
Bu11eモinofGiacierResearcb16（1998）578石  
⑥DataCenterforGlacierResearch，JapaneseSocietyofSnowandIce  

β7  

MeltrateoficecliffsontheLirungG［acier，NepaJHimalayas，1996   

AkikoSAKA（，MasayoshiNAKAWOandKojiFUJITA  
InstituteforHydrospheric山AtmosphericSciences，NagoyaUniversity，Nagoya464山8601Japan  

くrece妄vedApri125；Revisedrna王1uSCriptreceivedMayl，1998〉  

Abstract  

Therearemanyicec王iffsexposedatthestlrfaceofdebriscoveredglaciers．Meltratesoficecliffs，  
inreiatio王1Withtheirdirections，OntheLirtingGiacierwereobservedfromMaytoOctober，1996．Heat  
budgetaticeciiffswasexaminedwiththemeteorologica王dataduringtheobservationperiod．Special  
attentionwaspaidforthedependenceofincomingshortwaveradiationuponthedirectionoficecliff  
Surfaces．   
Incomingshortwaveradiationtoaslopewasestimated，takingintoaccountthecloudintervene，  

たom observed shortwave radiationto a borizontalsuぬce．Tbe caiculatedincomlng ShortⅥ7aVe  
radiationwaslargestatslユrfaceswithadirectionofsoutheaStandlowestofthenorth¶WeStduring  
themonsoonseason．Thisisbecausetheweatherisfineinthemornlngandthesunshinesslopeswhich  
directtotheeast，anditiscloudyandrainyintheafternoonandslopeswhichdirectstothewest  
receiverelativelysmallsolarradiation．Observedmeltrateoficecliffscoincidedapproximatelywith  
thecalculationbasedontheheatbalanceconsideration・Itwas7・2cmday－10naVerageforcliffswith  
Variousd主rections（まuringtbemonsoonseasontTbeicecliffmeltamountreaches69％oftbetotal  
ablationatdebriscoveredarea，althoughtheareaoficeciiffsoccupieslessthan2％ofthedebris  
coveredarea．  

1．lntroduction  

GlaciersintheNepalHimalayasarecategorized  
intotwotypes，aCCOrdingtothesurfaceconditionsof  
the ablation zone：debrisqfree glaciers and debris  
－COVered glaciers（Moribayashi，1974）．Almost all  
largevalleyglaciers，Whichareseveraikiiometersin  
ie喝触，areCOVeredvitbdebrisint壬Ieirat〉lationzone．  
This type ofglaciers occupy more than half ofthe  
glacializedareaintheIiimalayas（Moribayashi，1974）．  

Nakawoetal．（1993）andRanaetal．（1997）estab－  
Iished a modelto estimatethe melt rate of a debris  
－COVeredglacierbytlSlrlgStlrfacetemperature data  
育om satel揖eimages．T王Ie Suだace temperature on  
debris（：0Veredglacierdependsonthedebristhickness  
OVertheglacierice．Thesurfacetopographyofdebris  
-covered glacier is very complicated and there are 
manypondsandice－Cliffsondebriscoveredglaciers．  
Distributionsofporlds，icecii汗saIlddebristbickness  
COntinuollSiychangeduringsummermonsoonseason．   

Thusitisnecessary to consider the change ofthe  
Sも1rねceconditionslユCbastbedistribtltionofpondsor  
icecliffstoestimatethegrowthanddecayofdebris  
▲・▼‖COVeredglacier．   
InoueandYoshida（1980）measuredthemeltrate  

Oficecliffswithvariousorientationsinthe ablation  
area of Kbumbu Glacier，a typicaldebris－COVered  
glacier，NepalHimalayasforonedayinSeptember，  
1978．They conciuded that the ablation atice cliffs  
playsaveryimportantroleinthetotalablationofthe  
glacierandthatthedifferenceofincomingsolarradia・  
tiontoicecliffswithvariousdirectionsisasignificant  
factorfortbedif鎚reIICeOfablationoficecliffs．Tbe  
ablation，however，WaSmeaSuredforonedayandthe  
SOlarradiationwascalculatedfromthesurfacegeom－  
etryandthedeclinationofthesun followingGarnier  
andOhmura（1968）．Theeffectofthecloudswasnot  
COnSideredalthoughrainyandcioudydaysaredomi－  
nant 血ring tbe summer monsoon seasonin tぬe  
Himalayas．   
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Themeltrateinrelationwiththe orientation of  
almostallicecliffs，therefore，WaSmeaSured onthe  
ablationzoneoftheLirungGlacierduringtheperiod  
fromJunetoSeptember，1996．Theobservedmeltrate  
was compared withthe calculation focusing onthe  
dependenceofincomlngShortwaveradiationuponthe  
orientation oficecliffs and cloudcondition．  

2．Locations and observations  

The observation was carried out on the debris 
COVered ablationarea ofthe LirungGlacierin Lan－  
gtangValley，NepalHimalayas60kmnorthofKath－  
mandu，the capitalcity of Nepal（Fig．1）．Figure2  
showstheschematicmapofthedebris－COVeredablaT  
tionareaoftheLirungGlacierandthedistributionsof  
icecliffsandponds．  

The melt rate of one of theice cliffs was mea－  
sured withstakes at F－1wheretheice surface was  
almostplanner．Theazimuthandinclinationanglesof  
theicecliffwas290degrees（around NWW）and50  
degreesrespectively．Twostakesweresetnormalto  

0し川et  

Fig．2，The distribution ofice cliffs and ponds on the  
LirungGlacier．  

theicesurfacewithastringstretchedbetweenthem．  
Themeltamountwasobtainedfromthechangeofthe  
normaldistancemeasuredfromthestringtotheice  
surface．The meltratewasdefined to bethevertical  
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distancechange，Whichareconvertedfromthemea－  
surednormaldistance．Shortwaveradiationincometo  
theicecliffwasmeasuredatanintervalof30minutes  
by using pyranometer which was installed parallel to 
theicesurface，nOthorizontally．  

4独  Retreatofmanyicecliffs，aSareSultofmelting，  
was observedinthe ablation area of the Lirung  
Glacier（Fig．2）．Theobservationwasmadebymeasur－  
ingthedistancefromthetopedgeofaniceclifftoa  
paintedmarkerwhichwassetonthedebrissurface  
behindtheicecliff，aSShowninFig．3．Themeltrate  
of an ice cliff was calculated from the observed 
retreat distance．The orientations of the cliffs were  
alsomeasuredseveraltimesfromlateAugusttoearly  
October．   

Fig．1．TopographicalmapoftheLirungGlacier．  
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Measured distance  

Cross section o†iGe Cli†f  

Fig．3．Schematic diagram ofthe measurement forice cliff retreat・The retreat  
distance ofice cliff was measured，and thenit was convertedinto melt rate  
dependingontheangleoftheslope．  

3．Mot00r0logicalconditions  

A meteorologicalstation wasinstalled at the  
middleoftbedebriscoveredareaoftbe LirungGla－  
CierassbovninFig．2，for払eperiodfro‡nllMayto  
23October，1996including the sunlnler mOnSOOn Sea－  
SOn．The observed eiements were air temperature，  
relativehumidity，windspeed，Surfacetemperatureof  
thesupraglacialdebrislayer，downwardandupward  

SOlarlradiation and net radiation．They were mea－  
suredatanintervalof5minutesforthewholeobser－  
Vationperiod．Thedetailsoftheobservationandthe  
preliminary results were described by F房ita eiai．  
（1997）．  
Figure4showsthediul●11alchangeofsolarradia－  

tion and precipitation wbidlWere aVeraged bo11rly  
duringtheobservationperiod，Thefigtlrealsoshows  
thecalculatedsolarradiationatthetopoftheatmo一  
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Fig，4．Holユrlyaverageofobseryedsbortwaveradiationandbourlytotalofprecipi－  
tation，tOgetherwiththecalculatedshortwaveradiationatthetopoftheatmo・   
Spherc，duringtheobservationperiodfromMay5t（）October23in1996．  
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Sphere．The observedsolarradiationissmallerthan  
the calculated solar radiation by the effect of the 
turbidity of the atmosphere and cloudintervene．It  
WaSrelativelyfineinthemornlngWithsmallamount  
Ofprecipitationandstrongsolarradiation．Thediffer－  
encebetweenthecalculatedradiationforthetopof  
the atmosphere and the observed one was small，at  
most400Wm－2．Fromthenoon，Onthe otherhand，  
precipitationwaslargeinassociationwithlowsolar  
radiation，and the difference of the radiations was  
large：e．g．about650Wm‾2at2PM．The observed  
SOlarradiationwaslargestatlOAM，Withrelatively  
Smallcloud amountin the morning，althoughsolar  
radiationwaslargestatnoonatthetopoftheatmo，  
Sphere・Theprecipitationcontinuedtowardnighttime．   

4．Calc山ationIoricecljfImelting   

J・J・J机…′〟〃g∫／？（け／〃・〟n，…（ブ由／わJJ山〟高車・（7∫J†巾（、（－  
Consideringtheeffectofcloudintervenethein－  

COmingsolarradiationtoaslopedsurfaceforasloped  
unit area was expressed as follows（Garnier and  
Ohmura，1968）：  

ぷ＝ムcos（ズ＜5）．  （1）  

Where，1d＝SOlarradiation on a glVen Slope for a  
Slopedunitarea，  

1。＝Observedsolarradiationatahorizontal  
plane，  

X＝a unit coordinate vector normaltothe  
Slope and pointing away from the  
ground，  

S＝aunitcoordinatevectorexpressingthe  
heightandpositionofthesun，and  

∧＝aSymboldenotingtheanglebetweenX  
and5．   

Equation（1）can be expressed by trigonometrical  
functionasfollows，   

1d＝1。（［（sin¢cosH）（LCOSAsin2；）LSinH  

（sinAsin乙）＋（cos¢cosH）cos乙］cos8＋ （2）  

【cos¢（cosAsin乙）＋sin¢cos2；］sin8）．  

Where，¢＝thelatitudeoftheslope，  
H＝the hour angle measured from solar  

nOOn，  

A＝theazimuthoftheslopedirection，mea－  
Suredclockwisefromnorth，  

Z＝thezenithangleofthevectorX，and  
8＝thesun’sdeclination，POSitivewhenthe  

Sunisnorthoftheequator．  

Figure5showstheincomlngShortwaveradiation  
toward a unit sloped area without the effect of the 
Cloudnorthescatterintheatmosphereaveragedfor  
the observationperiod．It decreases withincreasing  
theangleofslopeforaglVenaZimuthangleasshown  
inFig．5．Foracertainslopeangle，theincomlngSOlar  
radiationisrelativelylargeataroundwestandeast．  
Steepslopesreceivelargersolarradiationthangentle  
Slopeswhenthesolarelevationislowinthemornlng  
OreVening・Thisshouldacceleratethemeltingofsteep  
Slopefacingtowardeithereastorwest．  

Fig・5・The relation between the calculatedincoming  
Shortwaveradiationandtheslopeorientationforunit   
Slopedareawithoutconsideringthecloudeffectnorthe  
SCatteringintheatmosphere．  

Theincomingsolarradiationtoaslopedsurface  
WaS COnVerted to the radiation for a unit horizontal  
areawiththefollowingequationderivedfromequa－  
tion（1）：   

ん＝ん…（ズ＜S）・ 
，  

（3）  

Where，1i＝SOlar radiation on agiven slope for a  
unithorizontalarea．  

Thesolarradiationforahorizontalsurfaceatthe  
topoftheatmosphere，1thiscomparedinFig．6with  
Observedsolarradiationatthemeteorologicalstation，  
ム．The observed solarradiation，1。ismuchsmaller  
thanlth，fluctuatingsignificantly，OWingtotheclouds  
interveneandturbidityoftheair．   
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Fig．6．Observed shortwave radiation at the glacier surface，and the shortwave  
radiationatthetopoftheatmospherefromMay5toOctober23in1996．  

Figtlre 7shows the dependence of shortwave  
radiationforaunithorizontalareaontheorientation  
Ofslopes．Figure7（a）isessentiallythesameasFig．5  
excepttberadiationisexpressednotforaslopedtlnit  
arビabutfor a unithorizontalarea．whiehiscalledItd．  
Ldincreasesgenerallywiththeincreaseofinclination  
angle，andthetrendisremarkablewhentheinclina・  
tionapproachestoward90O．Thisismainlycausedby  
thefactthattheareaofslope（＝cesurfacecorrespond－  
1ng tO a unit horizontalarea，increaseswith the  
increase ofinclination angle．Ld hastwo symmetric  
peaks atwest andeast，because the solar radiation  
Shouldbe the same either whenthe sunis rising or  
Sinking．Attheglaciersurface，however，Onepeakis  
folユndforthesbortwaveradiationtoaslopedsl汀face  
for a unit horizontalarea，羞around払e so㍊th－eaSt  
andnopt｝こIkこIrOundl＼・eSt（Fig．7（b”．  
Cross section of Fig，7for azimuth angles of  

north，eaSt，SOuthandwestareselectedandshownin  
Fig．8，Whereltdforicecliffsfacingtoeastandwest  
iscompletelythesame，andlowestforcliffstonorth  
（Fig．8（a））．AsshowninFig．8（b），however，ムislargest  
forcliffstoeastandsecondlargesttothesouth．West  
facingcliffsreceivesma11eramountofradiationthan  
thatfacingtosouth．Llfornorthfacingcliffs，Whichis  
仇esmaliest，decreaseswi血increasまngirlCiination．  
Tbeaverageinclinationangieoficeclif短intbe  

LirungGlacierwasaround5什＼forwhichtheillCOming  
Shortwaveradiationislargerthanhorizontalicesur－  
faces whenthe azimuthis south or east as shownin  
Fig．8（b）．  

W  N   

Fig，7．Sbortvaveradiationdepe王1di11gOn汰eorientation   
Oftbesiopeconverミedplottedfortlnitborizontaiarea   
（a）：atthetopof払eatmospbere：ふ，an8（も）：a七飯e   
glaciばSurねce：ふ．Tbedi壬灸rencel）etWeen（a）and（b〉   
glVeStheeffectofcloudandairttlrbidityintheatmo－   
Sphere．（The coordinate axes of angle of slope and   
azimuthofslopeareoppositetoFig．5．）   
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（4）wbere，∫＝netSbortwaveradiat主on【う野m【2］，  
忍＝netlongwaveradiation【1Ⅳm鵬2】，  
H＝turbulentsensibleheatflux【Wmland  
E＝turbulentlatentheatflux［Wm叫2】．   

Al1fluxesweretakenpositivewhentheyaretoward  
theice＄urface．  

Thenetshortwaveradiationcomlngintoanice  
Surfacewascalculatedby：  

∫ニ（巨ぽ）～⊥，  （5）   

＼＼・here．［＝＝DownwこIrd shortwave s（）lar radiation  
［Wm【2］，and  

α＝Observedaibedooftheicesurface［0．11】．  

Incoming shortwave radiation to a slope（Ll）in  
unit horizontalarea were consideredin downward  
shortwaveradiationPintheEquation（3）．  

Netradiation，downwardandupwardshortwave  
radiationsandsurfacetemperaturewereobservedat  
themeteorologiealstation．Downwardlongwaveradi－  
ation was estimat亡・d．using the following equation．  
かom汰e observationfortbesite，Wbere tぬeglacier  
Sudacewascoveredwitbatbickdebrislayer，  

点↓ニ瀾－∫十♂詔ざ，  （6）  

where，R↓＝downwardlongwaveradiation【Wm－2］，  
Nだ＝netradiation［Wm‾2］，  
q＝Stefan－Boltzmann constant〔5．67×10－8  

Wm‾2K．4］and  
7LIS＝Surfacetemperatureatthesiteofthe  

meteoroIogicalstation［K］，  

It was assuTlled that the d（→WnWardlongwave  
radiationwasuniformforthewh（一Ieglacier．iI】Cluding  
ice cliffsin the ablation zone，Since thelongwave  
radiationfromthedebrissurfacefacingtothecliffs  
WaS relatively small．Thus，netlongwave radiation  
incomlngtOtheicesurfaceisexpressedas：  

忍＝＝属↓－♂か，  （7）   

Where，7；＝＄urface temperature Of theice cliffs  
ほ73K】．  

Sensibleandlatentheatfluコ（eSWereCalculatedby  
the bulk aer〔）dynamie formula presented b），Kojimこl  
（1979），Whjchwasestablishedforsnowstlrfaces：  
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Fig．8．（a）：The dependence of shortwave radiation for  
unithorizontalarea oninclinationangleoftheslope，  
withazimuthangleofnorth，SOuth，eaStandwest：at  
thetopoftheatmosphere．（b）：attheglaciersurface．  

Thedifferentfeaturebetweenふarld鳥isdueto  
thediurnalchangeofcloudconditionduringthesum－  
mermonsoonseason．Theslopewi払也eazimu払of  
eastreeeivesrelativel）■highsし一Iarradiation≠■ithlittle  
Cloudinthemorning，Thereafter，itbeeomesclo11dy  
andbeginsralnlngintheafternoon．Theslopes，Whose  
azimuthisbetween south and west，reCeive smaller  
solarradiationduetomuchcloudinthe afternoon．  

The diffuse solar radiation was not taken into 
accountintheabovecalculation．Theabovefeatureof  
the radiation dependence on the orientation of cliff  
Walls，however，WOuldgenerallyhold，Sincethedirect  
radiationisverylargeintheHimalayas．   

・J．ヱ 〃l－（J′玩ん批・＝t〝J（て血拓フ〃カナノブ（t＝イげI肝〟わ7g   
Heatinp11ttOanicesurねce，払【1野m▼2】canbe  

Caiculatedwiththefo1lowingheatbaianceequation：  

f   払＝∑（′＋忍＋ガ＋E），  
ガニ3．60と／（㍍－㌫），  （8）   
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gニ2．31×10‾3gぴ（g。…毎），  （9）  5．Results and discussions   

∴J．／′バい〃′ノ牝・、んり／′＝′・ハイ品J／1りざい／√・＝・J小、  
Dailyaveragedshortwaveradiationincomewas  

CalculatedforanicecliffsurfaceatsiteF－1，uSing  
Equation（3），aSShowninFig．9．Thefigurealsoshows  
theob＄erVedshortwaveradiation．Thebothareplotq  
tedfor unithorizontalarea．The observedradiation  
WaSalmostalwayshigherthanthecalculatedvalueby  
lO5O WmL：during the summer monsoon season．1t  
≠▼Ould be du亡・t〔lthe effeet of the diffuse solar radia－  
ti（つn，l＼▼hich wこISllOt takビninto consideratjonin the  
calc11lation．  

5．2．肋才∂α由乃Cg〆肋eわg cJ好  
The daily averaged heat balance elements are  

Shownin Fig．10for theice cliff F－1from May to  
October．Itwasassumedthatthesurfacetemperature  
Oftheicecliffwasatthemeltingpoint，thoughitcould  
belowerthanthemeltingpointinMayandOctober  
fromnまg】漉tomorn量ng．   

It showsthatshortwaveradiationismostirnpoT－  
tantas‡noueandYosbida（1980〉de紅riもed．Itvasin  
the ra11gC OflOO to3OO Wm．ごin our observation．  

where，U＝windspeed【msecl，  
Tz＝airtemperature【K】，  
l＝1atent heat for vaporization［2．50×106  

Jkg‾1】，  
e。＝VapOrpreSSureOfair［hPa］and  
es＝VapOrpreSSureaticesurfaces［hPa】．  

The vaiue es was assumed to be the saturated  
VapOrpreSSureaticest汀facetemperature㌫＝273Kt  

Thenleltrateofice⊂1iffswasestiIllatedfromthe  
aboveもeat balance calculation，もakinginto acco11nt  
theincoming shortwave radiation for respective  
azimuth andinciination angles ofice cliffs．The  
meteorologicalstation on the glacierlocated at  
aroundthemiddlepartoftheglacieratabout4200m  
a．s．l．，and the relative height of the cliffs from the  
meteorologicalstation was roughly200m at most．  
Therelativeheightdifferenceleadstodifferencesin  
SenSibleandlatentheatbylessthan20Wm‾2，depend－  
ing on the temperaturelapse rate．It was assumed，  
tberefore，tbat sensible andlatent壬Ieat幻uxes were  
uniform for the whole ablati〔ln area aTld eこ11c111ated  
Witbdataattbemeteorologicalstatio‡l．  
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Fig．9．Calc11iatedandobserved洩ortwaveradiationatsiteF－1duringtbeobserva－  
tionperiod．  
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Fig．10．Elements ofheatbalance atice cliff at site F－1during the observation  
period．  

Sensible andlatenとbeatswerecomparativelysmall，  
0nlyfrom50tolOOWmM2，althoughtheycontributed  
SOmeduringthesummermonsoonseasomLongwave  
radiationwasnotsignificanteitherforicecliffmelt・  
ing，When thelongwave radiation from the debris  
Surfaceねcing to anice cl主ffⅦaS meaSured，Vbicb  
accountforthelongwaveradiationapproximately50  
Wm－2．  

5．3．肋gg招おqr娩gわg c柳  
Figtlrellshowstbedailyobservedandcalc11lated  

verticalmeit rates aticecliだF－1，The（：alculationis  
basedonEquationsfrom（1）to（9）．Theyarecompared  
favorablyingeneral．Thereis a tendency that the  
observed melt rateis smaller than calculated value  
duringthesummer monsoonseason，thoughthe dif－  
fuse－beamsbortlVaVeradiationincomelVaSnOttaken  
into accouIltin the caまculation．The observed王nelt  
rate tend to belarger than that of calculatedin  
Septemberduringpos卜monsoonseason．Iti＄COnSid・  
ered that the first cause for the difference would be  
thechangeoficesurfacealbedo，Whichisdependent  
OntheabundこmCe OfparticIcs fl・Om；ldebrislarer（）n  
theiceciiffwithmeltwater，Thesecondcauseco111d  

be払edifferencein也esurねceboundarylayerintbe  
atmosphereabovethedebriscoveredglacier：thebulk  
constant for turbulent fluxes could be different．The  
roughtopographyofthedebris山COVeredglaciermay  
CauSeCOmplicatedt11rbulentwind．  
Figure12sbows払eaveragedol）SerVedmeltrate  

fromJune to October forice cliffs with various  
azimuthandinclinationangles，Wherethemeltrateis  
giveninverticaldirection．Themeltrate was calcu－  
latedforacliffwiththeinclinationangleof50O，the  
averageoftheobservedcliffslopes．Theresultisalso  
Shownin tbe figure．Tbe observed melt rates bav管  
1arge differencewith the calcuまated melt rate．This  
could be due to the fact that the observed ice cliffs 
havevariousangleofslope，andthelocalwindspeed  
may be different from place to place．The smallest  
Slope angle ofice cliだs was approximately300and  
moregentleslopesthan30Cwerecoveredwithdebris．  
Theobservedpointsintheazimuthofaroundnorth  
are comparativelylargerin number thanthat of  
aroundsouth，Sincemanyice cliffs directto around  
northintheLirungGlacier．  
Theaveragesofmeltrateandtheazimutba喝ie  

Ofaliobservedicecliffswere7．2cmdayJi．Theice   
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Fig．11．Ca王clエIatedandobservedmeltTaモeatsi簸ぎ≠1during払eobservationper主od．  
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Fig．12．Calct王Iatedmeltrateoficec王if短wもereslopeangleまsfixed5ぴandobserved  
meltrateoficecliffswithvariousazimuths，forthewho】eobservationperiod．  
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cliffareawasmeasuredtobeO．04km2inthehorizon・  
talprojectioninthewholedebriscoveredarea（2．2km2  
（Rana，1997））oftheglacier．Theaveragemeltratewas  
estimatedby Rana（1997）tobeO．19cmday鵬1，Whicb  
irlCltldes the melt rate ofice for the observation  
period．Therefore，themeltingicecliffisverysignifi－  
Cant，aCCOlユnting for69 ％ of tbe wbole ablation  
amollntOftbedebriscoveredarea，  

Concludingremarks  

Toestimatethemeltrateoficecliffswithvarious  
direction，incomingshortwaveradiationforasloped  
Surfacewascalculated，takingintoaccounttheeffect  
Of the eloudintervene．   
‡ncomi喝 Shortwave radiation vas reiativeiy  

ia曙etOSlopesⅥri也＄Outh－eaStdirection，andsma11for  
those within north岬WeSt direction，because the  
Weat王IerⅥ7aS貞neirltbe mornlng a‡1d rainyin tbe  
afternootlduring the surllmビr mOnSOOn SeaSOn．1n  
particulariceclifねwitbazimu払むomsoutbtoeast  
receivedlarger shortwave radiation than thatwith  
horizontalsurfaceforunithorizontalarea．  
Calculatedmeltrateapproximatelycorresponded  

Wellwithobservedmeltrate，preSumablybecausethe  
Shortwave radiationis the major heat sotlrCe for  
melting．  

Theaveragemeltrateinthedebriscoveredarea  
WaSeStimatedaboutO．19cmday－1duringobservation  
periodbyRana（1997）．Tbeaveragemeitrate atice  
C臼ffs，7．2c‡nday‾1ismore払an30time＄1argertban  
払eaverageforthedebrisarea．ÅsareslユItofthat也e  
meltamountof払eiceclまffis69％oftbewも01edebris  
COVeredarea，thoughtheicecliffareaisonlyl．8％of  
thedebriscoveredarea．Itiscertainthattheicecliffs  
playsanimportantruleintheablationandthechange  
Ofsurfacegeometryofdebriscoveredglaciers．   
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