispheric and even the global amospheric circulation its activity also dr
rectly affects the weather and the clmate of China

The strength variation of polar vortex can cause clinate change control the A rctic at-
mospherg ocean sea ice and ecologic environrment affect the low-level am ospheric circu-
lation and the weather of subarctic and even them iddle latitude areas The cloud fom ation
and the variation of cloud anount n polar troposphere and even mn polar stratosphere the
concentration variations of aimosphere cham ical canponents in low er stratosphere the for-
mation and melting of sea ice on the ocean-air mlerface the transportation and variation of
fresh water in the ocean their feedback mechanians and the coupling mechanisn bet een
the troposphere and the stratosphere all are the key physical processes of clmate systan.
These have becane the key science topics i sane current climate research projects such
as SEARCH, SHEBA and SPARC. The scientists are try ng through studying these topics to
leam the physical process of signal transferring downward and signal m agnification of the
stratospheric polar vortex variation how this physical process affects the pan-polar circu la-
tion even fom ing the sub-polar extrane weather systan, and how the lower amosphere
and ocean drive the upper amosphere variation through the flux exchange at the airice-o-
cean interfaces and these feedback mechanisms The polar expedition and n situ observa-
tions provide the key data for polar synoptic analysis and energy diagnosis analysis and pro-
vide mportant paran eters for developing air-ice-ocean coupling model

The 2003 Chinese Second A rctic R esearch Exped ition experienced the transition of the
stratosphere circulation fran awam anticyclone to a cold cyclone during the ending period
of A rctic simmertime a typical establishing process of the polar vortex circulation which
fires our nterest of studying the transforn mechanisn of the polar vortex The relationship
of the circulation transformm of thism idle and upper stratospheric and the polar vortex es-
tablishm ent w ith low er tropospheric circulation ocean-air nterface fluxes the variation of
sea ice and ocean arouses ourmore nterest The A rctic exploration and the estab lishment of
Chmese A rctic station provide our country the observing condition for studying above prob-
lans Further studying this case can also provide the basis for enacting the plan of future
A rctic science exp loration

Though the mfluences of A rctic and polar vortex on Chinese clinate have been paid
significant attention n our country and the researchers have got noticeable achieveam ents on
than, and in sane operational depariments the polar vortex area polar vortex strength in-
dex and polar vortex center position even have been used as one of ndexes form iddle-tem
and long-tem weather forecast and shore-tem clmate prediction ( Zhao 1999), it should
be paid attention that them ost parts of these studies are analyzing the correlations ofAO in-
dex polar vortex area polar vortex strength index w ith Chinese weather and clmate and
seldan studying the physical processes and mechanisns It is the fact that recently the anal
ysis on these physical processes fran the view of amospheric physics is very little Though
A rctic vortex has been discussed long tine ago anong scholars it is often confused w ith po-
lar low and lower amospheric cyclone And the studies on the physical processes of polar
vortex variation and its mpactmechanisn on clmate have got w dely mtemational atten-
tion but there are nomany studies on it n China it should be strengthened on the m echa-
nisn studies of the mpact of polar vortex variation on the EastA sia circulation and Ch nese
clmate In conclusion the studies on these problans are very I ited and have not got e-
nough attentions in the acadan ic canmunity In order to develop and mprove the ability of
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long-tem and m idle-tem weather forecast and short-tem clmate prediction of our coun-
try themechanism studies must be strengthened and we cannot only stop on seek ng inde-
xes and solving correlations And we should put enough attention on analyzing the reason-
ability of wo poles ‘circulation smulation in developing global clmate coupling model
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