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Abstract暋BasedontheobservedandNCEPreanalysisdatafrom1985to2006,
theclimatebackgroundandsynopticsituationoffogatGreatWallStationwere
analyzed.Itisshownthattheseasonalvariationoffogiscontrolledbythechange
ofgeneralcirculationandlocalpressurefield.Threefavorabletypicalsynoptic
situationsforfogdevelopmentarefound,theFront灢of灢A灢Depressiontype,the
Saddle灢Shaped灢FieldtypeandthePassing灢Weak灢Cyclonetype.Thefirstoneis
themostimportantsituation.AdvectioncoolingfogisdominantatGreatWall
Station,butthereareotherkindsoffogaswell.Asaresult,somehelpfulprin灢
ciplesforlocalfogforecastingaregiven.
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1暋Introduction

GreatWallStation(GWS;62曘13曚S,58曘58曚W)islocatedatKingGeorgeIsland
oftheSouthShetlandIslandsinWestAntarctica,withtypicalsub灢polarmarinecli灢
mateoflowtemperatureandhighhumility.TheDrakePassagewhichisthemain
corridorsofcircumpolarcyclonesisnearby,andaveragelyonecyclonepassesevery
threetofourdaysinsummer.KingGeorgeIslandissurroundedbycoldoceancur灢
rentsofAntarcticCircumpolarCurrentandWeddellGyre,warmandcoldairmasses
areoftenmixedhere[1],andfogiseasilyformed.Fogdamageisseriousandthere
havebeenmorethantencasualtiesinaccidentsofaviation,sailingandfieldoperation
underdensefogsintheregionsince1985.PenganalyzedfoginMaxwellBayinthe
summerof1985,andpointedoutthattheairtemperatureandhumilityarebeneficial
tothegenerationoffogthroughoutthatsummer,theNW windisanimportantfac灢
tor[2].Yangetal.discussedthemeteorologicalelementsofGWSandfoundthat
morefogswererecordedinsummerthaninwinter,andmostfogsweredevelopedby
advectioncooling[3].However,thedatausedbyformerstudywereonlysurfaceob灢
servationandsynopticcharts,andtheclimaticfeatureswerenotstudiedyet.Inthis
paper,basedontheobservedandNCEPreanalysisdatafrom1985to2006,thecli灢



matebackgroundandtypicalsynopticsituationsforfogdevelopmentaregiven.

2暋Theclimatebackgroundofseasonalvariation

暋暋Therewere136annualmeanfogdaysatGWS,whichwas37.3%ofayearac灢
cordingtoweatherrecordsduring1985灢2006.Thestatisticsalsoshowedthatthere
weremorefogsinsummer (from Nov.to Mar.)thanin winter (fromJuneto
Aug.),with13and9monthlymeanfogdays,respectively[3].

Figure1andFigure2aremeansealevelpressureandsurfacewindfieldofJanu灢
aryandJuly,respectively,whichweremadefrom NCEPreanalysisdatafrom1985
to2006.Insummer,lowpressureareaislocatedinWestAntarcticaandadeeplow
centerisat65曘E,90曘W westofAntarcticPeninsula,wherecyclonesareactive.A
weaksubtropicalhighridgecoverstheWeddellSeaandadenseisobarsregionisbe灢
tweenthelowandthesubtropicalhigh(Fig.1a).NW windprevailsfromDrakePas灢
sagetothenorthernpartofAntarcticPeninsulaanditisclearthatwarmandmoisto灢
ceanairiseasytoreachGWS(Fig.2a).

(a)

(b)

Fig.1暋MeansealevelpressureinthewestAntarcticsector.(a)January,(b)July.

Inwinter,theclosedlowcenterlocatingattheseawestofAntarcticPeninsula
disappearsandthelowpressureregion movesbacktothewest(Fig.1b),which
meanslesscycloneactivitiesatGWS.TheAntarcticcontinenthighextendsnorth灢
wardandSEwindsbecomestrong.NWwindsarestillblowingonDrakePassageand
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thenorthpartofAntarcticPeninsulabutthenorthwindelementisweakerthanin
summer(Fig.2b).ItisshownthattheseasonalvariationoffogatGWSiscontrolled
bygeneralcirculationandsynopticsituation,anditismorefavorabletogeneratefog
insummerthaninwinter.

(a)

(b)

Fig.2暋MeansurfacewindinthewestAntarcticsector.(a)January,(b)July.

3暋Synopticsituationforfogdevelopment

暋暋BasedontheNCEPreanalysisdatafrom1985to2006,thesynopticsituationsof
fogatGWS wereclassifiedandthreefavorabletypicalsynopticsituations were
found.Thecompositechartsof500hPaheight,850hPaheight,sealevelpressure
andsurfacerelativehumidityofeachsituationaregivenasfollows.

3.1暋SynopticsituationI (Front灢of灢a灢deep灢depressiontype)

Figure3isthecompositesynopticchartsofheights500hPaand850hPa,sea
levelpressureandsurfacerelativehumidityofsituationI.Thechartof500hPa
showsthattheareawestofAntarcticPeninsulaiscontrolledbyadeeptroughwitha
closedcenterat65曘S,90曘W.Thetemperaturetroughandtheheighttrougharecoin灢
cidedfairly.TheAtlanticsubtropicalhighisstrongandextendssouthwardstothe
northeastofAntarcticPeninsula.Aridgeisalong40曘W.Adensepressuregradient
regionisformedbetweenthedeeptroughandthesubtropicalhigh,andcoversmost
oftheAntarcticPeninsula.Onthe850hPaheight,adensepressuregradientregion
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isbetween50曘Sand60曘S,wherenorthwestwindprevails.Awarmadvectionsteam
flowsfromlowlatitudeoceantowardsKingGeorgeIsland.Onsealevelpressure
chart,theAntarcticcontinenthighisweakandthewholewestAntarcticaisalow
pressurearea.AstrongdepressionmovestothewestofAntarcticPeninsula.Most
cyclonesarematuredorweakenedastheygettothewestoftheAntarcticPeninsula,

becauseBellinsgauzenSeaisoneof“graveyards暠ofcircumpolarcyclones[4].The
AntarcticPeninsulaisaheadofthefrontofthecyclone,thewarmandmoistairgets
therefromlow灢latitudeoceanbyNW wind,whichisveryimportantforfogforming.
Itcanbeseenfromthesurfacehumiditydistributionthatahighhumiditytongueisin
theNW windregionaheadofthecoldfront(Fig.3d).Ifthesubtropicalhighis
strongandthecycloneisblocked,fogwilllastlongertimeatGWS.Mostfogrecor灢
dedatGWSiscontrolledbythissynopticsituation.

(a) (b)

(c) (d)

Fig.3暋Compositechartsofsynopticsituation.(a)500hPa,(b)850hPa,(c)Sealevelpressureand(d)

Surfacerelativehumidity.

3.2暋SynopticsituationII (Saddle灢shaped灢fieldtype)

FogmayoccuratGWSinasaddleshapedsurfacepressurefield.Theimportant
characterofthiskindofsynopticsituationisthattwo灢troughswithoneridgeare
shownonthe500hPaheightchart.InFigure4a,onedeeptroughisatabout110曘W,

thewestoftheAntarcticPeninsulaandanothertoughisat30曘W,theeastofthePen灢
insula.Theridgeofahighcoversthepeninsulabetweentwolows.Onthechartof
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850hPa,adenseheightgradientsregionisonthewestsideoftheridgewithastrong
warmadvection(Fig.4b).Comparedwiththesituationatthe500hPa,thepressure
fieldonsealevelisnotsostrong,withtwoweakdepressionsontheeastandwest
sidesoftheAntarcticPeninsularespectively.Usuallythedepressionisweakened
whenitpassesthepeninsula.Winddirectionturnsfrom NWto W neartheridge
line.NorthernpartofAntarcticPeninsulaisinsidethesaddleshapedpressurefield
withWNWairflow(Fig.4c).AwettongueisonthewestsideoftheAntarcticPen灢
insula(Fig.4d).

(a) (b)

(c) (d)

Fig.4暋CompositechartsofsynopticsituationII.(a)500hPa,(b)850hPa,(c)Sealevelpressureand
(d)Surfacerelativehumidity.

3.3暋SynopticsituationIII (Passing灢weak灢cyclonetype)

WhenasmallorweakcyclonepassestheDrakePassagefromthewest,fogis
oftenobservedatGWS.Onthechartof500hPa,thesoutherntipofSouthAmerica
andthenorthernpartoftheAntarcticPeninsulaiscontrolledbyatrough;onthe
chartof850hPa(Fig.5b),aclosedlowpressurecenterisintheDrakePassagewith
northflowblowingovertheareabetweenthedepressionandtheAtlanticsubtropical
high.Onthechartofsealevelpressure,ausuallyweakcycloneispassingtheDrake
PassagewithsparseisobarsaroundtheAntarcticPeninsula(Fig.5c).Fogisreported
atGWSwithNwindswhenthecycloneispassingtheDrakePassageandfogbecomes
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thinsoon,asthewinddirectionturnstoE.Thehumiditydistributionshowsahigh
centerinthesouthandtheeastofthecyclone(Fig.5d).Thefogdurationisdeter灢
minedbymovingspeedofthecyclone.Usuallythelastingtimeofthefogisshorter
insynopticsituationIIIthaninsituationIandsituationII.

(a) (b)

(c) (d)

Fig.5暋CompositechartsofsynopticsituationIII.(a)500hPa,(b)850hPa,(c)Sealevelpressureand
(d)Surfacerelativehumidity.

暋暋Anobviouswarmadvectionfromlow灢latitudetotheGWSon850hPaheight
chart,andNorNWsurfacewindprevailingonthenorthernpartoftheAntarctic
Peninsulaareshowninthethreesynopticsituationsabove.Thestatisticsfrom1985
to2006showsthat71%,15%and12% offogsoccurredinsituationI,situationII
andsituationIIIrespectively.Therewasalso2% offogsinundeterminedsynoptic
situation,meaningthatadvectioncoolingfogdominatesatGWS,butotherkindsof
fogappearstheretoo(Fig.6).

Fig.6暋Theoccurrenceoffogindifferentsynopticsituation.
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4暋Conclusion

暋暋(1)TheseasonalvariationoffogatGWSiscontrolledbythechangeofgeneral
circulationandsynopticsituation.

(2)Front灢of灢a灢depressiontype,Saddle灢shaped灢fieldtypeandPassing灢weak灢cy灢
clonetypearefavorablesynopticsituationsforfogdevelopmentatGWS.TheFront灢
of灢a灢depressiontypeisthemostdominantone.

(3)Asignificantwarmadvectionfromlow灢latitudetotheGWSonthechartof
850hPa,andNorNWsurfacewindprevailingonthenorthernpartoftheAntarctic
Peninsulaareshowninallthreesynopticsituations.

(4)AdvectioncoolingfogdominatesatGWS,butotherkindsoffogappear
theretoo.
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