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Abstract暋AcaseofasnowstormattheGreatWallStationwasstudiedusingda灢
taofNCEP(NationalCentersforEnvironmentalPrediction)analysis,insituob灢
servationsandsurfaceweathercharts.Thestorm occurredon August29th,
2006,andbroughthighwindsandpoorhorizontalvisibilitytotheregion.Itwas
foundthatthestormoccurredunderthesynopticsituationofahighinthesouth
andalowinthenorth.Alow灢leveleasterlyjetfromtheAntarcticcontinentsig灢
nificantlydecreasedtheairtemperatureandhumidity.Warm airadvectionat
highlevelbroughtsufficientvaporfromlowerlatitudesforthesnowstormtode灢
velop.Thedynamicfactorsrelatingtostrongsnowfallandeventhedevelopment
ofasnowstormweredeepcyclonicvorticityatmiddleandlowlevels,theconfigu灢
rationofdivergenceathighlevelandconvergenceatlowlevel,andstrongvertical
uplift.Therewasaninversionlayerinthelow灢levelatmosphereduringthelater
phaseofthestorm.Thisverticalstructureofcoldairatlowlevelsandwarmair
athighlevelsmayhavebeenimportanttothelongevityofthesnowstorm.
Keywords暋 Snowstorm,BlowingSnow,Cyclone,Antarctic,GreatWallSta灢
tion.
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1暋Introduction

Asnowstorm,alsoknownasablizzard,isdefinedasheavysnowblownby
strongwinds,withthehorizontalvisibilitybeinglessthan1000metersandtheverti灢
calheightrangingfromafew meterstoseveralhundredmeters[1].Itisdifficultto
distinguishwhethersnowisfallingfromtheskyorisbeingblownfromtheground
surface[2].Snowstormsareoneofmostsevereweatherphenomenaoccurringinthe
Antarcticaandarecapableofdamagingbuildings,hamperingseaandairtrafficand
evencausingcasualties,andthus,theyposeagreatthreattopeoplewinteringoverin
theAntarctica.

TheGreatWallStation(GWS)islocatedonKingGeorgeIsland,northofthe



AntarcticPeninsula,whichisdownstreamofthegenerationcenterofSouthPacific
cyclones.Onaverage,acyclonepassesovertheGWSonceapproximatelyevery3
days[3].Becauseoftransitingcircumpolarcyclones,therearedominanteasterly
winds(accountingfornearly50%ofallwinds)andabundantsnowfall[4灢6].Thespe灢
cialclimateleadstothefrequentblowingofsnowandsnowstormsinthisarea.
HuangstudiedsnowstormsattheGWSin1995,andfoundthatmosthadeasterly
winds;however,theverticalandhorizontalstructureswerenotanalyzedowingto
limitedavailabledata[7].

TherewasatypicaleasterlysnowstormattheGWSonAugust29,2006 (all
timesthatfollowarelocaltimes).Amongallblowingsnowevents(50d)andsnow灢
storms(6d)attheGWSin2006,thiscasehadthemaximumwindspeed(33.3m·
s-1),thelowestairtemperature(-16.1曘C),theminimumvisibility(<10m),and
thelongestduration(17h).Usingthestation灢basedmeteorologicalobservationsand
NCEPglobaltroposphericanalysisdata,thecharacteristicsofthisstormaredis灢
cussedinthispaper.

2暋Surfaceandupper灢levelsynopticsituation

暋暋AsshowninFigure1,theAntarcticcoldhighwasverystrong;itsridgeextend灢
ednorthwardcontrollingthewholeAntarcticPeninsulaandmostpartoftheBelling灢
shausenSeaandWeddellSea.

Fig.1暋Sea灢levelpressureandsurfacewindsovertheAntarcticPeninsulaandthesurroundingareas
at09:00onAugust29th,2006;theredcircleindicatesthepositionoftheGWSandthe
black"C"indicatesthepositionofthecyclonecenter.

TheSouthAmericahighandSouthPacificandSouthAtlanticsubtropicalhighs
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centerednorthof30曘Swererelativelyweak.Asynoptic灢scalecyclone,centeredin
theBellingshausenSeawithcentralpressureof964hPa,wasblockedwhenmoving
eastwardalong65曘S,andthenturnedeast灢northeastundertheguidanceofthesub灢
tropicalridge(Fig.2).A mesoscalecyclonewithcentralpressureof970hPawas
separatedfromthefrontofthesynopticcycloneonthemorningof20thAugust,
whichcanbefoundfromtheclearspiralcloudsinthesatelliteimage.Thenewly
formedcyclonepassedthenortherntipoftheAntarcticPeninsulaquicklyataspeed
of60灢70km· h-1.TheAntarcticcoldhighthenregainedcontroloftheAntarctic
Peninsula.Thesynopticsituationofahighinthesouthandalowinthenorthlasted
about30hours.Circulationatthe850hPalevelwassimilar;i.e.,theAntarcticcold
highextendednorthwardandcontrolledtheAntarcticPeninsularegion,andthere
wasaclearpatternofahighinthesouthandlowinthenorth.

Fig.2暋Pathandcentralairpressureofthecyclone(units:hPa).

暋暋Atthe500hPalevel,thecenteroftheAntarcticpolarvortexmovedtowestern
Antarcticafrom00:00onAugust29th,graduallystrengthened,andreachedmaxi灢
mumintensityat15:00whilecenteredat76曘Sandhavingpotentialheightof468
gpm.Meanwhile,acoldtroughextendednorthward,controllingthecentraland
westernSouthAtlantic.Associatedwiththesurfacecyclone,therewasavortexat
the500hPalevelwiththeheightofitscenterlessthan488gpm (Fig.3).Itisseen
thatthecyclone,extendingfromthesurfacetoahighlevel,wasarelativelydeep
system.Incontrast,theAntarctichighwasrelativelyshallow.

3暋Surfacemeteorologicalelements

3.1暋Airpressureandwind
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Theairpressureandwindspeedfluctuatedgreatlyasthecyclonepassed;air
pressurebegantofallrapidlyfrom11:00onAugust28th,reacheditsminimumof
972.2hPaat08:00onAugust29th,andthenbegantoriserapidly(Fig.4).There
werenortherlywindsattheGWSbeforethecyclonepassed,andthewindspeedbe灢
gantoincreasefrom12:00withthecyclonelocatedtothesouth(65曘S).Asthecy灢
cloneturnedeast灢northeastandpassednorthoftheGWSgradually,thewindturned
east灢northeastfrom22:00onAugust28th,spedupandreachedamaximumof26.3
m·s-1(2minuteaverage;peakvalueof33.3m·s-1)at08:00onAugust29th,and
thenslowedgradually.

Fig.3暋500hPaheights(bluelines)andtemperature(reddottedlines)overtheAntarcticPeninsulaand
thesurroundingareasat15:00,August29th,2006(units:gpm).

暋暋Therapidchangeinairpressuredirectlyreflectedthecyclonequicklypassingthe
northerntipoftheAntarcticPeninsulaandthentheAntarcticcoldhighcontrolling
thepeninsulaonceagain.Themesoscalecyclone,whichmovedeastwardnorthofthe
GWS,togetherwiththecoldhighintheWeddellSea,formedthesynopticpatternof
ahighinthesouthandalowinthenorth.TheGWS,locatedintheareaofthemost
densepressuregradientsbetweenthehighandlowpressurecenters,wassubjectto
strongwinds.Theratesofchangeinairpressureandwindspeedwereratherconsist灢
ent,andtherewasasignificantnegativecorrelationbetweenthem.

3.2暋Airtemperature,humidityandsnowfall

BoththeairtemperatureandrelativehumidityunderwentaU灢shapedchange;i.
e.,asubstantialdeclinefirst,thensmallfluctuations,andfinallyasignificantrise
(Fig.4).ThesechangesareduetoAntarcticiceshelvesextendingnorthwardinwin灢

041 YangQinghuaetal.



terandtheseaiceoftheWeddellSeareachingnorthof60曘S.Inthissituation,King
GeorgeIslandisalmostconnectedwiththeAntarcticPeninsulabyseaice,andthus,
katabaticwindsfromthecoldAntarcticplateaureachtheGWSalongtheeasternside
oftheAntarcticPeninsulahighridge[7].Easterlywindsproducedbyacycloneand
Antarcticcoldhigharepartiallycomposedofkatabaticwinds,andcontributetothe
declineintemperatureandhumidity.Asthecyclonemovesaway,thewinddecreases
andtheairtemperaturerisessharply.

Fig.4暋TimeseriesofsurfacemeteorologyelementsobservedattheGWS.Pressure:solidline;
Temperature:longdashedline;Windspeed:dashedline;Relativehumidity:dottedline.

Therewasintermittentlightsnowandwind灢blownsnowat14:00onAugust
28th,andtheintensitybegantoincreaserapidlysince02:00onAugust29th.A
snowstormformedandstrengthenedasthesnowaccumulatedonthegroundand
windspeedincreased.Theprecipitationmeasuredbetween02:00and18:00was10.
5mm;inparticular,theamountbetween02:00and08:00wasashighas7.2mm.
Becausemuchsnowisblownawaybystrongwinds,itshouldbepointedoutthat
snowfallmeasurementsduringastormarenotreliable,andtheactualprecipitation
maybemuchgreaterthanthevaluemeasured.Thesnowstorm weakenedandthere
wasonlywind灢blownsnowat19:00.Asthesnowfallintensitydecreased,thesnow灢
stormtendedtoweakenandfinallystopped.
暋暋Accordingtochangesinthemeteorologicalelements,thesnowstormcanbedi灢
videdintotwophases:(1)aformingandstrengtheningphaseassociatedwithsignifi灢
cantdecreasesinairpressure,temperatureandhumidityandarapidincreaseinwind
speedbefore08:00onAugust29thand(2)amaintainingandweakeningphase,ac灢
companiedbyarapidincreaseinairpressure,adecreaseinwindspeedandmainte灢
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nanceoflowtemperatureandhumidity.

4暋Verticalandhorizontalatmosphericstructure
暋暋Basedoncold/warmadvectionandvaporconditions,atmosphericstratification
stability,divergenceandvorticity,verticalandhorizontalwindsduringthestudiede灢
ventareanalyzedasfollows.

4.1暋Cold/warmadvectionandvaporconditions

Anearly灢saturatedvaporlayerappearedat900灢800hPaat15:00on August
28th,thickenedgradually,andextendedto400hPabythemorningofAugust29th.
Itisseenfromthe1000灢500hPathicknessfieldthattheupperlevelovertheGWS
wasthecrossingpointofstrongwarmadvectionfromthenorthwestandstrongcold
advectionfromthesouth.TheGWSwassimplyinastrongnortheast灢southwestva灢
porconvergencezone(Fig.5).Theconvergencezoneextendedfromthesurfacelayer
to400hPa,andtherewasalsoavapordivergencezonewithsimilardirectioninthe
northoftheconvergencezone,indicatingthatthewarmvaporwascomingfromthe
low灢latitudeocean.High灢levelwarm advectionfrom lowlatitudestothe GWS
broughtalargeamountofmoisture,andthemeetingofthecoldandwarmadvections
ledtomuchcondensationofthemoisture,resultinginheavysnow.Withthecyclone
movingeastward,thesaturatedlayerbegantodisappearfromthetop,andtherela灢
tivehumiditydecreasedsignificantly.

Fig.5暋Moisturefluxdivergenceat800hPaat03:00onAugust29th(units:10-5g·hPa-1·s-1·m-2).

4.2暋Atmosphericstability
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Therewasanobviousinversionlayerfrom09:00onAugust29ththatstrength灢
enedgradually,moveddownward,andreacheditsmaximuminintensityontheeve灢
ningofAugust29th(Fig.6),indicatingthatthenear灢surfacelayerbecamemoresta灢
bleasthecyclonemovedeastward.Therewasasignificantlow灢leveltemperaturein灢
versionduringthemaintenancephase(09:00灢19:00onAugust29th).Theroleofthe
low灢leveltemperatureinversionlayerwillbefurtherdiscussedlater.

Fig.6暋VerticalprofilesofairtemperatureattheGWSdeterminedfromNCEPanalysisdata.Theabscissa
indicatesairtemperature(曘C)andtheordinateindicatesairpressure(hPa);暳:15:00onAugust
28th,曫:03:00onAugust29th,曬:09:00onAugust29th,曯:21:00onAugust29th.

4.3暋Verticalvorticity,horizontaldivergence,andatmosphericverticalmotion

ItisseenfromFigure7athatthecyclonewasarelativelydeepsystem.Cyclonic
vorticity(negativeintheSouthernHemisphere)extendedfromthesurfaceto200
hPa;negativevorticitywascenteredat800hPaandhadintensityofapproximately2
暳10-4s-1.Apositivevorticitycenterappearednearthesurfacesoonafterthecy灢
clonemovedaway.Therewassimultaneousstronglow灢levelconvergenceandhigh灢
leveldivergencethatreachedmaximumintensityonthemorningofAugust29th.
Takingthesituationat03:00onAugust29thforexample,therewasaconvergence
fromthesurfaceto600hPa,withthemaximumintensityof-1.2暳10-4s-1at900
hPa,andtherewasadivergenceabove600hPa,withthemaximumintensityof-5
暳10-5s-1at400hPa(Fig.7b).Strongconvergenceatlowlevelandstrongdiver灢
genceathighlevelwerefavorabletoheavysnowfall,resultinginastrengthening
snowstorm.Asthecyclonemovedeastward,theverticalstructureofthe"conver灢
genceatlowlevelanddivergenceathighlevel"system weakenedrapidly,andthere
wasadivergenceatthelowleveloftheGWSbytheafternoonofAugust29th.
暋暋Therewerealsocharacteristicsofverticalatmosphericmovement.Theweakris灢
ingcurrentdominatedthelayerfromthesurfaceto500hPaontheafternoonofAu灢
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gust28th;asthecyclonemovedcloser,theverticalvelocityincreasedsignificantly
andwasgreatestonthemorningofAugust29th.Theverticalupliftevenextended
fromnearthesurfaceto300hPa,withthemaximumintensityofmorethan-1.2
hPa·s-1at700hPa.Afterthecycloneleft,upliftintheloweratmosphereweak灢
enedrapidly;forexample,thefallingratereached0.4hPa·s-1at15:00onAugust
29th.

(a) (b)

Fig.7暋Verticalcrosssectionsofverticalvorticityandhorizontaldivergencealong62曘Sat03:00,
August29th(units:10-5s-1).

暋暋Analysesofvorticity,divergenceandverticalmotionshowthatthedeepcyclonic
vorticityatmiddleandlowlevels,divergenceathighlevelandconvergenceatlow
levelandtheintenseverticalupliftstrongly mixedhigh灢levelwarm/moistairand
low灢levelcold/dryair,leadingtoheavysnowfallattheGWSandthusasnowstorm.
Withthecyclonemovingaway,theconvergenceatlowlevelandupliftingmotionde灢
creasedrapidly,thestructureofthecoldair灢massatlowlevelandwarmair灢massat
highlevelresultedinthedevelopmentofaninversionlayer,andatmosphericstratifi灢
cationbecamemorestable.Itispresumedthattheinversionlayermayplayanim灢
portantroleinthemaintenancephase,inthatitblocksverticalexchangebetween
highandlowlevels.Theloweratmosphericmotionbeinglimitedtothehorizontalis
helpfulinincreasinghorizontalwindspeeds.Meanwhile,theinversionlayerlimits
theupwardtransportofsnow,snowisconcentratedintheloweratmosphere,and
visibilitydecreasesrapidly,whichisfavorableforthe maintenanceofthesnow灢
storm[7].

4.4暋Horizontalwind

Analyzingthedistributionofthehorizontalwindsat09:00onAugust29th,itis
seenthatzonalwindwasoverwhelminglydominant.Aneasterlywindprevailedfrom
thesurfaceto800hPa,andwindspeedincreasedgraduallyfromthesurfaceto900
hPa.Theeasterlyjetaxiswaslocatedat900hPa,andthemaximumwindspeedwas
near30m·s-1.Thestrongestverticalwindshearwasat900灢800hPa(Fig.8a).
Westerlywindsprevailednorthof61曘S,andeasterlywindsprevailedtothesouth;
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thestrongestwindshearwasat62曘灢61曘S(Fig.8b).Inthecaseofthemeridionalwind
component,therewasaweaknortherlynearthesurface.Thehigherthelevelwas,
thelowerthespeedbecame,andthewinddirectionturnedsouthat900hPa.The
windspeedthenincreased,reachingamaximumat800hPa(about14m·s-1),af灢
terwhichitdecreased.

(a) (b)

Fig.8暋Verticalcrosssectionsofzonalwindspeedsat09:00,August29th,2006(m·s-1).
(a)alonglatitude62曘Sand(b)alonglongitude59曘W.

Theverticaldistributionofthehorizontalwindreflectedthesynopticpatternofa
highinthesouthandalowinthenorth.CyclonestothenorthoftheGWStriggered
thecoldairovertheAntarcticcontinent,andintensepressuregradientsbrought
strongeasterlywinds,accompaniedbyasharpreductioninairtemperatureandhu灢
midity.Therewasnosouthernhighbuttherewasanorthernlowabove800hPa,
whereawarmandmoiststreamdominated.Aninversionlayer,accompaniedbythe
storm,wasdeterminedbytheair灢massstructureofcoldairatlowlevelandwarmair
athighlevel.
暋暋Toreviewthestudiedstorm,webrieflydescribeitscreation,development,ma灢
intenanceanddissipation.First,theestablishmentofahighinthesouthandlowin
thenorthbroughtmoist/warmadvectionathighlevelanddry/coldadvectionatlow
level.Thestronglow灢levelconvergenceandhigh灢leveldivergence,togetherwithver灢
ticalmotion,fullymixedthewarmandcoldair.Heavysnowfallresultedfromthe
supplyofmoisturefromthelow灢latitudeocean.Asthecyclonemovedaway,low灢
levelconvergenceandverticalmovementweakenedrapidly,theverticalstructureof
theairmassfurtherdevelopedlow灢levelinversion,andtheatmosphericstratification
becamemorestable.Theintensityofthestormthusdecreasedonlygradually.With
alackofsustainedsnowfallorsnowtransportation,thestormfinallystopped.

5暋Conclusion

暋暋Asnowstorm wasdiscussedintermsofsurfaceandupper灢levelsynopticpat灢
terns,meteorologicalelements,andhorizontalandverticalatmosphericstructure.
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Theeasterlygaletriggeredbythepatternofahighinthesouthandalowinthenorth
wasessentialtothedevelopmentofthestorm.Thedynamicfactorsresponsiblefor
thesnowstormwerehigh灢levelwarmadvectionprovidingsufficientmoisture,theair
massstructureofwarmairathighlevelandcoldairatlowlevel,andstronguplift.
Theinversionatlowlevelmaybefavorableforthedevelopmentandmaintenanceof
thesnowstorm.

Thestormlastedfor17hoursowingtotheaccumulationoffreshsnowbefore
thegaledeveloped,heavysnowfallduringthestorm,andsnowtransportedbyeast灢
erlywindsprovidingsufficientsnow.Therefore,toforecastasnowstorm,thegale
andaccumulationoffreshsnowandthehorizontalandverticalatmosphericstructure
shouldbetakenintoaccounttodeterminethescopeandintensityofsnowfall.The
possibilityofoccurrence,intensityanddurationofthesnowstormcanthenbepredic灢
ted.Itshouldbenotedthatthediscussionhereisonlyforonecase,andfurthernu灢
mericalmodelinganddiagnosticstudyareexpectedinanefforttoexplainthephysical
mechanismofAntarcticsnowstorms.
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