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Abstract  

‡cefbw錯rVeySOfasma11glacierwereca汀iedolitineastNepaまaspartofacompreわensive  
StudyoftileSummer帥aCCumuヱati（）ntypegiacierfromMay，1978toSeptember，1979、Observaぬnal  
resu箋tsofborigontal舅owandemergence－Submergence幻owaredescribe8．T‡len，ice鮎Ⅹand圭ce  
thicknessarecalcu‡atedfromtheiceflowdata．ChangesoficethicknessaTeObtainedfromemer－  
ger主CeVelociもyandmassbalance；洩eareaTaVeragedvaluefor洩eⅥ7boiegまaciershowst壬血ningof汰e  
giaci訂（0．52m壬n vater equiva‡ent from Sep．，1978to Sepす，1979）．Th壬s coincides wellwitb軌e  
Observed‡1etba壬aTにeintheareawaverage（－0．53m）．  

1．lntroduction  

Glaciologicalobser＼▼ationswerビCこIrriedotlli11the  
S壬10rOrlg re宮ion，eaSt Nepalin1978as part of tbe  
GlaciologicalExpeditio‡10f Nepal（Higuchi，1980）．  
GIacier AXOlO（glacier numberin theinventory by  
Higucbiゼ才αg．，197乳wh呈cbisthesouthernmostgiacier  
in the drainagt？Of OudhIくu11d Khl〕1a（rivt：rl．wこ1S  
Selectedforthepreser）tStudy．  

The Shorong regionislocated at the southern  
front of†he NepalHim；llaya＼＼・here the climateis  
in負uencedbytbe‡ndia‡1SlユmmermOnSOOntOagreat  
extent．70州80％ofannualprecipitationoccursinthe  
Summer＄eaSOn，鉦omJunetoSeptember．Thereねre，  
accumulatio11andablationofglaciersoccursimulta・  
lleOUSlyin the sllnlmer mOnSOOn Sビ；lSOn and t11；lSS  
excぬ‡噂eisquiモesma重1intheotb訂紀aSOnS．王n1978，  
tota壬precipitation of1427mm wasrecorded at tぬe  
t亡・rmiIluS Of Glaeier＾XOl〔1at an altitude ofJ958m  
duringthtlStlmmerSeaSいn（Junell＝oSeptember25）．  

Observationswereconductedfromtheviewpoint  
Ofinvestigatingtherelationsbetweensuchamonsoon  
ClimateandmassbalancecilaraCteri或icsoftbegla－  
Cier．Measu柁mentS Of massbaiamce，ice tempera－  
ture of sur払ceまayers，beat baiance at tbe glacier  
Surface．generalnle†ビOrOIogit：alt：lL：mentSandiceflow  
Were madeなom May to September，1978．Resljlts   

exceptice flow meastirementS have already been  
reporとedbyAgeもa ggα乙（1980）formassbaiance，by  
OIlataandHi即Cねi（1980）forh鱒atbalance，byOl】atag才  
戊乙（1980）for albedo of the giacier surface andl）y  
Ta‡1aka g才αg．（1980）わricetemperature，  
Whenoneoftheauthors（Ageta）visitedthegla－  

Cier twice，in Marcb叫Åprilandin September，1979，  
SOmeObservationsinc王udingre】ルSl汀Veyingofthestake  
positions were carried out．On the basis of those  
results，themassbalanceoftheglacierthrough1978  
and1979wasreportedbyAgeta（1983）．   
In this paper，horizonもal恥w and emerger虻e  

－Submergence flow are described on the basis of  
Observationsmadein1978and1979．Andiceflux，ice  
tbickTleSS and tbe払ickness change are calculated  
fromtheresultsoficeflowa王1dmassbaianceobserva－  
tions．  

2．Methods  

ユJ．0ムゞげJ，√J／JりJJ∫  
TbelocationofGiacierAXOlOisshoⅥⅦinダig．1．  

Tbeglacieroriginatesundera rockpeak5381min  
alモitudealldter王Ⅵinatesinapondat4952m（Figs．1  
and礼 Tilegiacierisユ．7kmlorigaiongtbecenter  
lilleOftぬeglacierandhasanareaof8．57km2．Since  
Smallglaciers are sensitive to short range climatic   
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Fig・1・Topographyanddistributionofhorizontalice’velocitiesofGlacierAXOlOinShorongHimal．   
（A：baselineofsurveyforupperstakes，B：thatforlowerstakes）  

Variations，thisglacierwasselected．  
Formeasurementofflowvelocit壬es，thepositions  

Ofstakesweresurveyed by triangtllation from two  
baselinese或ablishedontberockridgeoftberigbt  
bankoftbeglacier，aS洩0Ⅵ汀IinFig．1．Angleswere  
measuredwithaWildT－2theodoiiteandthelengths  
Ofthe baselines were determined using a subtence  
bar．BaselineAwassetforthesurveyOfthestakes  
attheupperpartoftheglacier（UMStations）andlineB  
forthelowerpart（LStations）withlengthof39．73m  
and38．21m，reSpeCtively．  

Positionsofeachstakeweremeasuredfourtimes，  
namely，May26－June5andSeptember16－18in1978，  
and March31LApri11and September7－10in1979．  
FIowvelocitiesduringthethreep貯riodswerecakulaト  
edfrom也edisplaceme王1tSOftbe或akes．   

ユユ（九／（W山万（川∫  

Horizontalflowvelocity（u），Verticalvelocity（w）  
and azimuth of horizontalvelocity（¢），Whichis  

measured cIockwise from the north，Were Obtained  
from the displacement of the stakes．Furthermore，  
也eemergencefiowcomponentwascaic11iatedas  

そ1）  拶Eニ紺＋〝・tanα   

Whereαistbemaximumslirねceslope．  
FlowvelocitiesofLlO and L80weredetermined  

bydifferentmethods．AtLlO，thedistancebetween  
thestakeandafixedpointonthebedrocknearthe  
terminus wasmeasured with a tape；then，displace，  
ment ofthe stake was calculated．Since the direc－  
tionstoL80fromthebasepointsforthetrian糾1lation  
SurVeyareClosetothedirectionofthebaseline，the  
acctlraCyOftriangulationisinsufficient．Conseql肥nt－  
1y．the fo11owing111ethod was used to calctllate tht、  
horizontalvelocity．Tbe幻owdirectionwastakento  
beぬedirectionofthemaximtlmSurfaceslope，and  
theresultofthefirsttriarlgulationsurveywasadopted  
fortheinitialdistancebetweenthestakeandthebase  
point，Displacement of the stake was calculated   



Ikegamiar扇Ageta  J9  

Fig．3．Horizontalvelocitiesindifferentseasonsandsurface   
slopesalongthecenterlineofGlacierAXOlO  

Fig．乙 AirpbotograpbofGlacierAXOlO（bottomofpictlire）  

from the above data and the angle between initial 
directionfromthebasepointtothestakeandthatat  
tbenextsurveyingtime．  

Since幻owvelocitiesofまakesabove analtitude  
Of5280m were as smallas the magnitlユde of the  
measurement error，these data are neglectedinthis  
report．AIso，reSults of upper stakes（UlO to U40）  
fromJune4to September17in1978are not used  
becatiSeOfinsufficientaccuracyoftbes11rVeyOnJune  
4．  

3．Resu川s  

3．J．Sお癖α訂gわc砂  
Surface borizontalveiocities and verticalveloc－  

itiesofeachstakearelistedinTablel，a‡id annual  
horizontalvelocitiesareshownin Fig，1．Horizontal  
VelocitiesarelessthanlOm／aatmostplaces．This  
Smallspeedofglacierflowisattributedtothesmall  
amountofannualexchange，Whichisoneofcharacter－  
isticsofsummer－aCCumulationtypeglacまersくÅgeta，  
198乳  

Fig．4．EmergencevelocitiesofGlacierAXOlOfromSepり1978  
toSep．，1979（CrOSS：Centerline，OpenCircle：1eftbankside，  
SOlidcircle：rightbankside）  

Horizoi－ねlveiocitiesin different seasons along  
thecenterlineoftheglacierarepIottedinFig．3with  
thesurfaceslope．AsseeninFig．3，maXimumveloc・  
ityoccursinthcsteepmiddlereachesoftheglacier．  
ItisinterestingthatatL30，L90andI．1OO，Velocityin  
ViTl短risobviouslyhigherthanthatinsumIner．   

ユユダ仙・堅川ハ、～・（・／り－小  
Emergenccvelocities，WE，are ShowninTablel  

foreachstakeandplottedasthevalueobtainedfrom  
theobservationthroughonebalanceyearfromSep－  
tember1978toSeptember1979inFig．4．Theemer－  
gencevelocitygoesthroughzeroatadistanceof420  
mfromthewestcol，Whichcorrespondsto5220min  
altitude．Accordingtothemassbalanceobservations  
（Ageta，1983），thcequilibriumlineoftheglacierinthat  
balanceyearlayat5240min・altitude．Consequently，  
these restユits sbow tbat emergeTICe Veiocityis，aS  
WOuldbeexpected，negativeintheaccumulationarea   
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Tablel．Horizontal（u），Vertical（W）andemergence（u）E）velocitiesatthesurfaceofGlacierAXOlOintheNepalHimalaya  
StakeNα   〟   祝ノ   ¢  StakeNcL   〃   祝J   紺E   

Period  紺E      Period  ≠   
m／a   m／a   m／a  m／a  deg   

LlO   4．08   －1．25   0．09  175  L80   9．99（－）  ー（－）  120   
（4956）    3．88   1．19   2．46  175  （5088）    10．56（－）  － （－）  120  

4．13  －0．55  0．78  ⅠⅤ  11．08（－）  ー （－）  120  
ⅠⅤ   3．99  0．42  1．71   9．66（0．11）  －3．85（0．05）  －0．32   98   

L30   4．96（0．13）  0．37（0．08）  1．33  156  （5113）    13．38（0．12）  －3．82（0．13）  1．30  127   
（5007）  ⅠⅤ  11．56（0．13）  －3．44（0．04）  0．76  118  

ⅠⅤ   
L31   5．04（0．12）  0．15（0．08）  1．24  160  （5143）    14．38（0．12）  －3．58（0．03）  1．41  122   
（5008）  ⅠⅤ  12．76（0．12）  －3．39（0．05）  1．00  117  

ⅠⅤ   
L 32 4．42（0．17）  
（5004）   

ⅠⅤ  5．65（0．10）  0．19（0．05）  1．60  145  （5196）    7．39（0．11）  －0．34（0．03）  0．95  144   
L40   5．57（0．11）  0．06（0．06）  1．05  149  U12    2．15（0．08）  －0．27（0．05）  0．24  106   
（5023）  田  

ⅠⅤ   
L 50 6．99（0．10）  
（5041）   

ⅠⅤ  6．55（0．07）  －0．92（0．02）  0．34  131  （5245）    4．52（0．15）  －1．42（0．05）  －0．54  138   
L51   6．32（0．12）  －1．00（0．06）  0．25  146  U31    3．62（0．19）  －1．31（0．05）  －0．69  124   
（5043）  田  

ⅠⅤ   
L 52 ロ  
（5040）   田   

ⅠⅤ  6．19（0．05）  －0．78（0．05）  0．77  134  （5262）    4．87（0．44）  －1．11（0．06）  －0．77  144   
L60   ロ  7．46（0．08）  0．60（0．06）  0．76  135  U40    1．51（0．08）  －0．41（0．04）  －0．14   71   
（5059）  

IV   

（5072）   Period I：MayorJun：Sep．，1978  L70   田 ⅠⅤ  6．97（0．19） 7．24（－）  －0．13（0．12） ー（－）  1．15  118 126        Il 
L 71 8．46（0．16）  

：Sep．，1978－Mar，OrApr．，1979  

（5073）   
III：Mar．orApr．一Sep．，1979  
IV：Sep．，1978－Sep．，1979（II・III）  ⅠⅤ  

L 72 ≠：Horizontalflowdirectionclockwisefromthenorth  ロ   
（5069）  

ⅠⅤ   

andpositiveintheablationarea．   

4．Discussions  

4．ヱ．友g月払方α乃d娩む々乃疏芯   
Iftheemergencevelocityisknownatthesurface  

ofaglacier，theicefluxcanbecalculatedfromthe  
equationofcontinuityappliedto alocalpartofthe  
glacier．Thisequationis  

一』Q＋百・』Sβ一癖・』5ゎ＝有・』5ぶ  （2）  

whereAQisthedifference（（hra）betweeniceflux  
atanupperverticalboundary（Ql）andthatatalower  
verticalboundary（Q）ofalocalglacierpartinunit  
time；b，m and h are balance atglacier surface，  
melting at glacier bed and ice thickness change in unit 

5駄叫   O  15，  00  
15。  

D短tanco什omwestcol（m）  ln－t＝Udel   

Fig．5．lcefluxofGlacierAXOlOfromSep．，1978toSep．，1979   
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time，reSpeCtively．ASssndASbareSurfaceandsub－  
Surface area，reSpeCtively，and bar means averaged  
Valueoverthearea ofJSsoT・Jふ，  

Therateoficethkknessehangecanbeexpressed  
aS  

ん・」・ヾ、 ト汁；」．ヾ Jい」ヽ．  1二い  

Where蝕is mean value ofthe emergence velocity．  
Then，WeCanObtainthefollowlngrelation：  

「粥巨湧E・』S占  （4）   

Iceflux，O，WaSCalculatedevery40minaltitude  
usingequation（4）．Sincesufficientflowvelocitydata  
WerenOtaVailableabove52糾m，Qthroughthecross  
－SeCtion at tbis altit11de was assumed to be zero．  
Becau紀tbat areais smailas紀enin Fig．1and  
Velocitieswerealsosmallasmentionedinsection2．2，  
theerrorduetosuchneglectisconsideredtobesmall  
inthecalculationofQ．  
AmountsofQ（inicevolume）areshowninFig．5．  

Qreachesamaximumofl．7xlO5m3／aatanaltitude  
of5200m and then decreases almost to zero at the  
terminus．The altitude of5200m where Q shows a  
maxirnum coincides nearly withthe position of the  
equilibriumlineintheobservedbalanceyear．   
FromtheobtainedQ，tbemeanicetbickne∬，葦  

OftbeglacieraとeacilCrOSS一党Ctioncanbecalculated  
打omtbefoliowlngrelation：  

¢ニ否・百二Ⅳ  （5）  

WhereUisthevelocityaveragedoverbothwidthand  
depth and Wis surface width．Because velocity  
distributions with depth are unknown，H was com・  
puted from the measured surface velocity averaged  
OVerOnlysurfacewidthSincethesurfacevelocityis  

m   
2  

1  

0  

－1  

－2  

－3   

Fig．7．Emergence‰w（痴E），netbalanceく覇andicethickne∬   
cbange（萄ofGiacierAXO18from溢p，，1978to艶p，，1979  

usua111・largerthanthemeanvelocitywithdepth，the  
COmputed Hin thisreportis smaller than thereal  
meanthicknes軋  

Thesurfaceprofilealongthecenterlineandthe  
COmputedbedrockprofileusingtheaboveHfromthe  
WeSt COlto the terminus are shownin Fig．6．The  
meanicethicknessiscalculatedtobe60－70minthe  
upper part．The bedrock shows a convex profile  
where crevasses are developed in the area around 
surf；1Ce altitudes of 5100I甘520O m．And theice  
thi亡knessshowsa minimum of35－jO m at the steep  
Slope，Slightlyincreasesto45mintbeloverpart，then  
decreasestowardtheterminus．   

4．Z C肋間＝ゾ払＝紘南風   
Icethicknesschangecanbeobtainedfromequa・  

tion（3），ignoring melting at the glacier bed．The  
emergence flow and the net balance averaged over 
each40min altitude from September1978to Sep・  
tember1979areplottedinFig．7．Calculatedresults  
OficethicknesschangearealsoshowninFig．7．  
AsclearlyseerlinFig．7，払i王Iningoficethickne∬  

OCCu汀edintbeぬ01eglacier，eSpeCiallyintbeabla－  
tionarea．Tbearea…aVeragedt壬血ni11gOfthe whole  
glacierwascomputedtobeO．61mduringtheabove  
period；thisthinninglSequivalenttoO．52minwater  
equivalent，aSSumlngthemeandensity oftheglacier  
ice to be 850 kg／m3．This value coincides well  
With－0．53m，WhichistheareaLaVeragednetbalance  
Obtainedfrommassbalancemeasurementsduringthe  
Sameperiod（Ageta，1983）．   500  1000  

D電モarlCe打0†¶WeStCOl（呵  

Fig．6．Sur払ceprofileandcomputedbedrockprofilealongtbe  
centerlineofGlacierAXOlO  



Bui量etin ofGlacier Research  忍  

5．Conc山dingremarks  

Thecalculatedresultsofice幻uxandchangeof  
icethicknesscoincidedwellwiththeobservedresults  
Of mass balance，and thinning was found over the  
Wholeglacier．Since variatiorlS Of climate，glacier  
mass balance andice flow are closely related，the  
resultsoffield observations on Glacier AXOlO may  
provide a usefulbasis for further analyses of such  
VariationprocessesintheHimalaya．   
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