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Abstract  

ToclarifythetransformationalprocessesfromfirntoiceofperennialsnowpatchesinJapanon  
tbebasis of払eircbaracteristicsofinternaまstrも1Cture，COre dri11ingswereca汀ied outdtlrまng也e  
ablationperiodsof1995and19960neightperennialsnowpatches，locatedindifferentmountainareas．  
Thecoreanalysesincludingstratigraphy，densityandliquidwatercontentrevealedthattheexistence  
Ofanicebodywasacommonfeatureofperennialsnowpatchesnourishedmainlybydriftingsnow  
inJapan．tn additio11．a＼l・ater－Saturated firlllayer（firIlaquift汀）is fot・medjust aboヽ▼ビthe fir11－iぐ  
transitionduringtheablationperiod．Inthistypeofsn（〉WpatCh，thetransformationfromfirntoice  
nuybecompletedinasingleyearbyearly仙Winterfreezingofwater．saturatedfirnWhichwashigh1y  
densifiedinthefirnaquifer倉 王nperennial＄nOWpatehesnotlrishedmainlybysrlOWaValanches，the  
existenceoficebodiesco111dIlOtbeascertained，beca11＄edebrisembeddedinthesnoⅥ7interruptedぬe  
drilling．However，itis11nlikelythatanicebodycanbeformedbythesameprocessesasinsnow  
patchesnourishedbydriftingsnow．Avalanche－fedsnowpatchesexistatrelativelylowaltitudesand  
airtemperaturespriortonewsnowaccumu王ationarenotlowenotlghttofreezethewater¶Saturated  
firnlayer．  

1．lntroduction  

Althoughno glaciersexistinJapan now，many  
perennial’snowpatchesarefoundinthehighmoun－  
taiねSねcing払eJapanSe乱 Tbeyarenoliris壬Iedby  
extre汀Iely heavy snovね11，drifting snow a王1d snoⅥ7  
avalancheswithmaximumaccumulationdepthatthe  
end ofwinterreaching20m．Rapidmetamorphism  
fromsnowto蔦rn，aSWellas‡leaVy melting，OCCurS  
during也e ablation period．Some perennia王 sr10ⅥF  
patchesintheNorthernJapanAIpsofcentraiJapan，  
andtheDaisetsumountainsofHokkaidohavecontin．  
uousicema∬eSattbeir王owestparts（Yosida，1964；  
Yoshida et al．，1990；Kawashima eial．，1993）．The  
formationofanicebodyhasimportantimplication＄in  
Clari抒i喝tranSitiona王 proces㌍S from a perennial  
SnOW patC壬ItO aglacier．However，becauseno＄yS－  
tematicworkhasbeendoneontheinternalstructure  
Ofperennialsnowpatches，itisnotclearwhether or  

nottheexistenceofanicebodyisacommonfeature  
Of pereIlnialsnoⅥr patCbesinJapan under present  
climatic conditions．  

Toinvestigate the regまOnalcbaracteristics of  
perenTlねisnoⅥrPatCheswi汰speciaireferencetothe  
intemal§truCture and ねmation processes ofice  
bodies，COre drillings were done during the ablation  
periods of1995and19960n eight perennialsnow  
patchesinJapan．   

2，DistributionofperenniaJsnow patchesinJapan  

DistriblitionofperennialsnowpatcbesinJapanis  
notclearbecauselittleinventoryworkhasbeencom－  
pleted，eXCeptfortheinventoryintheNorthernJapan  
Aips，COnducted by Higuchig≠ α£（198払 Many  
glaciol喝icaisもudiesonsnowpatc王IeSinJapancoIl－  
ciude thal perennial snow patches are maintained 
underpresentclimaticconditionsinthemountainous   
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Perennialsnowpatchesarewidelydistributedin  
themountainsofJapanwithiatituderangingfrom36  
toj5〔N．TablelliststhealtittlderangeofperenniこII  
snowpatchesandmajorsourceofnotlrishmentother  
thandirectsIIOWfa11．Weeallpe）’ennialsnowpatches  
developedmainlyfromsnowavalanches，type→A，and  
thosefromdriftingsnow，type－B．Thelowerlimitsof  
altitudeoftype州Areach900ma．s．l．orless，Whichi＄  
lowerthanthoseoftype－Bby500mormore．This  
differenceresultspartlyfrommore snow accumula－  
tionbyavalanches，andpartlyfromdebrisentrained  
inavalanches，includingsoil，rOCksandplants，Which  
insulatethesnowsurfaceduringtheablationperiodto  
retardnlelting．   

3．Sitesandmethodso†investigation  

Investigationsweremadeoneightperennialsnow  
patchesdistributedinthedistrictsshowninTablel  
exceptfortheIidemountains．Table21iststheloca・  
tions of drilling site，drilling dates andthe type of  
major source of nourishment．During the ablation  
periodin19950r1996，a COre WaS taken near the  
center ofeach perennialsnow patch，uSing a hand  
atlgeratalisnowpatchesexceptfortheHisagosnow  
pat⊂hwhereal】electro、nleChanicaldritl（StlZukiand  
Shimbori．1卵心＼l，aSuSed．SoonaftertakingthビeOre．  
itwasaIはiyzedforstratigraphy，densityandiiquid  

reg10nS，ShowninFig．1．Moreover，perennialsnow  
patchesmayexistonMt．Uensbiri，Hidakamountain  
range．Asahimountains，Mt．FujiandMtlnこIisen・  

Fig．1，mStrib11tionof洩emountainousregi（）nSinJapan   
WbereperennialsrlOⅥFpatChesexist，  

Tablel．AltitudinalofperennialsnowpatchesinJapanandtheirma50rSOurCeOfnourishmentother  
than directsnowfa11，  

District  RanItude  Majorsourceofnourishment  

drifting snow 
avalancheand／ordriftingsnow  

avalanche  
avalanche  
driftingsnow  
driftingsnく〉W  
driftingsr10W  
avalancbe  

2500－2600  
1800－2800  
700－1900  
900－2（）00  
1500－1900  
14（〉0－2000  
1400－2200  
7（1い1コ（10  

Mt．Hakusan  
NorthernJapanAlps  
Echigomountainrange  
Iidemolユntains  
Mt．Gassan  
Mt，Chokai  
DaisetsumountaiIIS  
Mt．Rishiri  

Table2．Locationandaltitudeofstudiedperennial＄nOWPatChes，tOgetherwithtypeanddatewhendrillingwasdone・  
Altitude Type  Date  Name  Mountain  Latitude Longitude  

136q46′E   2580m  B  13Sept．1995  
137037′E   2700m  B  80ct．1995  
137O46′E   2000m A  6Sept，1995  
139OO5′E  800m A  20Sept．1995  
140002′E  1800m  B  27Aug．1995  
140心02′E  175（事m  B  19Al】g．1995  
142052′E  1750m  王∋  28 July 1995 
141015′E  850m A  21Sept．1996   

36009′N  
36035′N  
36045′N  
37009′N  
38032′N  
39々85′N  
43p33′N  
45℡10′N  

Mt．Hakusan  
NorthernJapanAlps  
NorthernJapanAlps  
Echigomountainrange  
Mt．Gassan  
Mt．Cbokai  
Daisetsu mountains 
Mt，Riミあi‡・i  

Senjagaike  
Kuranosuke  
Shirouma  
Kuwanokizavva 
Oyukijiro  
Slli‡1jiyuki  

Hisago  
Yamunaisawa  
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α£，1978；OerterandMoser，1982；Yamada，1987；  
Fountain，1989；Kamedaetal．，1993；Schneider，1994  
；Ren亡1［（ll‥1995）．Fimaquifersareformedearl〉▼in  
Spring，andarepreservedduringtheablationperiodin  
temperateglaciers．Thesamemustbetrueforperenz  
nialsnowpatchesinJapan．Observationsshowthat  
thethicknessoffirnaquiferliesintherangefromlm  
to2minthesnowpatchesexceptforYamunaisawa  
WhichhasalayeraboutO．2mthick．Thethicknessof  
fir11aquifer depends mainl）：On theL melting rate of  
snow，thewaterpermeabilityoffirn，theinclinationof  
tモIefirn〟iceirlterface andthecatcbmentarea．  
Welトdefineddirtlayerswiththicknessesof5M20  

Cm Were formed at O．3－2，6m spacingin the snow  
patches．Sincetheycorrespondtothesnowsurface  
attheendoftheablationperiod，WeCanregardfirn  
and／oricelayerssandwic壬Iedbetweentwodirtlayers  
asannua11ayersifthemassbudgetispositiveevery  
year．Yearsofanegativema∬budget，boⅥreVer，are  
possible，inwhichcasetheuppermOStdirtlayercan  
combine withlower dirtlayers andinvadelower  
annuallayers．Itisinterpretedthatthefirnandice  
above the uppermost dirt layer accumulated during 
the previouswinter．Iceiayerswith thicknesses of  
lOM30cm were seenjust above the uppermost dirt  
iayerin Senjagaike，Kuranoslユke and Sbi‡カiyuki．  
Theycanbetakenassuperimposediceformedatthe  
beginningoftbeablationperiodof1995byreたeezlng  
Ofmeltwaterontheicebody．Inaddition，thetrans・  
formation from firntOice may be completedin a  
Singleyearinthese snowpatches，andconsequently  
O．3－2．3m oficeisaddedto theicebody each year  
Whenぬemassbtldgetispositive．Inconnectionwitb  
theformationoficebody，itisinterestingtonotethat  
tIleannlユaliceiayerisnearlyequaltothef壬rnaquifer  
inthickness．  

4．2ヱ擁卿諺㌦相加γα潤ね扉  
Measurements of temperature and liquid waler 

COntentOfcoresrevealedthattheslユrfacefirnlayers  
rangingfromOto3mindepthwerefrozenbycold  
wavepenetrationinSenjagaikeandKⅥranOSuke，Ali  
the other firn cores were wet and contained liquid 
＼ヽ▼ater．Most of the＼＼Tater COntenlin the upper un－  
SaturatedfirnlayerrangedOMlO％andlOp20％in  
tbefirnaquifer．   

・J．．7上）ぐ〃∫巾・♪Jl直／と－∫  
Toeliminatethedifferenceindensityduetothe  

difference in water content and to know to what   

WaterCOntent．Values ofdensity were obtai‡1edby  
meansofweightandvolumemeasurementsmadefor  
Selectedsegme11tSOfthe（11re．TheliquidwatercoTl－  
tentoffirnwasmeasuredusingasnowNWaterCOntent  
meter of the calorimeter type，designed by Kawa－  
Shima et al．（1996）todeterminethewatercontentof  
WetSnOWbyweight（percentageofwater weight to  
totalweightofwetsnow）．Forice，thewatercontent  
WaS aSSumed to be O％and we did notmeasureit．  
Onthe Hisago snow patch．measurements ofdensit）’  
and water content were made a day after drilling．  
BecausetheⅥ7aterCOnte11tCOuldbavecba‡1geddueto  
the movement and drainage of water．Thus，Only  
Valuesofdrydensity，Calculatedfromwetdensityand  
Water COntent，are meaningfulin the Hisago snow  
patch   

4．Results  

The results of core analyses at eight perennial  
SnOⅥr patCbesare slユmmarizedin Fig．2，1Ⅳecould  
borethroughthefullthicknessofonlyOyukijiroand  
Hisagosnowpatches．Coringwasinterruptedinthe  
Other snow patches because of performancelimitか  
tions．Especially，inthetype－Asnowpatchesincludx  
i王唱Sbiro11ma，KⅥWanOkizawaandYamunaisawa，ぬe  
embeddeddebriscausedproblem．   

4．J劇化砲■れ砂ぁわカα蝕ナ都  
Continuous masses ofice were fourld under the  

firnlayerinthetype－BsnowpatchesincludingSen・  
jagaike，Kuranosuke，Shi頭iyukiand Hisago．The  
tbickrleSSOf洩eicebodyinHisagowas4．6m，Which  
isapproximatelythesameasthatobservedin1986by  
Kawashima（t（Il．（1993）．Fronlthe surrounding  
topography，theice thickness can be estimated to  
about5mi‡1SenjagaikearldSbinjiyuki，Vhiletbeice  
inKuranosukemaybemuchthickerasindicatedfrom  
theimpulse radar sounding by Yamamoto and Yo－  
Shida（1987）．Because ofdriiiingprobiems with the  
entraineddebris，WeCOuldnotascertaintheexistence  
Oficebodyin t〉，Pe－Asnow patehes，  

A water-saturated firn layer was found just 
above the firn－ice transitionin ailtype－B snow  
patches．Thislayer occurs where the verticalper－  
COlation of meltwaterisinterrupted by the firn－ice  
transition．Suchalayer，Whichisoftencalleda“firn  
aquifer”，has been foundin the weトSnOW ZOne Of  
temperateglaciersthroughotlttheworid（Sharp，1951  
；Vallonetal．，1976；Ambachetalり1978；Oeschgeret  
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Senjagaikesnowpatch  Kuranosukesnowpatch  
Stra厄graphy  Density（kgm31   WaterConlent（9i）strabgraphy  Density（kgrTl‾3l  WaterCon【ent（％）  
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Shiroumasnowpatch  Kuwanokizawasnowpatch  
Stratigraphy  Density（kgrTr3）   WaterContent（％） Strati9raPhy  DelⅦity（k9m‾3）  
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Fig．2．Stratigraphy，density profiles andliquid water content observed at eight   
perennialsnowpatchesinJapanduringtheablationperiodsof1995and1996▲   
Asseeninstratigraphicprofiles，anicebodyandawaterSaturatedfjrnlayer   
ミ責rnaqui短ど）wereformediIlmarまyperennialsnoⅥ7patChes．  
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Oyukijirosnowpatch  Shinjiyukisnowpatch  
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Yamunaisawasnowpatch  Hisagosnowpatch  
Stra厄graphy  Density（kgm．3I  WaterContenl（qi） Stradgraphy  Dens吋（kgm．3）  WaterContent（％）  
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Fig．2．くcontinued〉  
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the Daisetsu mountains comprised three processe＄：  
theformationofsuperimposedice，thedensificationof  
awater－Saturatedfirnlayerandthefreezingofwet  
andプorwater－Saturatedfirnbycoidwavepenetratまon・  

Theresuitsofolユri‡1VeStigationsboⅥred綾attbe  
formationofasuperimposedicewitbtbicknessesof  
lO－30cmispossibleforsnowpatcheshavinganice  
body．However，annualicelayerswiththicknessesof  
O．3．2．3 m，formed during years of positive mass  
budget，Can nOt be explained by superimposedice．  
Nowweconsiderquantitativelyhowtheformationof  
anannualicelayercanbecompletedinaslngleyear  
intype－Bsnowpatches，aSSumingthattheicelayer  
formedby也eprocessother払an払esuperimposedice  
formationbas a tbicknessoflm．  

Tlledensificationofwater－Saturaとedfim，Vbicb  
istbepredominarlttrar主Sねrmatio11alprocessたomfirn  
toiceinthewet－SnOWZOneOftemperateglaciers，may  
contribute to theice formation in type－B snow  
patches．Therelationbetweenthetimenecessaryfor  
iceformationbydensificationinthefirnaquiferand  
theoverburdenpressureactingonthewaterrsaturat・  
edfirnwasshownexperimentallybyKawashimaand  
Yamada（1997）（Fig．3）．The ove沌urden pressure  

extentthe densificationhasproceededineachsnow  
patch，the dry densitypd Ofice aloneis cakulated  
fromtIleWeもdensity（totaldeIISity）ク膨andtbe最quid  
watercorltentⅣusingt主Ieequation：  

い． ミ l！ミ・・ミ ニ・．  ∴－  

In Shirljiyukiand Hisago，thedrydensityincreased  
suddenly from600kgmr3to700－800kgm…3atthe  
levelof the water table，aS ShowninFig，2．This  
indicatesthattheimmersionofsnowinwateracceler・  
atesthedensification，aSpOintedoutbyWakahama  
（1968）．The reason why a similar discontinuous  
increaseindrydensitywasnotseenatthewatertable  
inSen3agaikeandKuranosukeisconsideredtobethat  
t壬1erefr既Zingofmeltwaterincreased払edrydensity  
inthesurfacefirniayer．‡nYamunaisawa，tbedry  
de‡1Sitywassb琉ed打om700kgm‾3to750kgm〟3at  
thedepthof3m，SuggeStingthatthewatertablerose  
up to thatlevelduring the peak period of snow  
melting．Thedifferenceindrydensitybetweenthel  
－year－Oldfirnandthe2year－01dfirnintheKuwano・  
kizawasnowpatchwasaslittleas20kgm－3，indicat・  
ingthatdensificationisslowinunsaturatedfirnwith  
highdensity．   
5．Discussion  

l野efolユndicebodiesinaimostailof汰etype－B  
snowpatches，indicatingthattheformationofanice  
bodyisnotunusualbutacommonfeaturefortype心B．  
Itis clear that the snow patchwith anice body  
developsafirnaquiferjustabovethefirnMicetransi・  
tionduringtheablationperiod．Thesecharacteristic  
featuresoftype－Bsnowpatchesaresimi1artothose  
of the weトSnOW ZOne Of temperate glaciers except  
that the firn～ice transition of temperate glaciers  
emerge§atadep払of20－30m・  

Åfew mecba】1isms bave been proposed払㌻払e  
formatior10ficebodyin perennials‡10Ⅵr PatCbesin  
Japan．Ogasahara（1964）considered eariy…Winter  
refreezlng Ofmeltwaterin thefirnto be the major  
transformationalprocessoftheHamaguriyukisnow  
patchintheNorthernJapanAlps．Wakahamaand  
Narita（1975）pointedoutthattheimmersion ofthe  
bottomlayeroffirninwaterduetowater叩imperme・  
ablebedrockacceleratedthedensificationtoresultin  
the quick transformation from firn toicein the  
Yukikabe snow patchin 也eI）aisetsu mountaiTIS．  
Kavas‡limag才α乙f1993）concl11dedtbattbeformatio罰  
m∝banismoficebodyoftbeHisagosr10WpatCbin  

Fig．3．Timerequiredforthetransformationfromfirnto   
icebydensificationofwater－Saturatedfirnasafuncq   
tionoftheoverburdenpressure（afterKawashimaand   
Yamada（1997））．The necessary time was shownin   
twocaseswheninitialfirndensity（pf）is650kgm．3   
毎0日d王ine）andp′ニ750kgm‾3（brokenl主ne）・Greyarea   
represeれtStberangeofperiodvbenfirnaquifersexist   
i王Iperennialsnowpatches．   



7  Ⅹawasbima  

estimatedfromthedepthwdensityprofilcsoftype－B，  
ShowninFig．2，islessthanO．04MPa，anditsmaxi－  
mumvaiueattbebeginningOftheablationperiodis  
もelievednott8トeXCeedO．1i漬Pa．If払eaverageover－  
burdenpressureistakenasO．07MPa，thetimeneces－  
Saryforiceformationis6．7yearsforaninitialfirn  
densityof750kgmL3．Therefore，thetransformation  
fromfirntoicecannotbecompletedinaslngleyear  
bydensificationa王0Ileintype－BsnoⅥFpatC‡妃S．  
Åhighlyprobableprocessisthefreezingofwater  

－Saturated firn by cold wave penetration earlyin  
Winter．We assume that the unsaturated firnlayer  
meltsentirelybytheendofablationperiodandthata  
COldwavepenetratesdirectlyintothewater－Saturat・  
ed fir11layer．This assumptionis supported b）Ithe  
factthattheannualicelayerisnearlyequaltothefirn  
aquiferinthickness．Evenif the firn aquifer has  
disappearedatthatmoment，enOugh1iquidwaterfor  
ice formation may be heldinthe firn by capillary  
attraction．1tmustbenecessaryforthisprocesstobe  
COmpletedbeforethenewsnow aeeum111ation onthビ  
SnOWpatChtoaccomplishtheformationofanarmual  
icelayer，becausethesnowcoverwillactasthermal  
insulationtopreventthepenetrationofcoldwave．  

Thecoldwavepenetrationisaphysicalprocess  
也atcanbetreatedmatbematicallyasaprobiemof  
One－dimeIISionaibeat condllCdon accompanied by  
freezlngOfwater．To estimatethethickness ofice  
Withdensityof830kgm鵬3formedbyfreezingofliquid  
Waterinfirnwithdrydensityofpd，Kawashimaetal．  
（1993）introduced the following equation using the  
Stefanmodel：  

1apse rate of air temperature（6．5OC／km）．Fig．4  
ShowschangesinAFIatthedrillingsitesandthenew  
SnOVdeptbobservedinmolintainoliSregiorlS，duriれg  
払eperiodoftransitionfromablationtoaccumuiation  
in1995．The observationalsites of snow depth  
include Kurobeko（1460m a．s．1．），4km southeast of  
Kuranosuke，Okutadami（800ma息l．），15．5kmeastof  
Kuwanokizawa，andSugatami（1600ma．s．1．），12．5km  
northofHisago，VaiuesofÅFIatSenjagaike，Kur－  
anostlkeand Hisagostarttoincreaserapidly atthe  
beginning of October，While those at Oyukijiro and  
Shinjiyukiincrease slowly during October．In con・  
trast，the new snow depth starts toirlCreaSe at the  
beginningofNovembersimu托aneolユSlyforallmoun－  
tainregiorlSirre＄peCtiveofiatittまdeandaltitude．Of  
COurSe，SnOW depthincreases with altitude．This  
means that thewinter climate ofJapanislargely  
Subjecttothenorthwesterlymonsoonwhichbecomes  
dominantinNovember，bringing heavysnowfal1sto  
WideareasfacirlgtheJapanSea．T壬Ieicet壬Iickness  
Caicnla毎dusingequation（2）isshovninFig，5asa  
functionofAFIforvariousvaluesofpd．Sincefreez－  
1ngOCCurSinthewater－Saturatedfirnlayer，thedry  
densityoffirncanbetakentobe750kgmJ＋ There－  
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Where）is the thickness oficein meter＄，7もis the  
‾ 

∴－、∴ 
freezingindex（AFI）inthispaper，isthecumulative  
Value of（3－7L）from the date when 二㍍drops to  
below30C for the first time to the date when Zis  
Calculated，prOVided that 3－77l＝O when 了も＞3．  
T壬IereaSOnforusi喝（3榊㍍）i王l払ecaiculationofAFI  
istIlatthetemperatureofsnowsurねceislowertba11  
the airtemperatureby3degreeson average，Which  
WaSObtainedfromfieldobservationsbyMotoyamaei  
α／．（1986），  

ValuesofAFIattheperennialsnowpatcheswere  
estimated frorn the daily mean air temperature of 
洩eir nearest weatber stations using汰e altitudina王  

Sepl．  Oct．  Nov．1995  

Fig．4．Chang飴illaCCum111atedたeezingindexくÅF王）atthe  
dri王1ing sites of eight perennialsnow patches from   
Septemberto Novemberin1995，tOgetherwithvaria－  
tionsin new snow depth observedin mountainous   
regionsinJapan．The time when AFIbegins to   
inereasemarke（狙yd主ffersdependingonthelocalityof   
払esnowpatcb，Whilethe11eW SnOWdepthbegin＄tO   
increaseirlNovemberalmostsimulta一里e（）uSiy．   



β  Bulletin of Glacier Research 

COmparingmonthlymeanairtemperatureinOctober  
withO．20C，the same resultsasmentionedabove are  
Obtained．Althougb no reference was made to the  
t王Ierrnalef短ctofnewsnowcoveroncoldwavepene－  
trationandthビdistribtlti（一IIOfliqtlid＼l’aterillthefir11  
1ayer during freezlng，it was confirmedin principle  
thatthisprocessmakespossibletheformationofan  
icebodyunderpresentclimaticconditionsintype≠B  
SnOWpatChesinJapan  
Drillings could not revealwhether or notice  

bodiesexistintype～Asnowpatches．Processesofice  
formationintypeMA，iftheyalsohaveicebodies，muSt  
differfromthoseintype－B，becauseextremelysma11  
ÅFIvalues，aSShoⅥ7inFig．4andTable3，doesnot  
allowdeeppenetratior10fcoldwave．Tilisisattribut－  
ableね払eねct払attbeyareiocatedatreiativeiylow  
attitudesofless thaIllOOf）m a．s．t．Thus．thedensifica－  
tionofwater－Saturatedfirnmaybethepredominant  
mechanismoficeformationintypeLAsnowpatches，  
withthe result that the depth and age of firnjce  
transitionbecomemuchlargerthanthoseintypeMB  
SnOW patChes and are similar to those of temperate  
glaciers．  

6．ConcludingRemarks  

The resuits fromice鵬COre Studies demonstrate  
thatmostperennialsr10WpatChesnourishedmainiyby  
driftingsnowinJapanhavecontinuousmassesofice  
attheirlowestparts．ThewaterSaturatedfirnlayer，  
formedjust above the firn－icetransition during the  
ablationperiod，COntributestotheformationofhighly  
densifiedfirnwhichcanbetransformedintoiceeasily  
byfreezingofasmallamountofliquidwaterinfirn  
earlyinwinter．Thetransformationfromfirntoice  
inthistypeofperennialsnowpatchiscompletedina  
Single yearin most cases，Whichis mtlChshorterin  
COmparison with temperate glaciers．In perennial  
Sl氾WpatCileS‡101ユわshedmain重ybysnowavaiancbes，  
becau紀tbeairtemperaturepriortonews‡10ⅥraCCu－  
mulationis not reduced sufficiently，the cold wave  
penetration can not be an effective process of ice 
formation．Ifthistypeofsnowpatchhasanicebody，  

Fig・5．Thicknessoficewithdensityof830kgm凋formed   
bythefreezingofwetfirnwithdrydemsityofpdaSa   
functionofAFI．Thecurvesclearlyshowthattheice   
thicknessincreasesrapidlywhenpdislarge．  

わre，tbeformationofal－mtbickicelayerrequlreSan  
AFIof860Cdayt Comparisons betweentbis（：ritical  
vaiue arld values ofÅぎ王at tbe end of October show  
琉at t壬Ie Criticaivaiueis exceeded at Se一雨gaike，  
Kuranosuke arld Hisago．Therefore，these snow  
patches can compiete the formation of annual ice 
layerinasingleyearbythefreezingofthesaturated  
layer．AtOyukijiro and Shinjiyuki，the AFIvalues  
donotreachthecriticalvalue，SOthatthecontinuous  
massoficecanbeformedonlywheretheannua11ayer  
isnotsothick，aSinthecaseoftheShirljiytlkisnow  
patc壬l．  

These results may be true for other years主n  
additionto1995．MonthlymeanvaltleSOfairtemper－  
atureinOctoberfor17yearsく1979－1995）vereesti－  
matedfortheperennialsnowpatchesusingtheabove  
lapserate（Table3）．TheAFIof860Cdayisroughly  
equivalenttoamonthlymeanairtemperatureofO．20C  
if we suppose that freezing startsin October．By  

Table3。MonthlymeanvaluesofairtemperatureinOctoberfor17years（1979－1995）attheeigthsnowpaches，eStimatedfromthose   
attheirnearestweatherstations（JapanMeteorologicalAgency）usingthealtitudina11apserateofairtemperature（6．50C／km）．  
Senjagaike Kuranosuke Shirotlma Kuwanokizawa Oyukijiro Shinjiyuki Hisago Yamunaisawa  

wl．2  －2．0  2，7  9．6  1．6  0．8  1．7  5．6   



9   Kawasbima  

Inventory of perennialsnow patchesin centralJapan．  
GeoJournal，4，303…311，  

4．Ka王neda，T．チTakabasbi，S．，Goto－Åzuma，K．，Ⅹohぬima，S．，  
Watanabe，0，and‡まagen，J．0．（1993）ニFirstreportofice  
COTe anaiy紀S arld boreboje temperaとure on tbe bigh幾t   
icefieidonwesternSp托sbergenin1992．Bu王i．GlacierR鶴．，   
11，51－61．  

5．Kawashima，KりYamada，T．and Wakahama，G．（1993）：   
‡nvestigations ofinternalstructtlre and transformational  
processesfrom員rnもOiceirlaperennials‡10Wpaもd．Ann－  
G呈acioi．，18，117…122．  

6．Kawas壬Iima，KりEndo，T．and TakeⅥCbi，Y．（1996）：Å   
portablecalorimeterfor汀1eaS11ringliqu主dwatercorltentOf  
wetsnow（inJapanese）．Report ofthe NationalResearch   
InstituteforEarthScienceandDisasterPrevention，No，57，  
71－75．  

7．Kawasbima，K．and Yamaく】a，T－く199ア）：Experiment裏  
studies on the tran＄formation from firn toicein the wet  
冊SnOW ZOne Of temperate g！aciers．Ånn．G】acio王、，2ヰ，in  
preSS・  

8．Motoyama，H．，Kobayashi，D．andKojima，K，（1986）：Effect  
Of melting at the snow－grOundinterface onthe runoff  
dl】ringwinter．Jpn．J．Limnol．，47，165…176．  

9嶋 Oerter，H，andMo㌍r，H．（1982ラ：1野ateで＄tOrageanddrain～  
agewithinthefirnofatemperateglacier（Vernagtferner，   
OetヱtaiAlps，A㍑Stria）．王AHSPtぬi，138，7ト81．  

10．Oescbger，H．，Scbotterer，む．，Staufぬ・，B．，托aeberii，W．and  
R6thlisberger，H．（lg78）：First results from alpine core  
dri11ingprojects．Z．Gletscherkd．Glazialgeol．，13，193M20乱  

11．Ogasahara，K．（1964）：CbaracteristicsoftbeglaciersintI】e   
JapaneseÅ王psatthetimeof琉egiacialage（i‡lJapanese）．  
TheNattlreOftbeNorthJapanAlps，Toyama University，  
5一ニー・l．  

12．Ren，J．，Q主n，D．，Petit，J．R．，Jouzel，J．，雪好ang，1訂．，LiⅥ，C．，   
Wang，Ⅹ．，Qian，S．and Wang，Ⅹ．（1995）：Glaciological  
＄tudies on NelsonIsland，South ShctlandIslands，Antar－  
Ctica，J．G靂acio】．，41，408¶412，  

ユ3．Scbneider，T．（1994）：うⅣatermovementandstorageintbe  
fimofStorglacほren，nOrthernSweden．Forskningsrappo叛  
き9，89p．  

14．Sbarp，R．P．く1951）こMelもwaterbehaviorin firn onl坤per  
SewardGlacier，St．EliasMountains，Canada．IASH Publ．，  
32，246－253．  

15．Stほuki，Y．and Shimbori，Ⅹ，（1984）：MechaIlicaidrⅢsys・  
temsfortbe25tbJapaneseAntar（：t呈c王ミ溺earC壬IExpedition、  
Mem．Natl．Inst．PoiarRes．，Spec．lssue，34，188－196．  

16．Va！lon，M．，Pet紘J．“R，andFabre，B．そ1976）：Studyofanice  
COretO洩ebedrociくin払eacclユmu如呈onzoneofanalpine   
glacier．］．Glaciol”17，13－28．  

17．Wakahama，G．（1968）：The metamorphism of wet sno軋  
王ASHPubl．，79，370w379．  

18．Waka壬Iama，G．andNarita，H．（1975）：Metamく）rpbis汀Ifrom  
SnOⅥFtO員rnaTld主cei11aSmallsnoⅥrpatChorlMt．Daisetsu，   
‡主okkaido，Japarl．‡AHS－AISHPub王．．1C賂，347－350．  

19．Yamada，T．（1987）：G王aciologicaicbaracteristicsrevea里ed   
by37．6－rndeepcoredrilledattheaccumulationareaofSan   
RafaelGlacier，thenorthernPatagonia Tcefield．Bull．Gla・  
CierRes．，4，59－67．  

2や．Yamarnoto，K．and Yosbida，M，（1987）こ 王mpⅥise raぬr  
SOundingoffossilicew呈thintheKuranosukeperennialsnow   

thedensifi（：ationofwaterwsaturatedfirndueto oveト  
burden pressure must dominate tbeice formation，  
resultingin111uChlarger dビpth a11d age of firnLir  
trarlSition∬ketemperateg壬aciers．   

Åcknowledgments  

TheLluthorwouldliketoexpresshisgratitudetし）  
Dr．Y．NohguchioftheNationaiResearch‡n＄titutefor  
EarthScienceandDisasterPrevention，forhisencour－  
agement，manyuSefuis11ggeStionsandpositivecooper－  
ationin the field work．Heis greatlyindebted to  
Messrs．T．Kobayashiand T．Ikarashiand Drs．K．  
Iwanamiand X．Kosも1giof tbe NationaiResearcb  
Institute forEarth Science and Disaster Prevention，  
alld Drs．Y．1shii，T．ShiTaiwこl；lnd K．Stt）fa11aIld  
Messrs．K．Sbimboria‡ldT．Mats11mOtOOfHokkaido  
University，andMr．M．SatoofRishiriTownMuseum，  
and Dr．K，Izumiar‡d Mr．T．Yamada of Niigata  
University，andDr．Y，Endo oftbe Forest Products  
Researc‡ミ王nstitute，and Mr、M．Kato of Nagaoka  
Munit：ipalScienぐe Museum．and Mr．H．rida of  
Toyama PrefecturalOffice，and Mr．K．Kanda of  
Nakaya Ukichiro Museum of Snow andIce，and  
Messrs．T筆TadonoandM．TakataofNagaokatJni－  
versityofTechnology，andMr．N．NaitoofNagoya  
Universityねr tもeir kind cooperationぬtbe field  
obser＼・ations．Heis also thankfulto 二DaisetsuzこlII  
HighlandCo．，Ltd．，ElectricPowerDevelopmentCo．，  
Ltd．andKansaiElectricPowerCo．，Ltd，forproviding  
dこIta On SnOW depthi11mOuntainous regions．Air  
temperaturedatausedinthispaperwereacq11iredat  
AMeDÅSね血Omatedmeteoro重唱icaidataacqⅥisition  
system）sta扇onsoft壬IeJapanMeteorologicalAgency．  
Thi＄WOrkispartlysupportedbyaGrant－inAidfor  
ScientificResearchProgram（No．06452437：principal  
investigator，Y．Kodama）たomtheMinistryofEduca－  
tion，Science and Culture and a grant from Rishiri  
ToⅥrn Museum．  

Ref¢renC¢S  

l．Ambacb，取，B王um洩aler，M．，Eis王1er，HりKin：bi既hner，Pり  
S（・htleider．tl．．1ミehT・eTIS、11‥nlosビl■．fl”Oerter，H，．RこIu（、rt．1＼丁．   
andBergmann，H．〈1978）：UntersljCbu三軍enderⅥra男er仁afel   
amKesse毎and転rner（OtztalerÅlpen）aTleinem30Meter  
tiefenFirnschacht．Z，Gletscherkd．Glazialgeolり14，61－71．  

2．Fountain，A．G．（1989）：Thestorageofwaterin，andhydraur   
iic cbaracter壬stics of，South Cascade Glacier，1野asbまngton  
Sねte，1エS，Å．Ånn．G王acio王．，13，69－75．  

3．Higuc軋K．，Iozawa，T，ナF再ii，Y．anく箋Koda打Ia，H・（1980）：  



JO  Bulletin ofGlacier Research   

patch，CentralJapan．Ann．Glaciolリ9，218≠220．  
21．Yo＄hida，M．，Yamamoto，K．，Higuchi，KりIida，HりOhata．T．  
and Nakaml汀a，T，（1990）：Firstdiscoveryoffossiliceof   
10OO－1TOO）rear B．P．inJapan．J．Glaeiol、，36．258－：59．  

22．Yosi8a，Z．（1964〉：SモudiesonaManne王卜yukilocatednear   
ト‡t．Tate〉Tat11a（inJapanese）．The Nature of the Nく1rth   
JapanAlps，ToyamaUrliversity，35－54．   


