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Abstract  

FluctuationsofglacierswereinvestigatedbymeansofthegroundsurveyintheKhumbu，Shorong  
and Langtang regions，NepalHimalayas，Which was carried out as a part of the Glaciological  
ExpeditionofNepalintheposトmonsoonseasonof1989．TheprevioussurveySWereCOnductedfrom  
the1970stothebeginningofthe1980s；therefore，WeObtainedthetrendofglacierfluctuationduring  
thelastdecade．Almostallglaciershavegreatlyshrunksincethe1970s，althoughapo5＄ibleadvance  
WaSreCOrdedforsomeglaciersduringthefirsthalfofthe1980s．Theretreatingrateofsomeglaciers  
hasbeenacceleratedduringthe1980s，COmparedto  

l．lntroduction  

Terminalfluctuationsofglaciersprovideimpor－  
tantinformationforpastaswellaspresentclimatic  
COnditionofstudy areas．Extensiveinvestigation of  
thefluctuationofworldwideAglacierswasencouraged  
asoneoftheactivitiesoftheInternationalHydrologl－  
CalDecade（IHD：1965－1974）．Ithasbeensucceeded  
bytheInternationalHydrologicalProgramme（IHP），  
and the results have been periodically published as  
ttFluctuation of Glaciers”byIAHS，UNESCO（e．g．，  
Mtiller，1977）．  
AsapartofbothIHDandIHP，fluctuationsofthe  

glaciersinNepalwereinvestigatedduringthe1970s  
by the GlaciologicalExpedition of Nepal，the joint  
researchprojectbetweenJapanand Nepal（Higuchi，  
1976，1977，1978，1980）．Higuchiet al．（1979）reported  
thattheglaciersintheKhumbureglOnineastNepal  
Were retreatedbetween1960and1975by comparing  
theterminalpositionsoftheglaciersinthe1970swith  
thosein1960reportedin Miiller’sinventory（Mtiller，  
1970）．Fushimiand Ohata（1980），Whoinvestigated  
the terminalpositions of15glaciersinthe Khumbu  

thatrecordedinthe1970s．   

reglOn from1970to1978，COnCludedthat8glaciers  
Wereretreated，3stationary，3advancingandlirregu－  
1ar．  

Theinvestigationoftheglacierterminiwasalso  
StartedintheLangtangregion，apprOXimatelylOOkm  
WeStOftheKhumburegion（Agetaetal．，1984）．The  
terminalpositionoftheYalaGlacierwasdetermined  
both by photogrametry（Yokoyama，1984）and by  
groundsurvey．   
InthepostAmOnSOOnSeaSOn Of1989，theGlacio－  

logicalExpedition of Nepalsent two teams to the  
Khumbu，Shorong，andLangtangregionsinorderto  
survey the terminal positions of the glaciers which 
WereSurveyedfromthe1970stothebeginnlngOfthe  
1980s（Yamada，1991）．Thispaperreportsthetermi－  
nalfluctuations of the glaciersin the Khumbu，  
Shorong，andLangtangregionsbetweenthe1970sand  
1989，  

2・Glacierssurveyedandmethodofobservation  

The terminalpositions ofthe specified giaciers  
WereSurveyedintheKhumbu，Shorong，andLangtang   
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Fig，1．Theiocationmapsofもわeglaciers＄uⅣeyd．Å：nldhKosiand王Ⅰ頭aKbola   
basillSirltbeKhumburegion；B：mdhKundabasinintheShorongregion；C：   
Langもa喝Kholabasin主n軌eLangtangregion；D：MapsAtoCarelocatedir主the  
SquareSinthemapofNepal．   
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3．Results  

Thecharacteristicsoftheglaciersarelistedon  
Tablel，partlyaccordingtoFushimiandOhata（1980）．  
Table2showstheterminalfluctuationoftenglaciers  
inaglVenperiod．Theterminalchangesofglaciers  
AXOOO，AXOlO，DXO80，EBO50andtheYalaGlaciers  
areillustratedinFig．2．ThesⅥrfaceievelsrecorded  
intheLirungGlacierbothin1987and1989areshown  
inFig．7．Thecharacteristicsofthefluctuationsof  
theglaciersare，hereafter，describedindetail．   

．ヲ．J．〃山〃〃JwJl煎用  
Se∇englaciersverecbosenin払isarea，namely  

glacierDXO80intheDudhKosibasin，glaciersEBO50，  
EBO60，EC200，EDO10，EDO20and ED580intheImja  
Khola basin．Allglaciers are clean type glaciers  
lacking supraglacialmorainesin the ablation area，  
exceptforglacierEC200（KhumbllGlacier），  
GlacierDXO80まsiocatedintheweまOf払eGokyo  

Summer Villagelocated at the right bank of the  
NgozumpaGlacier．Theglacierdevclopsattheeast－  
ernsideoftheN－Sstretchingridge．Abasepointfor  
Surveyingwasinstalledonalargeboulderinfrontof  
tbeterminusi†11976．Fourpartsoftbeglac主ertermi－  
nusweresurveyedfromanevbasepointestablished  
betweenthe1976base point and present terminus．  
Theretreatoftheterminusamountedapproximately  
to60mfrom20September，1976to16November，1989  
（Fig．2）．Theannualretreatingratefortheperiodis  
Calculatedas4，6ⅠⅥ／a．  
GlacierEBO50developsinthenortlトWeStOfthe  

regionsfrom theend ofOctoberto December，1989  
くFig．1A－C）．Debris－free glaciers，namely，Clean  
type glaciers（Moribayashiand Higuchi，1977）were  
especiallyselectedforthemeasurementofthetermi－  
nalpositionsbecausethistypeofaglacierisconsid－  
ered to be sensitive to climatic changes．Theindi－  
vidualnamesoftheglaciersareDXO80intheDtldh  
Kosibasin．EB1150．Etミ06O．Er）010．ED（120andED5糾1in  
thelmja Kム01a basin，Khumbu region（Fig．1A），  
AXOOO，AXOlO，AXO30in the Dudh Kunda basin，  
Shorongregion（Fig．1B），aCCOrdingtothecordnames  
givenbyHiguchieial．（1978），andtheYalaGlacierin  
也eLallがangXムolabasin，Lanがangregion肝ig．1C〉．   
Inadditiontotbemeasl汀ementOfttletermini（）f  

Ciean－typeglaciers，tranSVerSeprOfilesofvalleygla－  
Ciersweresurveyedfordebrisrcoveredglaciers．The  
debris－COVeredglaciers develop extensivelyin the  
NepalHimalayas；therefore，WeShouldknowpresent  
mass balallCe regime of tbe glaciers，T‡le giaciers  
SurVeyed wereEC280（KムumbuGlacier）intbeImja  
KholabasinandtheLirungGlacierinthe Langtang  
Khola basin．  
Glacierterminiwere depictedby measuringthe  

terminifromonetoninefixed．base－pOint（s）towards  
汰egive王1direction，uSingaplaincoIⅥpaSSandatape  
Withtheerrorswithin5minutesinangleand5cmin  
length．Transverseprofilesoftheglaciersweresur・  
Veyed by triangulation from the fixed points estab・  
lished atlateralmoraines of the glaciers，uSing a  
theodolite（WILD T2）and Geodimeter（DISTMAT  
ll「ILD DIORlニ川nコ）．  

Tablel・The characteristics of the glaciers surveyed．Glacier number，glacier name，longitude，  
1atitude，Orientation，length，Surface area，highest glacier elevation，lowest glacier eievatiorl，  
averageir主Clination and ciassificatわn arelisted．T！1e glac主er type C sta！18sねr a debris一打ee  
g！acier，andI）for a debris・C（〉Vered glacier，  

Gi．No．  Gl．Name  Lo喝itude  Latitude  0ボentatioIl  Lengt  Suげace  Highest  Lowest  Åverage  Cla岱ification  G王．type  
E   N  km  areakm2  elevation  

（m）   

DX O80   86034’0”  27057’0”  N   1．3  0．97  5480  5140  14  646110   C   
EB O50  86¢45’9’’  27057’6”   SE  1．5  0，42  5555  5215  13  606410   C   
Dzonglha                                              EB（〉60  86046’2”  27057’9”  SE  1，8  1．10  5920  5150  23  636110   C   
ED Ol（）  KongmaTikpe  86¢50ナ5”  27055’7”   N   C   

86050’6”  27P56’0”   S   C   
ED 580  Chukhung   C   
EC 200  Khumbu  D   
AX OlO  86¢34’0”  27042’8”  E   
ÅⅩ 030  ED O20  Kongma  86¢34’0”  27笥3’5”  E   

Yala   85¢37’  28015’   
Lirung   85¢33’  28つ15’   S   8，2  0．02  5508  5440  17  70611（）               0．8  0，19  5790  5450  16  606110         86q53’7”  27053’1”  NW  2．3  2．99  6040  4970  23  686013          86P48’8”  27¢56’0”  SW  17．0  17．50  7980  4920  10  516410              1．7  0．57  5360  4952  13  63611Ⅹ  C            1．0  0．53  5600  5（き50  28  63621Ⅹ  C        SW  1，2  2，57  5733  5090  15  681ⅩⅩⅩ  C           6．5  6．24  610（）  3962    521ⅩⅩⅩ  D  
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Table2．The fluctuations of the glaciersin the Khumbu，Shorong and Langtang regions．A negative value’（m）of  
the fluctuations shows a terminalretreat．  

Area   Gl．No．  Gl．Name  BaseNo．   Fluctuationofglaciertermini（m）   

Khumbu   DX O80  （20Sepリ’76）トーーーーーーー…（16Nov．，’89）  
－60  

EB O50  （22Sep．，’76）”－－－－－－…（22Nov．，’89）  
－30  

EB O60  Dzonglha  （29Jun．，’78）一一一一一＝一…（22Novり’89）  
Allbasepointswerenotfound．New  
base points and a photo point were 
establishedforfuturesurvey．  

ED OlO  Kongma  （25Augり’78）（1Nov．，’89）  
Tikpe  －27  

ED O20  Kongma  （24Aug．，’78ト（1Nov．，’89）  
atleast －32  

ED 580  Chukhung  （22Aug．，’78）”r”－＝－－－（280ct．，’89）  
Allbasepointswerenotfound．The  
terminalshapeofthecentralpart  
WaSmappedin1989．Photographical  
interpretationsuggeststheterminal  
retreatofapproximatelylOOm．   

Shorong   AX OOO  （19Sep．，’78）…”－－…－－（5Nov．，’89）  
Oneofthetwotonguesdisappeared，  
whichresultedinretreatof160m．  

AX OlO  （8Sepリ’78）＝＝……－－（2Nov．，’89）  
－30  

AX O30  （13Augリ’78）（3Nov．，’89）  
Stationary  

（150ct．，’82）”””（27Sep．，’87）－（4Dec．，’89）  
－ 8．4  － 0．3  

（150ct．，’82）”－”rr（27Sep．，’87）（4Dec．，’89）  
－ 3．4  － 6．9  

3  （150ct．，’82）…－””（27Sep，，’87トー＝－－（4Dec．，’89）  
＋ 2．4  － 6．7  

4  （160ct．：82）－－－－－－－－－（28Sep．，’87）－－－－－－－－－（4Dec．，’89）  
＋ 0．4  － 5．0  

5  （160ct．，’82）”－－－”（28Sep．，’87）－－－－－－－－－（4Dec．，’89）  
＋10．1  － 3．6  

6  （160ct．，’82）－－－－…－－（28Sep．，’87）－－－”－－－－（5Dec．，’89）  
＋ 2．6  ＋ 0．2  

7  （160ct．，’82）”一＝－－一（28Sep．，’87卜＝＝…（5Dec．，’89）  
＋10．2  － 5．3  

8  （160ct．，’82トーーーーー（28Sep．，’87）一（5Dec．，’89）  
＋ 6．7  － 4．1  

9  （80ct．：87ト（5Dec．：89）  
－ 5．4  
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Fig．？．Tt｝rmina＝111t・tt）aIionsoftheゞ1acierssurv町td．Notビthatsea］t？SarediffrrfLnt   
in亡、arh nlaP．  
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thefuturemeasurement（Fig．21．  
Glacier EC20（）．the Khumbl】GlこICitIr．flo≠TSdown  

なomMt，Everest（Sagarmatbai11Nepai）andtenni－  
nates at the altitude ofヰ90O m．BeでauSe Of the dif－  
fku旺yinsurveyingthetermina王position，七重Iisg壬acier  
hadbeenmonitoredhymeansoftheievelingofthe  
glaciersurface．Twotransverseprofilesweremea・  
Suredin the ablation areasin1978．Sin（：e the base  
points werellOt foundin1989，tもe cbanges of the  
Surfaees＼ヽ▼erenOt ab］etobequantified．T＼＼▼OtranS－  
VerSeprOfiieswerenewlysl汀Veyedattbealmostsame  
pointsprevio11SlyslユrVeyed．   

ヱ2．5如和喝喝叢β紹  
GlacierAXOOO（temporariiyTlamed），anOrtb鵬ねc－  

ings111allcirqueglacier，islocatedattheLSOutトwest  
Ofglat：ieT・AXOIO and feedsthtさTsu111Drangka basin  
（Fig，lIう）．TheterTTlinalposition wasinitiall〉lmCa－  
suredin1978amd was re－SurVeyedin1989．Tbe  
glacierhadtwodistinctiveton糾1eSin1978；however，  
One Ofthemhascompletely disappearedby Novemヰ  
ber，1989（Fig，礼 Thisgivestheterminalretreatof  
approximately160m，While another tonguedid not  
Sho＼ヽ・an）Trenlarkablechange．  

Gla亡ier AXOIO，Whiehis one of the best stt］died  
glaciersintbe‡iimaまayas，isasmaま王va11eygiacier．  
The terminushas retreated about3（）m between1979  
and1989（Figs†2and6）．Pbotogra‡metri（：alestima－  
tionrevealedtわatt‡legiaciersurねce虚creasedabout  
lOminitsteminalpart．  
GlacierAXO30islocatedintheYuligoIchavalley，  

northofglacierAX朋0．Altbougbwefa主Iedtoaccess  
血e glacier，pbotograめicalcomparison betweentbe  
gl；lrierin1978こIndthatin19柑rp＼∫ealsthatthereisno  
Visibleterminalnuctuatio11inthisl）eri11d．   

ヱまエα喝知将ア常時符  
TheYalaGlacierhasatrapezoidatshapt？andis  

located at the right bank（1f thel．angta叩tくhla．  
Nine base poilltS Were tLStablished to measurビthe  
termiIlalfluetuationsinl錮コ（Fig．2）．Tlle glaeier  
terminusgeneraily advarlCedbetween1982arld1987  
（Table2）bytheamount ofO．4tolO．2肌 Thisad・  
VanCingtrendin1982鵬1987turnedtoretreatingtrend  
between1987and1989．The retreat oftheterminus  
amountedtoO．2to6．9minthetwoyears．  

The王ぶⅥngGlacieris a debris－COVered glacier  
deヽ・el叩ing at theright bank of thビしIngtang Khola  
（Fig．1O．ThctransverseprofileinlheablこItiいnarea  
Ⅵ▼こISmビaSured bIr triこIngtl［ationilllt）さ7inits middle   

Tukhla summer village of thelmja drainage basin．  
Measure111entOfthefivcpartsoftheterminalposition  
Showsthat theglat：ierhasretreatedabout30mfrom  
？i2September．1976to2i2November．1989（Figs．2and  
3）．Theannualretreatingrateof2．28rn，：‘aislarger  
払an血evaluepreviouslyreportedasO．93tol．79m／a  
from1976to1978（FushimiandOhata，1980）．  
Glacier EBO60islocated just nor抽of glacier  

EBO50．Sinceweねiledto‰dthebasepointforthe  
SurVey，nOdatawereavailable．1好eonlyestaも王isbed  
newbasepoilltSfor the futuresurvey．  

Glacicr Er）OIOis a glacieret dc＼丁ビ1oped on thp  
11Orther11SIopeofPeak57‘19111inthelmjaKholabasin．  
The tenllinalfluctuatiL）n Of this glこIeierllad bpen  
monitored every year from1974も01978，and血e  
annualretrビatingrateofO．6tl）1．2m；’a≠■aSObs亡・r＼red  
（Fushimiand Ohata．198Ln．Tht：tOtalretreat of the  
glacier attained26，9m鉦om25All郡醜1978toI  
November，1989（Fig．4）．Theamualretreatingrate  
Of2．4m／ainthispcriodi＄largerthanthoseinthe  
periodbetween1974and1978．  
EDO20，the Kongma Glacier，islocated on the  

SOuthern flank of the Mdlra Peak（5817m）．The  
terminusof theglaeiビrin1976str〔・tChed as an〔・1otl－  
gatediee tongtle beLyOnd the precipitous roぐk＼＼・a11，  
WhcrビaSit beぐame a deadict）nlこISS detached from  
nlainicebodyin1981（Fig．5．Yokoyama．198コcitttdin  
Yasunariand Fujii．1983）．Thetenllinushasr（ltreat－  
edappr（）Ⅹimate王y30mfrom1970to1976，and7．8m  
from1976to1978（FushimiandOhata，‡980）．When  
WeVisitedthisglacierinNovember1989，thedeadice  
WaSme圧edaway（Fig．5）．Thetermirlalretreathas  
at11Oullttldatlt｝aSttO32msince Augt】St1978．1nter－  
tlStingl）’．OneOfthebast、P（1intswhichwas22I11ilWily  
from the glacier tビrTninusin1978＼VaS buried b）・a  
glacialti11（1f3Oenlthick．Thismaysuggestapossi－  
bieadvariCeOft壬Ieg重aciersometimebetween198land  
1989．  

Glacier ED58（）（Cilukbung Gla（：ier）is a widely山  
e＼tended glacier at the souttトe；iSt Of the ChtlkhuTlg  
Stimmer Vi11age．Tbeterminalshape ofthe glacier  
WaSObservedfrom19September，1976to22August，  
1978（FushimiandOhata，1980）．Theyreportedthat  
theglacieradvancedattherateof3．52to6．78m／ain  
itscentralpart，andof2．56m／ainitsleftpartduring  
thisperiod．Theterminusisphotogrametricallycon－  
SideredtohavebeenretreatedapproximatelylOOm  
between1978arまd1989，altbou感Itheexactvaluewas  
notavailabieduetothemissingof払epreviousbase  
point＄．Tbeterminaisbapewassurveyediれ1989for  
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Fig，3．TわeglacierterminusofEBO5や主nユ976（1e瑚andin1989（rigbt）・Notetbattわe   
もasementbtlmpindicat東byanarrovattbecenterof洩eterminusin1976was   
completelyfreefromtheicein1989．  

Fig．4．GlacierEDOlO，KongTnaTikpe，in1974（le翻andin1989（right）－ Theleftpart   
of伽glaciershrunkconsid訂ab】yfrom1974to1989・Tbesurねcei珊ering   
resu王tedintbeelnergenこeOftbebedrockormorainetopograpbyint鮎rightside   
（arrow）．  

Fig．5。GlacierEDO2軋Kon卯1a，OneOf洩et〉eStmOnitoredglaciersinthisregion，   
T】1eterminairetreaもなom1981（le氏）to1989くrigbt）isquiteobviousby t‡leSe  
p重ュ0もOS．   
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Fig．6．Theterminusofgtac料ÅⅩ018．Theterm毒nusretreatedfrom1978（ie食〉to   
1989（rigbt）．Thesurfaceioweringresultedinth已emergenぐeく）ftbebedrock   
（arrow）．  

gions．Among the fourteen glaciersin these areas，  
we obtained the terminal fluctuations of the nine 
glaciers：DXO80，EBO50，EDOlO，EDO20，ED580，  
AXOOO，AXOlO，AXO30and the Yala．The surface  
Changeofdebriswcoveredglacierswasillustratedonly  
inoneglacier；the Lirung Glacierin the Langtang  
Valley．  
Theterminiofalmostallglacierssurveyedhave  

retreated since tbe end of tbe1970s，akhougb the  
magnit11de oftberetreatvariesな0In One giacier to  
another．The maximum retreat was recordedin  
glacierDXO80whichhasrecededapproximately60m  
from1976to1989；theannualretreatingrateamountN  
edtoabout4．6m／乱 GlacierAXO30isanexception，  
Whichdoesnotshowremarkablechangeinitstermト  
nuS．  

The retreating rateis considered to have been  
acceleratedduringthelastdecadeifwecompareour  
datawiththoseinthe1970sreportedbyFushimiand  
Obataく198軌 Tbe retreating rateincreased from  
O．93－1．79m／ato2，28m／aforEBO50，and女・OmO．6鵬  
1．2m／a to2．4m／aねrEDOlO，althougbtherate of  
EDO20slightlydecreasedfrom5－3．6m／ato2．9m／  
a．  

Thereislittleobservationontheglaciertermini  
inthe middle of the1980s；therefore，the results  
Obtainedinthisstudyindicateanoverallmeanofthe  
terminalchangeduringthelastdecade．Infact，the  
Yala Glacier advanced from1982 to1987．This  
StrOnglysuggeststhattheterminalnuctuationsofthe  
glaciersinthisperiodwerenotdominatedbyasimple  
retreatil唱豆e11d．Thetill－COVeredbasepoi雨irl払e  
forefield of glacまer EDO20may suggest tbat EI）020   

Fig．7．TransverseprofilesofthemiddlepartoftheLirung  
Glacierinthe Langtang Himal．The position of the   
profilesisshowninFigureトCbyasolidline・Leg－  
ends：1．lateralmoraine；2．surfaceprofilcin1987；3．   
Surfaceprofilein1989；4．1ettersLandRindicatethe   
leftandTig如banks，  

pa正くSbiraiwa，1989）．ThesamepartⅥraSSuⅣ野ed  
fromthebasepointsestablishedonthebothsidesof  
the glacier．The resultindicates that the glacier  
Surface did not show remarkable change（Fig，7）；  
SOmepartSWereSlightlyloweredandtheothersrose．  
Furthermonitoringisrequired．   

4．Conctudingremarks  

Thegroundsurveysandthephotographicalcom－  
parisonhaveclari責edtbeterminal幻uctua貢onsoftbe  
glaciersin the Kムumbtl，Sborong and Langtarlg re一  
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