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Abstract  

MeteorologicalobservationsandsnowsamplingswerecarriedoutinSiorapaluk，nOrthwestern  
GreenlandfromNovemberin1997toMayin1998．Snowsamplesweremeltedandwereanalyzedfor  
Chemicalcompositionsandoxygenstableisotopefractions．Throughtheob＄erVations，remarkabie  
differences ofclimatic condition andchemicalcompositions of precipitationbetweenwinter and  
Springwerefound・Inwinter，preCipitationamountwaslow，nOrtheasternwindwhichblowsfromhigh  
elevationoficesheetwasenhanced．Inspring，bycontrast，preCipitationamountincreased，Na十，Cl‾，  
Ca2十，CH3SO3M andNO，‾fluxeswereincreased，andsporadicirlCreaSeSOfthesespeCiesoccurred．  
Thesedifferencesareassumedtorest11tfromamigrationofananticyclonefromcenterofGreenland  
towardllOrthinspri噸．  

1．lntroduction  

王ce cores areimportant arcIlives wbicb record  
PaStenVironmentalandciimaticchanges．Thevaria－  
tionsofchemicalspeciesinicecoresareinterpreted  
asindicatorsofrecordsofpastaerosoIsattheicecore  
drillingsite．Severalstudiesforchemicalsubstances  
includingin sballowice cores obtained from tbe  
Greenlandicesheetshoweddrasticincreaseofpoliu－  
tionafterindustrialrevolution（e．g．Mayewskiet alり  
1990a；Fischeretalリ1998b；Hongetal．，1994）．  
Comparative studies ofice core records from  

VariousregionsinGreenlandicesheetshowthespa－  
tialvariationsofc壬Iemicaicomposition，and也espa－  
tialvariationsresultfromthedifferencesofscaveng－  
ingefficiency，SeaSOnalityofprecipitation，andcontrト  
bution of wet and dry deposition（Davidson et alリ  
1989；Chenetal．，1997；FischerandWagenbach，1996）．  
Tbeseindicate tbatit needs forice core studies to  
COmprehendthewidemrangedepositionalconditionsof  
Chemicalsubstances overice sheet and glacierin  
presentstate．Severalglaciologicalinvestigationsin  
northwestern Greenland have been reported．How－  
ever，theinvestigationofcoastaIregiondidnotobser－  
Ved cbeInicalstlbstances，and tbeinvestigation for  
Chemicalsubstancesweredoneinonlyhighaltitude  
（Mayewskietal．，1990b；Fischereial．，1998a）．   
Wecarriedoutameteorologicalandglaciological  

investigationonnorthwesternGreenlandin1997／98．  
The aims of theinvestigation are to evaiuate the  
depositionaleonditions of chemicalsubstancesin  
COaStalregion ofnorthwesternGreenlandice sheet，  
andtofeedbackthemtoicecorestudiesinGreenland．  
Underthisinvestigation，Wealsocarriedoutmeteoro・  
logicalobservationsandprecipitationsamplingsfrom  
Nove王Ⅵber1997toMay1998inSiorapaluk，Whereve  
fotlndedthebasecampfortheexpedition．Thispaper  
PreSentSthefeaturesofthemeteorologlCalconditions  
andthetemporalvariationofchemicalsubstancesin  
precipitationinSiorapaluk．   

2．Methods  

2．了．エocα才わ乃〆カe揖抑0戒  
TheobservationswerecarriedoutatSiorapaluk，  

Pitffik areain northwestern Greenland（Figurel）．  
Siorapallユkislocated at77047′N，70p45′1野，and t壬Ie  
most northern viiiagein Greenland．In Siorapaluk，  
materialsemittingexhaustareasnowNbike，apOWer  
StationbuiltineastsideofSiorapaluk，andkerosene  
heaters equippedin each house．South side of Sior・  
apalukfacestheRobertsonFjord，Whichwasfrozen  
たomthebeginningofNovember1997to May1998．  
ThewestsideofPitffikareafacestheBaffinBay．In  
thisseason，theBaffinBaywasopenedandtheSmith  
SoundwasfrozenfromNovember1997toMay1998．  
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WereCarriedoutwithin6hoursaftersnowfallingat  
northsideofSiorapaluk，Wherewasnotaffectedby  
pollution emitted from Siorapaluklife activities．  
Previoussnowsurfacewasmarkedbyapolyethylene  
Sheet．Dailyamount ofprecipitationwasdetermined  
bysnowdepthandsnowdensity．Snowsampleswere  
co‡1ectedintopolyethylenebagswithapolycarbonate  
sampler．AftertheyweremeltedatroomtempeTattlre，  
they were transported to tbe50仙mlpolypropylene  
bottlescleanedbytlltrapuTeWaterinanlユ1trasonic  
bath．AllsamplesⅥrerekeptfrozenol止Ofdoorstlntil  
theyweretransportedtoJapan．Meteorologicalobser・  
vationwasalsocarriedoutwhenthesnowsampli‡唱  
was carried otit．  
Cationspecies（Na十，K十，Mg2ヰ，Ca2＋）andanion  

species（CH3SO3〟；methanesulfonate，CI～，NO3山and  
SO。2岬）inthesnowsamplesweredeterminedbyanion  
chromatographysystem（Dionexmode1500Ⅹ）withthe  
analyticalconditions describedinl貯ata－－abeお（払  
（1997）witbminormodifications．0Ⅹy嘗enisotopeⅥraS  
measured with a mass spectrometer（Finigan MAT  
王nstrumentmode16E），Allanalysiswascarriedoutin  
NationalInstituteofPolarResearch，Japan．  

3．Result  

∴／‥l／．／‥り1右∵／．・′J／′・ノー、．吊ハニり〟、  
Variationsinmeteorologicalelementsmeasured  

areshowninFigure2．Montblymaximumandmini膿  
mtlm Of air temperattlre and‡nOntbly mean of air  
短mperature，atmOSpbericpressl汀e，Windspeed，and  
dotidamo11ntareShowni‡lTable2．  
Minimum air temperature during observation  

periodwas－340C，andwasobservedinJanuary20，23  
and26．Air temperature rose gradually frombegin－  
nlngOfMarch．Rapidrisingofairtemperatureover  
5OC was observedinJanuary28and Apri110．In  
January28，Simultaneously rapid atmospheric pres疇  
suredecrease，StrOngnOrtheastwind，andstrongbliz－  
zardwere observed．On the otherhand，in Apri110，  
nor七三IeaStWindandstro‡唱blizzardwasnotobserved  
whilerapidatmospbericpressuredecreasewasalso  
observed，butwestwindandheavyprecipitationwas  
observed．  
The direction of prevailingwindwasnortheast  

anddidnotchangeduringtheobservationperiod．The  

軋浦J†叫l  

Fig．1．MapofPit拍karea．う貯hiteareaintbelanddenote  
snovandicecoveredsurface．Siorapaltlkwhereobser－  
vationwascarriedoutisdenotedsolidcircle．  

2．2．0おg押αgゐ裾α裾d c鮎研炎詔gα乃αみ省都   
Themeteorologicalobservationwascarriedout  

twotimes aday（8h and20h LT．）at thecenter of  
SiorapalukfromNovember1997toMay1998・Mea－  
sured meteorologicaleleIne雨S andinstruments are  
summarizedin Tal）1el，Åir temperattlre a‡ld wind  
speedwasmeasuredatbeigbtofl・Om・  
Duringtheobservationperiod，preCipitationwas  

snow except for thatin Apri15．Measurements of  
snow depth and snow density，and snow samplings  

Tablel．Meteoro10gicalelementsobservedinSiorapaluk．  
（Maker：Type）  Instrument   Elements  

（CASIO：DPX－410）  
（Ar汀itsuMeter：TFTh－60）  
（ÅnritsuMeter：TぎT－、－60）  
（ONDO：ÅK－666）   

aneroidba‡・Ometer  
T‡1er汀Iistertbermometer  
Tbemistertbermometer  
propelまeranemometer  
Eyeobservation  
Eyeobservation  
Eyeobservation  
Eyeobservation   
ScaleandWeigbt  

AtmosphericPressure   
ÅirTemperatt汀e  
SnovTemperatlire  
Windspeed  
Winddirect主on  
Cloudamount  
Cloudgenus  
Visibility  

Precipitationamount  
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F主g．2．VariaticinS主nmeteorologicaieiementsobservedillSiorapal㍍kfromNove王n－  
ber1997toMay1998．  

Table2・Monthlymaximumandmimimunofairtemperatureandmonthlymeanairtemperature，atmOSphericpressure，  
windspeed，andclolユdamount．  

’97Nov， Dec．’98Jan， Feb．   Mar．  Åpr．  
Airtemperature Mean（OC）  

MaxぐC）  
Min（OC）  

AtmosphericPressure（hPa）  
Windspeed（m／s）  
Cloudamount（1／10き  

一14．7  …21．0  －23．2  －25．4  －22．6  【12．8  
－6．0   …12．0  －8．0  －17．5  仙13．0  －1．5  
－22．5   …29．0   －34．0   －32．0   嶋31．0   －24．5  
1010  1003  1017  1015  1014  1017   
2，0  3．2  1．6  1．6  1．7  1．7   
4．6  4．1  4，1  3．8  1．8  4．6  
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The reiationships between air temperature and  
atmospheric pressurein winter（from November to  
December）andspringげromApri王toMay）areshown  
in Figure4．In spring air temperature tended to  
increase mrith the decrease of atmospheric pressure 
whileinwinterthereisnocorrelationbetweenthem．  
Itis assumed that wind speed was contro11ed by  
CyClonelowsinsprlng．  

prevailingwindl〕1ewfromthehighelevationinthe  
interior ofthe GreenlandIce Sheet towards coastal  
area．ItseemstobeassociatedwitbkatabaticⅥrindon  
Greenまandicesbeet．Tbefreque‡1Cy Ofwesterlywas  
increasedin Apriland May．Itis probablybecause  
thatdistributionofatmosphericpressurechanged．   
Amo11ntOfprecipitationandnlユmberofdayswith  

騨eCipitationincreasedinÅpriland May・Heavy  
precipitation occurredinJanuary14，Apri114and  
May6…7duringtbeobservationperiod．王nJa‡1uary14，  
atmosphericpressureandairtemperaturedecreased・  
Ontbe otherhand，inÅpri114and May6－7，atmO－  
sphericpressuredecreasedsimilarly，butairtempera－  
tlユrerapidlyroseandwindspeedincreasedoverlOmプ  
sinafewdays．Sincedecreaseofatmosphericpres－  
surewasobservedinthedaywiththeheavyprecipita－  
tion，itisassumedthattheprecipitationwascaused  
byⅥ7aterVapOrbrot感Itbycyclonelow－Tbediffer－  
encesofthebehaviorsof airtemperattlre andwind  
speedbetweenJanuary，andAprilandMaymightbe  
catlSedbythedifねrenceoftransportprocessofwater  
VapOr・  
The relationships between wind direction，Wind  

speed and air temperature are shownin Figure3・  
1ⅣhenwindspeedwasoverlOm／s，atmOSpbericpres－  
sure was underlO20hPa andwind direction was  
northeast．But thereis no slgnificant correlation  
betweenthemmutua11y．  
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y言g．4．Reiation洩ipsbetv紀nairtemperature and at王nOル  
sphericpre瓢reたomⅣ0VembertoI）ecemberin1997，  
andfromÅpriltoMayin1998．  

Tosumuptheseobservationresults，amOuntOf  
precipitationandⅥreSt感ndたequencywasincreased，  
andair temperature tended toincreasedwith the  
atmosphericpressuredecreaseinAprilandMay・   

．●∴●∴（ん畑／∵、‥・叫′小∴∫－′い－′・ご■′‥－－′～∴●・∴－∴・   
Temporalvariationsofdailyfluxesofchemical  

substances andtbefraction ofが80in precまpitation  
；lrビShow】1in Figure5．  
Fluxes ofNa十andCl▲showedremarkable hi感1  

values（＞150JJmOl・m～2）inApril14andMay5・They  
correspondedtotheendofairtemperaturerisingand  
thesuddendropofatmospbericp托SSure（Figure2）・  
Since the variation of air temperature and atmoq  
sphericpressureindicatesthatcycloneiowbrought  
warmairmassたomsoutb，higbvaiueoffiuxofNa率  
andC卜inApril14andMay5are assumedto be  
broughtwithwarmvaporfromtheBaffinBaybya  
CyClone．   
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罰料3－ Reiationshipsbetweenwindspeedandatmospheric   
pressure，andbetweenwindspeed andwinddirection  
duringtheobservaと主0Ilperiod，  
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Nov．  Dec・  Jam．   Feb■   Mar．  Åpr．   May  
Fig．5．Dailyfluxesofcbemicalsubs乞aIICeS払precipitation．  

Fiux ofCa2十sboⅥFedrelativehigbervaluefrom  
Aprilto May than that from November to March．  
Ca2＋is predoIninantly originatedたom continental  
dust．Studies for centralGreenland also showed that  
peakofnonseasalt（nss）Ca2＋concentrationappeared  
inspringsnov（LangⅥ7ayぞgαg．，1975；Steffensen，1988；  
Wもitlow g才αg．，1992）．T壬1eyCOnCludetbat tbespring  
peak of nss Ca2十results from thatwinter aerosoIs  
Whichreservedinarctictroposphereduetothelackof  
precipitation血ri喝tIle Winter are deposited wben   

polarvortexbreaksupandvertica王miⅩingenhancein  
Spring．Thephenomenonisprobablyassociatedwith  
the bigb vallユe Of Ca2十fltlX from Aprilobservedin  
Siorapaluk．  
FluxofCH，SO3－increasedobviouslyinApriland  

May，SiIICeMSA【CH3SO3H；me払anesulfonicacid］is  
produced by oxidation of DMS【（CH3）2S；dimethyl  
Sulfide】emitted by marine biologicalactivity，the  
increase ofC113SO3－flux reflectedtheenhancement  
Ofmarinebiologicalactiviもyまnspri喝．   
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HighNO3‾fluxesvereobservedinJanuaryand  
fromÅprilto May．NO3【is originated from antムー  
ropogenic emissions，biomass burning，SOils exhala－  
tion，and fixation of nitrogen bylightning and by  
OXidation of NH3in upper troposphere and strato－  
Sphere．Inthisregion，biomassburningandsoilexha－  
1ationarenegligiblebecausetheareaforthisobserva－  
tionissofarfrompossiblesourceregion．Since the  
behavior of NO3，inApriland Maywere similar to  
Ca2十，increaseofNO3冊aresupposedtobecausedby  
the break up of polar vortex and the intrusions of 
cyclonelows．HencepossiblesourceofNO3－inApril  
andMayiss11ppOSedtobeant‡lrOpOgenicemissions．  
NO3¶fluxwascharacteristicaiiyhigbinJanuary  

17precipitation．The precipitation amount waslow  
andsea salt concentration was alsolowin this day．  
RatioofCl▼／Na＋intheprecipitationwas9．5（1．16is  
the ratio for seawater）indicating remarkable Cl■  
enrichment．In centralGreenland，Cl‾ enrichment  
Showedseasonalcycleinaccumulatedsnow，anditis  
interpreted as anindicator oflongTange tranSpOrt  
（1野hitlov gfβgり1992；Legrand and Delmas，1988）．  
TbotlgbitisnotcleartbatCl－enricbmentcanexactly  
SbovloI唱－rangetranSpOrt，itcanbeco房ectured汰at  
high NO，‾fiux andCl‾enrichment werecausedby  
differenttransportproces＄OfaerosoIs．  
The relationship between air temperature and 

6180isshowninFigure6．Airtemperaturecorrelates  
Wellwith6180duringtheobservationperiod．  

■■ 事  ●′ ■ 暮  
■ 暮暮  
■  

●  

■  
■－義   ■  

ヽ  ■  ■  ●  

■ － ■ ■ ■ ■  

■  ■  

．3（〉  一20  －10  0  10  
A行Ienl匹raluretて）  

Fig．6．Relationshipbetweenairtemperatureand∂1800f  
precipitation．  

Distributions of monthly sealevelpressure of  
January，March，AprilandMayin1998areshownin  
Figure7．Theseimages are providedbythe NOAA  
鵬CIRES Climate Diagnostics Center，Boulder，Color－  
ado，USA，from their Web site at http：／／www．cdc．  
noaa．gov／．InJanuary，CentralGreenlandwascovered  
with ananticyclone．From MarclltO May，tbe anti－  
CyClonemovedtovardnortbeastandcycionelowwas  
drawingintoGreenlandfromsotlthwest．ItisstlppOSed  
this change of meteorological features caused the 
differenceofmeteorologicalconditions andchemical  
COmpOSitionin precipitation between winter and  
SprlngObservedinSiorapaluk．  

Fig．7．Distribtltions ofmon払IysealevelpressureinJanuary，March，Apr王l，and  
Mayin1998．Tbeseimagesareprovidedt〉ytbeNOAA－CIRESClimateDiagnos－  
ticsCeぬer，Bot三1der，Colorado，USÅ，frく〉mtheirl好ebsiteatbttp：伊闘将．Cdc．noaa．  
gov／．   
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