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Abstract  

Therelationshipsamongablation，airtemperature，andradiationarestudiedusingaglaciermass  
－balancemodeloilGまacierAXOlO重n也eNepaleseHimaiayasduring也e1978summerseason（June  
toAugust）．Positivedegree－dayfactorsforsnowandiceablationsarecalculatedandtheirvariations  
Withrespecttotimeandspaceareanaiysed．Calculatedaveragepositivedegreewdayfactorsforsnow  
andiceablationorlGlacierAXOlOare7．9and8．7mmdMIOC‾‾1，reSpeCtivelyduringaperiodfromJune  
toAuglユSt1978．Calculatedmontblydegree〟dayfactorsforJulyandAugustaresmalierthantbose払r  
JunebecauseofsummermonsoonactivitywithiargecloudamountinJulyandÅugustwhichreduees  
incomingshortwaveradiation，themainheat＄OurCeOfablation．Thelargedegree－dayfactorsinJune  
aremairllyduetoablationbylargenetshortwaveradiation．Thepresentstudyindicatesthatthe  
degree－dayねctorねrsT10Wablationathigberaltitudeisia‡嘗ert壬1anat也eioweraititude，Whic壬Iis  
mainlyduetoablationbynetshortwaveradiationattheiowtemperature．  

Sumiscalled漁epositivedegree－daystlm（月抄）．Tbe  
ねctorlinkiI唱ablationぬthistemperaturesumisthe  
positive degreeMday factor．The degreeqday faetor  
invoIves a simplification of complex processes that  
areproperlydescribedbytbeenergybalance oft壬Ie  
glaciersurfaceandoverlaylngatmOSphericboundary  
layer．Ingeneraユ，也edegree－dayねctorcannotapply  
to（iailyabiationrates．However，itcang重VeaCCepモー  
ableresultsvbenappiiedoverlongerperiodsoftime．  
Thisis because the factors determining the melt  
processarecorTelatedwithtemperature．Thedegree  
－dayconceptvasappliedinglaci（）iogy fortbe first  
timebyFiTISterWalderandSdlunk（1887）intbeAips  
andhasbeenusedsincebymanyauthors．Braithwaite  
andOlesen（1985，1989）andBraithwaite（1995）usedthe  
degree－day concept under Greenland conditions，  
modified the concept by Reeh（1991）to calculate  
meltingoverthewholeGreenlandicesheet，andused  
inice－dyllamicsl110delli噸byHuybrtThtstlLZ［．（1991）  
and LtLtreguill）Tl，／‘7［．（1錮l）．Simil；1rl〉・．Lauman11atld  
Reeh（1993）usedthedegree鵬daymodeldeveiopedfor  
parameterizingmeltratesontheGrcenlandicesheet   

1．tntrodu亡tion  

Theimporta11tenergySOurCeSforglacierab裏紙ion  
are radiation，SenSible heat，andlatent heat．Their  
relativeimpo膏an（：edependsonclimatic，tOpOgrapbic  
and surface condition oflocation，time of year，and  
timeofday．Manystudieshaveshownthatradiation  
erlergyis tbe dominant erlergy SOtlrCe for ablation，  
The11et radiation L：OnStituteLS mし）re rhan half of the  
totalenergy supplyin240ut Of the32studiesin  
differentareaslistedbyPaterson（1969）althoughhis  
figuresaresomewbatin幻uencedbyerrorsaIlddまffer・  
encesindef主nition．Tbenetradiationcontribl王teSmOre  
than80％ofthetotalenergysuppiyforablationinthe  
Nepalese Himalayas（Ohata and Higuchi，1980；  
Kayastbag≠戊£，199乳  

Airtemperatureis animportant meteorological  
elementforexplainingvariationsinablationandmass  
balanceofaglacier，王nparticular，tbeIneitingofsnow  
Oricedllringanyparticuiarperiodisassumedtobe  
proportionaltotbesumofdailymeantemperatures  
above the melting point during that period and the  
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andonglaciersinsoutbernNorway，andJohannesson  
βgα£（1995）appiied a degree¶day glacier massⅥ“baト  
ancemodelto汰reegiaciersinIce王and，Norwayand  
Gree王11and，  

Severalmodeisandempiricalreiationshavebeen  
proposedtocalculateglacierablationin払eNepalese  
Himalayas，forexa汀1pie，empiricalreまationstocalcu－  
1ate glacier abiation by Ageta and Higuchi（1984），  
degree仰hourfactorsforablation on Yala Glacierby  
Motoyama and Yamada（1989），Simplifiedmodelfor  
estimating glacier ablation under a debris layer by 
NakawoandTakabasbi（1982），andRanagfαg．（199ア），  
arld erlergy balance modelli‡1g for glacier massbal－  
ance on Gi孜CierÅⅩ010by Kayastha密書戊£（1999）．  
AccordingもO Kayastba g≠α£（1999），血e albedo of  
SnOW Orice and radiation processes，SuCh as the  
e鮫cts ofscreeningbysurrollndiI鳩mOtlntainvalls，  
areaまvariatiorlSin払e multiple refiectまon betweerl  
Ciolユdsandtbegiaciersurねce，a王1d琉insnowcovers  
Whichalterthesurfacealbedo，haveastronginfluence  
onthe ablation．  
AlthoughthenetradiationenergylSgenerallythe  

major source of ablation energy，there are useful  
CO汀elatio‡lS between ablation and air temperature，  
Which are very convenient tく）apply on glaciersin  
remoteareasⅥrheredetaiiedot〉Se㌻Vationsarescarce．  
Therefore，themainpurposeofthepresentpaperisto  
Studytherelationshipbetweenablationandairtemk  
perature on Gまa（：ier AXOlO as a case studyin tbe  
Nepalese‡iimaiayasandtofind8utapplicablepo＄i餉  
tivedegree－dayfactorstocalctllateglacierablation．  
Variations ofthe calculated degree－day factors are  
alsotobeanalysedwithrespecttotimeandspaceon  
GlacierAXOl仇  

2．Studied glacierand data  

Giacioiogicaland meteorologicaiobservation＄  
WereearriedoutonGlacierAXOlOintensiveiyduring  
tbe summer‡ⅥOnSOOn SeaSOni111978by tbeJapan  
－NepalJoint GlacioiogicalExpeditionin Nepa呈  
（GEN）．SirlCeneCeSSarydataandgiaciermassbalance  
model（Kayastha gfα乙，1999）for the analyses are  
available，thisglacierischosenforthepresentstudy．  

Glacier AXOlO lies at the southern front of the 
Nepalese Himalayasin Shorong Himal（Fig．1）．It  
extends鉦omwestぬeasトSOutbeast．Tbehigbestand  
lowesteまevationsontheg王acierinユ978were5360and  
4950 m a．s．L respectively，t壬Ieie王1gtb aiong tbe  
Centrelinewasl．7km，andtheareawasO．57kmヱ．The   

Fig．1，Map ofGiacier AXOlOin Si10rOng H如Ia呈，Nepa王  
andiocationsofBCandsevenobservationpoints（LlO  
to U30）．Tbe boxまabelled S壬iin tbeiIISet Sbows血e  
locationof洩eSborongarea．   

glacierendsatapond．Thealtitudeofthemeteorolog－  
icalobservationsitenearthebasecamp，BC，WaS4958  
m a．s．1．，Where meteorologlCaldata were recorded．  
Thedatausedinthepresentstudycomprise（1）daily  
meteorologicaldata collected dl汀ing捷atinもensive  
Observationperiod，and（2）dailye王1ergybalancecom－  
ponerltS（net s！10r紬rave andlongⅥ7aVe radiation  
fluxes，SenSible andlatentbeatfluxes and heatcon－  
duction），andablationratescalculatedfromthegla・  
Ciermass間balancemodel（Ⅹayastba g才戎ま，1999）for  
theparticlユ1arperiod．  

The average air temperature，relative humidity  
andwind叩eedwerefoundtobe2．30C，88％，1．5m  
S1，reSpeCtivelyandtotalprecipitationwas1453mm  
atthemeteorologicalobservationsite（4958ma．s．1．）  
during払e observationperiod，Whicblasted from25  
M：ayto25Septemberユ978．  

Å王apserate ofO．60C／100m asinÅgetaだ才α£  
（1980）andKayasthaetal．（1999）isusedforestimating  
theairtemperatureathigheraltitudes．Globalradia－  
tio‡lVaSmeaSurednear‡ノ5（）たom14Juneto29June  
for abeatbala‡iCeStⅥdy（Oilata and Higucbi，1980）．  
SineetheglobalradiationmeastlrednearL5Oismore  
representativeforthewholeglacierthanthatatthe  
meteorologicalobservationsite，aneXperimentalrelaN  
tionbetween the above two sitesis applied forthe  
Wholeperiodinordertoadjustforarealvariationdue  
to surroundi王1g tOpOgrapbyin globa里radiation払r  
respectivepoints．Otbermeteorologicalelementsねr  
琉eeIltireglacierarea盗umedtobetbesameasthose  
atthemeteoroiogicalobservationsite－   
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3．Glacier mass－balance model  

Tbegiaciermass－bala‡1CemOdelbyKayasthag若  
al．（1999）calculateshourlyablationandmassbalance  
usingsixmeteorologicalvariables（air temperature，  
globalradiation，relativehumidity，Windspeed，Cloud  
amount，andprecipitationamount）andsurfacechar－  
ateristics（surfacealbedo，rOughnesslength，SnOW／ice  
density〉．Themainfeaturesconsiderednewlyinthis  
modelwere：‡）distinctionofsnowintothreedifferenも  
typesnamely，neWブOidanddirtysnow；Ⅰ‡）洩eeffectof  
thinnewsnowlayeraboveiceordirtysnowonsur－  
facealbedo；Ⅰ‡Ⅰ）topographiceffectsonsborとWaVeand  
iongwaveradiation；andIV）a relationshipbetween  
air temperature alュd relative bumidityin order to  
distinguishbetweensnow and rain for precipitation  
events．  
Thebasicenergybalanceequationemployedwasニ  

Q〝＝亀＋⊥＊＋払＋払十¢。  （1）  

whereQMistheenergylまSedformeltirlgOfsnow／ice，  
K＊isthenetshortwaveradiationflux，L＊isthenet  
lo郡aVeradiationflt王Ⅹ，¢5istbesensibleileaヒflux，  
払istheiatentbeat‰Ⅹ，駄istbe払eatconductio王1aモ  
the glaciersurface．Heat transport by precipitation  
wasassumedtobenegligible．Incorn主ngenergyatthe  
glaciersurfacewastakenaspositiveandoutgoingas  
negative．Detailsof也ismodeland主tsappiicat呈onto  
Glacier AXOlO were describedin Kayastha et al．  
（199乳  
Threetypesofsnownameiy，neWSnOW，01dsnow  

anddirtys‡10WWereCOnSideredinthemodel，buttbey  
arecollectivelytermedassnowinthepresentstudy  
forsimpiicity．GlaciersurねcewascoveredbysnoⅥ7at  
aupoints atthebeginning ofthemodelcalculation  
and tbe surface corlditionsⅥrere Changed vitlltime  
dependingontheinitialsnowthicknessandaltitudes  
Ofthespeeificpointsontheglacier．Thedayswhen  
the glacier surface is covered with few centimetres 
and more of snow andⅥritbotlt SnOⅥr（glacierice  
OCCaSional1ywithtracesofsnow）duringtheobservか  
tion period are termed as snowsurface period and  
icesurface period，reSpeCtively，in the present study  
（ぎig．2）．GlaciersurfaceatUlOa‡ldU30wasalways  
coveredwithsrlOⅥr；icesurねcewasexposedatpoints  
LlO to LlOO．Åt tbelowest point，LlO，tbe surねce  
Charlgedfromsr主OWtOicelaterthanatupperpoints  
sincedriftedsnowduetostrongwestwindsinwinter  
wasdepositedandtheablationwasre血ced血eto  
SCreeningeffcctofsolarradiationbythehighmoun・  

。
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‾ Snow －‾tce  
Fig、2Y Surfacecompositionatsevenpoints（LlO to U30，  
Fig．1）fro王nMaytoSeptember1978・  

tainwa11．Tbegiaciersurねcevastt汀nedfromicei‡ltO  
snow earlier at the higher altitude than the lower 
aまtitude，Tぬee王Itireglacierslユrfacewascoveredwitb  
snowon23August，Whichlastedforseveraldaysat  
LlO a11d Lこiい．  

The modelcalculatestheenergytobeused for  
melting of snow／ice，¢ガeVery bour according to  
eqtlation（1）usi王Ig bol汀iy meteorologicaldata and  
surface parameters at seven points on血e glacier．  
Hourlymassba重anceis thencalctユ王離ed as analge－  
braic sum of ablation and snowねIlamouT豆in that  
hour，if any，and finaily tbe da主1y mass balance  
amountsareobtainedbysumminghouriyvalues．  
Calctユ1atederl訂gybalancecomponentsatpoints  

LlO，L50，andU300nGlacierAXOlO（Fig．1）from25  
Mayto25September1978aresummarised如ITablel・  
Netradiationfluxisthemainenergysourceofabla－  
tion，Wbichcorltributes86％inaverageoftbetotai  
energylnCOmeatthethreepointsontheglaciersurd  
face．ThecorltribⅥtionoftbenetradiationislargerat  
班eupperpoint（U30）thanattbebwerpoint（L10）・  
Sensibleandlate11theatfiuxesbavemuci11esscontri－  
butionforablationcomparedtothenetradiationflux・  
Calcuまatedand observedmassもalancefor eacbhalf  

Ta】）iel，Caまculatedtotalvaiuesofenergyもalancecompo－  
nents（Wm‾2）atthreepointsonGlacierAXOlOforthe  
perio（きfrom25Mayto25September1978（afterXayastb・  
a♂才αg．，199乳  

Components  U30   
Netradiation   7973  6861  5067   
Sensibieheat   961  991  486   
Latenもbeat   473  374  －52   
Heatconduction   －275  －353  w120   
Aも1ationerlergy   9132  7873  538】 
Netradiation／ablation   0．87  0．87  0．94   
eIle王登y  
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montbatpointsLlO，L50andU30werecomparedand  
thecorrelationcoefficientwasfoundO．77．Calculated  
and observed area－aVeraged mass balances of the  
glacier duriIlg theユ978slユmmer SeaSOn（10June－24  
September）sboⅥredgoodagreeme叫name王y】0．44m  
（w．e．）and－0．46m（w．e．），reSPeCtively．Sincethemodel  
resultsareingoodagreementwi漁theobservedvaト  
ues，itis used to caicu王ate degree－－day factorぎor  
ablationduringthesummerthreemonths（June，July  
andAugust）onGlacierAXOlOinthepresentstudy．   

4．The correJation between abJation and radiation  

To know the relation between the main heat  
incomeandablation，Calculateddailyab王離ionrateis  
Pl（ltted against daiIy mean glob；11rこIdiatioIlat LIO  
froInJunetoÅugust1978inFig．3．Thereisneariyno  
COrrelationbetweentheablationandglobalradiation  
（ご＝0．19wま払samplesize92）．OneoftbemairlreaSOnS  
ねrsucbaveryweakco汀eiationist壬Iatgiobairadiか  
tionisnegativelycorrelatedwithlongwaveradiation  
balancebecauseitincreaseswithincreasing cloudト  
nessⅥ7hilst tbe globalradiatiorldecrease＄（Braith－  
Waite and O重esen，1985）．Aibedo variations aiso  
Weakenthecorre加ionbetweenglobairadiationand  
ablation．  

100  
Ne‡sbo虎W椚radia血（Wmう  

200   

Fig．4，Daiiyablationrateversusdailymeannetradiation  
atI－10andlJ30fromJunetoÅugusとユ978．Tぬetbinii11e  
representsthere宮reSSionline．  

ab王atioritOabsorbedshortwaveradiatior主aVerage8at  
LlOandU300nthi＄glacierisO．22mm／Wm‾2．This  
Valueismorethantwotimesgreaterthanthevalue  
Obtained by Braithwaite and Olesen（1985）on two  
Ou畠et glaciers，Quamanassup sermia and Nordbog－  
lectsher（0．09mm／Wm山2）intheGreenlandicesheet．  
The main reason for such a large proportionality 
ねctormaybedlユetO払enetradiation，Whicbcontrib－  
utesabout90％ofab】atio王IenergyOnGlacierAXOlO  
（Tablel）while only about60％on the two outlet  
glaciersintheGreenlandicesheet．  

Dai王ymealユairtemperatureversusdai王ymeannet  
ShortwaveradiationisplottedinFig．5（L10）andFig．  
6（U30），Considerableamountofnetshortwaveradia・  
tionis found atlowair temperature during snow  
Surfaee ppriod on man〉T darsat U3O but onlr a few  
daysatLlO（ぎig．阻Sincenetsbortvaveradiatio王Iis  
OneOfthemainenergysourcesforablation，thenet  
Shortwaveradiationfoundatthesepointsisusedfor  
ablation．Tbisconfirmsthat giacier aも王ation occur＄   
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Globalradia沌油（Wm‾2）   

ぎig．3・Dai】yabiationrateversllSdaiiymeanglot）alradia・  
tionatLlOfromJunetoAugust1978．  

On the other halld，thereis a strong correlation  
betⅥ℃en tbe■daiiy ablation raもe and払e shortwave  
radiationabsorbedbythesurface（r＝0．84andO．81at  
LlO and U30，reSpeCtivelyⅥrith sample size92）as  
S壬10Wninぎig．4．Tbeproportionality factorlirlki喝  
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evenaroundOCCduetolargenetshortwaveradiation．  
Air temperature during the ice surface period was 
alwayshigherthanlこ、Cilt L10（Fig．5）．   

51ThecorreJatjonbetweenabJationandairtenFler・  
ature  

Dailyablationrateca王culatedfromthemodelis  
plottedagainstdail）TmeanairtcmperatureatLIOand  
U30fromJune to August1978inFig．7．TIlereis a  
Weakcorrelationbetweendailyablationandtempera－  
ture（r＝0．38and O．15at LlO and U30，reSpeCtively  
with sample size92）in Fig．7，Showing the higher  
COrrel如iorlatIJlOthanatU30．However，tbeco汀ela－  
tionbetweenmonthlymeandailyablationandmonth－  
1ymeanairtemperatureishighasshowninFig．8（rニ＝  
0．50for7pointsin3monthswithsamplesize21）．It  
indicatesthatthefactorlinkingbetweenablationand  
temperatureisusefulforrelativelylongperiod．  
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Fig．5，Dailymeanairtemp訂atureVerS11Sdailymeannet   
ShortwaveradiationatLユOd11ringsnowsurfaceperiod   
（47days）andicesurfaceperiod（45days）fromJuneto   
A噸uSt1978．  
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Fig．7．Dailyablationrateversusdailymeanairtempera－  
tureatLlOandU30fromJunetoAugust1978．Thethin   
linerepresentstberegressio王11ine．   

100  
Netshortwaveradiation（WmY2）  

200  

Fig．6t Dailymeanairtemperatureversusdailymeannet   
ShortwaveradiationatU30fromJunetoAugust1978．   
Icesurねcedidnotappearatt言30．  
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Where∑ais totalablation during a certain period  
SameaStheperiodforEW．Althoughdataareavail－  
able for25daysin September，pOSitive degree－day  
ねctorisnotcalctllated払rSeptemberbecausethere  
WereOnlyfewdayswithpositiveairtemperatureat  
higheraltitudes．  
Monthly（June，July，and August）and seasonal  

（JunetoAugust）degree－dayfactorsarecalculatedat  
SeVen pOints（LlO to U30）on Glacier AXOlO．  
Å1titudinaidistributionsoftbesevalじeSareSbownin  
Fig．10，a‡1dmor血王ydegree…dayねctorverstlSmOnth－  
1ymeanairtemperatureateachpointisshowninFig．  
11．Thesefiguresshowthatthedegreerdayfactorsfor  
JulyandAugustarerelativclysmallandchangelittle  
Withrespe（：ttOaltitudeandairtemperat11reCOmpared  
forJun已  

Degree≠dayfactorsarelarge athigh altitudein  
allcasesinFig．10．Theseasonalaveraged曙ree－day  
factorincreaseswithrespecttoaltitudeanditsvalue  
rangesfrom7．7toll．6mm（巨1DCJl．Asmentionedin  
Sectioi14（Fig．5and6），也eablationaroundOOCdueto  
net sbortwave radiatioIlirlCreaSeS at higb altittlde  
withlowtemperature（lowfW）．AblationaroundOO  
Cduetonetshortwaveradiationhasdominanteffect  

0  1  2  3  

A立temp8細ure（Oc）  
Fig．8．Monthlymeandailyablationrate（June，Julyand  
August）versusmonth1ymeanairtemperatureatseven   
POints（LlOtoU30）・Thethinline㌍preSentStheregres－  
sionli王1e．  

Figure9showsdouble－maSSCurveSOfcumulative  
ablationversuscumulative月Dβatsevenpoints（LlO  
toU30）basedonablationduringtheperiodfromJune  
to AtlgtlSと1978calculatedforeachha王fmon払from  
energy baiance汀10de王．Aitbougb t‡le CtlrVeS are r10t  
perfectstraight，thereisahighdegreeofconsistency  
betweenablationandtemperature．  
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Fig．9、Cumlllative abiation versus cumulativeヂかか at   
SeVenpOiれtS（L10toU30）育omJunetoAugustl野8Ⅰ  

6．Positivedegre¢…dayfactors  

Positivedegree－dayねctorforaもIationisbased  
Ontheclaimedrelationsbetweentheairtemperature  
andablation（Fig．8），andbetween翔D andablation  
（Fig．9）．Positivedegreedayfactor，kiscalculatedas：  

5  10  15  20  
D轡－d野馳or（md▼loc‾1）  

Fig．10．Aititude versl】Sl¶O11thly and seasonal（S：June   
．August）positivedegree－dayfactors．   
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lattercasearecalledt’thelowalbedoeffect”andttthe  
low temperature effect，”respectively for thelarge  
degree－dayfactors．  

Positive degree－dayねctors for＄nOW andice  
abiationarecaIculatedusi喝tbecorrespondingtotai  
ValtleS Of positive daily mean air temperature and  
dai王yablationdljringtbesnowandicesurfaceperiods  
（Fig．2），reSpeCtively．Tbepositiveく董egree－dayねctors  
for seasona王 ab王atiorland snow abiation at seven  
points（LlOtoU30），andiceablat主onatfivepoints（LlO  
to LlOO）are shownin Table2．Åveraged positive  
degree，dayfactorsatsevenpointsforseasonalablか  
tiononGlacierAXOlOis9．3mmd－lQC～1．Ingeneral，  
SnOWmelt has a smaller positive degreeLday factor  
than theicemelt aモモhe same aまti血de．Degree仲day  
factorincreaseslargely withincrease of altitude  
（decreaseofairtemperature）forsnoⅥ7ablationthan  
iceab王如io‡1．During92daysfromJunetoAlユguSt1978，  
tbemaximumdegree岬dayfactorforsnovabiatiorlis  
lユ・6mmd‾ユOC‾1attブ30（5245m）．SlユChlargedegree  
州dayねctorismainlyduetoabiationatlowtempera－  
turebyradiationathighera王titudebecauseof”the  
lowtemperatureeffect”（Fig．6）．   

Tabie2．Calculated positive degree山day factors沌：mm d巨  
OCYJ）for seasona王 ablation，SnOW andice ablation on  
GlacierAXOlOduringtheperiodfromJurletOAugust1978．  
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Points  Å】titl】de  ゑfor  点for  盈forice  
（ma．s，1．）  SeaSOnal  

ablation   
LlO   4956   7．7   7．3   8．1   
L30   5（lい7   8，5   5．9   8．7   
L50   5（〉41   8．3   7．3   8，4   
L70   5（〉72   8．8   8．7   8．8   
LlOO   5143   9，4   10．2   9．3   
UlO   5195   10．6   10．6  
U30   5245   11－6   11．6  

5
 
 

0  1  2  3  

Mon仙IyⅡ蛤皿temperature（Oq   
Fig．il．Monthlydegree－dayfactorversusmonthlymean  
airtemperature at sever主pOints o王1Glacier AXOlOin  
丸me，Juiya11dAt王gu鏡1978．  

Onhaving ala曙e degree【dayfactor athigber aiti－  
tudesthanatloⅥ7er altitudes，   

ln the previollS Studies for Greenlandice sheet  
（Brai払vai略1995；Braithwaite and Oie＄en，1989），  
1argevaluesofdegreeudayfactorareobtainedincase  
Oflow surfacealbedo（generally，icealbedo＜snow  
albedo）duetolargerablationatthesimilarfW，and  
incaseoflowairtemperatureduetolowPDD，under  
thelargecontribution ofnetshortwaveradiation to  
ablation，Inthepresentstudy，theformereaseandthe  

7．Discussion  

Tiledegree－dayfactorsforJulyandAll卯Stare  
relative重ysmaiiincomparisonⅥrit‡l汰0＄eねrJur把aS  
S‡10WninFigs．10andll．Variationsof5daysrtlnning  
meanofdaily汀IeannetShor匝averadiation（average  
OfL18，L50andU30），daiiymeanairtemperaturea七  
themeteorologicalobservationsiteanddailyab重訳ion  
atL50areshowninFig．12．Thenetshortwaveradia・  
tion fairly decreasedinJuly and August，and the  
COrrelationofvariationsbetweenairtemperatureand  
ablationwaswe11duringthesemonths（Fig．12）．Since  
the stlmmer mOnSOOn aCtivityis strong and cloud   
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Table3．Positive degree－day factors forice and sr10W  
ablaもiononglaciers，Uni乞Saremmd‾王OCml  （
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睾育omBraitbwaite（1995），Table2，  

ablationis calculated as a simple aヽ‾erage（一btaind  
fromtbede嘗ree－dayねctorsatsevenpoi雨S（LlOto  
U3O），itbtゝCOmeS8．8nlnld‘‾いC．1moreth；lnthedegree  
－dayfactorforice．  

Braithw■aite and Ole＄en 仕993）found various  
degree鵬dayねctors forice o11Qamanarssup sermia  
（790maふ1．）intheGreen！andfordi庁erentseasons：9．  
4forSeptember－Mil〉T．7．5forJunt）－AllguStand7．9I11m  
d‾lQCTMlforthewholeyear．Thereisa broad agree－  
mentin degreeL－d；1y fac【ors fし）T－ice ablation on  
Quamanarssl将SermiaandGlacierAXOlO▲Verylarge  
degreel押dayねctorsforiceablationverealsoreporteく隻  
illSpitsber主‡eIl（Tablビ3）alldin the Grビenlandice  
洩eet，£g．22．2and20．1汀md…1DC≠1forG‡MEXprofile  
（Bintanjaggαgリ1990；Va‡ldeWal，1992），andl臥6mm  
d．lOC001for EGIG CampIV（Ambach，1963）；Braith－  
Waite（19951mentionedthatlargepositivedegrpe」dar  
factors on王y occur withlower positive degree肌days  
（1ower tempビraturビS）alld thereis no sign Llflarge  
Valuesatbigbtemperatures．IncaseofGlacierÅⅩ010  
also，theiargerdegree－dayねctorstbanotberglaciers  
arenlaiI11yattribし1tedt（一thelo≠’Sumlllerttナ111peratur  
aroundtbegiacierintbebighHimalayas（Figs．5and  
軋Thereisnoinformationaboltttheshoz・tWaVeradia－  
tionontheabovepaststudiesandhencetheradiation  
datこIOfGlacierAXOlt）eouldnotbecomparedl＼了iththe  
paststudies．  

Alfhoughthedegt’eeJ；l〉Tfactorforsnowissmaト  
Iertllan tllat forictlablati（）tlgeIlerally（TablぐS2and  
3）由紀tO笹払elow albedo e汗ect，’’也e degree－day  
factorforsTIOWablationonthisglacierisfouIldlarger  
thanforiceablationathighaltitude（LlOO）inTable2，  
Sinceicesurfaceisexpo＄edduringwarmperiodlmder   

Jun  JuI  Aug  

F重g、12，Varia如nsof5daysrunnlngmeanOfdai王ymean  
net sbor摘raveradiatio三1aVeraged from LlO，と50aIld  
U30，daま1y mean air temperature at meteoroiogical  
Oもservatiく〉nSまte（4958ma息l．）anddaiiyablaとiorlatL50  
fromJunetoAt】guStユ978．  

anlOuntiIICreaSビSinJuly alld Au糾IStしmonthly a＼・er－  
agedcloudamountinten也sindaytime：Julle8．7，July  
9．7，andAugust9．6），glacierablationi＄reduceddueto  
decreaseofincomingshortwaveradiation．Therefore，  
払edegree仙dayねctorsdlユdngthesemon偽sbecome  
Smal王，Wbiietbedegree－dayfactorsarelargeinJune  
due to ablation bylargeこImOtlnt Of net short＼＼▼a＼で  
radiatiorl．  

Positive degree－dayねctors forice and sr10W  
ablation on various glaciers as taもulated主n Braith・  
Waite（1995）aresboⅥrnWitht壬IereSultoftbepresent  
Sもudy主nTable3．Tbedegree一ぬyfactorsforsnovand  
ice ab壬aもion o‡1Glaciel▲AXOlOin Table3 are tbe  
Simpleaveragevaiuesoもtainedfromthedegree血day  
factors at five points（LlO to LlOO）as tabulatedin  
Table2．The degreemday factor forice ablation on  
Glaeier AXOlOisslightlylargt）r than those found on  
Otbergiaciers，eXd厄dingSpitsbergen，and払edegree  
－dayねctorforsnowablatio‡li＄Veryユarge；insome  
CaSeS abouttwo timeslarger than the one found on  
Otber glaciers，If tbe degree鵬day factor for snow  
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bigh書こ近）condition（Fig．5），tbedegree－dayねctorfor  
icehasapossibilitytobe＄mallerthanthatforsnow，  
Such condition characterised ablation condition of  
GlacierÅⅩ010，dueto t（t壬Ieiow temperature effect”  
forlarge de宮ree－dayねctor asseenin the res11it at  
LlOO．王n such case，t’thelow temperature effect”is  
predominantoverくttbelowa王bedoeffect．”So，tllereis  
apossibilityofverylargedegree仙dayfactorsoritis  
impossibletousedegreeudayfactortocalculatesnow  
andiceablationinlovairtemperatureperiod．王nsuc‡ユ  
CaSeS，itmaybenecessarytofixaboundaryofnega－  
tiveairtemperature（criticaltemperature）whencalcu・  
la血g a degree－dayねctor or toinとro血ce another  
typeofafactor，Whichrelateswithbothairtempera－  
tl汀eand＄01arradiationforloⅥrtemperatl汀eperiod，  
Sincenegativeairtemperatureper主odsprevaiまsat払e  
beginningandendofthemeitingseason．  

There is obviously a relation between abiation 
andpositivedegree－daysl）utdegree－dayねctorsvary  
SeaSOnallyaswellaswith altitudedepending onair  
temperature，radiation，andotherclimaticconditions  
andsurfaceconditionoftheglacier．Therefore，forthe  
accurateestimationofglacierablation，itisrequired  
to obtain払e degree－dayねctorsforproper periods  
and zoユ1eS．  

8．Conclusion  

Thecorreiationbetweenablationandairtemper・  
ature（mon仇Iy）isstrongandbence degreemdayねc喩  
tors for snow andice ablation are calcuiated．The  
SeaSOnaldegree－day factors for ablation onGlacier  
ÅⅩ810areiargeathig王Ialtitudesvitblovtempera－  
ture，inarangeof7．7mmdJlOC～1atLlO（4956ma息  
1．）aIldll，6mmd仙10C‾1atU30（5245汀1a息1一）．Aver－  
agedpositivedegree－dayfactorsねrseasonal（June，  
JulyandAugust）ablationonGlacierAXOlOis9．3mm  
d－iqC山l．Caまculated m（〉ntIl重y de餅ee¶day factors foで  
JulyandAugustaresma王まertbanforJunet〉eCauSeOf  
SummermOnSOOn aCtivity withlarge clotld amount，  
Wbicb reducesincoming sbortwave radiatio‡1，the  
mainbeatsource ofablation．Tbelargedegree－day  
factorsinJuneareduetoablationbylargenetshort舶  
WaVe radiation．On Glacier AXOlO，the degreeLday  
factorforsnowablationislargerthanthoseonother  
glaciers，andevenlargerthanforiceablationinsome  
CaSe（LlOO），Sinceモモtbelow temperature efぬct”is  
predominantont‡lisglacier．  
Asnoted，thedegree－daymethodisbettersuited  

foriongerdtlrationanddependsonclimaticcondition   

Ofaglacまer．‡twotlidbegoodtobaveoもservational  
dataofseveralyearsfromglaciersindifferentregions  
intheNepaleseHimalayastodiscussonthedegree  
－dayfactor，FⅥrtberstudyondegree－dayfactorwill  
be carried out witぬavaiiabie data from dif詣rent  
giacierssoon，In addition，becausemanyglaciersin  
tbe Himalayas are typically covered witb a debris  
layerandverycomplicatedto calculateiceablation  
underthedebrislayerusingasurfaceenergybalance  
model，itⅥrO11はbeinterestingto11既SuCb asimple  
degree－daymethodtocalculateiceablationunderthe  
debrislayer．Itwouldbeagreathelpinthefieldof  
gまacier壬1ydroiogyifdegree－dayねctorcanbeusedto  
Calcuiateice ablation under the debrislayer as om  
debris－freegiaciers．   
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