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Abstract  

Theau偽orsmadeatopo酢apbicalmapoftbeabiationareaoftheLirlingGlacier，theNepal  
Himalaya，uSingtheresultofthefieldobservationfordescribingthemorphologicaifeaturesofglacier  
Surface，During the pre－mOnSOOn SeaSOnin1996，4538pointsⅥrere‡℃eaSured for topographical  
mappingwithatheodolitewithaneiectro－Opticaldistancemeter，Thecompietedmapwaspr主ntedon  
a scale ofl／550O＼＼▼ith the rontoul・inteT－ValoflO m．M；lrk亡・d base points＼＼・ereleftいn thelateral  
morainesforfuturemeasurements，＄Othatthechangeinsurfacemorpho主ogywi11beidentifiedbyre  
－mappimg・  

necessaryto knowthe fltlCtuationsofbothtypesof  
giaciers拍disctlSStberesponseofgiaciertotbecli→  
maticcbange．Tbe covering debris on琉e abiation  
areaofthistypegiacierissothickthattbeglacialice  
underneatbismaintainedbyitsioⅥrbeatco‡1dtiCtivity  
（Fujii．1977：PatビrSOn，199孔TheTビforeitissuggested  
thattbetermi‡1uSOf払edebris血COVeredgiaciers，eSpe・  
Ciailyinlargesize，arehardertoretreatthanthatof  
theぐleaIトt〉7peOneS（Fujii．19丁7）．So the nuctuations  
Ofthedebris－COVeredglaciersshouldbedescribednot  
On！yl）ytbecbangeoftbeterminuspositionbutalsoby  
theglacialmasschange．  

The glこIeialmass chaI頂eis estimateLd from the・  
VOltlmeSOfanntユa温accumulationandablation，and払e  
ratesofglacialflow．Theset：an bc t：alctllated from  
thesurfacedepressionandupheavalandsurfacedown  
glこl⊂ier m爪’emビ11t．This methodis suitablビfし一r tlle  
dean叩tyPe glaciers，Which are sma11and deform  
qui亡kll∴but thビdifferent methodis rビquirpd for the  
debris－COVered giaciers ofⅥrbicb sizeis bigger arld  
theirmorphoIogicaichangeisreiativeiyslow．  

Holmlund（1996）made a map of a glacier and  
Subsequentlyrepmappeditusingthesamebasepo主nts  
todiscussthemasschangeintheg王acier▲Hederived  

1．lntroduction  

Reeetltly，a＼Terageairtemperatureovertheworld  
basbeenrlSlngaCCOrdingto洩eincreaseof払egreen  
houseeffects，anditisestimatedthatthetemperattlre  
risi喝mayaCCelerateinnear餌t11re（王PCC，199隠The  
glaeiersoftheHirnalayasaresensitivetotheitlCreaSeL  
Oftemperaturebecausethey are mainly fedbythe  
stlmmer－mOnSOOnSnOWfal＝Ageta（t El［‥1980）．whirh  
iseasilyturnedintorainowlngtOincreasedtemperか  
ture．Thus．chang（＞SOftelLminalp（〕Siti（ⅢSOfglaeiers  
of the Himalayas are good indicator of the global 
Warming．Actuary，inthe NビPalHimこIlaya．termillal  
positions of some smallciean－type giacie指（debris  
叩たeeg王acierorglacierwitboutsurねcewdebris）were  
meast汀edrepeatedlyandtheresult曲owedthatmost  
Of払ese giaciers bad recededin recent years（e．g．  
Y；lmada（：f LIl．．19921．This results stlppOrt th；lt the  
glaし：ier fluctuationinthe Nepa11iimalayaispossible  
tobeanindicatoroftheclimaticchange．Ontheother  
hand，thereareiotsoftheotberとypeofglaciers，払at  
i＄thedebris－COVeredglaciersofwhichablationareas  
are covered with slユrface debris，in the Nepai  
‡‡imalaya（e．g．MoribayasbiandI】王igucili，1977），Itis  
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Langtang Valley，CentralNepalHimalaya，for the  
study site．On the Lirung Glacier，glaciological，  
hydrolo宮icalandmeteorologicalstudieswerecarried  
out（e思Sakaiggα£，1997）concentricaiiywitb払eaim  
ofinvestigating tbe c壬Iangein tbe debris－COVered  
glacier．Thisstudy alsojoined to this project．A  
detailedtopographicalmapisthebasicdataforthese  
studies，for example glacialgeomorphology，glacier  
flow and so on．In addition to this，Onthe Lirung  
Glacier，thereisatransverseprofilelinesetin1987by  
Yamada et al，（1992），Which was re－meaSured two  
yearslater but no remal・kable surface change was  
found．MorethanlOyearshadpassedfromthefir’St  
measurement，SO reMmeaSuring thisprofileline may  
revealtbeflucttlatio‡10fぬeLirungGlacier．T壬1uS，ぬe  
a11t壬10rSSeiectedtbeLirungGlacierastbestlユdysite．   

IntheLangtangValiey，thereare18debris－COヤー  
ered gIaciers such as the Langtang Glacier and 59 
clean－typeglacierssuchastheYalaGlacier（Asahi，  
1998）．TheLirungGlacieristhefourthlargestdebris  
－COVeredglacierinthisvalley．Itslengthis6．5kmand  
itsareais3，1km2includingthel．3km2debris－COV・  
eredarea（Asahi，1997）．Theverticalnakedrockwall，  
morethan20mhighseparatestheablationareafrom  
the accumulation area（Fig．1），The glacialice  

the changeinthegiaciersurfacemorphologleSSpa・  
tia11yfromthosemaps．Thechangesintheglacier  
∇01umecanbeestimatedbasedo‡l也espatialdistribu－  
tionoftheslユだacedepre嘉ionandlipbeaval．Accord－  
inglytbesurねcemorphologicalcilangeOfglacierisa  
goodindicator to estimate the mass changein the  
glacier，eSpeCiallydebris－COVeredonet  

Detailed topographicalmaps of glaciersin the  
NepalHimalayahavebeenmadeofonlytwoglaciers，  
theYalaGlacier（Yokoyama，1984）andthe ablation  
areaoftheKhumbuGlacier（Iwata et alり1980）．The  
mapoftheYalaGlaciercoversthewholeareaofthe  
glacier，WhilethatoftheKhumbuGlacier，Ofwhich  
sizeis mtiChlarger than Yala Glacier，COVerS Only  
partsoftheablationarea，Namely，nOeXisぬgmap  
ofthedebris肌COVeredglacierwassufficierlttOapply  
thビmethod simi1ar【oliolI11LuIld（199札 Thus．th（l  
authorsintendedtomakeatopographicalmapofthe  
debrisMCOVeredglacierwhichcanbeused asa base  
maptodetectthechangeinthesurfacemorphologies  
andthatintheglaciervolume．   

2．Studysite  

Tbe au払ors selected也e Lirung Glacierin払e  

Fig．1．Outline of払e‡′irung Glacier  
LIÅMoraine：iateraまmorainesforamedduringtbel．ittle王ceAge   
Square（1）～（3）：areaSOf洩eappe‡idixmp洩eets（1卜く3）   
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fromBenchmark（m）  
Fig－2．FrameworkofbasepointsformeasurcmentsandtransverseprofilesontheLirungGlacier  

traversemeasurementandjortrian酢1iationfromthe  
Ll－Rlline．SeventeenbasepointsontheLIAmoraine  
Were marked wi払paint and bolts for蝕eiater re  
NSurVeying（Fig．3）．  

migratesfromtheaccumulationareatotheablation  
areaasavalanches，Whichwereconfirmedbyourfield  
Observation．Åccordingto Shiraiwa andl好atanabe  
（1991），thelastglacialadvanceoccurredafewhundred  
yearsagoknovna＄tbeLittleIceAge．Tbest汀Veyed  
areaconsistsofthesupraglacialmoraineareaandthe  
insideslopesofthemorainesformedduringtheLittle  
IceAge（LIAmoraine；Figs．1and2）．   

3．Fieldsurveying  

Almostwholeablationareaandinsideslopesof  
LIAmoraineweresurveyedwithatheodolitewithan  
electro－Opticaldistancemeter，Power Set SET20OO  
madebySOKKIAInc．，Japan．Theminimumgradua－  
tionoftheinstrumentonhorizontalandverticalangle  
isIsecondandthatofthedistanceislmm．Theerror  
Ofthedistancemeasurementis±（2＋2ppmxD）mm  
WbereDis払emeasureddi＄ねnce（mm）．Tbelongest  
measureddi＄tanCeis2201m，thenthemaximumerror  
is6．4mm，andtheaverageofthemeasureddistanceis  
352m，thentheaverageerrorisonly2．7mm．  

Twenty∵nine base points were established for  
measurement（Fig．2）．Twentyイive of them were  
located on the LIAmoraine andthe other four were  
located on tbe s11rねce of払eI．irt氾g Glacier．Tbe  
positions of these base points were determined by  

F主g．3．Basepointmarkedvitbpaintandboltfort‡leiater  
re－SurVeylng  
Seei王1gtbelowestpartoftbeLirlユngGlacierたomBase  
PointNo．1（B．P．1）．Thebasepointwasmarkedby a  
bolthammeredinagreenpaintedmorainicboulder．   
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benchmarkislO8．076mhigherthantheboulderatthe  
Kyangjinradiostation．Becausetheabsolutealtitude  
ofthebouはerislユnknown，andwecouldnotfindany  
estaも1isbedaltitudinalpointwもicbcanbecorlneCted  
toourcoordinatesystem，thea王titudein払isstudywas  
expressedasarelativevaiuefromthebenchmark  

However，itneedsthe absolutealtitude to com・  
parethemeteorologicaldataontheLirungGlacierto  
that ofthe other site．Then，prOVisionalestimation  
wasmade as describedbelow．Onthe newl／50000  
scaletopographicalmap（SurveyDepartmentofHMG  
ofNepal，1996），the4032maltitudinalpointisfoundat  
thelowerreachoftheLirungGlacier，andthispoint  
wasfixedby the aerialphotographicinterpretation  
and the field ol）SerVationくÅppendix mapl）．This  
poi王1tCO汀eSpOndswitbthemeasuredpoint払atis84，  
517m bigber tbantbe beilCbmark．T量Iereねre，tbe  
altitudeofthebenchmarkcouldbeestimatedasabout  
3947．5mabovesealevel．Theaerialphotographsfor  

The benchmarklocatedin the valley bottom  
betweenthelateralmoraine andthemountain s10pe  
ontheleftsideoftheLirungGlacierwasusedasthe  
orl酢n Of tbe coordi】1ate SyStem for七重Iis s11Ⅳeyl喝・  
T‡1edirectionof払epositiveY－aXiswasfixedtobe  
払emagneticnorthfromtbebencbmark，aCCOrdingly  
X－aXiscorrespondstotheEast－Westaxis（Tablel）．  
Z－aXiswas the verticalone．In1996，thelatestl：  
50000scale topographicalmap of Langtang reglOn  
was published by the Survey Department of His 
Majesty’s Government（HMG）of Nepal（1996）・  
According to this map，the magnetic declination  
around this area was O002′42〝．The benchmarkis  
connectedtotheburiedt〉Oulderattberadiostationof  
也eDepartmentofHydrol喝yandMeteoroiogy，HMG  
ofNepalatKyan由inGombatocomparetbemeteoro－  
iogicaldata observedontbe LirungGlacier and at  
Kyang5inGomba．Thisboulderwasmarkedassame  
asthebasepointswithagreenpaintandabolt・The  

Tablel．Numericaldataofthebenchmark（B．M．）andthebasepoints  

Base  toNorth  toWest  altitude   anglefromB．P．Ll   Comment   
points （m）   （m）   （m）  deg． min， SeC．   
B．M．   0．00  （）．00  0，00   ネabout3974．5m．a，S，l．   
小   85．58  228．63  185   22   42             80．70   ＊connectedtotheorigindirectly   
1   －211．40  384．14  51．41  190  18   48  寧forprofileA   
2   39，97  280．41  65．84  187   26  6  亭forprofileB   
3   326．17  124．09  119．42  180   47   35  ＊forprofiieC   
3′   332．18  155．43  1i．2．57  182  34  4  temporaryB．P．forprofileC   
4   629．28  132．10  133．63  181  33   14  ＊forprofileD   
4′   627．10  99，46  131．3＄  179  9   45  temporaryB．P．for’prOfileD   
5   748．69  118．37  137．34  180   48   20  ＊forprofileE   
6   1，021月6   120．56   177．01  181  52  4  ＊forprofileF  
7   1，736．椚  230．66  26臥99  342  48   24   
8   1，970，35  406．23  29】．．18  334   36   53   
9   2，177．23  601．95  309．54  329  22   45   
10  2，266．16  683．57  333．39  328  3   41   
11  2，415．07  933．92  373．28  322   22   38   
12  2，5賂13  1，059．78  398．80  321   37  3   

13  －168，30  570．89  49．36  196  ＊forpr（〉fileA                                                                                                                             55   44   

14  1，870，61 1，132．01   345．67  297  10   14  拳forprofileH   
15  2，035．82  1，352．37  378．ま9  299  2   24  書forprofileI   
ユ6  2，218．09  1，543．49  399．50  301   18   50  ＊forprofileJ   
17  2，403，23  1，692．50  400．49  303   44   42  串forprofileK   
18  2，517．46  1，792．05  424．25  304   51  16  ＊ねrprofileL   
18′  2，524．92  1，782．50  420．47  305  10   43  temporaryB．P－forprofileL   
19  2，666．53  1，870．83  469．79  306  52  2  ＊forprofi1eM   
20   967．47  358．24  123．85  213  15   34  Ontheglacier   
21   1，鍋8．85  794，73  262．12  308   54   54  Ontheglacier   
22  2，56臥14  1，208，16  342．12  318  3   26   Ontheglacier   
23  2，509．81 1，429，70  362．45  311  24   25  Ontbeglacier   
Ll  1，3賂01   109．97  232．91  ＊ねrprofileGandl）aSe艮ne   
Rl  1，3さ9．95  605．55  217．39  269  17   56  ネforprofileGandbaseline   

■：PaiTltビdこ1ndllt－1tpd ben亡h111al■k   
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thismapweretakenin1992．Itcanbeexpectedthat  
the surface morphology had changed since then to  
1996whenthisstudywasdone．Theal血orscompar≠  
edtheaerialphotographsarldtheresultedmapofthis  
Study，butnodistinctchangewasfoundintherelative  
positionofthetopographicfeaturesontheglacierand  
the morainein the vicinity．So the amount of the  
glacierflowfrom1992to1996wassuspcctedto be  
e王10ughsmalltoneglecttbeverとicaldisplacementdue  
toit，AccordingtoYamadagfα£（1992），tbevertkal  
displacement of the measured profile line on the 
LirlユngGlacierdllring2years was not remarkable．  
ThedurationwastwiceofthatsotheinsihEVertical  
displacement w■aS also considered to be negiigible．  
Tb11Stbeautborsinferredtbattbe altittldedatt】m Of  
thispointcouldbeusedfortheestimation．  

Tbe topograpbic measⅥrement me汰od was as  
follows：One person engagedin operation of the  
theodolite with an electro叩Opticaldistancemeter set  
ontbebasepoi鴎andtbeotberperson，Wbocarrieda  
reflector，decidedthepointstobemeasured，mOving  
ontheglacierstirface（Fig．4），Measuredpointswere  
setontheremarkabletopographicalfeaturessuchas  
peaks，COIs，ridges，bottomiinesofthevalleys，pOnd  
edges，icecliffedgesandthelowerlimitsofthelateral  
moraines．Onthetransverseprofiieiinesinpartict主1ar  
（Fig．2），thebreaksofsiopeswererecognizedindetail，  

FIg．4．Siteoft王IeSurVeyまng  
Seeir噂tO血edownstreamfromB・P・21・Thereare  
personswitbaref王ecとOrandastaffon払ecenterof也i＄  
figure．Anelectro－Opticaldistancemetercanbcseenon  
払e！e食side．  

sotbemeasure王nentdensityvashigb一 丁otaily逢538  
pointsⅥ7ere汀1eaSlヱredontbegはcierandthes11汀Otlnd－  
ing areas，Fie王d measurements were carried out  
duringtileperiodfromMaylOto血ne21，1996（42  
days）．AsshowninFig．5，thedensityofthemeasured  
pointsisnotequal．Someplaceshave66pointsfor  
2500m2，Whilesomehaveo‡lly a feⅥrpOi‡1tSねご也e  
same area．Thisinequality sholユ1d be noted when  
usirlg也etopograpbicmaps．  
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OntheLirungGlacier，13transverseprofilelines leastoneendofeachprofilelinewasconnectedtothe  
markedbasepointandazimuthofthelinewasmea－  
sured（Taも1e2），tboughnofixedmarksorl〕aSepOints  
wereieftontbeprofileline．  

wereset（Figs．2and6）．Ll－RIprofiielinemadeby  
Yamadagf戊£（1992）isinciudedintbem．Re00meaSure－  
mentof払oseprofileiineswi11beposs主もIebecauseat  
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Fig．6．Transverseprofilesof血eablationareaonthel．iruロgGlacier  
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Table2．Numericaldataforthetransverseprofiles  Thecompletedmapcoversthealmostal1ablation  
areaof洩eLinmgGiacier，Thedetailedtopograp壬1i－  
CaimapsoftheKhumbtlGiacier（王wataetaL，1980）do  
notc（1Verthewholeablationarea．Thenitisdifficult  
todecideintbeXbumbuGlacまerⅥ血e払erthecbange  
Ofthesurfacemorphologymeanstheglacialflowor  
theinsiiuchangebecausethedisplacementowlngtO  
theL glacier flow L：aIlnOt be estimated．On the con－  
trary，itⅥrillbe easy to detect払e mor壬血0log呈cal  
Cbangeaccordi喝tOtbeglacialflovon払e王napSOf  
theLirungGlacierwhenre－mappingisdone．  
Detailed topographicalfeatures of the Lirung  

Glacierwillbereportedintheotherarticle．Onlybrief  
COmmentSaredescTibedasfoliows．Theinnerslopes  
Ofthelateralmorainessurroundingthesupraglacial  
moraine area were ver）▼ Steep こ111d tlle boundary  
between the moraine slopes and the surface of the 
g】acierwasveryclear．Theupperpartoftheablation  
area hadlこIrge undulation and manl▼ho11ows with  
pond．1W■al1s ofsuch hoilows were made up ofice  
Cliffs．LこIrgerieeeliffsweredistributedintheupper  
reaehfromthebeTldi11gpOintこItthemiddlepart．The  
altitude of the glacier surface becomeslower，the  
relief of the glacier surface becomes smaller．The  
lowerpartfromthestepwiseslopeslocatedatlOOOm  
from the terminus of the glacier showed quite low 
undulating surfaee with alarge pond．After the  
monsoononset，itwasobserved也att壬1eSizeoftbis  
pondchangedeasilybythewaterlevelchangedueto  
thelow relief，  

Thepre亡isio71Ofthemap，i．e．representedglaeial  
Surface relief onit，depends on the density of the  
measut－edpoints（Fig．5）．Theprecisionofthemapis  
highwherethemeasurementdensityishigh，andvice  
ueysa．Inthelowmeasurementdensityarea，theinteト  
Valbetween measured points was so‡argethat the  
interpい1ationbecatllerOLlgh and ttle reSultビd contour  
まinescould notexpress fine morpbologicalfeatures．  
Themeasl汀ementdensitywasnotlユn呈formbecatlSe（〉ぞ  
the various reasonslisted below．Aroundtheisland  
likeknollinthepondatthelowe＄tpartOftheablation  
area，many pOints were measured to describe the  
precise topographyin order to estimate the water  
VOlume of the pond．The drawn undulationsin the  
profilelinesaremoreprecisetbantbatoftbemaps  
becausetheyweremeasureddirectlyinthefield．On  
thecontrary，thedensityofthemeasuredpointswas  
Iowat thぐuppermOSt PこIrt andtherightbank ofthe  
upperpartoftheablationarea，Theuppermostpart  
COuld not be measured btICauSe re即1ant aValanehes   

Profile TipBase Direction如mM喝．Nor払   
No． Point D曙、 Mint Sec．  Comment  

1  282   59   30  
13  102   59   30  

B  2  281   39   21  
C  3  280   45   28  
D  4  277  7   34   
E  5  274  0  4   

F  6  275   16   15  
L1  269  17   56  Beseiinefor  
R1  89  17   56  measureme王1t  
14  39  3  9  

15  24   42   26   
J   16  44   44   26   
K  17  54   37  0   

L  18  52   22  0   

M  19  6（l  コ5  （l  

4．Compiはtionofthomap  

At first．the X．Y．Z coordinates of allmeasllred  
pointsⅥrereCalculated．ThecontollrlinesⅥreredrawn  
fromtllOSedatabased onthcinterpolation automatiT  
ca11ywith the graphic application on a PC（Delta  
Graph，DeltaPointlnc．）onascaleofaboutl／2200．  
Then，thesel11ビ亡hanicalcontourlilleSWere rCVisedin  
thetracingprocessreferringtothefieldsketchesand  
tbephotograpbs．Tbisworkwasalsodoneon払ePC  
usin宮地e drawing application（CANVÅS，Deneva  
SoftwareInc．）．Forthiswork，themapwasmagnified  
about20times on the PC．Completed maps were  
Originallydrawnonascaleoflプ4762（180m＝＝2．10cm）  
With the contourintervat oflO m．and printeLd on a  
scaleofl／55OO（10Om＝1．さ2cm）forthesheetsattached  
bere．   

5．Results0lmapping  

Asmentionedabove，fieldobservationswerecaト  
riedし）utfromMこIylOtoJutleコ1．1996．The111OnSOOn  
OnSetWaSjustbeforethefinishofthissurvey．After  
themonsoononset，rapidmorphologicalchanges oc・  
CurredaroundthepondsandtheehallnelsiIltheupp亡・r  
part of the ablation area accordi王唱tO the surface  
Waもeractivities，andtheⅥraterieve王oftbela‡嘗epO王1d  
attbelowestpartrose11pbl珪払esurveyIladalready  
beenfinishedthere．ThesurveyWaSCOntinuedinthe  
middlepart，butnosignificantmorphologicalchange  
wasobservedthere．ThtlStheresult ofthL・Surヽ▼eyis  
COnSideredtoshowtheもOpOgraphicconditionsinthe  
preⅦmOnSOOnSeaSOnin1996．  
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fromthe accumulation area were threatening．The  
rightbankoftheupperpartwasdangerousbecauseof  
unstablelargeboulders．  

Three of thirteen profilelines were measured  
なomtbebasepointtotbetopof払eoppositelateral  
morainebtltOthertenlinesreachedonlythefootof  
theoppositemoraine（Fig．6）becausetheinnerslopeof  
themorainewastoo steeptoclimbupformeasure－  
ment．ThedetailedanalysisofthechangeofLl－Rl  
profilefrom1987to1996wi11bediscusSedintheother  
article．  
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