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Ahstrqct：Thispaperfbcusesoninstrumentationandobservationalresultsof－  

eight Automatic Weather Station（AWS）unitsin East Queen Maud Land，  

Antarctica1995．TheAWS unitswereinstal1edatsixsitesontheicesheetftom  

COaSttOinland：thesitenearesttothecoast（H21）waslocatedat60kmatlO76  

m altitude and asite farthestfromthecoast（Dome FLUiStation）was Located  

about920kminlandat3810maltitude．TwotypeSOfAWSunits（CMOSand  
ARGOS）were employed．Air temperatureS at H2land Dome FLtiiStation  

Changeftom＋2・3to－44t4OC and－23．3to－80．lCC，reSpeCtively．Monthly  
meanJulytemperatureSineightAWSdataaresystematicallyhigherthanJune  
andAugusttemperatures，reSpeCtively．Duringtheperiodoftemperatureincrease  

inJuly，atmOSpheric pressure alsoincreased．Wind speed during the whole  
periodcouldonlybeobtainedatMD180atwhichglazedsurfhcewasobserved．  
Prevailingwind（south－eaSt：SE）at Relay Pointcovers40％ofthe totalwind  
direction，andwindfiomtheeastnorth－eaStSlightlyprevails（11％）atDomeFuji  
Station．AtmosphericpressureatRelayPointdropsinMayandSeptember，and  
increasesinJulyandDecember．Monthlymeanlapseratesonsnowsurfacewere  
CalculatedusingAWSdata．AnnaulmeanlapseratesobtainedbytheAWSdata  
Were SyStematicallylower than that obtained bylOm snow temperatuTeSin  
MiヱuhoPlateau．Increaseof．temperaturedi能rencebetweenairandsnowsurface  
withaltitudewillbeareasonfbrthephenomenon．  

1．Intr（畑uedom  

TheJapaneseAntarcticResearchExpeditions（JAREs）havebeenpreparingfbrdeep  

icecoringatDomeFuji（77019′01”S，39042′12”E；3810masl），thehighestplaceinQueen  

Maud Land，Since1992・In1995the36thJapanese Antarctic Research Expedition  

（JARE－36）started to overwinter fbr deepice coring，glaciologicaland meteorological  

ObservationsatDomeFtりiStation（KAMEDAetal．，1997；YosHMet al．，1997）．  
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Fiveautomaticweatherstation（AWS）unitswerenewlyinstalled alongatraverse  
routeftomthecoasttoDomeFujiStationfromJanuarytoFebruaryln1995．Thisispart  
Ofa頁ve－yearreSearChprogramcalled“AutomaticWeatherStationProgramduringDome  

FujiPrqject”，Whichhasstartedsince1993byJARE－34（ENOMOTOet al．，1995）．AWS  

researchbefbretheprogram wassummarizedin KJKUCHJand ENDOH（1993）．Here，We  
describeinstrumentsandobservationalresultsofLeightAWSunitsalongthetraverseroute  
during1995inthispaper．  

2．ObservationalSites  

Figurelshowssixobservationalsites（H21，Mizuho，MD180，RelayPoint，MD550  

and Dome FujiStation）along atraverseroute，Which expandfromlO76m to3810m  

altitude・Tablelsummarizesthesesites，Observationalperiod，meteOrOloglCalfactorsand  

typesofAWS（typesofAWS areexplainedin Section3）．Airtemperatureandwind  

SpeedatMizuhoStationandRelayPointin1993aredescribedinENOMOTOetal．（1995）．  

Table2showssensorheightsinmetersfromthesnowsurface．Sensorswereraisedwhen  
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heightsofthermometersbecameclosetol・2mduetosnowaccumulation・  

H21（1076m）islocatednearesttothecoast（about60km）；thusairtemperatureand  
windspeedwi11beinfluencedbycoastalcycloneactivities・Threesites，MizuhoStation  

（2250m），MD180（2833m）andRelayPoint（3353m）arelocatedonaslopeoftheicesheet  

wherekatabaticwindsplayanimportantroleinairtemperatureandwindspeed・MD180  
waslocatedattheglazedsurfacereglOn，WhileothertwowereatsastruglSurfacereglOn・  

MD550（3663m）islocatedontherelativelyflatterrain，Whereseemstobearegionjust  

beyondtheinnuenceorthekatabaticwindfromobservationsofsnowsurfacefbatures  
（FuRUKAWAetal．，1996）andsurfacesnowproperties（SHTRAlWAetal・，1996）・DomeFuji  

Station（3810m）isonthetopoftheicedomeinQueenMaudLand，Wheresurfhcehoar  

grows ftequently on the snow surface（KAMEDA et al．，1997）and depth hoaris well  

developedininnerlayer．  

3．Instrumemtation  

Two types of AWS units were employed：Oneis dataLlogger system whichuse  
complimentarymetaloxidesemiconductor（CMOS）memoriesandanotheristheARGOS  

systemwhichtransmitsthedatatotheNOAAseriesofpolarorbitingsate11itesuslngthe  
ARGOSDataCo11ectionSystemonboard．Figure2showsCMOS－AWSunitatMD180，  

and Fig．3showsARGOSAWSunitatRelayPoint・  
CMOSdata－loggersofthe”KADECseries”（byKONASystemCo・Ltd・，Japan）with  

extraadditionallithiumbatterieswereused．ThistypeOfAWSinitiallyusedatAsuka  
Campin1985byJARE－26（ENtX）＝et al・，1987），and extensively used since1993by  

JARE－34（ENOMOTO et al．，1995）．Thedata－loggerwasprovedtooperateto A828Cby  

lowtemperaturetest（ENOMOTOet al．，1995）．  

Data－loggersweresetinathermalinsulationbox（50cmx40cmx30cm）and were  
buriedinsnowatabout50cmdepth．Dataweretookoutftomthedata－loggeroncea  

year，Whenanoversnowtraversepartypassedthesites・Ittookaboutfburhoursfbrdata  

acqulSitionandrestartlngOperationstobedonebyoneperson・Awindmillgenerator  

“Windcharger910series”（byMarlecEngineeringCo・Ltd・，U・K・）wasusedfbrheatingthe  
CMOSdata－loggerintheinsulatedboxatMD550．Thedata－loggersystematDomeFuji  

Stationwasconnectedtolargebatteries（60Ahx4）・  

Theanemometers（AG－860，MakinoAppliedInstrumentsInc．，Japan）hassometimes  
stoppedduetoiclng，eSpeCia11yatH21，andduetocoldnessatDomeFujiandMD550  

whenairternperatureWaSbelow－60OC・Platinumsensorsinshelterswereusedfbrair  

temperaturemeasurementswithO・1OCaccuracy・Sincetheshelterswerenofbrcedventila－  
tionsystem，theairtemperaturetendstoriseinsummerseasondaytimeowingtoheated  
shelterbysolarradiationwhenwindspeedisbelowl・2m／S・Therefbre，thetemperature  

datawhenwindspeedisbelowl．2m／sinsummer（NovembertoFebruary）wereeliminat－  

ed ftom whole data．  

ARGOS－AWS units have worked at Relay Point and Dome FujiStation since  
February1995・ARGOSidentificationnumbersare8918and8982，reSpeCtively・The  

observation factors areair temperature，atmOSpheric pressure，Wind speed and wind  
direction．This unit was originally designed by Stanfbrd University（ProflAlan  

PETERSON’sgroup）and has maintained andimproved by the University ofWisconsin－   
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Madison（Prof：C．R．STEARNS’group）．Thus，theunitsarethesameastheoneswhichare  
widelyusedintheAntarcticbytheU．S，AutomaticWeatherStationProgram（BROMWICH  
弧dSTEARNS，1993）．   

ARGOS－AWSunitsarepoweredbytwelve40ampere－hourgell＝ellbatteriescharged  
bysolarpanelsandrequlrel・3kWhrsperyearat12voltsL Theh州erieswefeSeParated  
intofourwoodenboxesand wereburied ataboutlmindepth・Airtemperatureis   
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measuredwithaplatinumresistancethermometer（byWeedInstrumentCo・，USA）at  
O．125。Cresolution，theatmosphericpressurewithadigiquartzpressuretransducersystem  
（Mode1215，Parascienti甫c）nc・，USA），andwindspeedanddirectionwithanaerovane  
（Bendixinc・，USA）・ThedataareupdateatlOminintervalsandthesuccessivefburdata  
aretransmittedtotheNOAAseriessatelliteat200sintervals・Assemblingandinstalla－  
tionofARGOS－AWSunittookaboutsixhoursbytwopersons・ARGOS－AWSdataat  
RelayPointandDomeFujiStationwereco11ectedftomtheanonymous丘pserveratthe  
SpaceScienceandEngineerlngCenteroftheUniversltyOfWisconsin－Madison・More  
detailedinfbmlationonARGOS－AWSunitsaredescribedinSTEARNSetal・（1993）・  

4．Results   

Figures4aand4bshowairtemperatureandwindspeedatsixsitesobtainedby  
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CMOS－AWSunits．AirtemperatureatH21variedfrom＋2．3to－44．4OC．Therewas  

SOmeinterruptlOnOfwinddataatH21・Duringthisperiodtherotationoftheanemome－  
terwasprobablylockedbyiclng．AirtemperatureatMizuhoStationvaried丘om－10．1  

to－57・20C・FromlFebruarytO18November1995，Windspeeddatawerenotrecorded  

becauseOfdata－loggertroubleatMizuhoStation・Sincethedata－loggerwasusedfor4  
yearsinAntarctica，electronicdevicesintheloggerprobablybrokedown・Thus，Wind  

Speeddatain1996areshowninFig・4a・AirtemperatureatMD180variedftom－13．5  

to－64・lOC・Windspeedduringthewholeperiodcouldonlybeobtainedatthissite．  

Themaximumwindspeedwas2lm／sat1500LTon200ctober．   
AirtemperatureatRelayPointvariedfrom－18・8to－70・80CasshowninFig・4b・  
Windspeeddatain1995atRelayPointwasmissedduetothesametroublethata触ts  
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thedata－loggeratMizuhoStation，anddatain1996werepartlya斤おtedbysensortroubles．  
Thus，Windspeeddatain1994areshowninFig．4b．AirtemperatureatMD550varied  

from，17．Oto－77．lOC．Wind speed dataindicatethat the anemometerrotation was   
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lockedfromJulytoOctober・ThisproblemwasalsoobservedatCMOS7andARGOS－  

AWSunitsatDomeFltiiStation，Whichwascausedbyhardeningofthegreaseinthe  
rotationalpartandentenngoffrostintotherotationalparts・AirtemperatureatDome  

FujiStationvariedfromL23・3toL80・1OC・Theminimumairtemperatureof－80．lOC  

WaSreCOrdedat1300LTon18August，andthemaximumtemperatureorr23・30Cwas  

recordedatllOOLTon21December・Comparedwithventilatedairtemperaturedata  

ObtainedatDomeFujiStationbytheJapanMeteorologicalAgency（JMA），themaximum  

airtemperatureisO・30ChigherandtheminimumairtemperatureisO・8OClower，reSpeCtive－  

1y・WindspeedatDomeFujiStationat2・2mheightvariedfromOto13．2m／s．Average  
Windspeed丘omFebruarytoAprilis2・4m／sandftomOctobertoDecember2．8m／s．  

Averagewindspeeddataatothermonthsarenotsufhcientlyreliable，becausetheanemom－  

etertendstobelockedfrequently．  
Figure4cshowsairtemperature，Windspeed，Winddirectionandatmosphericpressure  

ObtainedbyARGOS－AWSunits・AtmosphericpressuredataatDomeFujiwerenot  
Obtainedduetopressuresensortrouble・・Sincedatawerenotcontinuouslyreceivedfrom  

theARGOS－AWSunitstoNOAAsatellites，nOtallproAlesinFig・4carecontinuously・  

Thepercentagesofreceiveddatawere81and56％fbrRelaypolntandDomeFujiStation，  

respectively．   

AirtemperatureatRelayPointvariedfrom－21・2to－74・2OC・Averagewindspeed  
forthe observation periodis7・4m／s，Whilethedata rangesfrom Oto2lm／s．The  

prevai1ingwinddirectionisabout120O・SincethemaximumslopeoftheicesheetatRelay  
PointisclosetotheO－18001ine，thedirectionofprevailingwindisabout60。eastfromthe  

maximumslopeoftheicesheet・Theatmosphericpressurevaried丘om608to656hPa．  
ItisclearthatatmosphericpressuredroppedinMayandSeptember，andincreasedinJuly  

andDecember・TheperiodoftheincreaseofatmosphericpressureinJulyagreewiththe  

periodoftemperatureincreaseinJuly．AirtemperatureatDomeFujiStationvaried  
丘om－22・5to－80・9OC・WindspeedchangedftomOto17m／s．   

Figure5showswindroseprofi1esforRelayPointandDomeFltiiStation．Itwas  
fbundthattheprevailingwind（south－eaSt：SE）atRelayPointcovers40％ofthetotalwind  

ReJay Point  

N  

Dome FujiStation  

N   

∴ 

nkj・l＝〃′／′州・／・′′〃血、／i一′仙・恒P両…仇ゾ仙”－（、／∫′／ハ′‘′仙〃／11仙′り．＼－一川．＼M仙ノ′＝川  
揮わ〔′叩・／99JJO力J川（J〔l・J99d．   
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direction，andwindfromSSEtoESEcovers84％・Windfiomtheeastnorth－eaStSlightly  
PreVail＄（11％）atDomeF由皇Station，andwind丘omNEtoEcovers32％ofthetotalwind  

direction・BecauseDomeFujiStationislocatedontopoftheicedome，thereisnostrong  
prevai1ingwinddirection．   

Figure6showssolarradiation（kW／m2）atRelayPoint，Whichwasmeasuredbya  
typeH20lsolarradiationsensor（EikoSeikiCo．Ltd）．Sincethesensorsurfacewaso氏en  

COVeredbyfrostandincidentlightwereprobablyenhancedinthesensor，theabsolute  

Valuesareonlyfbrrefbrence・FromFig・6thesunwasprobablyseenuntil17May，and  
CameOutagalnOnlAugust1995．Thesunwasseenfor24hoursfrom290ctoberto9  
FebruaryatRelayPoint．  
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5．Diseussion   

エノ．花叩肌助作加肝甜再＝励励  

Tables3and4showmonthlymeantemperatureSandwindspeedsatsevenmeteoro－  
logicalstationsin1995・Month1ymeanwindspeedatMizuhoStationandRelayPoint  

aredatain1996and1994，reSPeCtively・DataatSyowaStation（JMA）andDomeFuji  

Station（JMA）comefromtheJAPANMETEOROLOGTCALAGENCY（1996）；SenSOrheightsof  
airtemperatureandwindspeedarel・5mandlOm，reSpeCtively・Monthlymeantempera－  

tureandwindspeedinwhichtheamountofmissingdatadonotexceed33．3％areshown  

in Tables3and4．Data at hourlyintervals were used fbr CMOS－AWS，andlOmin  

intervalsdatafbrARGOS－AWS・Datainparenthesisindicatethattheamountofmisslng  
dataareintherangebetween33・3to66・6％・Ifthenumberofmissingdataexceeds66．6％  

intotal，themeanvalueswerenotcalculatedandareindicatedbydash（－）．  

Figure7illustrates monthly mean air temperaturesfor seven stationsin1995．  
CMOS－AWSdatawereusedexceptfbrSyowaStation・Thisshowsthatairtemperature  

decreaseswithincreasingaltitude・Julytemperaturesaresystematical1yhigherthanJune  

andAugusttemperatures・Thisphenomenonisknownas“warm－COre”（RuBJNSHTEYN，  

1962）andiscausedbyawarmspellobservedatthemiddleandtheendofJuly，Whichare  
ClearlyseeninFig・4a，4band4c・ThewarmSpe11seemstobecausedbyanapproachof  
CyClonesintoinlandoftheicesheet．   
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Here，increaseofJulyternperature（AT，）isdefinedasfbllows‥  

』r7＝r7－（rb＋r8）／2，  

Where T6，T，and T8aremOnthlymeantemperaturesinJune，JulyandAugust，reSpeC－  

tively．Figure8showsAT7VerSusdistancefromSyowaStation．ItwasfbundthatAT7  
isthemaximum（12．3OC）atMD180wherethedistanceftomthecoastisabout430kmand  

elevationis2833m．Since surfhce elevationincreases with distance fi・Om the coast，a  

similar relationis obtained between∠プT7and surface elevations．The reason fbr the  

existence ofthe maximum value at MD180is beyond the scope ofthis paper and the  
problemremainstobesoIvedinthefuture．   
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エヱ エ御用おq／αか卿J〟作  

AccordingtolOmsnowtemperatureanalysisinMizuhoPlateau（SATOW，1978），an  

averagelapserateofmeansurfacetemperaturechangedaround3（状）m；1．30C／l00mwas  

Obtained betweenl（XX）m and3（X氾m，and2．00C／100m between3（X氾m and3800m．  

Figure9showsmonthlylapse rates between H21（1076m）and MD180（2833m），and  
Relay Point（3353m）and Dome FltiiStation（3810m），Which correspond to region  
betweenl（X沿mand3（X沿m，and3（X氾mand3800minSATOW（1978）．Thelapserates  

WereCalculated丘om regression analysisus1ngmOnthlymean air temperature at H21，  
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MizuhoandMD180（SOlidcircles），andatRelayPoint，MD550and Dome Fuji（open  

Circles）．ln summer（December toJanuary），thelapse rates below MD180was O・8to  
O・9OC／l00m，andwasl・OCC／100mbetweenRelayPointandDomeFuji・Thefbrmis  

Slightlysmallerthanadiabaticlapserate（0，976CC／100m）andthelatterisnearlyidentlCal  

Withtheadiabaticlapserate．InwinterfromApriltoSeptemberexceptJuly，1apserates  

belowMD180wasl．2tol．5DC／100m，andwasl．4to2．00C／100mbetweenRelayPoint  
andDomeF両i．StronglnVerSionlayerneartheicesheetsurfaceatinlandplateauduring  

Winter（KAWAGUCHIetal．，1985）isonereasonforthelargelapserate．Becausemonthly  

meanairtemperatureinJulywasa能ctedbycycloneactivities，thelapserateinJulylS  
di鮎rentftomtheratesinJuneand August．  

Annualmeanlapserate below MD180wasl．11OC／l00m，and wasl．520C／100m  

between Relay Point and Dome Fuji．Compared with the results ofthelO m snow  
temperatureanalysis，theannualmeanlapseratesareO・2andO・6DC／l00mlower，reSpeCtive－  

1y．Increaseoftemperaturedi能rencebetweenairandsnowsurfacewithaltitude（LoEWE，  

1970；KAMEDAet al．，1997）wi11beareasonfbrthephenomenon．   

エj．け翫d乎eed  

FigurelOillustratesmonthlymeanwindspeedfbrsevenstationsin1995・Thedata  

atDomeFtりiStationareshownfbrwindspeedmeasuredat2・2m（CMOS－AWS）andlO  
m（JMA）heights．WindspeedatMD180washighestatthesevenstationsin1995except  

April．TheglazedsnowsurfaceatMD180willbemaintainedbythestrongwind・  

6．Future Problems tobe SoIvedin AWSInstrumentation  

鮎causemeteorologlCalconditionsaresevereonthehighlandplateauintheAntarctic，  
SeVeralAWSinstrumentationproblemsremaintobesoIved＝  

a）Theventilationsystemwhichisrunbysolarpanelsinthethermometersheltershould   
beusedfbrairtemperaturemeaSurementSSincewindspeedonthehighlandplateauis   
Weak（normally2to4m／satDomeFujiStation）・  

b）Duringwinter，airtemperaturedecreasestoabout冊80OC．Anemometerswhichrun   
underthistemperatureconditionmustbedeveloped・  

c）AWSunitsaresometimescoveredwithftost．1tisimportanttoremovethe什ostfrom   
thesensors，1nParticularthesolarradiationsensor．  

d）Othermeteorologicalfhctorssuchasradiativetemperatureofsnowsurfaceandhumid－  

1tyShouldbemeasuredbyAWSunitsfbrunderstandingmeteorologlCalconditionsin   
the Antarctic．  
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S16to Dome FujiinJanuary1995wasled by Mr．T．FuRUKAWA OfNIPR，and an  
OVerSnOWtraVerSefromDomeFttjitoS16atNovember1995wasledbyMr．K．IsHIZAWA  

OfNIPR．TheAutomaticWeatherStationProgramintheUSisfundedbytheNational  

Science Foundation’sO侃ceofPolar Programs，Comments by Dr．T．YAMADA and an  

anonymousreViewergreatlyhelpedtoimprovethemanuscnpt．Thispaperisacontribu－  

tionfromthe”DeepIceCoringPrqjectatDomeFujiStation，EastAntarctica’’．  
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