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Abstract   
D野ing払eperiod打om1978to1989，tbeterminusofGlacierÅⅩ010imS汝ongregion，EastNep机  

retreatedabout30m．Thisretreatisequivalentto12mthinningoficethicknessaroundtheglacier  
terTninus．Forunderstandingoftherelationbetweenclimateandglaciervariation，thisthirminglS  
evaluatedbyusingsimplemodelsofglaciermassbalance andiceflow，andtheaverageclimatic  
COnditionaroundtheglacierisestimated．   
Caicu重atedmeanairtemperature andmeanprecipitatiorldlユ㌻主ngsu汀1mer（J11netOSeptember），  

whichcontrolannualmassbala‡1Ceinthisarea，are2．5¢Cand148cm，reSpeCtively，durillgtbisperiod  
attheterminus．Thesec重量maticconditionsaresimiiartothosein1978．Theglacierretreatedtlnder  
theseclimaticconditionandpossiblytherateofretreatwasacceleratedcomparedtothatintheyears  
before1978duetorisingairtemperature．Ontheotherhand，rneanSummertemperatureS atthe  
meteoro王ogicalstati（）nSat洩enonwglacierizedareainEasモNepalsわowi‡lCreaSeby8．2鵬0．40Csince  
i980incomparisonⅥritb七重Iatin1978．Tilissuggeststhatthelocalclimaもearoundglaciersdidnot  
fluctuateirlthesamewayasdidtheclimateatthenon～glacierizedregion，Ordisregardofeffectsof  
wintersnowfallinthemodelcausedlowerestimationofsummertemperatureattheglacier，  

glaciers，  
For tbis reason，terminus positiorlS Ofじ血type  

glaciersinI）udh Kosiregion．East Nビpal．havebeen  
monitoredfrom197Osandtheresultswerereportedby  
lTig11CllicI（）［J1980）こ”dFL）ShimiandOhata11980Iand  
Yama血g才αg．（199礼  

Ani11VeSti郎Itionof【herビIationbetweente・rnlin11S  
positionandclimIlteヽ，；1riationsisust：ftllfortheprビdicL  
tionoffutureglacierextentasweilastbereconstmc－  
tion of past climate．To enable such an analysis，  
knowledge of the glacier regime，eSpeCially mass  
balanceandiceflow，isnecessary．Forthisreason，  
GlacierAXOlOinShorongregionisthemostsuitable  
amo咽tbeglaciersmonitoredintheNepalHimaはya，  
because tIlis glacier was welliロマestigated主n1978／  
1979，arldmeasurementsinciudedmassbalar主Ce（Ageta  
eiaiリ1980；Ageta，1983），ice flow（Ikegamiand  
Ageta，1991）．   

1n【his paper．thc obsビrVationalrpsults of the・  
terminusehangeofGlこIL：ierAXOlOisreptlrted．andthe  
reia臼onbetweenthetermi†luSpOSitionoftheglacier  
andtheclimaticconditionduringtheperiodfrom1978   

1．1ntroduction  

Glaciershavebeenreco鮮1izedasanindicaとOrOf  
Cぬa‡噂irlg Climate，becau艶glaciers cbange tbeir di－  
mensionsrespondingtothesurrolindingclimaticcon－  
ditions．Indiscussingglaciervariations，itiscommon  
torefertothechatlgingpositionofthfLterminussinee  
thisisぐOmmOnlythemostnいtiぐeablefeatureandcan  
be easiiy monitored．Inthe Nepal‡壬imalaya，hov－  
ever，thereexisttwo typesofglaciers，OneistheD  
－type：1argeglacierswithlower part covered by  
debris，and the otheris the C鵬type：Smallglaciers  
Which are debris－free（Moribayashiand HigtlChi，  
1977）．Kodama and Mae（1976）and Fushimi（1977）  
ShowedthelowestpartofKhumbuGlacier，Vbichisa  
typicalD－typeglacier，WaSCOnSideredasaninactive  
icebodyhavingnodirectrelationtothegla（：ierflow．  
AsthepresentactiveterminiofD叫typeglaciersare  
王ocatedintbedebr呈s－COVeredicebodies，itisdi抒icuit  
to detemine tbe exact ac貞veとerminlpOSitions of  
D－typeglaciers．ÅlsoD－typeglaciersarecorlSidered  
less sensitive to the changing climate than C¶type  



g  Bulletin of Glacier Research 

＼＼Thpre   

（、s：a亡Cunlし11atjoni11Sul11mer（t：nl＼＼▼；llttr）   
亀：ab王aもionimsummer（cmwater）  
きざ：balatlCeinslll11tller（Ull＼＼・att、rl   
荒：meamSummertemperatureぐC）   
為：SⅥmmerpreCipitation（cm）  

toユ989isdi試uSSedbytbeuseofacombinedmo虚iof  
lo亡al亡1iI11こIt亡・，glaciernlaSSbalaneelIndicedynamics．  

2．Observationalresult of the g】acier terminus  
Change  

Thビ1ocilti（）nOfGlarierA＼010issho≠‾11hFig．1．  
Glacier AXOlO starts from just beloⅥ7a rOCk peak  
（53Slm）and endsin a smalipo11d（4952m）wi汰its  
len離bandarea，1．7kmandO．57km2柁＄peCtively（Fig．  
覇6”   

Ill川7軋arビfpre11Cビptli11t＼VaSSetIlear仙eler111i－  
nⅥS and borizontaldistances from払is poiれt t（〉tbe  
glacierterminusweremeasuredtoward艶Vera呈direc－  
tiorlSaもa重evelofpondsl汀face，   

Itl198t）．the distalleeS；1nd the w；lter teヽで1were  
remeasured．Fig．3shows払e cbarlge Of termina王  
POSitions betヽ＼でen197汽and19柑．The tt：Illlinus re  
treatedabout38mduringthisperiod．Åsseeninぎigヰ  
J．shri71kageoftheglat：i（、ris亡・ヽ′idcnt．  

AsGlacierAX810恥wsi‡1tO tbeporld，tbisdis－  
ta‡1Ce Of retreat can be t‡■aIISlatedintoice thickness  
Changeもy uslng a Simpie geomeもー喜calargument，  
nalllel）・30m rビtrPatisequivalent to12m thi1111両＝一f  
thビicethiぐknessaroundthetermiIluS、こ1SShow11inFiきミ．  
5．  

3．Mode”ingoftheice thicknesschange  

‡cet損亡kne岱Changeisareslユ㍑of a glac主erre｝  
SpOnSe tO a Changing ciirnatic condition around a  
gla（：ier，汰rought‡leinterrelationbetⅥreenmaSS－e‡ler｝  
野bala11Ce卸dtheicedynamics．Aflowchartinyig．  
6showsthisr（ゝlati（111．Asshowtlin Fig．6、thischart  
Canbedividedimtotwoparts，tbeclimatesegmentand  
thej亡edynanliL：SSegTllビn†．At firstwビi11trOducethe  
111いdels r〔汀ビこIChsビ繹11PtltこlIld th円1C川11bi11ビtllet＼＼・n．  

（丁．（、／J〃Mん－∫（耳JI甘JJ／  
し；1こ1t：it汀AXOlいis under th亡・influビnCe Of the sLl111・  

nler111011SOOn．A（、Llu111111こIti11n and；lblati川1しlぐCtlr Si－  
mu】tこi11ビOtl巾▼and most of th（ゝm C川1Centratein this  
饉aSOn（June to September）．Using observationa‡  
datain1978and1979，Ageta（1983）derivedtbeempiri－  
Calequ離ioれS tO Caict誼ate mass baiance a七a glVen  
poi‡1tOnthisglacier、TheseequationsareftinCtioms  
Ofmeanst呈mmertemperature（h訂ea軋訂荒）弧dstユm－  
mer prビt：ipitation th（、reこIftpl・Pl）a【the gi＼ニen pOiTlt．  
IlビreStlTlllⅥPrIlleatlSf（111rIllnllthsfr（）m木l【lPtt－SビPtenl－  
ber．Thesee耶at主onsareasfo王lows：  

‾llhen  

㍍＝為（0．80仰0，237；）   
（・∫、・Jl   
（・ざ＝11  

亀＝－（7忘＋3．2）乱2  
鶴＝0  

あざ＝ヱ㌔  

卜鴻．8≦荒≦3．4）  
（7；く－0．8〉  
（3．4＜了；）  
（－3．2＜了；）  
（了ミ≦－3．2）  
（㌫≦－3．2）  

）
 
）
 
）
 
）
 
）
 
）
 
ま
 
2
 
3
 
▲
4
 
5
 
6
 
く
 
（
 
．
ゾ
l
 
′
（
 
｛
 
．
・
∫
t
一
ヽ
 
 

転二島＋鶴   

＝県Ⅶ（荒＋3．騨2   （－3．2く㌫＜－0．8）（7）  
転＝存＋鶴   
＝為（0．80wO．237；卜（㌫＋3．2）よ2  

卜ぺ摘≦荒く3．4） （8）  
毎＝戊ざ  （3．4≦7；）  （9）  

Åsseenin汰eabove，thismode重treats策and貧  

由㌍耶l甜射軌椚蛸  

＋干′さ∴二  

1且AXO加   

2．Cぬげ敦輌a   

l恥   

ヰ．P壱karnas  

KさtlwllさIldu   

Fig．1．TtlPlいratil－IIS（）ftニlこIei町人Xt）lいこ王11dlllピーllビtどい「（1t叩i・   
Caista如nsin伽dbKosiregioIl，EastNepai．   
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as the repre＄entatives of the climatoIogicalfactors  
Whicb govern mass baiance of the giacier．Ageta  
（1983）observedthataswi11terpreCipitation（iesstわan  
20％ofannualprecipitation〉wasblownaⅥ7ay，iとd圭d  
not contribute to acctlmlユ1ation and that ablationin  
W主nterwasnegligible．Therefore，Wetreatbalanceまn  
SⅦⅥmeraStObealmost明uiva重erltt（〉annualbaまance  
inthispaper．   

あ．鬼gめき乃戊潤おs昭鵜g搾～   
Thesuぬceice鮎wwasmeasuredin1978／1979  

（IkegamiandÅget孔1991）．Thedistributionofannlj－  
ai封owvelocityshows a normalpattem，t】1atis，it  
increasesfromtheupperreachandshowsmaximum  
Speed arouれdt王Ieequilibriumiinethe17decreasesto－  
Wardtbeterminus（ぎig．2）．Tbeflowveloc豆ysbouid   

済
 

一′－－－、、－9墜  
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＿  

●  

BasePb雨t  

N  

ぎig，3．T王Ie Cbange oぎ紬rminalpos主軸ぎIS Of  
GiacierAXOlObetween1978ar）d1989．  
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Fig．4．PhotographsofthelowerpartofGlacierAXOlOtakeninJune1978（a），and   
inNovember1989（b）．Shrinkageoftheglacierisevidentasshownbyarrowsin   
（a）and（b）atthesamepoint．   
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length）alongthecenterflowlineasshowninFig．7  
（a）．At theeacIl訂id point，the壬cethickrle∬Were  
Calculated usiTlg theビquations（1（け－（13）so；lS tO  
matcbtbesurねcevelocity value of1978／1979mea－  
Surement．Fig．7（b）showslongitudinalcros針SeCtion  
alongthecenternowlineoftheglacier，Whichwas  
Obtainedbytheuseof汰ecalclllatedicetbickness．  

re廿eat  

（a）  Fig．5．A糀わe汀‡aticprofileoftheterminusofGlacierAX¢18，  
Whichsわ0VS洩erelationb威Weena distance ofglacier  
retreat（3（事m）and tbinning ofice thickness（12m）from   
1978to1989．Aslopeoftheterminu＄（α）was22q．  

dla†唱einaccordancewiththickening／t昆nn言ngoft壬Ie  
glacierice．In order to evaluate this，thefo1lowing  
Simpleflowmodel（Paterson，1970，1981）wasused：  

ぴこ払＋乙ら  
こちニ2Å伏βgSinα門Zcosα）碑ソ邦＋1  
こら＝0．11（Zcos（げ・95  
乙ち＝ぴcosα  

ラ
 
）
 
）
 
l
f
ノ
 
 

n
V
 
1
 
2
 
3
 
 

1
 
1
 
1
 
1
 
 

′
▲
一
－
一
ヽ
 
（
 
（
 
．
一
■
も
 
 

where   
U：Surfaceveloc主typaraileitothegiaciersurface   
乙ら：deformat主onaまvelocity   
乙ら：basalslidingvelocity   
亡夫：horizorltalsurfacevelocity   
A：flowlawparameter（5．×10h15s．1kPaM3forn＝  

3）  
g：aCCe！erationduetograv主抒  
P：densityofice  
α：Surfaceslopeoftheglacier   
g：icetbickr王e＄meaSuredve膏icaily   
メ：StreSS Sbapeねctor（Nye，1965）岬たictional  
effectofval1eywall  

T壬1e glacierⅥ7aS div主dedinto eigbt secti（）nS by  
Settingeightgridpoints（200mintervalinhorizontal  

0  500  1000  15（氾  

DistancefromWestCol（m）  

Fig．7．Grid points setting at200m重ntervaiin horizontal   
lenがhalongtheceIlter幻owiineofGlacierAXOlO（a），and  
alongitudinalcross仙Seetionalongthatobtainedfromthe  
Caiculatedicet王】ickr‡eSS（b） 

（a）Tbe cli一山ate Segment  （b）Tbeice dynalnics seg¶en七  

Fig、6一 丁hestepsin払erelatioⅥbetwee11theposiモミonofaglacier’s絶rminusandtbe  
Climate．A魚erMeier（196乳modified．   
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c．Co〝若鮎乃βd弼0（おJ  
Figure8showsaschematicchartofasectionof  

tbeglacier．Here Qi＝ゑ売払igiⅣi，汰entheicedy－  
namicssegmentscanbe combi‡1ed wit‡1tbe climate  
SegmentSthroughbsibythefollowingequation：  

Å名iニ最i＋（餅－ト¢i）／Si  （14）  

Where   
Qi：ice封uxthroughcrosssectionat㌘i  

ゑ應：Shapefactors  
＆，the cross section velocity factor，Which  
relatethemeancrosssectionvelocitytothe  
CerlterlirleVelocity  
ふthevalleyfactor，Wbichrelatesthevailey  
cross section to the centerline ice tbicknefs 
名andthesurねcew泌ぬ∴晰   

uri：SLITfacewidthmtさこiSuredaloTlgthビCOnt（1urline  
througheacbgridpoint   

AZi：area山aVeragedicethickness change rate for  
eachsection   

あi：area－aVeragedmassbalanceforeachsection   
5iニSurfaceareaof党営plerlti   
i：ト8，numberofgridpoint／section  

By tile t王Se Of this model，We Can Obtailltbe  
preferablecombinationof荒and鳥whichgivet‡1eice  
thicknesschangefittedwelltotheobservedvalue，i．e．  
12mtbinningaroundtheterminus．Proceduresoft壬Ie  
eakulationcanbesummarizビdasfollows．Tnputting  
T；andJ㌔asvariablesofthemodel，theicethickness  
Changecanbeobtained．Practically，Weinputvari・  
OuSCOmbinationsof了；and鳥 attheterminusofthe  
g重acierassbovninTablel．㌫ontheglaciervas  
estimated from 7；at the terminus by assumlng a  
COnStantlapserate（－0ぶC／100m）．Tbevalueofthis  
lapserateistakelltO量ieもetweentbat ofastandard  
atmospberearldthatofmoistairattheairtempera－  
ture／pressurearoundtheterminus，andit canrepre・  
Senttheconditionduringsummermonsoonseasonon  
tbisglacier毛Ageta，1983）．Thedistributionoぎ為0Ver  
the glacier was assumed to be uniform，Which was  
Observedin1978（Agetaeial．，1980）．Thesecalculか  
tions were donein steps of one year，fixing each  
亡OmbinatioIIOf7ミand FtatlheternliTluSthroughout  
thelトyearrun．Eachcombi王1a扇onof7；arld島was  
usedasthemeanvaluesduringtheperiodfrom1979to  
1989．   

Fig．8．As鑑tionoftbeglacier，a＄def童nedbytbemodeiwit‡l  
thesymboIsinthetext．GlacierAXOlOisdevidedinto  
SuCbeigbt双Ctions（主：1－乳  

4．Dis亡USSion  

卓J．C払wお如構 ∫タフ習 わ ヱ餓汐 疲和α光彦 Gねく滋㌢  
▲1ごu〃（J   

Inordertoevaluatetheresultofcalculation，the  
Observed7；and鳥attheglacierterminiandatthe  
meteorological或ationsin tbe same drairlage and  
XatbmandnaresbownillTabie2andTabie3，代SpeC－  
tively．Thelocations of the stations are shownin  
Fig．1．Dataafter1986atthesestationsarenotyet  
ptlblished．   

In Tabie2，tわe terldency of rise of7；can be  
recognized from1976to1978，and also 7：at the  
meteorologicalstationsinEastNepaldlOWrisefrom  
earll▼19丁し）s to19紳s．On thp other hand，nOぐIear  
trendis foundin為．Therefore，an aVerage Of7；  
after1978shouldnotbelowerthan2．50Candif7：rose  
to2．60C，Pk should be200cm as shownin Tablel．  
HoⅥ杷Ver，SuCbanincreaseisnotrealisticaccordingto  
thevar董ationof薫asshowninTabie3．Consequent－  
1y，WeCanCOnCludethatshrinkageofGlaciel・AXO10  
a氏er19780CClユ汀ed11ndertheaverageclimaticcondi・  
tion stlぐh that 7ミhad been3．5てandJlhad been  
141）eTn arOund thビglacier ternlinus．This conlbina－  
tionissimilartothatin1978whentheobservationon  
洩eglacierwascarriedout．  

Actua11y．int（1r annuaトmlL：tuation（川 7ミand F‡  
mightexist．Figures9andlOshowthedeviationsof  
7ミandJ㌔from the1978－1986mean values at the  
meteorol喝1Calstations，reSpeCtiveiy．Altbol喝b仏e  
i王Iter－annuaivariationsof㌫aTld貧attわe110n－gia－  
Cierizedareamaynotbeparalleltothat atthegla－  
Cierizedarea，WeuSedthesedeviationstoevaluatethe  
inter－annual舅uctuatioTIS．The result ofthisevalua・  
tiolュistbattotalicethickrle男Cbangesobtainedbyt‡1e   
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Tablel．Combination＄Ofmean7ミ（0．lOCinterval）and汽  
at tムe termi一三uS Of Glacier AXOlO、Wbic王Igive12m  
洩in王血g oftbe glacier terminllS froIⅥ1979t（〉1989．  

7も（OC）  2．2  2．3  2．4  2．5  2．6  2．7  2．8   
f㌔（cm）  10  50  90  140  200  280  370   

Table2．7t（BC）at theglacier terminiand at themeteoroIogicaistationsin East Npal．  
Station   aititlユde  year  

（ma．s．l．〉      1976  1977  1978  1979  ’7ト’77   ’78ノ86   ’80ノ86   

GlacierAXOiO   4958  2．4  
GlacierAXO30   4850   2．5  
Chialsa   2770   13．7  14．1  14．9  14．9  14．2（0．5）  15．1（0．3）  15．1（0．3）   
Kathmandt】   1336   22．7  23．0  23．4  23．5  22．9（0．1）  23．7（0，2）  23▲8（0．2）  
（〉：Staridarく】deviation   

Table3．島（cm）at theglacier terminiand at the meteorologicalstationsin East Nepal．  
station   altitude  year  

（ma息1）      1976  1977  1978  1979  ’71ノ77  ’78ノ86   
GlacierAXOl（）  4958  145  
G王acierAXO30  4850   133  
Chiaisa   2770   146  169  182  165  153（20）  168（28）   
Kathmandu   1．336   118  104  118  112  119（20）  111（12）   
Chaurikharka   2619   179  178  133  －140  178（20）  161（33）   
Pakarnas   1982   145  120  165  151  140（19）  149（17）   
（）：Stan血rd deviaとi¢n  
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Fig．9．Deviations of7；from the1978A1986mean values at Kathmandu and at  
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Fig．10．Deviations ofIt fromthe1978－1986mean values at Kathmandu and at  
Chialsa．  

models considering theinterannualfluctuation of  
climaticconditionatChialsaandKathmanduwere12．  
1m and12．5m thinning，reSpeCtively．These results  
are almost equaltothat obtained fromthe average  
COndition．Thatistosay，theretreat oftheglacier  
Can be explained by the average climatic condition  

m ice 

throughthemodels．  
Figurellshowstheinter－annualcoursesofarea－  

averagedannualvaluesofbs，icefluxand∠JZaround  
the terminus at the climatic condition mentioned  
above，Which are obtained by the model．As the  
glacierisunderthecondition ofshrinkage，negative  

79  80  81 82  83  84  85  86  87  88  89  

YEAR  
Fig．11．InterannualcoursesofcalculatedareaaVeragedannualvaluesofbs（solid  
line），iceflux（dottedline）and∠ブZ（brokenline）aroundtheterminusinthecase  
thatT；and鳥are2．5CC，140cmrespectively．Here7；andPsareestimated mean  
Valuesduringtheperiodfrom1979to1989．   
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く策：2．40C，為：14おm）andir11979were－45cmand  
－53cm，reSpeCtive‡y（Agetagg虚gり1980；Ageもa，198乳  
Although7ミandE㌔in1979こItGlacierAXOlO＼＼でrenOt  
measl汀ed，tbose at Chialsa and Kathmand11Ⅵrere  
Similartothosein1978assboⅥrninTabies2and3．  
Consideringthesevalues，thestateoftheglacier（㌫，  
島タ最）had‡10tC主1angedsomⅥCbsince1978，aIldthe  
rateofr鴎reatsince197Swaspossibiyh呈gherthanthat  
before1978dtまetO策risingasぬ0Ⅵ昭inTabie2．  
On仏eotberhand，㌫atthemeteorologicalsta－  

tionsinEastNepalincreasedfrom1978to1980sby  
O．2岬0．ダC as sbownin Table2．王f 7；around the  
giacieralso壬1adincreasedbyO．2脚0．40C，icethickness  
くねcrease would be greater than that was observed．  
Const？quentlr．thereisこIPOS＄ibilit）．that 7ここIt the  
giacierizedareadidnotfluctuateparailelto7：atthe  
non－glacierizedarea。However，thereareotherpos→  
Sibilities＼l・hieh c；luSed this discrepancr．＼＼Tc will  
discLISSthispoitltitlthefoll〔川Tingsection．  

・J．ユF川／机上晶〃（！／〟れ丁〃肘（ム有   
IntheprビSe・ntTl10dビ1．we；1SSllmedthatbalatlCein  

SummerⅥraSaimostequivaienttoann11albalance，aS  
WementionedまnCねapter3，anddid notconsiderthe  
Cまimatic condit呈on主n winter from O（：tOber to next  
M野，However，ifwま鵬ersI10Wfaiiiseno㍊きかto re・  
main untilsummer monsooれSeaSOn，SnOW COVer On  
tbegiaciersurfacereduce§abiationoftbeglacieriく：e  
dtle tOits high albedo，In fact，heavy snowfallsi†l  
Winters of1979血80，83伸84and85－86in Nepalhave  
beenreportedbyTakaわas壬Iig吉成乙（1987）andSekoand  
Takahashit1991）．Theref（1re tht：reis a possibil巾▼  
thatwintersnowfallincreasedac（：umulationinwinter  
and redueed ablati（一Ilin sumnleri11SeVビral）▼earS  
during払estudiedperiodduetotbeaboveef短ct．In  
this cilSe．TL obtai11ビd bI・the nl（）delcal亡ul之Itionis  
Iower than the actualo11e．In ordt？r tO eVこ1luate the  
OrderofIⅢ脚1itlldeofthiseffecし＼＼ニPaSSuIllethat紺？ム  
Ofannualprecipitationis島andthattheremainder  
fallsassnowandaccumulatesontheglacierwithout  
ablation withinthe peri（〉dfrom Oct．to May，eVery  
〉’賞Ir．Put F㌔こISl：1Octn thビtlSurPtuSaCCuIllulationis  
ledto35cm．Theresuitoftbecalculationoflトyear  
run sbows preferable 7忘is O．28C bigher tballtbat  
Ohtこ1i11ed brlhe pr（｝Cビdulでdescribedin tht〕fornlビl‾  
SeCtions．  
Ontbeotherbamd，parameterizati（〉nOftbe恥v  

modelusedhere主sba＄edonthefまowsurv野reSu旺sof  
（一11e）▼tゝこIrOnl）▼．Althol媒httlismodeIconsistsofvari－  
OuSparameterS＄uCbasshapefactors，鮎wlawparam一   

balarlCeis not compen＄ated byice蔦ux from tbe  
upstream．Consequen晦，icethicknessofthegiacier  
呈sred㍊Ced．Tbemoreice魚inniI唱is，thele盟Velocity  
becomes，tbatis，t‡lelessicefluxis王ed．Inter【rela－  
tion betweenice幻ux arld dZ can be see‡lin 払is  
fi郡re．  

1点  1点  2点   之き  静℃  

一泡   

n甘lコ．ThビlでIiltiいnt）e†w拭、Il川nll）illこIt山nsい【7二nlldJ㌔nt  
thegiaierterminu＄andarea－aVeragedbalanceinsummer  
く最）fortbewboieareaofGまacierÅⅩ010（iso】ine＄Ofm  
Waterintllefigure）．Aso夏idcircleind主cat尊theaverage  
S臨teoftlleglacierdt汀ingtheperiodfrom197＄to1989．  

Figtlrぐ12shけ肌・S thぐl■elati川Ibet＼＼▼een COmbina一  
員onsof7；and島attbeglacierteminusandarea嶋  
averagedbalanceinsummer低）forthewholeareaof  
GlacierÅⅩ010．Tbis rest11tⅥ7aS（まerived from tbe  
equこItions fromけ＝0（軋；1SS＝11i11gtheL areaaltitude  
distTibtltion of the gl；lCieT・surfaぐeis steady at thビ  
conditionin1978．Itcarlbe＄eeninthisfigurethatbs  
d叩endsいnaetuこIlnuctu；1tiいnOf7ミstr川唱l）’iT－e（1mL  
parisoIIWitbthatof島．  

Tbeaveragestateoぎtbisgモacier血汀ing払eperiod  
from1978t（）1989（最：㈹50cm／yr）isindicatedbya  
soiid circまein Fig．12、T壬1e Observed area－aVeraged  
massba呈an（：eforthewholeareaoftheglacieri一号1978  
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eters and others．no verifieation on them was made．  
Lackoficethickncssandeonseぐutiveflowdataofthe  
glaciermakeitdifficuittoestablishaconcrete蔦ow  
modei．Sinceice thickness estimation from surface  
Veloc恒rusingflowlawisdependentesptriatlyontheL  
Valt妃SOftheparameters，directmeasureme王1tOfice  
thicknessarehighlyrequired．   

5．C（川Clusion and remarks  

l）Gla亡ierAXOlOinShoT・OnglA7imalretrビatedabotlt  
こiOm from1978to19さ将．Thisvalue ofretreat eこIn be  
translatedint（112mthiIlningoficE・arOundtheglacier  
terminusbytheuseofasimplegeometricalargument．   
2）Theice thickness change was correlated with  

meansummertemperature（7：）andsumTnerPreぐipita－  
tion（Ft），throughthesimplemodelsofmas＄balこInCe  
andic（1flow．B〉・the m（1deleこ11culatitln．it can be  
COnCludedthattheshrinkageoftheglacierwascaused  
under the climatic condition similar to thatin1978，  
SuCh as 7ミ 2．5OC，鳥140cmin average since1978  
around the gl及Cier terminus，and that the rate of  
retTeatPOSSiblyinereasedrelativetothatintheyears  
before1978．   
317ミat the meteoroIogiealstationsin thtゝnOn  

giacierized areaincreased by O．2岬OAむCin average  
Since1978，however．7ミaround tTle glaciビr terminus  
obtainedb），mOdelcaleulationi11CreaSedbyonlyO．1て．  
Although the・re remainsこIpOSSibilit）’that T：こ1t the  
glacierizedareahadnotincreasedinthesamewaya  
that ofthe nonNglacierized areahadincreased，itis  
probablethat7lobtainedfromthemodelcalculation  
WaSlowerthananactualoneduetotheheavysnow－  
fallinseveralwintersduringtbestudiedperiod．  

The relationbetweelltheLClirnate at the glacier－  
ized area and that at thenon－glaci亡Lrized arビain the  
Nepal‡ま主malayamaynotbesimple（）Wingtocompli－  
Cated geographicalsituation．In order tolink the  
State Of glaciers and the climatie dat；lat tLhe non－  
glacieT・ized areこ1．further monitL）ringsofglaeier nuc－  
tuationsandmeteorologicalob常rVationsatgiacier－  
izedareaarerequired．   
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