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Abstract  

Asanexperimentalglacier，KangwureGlacierin＄OuthTibetisselectedasoneoftheglaciersin  
China which are monitored simultaneously togetherwith other glaciersinthe worldin order to  
understandtheglobalclimaticandenvironmentalchangethroughglaciermassbalanceobservations．  
Surfacemassbalancewasmeasuredfrom1991to1993withintensiveobservationscondtlCtedinthe  
Summer，1993．During払eseyearstbisfiaトtopglacierwasinanegativemassbaiancestatecorre－  
SpOndingto－250mmwaterduringtheperiodfromSep．29，1991toOct．18，1992and鵬640mmwater  
fromOct．18，1992toSep．15，1993，Whileanegativebalancewasalsoobservedinthewinterseason  
fromOct．18，1992toJul．10，1993，equalto－160mmwater．Thisisconsideredasthesequenceof  
decreasing precipitationin the two years：1992鵬1993as shown by thelong term variation of  
precipitation at Nyiam meteorologicalstation，Wbich giv農eVidence偽at precipitation exerts an  
apparentimpactonmassbalanceformation onthoseglaciersmainly developed11‡ldermonsoonal  
climate．  

1．lntroduction  

Asanexperimentalglacier，KangwureGlacieris  
selected as one of the glaciers in China which are 
monitoredsimultaneouslytogetherwithotherglaciers  
intheworldinordertounderstandtheglobalclimate  
Change throughglacier mass balanee observations．  
This glacier wasinitia11y observedin196（1s by Xie  
Zichu（Ⅹie，1982）and have been reached for some  
timesbyseveralexpeditions（KhuleandWang，1988）．  
In1991，ajointexpeditionbetweenChinaandRussia  
WaS Organized to conduct a detailed glaciological  
researchwhen stakesweresetup and a temporary  
meteoroiogicalstationoperatedatanelevationabout  
5300m a息1．in the field season．As proposed by  
China－Russiajointteam，glaciologicalmeasurements  
were continuedin1992．This work was theninten－  
Sifiedinthesummer，1993andobservationsofglacier  
massbalance．iceteml麗rature．glaciermovement．and  
meteorologicalelement＄，SuCh as air temperature，  
atmospheric vapour pressure，humidity，Wind speed   

anddirectionaswellasprecipitationatthebasecamp  
（BC）．568Oma．s．l．．100mnし）rthoftheglaeierterminus  
WereCOnducted．Thispaperwi11di＄CuSSgiaciersur－  
facemassbalancebasedonobservationsfrom1991to  
1993．  

2．ObservationofKangwureGlacier  

Kangwure Glacier（28027’07”N and85045’E）is  
SituatedonthenorthsideofMt．Xixiabangma，Which  
isinthemiddlepartoftheHimalayas．Inthispaper  
theglacierisdividedintothenorthandsouthparts，  
sincenoieeflowsfromsouthtonurthandnomeastlre－  
nlentS have ever been done on the south part．We  
Wi1lonlydiscusssomecharacteristicsofmassbalance  
Observedonthenorthpartwhichis4．3kminlength  
and3．454km2inarea（andthereafter referredto as  
KangwureGlacier）．Theglacierterminusreachesto  
；lIlaltitude（〕f56削）m a．s．l．with an altitudi11aldiffer－  
enceof476mtothesummitandtheglacierexposesto  
thenorthintheupperarea，thennorth－eaSt．Apart   
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from stakesinstalledin1991and1992，an eXtra14  
Stakes were also set up onthe glacier stlrface，i．e．，  
tota11y27stakesontbeglacierin tわe summer1993  
（Fig．1）．BecatiSe Of higb elevation，Only4stakes  
WerepOSitionedintbeareaabove6000ma．s．lりandno  
Stakesontheareaabove6100mwithanareaofO．189  
km2．  

1993，SOmemeteOrOlogicalelementswereobservedat  
atemporarystation，5680ma・S・1・，aboutlOOm away  
なom也eglacierterminus（Tablel）．Ånaverageair  
temperatl汀eOfOぷCandatotalprecipitationof126．9  
mmwithoutconsideringthecapturingcapacityofthe  
precipitation gauge were observed for this period  
（Yangetal．，1989）．Asforthecauseofprecipitation  
inthisarea，thesummermonsoonwithrichmoisture  
prevaillinginthis region may transporttremendous  
amountofthemoisture・Twenty－Onedaysaverage  
airtemperatureinJuly（11－31）wasuptol．9CC，the  
averageinAugustwasl．1OCandthendecreasedfrom  
theendofAugustandcontinueditsdecreaseinSep欄  
とember，  

Tahlel．DaiL）■111ean（r；＼＼◆Fl．111こ1Ximum（T11：ul．nliIlimuTll   
（TMIN）airtemperature（OC）andprecipitation（PsuM：Stlm  
Oftheperiod，PMAX：maXimum daily（mm））during the  
fieldseason1993attheBaseCamp（5680ma．s．l．）．  

′、－ Glacまer boundary  
一一・・・・・・・・・・・－ Con亡our   

一－－●＿＿．ぷヒak色 and it与 力u適わモr   

r neteorDfogicaf station 
Dividin91in色   
0  ヱ50 500 750m  

TemperatureOC Precipitationmm  
TAVE TMAX TMIN PsuM PMAX  

Highest 4．110．5 0．4  
Jul．1ト31 Lowe融 0．9  4．9 3．5   32．4 11．8  

Mean l．9  7．3 －1．8  
Hまgbe＄t 2．9 8t9 －3．8  

Åug．  LoⅥreSと －1．4 2．5 （）．0   68，3 11．O  
Mean l▼1 6．1 －2．8  
Higbest－1，2 5，5 －4．4  

Sep．1－15  Lowest －2．8 1．0 －6．4  26．2 9．2  
Mean  …2，2  2．9 －5．2  ‥
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ヽ  Inordertounderstandtheclimaticcharacteristics  

inthesurveyedarea，itisnecessarytogetaviewof  
Climaticelementsrec（）rdedatmeteoroiogicalstations  
aro11nd tbis region．UnfortⅥnately，meteOrOlogi（：al  
或ationsestablisbednearbyarefevwitbtbenearest  
OneS（Nylam（3810ma．s．王．〉and Tingri（4308m a．s．1．）  
Stations）5Okmsot托hand130kmeastoftheregion  
（Fig・1）・Thelongtermrecordsofair temperature  
are3・4and2．3OCin average at Nylam and Tingri  
While annualprecipitation at Nylam（668．6mm）is  
almost2．5timesofthatatTingri．Theobstructionto  
humid air masses due to existence of the high  
Himalayasareverydistinctfromthisroughstatistic  
data．Actuallythecまimaticfeaturesaredifferentfor  
regionsontbesou払ofMt．Xixiabangmaandonthe  
plateau asdemorlStrated witb precipitation distrib11w  
tioniriayearattWOStations．Forexampie，preClpト   

、＿′  

Fig．1．SketchmapshowingstakenetworkonKangwure  
（幻aトtop）G王acier，  

Massbalancel】leaSurement＼l▼aSPerfot・medbythe  
Stakemethodinwhichsnowandicesurfacechange  
WaS Observed（Meier，1962）．Surface mass balance  
Were meaSured at5－10dayintervalexcept the4  
higher stakes．Daily measurements were done at  
StakeNo．D3（5918ma．s．1．）nearlyeverydayduringthe  
Wholeperiod，uSuallybetween13：00and16：00Beij－  
ingStandardTime（BST）．   

3．Climatic condition  

During漁efieidseasonfromJul．10to Sep．15，  
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tationinsummertbreemon也＄taketbeperce琉ageof  
85（116OftheanlluこIlatTingri＼＼・hile thELCOrreSPOnding  
oneis oniy35％at Nyユa乱 Tbougぬhow琉e two  
stations sbow tbe climatic simHarity witb也e suト  
Veyedglacierareacannotbedetermined，longterm  
Climatic variations arot王ndthe glacier王nayぬSOme  
extentbereievantto払atobservedat払etⅥ㌢OStatio11S．  
The climatic records（especially precipitation）at  
Nylamwiま1beusedforpre＄entdisctlSSion，   

4．州as＄balance  

Measurementofgiaciermassbalanceiso‡ユe Of  
theternlSinmonitoTingglobalclit11atit：a11dtlnViron－  
mentalcbanges．Di鮫rentconstitutionaipatter‡lSOf  
waterandbeatmayresuitindiffere王1t ampiitudeof  
glacierizatio‡land fluct11ations ofglaciers．Itis of  
greatinterestiIl払est11dy ofglaciaicIlaraCteristics  
impactedbythesouthwestmonsoon・   

J．7．馳小川JJぶんJんJ机1、  
Asthestakessetuponthegiaciersurfacewere  

takenbothassurveypOintsofsurfacemovementand  
for ma＄S balance observation，払e stake network  
doesn、tevenlycoヽ▼ertheglaビiersurface．Howevera  
r（1utine measul・ement Of stlT・face mass balance was  
per払rmed ateachstakewitbin5－10daysinteⅣal  
withonestake（D3）observed‡1earlyeveryday．The  
inter－diurTlこIIvariation of balallL：亡・at Stake n3is  
Si10ⅥrninFig．2togetberwitbdailymeanairtempera－  
tureatBCintbesameperiodfromJt11．ユ、8toSep．15，  
1993．Ntlgativedail〉TbこIlこIllCe OCCurred during more  
也anbalfoftheobservationperiod，althoughsnoⅥrね1i  
WaSObservednearlyinthewholeperiodapartfrom23  

dayswitboutsnowね1lorjusttraceprecipitation．A  
negativeLdail）T maSSbalaneevaluewast〔ltalledas，  
377mlllWater．about－7mm．／day（exclusive ofJul．  
26…28andA11g．26鵬27witboutdailymeasl汀ementS）．  
From Fig．2，a‡1egative correlation between daily  
balanceandairtempttriltureCanbedt？ri＼▼edthatlarge  
negative baiance occl汀red along witb bigher daiまy  
temperature，in（lici両ngthatthesurfaceicewasinten－  
Si＼でl〉・melted（lutduringlheda）TWithhigherpositive  
tenlperature．but sometimes both showilCOntrary  
trends，i．e．whentemperatureishighthenegativemass  
balanceisnotsolargeasitshouldbe．Thismean＄  
洩eもemperatu柁Series do not co汀eSpOnd to ma岱  
balancビSerieswitheach other，becausesurface nlaSS  
balanceon；lglaciLtriscontrolledby w；1terandther－  
malconditions．A sitlgle paremeter can not suffi－  
cientlydescribemas＄ba王anceprocessesanditschar・  
acteristics．Andtherema）1eXistmeasul’emeTlterrOrS  
for some data especially afterÅug．28Ⅵ㌻hen mMCb  
SnOW短1！0Il払eglaciersudace．  
Oecidedbyitsgeographicこ11positionandtherole  

ofsummermonsoon，thisglaciermaybelongstosum】  
mer…aCCumulationtypewhichhasbeencheckedoutin  
tbeco‡lteXtaboveぬentioned，tbewarmsummersea・  
SOnisnot ol巾・theこ1blationseasotlbtlt an aeCumula・  
tion period because af the monsoanal effect in the 
summertime．ItisdifficlユIttodeterminetheablation  
and aecumulこ止ionelements sE・ParこItt：1）▼WhileIlleaS11r・  
ingthemassbalance（Sb王andXie，1964；Ågeta，1983）．  
Thereforeitissomewhatreluctantwhenwetrytoget  
a＼・iewofablationdependenee（一ntheairte111perature  
asnla叩Othershavesuggestedtheairtemperatureis  
agoodindexoftheheatsupplyforablationonglacier  
surface（Ambach，1989；ChenandFunk，1990）．How－  
everitmaybereasonabletorefeTtOaShortperiod  
Ⅵ▼ith（1utOrWithnegligibleprecipitationasanablation  
period．1Iltheperiod fromJu］．18to Sep．15except  
Jul．2（ト28andAtlg．26－P27．therearediscotltiIl11OuS5  
daysde蔦nitelyⅥritbolユtpreCipitationand23dayswitb  
traceprecipitation．Ifweassume軌esedaysaspure⇔  
tl▼ablationda）7Sthentheobserveddail）・maSSbalance  
Va王uesaretreatedasdailyabiation．Age11eraltenか  
den亡yisfoundbetweelldailyablatio11anddailymean  
airtemperatureatstakeD3extrapolatedた0‡n払e8C  
usingalapserateofO．68DC／100m（Fig．3）．Compared  
withthatonGlacierAX OlOintheNepalHimalaya  
a11dtbeCho喝Ce‡ceCapintbewestKunまunMts．by  
Agetこl（t〟［．（198O）andAgビta（：tal．り9さ9），thビablation  
rateis much higher than th〔）Se OTlthe two glaciers  
Whenthetemperatureisatthesamelevelandmany   
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Fig．2サ Mass balance varia如n measured at stake D3   
togetberwitムdaily汀‡eanairtemperatl汀eattheBase  
Camp．  
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Temper温血ⅣぐC）   

Fig．3．RelationshipbetweendailyablationatD3anddaily   
mean air temperature extrapolated from the data at  
BaseCamp．  

0  10  加I  ユO  

CⅧ山■鰯▼ete山匹ー血re  

Fig．4．Relationship between cumulative ablation at the  
fourstakesoft壬IeむstroⅥrarldctlmlj】ativedai！ymean   
airtemperatureateachsamesiteex豆apoiated如m払e  
basecamp，  

pointsinotlrCaSeareCOnCentratedatairtemperature  
rangefrom－1toltwhileuntheChongceIeeCapall  
pointsarefa11enatatemperaturerangebetveen－2  
and －60C．These could be attribtlted to different  
Climaticpatternsofthethreeglaciers：theirsurface  
property（albedo），heatsupply，preCipitationtypeand  
amount，and so on．Temperature dependence on  
ablation does not show synchroni＄m for different  
glaciers．  

Forthederivationofthedegree－dayfactorforice  
ablationonthisglacier，balanceobservationsoffour  
Stakesatthefirstrowwith5…6daysintervalduring  
Jul．2O andAug．25．1993areevaluated．Becauseof  
theloweraltitude（574O－5794ma．s．1．）frequentsnow－  
fal】ont】1eglaciersurfacewasrneltedawayverys（10n  
SOthaticealbationwasthemainprocess．Therefore  
the observed balance can be con＄idered asice abla－  
tion．Withthisviewpointthedailyablationrateand  
relevant mean air temperature extrapolated from  
base camp using alapse rate of O．68OC／100m are  
Calculatedforeachperiodateachstake．Therela－  
tion between cumulative ablation（∑A，mm Water，  
absoltlteValue）andcumulativeairtemperature（∑T，B  
C）attbe女）urStakesisfou11ded（Fig．4）．Tberegres－  
sionalformula reads：  

∑A＝15．8∑T   

ThecorrelationcoefficientRisO．99withconfidential  
levelof95％．Thecoefficientof∑Tis15．8（mm／OC・  
day），the soLCalled degree－day factor，nearly two  

timesofthat（9mmrC・day）foundonGlacierAXOlO  
（Ageta and Kadota，1992）in the NepalHirnalaya，  
SOutheastsideofMt．Xixiabangma．Itisalsolarger  
thantheoneobtainedonGlacierNo．1attheUrumqi  
riverheadintheTianshanMountains（Liu，1995）．   

4．之Sお桝椚gγ伽ム盈）一S政ヱ与j卿α光♂α邦邦紺g桝α∬  
血ーん〃汀（，  
AltllOugh the stake network does not（二OVer the  

upmost partoftheglaeier．itisonlyasmallareaon  
theupmost，furthersurfacemassbalanceinthesum－  
mercanbeextrapolatedbyusingaltitudinalgradient  
derivedfromstakenetworkmeasurementthencalcu－  
1atedsummersurfacebalanceonthewholeglacier．  

Massbalancegradientiscalculatedbyfo1lowing  
method．Firstlythemeanbalancevalueofarowof  
Stakes atthesimilaraltitudeisgot from averaging  
balanceresultsmeasuredatstakesofthisrowandthe  
meanaltitudeofthestakerowisaisobyaveraging  
altitudes（1f thisstake row．both values of mean ba7－  
ance and altitude are put as a representative（－f the  
stake row．Other vall王eS Can be caict11atedin the  
SameWayforotherstakerows，thenwegetlOsetsof  
SuChdata（withtheupper4stakesstandingforfour  
sets）；maSSbalanceateachaltitudecanbecvaluated  
forobservationalperiods（Oct．18，1992toJul．10，25，   
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31，Aug．5，10and15，1993）．Then the glacieris  
dividedinto zones with a 2O m altitudinalinterval．  
Usingtheverti（：algradientsofmassbalancederived  
above，theareaLmeanbalancefor a40m altitudinal  
intervalisobtainedbyareaaverageofthetotalsum  
Ofbalanceinvolumeofthetwoneighbouringzones  
within40maltitudinalinterval，Forthesummitarea  
without stakemeasurernents．surfacenlaSSbalanceis  
extrapolatedinthesamewaybythesamegradienton  
the upper part（Fig．5）．In the whole observation  
period，the glacier wasin a great negative mass  
balancestateexcepttheupmostareawhereasmall  
POSitive balance was observed．The totalmass baト  
anceinvolumefromJul．2O to Sep．15．1993wasup  
to－1．66×106m3watercorrespondingtoanareamean  
of－480mmwater．  

thetwobalanceyearswithatotalamountof890mm  
WaterillareailVerage．The result makes us think  
howthenegativebalanceisformed血ringthetwo  
years・Itiswidelyacceptedthathighprecipitation  
andlowtemperature are favourable for a positive  
massbalanceformationofaglacierandviceversa．  
Becauseoftheshortageoflongtermobservationsor  
even a whole〉Tear Climatie elements at the glacier  
basecamp，ClimaticrecordsatNyまamcanservethe  
presentdiscussion．Thisisalsoduetotheincomplete  
datasetatTingricomparedwiththatatNylam．  

Thereasonofmasslosingtrendin1991／92and  
1992793canbeinspectedtbrougbanaiysisofairtem－  
perattlre and precipitationi11both balance）TearS at  
Nylamstation．AccordinglylongMtermVariationsof  
precipitation and air temperature at Nylam station  
areexamined．Variationsofwinter（Nov：Apr．）and  
Summer（May－Oct．）halfyearprecipitationareshown  
inFig・6withtbeir5－yearmOVingaverages．From  
1967－1992．winter half year preぐipitation tends to  
increase annua11y thoughthe summer one closely  
SCattered around thelong－term aVerage．However  
thewinterandsummerprecipitationinboth1991and  
1992nearlyreachedtothelowestirlthewholeinstru－  
mentalhistory．whileヱIirtemperatureswerecIose to  
the averageinbothyears．Thisrevealstbatlower  
precipitationin1991and1992played animportant  
roleinthenegativemassbalanceformationin1992  
and1993，becauseofloweraccumulationinwinterand  
noenoughremnantmassdepositedontheglacierafter  
tbe former ba呈ance year so払at bareice may be  
exposedtooearlierinthecomingsummer，i．e．，Surface  
albedodecreasemakestheablationaccelerated．   
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Fig．5．Relation between mass balance and altitude on  
KangwureGlacier．  

As12stakeshavebeenobservedorlSept29，1991  
andOct．18．1992，andre－ObservedduringJul．1OLSep．  
15，1993，maSSbalanceintheperiodfromOct．18，1992  
toJul．10，1993℃an be calculated to be M160mm  
Water，－0．553×106m3in volume，i．e．，a tOtalmass  
balancewasupto－640mmwaterduringtheperiod  
fronlOct．18．1992toSep．15．1993，theglacierhaslost  
asumofmassof2，21×106m3water．DuringSep．29，  
1991－Oct．18，1992theglacierwasalsoinanegative  
massbalancestatewhichwasabout－250mmwater，  
equaltoO．864×106m3waterloss．  

5．Discussion  

Thisglacierhasexperiencedgreatmasslossin  
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ぎ短．6，Sl皿mer（A）andwinter（B）ba王fyearprec主pita如n  
andthe主r5－yearmOVingaverage5atNylamStation．   
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To get a view of mass balance characteristics，  
areameansofmassbalanceoneacb40miriterValare  
Calculatedfor払eperiods白・0王nOct．18，1992toJui．10，  
25，31，Åug．5，10，15，1993．Åreameanmassbaiance  
（Bt mm water）of也e glacieris aiso estimated for  
thesesixperiods．Bydrawingafigureofmassbal－  
ancevirsus altitude（Fig．7），the correspondingtran・  
Sientequilibriumlinealtitude（ELAtm）canbedeter・  
minedforindividualtimeinterval，denotedbyt．So  
farmeanmassbalance－ELAtrelationship（Fig．8）is  

Statisticallyderivedas：  
Bt＝5×く5994－ELAもラt  

Becausea11theE工一AtandBtveremeasl汀edina  
Sing王e year（1992／93ba王ance year），arld110pOSiもive  
balanceandloweredELAwereobserved，theabove  
equation may nol be used to indicate year to year 
mass balanceMELA variations．However the conu  
stantof5couldbetakenintoaccountasthevertical  
gradient of the glacierinthat balance year which  
COrreSpOndingtothelevelofglaciersintheAlpsand  
CentralAsia（5．6forglaciersin theAlps and5．2in  
CentralAsia，Tablelin王∋raithwaite（1984））．王f蝕e  
COnStant5994is treated as tbe balanced ELAin tbe  
balaれCeyear1992／93，itsilOWStbattbeELÅisabout  
90mhigber払a】1themedianaltitude．AloⅥ7Valueof  
theaccumulationarearatiolessthanO．5demonstrates  
theglacier condition ofintensive massloslng．As  
demonstrated frnm the terminus fluctuations of the 
glacier，theglacierterminushasretreated12．7min  
averageduringAug．，1991－Aug，，1993．  
Accordingtoobservationalresultsontheglacier  

andthediscussionmentionedabove，preCipitationin  
the fieid seasonis not as high as expected，Which  
forces us to make a緑㌻琉er spectllation about也e  
Characteristics of glaciers．Xie（1982〉has esti王℃ated  
t壬1e annlほ1precipitatiorlabout508mm at ELAs of  
Kangwure Glacier and Yebukangjiale GlacierM  
Originated directly from Mt．Xixiabangma，So we  
trytogetaviewofprecipitationbasedonmeasureM  
mentinsummer，1993．TakingprecipitationatTin・  
griStationasareferenceandassumingtheBCsharN  
ing the same annual precipitation distribution with 
Tingri，thatis，long term average precipitationin  
Augusttakesthesamepercentageasabout40％ofthe  
annualone aとTirlgri，annuaま precipitatiollat tbe  
glacier8C can be ca王ct王iated to be o王11y179mm．  
HoweverprecipitationinAtlguSt1993atTingrivas  
56％lowerthanthelongtermaverage．Thenprecipi－  
tation at BCiscorrected as304mm．In the similar  
WaytheAugustprecipitationanditspercentageofthe  
annualoneatNylamStationistakenasareference，  
thecalculatedoneatBCis551mm．Soforacommon  
yeartheBCareashouldobtainasumofprecipitation  
withinarangeof304鵬551mm，428mminaverage．  
ForadeepinsightoffluctuationsofmeanmassbalA  
anceandELAsoftheglacierweneedtoknowtheir  
Variationinthoseyears wi払bigムerprecipitationor  
Closeto汰eaverageatieast．Nevertbeless，apreli汀1i－  
naryconclusio‡1Carまbe draⅥm that precipitat室on on   
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Fig，7．Al七重tu（】inaldistribl】tion of mass balance for the   
periodfromOct．18，1992toJul．10（A），25（B），31（C），  
Aug．5（D），10（E），and15（F），1993．  
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Fig．8．Relationsbipbetweenmeanmassbaiar王Ce払rvarト  
Ot】Sperまodsmen震onedinFig．7a‡ld洩eircorrespondir王g  
transienteqtlilibrit】miineaititt】des onKangwureGla－  
c；er．  
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13，Yang，D．，S重Ii，Y．，Karlg，E．a王ュdZbang，Y．（1989）：Researcb   
Onanalysisandcorrectionofsystematicerrorsinprec叩ita－  
tion measurementin Wulumqiriver basin，Tianshan．   
Precipitationmeasurement．WMO／IAHS／ETH workshop  
On preCipitation measurement，St．Moritz3－・・・・■7r）ec．1989，  
173…179．   

glaciersonthenortbflankofMも．Xixiabangmapiays  
anmuchimportantroieinthemassbalanceformation  
andELA’sshifting．   
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