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Åbstract  

MeteorologlCalobservationswerecarriedoutatablationandaccumulationstationsoftheKoryto  
glacier，Kamchatka，inordertounderstandthecharacteristicsofmeltingheatbalancecomponents．  
Theresultsoftheheatbalancecaictllationshowedthatthelargestheatsourcefortheglacierablation  
istbenetradiatio‡i，Wもicbis，aSanaVerage，about45％of一也etotalheatusedforthemeiting．Tbe  
SeCOndiargestisthesensibleheatfluxandthethirdisthelatentheatflux，Whichareabout30％and  
25％ofthesnowmeltheat，reSpeCtively．Whenthelargedailysnowmeltoccurs，thelargestheat  
SOurCeforthesnowmeltissometimesnotthenetradiationbuttheturbulentheatfluxes．  

HydrologlCalobservations were carried out at two runoff streams from Koryto glacier．In  
StreamÅ，Whicbbadmore払an5timesiargerdiscbargethan縫atofStreamB，Waterievel，Water  
temperatureandspecificelectriccondtlCtivitywererecorded．ThedischargeofStreamAincreased  
gradual1yfrom5．5m3／sto7，5m3／s．Thedailymaximumdischargeoccurredabout3hourslaterthan  
thesolarnoonandthetimelagwasincreasedwhenthedischargebecamelarger．Therelationship  
betweenthespecificelectricconductivityandthedischargerateshowedthatthedilutionofin－glacier  
COnStituentand／orstreambedmaterialwasprogressing．Thosehydrologicalresultsindicatethatthe  
abia貞onisinitst〉喝inningstage．  

1．lntroduction  

lthaslongbeenwaitedforJapanesescientiststo  
do researt：hし一Ilglacie7－S hlKamchこItka．ThビKこull－  
Chatka peninsu王aisIocatedjustnorth of Hokkaido．  
In Hokkaido，there areno glaciersexistednow，but  
perennialsnow patches exist and manyJapanese  
glaciologisthavestudiedonthem．Itiscommonfor  
Japaneses‡10WpatCムresearcberstodreamabotlttbat  
perennialsnowpatcbesin‡iokkaidocotl】dbavebeen  
aglacierinthelastglacierage，Oritwouldbecomea  
glacierin the coming glacier age．They think the  
pastand／orfutureglaciersinHokkaidowouldbelike  
theglaciersinKamchatk乱 However，theKamchat－  
kawasciosedtoわrelgnerSforalongtime，andjl王St  
recenとまyopened．Inthesummerof1996，agrOtlpOf  

theInstituteofLowTemperatureScience，Japanand  
an Uzbekistan glacioIogist with a great help from 
InstituteofVoIcanology，COt量Idcarryouta meteoro－  
logical，hydroio裏Caiandglaciologicalresearcbinthe  
SummerOf1996fundedbyInternationalSciencePro・  
gramoftheMini＄tryOfEducation，Science，Sportand  
Culture．  

Ourmaingoalfortheresearchistounderstand  
theresponseoftheglac主erstoenvironmentalchange，  
Su洩asglobalwaming．TheKamchatkapeninslまIa  
isapartofthecircumOkhotskreglOn，andthisarea  
isveryinterestingbecause the Okhotsk Sea areais  
SurrOunded by Siberian highand Aleutianlow presq  
SureSyStemS，anditistheoceanwheresouthernmost  
Seaice can be formed．Tbe ciimatein Kamcbatka  
must beimmensely affected by the activity of   
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2．Sitedescript拍肌  

Theobservationsiteisdescribedinthechapter2  
0fl■Regionalsettings”ofShiraiwa（，1‘Z／．（1997）．   

3．Observation  

Inordertounderstandthebasicprocessesforthe  
mass balance of the Koryto Glacier，hydrometeor－  
0logicalobservationwerecarriedoutfromJuly9to  
July19，1996．Especially，thesnowmeltprocessesand  
theirdischargetoriverwerepaidattention．Forthis  
purpose，threestationsaresetup．OneisameteoroY  
logicalstationataccumulationarea，父COndoneisthe  
SameOneatabまationareaaTldtbirdonebydrological  
StationattberivernearthetermintlSOf払eglacier．  
ThemeasuredelementsaresummarizedinTablel．  

Themeteorologicalcomponentsmeasuredatthe  
ablationarea（545ma．s．l．，Fig．1）are：netradiation  
（heightfromtheground：1m），globalradiation（1m），  
airtemperature（1．5m），humidity（1．5m），Windspeed  
（3．5m），winddirection（1．5m），SnOWSurfacetempera，  
ture（0．3m）andprecipitation（0．5m）（Tablel）．Due  
toalogglngerrOr，netradiationandwindspeedwere  

AleutianlowsandSiberianhighs，aSWellasthesea  
iceextentinOkbotsk Sea，  
Glaciers’massbalanceisalsoinfluencedt〉ytbe  

Climatie conditions and the filtered cIimatic signals  
eould be keptin the glacier．For example，＼Vinter  
precipitationandsummermeitingtogetberwouldbe  
foundin the mass balance amount，Which can be  
Observedinthestratigraphy，andatmosphericconstit・  
uentsinthechemicalconstituentsofsnow／ice．How－  
ever，in order tointerpret these signalsinto past  
Climaticconditions，WemuStknowhowtheyaretak－  
1nglnOrhowtheyarechangedafter．Therefore，itis  
VerylmpOrtant tO know the basic processes of the  
accumulationandablationoftbeglacier responding  
to the envirormlentaleonditions．   
In 沈e slユmmer Of1996，We Obtained some  

hydroユogicaland meteorologicalぬtain order to  
discuss、onheatexchangebetweentheatmosphereand  
theKorytoglacier，Kronotskypeninsula anditsdis－  
Chargetoastreamattheterminusoftheglacier．In  
thispaper，theobservedhydrometeorolgicaldataare  
Shownandtheglacie卜meltheatbalanceanditsdis・  
Chargearediscussed．  

Tablel．ObservedmeteorologlCaland壬Iydrologicaleiementsandperiod．  

Meteoroio由ca10bservations   
Ablationstatio†1  

Net Radiatiori  
GIobalRadiatioTI  
AirTemperature  
Humidity  
WindSpeed  
WindDirection  
SnowSurfaceTemperature  
AtmosphericPressure  
Precipitation   

Accul11utation station  
N亡・t Radiatil）11  
GlobalRadiaとion  
Air TeTllPer；tture  
H11midity  
WindSpeed  
Wind Directiorl  
SnowSurfaceTemperature  
AtmosphericPressure  
Precipitation   

Hydrologicalob＄erVations  
Water Level  
WaterTemperature  
Electric Conductivity 

Period  
96／7／13¶96／7／19  
96／7／9 －96／7／19  
96／7／9 …96／7／19  
96／7／9 …96／7／19  
96／7／13－96／7／19  
96／7／9 w96／7／19  
96／7／9 …96／7／19  
96／7／9 岬96／7／19  
96／7／9 ”96／7／19   

96プ7月4w96／7／17  
96プ7／9 州96／7／17  
96／7／9 岬96／7／17  
96／7／9 －96／7／17  
96／7／13…96／7／17  
96／7／9 …96／7／17  
96／7／9 －96／7／17  
96／7／9 －96／7／17  
96／7／9 ¶96／7／17   

96／7／8 一…96／7／19  
96／7／8 w96／7／19  
96／7／8 …96／7／19   



3タ  lくt）dこItlla．（・／（一／．  

Lo（：ationsofobservationpointsareplotted  

4」．J．4わ・んリノゆ川7血／一＝川（／一周一りr♪れぶJ′／て1  
AirtemperatureshowedaboveOOCinthewhole   

observationperiod．Thedailyrangeoftheairtem－   
perat11reWaSfrom30CtolO¢C．Astberesuitoftbis   
andthepositivenetradiation，thesnowsurfacetem・   
peraturewasO¢Callthetime（notshown．Thenegar   
tive net radiation some times did not cooi the snow 
surface enough to reach below OQC．）．The diurnal   
variationofairtemperaturewasnotclearfortheboth   
station．Itmightbeduetothemeltingsnowsurface，   
wbicbtemperatureisalwayskepttoO¢Carldactsasa   
heat sink consuminglatent heat for melting．The   
melting beat balance of the snoⅥr SurfaceⅥ7i11be   
discussedlater．  

The differencein air temperature for the two   
stationsisinteresting．Thedifferenceisnotconsis－   
tenteventhoughtheelevationdifferenceis460m．1f   
tbeairparcelattbeacc11m111ationstationcomesdown   
adiabaticallytotheablationstation，theairtempera・   
tureattheacc11mulationstationⅥ701ユIdbe2．8to4、60C  
lowerthanthatattheablationstation，aSSumingthe   
adiabaticlapserateofO．6tol．OCC／10Om．Itisnot   
clearthattheairparcelattheablationstationcomes   
fromtheaccumulationstation，0nlybythewinddirecL   
tionofthetwostations，eVentbo喝bthewindatthe   
ablationstationismainlyfrom the upstream ofthe   
glaeier．Frorntheeveni11gOfJul〉▼1ごtothビm）0Ⅰ一Of  
July14andpartlyonJuly15andJuly16，airtempera－   

Fig．1CorltOurmapOfKorytoG】acier，  
もysymboIs．  

notrecordeduntilJuly13，Whereastheotherelement＄  
weremeaslユredfromJuly9toJuly19．  

Themeasurementsattheaccumulationarea（1005  
ma．s．1．，Fig．1）weret壬IeSameaStbeoneatal）1a如n  
area．Sincethesettingweremovedtoaridgeofthe  
glacierwater血edfortheyearroundoperatio－l，tbe  
dataweretakenuntilJuly17．  

Hydrological observations were carried out aL 
two streamsofKorytoGlacier．StreamA（Fig．1），  
which had greater discharge than Stream B，flows  
frornthecenteroftheterminus，and Stream fミnows  
ontherightsideofthevalley．Thehydrologicaldata  
weremai‡11ycollectedattbeStreamA（250ma息l．）  
about 100 m downstream from the terminus of the 
glacier．When we started the measurements，the  
mostoftheriverwerecoveredbyseasonalsnow，and  
wecouldnotchoosethebestplacefortheflowrate  
measl汀ementbuttbesnow一たee area．  

4．Results  

イ．J（袖∫（Ⅵ・HJ川ぐん，州－／（画（、〟／（イ〃肝IJね  
Theobtainedmeteorologicaleiementsareshown  

inFig．2．Thesolidlineshowstheelementsobtained  
at the abiation station and the brokenline ai：the  
accumulation station except precipitation，Whichis  
indicatedin the figure．  
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Fig．2 Mete（）rOlogicaicomponents（〉bservedat也eablationstationくsoiidline）and  
accⅥmulat室onstat室onくdoモモedlirle），   



Kodama，ggαg．  イJ  

tureof也eaccumtユiationstationisbig王1erthan洩atof  
the ablation stati〔1n．ThisぐOuld be thought that air  
temperature at払e accumulation station vasraised  
undertheFoehntypephenomena，inwhichairraised  
On the out side slope of the glacier ridge，formlng  
precipitating cloud，become dryer and came down  
adiabaticaily on the inner side af the glacier ridge 
ralS壇g血etemperatur巳  

Vapor pressure at the two stations is always 
highertlla】1thatofsこIturationvaporpressureoficeat  
OOC．Thismeansthatvaporintheairwassublimat－  
ing（condensation）totheglaciersurfacealithetime，  
衰ving tbeiatent量Ieat Of sublimation for melting．  
T壬IerangeOftbevaporpressurevaria扇onisfrom6．5  
hPato9hPa．Simi1artotheairtemperaturevaria・  
tion，the diurnalvariation of vapor pressureis not  
clearfortbel）Othstatiくきnand汰ediffelヰenceoftbetvo  
Stationin vapor pressure suggests tbat the vapor  
pressureofairparcelattheaccumulationstationwas  
notconservedwhenitreachedtotheablationstation  
ort！1e airmassesatthetⅥrO Stationis notthesa汀Ie．  

・ノトJ．ご（；／りわ〝／（〃行J〉八，′ れ7（品J／上り′J  
Globalradiationattbeacclユmulationstationwas  

Iargerth；ulthat a【the；lbl；ltionstatit）Ilal111いSt a11the  
Observationperiod、Whenitisclolldyattheabiation  
Station（smallerglobalradiation），theglobalradiation  
attbeaccumulationstationⅥ7aSmuChla‡嘗erthan軌at  
Ofat〉lationstation．Thisisexpiainedtbat，Whenitis  
Cloudy，theablationstationisunderthecloudandthe  
accumulation stationisin the cloud．The global  
radiationreachingtotheaccumulationstationisless  
disturbedbytheclouddlletOthethinnerlayeroftbe  
cloud．  
Thビdaily sum of tlle globa］radiation11f（he  

accumuiationstationisalmostlargerthanthaもOftbe  
ablationstation，Wbereastbatofnetradiationisnot．  
Thisismainlyduetothedifferenceinalbedoofthe  
Surface and atmospheric radiation．The albedo at  
tbe accumuiation§tationis O．66and at the ablati（）n  
Station O．62．The smailer globairadiation at the  
abaltionstationindicatestheiargercloudiness，Which  
revealsthelargeratmosphericradiation．   

・ノ．∴了Il’んJ（Jやt1（・（／（川dJ〟什I（、JんけJ  
The prevailing wind direction at the ablation 

Sもationis sou払easterly，融icbis tbe same as tbe  
giacier幻ow direction there and王ⅥOre CO王IStant tban  
that atthe accumulationstation．  

Thewindspeedattheablationstationwasmuch   

1argerthantbatat也eaccumtlla如nstation．Tbisis  
because the abiatiorlStationis王ocatedin the dovn＿  
StreamOftheglacier，therefore，katabatiewind，Which  
isacooledairdrainage，WaSmOredeveloped atthe  
ablationstation，andthattheridgeNtO－ridgedistance  
iateraまiyto漁eglacier釣owd呈rectiollissmallerattbe  
at止ationstatiorltbanthatattbeaccumulationstation，  
therefore，the air flowis received so called“funnel  
effect．”（ParishandBromwich，1986），   

イ．上．イ．1／川り車／J‘、／イ（、♪J■（－∫∫J〃＝川（J♪JH、小／血抽〃  
The atmospheric pressure at the two stations  

＄boⅥ㌢edsametrend，‡tincreasedbytbelaとenigbtof  
July18，decreasedtiiまぬen主ghtoぎJuly12，and払en  
increasedgraduallybytheendoftheobservation．  

The atmospheric pressure difference of the two 
StiltiいnS≠・aさ5l．5hPa．Fromthehydrostaticequation  
andtheidealgaslav，aSSumingnoborizonta王pressure  
gradientbetweentheaccumuねtionstationandapoint  
attheheight ofthe accumulation station abovethe  
ablationstation，tbeaveragetemperatureoftbelayer  
between the two station can be expressed as（see  
Appendix）：  

7も柁古＝くg／ガ）－（∈gl－ち）パn（罠／為））．  （1）   

Where7妄，eSis the average temperat11reOfthe王ayer  
betweenthetwostation，gthegravitationalaccelera－  
tion，ガ払edrygasconstant，Z也eelevationandダthe  
atmospheric pressure．Su描Ⅹ1and2denotes払e  
lowerandupperstation，reSpeCtively．The average  
Tp，eSintheobservationperiodwascalcu王ated as9．6  
OC，Sincethe average temperaturefor the two sta－  
tioni＄5．6¢C，tbed洋短rerlCeOf4－09Ccou呈dbed11etO  
thecoolingbytheglaciersurfaceand／orthehorizon－  
talpressuredifference（itwasassumedtobeO）．  

T‡lereⅥraSarainね11eventintbemorningoりuiy  
lOand16fortbebothstations．Itwas16．5mmattbe  
ablationstationand5．5attheaccumulationstationon  
JulylO，andO．5mmforthebothstationonJuly16．  
TheO．5mmofrainfailin払eaたernoonoりuiy12was  
Onlyrecordedattheablationstation．   

・J．ご（袖∫川・l・（7ん＿l・（／J・りんミぐ■／（、（J／（イ√〃J√〃か  
The measured hydroiogicaidata are s重10Wnin  

Fig．3，They are measured atlOO m downstream  
from the terminus of the glacier on the Stream A．  
The恥w amot】nt Of Stream BⅥraSmanuaiiy rnea－  
Suredanditwaslesstban20％oftIlatinStrearnÅ．  
The source of water in Stream B was mainly the 
meltwater of the seasonalsnow accumulated on the   
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temperaturemightbeduetotheincreaseofuncovered  
areabysnowoverthestream．Ablock ofice and  
snow was sometimes floatingin the stream，Which  
mightmakethewatertemperaturefluctuate．   

4．2．3砂gc析cgJgcわイcco乃血cガが砂（5Eq  
TheSECofStreamAwasgraduallydecreasing  

intheobservation，althoughsometimesasmallfluctuT  
ation was observed．The relationship of SEC with  
thedischargerateisdiscussedinthenextchapter・   

5．Discussion  

5．了月βαJ∂α血乃Cg  
Heatbalanceoftheglaciersurfaceisexpressed  

asfollows：  

〟＝点＋S＋エ  （2）   

where Misthe heat used for snowmelt，R the net  
radiation，S the sensible heat flux and L thelatent  
heatflux．Sincethesurfacetemperaturewasallthe  
timeOOCandthetemperatureprofilenearsurfacein  
the snow／firn was also O OC（Shiraiwa et al．1997），  
conductiveheatfluxinsnow／icewasassumedtobe  
negligible．Theheatusedforsnowmeltwasobtained  
from the surface lowering measured using snow 
stakesandsurfacesnowdensity．Thenetradiation  
wasmeasuredasshownintheFig．2．Thesensible  
andlatentheatfluxesarecalculatedusingsocalled  
“bulkmethod．”usingfollowingequations：  

5＝A・Ⅴ・（7こ一右），  （3）  

エ＝β・Ⅴ・（e。一句）．  （4）   

where Visthewindspeed（m／s），77ztheairtempera－  
ture（OC），77，the surface temperature，e。the vapor  
pressureofair（hPa），and句（hPa）thesaturatedvapor  
pressure of the surface，Which temperatureis O OC．  
ThecoefficientA andB wastunedto bestfitto the  
followingequationbytrialanderror，  

A・Ⅴ・（㌔一茶）＋β・Ⅴ・（銭「一句）＝〟一風  （5）  

Atthe accumulation station，the bulk coefficient A  
was7．OJ／（m3・OC）and B was19．3J／（m3・hPa）．For  
theablationstationA andB are3．O and7．5，reSpeC－  
tively．Fromthesevalues，the bulk transfer coeffi－  
cientattheaccumulationstationareobtainedas5．5×  
10‾3 and8．8×10‾8 for the sensible andlatent heat  
fluxes，reSpeCtively．Fortheablationstationtheyare  
2．3×10‾3and3．8×10L3．Abulktransfercoefficientis   
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Fig．3 HydrologicaltermsobservedattheStreamA，   

steepsideslopeoftheglacier．Therefore，StreamB  
wasdisregardedinthisstudy．   

4．2．Jβ由c血7窄狩  
Waterlevelof the Stream A was recorded to a  

datalogger everylO minutes．The cross－SeCtional  
area andflow rate was measuredmanually7times．  
TheQrLcurvewasobtainedrelatingthewaterlevel  
and discharge rate．Then the discharge rate was  
calculatedusingtherelationshipfromthewaterlevel  
andthe2hourrunningmeanwastaken（topfigurein  
Fig．3）．  

The discharge ofStream Aincreasedgradually  
from5．5m3／sto7．5m3／S．Thedailymaximumdis・  
charge occurredaround1400to1800inKamchatka  
Standard Time（KST），but diurnalcycleis faintly  
Seen．  

Thelineconnectingthedailyminimumdischarge  
rate（base flow，nOt Shown）increased tillJuly14，  
decreased afterward tillJuly16，and increased  
towardstheendofobservationperiod．Diurnalvari－  
ationofthedischargeratewasobviousexceptonJuly  
lO，Whentherainfallwasrecorded．Thedailysumof  
dischargeamountlargerthanthebaseflow（theline  
connectingthe daily minimum discharge rate）well  
correspondstothedailyglobalradiation，Whichisthe  
mainheat sourceforsnowmelt．  

4．2．21侮おγお〝ゆe和才〟柁  
Thestreamtemperatureisshowninthe second  

figureinFig．3．Sincetheresolutionofthethermom－  
eteris O．10C，the temperature changeslike stairs．  
ThestreamtemperaturewasaboutO．20Calmostall  
thetimeuntilJuly17，andthenaboutO．10Cincreased  
towards the end of observation．Thisincrease of  
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respectiveiy・Whentheiargedaiiysnowmeitoccurs，  
thelargest heatsource for snowmeltis notthe net  
radiationbutthesensibleheatflllX（L＼g．forthecaseof  
July18attheablationstation），Thelargerthedaily  
SnOWlneltintensitywas．thelargertheturbulent（sen・  
Sibleandlatent）heatfluxeswere．  

Theratio ofthecomponentsforsnowmeltheat  
balanceofKorytoglacierwascomparedwiththose  
forseasonalsnowinSpitsbergen，MoshiriExperimen－  
talForest、Hokkaido．Japan and Hisago snowpatch，  
Hokkaido，Japan（Fig．5）．The net radiationis the  
largest heat souree for the snowmelt for allthose  

ql  

dependingontberoughnessandtu沌ulentin始nsityas  
wellastheheightsofthetemperature，humidityand  
windspeedmeasured．Thedifferentvaluesobtained  
here was due to the combination of these variables 
and払eacctlraCyOfsnowmeltiTltenSitymeasurement．  

The results of the heat balance calculation is 
Summarized Fig．4and Table2．Thelargest heat  
sourcefortbeglacierablationwastbenetradiation，  
whichis，aSanaVerage，about45％ofthetotalheat  
usedformelting．Thesecondlargestisthesensib）e  
heatfluxandthethirdisthelatentheatflux，Which  
are about3O ㌔ alld25 9ム of the snowmelt heat．  
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7／1ヰ  7／†5  7／16  7パ7  7／柑  了パ5  7／16  
Abl8tion∧「餌  AccuMUl8tion∧re8  

Date（KaI帖h8tka Standard Tim¢）   

Fig．i RtチSults（一fheatbalanceealculations．  Fig．5 Trianglediagramuftheratiosforthビnetradiation．  
Sensibleheatfluxandlatentheatfluxtothetotalheat  
usedforsr10Wmelthg払rKorytog】acier，紀aSOnalstlOW   
irlSpitsbergen，MosbiTiExpαimentaiForest，Hok－  
kaido，JapanandHisagosnowpatch，Hokkaido，Japan．  

Table2 HeatbalancecomponentanditsratioofKorytoGlacier  

Heatbalancecomponents  
Date Net Rad．  

AblationStation  （MJ／m2・d）  
Jl11．14  4．18  

Sens．Heat Flux Latent Heat Flux  
（MJ／m2・d）（MJ／m2・d）  

2．36  2．07  
Jul．15  
Jul．16  
J11l．17  
Jul．18  

Accumulation Station  
Jul．15  
Jul．16  

6．16  2．60  1．54  
8．18  3．81  2．12  
9．61  5．64  3．99  
7．73  1仇11  6．83   

4．89  3．57  2．93  
6．02  4．17  2．91  
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discharge rate occlユrr・ed．The maximum of mean  
dischargerateoccurredat1600KST．Sincethesolar  
noonattbisplaceisabo11t1300ⅩST and tbepeak  
l】1e鮎1g eOuld occur at the sol；lr nOOn．thelこIg time  
打ompeakmeitir喝ratetO也epeakdiscbargeratecan  
beestimatedtobeabout3hours．Thecurveforthe  
meanvaluemintlSthestandarddeviationshowedthe  
almostsamepeaktimeofdaybutthecurveforthe  
mean value plus the standard deviation showed 2 
hours of delayin peak time from the mean curve．  
This means that thelarger discharge rateindicate＄  
thelargercontributionofthefurtherarea（accumula－  
tion area），Which takes more time to reach to the  
terminus（）ftheglacier．Thisisconsistentwith the  
expla‡1ationobtainedfortheslowlyvaryi一喝discbarge  
COmpOnentOf払ediscbargementionedabove．  

Fig．7s壬10W・S tbat tbe reiationship betveen tIle  
discharge rate and the specific electric conductivity  
（SEC）．Asanaverage，theSECisdecreasingwiththe  
increaseofthedischargerate．Thiscanbegenera11y  
explained as“diluting effect”of meltwater andit  
occurs at the beginning of the ablation period  
（Kodama et al．1995）．There are 3stagesin the  
relationshipin the figure：firstis the first diluting  
perioduntiりuly14（seealso Fig．3）；SeCOndis the  
periodSECwasunchangedoralittleincreasingwith  
t王Ie discbarge rate decreasing；thirdis払e second  
diluting period．This bysteresis nature of tbe rela－  
tionsbipisveryinterestingbutwedonotilaVeaCiear  
explanation．  

places．FortheKorytoglaciertheratio ofthenet  
radiationis払esmall岱tamOngthoseplaces．Thisis  
duetothelargerwindspeed，Vhicbmakestbelarger  
turbulent fluxes．Unfortutlately，the datain K（lTytO  
glacieris very sbort comparing to tbe o払er sites  
mentionedabove．Therefore，itisnotappropriateto  
Saythataboveresultsaretrueforthewholemelting  
period．However，aS reVealed from the discharge  
-electric conductivity relationship in the following 
paragraph，Whatmentionedabovewouldbe true at  
leastfortheearlystageofthemeltingseason．   

ゑ2月捉乃（好  
Fig．6shows the mean diurna】＼－ariation of the  

discbarge rateく）fthe StreamÅ（soiidline）for払e  
＼＼▼holeobser＼・ationperiいd．Thedottビ（＝inELShowsthe  
meanvalueplusthestandarddeviationandthebro－  
kendottedlineshowsthemeanvalueminusthestarト  
darddeviation．Sincethedischargerateatthehour  
24islargerthanthatatthehourOO，thedischargeis  
increasinginthisperiod．Thismeansthattheabla・  
tionisinitsbeginningstage and as Fountain（1996）  
says，theslowlyvaryingcomponentofthedischarge  
can be explained bythevolume of daily meltwater  
inputintotheacc11mulationarea，Thediurnalrange  
of払emeandiscbargerateisaboutO．3m3／s，Wbicbis  
sInaller than the meLan＼▼alue（〕fsta11dard deヽ，iationいf  
abolユt O．35‡n3／s．T壬Iisindicates tbat tbe daily dis－  
ehargepatternisnotsoconsistent．  

ArrowsinFig．6indicatesthetimeofmaximum  
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Fig．6 Meandiurnaldischargerate（solidline）andcurves  
for the standard deviation added（dottedline）and  
＄ubtracted（brokenLdottedline）．Thearrowsindicate  
tbe time oftbe maximumvallユeOCCurred．  

Fig．7 Relationship of Specific electric conductivity to   
Discharge rate．The arrowsindicate the tirne  
SequenCe・   
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6・Summary  

Meteorologicalobservationswerecarriedot王tat  
ablation and accumulation stations of the Koryto  
glacier，Kamchatka，inordertounderstandthechar－  
acteristicsofmeltingheatbalancecomponents．The  
resultsoftheheatbalancecalculationshowedthatthe  
iargestheatsotlrCefortheglacierablationisthenet  
radiation，Whichis，aSanaVerage，about45％ofthe  
totalheattlSedforthemelting，Thesecondlargestis  
the sensibleheat flux and the thirdis thelatent heat  
fiux，Ⅶhichareabout30％and25％oftbesnoⅥ7nelt  
heat，reSpeCtively．When thelarge daily snowmelt  
OCCurS，thelargest heat source for the snowmeltis  
sometimesnotthenetradiationbuttheturbulentheat  
fluxes．  

Hydrologicalobservations were carried oljt at  
tworunoffstream＄fromKorytoglacier．InStream  
A，Vbicbbadmoretban5timeslargerdiscbargethan  
thatofStreamB，Waterlevel，Watertemperatureand  
SpeCific electric conductivity ■Were reCOrded．The  
discharge ofStreamAincreasedgraduallyfrom5．5  
m3／S tO 7．5 m3／S．The daily maximum discharge  
occurredabol止3bourslater t壬Iantbesolarnoonand  
thetimelagwasincreasedwhenthedischargebecame  
larger．Therelationshipbetweenthespecificelectric  
COnductivity andthedischarge rateshowedthatthe  
di王ution of engiacialconstittlent and／Or Stream bed  
materialwas progressing．Those hydrological  
resultsindicatesthattheablationisinitsbeginning  
Stage∴   
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Appendix  

If alayeris王n the hydrostatic equilibril】m，the pressure  
di鵬rence，dP，betweentbetopandt〉OttOmOftheまayerand払e  
thickness，dz，Ofthelayercanbeexpressed：  

dP＝Ⅶpg（お．  （A－1〉   

Wherepistheairdensityandgthegravitationalacceleration．  
Tileideaigaslawca王Ibeexpressed：  

P＝夕月γ  （A－2）  

Whereタis琉eatomospbαまcpressリre，養魚eidealgasconsとant  
and T the air temperature．When（A－2）putsinto（A－1），it  
becomes：  

dP＝－（P／ガr）g滋．  （A－3）   

Assuming the temperature of thelayerisisothermal（T；，eS），  
integrat主onof（A－3）becomes：  

1n（為／君）＝－（g／皮コ㌦那）（毎“ぞ－）．  （A¶4）   

Putting the Tp，。S tO theleft handsideoftheequation，（A柵4）  
becomes：  

7；柁£＝（g／忍）（くzユー㌧ち）／王nく為／書目  （A－5）   

Theequation（A仙5）meansthat，iftheatmosphericpressuresat  
tbetwobeig壬ItSareknoⅥm，tbeaverageairtemperaturecanもe  
Calculated．Ifthedrygasconstantisused，Tp，eSisanapparent  
temperature．   


