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泉bstract  

Theheatand water balanceswereexamined attheChongce‡ceCap andits surroundingsin  
summer，1987．Onaglaciersurfaceattheterminusoftheicecap（5850ma．s．1．），thelatentheatlossby  
evaporationwasmuchlargerthantheheatusedfor＄nOWmelting．Theevaporationfromthesurface  
wasthemaincomponentfortheoutgoingmassflux．Theevaporationratewascorrelatedwithair  
ternperature，a‡1d estimated asl，36m／dbetw詑nJuly23and Augustl＆Tbe meltingrate was  
correlatedwithsolarradiation，andestimatedas3．52mm／d．Onagroundsurface（5260ma．s．1．），the  
amount of evaporation（51，6mm，betweenJuly17and August22）was almost equalto that of  
precipitation（52．3mm）；nO Water WaS perCOlatedinto the ground．Thelarge evaporation rateis  
consideredtobeowlngtOthearidclimate，thelowatmosphericpressureathighaltitude，andthe  
StrOngSOlarradiationinthisarea．  

1．lntr¢duction  

Tbe West Kunlun Mountains are iocated in the 
aridciimateregionbetveentbeTaklimakanDe記rt  
andTibetHighland．Becauseofthesmallprecipita－  
tion，thesnowlineisveryhighinthisarea，generally  
5700鵬6120m（ZhangandJiao，1986）．Ontheglaciersat  
highaltitudesinthisarea，theevaporationfromthe  
S11rfaceぬould belargebecause of也e arid climate  
；lnd thel州▼ atmOSpheric pressure（below 5OOmb）．  
Consequently，the heat balance and water balance  
Shouldbedifferentfromother areas．Theseheat and  
Waterbalancesareimportanttoknowthemechanism  
Ofglacierformationandthewatercirculationinthe  
arid climatearea．   
In tbe summer season of1987，tO eXamine the  

Characteristicsoftheheatandwaterbalances，mete－  
OrOloglCal，hydrologicalandglaciologicalobservation  
WereCarriedoutontheChongceIceCapintheWest  
Kuniun Mountains in China and the sunrounded 
grotln（まsurねce．  

2．Out‖ne of observations  

TheChongce‡ceCapisiocatedat35014’N，81007’  
EinthビWest Kunlu11Ⅸ：1ount；1i†lS．Ⅵ▼iththealtitudesof  
6374m at the top and5750m at the terminus ofthe  
glacier．AlongalinefromthetopoftheIceCaptothe  
＄horeofGozhaLake（Fig．1），COmpOnentSOftheheat  
andthewaterbalanceswereobservedmainlyatfive  
或ations：  
No．12（6327m）nearthetopoftわeIceCap；  
No．1（5850m）attheterminus ofChongceIce  

Cap；  
ABC （5805m）onamorainefield；  
BC （5260m）onabareground；  
LS  （5125m）o11tbeshoreoftbeGozbaLake．  

Thesameobservationsweretemporarilycarriedout  
atNo．8（6130m）ontheIceCap，andCG（5500m）inthe  
ablationareaofChongceGlacier．  
The observed meteorologicalandglaciologlCal  

COmpOnentS at eaCh station are shownin Fig，2．  
DigitaldatarecordersⅥ7ere11Sedfortbeloggil唱Ofthe  
measured values：temperatilre；humiditY；radiation；   
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Wind司光宏d；Wind direction；a‡ld air presstlre．Tile  
recordingintervalwaslOminutesatBCandNo．12，  
and20minutesatABCandNo．1．Manuallyobserved  
Clementswereevaporationrateonasurface，melting  
rate on a glacier surface，preCipitation，and visual  
Observationofclolユds．   
ChineseStandardTime（CST），uSedintbisreport，  

isGMTplus8hours．Therefore，thesolarnoonisat  
about14h40m（CST）atthelongitudeofabout800E．   
Wediscusstheheatandwater幻uxesmainlyat  

No・1andBCinthisreport，amOngtheotherobserva－  
tionsatt壬1efivestations．  

31Hea！andwaterfluxesona如Ciersurface   

．？．ノ．仙イオ∫〃gJ油－  
Mel扇ngrateontheglaciersurfacewasmeasured  

byseveralmethodsduringJuly30－AugtlSt2and  
August12－18atNo・1stationontheChongceIce  
Cap（5，850m）andonAugust22－23atCG（5500m）．   
Thefirstmethodwasthesnowlysimetermethod．  

Thelysimeter was a O・58m x O・46m transparent  
acrylicglasspiatewitharim of2cmbigh．It was  

Fig・1・LocationofmeteorologicalstationsaroulldChongceIce   
Cap，in tbel好est KⅥnlun MountaiIIS：LS（5125m），BC   
（5260m），CG（5500mき，ÅBC（5805mき，No．1（5850m），No．8   
（6118m）andNo．12（6327m）．  

OBSERVATIOlq ITEMS  

20  30  10  20  30  
JULY  】987  AUGUSで  

ぎig・2・Observation㌍riodandoも琵rVedmet舘rOlogicalandglacio】ogica王com－   
ponerltS女）reaChstat主on．T：temperaturらTI：icetemperature，R王iニrelative   
humidity，WD：Winddirection，WV：Windspeed，GT：grOundtemperature，GQ：   
geo－heatflux，P：preCipitation，EV：CVapOration，MLTこmeltingamount，ⅤIS：  
Cloud amount．   
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Sidetoanothersideareopposite，andthechangesdue  
tothestaketiltingarecanceledouteachotherwhen  
t‡leyareaVeraged．  
Tilethirdmetbodwasbyweighi喝tbemeltwater  

intheevaporationpan．Duringtheevaporationmea－  
Surement，thesnowinthepanwasoccasionallyreset  
when the snow contained much melt water．At the  
timeofresetting，thesnowwasweighedbeforeand  
afterdrainingtbemeltwatertoobね主ntheamo11ntOf  
thedrainedwater．Asthemeltwatercannotbedrain－  
ed completely，the drained water does not exactly  
indicatethemelt wateramount．Comparedwiththe  
lysimetermeasurement，thesnowafterdrainingwas  
found to corltain about15％residlユalwater ofl）y  
weight，Tbus，汰e amount of the melt water was  
roughly obtained by addifig this residual water 
amounttothcamountofdrained water．  
Among the above－described methods，an adeq  

quatemethodwasadoptedforthemeItingratemea－  
sl汀emerlt aCCOrding to tbe surface condition．Tbe  
results at No．1and CG are sbownin Fig．4．Tbe  
meltingoccurredonlyindaytimeusuallyfrom12hto  
19h，ThedailytotalofthemeltonfinedaysatNo，l  
was ranged from3to9mm，Whereasit was about  
20mmatCG．  

．てブ．ユg…♪｛ⅦJルータJJ血l・…＝Jgん甘ん－′■甜小机  
Evaporationrateontheglaciersurfacewasob・  

tainedindaytimeasachangeinweightofsnowinan  
evaporation pan（an acrylic glass panwith23cm  
diameterand3cmdep也）atanil宜ervaloflor2holユrS．  
Evaporation ratein rligbttime was measured once  
from20hto8hthenextmorning．Twopanswereused  
for the measurement to comparewith each other；  
usually they showed the same results．When melt  
waterappearedatthebottomofthepan，thesnowin  
tbepanⅥFaSreSet，uSuallyonceinaday．  
Tbeobserveddailyevaporat呈onrateisshownin  

Fig．4．TheaverageofevaporationrateatNo．1was  
l．46mm／d fromJuly30to August2，andl．18mm／d  
from August16to18．The evaporation rate had a  
large diurnalvariation（Fig，5）．The variation was  
largeinぬytimeくduringmeltiIlgtime），andtbemaxi－  
mumratewasrangingfrom3to7mm／d．Thenighト  
timeevaporation（exactly speaking，it wassublima－  
tionbecausethcsurfacewasfrozen）wasquitesmall  
Ornegligible，1essthanaboutO．5mm／d．  

Theevaporationratevariedwithaltitude，From  
A堺或17to Alユgu或18，tbe evaporation rate was  
measuredsimultalleOuSlyatNo．1，No．8andNo．12，   

instal1edlOcm below the snow surface．Since the  
lysimeterwassettilted，meltwaterdrippedfromits  
cornerandⅥ7aSStOredinabottleくFig．3a）．Tbestored  
waterwasweighedatintervalsoflor2holユrS．  

Another method was the snow stake method．It  
hasa problem：a hollow aroundthe snowstale was  
formedin a fewdays after the setting ofthe snow  
stakeduetothestrongsolarradiationreflectedfroIn  
thestake、It made the meastlrement Ofsurfacelevei  
difficult．To prevent this problem，a Strained string  
withseveralmarkswasspannedbetweentwostakes，  
andtheheightsofthemarksfromthesnowsurface  
weremeasured（Fig．3b）．Thismethodworkedwe11in  
severaldays，but，aSthestakestilteddlletOthehollow  
aroundit，tileheigbtsdid170tShowcorrectvalu6．To  
preventthiserror，anOthertypeofstakewasprepared：  
astakewithfourhorizontalsticks（Fig．3c）．Whenthe  
stakewastilted，theheightchangesofthestickatone   

Fig．3∴Mkthodsformelポngrateot〉SerVation．（a）lysimeter，極）  
twostakeswithastrainedstring，（c）stakewithfourhori－  
zontalsticks，（d）evaporationpaninwhichmeltwaterwas  
Weighed．  
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Fig，4．MeltingrateaIldevaporationrateatNo．1frornJuly30  
toAug℃St18，andatCG（5500m）onÅu郡St22（UニO11tbetop  
Ofundt】1ation，D：Onthebottom）．  
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allon theice cap．The evaporation rate decreased  
with altitude：  

1．86mm／d（10（）％）atNo．1（5850m），  
1．37mm／d（74％）atNo．8（6130m），  

and O．97mm／d（52％）atNo．12（6237m），  
Thisdependenceofevaporationrateonaltitude  

Canbeexplainedbythedifferenceoflengthofmelting  
timeasfollows．Themeltingtimeontheicecapwas  
limitedindaytimeas seenirlthe water content ob－  
SerVatio‡l（Fig．6），Evaporation rateislargein t壬1e  
melting ti王Ⅵe aS me11tioned above，and the meiting  
timein．a day would decrease with altittlde as air  
temperaturedecreaseswithaltitude（thetemperature  
at No．12was －30Clower than No．1）．Thus，the  

evaporationdecreaseswithaltitude．   

3．まA絡g血α乃♂ざノわガ紗αγg和d由ぬ招  
Albedo，theratioofthereflectiveradiationtothe  

globalsolar radiation，WaSmeaSured at No，1from  
July23toAugust18atintervalsof20minutes，bytwo  
photoNdiode sensors（Silicon photodiode；Hamaq  
matsuPhotonicsCo．，S875－66R）whichishorizontally  
mounted attheheight oflmfrom the surface．The  
SenSOrSWereattaChedtotheupperandthelowerside  
Ofrectan郡iarcolumnwithacrosssectionof2cm x  
2cm．Tbe detectable wavelength oftileSenSOrS WaS  
between430nmandlO60nm，Sincethereflectivityof  
asnowsurface dependsonwavelength，thealbedo  
Observation by the photodiode sensors has some  
errorbyitsdependencyonwavelength．  
AtNo．12（5kmfarfromNo．1），globalradiation  

WaSmeaSuredbyaglobalradiometer（AanderaaCo．，  
No，2770；detectable wavelength：between300and  
2500nm）．Globalradiationat No．1wasassumedtobe  
tbesameasthatatNo．12．Fromtheglobalradiation，  
J，aIldtbeaibedo，A，tbeil戌Short－WaVeradiatiorlat  
No．1，払s，WaSObtaiIledas（1－A汀，  
T王1eVariationofalbedo，SOlarradiation，aIldnet  

Short山WaVeradiationonaglaciersurfaceareshown  
inFig．7．ThealbedoatfirsthadthehighvaluesofO．  
8to O．9untilJuly29；Subsequentlyit gradually de・  
CreaSed to about OA on Augustl．This decrca＄ein  
albedowascausedbymeltwaterwhichoverflowedon  
thesurfaceandrefrozeatnight，formingabareice  
Surface．FromAugust3，thesurfacewascoveredwith  
newsnow，andthealbedoshowedahighvalueagain．  
Tbegiobalradiation，g，WaSlargeonfinedays，about  
38MJ／m2at the e‡1d ofJuly，T王Ie rlet S壬10rt－WaVe  
radiatiorlS，QモS，Vereiarge，about14MJ／m2d，On  
Åugustland20Ⅵringtotbesmallalbedos．  

ÅVC＿】2】3 1与 15 】る！7ほ   

Fig．5．Dil汀nalvariationofevaporationrateatNo．1－   
（a）：betweenJuly30andAugust2，（b）：betweenA11guSt12  
and18，1987．  

TIHE  
13 14 】5 】6 Ⅰ7 I8  t9  20  Z】 22  z3 h  

23 25 27 29 3i 2  月  6  ＄ 18 j2 i4 1＄ 18  
JロLY  11ATE   Aこ－GUST  

Fig．7．Solarradiation（Ⅰ），albedoandnet由orトWaVeradiation   
（QRS）atNo．1．   

Fig，6．Diurnalvariationofwatercontent（％）insnowlayersat  
No．8（6118m）onAugust17，1987．  
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Heat餌ⅩeStOtheglaciersurfacearebalancedas  
follows：  

払R＋倶＋a＋仇十払＝0，  （1）  

where Q。Risthenetradiation，仏thesensibleheat  
魚1Ⅹ，QL thelatentheatflux，払theheat forsnow  
melti11g，and Q＝tbe corld11Ctive beat盈ux如m the  
subs11rfacetothesurface．払Risthenetsurnofthenet  
shorトWaVe radiation，QRS，and the netlong－WaVe  
radiation，鉄L，andexpressedas：  

仏R＝払s＋払L  （2）  

＝才（1－A）十鵠Ll十i誌上†，  （3）  

where払Lland払L†are the downward（atmo－  
spheric）andupward（terrestrial）longwaveradiation・   

In the observation period on ChongceIce Cap，  
meteorologkalfactors（temperature，humidity，wind  
spe感，Wind directio‡l，SOlar radiation aれd albedo〉  
werecontinuouslyrecordedby datarecorders，Vhe－  
reasevaporationrateforaandmeltingratefor払  
were occasionally obtained by manual measurements. 

Icetemperaturesat15cmdeepandat30cmdeep  
WereShowninFig．8．Duetothesolarradiationand  
ぬe space官主Iicb appeared between theice and tbe  
SenSOr，the measured temperature was sometimes  
positiveindaytime．Thepositivetemperatureisnot  
therealicetemperature，andassumedasOOCinFig．8．  
Before Augustll，theice temperatures at the two  
depthswerealmostOOC；thereforeQ＝WaSZerO．After  
ÅⅥ釘1或12，也etemperatt汀eSat30cmdeepdecreased  
toabout－1，50C．However，thesignofdifferenceinthe  
ice temperatures between15cm and30cm deep was  
OppOSitefromdaytimetonighttime；thereforethe仏  
Canalsobeneglected．  
DtletOtrOublesinthenetradiatioIISeIISOr，lo‡lg  

－WaVe radiation vas r10t Observed on the giacier  
Surface．The sensible heat，仏，WaS also difficult to  
Obtain．Since the surface temperature was not mea－  
Suredandtheeddydiffusivityatsealevelwouldnot  
applyatthisaltitudewheretheatmosphericpressure  
WaSlover tban500mb，tbe bulk metbod for tbe  
SenSibieheatfluxcotlldnotbeappliedtoestimate弘．  
So，the sum ofthe heat fluxes仏and QミL WaS Ob一  
亡ainedasaresidueoftheotherheatfluxesbyequation  
（1）：  

払十島L＝＝州く∫（1－A）＋払＋払）．  （4）  

王nFig．9，琉eoccasiona王observa如nsof洩esebeat  
fluxesatNo．1arcshownfromJuly30toAugust18，  
andatCG（5500m）onAugust22．AtNo．1，1誌swasthe  
Onlyheatsourceandthecthersweretheheatsinks．In  
ぬe王妃at Sirlks，tわe】a短ntIleat幻ux，隠，WaS muCわ  
1argert王Iantheheatformelting，払，a‡1dtheslユmG十  
払L WaSalargerheatloss．Thesewereattributedto  
thelow daily mean temperature of below OPC，by  
Which仇，払and払Ltendtobesmallornegative．At  
CG，軌wasthelargestheat sink and払L＋Qs was  
SIⅥallandpositive．ItⅥ7aSduetotわehigherairtem－  
peratllreSとhantboseatNo．1becalユSetbealtitudeat  
CGwas300mユowerthanatNo．l．  

且5．1侮おγ伽ノね研αgんzcおγS〟，施cg  
OnthelceCapsurface，theoutgoingwaterfluxes  

VeremeltiI唱andevaporatio†1，Wbilet‡1eincomi17gWaS  
mainly precipitation．The netⅥ㌻ater fiux sbould be  
balancedwiththedivergenceofglaciermassflowin  
equilibriumoveralongperiod．  

Precipitationduringtheobservationperiodfrom  
July19to August25at No．1canbe estimated as  
aもolユt130mm（Ohata g£虎g，1989）．HoⅥ7eVer，meiting  
andevaporationwereoccasionallyobserved，andthe   

3112 3 4 5 6 7 8 91切11121314151モ；171819282122  
AlTQVST    1987  

Fig．乱Icetemperaturesatdepthsof15cmand30cmatNo．1．  

8／16（レ17 き／18    8ノ22u∈レ22t）  
（ND．り  （CG）  

7／38 7／31 8／1 8／2  
（No．Ⅰ）  

Fig、9．HeatbalanceorlaglaciersurfaceatNo．1．fromJuly30  
toÅu卯St18，andatCGく5500m）onAuglユSt22（U：On洩etop  
OfundlユIation，D：Onthebottom）．  
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edwithairtemperature．However，OnthisIceCap，the  
dailyaveragetemperaturewasbelowODC，Therefore，  
tbe紀nSiblebeatflux，畿，WaS110ta‡naincomponent  
butnetshortWaVeTadiation＆splayedamajorrole  
inmelting．Fromthe recursive relationbetweenthe  
melting and solar radiation（Fig．12），the melting  
duringtheobservationperiodwasrough1yestimated；  
t‡1edaiiyaveragebetweenJuiy23andAugu或18was  
3、52mm／dくFig．11）．  

BetweenJuly19andAugust25，preCipitationwas  
51mmatBCandwasestimatedas72mmatNo．1；the  
ratio，1Al，is based on the observations at BC and  
ABC（5805m a．s．l”near No．1）（Ohata et al．，1989）．  
DlユringtllepreCipitationobservationperiod，thetotal  
evaporatiorlWaS eStimated as52mm and the totaま  
melting was134mm．The sum of the two outgoing  
fluxes，Whichamountsto186mm，eXCeededthe pre－  
Cipitation by aboutllOmm at No．1．This excessis  
COnSideredtobethepossibleablationattheterminus  
OftbekeCap（atNo．1）．Thisablationesti汀1ationwas  
largertilantheresu】tofsnowまakeobservationatthe  
upperpoint200mdistantfrom No．1（Ageta eialリ  
1989）：the surfacelowering ofllcm（40mm water  
equivalent）betweenJuly19andAugust26．Therea－  
SOnCanbeinthe訂rla11albedo duetothe overflowed  
melトwaterOlュtbesurfacewhicbfroze at nigIlt a‡ld  
formedabare－iceslirfaceatourobservationpoint．  

ForthewholeIceCap，thedependence ofwater  
fluxes on altitudewi11be considered next．The prev  
Cipitationincreasedwithaltitude；atNo．12（6327m）it  
WaSl，26 times the precipitation at ABC（5850m）  
く0壬Iata ggαgリ1989）．OntileOtherba11d，theIneltirlg  
rateshoulddecreasewithaltitudedepending onthe  
decreasein air temperature．The cvaporation rate  
also decreaseswith altitude；eVapOration at No．12  
WaShalfofthatatNo．1．Therefore，thenetaccumula・  

nm／d  

totalsurfacewaterfluxduringtheperiodofprecipita－  
tionobservationcanbeestimatedfrommeteoroiogi－  
calfactors．  

Theevaporationshowedabettercorrelationwith  
airtempcratureasshowninFig．10，ratherthanwith  
VapOrpreSSureandwindspeed．Thismeansthatthe  
evaporationrateshouldbelargeduringthemelting  
periodindaytime，andthelengthofthemeltingperiod  
inturriisdependentoIlairtemperature，aSdescribed  
in section3．2．From the recursive relation between  
evaporation and temperature，the evaporation rate  
duringtheobservationperiodwasroughlyestimated；  
thedailyaveragebetweenJuly23andAugust18was  
l．36mm／d（Fig．11）．  
Tbemelti王唱rateWaSbettercorre王atedwithsolar  

radiation as shownin Fig．12，rather thanwithair  
temperature．Thistendencycanbeexplainedasfoト  
lows・WhenthetemperaturewasmuchhighcrthanO  
OC，thesensibleheatflux，払，Whichlinearlydependson  
airtemper・attlre，beeamealargepositivecomponentin  
払ebeatl）alance，a‡ldmeltingratewasbetterco汀elat－  

ー6  一名  －2  
AIR TEl（PERATURE  

Fig・10・Relationbetweenevaporationrateandtemperatureat  
No．1．  
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Fig．11．Estimatedmelting rate（dasbedline〉and evaporation  
rate（solidline）ICro＄eS are Observed melting rate a11d  
trianglesareobservedevaporationrates．  

Fig，12．Re】ationbetweenmelthgrateandsolaTradiationat  
Ⅳ0．1．   
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tiorlWOuldbepositiveontbeupperpartoftbe‡ceCap．  
Åt壬1igb altit11desⅥ㌻hereice te‡nperature getS  

belowOOC，me托watersbouldbere－frozenirlt王1eCOld  
layerandformthesuper－irnposedice；tberefore，the  
meltwaterwouldnot幻0ⅥrOutfromtbeIceCap（as  
ShownirlFig．6）．Theevaporation／Sublimationoccurs  
at allaltitudes，（althoughits rate decreaseswith  
altitude），andmayoccurinallseasons．Consequently，  
the ChongceIce Capis fed by precipitation，and  
ablatedmainlybyevaporatiorlnOtbymeiting．  
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Aし※ユ．応T  
4．Heatand waterfluxeson a groundsurface  

Tbewaterandheatbalanceonagrolユndsurねce  
WaSObservedatBC（5260m）fromJuly17toAugⅥ或22．  
Onafewdaysattheendof5uly，nOdatawasobtained  
due toinstrument trouble．The surface condition at  
BC wasgroundsurfacewithsparsegrass．Sincethe  
VegetationdensityatBCwaslow，anySpeCialatten・  
tions were not paid to evapotranspiratioTlfrom the  
VegetatiorlintilepreSentWOrk．Duringtbe observa－  
tion period，t‡ie mean Values of meteoroiogicalele－  
mentsⅥ㌻ereaSfoiiows．Airtemperature：3．00C；re重ative  
humidiもy：66％；Windspeed：2．9m／S；dailygiobalradia－  
tion：26．8MJ／m2縛191y）；Clotldamount：6．7．Precipita－  
如nwa＄a11s‡10Ⅵr；64％ofitoccurredat night（20一  
個h）．  

The water balance，discriminating between the  
SOlidぬm（snow）andliquidfom（rain）attbesurねce，  
canbewrittenasfollows．  

ダ＋g＋ガ＝0  （5）  

P＝J㌔＋月  
ダニ島十島   

wbere  
タ：Totaまprecipitation，  
g：Sumofstぬ1imationandevaporation，  
為，書：Amountsofsolidandiiqliidpbasepre－  
Cipitation，  

＆，烏：Subiimationandevaporation，  
H：Waterflux to thesubsurface．  

Theheatbalancecarlbewritteni‡1thesameform  
aseq．（1）．Eachcompo‡1e‡1tWaSilldependentlyobserv－  
edexcept亀．〈送wasderivedasaresidtleOftheheat  
balanceequation（eq．（1））．  

TIlefolloⅥringresultswere（）如ainedね㌻払ewater  
andheatbalances．InF主g．13，daily（20…20b）タa‡1dg  
aresboⅥm．Theprecipitation，タ，WaSlargeinJuly，btlt  

Fig．i3．Prec妄pitaも竜ona11devaporatiollOnagrOmdsurねceaも  
BC（526軌Ⅵ）▲   

itdecreasedinAu那St．Thenumberofprecipitatiorl  
dayswas73％ofthewholeperiod（27daysoutof37  
days）．Maximumintensity of precipitation wa＄  
10．4mm／d．Evaporation occurred every day；it was  
largeorldaysoflargeprecipitationandthesucceeding  
days．Tbis wasclearly observdintbeperiodfrom  
Jlily27toAuguまl．TbetotalamollntSOfダandgfor  
tbewboieperiodwere52－3and51．6mm，reSpeCtiveiy．  
Tbeevaporationratewasl．36mm／d，Wbicbwastbe  
sameastbatatNo．1（汰ecoincidenceinthevaiⅥetO  
twopiacesofdecimaisisa†laCCideT勅Theprecipita・  
tion，P，WaSrOughlybalancedbytheevaporation，E，  
fort‡1eⅥrholeperiod，reSultingin忍二0，Thismeans  
that，aSameanforthewholeperiod，allofthepre－  
cipitation evaporated and no water was percolated  
i†ltOtbegrotlnd．   
TlledailybeatbalancefortheperiodisshoⅥ昭iri  

Fig．14，Tbemainheatsot汀CeVaS仏文．Thebeatsilik  
componeritSVarieddaybyday．払and払weresmall，  
alld払wastbelargervaiuewhen払wasiarge．This  
means thaもOn SnOⅥ7y days，beat contぬ1edin偽e  
groundwastraれSpOrtedtothesurface．Thetwomain  
heatsinkcomponentsⅥ7ereaand毯．Ontbelarge隠  
days，倶wassmall．Itcanbesaidthattheamotmtsof  
aand仏weredeterminedbythemoisturecontentof  
thesoil．Largevariationinthesoilmoisturecontent  
affected tbe day－tO－day variationin the beat sink  
componenと＄．The totalaverage vaiues of eacb heat  
baiancecompo11entandtheirratiostothenetradia－  
tionare as follows：私記＝18．5MJ／m2d flOO％），毯ニ  
ー7，27MJ／m2d（鵬69％），毯＝－2．6MJ／m2d（鵬25％），  
Q。＝－0彙27MJ／m2dト3％〉，払＝－0．33MJ／m2d卜  
3％）．   
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Fig。14，Heatnux缶Ona餅OumdsurfaceatBC・  

TbeⅥrater and‡1eat baiances at BC seem to be  
StrOnglydependent onthemoisturecond主tionofthe  
ground，Whichisprimarilydependentontbeamount  
OfprecipitatioIl．S11Cbcharacteristicsof也ewaterand  
heatt〉a王anc飴at王墓Careprobablydl把tOthe毎Ilowing  
facts．   

1）Lowtotalprecipitationamount andlow pre・  
Cipitationintensity．  
2）Precipitationoccursassnow．  
3）Drygroundstばねce．  

and occasiona糎becameiessⅥrhen dry air mass  
movedin免・OmtheTaklimakanDeserヒ．  

Thesecondreasonistheiow atmospherie pres－  
sしIrビOhhビhi5Ihaltitude：below5Ⅲ11nbonttleglacier，  
Generally，tbevap（汀負uxisproportionaltotbegradi・  
ent ofspecific humidity（ratio ofvapor pressureto  
atmosphericpressure）．Sincetheatmosphericpressure  
isbelow500mb onthelce Cap（above5800m），the  
specifichumidityanditsgradientonthemeltingsnow  
stlrface aretwice aslarge as the ones at sea¶1evel  
詳eS開re，andtbeevaporationisexpectedtobedoubie・  

T‡letbirdreasonis血estrongsolarradiation（g．爵  
about38MJ／m2d at血eendoりu王y）．Usua11ywater  
vaporfluxwasestimatedbyvaporpressl汀egradient，  
windspeeda11db111ktransたrcoefficie11tbasedontbe  
e（まdydi魚ISiontheory（g．爵Male，1980）－Schmidtく1972）  
considered solar radiation as an additional energy 
sourceforsublimationofblowingsnowpartides．This  
conceptiorlCan be extended to the evaporation of  
meltingsnow；StrOngSOlarradiationonthisaltitude  
mayenllanCeeVapOration，andthereforetheevapora拉  
tionmaybelarge壬ndaytime．   

Ageta g≠βg．（1989）observed an altitudi†1aldis－   

5．Discussion  

Evaporationたom仏e surねceⅥraS remarkably  
iargeandplayedanimp（〉rtantrOlei11thebeatand  
massbalaれCeOnbo払血eglacierandgrou‡ldsurfaces  
inthisregion．Severalreasonsforthisareconsidered  
below．  

Thefirstreasonisthattheglacierislocatedinan  
aridclimatearea．Accordingtohumidityobservation  
（Ohata et alり1989），VapOrpreSSureWaS，Ontheave．  
rage，SmailertbantbesaturatedvaporpressureatOOC  
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tribtltio－10fmassbala王1CeOntheChongceIceCapin  
the same period as our observation．To extend this  
massLbalance distribution to other seasons，heat  
balancecomponentsshouldbeestimatedfromlimited  
meteorologicalfactorsatBCorothermeteorologlCal  
Station．Sofar．theビmpirit：alfornlulilSforthecompo，  
ments bave usualiy ken obtained at the starldard  
atmosphericpressure，andtheycannotapplytocondト  
tionsatlowpressureathighaltitude（above5000m）．  
Theeffectofthehighaltitudeontheestimateofthe  
heatbalancecomponentsshouldbetakenintoaccount  
b）1the folloⅥ▼ingreasons．  

For tile downwardlo‡唱－WaVe radiation，払Li，  
the most widely quoted expressionisthat of Brunt  
（1952），Whichhastheform  

QミLJ＝げrヰ（d＋あノ盲），  （6）  

WhereすistheStepha王トBoltz王Ⅵa‡lnCOrlまant，ア主stbe  
absoluteairtemperature，eisthevaporpressure，and  
aandbareempiricalparameters．Ontheotherhand，  
Brutsaert（1975）hassuggestedameansofestimating  
thelong－WaVeradiationwhich takesinto considera－  
tiontemperatureandhumidityprofileabovetbesur－  
face．Assumlng a COnStant teTⅥperattlrelapse rate，  
鵬0．006OC／m，heobtainedanexpressionfor払Llat  
thestandardatmosphericpressure，1000mb：  

QミLJ＝0月42（ぞ／T）1／7♂r4．  （7）  

Marks（1979）basmodi缶edtbisequationわrtbe  
u紀int王】ealpineareason血eassumptiontilatrelative  
humidityis eonstantwith height and temperature  
Variationswithhcightfollowthestandardlapserate．  
Thismethodcanbeappliedtothehigh－altitudearea  
Ofour observation．  

Forthetbecaiculationsof紀nSiblebeat封じx，毯，  
andiatentheatfiux，払，tbeblユiktransfercoe用cierlt  
at high altitude must be different from that at the 
Standard atmospheric pressure．Manyinvestigators  
haveexaminedthebulktransferexpressions：  

毯＝」払お。（荒－㌫）  
Q＝玖JJ‘丁（（－。－tl，），  榊   

Where玖andIharebulktransfercoefficients，eisthe  
VapOrpreSSure，andthesubscriptsaandOdenotethe  
measurementheightandsurfaceconditionrespective－  
1y．However，mOStOftheexperimentalvaluesofthe  
transfer coefficient are obtained for the standard  
atmospheric pressure．For thelow pressure at high  
altitude，WeShouldusetheoriginalformOfturbulent  
幻ux：  

仏ニβGゑヱ（jら／私）（録む…鋸。）（㌫－㌔）／ln2（み／α），  
aニ〆．〃烏2（範／私）（〟ゎー〟。）（恥－‰）／1n2（ゐ／α），（9）  

Where pis the air den＄ity，G the specific heat at  
COnStantpreSSure，Lムthelatentheatofvaporization，  
盈thevorlKarmanco‡1Sta鵡，留珪ehumidityratio，Tbe  
Subscripts a and b denotethemeasurementheights，  
私，Kiand KEaretheeddydiffusivityfor sensible  
heat，WaterVapOr and momentum flux．Intheseex－  
pressions，P，私，KA and KE arefunctions of atmo－  
Spbericpressure．  

Forthecalc11iatio110fbeatもa王a王冗eCOmpOnentS  
Onaglacieratahighaltit11de，theseeffectsofthehigh  
altitude（lowpressure）onthe components shouldbe  
takeninto account．  

6．ConcIudingremarks  

Theheatandwaterbalanceswereexaminedona  
glaciersurfaceandonagroundsurfaceattheChon－  
gceIceCapintheWestKunlunMountainsinsummer，  
1987．  
OnaglacierstlだaceattheterminusoftheCho】1－  

gceIce Cap（5850m a．s．l．），thelatent heat flux by  
evaporationwasmuchlargerthantheheatforsnow  
melting，andtheevaporationfromthesurfacewasthe  
maincomponentfortheoutgoingmassflux．  
Tbeevaporationrateontheglaciersurねcesbow－  

edagoo（まco汀elationwithairtemperatⅥre，nOtⅥritb  
VapOrpreSSureOrwindspeed，Whilethemeltingrate  
WaSCOrrelatedwiththesolarradiation，nOtWithair  
temperature．Fromthe recursiverelations，the mean  
evaporationrate duringJuly23and August18was  
estimated asl，36mm7d，and tbe mean melとing rate  
WaS3．52mm／d．  

On a ground surface（5260m a．s．l，），the total  
amountofevaporationfromJuly17toAugust22was  
51．6mmandthatofprecipitationwas523mm；mOStOf  
theprecipitationwasevaporated and no waterwas  
percolatedi11tOtheground．Theevaporationratevas  
l．36mm／dsameasthatontheglaciersurface．  
Thclargeevaporationisconsideredtobeowing  

tothearidclimate，thelowatmosphericpressure at  
highaltitude，and the strong solar radiationinthis  
area，  

Theefねctsofbighaltitude（〉nthebeatbala‡1Ce  
COmpOnentSareafuturesubjectoftheheatandwater  
balancesonglaciersandicecapsathighaltitudes．   
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