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Abstract  

Il10rdertoclarifythemし1tualintera（・tionsamongait－．ieealldsnowinthビArctic region．studiビS  
Oficeandsnow，andobservationsofatmosphericconstituents，havebeencarriedoutinGreenlandand  
int壬IeSvalbardarcbipelago．Tbepurposeoft壬IeSeObservationsistodetermineⅥrhatsubstancesare  
transpo頭edたom洩eatmosphereto‡cesheetandgiacierinprec主pitation，andtilrO喝hwbatprocesses  
thosestlbstancesaresedime11tedintoiceandsnowla）TeLrlS．  

To attain these objectives，ice coringwas carr主ed otlt On the summit area of the Greeniand  
‡cesheetandonSvalbardglaciersinthestlmmerSOf1991and1992．Theiceandsnowcoresobtained  
Wereanalyzedto（まeterminetbestructure，pbysicalpropertiesarldchem呈calcompositiorlOfdeposited  
SnOWandiceformedfromit．Inaddition，detailedyeaT仙rOundobservationswerecarriedotltOnthe  
BrdggerGlacier onSpitsbergentolearIlnlOlでabout thetrこInSpOt－t（一fatT†lOSPhericco11Stituentsilltし一  
glacierwithprecipitationunderpresentatmosphericcondition＄． （〉   

In addition．a scientific st；ltion has been established at N〉▼L・Alesulld on SpitsbergtLll．There  
Observationsoftraceatmosphericconstituentshavebeencarriedout，tOgetherwithverticalatmo－  
Sphericradarandinfraredradiationobservation＄tOStudyprecipitationprocesses．  

Thisreportoutlinesfield（）bservaとiorlaiaこtivities宝nt壬IeStlmmerSOf1991a王Id1992．  

1．lntroduction  

TheJapanese Arctic Glaciol喝ica王 Expedition  
（JAGE）is a6－year prOject starもedir‡1987．The  
activitiesinl錮7and1989haveatreadybeビnOutlj11ed  
iIlrePOrtS by O．WataIlabe and Y．Fujiiu9＄ざand  
1990）．Theyearswithoutobservationswereusedfor  
analysis and tests on samples performedinJapan．  
The program vas planned by a11Arctic Researcb  
CommitteeunderauspicesoftheJapaneseSocietyof  
Snow andlce．hビaded by Prof．S．1く（1ba）raShiof  
Niigata University untii1990a‡1d subsequently by  
Prof．S．Takahashioflくitこ川1il11StituttチOfTechnol（一灯，  
andimplementedbyresearchteams11nder払eleader－  
ShipofProf．0．WatanabeoftheNational‡nstituteof  
Polar Researeh．There w亡、l・e3reseilrCh teams：Onビ  
COndu（：もed snoⅥr－icedrilliriginGreenlarid；One COn－  
ductedsnow－ieedrillingontheSvall）ardこIrChipelago；   

andtbetbirく王wasanatmosp壬1ereandoceanresearch  
teambasedatNy≠Å】esund．T主Iethreeteamspurslユed  
theirobservationsindependently．  

The observat主onalactivities of the threeJAGE  
teamsin1991and1992aredescribedirまtbisreport．  
Sitesof払eobser官員tionaiactivitiesduringま987and  
1992areshown主nFig．1．   

2．ObjectivesofJAGEin1991and1992  

JÅGEisa6－yearprOject（1987－ま992）t Tbema吏n  
Objectives ofthefirsもphase（1987－1990）wereto per・  
formshallt〕Wdritling．ttldビplhsfroml仙11tLlご川力11．こIt  
SeVerailocation＄int壬IeArcticregionbavingdifferent  
eryo＄phericenvironmentalconditionsこatSiteJinthe  
SOutbwe＄tern part Of汰e Greeniand王ces壬Ieet；On  
m槻ntain glacier（H8gste Breakulen）on main重arld  
No川・こl）・こnndonanieeLdo111eintheS＼，albこIrdaTIChipel－   
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Fig．i．S詫esof払eobservat主or主a】activitiesofJAGEin1987岬1992．   



Watarlabe玖才d．  お  

ago阻めめettaicecaponAsg芸㌻がornna，Spitsbe曙e戒  
and．throughanalysisofthecoresthatwereobtained．  
toclarif），thechangesinregionalclimateandenviron－  
mentoverthelastseveralhundredyearsindicatedby  
thevarious＄ignalsinthosecores，andthentocompare  
them with one another．  

TheobjectjvesofthesecondphaseofJAGE．1991  
－1992．are t（1Clarify（i）the sources（一f the materials  
producingthevarioussignals（typesofstぬstancesand  
theirvariations＝ntheiceandsnowlayersofIcesheet  
andglaciersandhowtheyaretransportedthrollghthe  
atmospheretotheieeandsnowregionこ（ii）howthose  
Signalsubstancesaresedimentedintotheiceandsnow  
layersofIcesheetandgtaciers：（iii）howthosesignal  
SubstaneesandtheirpropertiesvaryfronlOneregion  
to another．and，if there are significant variations．  
Ⅵ▼hatcauses them．  

3．FtesearchprogranonthesurTlrnitoftheGreenland  
Icesheetin199l－1992  

ユJ．川舟血・tづ  
Theshallowcoringprogramonthesummitarea  

Of the GreenlandIcesheet had two objectives．The  
firstwastoeondtlCtanOperationaltestofaprototype  
Of the deepiee coring drillto be used for planned  
dri11ingintheinteriorofAntarctica throughiceand  
SnOWlayers deposited over thelast2OO，000years．  
Thisdri11isoftheliquid－filledboreholetype．First  
itwasnecessarytodrillalOOmdeepboreholewith  
a shallow t）▼Pe drilland use［he snow－ice core  
Obtainedforanalysisoftheclimaticandenvironmen－  
talchangesinthevicinit〉▼OftheGreenlandIcesheet  
Summit over thelast severalhundred years．Then  
theholewasfilledwithkerosene．andadeepdrilling  
testconducted．yieldillgaCOrefromdepthsbe］owIOO  
m which was then analyzed．This series of tests  
SerVeLd mainl〉▼ tO develop drilling technoIogy for  
future observations．  
A11alysisofthepropertiesofthecoresobtainedis  

tobecarTiedoutasajointprojectwiththeGeophysト  
Calrnstitute，CopenhagenUniversitystartingin1993．   

3．ヱ尺（づ（？〟汀ノ＝減っの拍．駄〟（－♪川7Jわ〃5  
Thedri11ingsitewasontlleSurnmitdomeofthe  

GreenlatldIeesheet at72ト351N，37’381W，3．230meleva・  
tion，adjacenttothedeepdrillingsiteofGRIP（Green・  
landIeecore Project）planned as joint research of  
researchersofseveTalEuropeancountries under ausq  
pi亡eS Of the European Science Foundation．Japan’s   

deepdriiliIlgteStreCeivede‡ectrica‡poverandlog喜s・  
ticalsupport fromGRIP．  
Drilling was donc on the summit dome of the  

Greenlandlcesheetfor26days，fronりune20toJuly  
15，1991，Firstshallowdrillingwasdoneto76m；  
thentheboreholewasfilIedwithkerosene．andadeep  
dri11ingtestintheliquidfilledboreholewasconduct・  
edto96m．  

Drillingwasdoneagainfor29daysfromJunelto  
29、1992．AtthattimeanewlydevelopedreameT・WaS  
tested，andatestwasalsoconductedofdeepdrilling  
below 90 m．The reamer enlaT’geS the bore hole  
diameter forinsertion of the casing thatis used to  
preventleakageofthefillingliquidfromthefirnlayer  
duringliquid－fi11eddri17ing．   
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L亡d  

九Researchprogramsin western Spitsbergen，Svaト   
bard，in1991－1992  

尋．ムC噸お娩明  
TheArcticregi（肌inadditiontobeingaheatsink   
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theobjectiveofdetermlnlngthechemicalandparticu－  
1ateconstituentsinaccumulatedsnowontheglacier，  
their seasonalvariations，and their redistribution  
throughpenetrationofmeltwaterintothesnowcover  
duringthemeltingseason．Inparticular，thefollow－  
ingobservationswerecarriedout：  
a）Observationsofsnowstratificationandtaking of   
SnOWSamplesfrom thesurfacelayerofsnowina   
pit  

b）Observationsofchangesintheamountsoforganic   
substancesandofbiologicalactivityinthesurface  
layeroftheglacier  

c）Observationsofglaciersurfacetemperatureandof   
thebehaviorofsurfacemeltwaterusinganinfrared  
Camera  

d）Meteorologicalobservationstodeterminethether－   
malbudgetoftheglacier   

4．2．ヱ乃虎わ材〆∫乃0紗－わβCOれ慧砂s血7Jわ紳血路，材α′   
〟けJ仰‘り・川d〝5厘伊Jゆ′川〟   
Inordertoverifytheprocessofmixingofvarious  

substancesintotheaccumulatedsnowlayerasobser－  
VedontheBr¢ggerGlacier，andtostudythechanges  
inthesesubstancesoverthelastfewdecades，Shallow  
dri11ing to24m and to84m was carried out at the  
upper end of the Snofjellafonna．In addition，the  
temperature distribution in these bore holes was 
measured，and aninfrared camera was used to  
observe the temperature distribution on the glacier  
Surface．Thesedataarepresentlybeinganalyzedin  
thelaboratory．   

4．3．月緋眈㊥馴鹿  
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of the earth，is also a sink of substances that are  
releasedinto the atmosphere from various sources．  
Itisbelievedthatthetypesandamountsofsubstances  
varywithchangesinclimateandenvironment，SOthe  
state ofthese substancesin the atmosphere can be  
regarded as a kind of signal indicating what the 
climate andenvironment arelike．  

Such substances in the atmosphere are either 
washedoutbyprecipitation，OrSettleout（ttdryfall”）．  
Oneoftheobjectivesofthisresearchistoclarifythe  
processesandmechanismsbywhichthesesubstanCeS  
which are washed out of the atmosphere or settle  
（ttdryfall”）outfallontothesnow，becomemixedin  
andthenarefixedintothesnowandicestructure． （〉  
Asafixedbaseforthisresearch，Ny－Alesundin  

westernSpitsbergen（78O54’N，11050’E）wasselected．  
The process by which substances are mixed into 
accumulating snow was observed directly on the  
Br¢ggerGlaciernearNyrAlesund．Inaddition，ShalT  
lowdrillingwascarriedoutontheSn弼ellafonna，the  
namegiventothesummitareaoftheWestSpitsber－  
genIcefield，andcoreswere obtained whichwi11be  
analyzedforsignalswhichindicateclimaticandenvi－  
ronmentalchanges．   

4．之虎俗雌花ゐ♪タて哲和椚 f乃紺eざね用㊥ぬ∂e曙e乃，J99J   
－J既  

4．ZJ．0みsg和αfわ乃ざαfノ卸α乃俗e伸一Aぬ甜軌ダ月おゼわ   
J玉村ノーJ配  
ThefollowingfixedpointobservationswereconT  

ductedyear－rOundtoclarifythemeteorologicalcondiT  
tions that bring about precipitation on the western  
COaSt Of Spitsbergen and toinvestigate the year－tO  
－year Variationsin precipitation and how these are  
relatedtochangesintheareacoveredbytheperma－  
nentArcticOceanicepack．  
a）Generalmeteorologicalobservations  
b）Observations of carbon dioxide and ozone at   
ground level 
c）Verticalmicrowave radar observation of cloud   
water content andinfrared radiometer measure－   
mentsofcloudbottomtemperatures  
We note here that the Svalbard archipelago is 

located at theboundarybetween the permanentice  
packandtheseasonallyice－COVeredzone，thelocation  
Ofwhichchangesfromyeartoyear   

4．2．20∂ざg和αfわ乃S O乃娩gβ，鹿gγGん7Cおγ  
Year－rOund observations were conducted with  
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A repot■t On the research aetivitiesin western  
Spitsbergenin1991－1992hasbeengiveninS．Takaha－  
shi，S．Kobayashiand O．Watanabe（1993）．”Field  
activitiesoftheJapaneseArcticGlacioIogicalExpedi－  
tion to the western Spitsbergenin1991and1992  
（JAGE19別ト1992）”．   
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