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Abstract  

Glaciologicalas wellas meteorologicalfeature＄Of Koryto Glacier at Kronotsky Peninsula，  
easternKamchatka，WereStudiedinthesummerof1996．Theglacierlaysinthealtitudesbetween  
320mandl180m，andisclassifiedasatemperateglacier．Shallowcoringsatseveralaltitudeson  
theglacierinJulyindicatethatthebalanceincreaseslinearlywithincreasingaltitudeintheaccumlユIa－  
tionarca〔）ftheglacier．Morethan60Ocmofthebalaneefromtheendofstlmmeritl1995wasfuund  
atthehighestpartoftheglacierinJuly，1996．Theablationratelessdepends on altitudeinthe  
accumulationarea，althoughtherewassignificantdifferenceinablationratesbetweenbareiceatthe  
terminus and cleansnowabove thetransientsnowline．Va11ey－Walleffect on ablation rate was  
foundonlyneartheterminusoftheglacier．Degreedayfactorswerecalculatedattwodifferent  
之l】titudes：O．72（CmてLlday．1）atthealtitudeof545nlandO．55（cmJC1day．りatthealtitlldeoflOO5  
m・Simpie estimation ofmassbalance during the balanceyear of1995－1996slユggeStS that the  
extremelyhighpositivespecificnetbalanceoftheyearcanbeascribedtotheheavysnowfallinthe  
winter of1995－1996．  

1．lntrodu亡tion  

In spite of many years of intensive studies by 
Russianscientists，glaciersinKamchatka havelong  
been one of the most unknown features for  
glaciologistsoutsideRussia．Indeed，abriefdescrip－  
tion oftheglaeiersin Kamchatkaby Hon・ath（1975）  
WaStheonlyoneinformationwecouldaccessbefore  
1991．TheglaciersinKamchatkahaveparticularly  
beeninterestedinbyJapaneseglaciologists＄incethey  
arethenearestglacierstoJapanwhereonlyperennial  
SnOWpatC王IeSarefound．Comparisonofcryospberic  
COnditionsbetveenJapan andXamcbatka basbeen  
COnSideredtobeessentialforfurtherunderstandingof  
thenatureofsnowpatchesinJapan（Higuchiet alリ  
1979）．  
Tostudyglaciersandhydrologic cycleinKam－  

Cbatkaisa王soimportarltinordertoclarifytムeciimate  
SyStemanditsstabiiityaroundtheNorthernPacific．  

It＼＼▼21SrePOrtビdb）・Jones（1988）thattheelimateshifte・d  
inthisregionaround1977toacoolingovertheNorth  
Pacificandawarm1ngOVerAlaskainsurfacetemper・  
ature．Trenberth（1990）interpreted this phenomena  
as the deeper and eastward－Shifted Aleutianlow  
Whichadvectedwarmer andmoisterairinto Alaska  
こInd（：Oldビr airし）＼，t・r the North PilCifie．lndeed，the  
frequency of surface cycionesin the northeastern  
parts ofthe Pacificincreased after1977due to the  
StrOngertendencyofcyclonestomlgrateeaStWardto  
theGulfofAlaska（Ueno，1993）．Becausetheeaste  
COaStOfXamcbatkaiso王1eOft‡1eplaceⅥrhereM珪0－β  
SCalecyclonesfreq11entlydeveloptぬrougbouttheyear  
（Umemoto，1991），the eastward shift of surface  
CyClonesafter1977musthaveinfluencedonthepre・  
Cipitation，andaccumulationoftheglaciersinKam－  
cbatk乱   
1好estartedajointRu∬0Japaneseg王aciologica王  

researcb on Kamcbatka glaciersin1996，aiming at   
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Clarifyingtbeglacialsystemariditsvariationintbe  
pe血1Su王a（Kobayasbigfα乙，1997）．Inthispaper，We  
wi11report a preliminary glaciologicalwork at a  
glacierintheKronotskyPeninsula，eaSternKamchaト  
ka，Wheremassbalanceoftheglacierisconsideredto  
dependstronglyontheactivityofAie11tianlow．   

2．Regionalsettings  

KronotskyPeninsula（54045’N，161O40’E）islocated  
attheeastcoastofKamchatkaasaprominentmassif  
intrudinginto tぬe Pacific（Fig，1a）．The peninsula  
COnSistsofTertiaryvoica王iOeSWbichbavereiativeiy  
flatsummitsandsteepU－Shapedvalleysdownbelow．  
ThealtitudeofthepeninsulaseldomexceedslOOOm，  
and the summitparts alone attainto an altitude as  
highas1300m．  

Tbere are32glaciersin this regionそFig．1b；  
Vinogradov，1968），mOStOfvbich‡laVeCieanappear－  
anceascomparedwithotherglaciersinKamchatka  
Wherethesurfaceofglaciersareusuallycoveredwith  
debris or voIcanic detritus．The glaciersin this  
regionlayatthe］owestaltitudesinKamchatka，＄Ome  
Ofwhich幻owingdownto払ealtitudeof250m．  
TheKorytoGlacieristhethirdlargestglacierin  

thisregion：thelargestis Bunina Glacier（10．5km2）  

andthesecondisLeftTyusbevskyGlacier（10．2km2）．  
Tbe Koryto Glacier壬1aS払e area of8，9km2arldit  
extendsfrom1200mto250ma．s．1．towardnorthwest  
exposure（Vinogradov，1968）．Thereis a relatively  
largeaccumulationarea，Whiletheglaciertongueis  
narrow（Fig．2）．Thesurfaceoftheglacierisfreeof  
debris，and王acks anyicefalまorintensive crevassed  
area．Hypsographic curve of the glacier showsits  
SteepSnOutanditsflatfirnbasin（Fig．3）．Theequi－  
1ibriumlinealtitude（ELA）wasreportedtobe780min  
the balance year of1981／1982（IAHS（ICSIトUNEP  
－UNESCO，198乳  
Giacio王ogicalworksonKorytoGiacierwerecon－  

ductedbothin1970／1971and1981／1982balarlCeyearS  
（Vinogradov and Khodakov，1973；IAHS（ICSI）  
一UNEPJUNESCO，1988）．The former estimated a  
winterbalanceintheaccumulationarea tobe3250－  
3800mmarldasummerbalancein払esameareatobe  
2550－2600mm by meastlrlng the balance botbin  
Sprlng and end ofsummerir11971．The calculated  
SpeCificnetbalanceinthebalanceyearof1970／1971  
WaS＋580mm．Intheyearof1981／1982，incontrast，a  
SpeCificwinterbalanceof3490mmwasexceededbya  
SpeCificsummerbalaTICeOf欄3774mm，a！1dresultedin  
thespecificnetbalanceof血284mm．Theterminus  
OftheKorytoGlacierretreatedfor80mfrom1971to  

Fig，1Mapofstudyareair主C】udirlgdistribt】tionofprese‡】トdayglaciersinKamcぬト  
ka（1a）andthedistributionofglaciersinKronotskyPeninsula（1b），Datasource   
isVinogradov（1968）．   
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Fig．2 ContourmapofKorytoGlacier．Locationsofseveralobservationpointsare  
pまottedbysymbol＄．  
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Fig∴1Hn）SいgraPhit：CⅢ‾＼でtlfKor）：tL－G加ier．1tist：hこIrこIt：teri7edb〉：こITle＼tenSi＼で  
accumulationareaandan為rrOWbngue．  
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1982（IAHS（ICSIトUNEP－UNESCO，19舶），Tbe  
retreatingtrendfrom1971to1982isconsistentwitha  
Summation of estimated specific net balances from  
1939to1971astobe≠14m（VinogradovalldKboda－  
kov，1973）．  
Thisprojectisthefirstintensivemeas11rementOf  

massbalanceoftheglaciersincetheworkin1982．   

3．Observation  

Distribution of mass baiance arid summer abiaT  
tiいn WaSStudjedin the Ktlr）TtO Glacier this）▼ear．1n  
COnjunctionwithtbesemeas11reme一触，aflowofKort  
yto Glacier（Yamaguchiet al．，1997）togetherwith  
meteoroIogit：alandhydroIogiealfeatures（Kodama tl！  
al．，1997）wereobservedsimultaneously．Theobser－  
VationwasconductedfromJuly8to20in1996．  

Tnthebe如IniTlgOfJuly．theree：くistedaplentyof  
SnOWdepositedduringthewinterof1995／1996．Our  
resear（：h base camp was established just below the  
present snotlt Of Koryto Glacier，Whichlays at an  
a王titudeof320m，aSユightlybigber也a王l血atin1982  
Whenit was at280 m a．s．1，（IA壬iS（ICSI）－UNEP  
岬UNESCO，1988）．Tbegiac主ericevasexposedattbe  
terminusonlybetween320mand480minaltitudedue  
tothe sufficient wintersnow．  

Mass baiance of the giacier was stlldied by  
measuringadistributionofboththebalanceanddaily  
meltingratesatseveralaltitlヱdesontheglacier．The  
balancesat points ofthe glacier were estimated by  
drillingshallowfirncoresdowntoadepthofprevious  
SunlnlerSllrfaee＼＼▼hich wasclearl〉▼markedb〉▼a thi11  
dirtlayeroradirticebody．Thecoringwasperfor－  
med usingthe PICOlightweightcoring auger（Koci  
a】1d Kui＼・inen．19紬．Thecutters of the auger werEL  
ChangedtoawidertypemantlfacturedbyGeoTecs  
Co．Ltd．Theoperationofdri11ingdowntoadepthof  
more thanlO m was supported by atlOriginaltripod  
SyStem．  

Five cores were obtained in the accumulation 
area ofthe g王acier（Fig．2）．Tbe cores obtained at  
Nos．7，11，and16wereusedforcontinuousanalysisof  
Stratigraphya王1dmeasurementofwet density．Tbe  
COreS takenfrom No．16were sl血seqtlently divided  
主nto pieces of approximatelylO cm，and melted to  
packinpolyethy王enebottlesfortbeisotopicaIlaly＄eS．  
Tbecoresfrく）mNos．5and9vereusedtoe＄timatethe  
balances at the altitudes．  

Ablatio‡10ftbegまaciervasmeasuredbytbestake  
method，Thestakesweredistributedspatiailyon18  

Sitesontbeglacier，andzonally，t王IeyⅥrereinsta11ed  
along three transections；13sites at thelowerline  
（No．5），10sitesatthemiddleline（No．11）and8sites  
at tbe upperline（No．16），reSpeCもively（Fig，2）．  
ChangeSOfrelativeheightsbetweenthetopofstakes  
andsnowsurface＄WerereCOrdedatleastonceevery  
day，andwaterequivalentablationwascalculatedby  
measuring surface snow densities at each point．  
Snowstakes along the three transeetions were mea－  
Suredforafewtimesonly，therefore，ZOnalfeattlreSOf  
theablationwiH bediscussedusing totalamount of  
abiationd11ring払eobservedperiod．  

Weestablishedt＼＼▼t）ttmlpOralmeteoroIogicalsta－  
tiorlSOntheglacier二Oneatthealtitudeof545m（No．  
5）．and the othtLr atl（）O5m（No．16）（Fig．2）．Air  
temperature（OC），relativehumidity（％），windspeed（m  
SJl），winddirection（O），globalradiation（Wm血2），SnOW  
Sudace temperature fOC）and atmospberic pressure  
（hPa）weremeasuredevery30minutes（Kodamaetal．，  
1997）tInthisreport，WeuSetbeairtemperatureonly  
toshowtbereiationsb壬pbetweenairtemperaturearld  
ablation．Detailed meteorologicalfeatures willbe  
disct王∬edinKodama g才α乙（1997）．  

4．Results  

IJ．ノレ∵〟〃Ⅲ山晶〃吋■瓜け叫）（；山（イ汀  
Fig．4showsthestratigraphies ofthefirnCOreS  

retrievedatbotbNos．16andll．Temperatureatany  
pointsofthecoreswasatthepressuremeltingpoint，  
thus，theglacierisconsideredtobetemperate．The  
firn of the col－esis cいmPOSed of rounded grant】lar  
SnOWpartlyinterbeddedbythinicelayers．  
TbeNo．16coreiscomposedmainlyof如n由Ⅵl  

totbedeptbof21，96m．De一重Sityneartbesurfaceis558  
kgm叩3，andincreaseswithincreasingdepthto750kg  
m－3atthedepthof21m（Fig．5）．Thereexistlユniform  
layersofgranularsnowfrom払esurfacetotbedeptb  
OflO．54mwherethefirstdirtlayerwasfound．The  
dirtlayerwasvisible，andfoundto containa small  
amount of sand parlicles．The diT・tla）reris eonsid－  
ered to bethe summer surfacein1995．Thus，the  
amount offirnfromthestlrfacetothisla）▼erisdeteト  
miIled as a baLaIICe at this point from the end of  
Summer1995tothedayofcorlng．  
TbereisadistinctblackvoIcanicas‡llayeratthe  

depthofll．95m．Itwasconfirmed by NOAA sateト  
1iteinOctoberl，1994thatavoIcanicashofKlychevsq  
kaya，an aCtive voIcanolocated approximately155  
kmtotbenor他州nOrth－WeStOf也eglacier，COVeredthe   
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Kronotsk〉TPeninstlla．therefore．theashlayeris111ark－  
ingthe day．There are three different dirt horizons  
below也eashlayer，eaCbofwhidlmightbedatedto  
thesummersurfaeesof199j．1993and1992．respective－  
1y．Wecouldnotfindanyvisibledirtlayerbelowthe  
lowestdirtlayerassi鮮1edto1992．  

The No．11c（lreCOnSistsofauniformfirnunder－  
lilinby a massiveicebelow8105m・Ⅰ元nsity profile  
alsoshowsa clearjumpofthe＼▼aluesaround8．O5m  
（Fig．5）．Thephysicalpropertiesofthefirnarecom・  
pletelysameasthatinNo．16core，Whilethemassive  
iceiscomposedofbubbl〉▼White・LeOIoredice．There  
exists a dirt horizo11Of1995summer surface around  
theboundary．Theashhoriz（1nOfOctoberl．1994，at  
thiscore，isfoundatthedepthof8．12mwheretheash  
and a dirtlこl）▼eris mixed toget，her．At the deeper  
part，therearethreedirthorizonsatthedepthsof9．59，  
10．26and12．OSm．   
ItiscoTltrOVerSialwhether the massiveiee body  

foundin No．11－Ct）reisanieeflowedfromtheupper  
part or anice froze］lin situ．The altitude of the  
drillingsiteofNo．11isapproximately785mwhichis  
Very Close to the equilibriumiine at780min1982，  
Thespecific netbalaneein1981／1982was－28imm．  
aslightl）・negativevalue．therefore．usualELAofthe  
glacierisconsideredto belocated somewhatloⅥrer  
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Fig．4 StTatigTaPhiesofsha‖owcoresretrievedaLthesites  
nos．16（10t15ma．s．1．）andll（785nla．S、1．）．  

Fig．5 Verticalprofi‡esofwetdensitiesofcoresats…tesr）OS，i6andllofK（）rytO  
Glaciビ丁．   
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Ablationattheglaciersurfacewasmeasuredat  

18points witbdifferenもaltitudesfrom320mattbe  
ter111imlStOlt）15m；ltthehighestpointoftheaccuIlluL  
王ationarea（Tablel）．Inaddition，threetransections  
ofstakesweresetinordertomeasureava11eywa11  
reffectonsurfaceablation：thelower，themiddleand  
theupperlinesweresetacrossNo．5，No．11andNo．  
16，reSpeCtively．  
Fig．7showsadailymarchofcumulativechangc  

inglaciersurfacelevel（cminheight）fromJuly8to19・   

Tablel．Information ofthesnow－Stakesites on Koryto Gla・  
cier  

than780m．Inadditionto this，thereisa firnat a  
depthbetween8．57and8．71mofNo．11core．This  
may suggest tbat tbe massiveiceiayer beloⅥr tbe  
depthof8．O5mcouldbeanicelayビrformedinsitub）T  
SeaSOnこIlfreezingoffirll．1fitis rrue．the dirt hし一ri・  
zonsinthiscoremaycorrespondtothesummersur－  
facesof1995，1994，1993，1992and1991，reSpeCtively．  

Fig．6showsanaltitudinalgradientofbalances  
fromtheend ofsummerin1995toJuly1996inthe  
accumulationareaoftheglacier．Itwasderivedby  
five cores，data mentioned above．Atransientsnow  
linewaslocatedinthefieldastheboundarybetween  
thebareiceandthewintersnow．Thebalancegradi－  
entcarlbeexpressedasasimplelinearequation（solid  
line〉，ifwedonotconsidertbealtitudejustabovetbe  
snowline：  

Stake  Åltitude  Slope   Slope  Surぎace   
No．  （m）  directio11そ○〉  arlgle（8〉  condition   

32（〉   338   15   Dirとice   
2   370   338   19   Dirtice   
2b   370   338   19   Snow   
3   420   293   13   Dirtice   
4   480   315   10   Dirtsnow   
5   545   293   Snow   
6   585   0   2   Snow   
7   620   248   4   Snow   
8   670  0   Snow   
9   720   225   12   Snow   
10   765   270   6   Snow   
＝   785   225   7   SnoⅥr   
12   825   203   9   Snow   

270   9   SI10V   
315   9   SriOW   
33a   13   SnoⅥr  

0   Snow   13  870        14  930        15  955          1005        17  

ちニ0．62z】3．73  

whereblisthevalueofthebalance（cminwater）from  
theendofsummerin1995toJuly1996，Whilezisthe  
altitude（m）ofthepoints．Theequationcannotbe  
appliedtotheareajustabovethetransientsnowline，  
because the gradientin this regionis much steeper  
thanthatoftheupperpartoftheglaciers．Itmaybe  
explained by aintensive ablation arotlnd the snow  
line，and／orlessaccumulationintbeareawbere也e  
surfaceslopebeginstobesteeperdownward．  
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Fig・6 Massbalanこegradientintbeaccumulationareaof   
KorytoGlacierた・OmtbeendofsⅥmmerinユ995toJuly，  
1996．  
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Fig・7 DaHymarch ofcumuiative changein払e glacier   
s11rねcelevel（cmiれheight）at diだere王1t altitudes of  
KorytoGlacier．   
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Therewasnosnowfa11dtlringtheobservationperiod．  
Allthe sites showed a consistent decreasein the  
Surface王evei，ait‡10ugb軌e amountisdifferentfrom  
Oneplacetotheo仕1erS．Intheablationarea，tOtalof  
thesurfacelowerlngWaSapprOXimatelylOOcm，While  
intheaccumulationarea，itwasabout70cmduringll  
days．  

Tab王e2s壬10WStbeaverageablationrates（cmin  
Watere．q．perday）attheglaciersurfaceofthethree  
traTISt！etions．In each tra11Se（二tion．the ablati（1n rateS  
WereObtainedfromalgebraicmeansoftotalablation  
dl汀ingJljly9－17（lowerline），JlユIyll－17（middleline）  
andJuly9M19（upperline）．Thesiteswerearranged  
byascendingnumberfromtherighttotheleftbanks  
Oftheglacierateachtransection．Inthelowerline，  
One Can See the rates near the banks are slightly  
higher【hanthemiddleoftheヽ▼alle）rビXCeptforsiteNo．  
7．lncontrast，themeltingratesarealmostconstant  
a王0王1gthetransectioIlinthemiddieline．Intbeupper  
transection，the rightbank showed a slightlyhigher  
valuesthantheleftbank  

Table2．Ablationrates（cm／d）alongthreetransection＄Onthe  
Koryto Glacier．Site No．is arranged from rigbt toieft  
banksbyascendingnumber．   
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Fig．8 Altitudinalgradient of cumulative ablation（cm：  
July12－19）躍KorytoGlacier．   

totbedifferenceofsurfacecondition：ai娠do，rO喝h－  
ness andso on，   
In the accumulation area，itislikely that the  

amountofablationisindependentofaltitude．Ifone  
look the figure carefully，however，the ablation  
decreases withincreasing altitude，aS uStlalway，  
above800m．This suggests a possibility that the  
ablation at tbe altittlde betveen汰e transient snov  
line and 800 m could be reduced with some local 
reason，One possible explanation could be alocal  
Cloud condition：it was often observed during our  
Observationthatlowerandmiddlepartsoftheglacier  
WereCOVeredwithstratuscloud，Whiletheuppermost  
partwascloudfree．Thiscloudconditionprobably  
i‡lfluenced tbeincoming sbort wave radiation，and  
then ablation．Air temperatures observed at nos．5  
and16aisosbo－VedthattberevereseveraloccasiolユS  
Of air temperatureinversion between the two sites．  
Thisproblemisfurtherdiscussedin Kodama et a£  
（1997）fromvariousmeteoroiogicalobservations．  

Our observationislimited to13daysinJuly，  
therefore，itisnecessarytoestimateanannuaiabia－  
tionuslngSOmeaSSumptions．Estimationofablation  
by using air temperatureis o食en donein applied  
glaciology．Wewillintroduceanablationcoefficient  
fromtheobservedairtemperattlreandablationdata  
atNo．5（545m：July8to19）andNo．16（1005m：July  
9to17）．We may neglect evaporation from the  
glaciersurfaceduringthesummertimebecauselatent  
heatfluxduringourobservationperiodwasalways  
positive（coIldeilSation）（Kodamaggα£，1997）．Tbere－  
fore，WeaSSumethesurfacemeltingequalsthesurface   

Lowerline  Middleline  Upperli11e  
（Nく〉．5）   （No．11）   （No．16）   

SiteNo，  cm／d   cm／d   cm／d   
4，8   3．8   3．8   

2   3．5   3．3   4．1   
3   4．1   3．6   3．9   
4   3，4   3，5   3．8   
5   3．6   3．7   4．7   
6   3．2   3．1   3．5   
7   4．1   3．7   3．3   
8  3．6   3．6   
9   3．3   
10   3，9   

4．5  
1．2  4．4  
13  4－1  

Next．weLll・i11show an altitudinaldistribution of  
theablationfromJuly12to19（Fig．8）．Cumulative  
ablation vas obtained tlSing totalst汀ねcelowering  
（cm）fromJuly12to19，multiplied bythe snow／ice  
densities（gcm‾3）ateachpoint．Thetransientsnow  
linewaslocatedatthealtitudeof480monthegiacier．  
Thecumulativeablationbelowthetransientsnowline  
isespeciallyhigh，eXCeptforthecaseofNo．2B，Where  
thestakewassetonapatchoffirnjustbesideNo．2  
Whereglacier主cewasexposed，TIlisindicatestbat  
theintensiveablationbelowthefirnlineisduepartly  



34  BulletinofGlacier Research  

ablation．  
Tbe reiationsbip between accumuiated bourly  

meltingindex，a SumOfpositivehourlyairtempera－  
ture．＝7∵（1Ch）andaeeumulatedamount ofsn（）WT11ビ1t．  
Em（mm）is shownin Fig．9．The accumulated  
amount of snowmeltぷ桝is pr（〉pOrtioれalto g方，  
Whichisexpressedas；  

ぷ耶＝0．30三方 （SiteNo．5：545王nト………‥ （2）  

励＝0．23∑プ甘 （SiteNo．16：1005m卜……‥ （3）．   

Thecoefficientsarecalledthedegreehourfactor（mm  
OCMihpl ），andvaluesfrom O．2to8．3arereportedfor  
SeaSOnalsnowinJapan（Kojima et al．，1983）．The  
Valuesobtainedontheglacierwerealmostconsistent  
withthevaluesforthemeltingseasonin Hokkaido，  
Japan．Ifwecalculatethedegreedayfactorf（cm  
BC叫Idayqま），a rather popular coefficient than the  
degreehourfactor，the equations（2）and（3）wi11be  
COnVertedtく〉；  

ガ＝0．728。 （SiteNo．5：545m）…－…・＝…‥ （4）  

〟＝0．55軌 （SiteNo．16：1005m）…………… （5）．  

WhereMisanamountofdailysnowmelt（cmdayl，  
and＠。isadailymeanairtcmperature（QC）・Calcp・  
iateddegreedayねctors′ofO．72そNo．5）aIldO．55（No．   

16）aresimi1artothosereportedforthesnowmeltin  
pererlnialsnow patchesinJapan（Araiand Sekine，  
1973）．   

5・Discussion：maSSbalanceo†KorytoGlaci即  

Massbalance ofthe Koryto Glacier during the  
balanceyearof1995／1996isestimatedfromthedata  
COllectedin the field．Although the year has not  
finishedyet，theestimationhelpustounderstandthe  
massexchangeofKor再OG王aciertosomeextent．  
Net balance bn（m）of the Koryto Glacier can be  
expre∬edas；  

∂花＝上f椚（と＋d）か£（d十d）劇＋上f3（d＋鋤・・t軌  

Whereil，t。l，む，andあarethetimeattheendofthe  
Summerablationseasonin1995，thetimeofinterven－  
ingmaximum ofbalarlCe，thetimeofcoringin this  
Study，and the time at the end of summer ablation  
＄eaSOnin1996，reSpeCt主vely．Thetermcandαindi－  
Cate aCCumulation and ablation rates，reSpeCtively．  
KorytoGlacierisatemperateglaciersituatedatthe  
Verylowaltitude，therefore，itmaybepossibleforthe  
first approximation to assume that ablation occurs  
Only betweenim andi2，While accumulation does  
between tland tれ．Then，eq．（6）canbesimplifiedas  
，   

∂柁＝去 f椚摘＋£ノ速か£亡2戌虎……………… （7）・  

Forsimplicity，term tlisdefinedbythesummersur－  
facemarkedbyadirtlayerintbecores，While㍍is  
assignedtotheend ofApril，andi2istothe end of  
Octoberonthebasisofaveragemonthlyairtempera－  
ture＆observedatKronokyMeteorologicalObserva－  
tory（approx．Oma．s．1．）atthecoastofsouthernpart  
Of the Peninsula during reeent four years（Table3）．  
Here，air temperature at Koryto Glacier was esti－  
matedusingairtemperaturelapserateof－6¢CkmJl  
as usual．The value of仙60C kmJmay not be  
necessarily appropriate during the whole summer  
SeaSOn aS already exampled by the occasionaiair   

Tab】e3．Sumer王nOn也1y average air teIⅥperature（OC）at  
KronokyMeteorologicalObservatoryfrom1991to1994．  
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Fig．9 Relationshipbetween the accumulated amount of   
SnOWmelt（mm）and the accumulated hourly melting   
indices（OC壬1）．  

、 ＼  May  Jl昔L  Jul．  At払  Sep．  Oct．   
1991  3．2  6．3  9．7  11．5  7．9  4．7   
1992  2．6  8．1  9．9  10．1  6．8  2．4   
1993  2．9  6．6  10，6  11．7  8．9  3、7   
1994  2．7  7．4  11．0  12．5  9．1  5，1   
Mean  2．9  7．1  10，3  11．5  8，2  4．0  
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temperatureinversion ontheglacier．However，We  
used tbe va王ue for tbe first approximation．IfⅥre  
ealculateamonthlyairtemperattlreat止eterminusof  
the glacier t32O m）．positive air temperatures are  
encounteredfromMaytoO亡tOber，Whileatthehigh・  
estpointoftheglacier（1200m），theyarefromJulyto  
September．This means that ablation may occur  
fromMaytoOetoberattlleter111inusandfromJul〉，tO  
Septemberatthehighestpart．‡ncontrast，tbeaccu－  
mulatiotlt11ay OCCur from November to Aprilat the  
tet’nlinusandfromOctobertoJtlneatthehighestpart，  
deducingfromtheestimatedairtemperatures．The  
accumulationatthehighestpartis，however，nOtlarge  
OnMaトJt）neandOctoberbecauseoflessernumberof  
CyClones．Thus，WeaS＄umethataccumulationoccurs  
from Novembert（1Aprilonlythroughout theglacier，  
Whiieablationdoeswhen血eairtemperatureisposト  
tive．The time of coringわWaS fixed toJuly12  
arolユndwhichthecoring operations wereconducted  
On払eglacier．  
LetusassumethatthetotalablationLI，（mlofthe  

balance〉・ear1995／1996wi11be equivalent withinte－  
grationofdailyablationrateateachaltitude，Calcu・  
1atedwithdegreedayfactorsfmultipliedbyaverage  
daily air tetllperature8。at that altitude．during thp  
ablationperiodJ¶－（2：  

f2 ・ノ∴予・Jト：い‥∴り・阜‥…………・…‥‥…‥ いし  
亡椚   

／＝0．72ifg＜780m，  
′＝0．55ifz≧780m   

Thealtitude～Of78Omwasarbitraryseleぐted as an  
altitudedividingthe two values of observed degree  
－dayfactor・Sf．Itisawellknownfeaturethatthe  
ablationratedependsonsurfacealbedoofgiacieras  
alreadyshownbytheeaseofthealtittldinalchangein  
ablation for the short period（Fig．8）．The albedo  
effeetl＼TaS．however．notexplicitlyconsideredbyjust  
givingtwodifferentval11eSOffforthetworegions．  

Totalaccumulation ct（m）was estimated from  
thepositivebalanceobtainedfromfirncoredata（Fig．  
6：eq．（1））andablat主onbetweeng爪andむ（73days）as  
follows；  

む  
cfニ上紬とめ＝孟抑62g－3潮十（∑73′・瑚……軌  

J椚  

声域．72ifg＜780m，  

声翔．55ifz≧780m  

Fig．10shows the altitudinaldistribution ofthe  
e＄timatedmassbalancetermsc£，恥andあ乃（＝C≠＋αf）  
OfI（oryto Glaeierin the balance year of1995／1996．  
ELAcanbeexpectedtoexistatanaltitudeof59Om．  
Specifienetbalanceb【iscalculatedtobe＋3．O3mfor  
the year of1996／1995．Thisis an extremely high  
positive value as comparedwith previous observed  
＼′alues of＋0．5＄l11（1970．／1971）alld －0．28nl（1981／  
1982）．Ifthe average air temperaturefrom1991to  
1994isconsidered to beI10rmal．the extremely high  
positive balance can be ascribed to tlle Sufficient  
accumulationobservedin1995／1996．  
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Fig．18 Esとimatedma浴ba王anceofKorytoG王acierinもbe  
balanceyearof1995／1996．  

6．Concludingremarks  

Mass balance features of the Kor）・tO Glacier．a  
C）ean－typeVa‖eyglaeier．intheKronotskyPeninsu）a．  
Kamchatka，WereStudiedinthefieldfromJuly8to  
July20，1996．  

Theglacierisa temperate type．andsituated at  
thelowestaltitudeascomparedwithotherglaciersin  
Kal11t：ha＝くa．Altitudinaldependenceofthetemporal   
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balanccbetweenthesummersurfacein1995andJuly  
1996was reconstructedfromsha1lowcorings，andit  
Canbeexpre∬edasalinearequadonくeq．1）exceptねr  
tbe altitlユdeneart壬Ietl・anSientsnol町Iirle．  

SbortもermabiationⅥraS王essdependerlt On aユti－  
tude probably because oflocalweather conditions  
during the observed period．Valley walleffect on  
ablationwasfoundclearlyattheterminusandslightly  
attheuppermostpartoftheglacier，buttheeffectwas  
not significant．It was found that accumulated  
amount of snowmelt could be expressed as alinear  
functionofaccumulatedhourlymeltingindices．This  
relationship is further converted to the relation 
betweentotalsnowmelt（cm）andpositivedegreeday，  
andirltrOducedtwodegreedayfactors：0◆72ねrtbe  
altitudeof545mandO．55fortIleaititudeoflOO5m，  

Massbalanceoftbegiacierinthebalanceyearof  
1995／1996wasestimatedbyusingaverageairtemper－  
atureatthecoastofthepeninsulaandbytheobserved  
dataduringthefieldresearch．Thesummerbalance  
was considered to be equal to the summer ablation 
andcalculatedbythedegreedayfactorsmultipliedby  
the air・temperatureS．Thewinterbalance wascon－  
Sidered to be equalto thewinter accumulation and  
caiculated by the residual winter snow plus melted 
amo一三ntOfsnovbetⅥ℃entbeendofwinterand払eday  
Ofcoring．Tberest11tedspecif主cnetbaiancewas＋3．  
03mwithELAof590mirlaltitude．Theextremeiy  
highpositivebalance was ascribedto the、abnormal  
high amount ofwinter accumulationin theyear of  
1995／1996．   

Acknowl¢dgments  

Wewouldliketoexpressoursinceregratitudeto  
Mr．Sveltslav Bogotov and Mr．Igor Markov for  
theirlogisticalsupportsinthefield．Gratitudealso  
goestoDr．RenjiNaruse，tbeInstituteofIノOWTemper・  
att汀e ScierlCe（ILTS），Hokkaido University，for bis  
encouragement at every stages of the project．We  
are aisoindebted to the staffs of the work＄hopin  
ILTSfortheireffortsmakingormodifyingtheequip－  
ment usedin the field．We thank an anonymous  
reviewerwhose commentgreatlyhelped toimprove  
themanuscript．ThisstudywassupportedbyaGrant  
qin．Aid forInternationalScientific Rescarch（No．  
08041090：PrincipalInvestigator，D．Kobayashi）ofthe  
MinistryofEducation，Science，SportsandCu】tureof  
Japan．  


