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Abstract   
TheNepalHimalayaislocatedundertheslユmmermOnSOOnelimate，Wheresummerprecipitation  

exceedswinterprecipitation．Howevば，aiargeamountofwinterprecipitationoccasionallyocclⅣS  
associatedwithinterLa11nualvariabilityofstormtracksandthビOrOgraPhiceffect・The、TariこIbility  
ofwirlterpreCipitationhasasignificanteffectonthemassbalanceofglaciersintheNepalHimalaya・  
Overadecade，however，glacierfluctuationfollowsthefluctuationofairtemperaturemorethanthat  
Ofprecipitation．  

publishedbytheDepartmentofIrrigation，Hydrology  
andMeteorology，Nepal．Month1yclimatedata for  
theworldeditedby NOAAwereusedformakinga  
Climaticmap．   

3．Genera暮climatic feature  
Theratioofwinterprecipitation（fromOetoberto  

March）tostmmerprecipitation（from Aprilto Sep－  
tember）on、theEurasiancontinentisshowninFig．l．  
Theregionwherewinterprecipitationexceedssum－  
mer precipitation extends from central Asia to the 
WeStern periphery of the Tibetan Plateau．The so  
－Called’Mediterraneanclimate’islargelycreatedby  
thefrequentpassageofcyclonicdisturbances（storm  
track）inwinter．  

WinteT・preLCipitation dominates on the western  
peripher）T Of the Tibt？tan Plateau（KarakoT・am and  
Pamirra喝eS），WbiietheNepalHimaiayaalldTibeta†l  
Plateau are under theinfluence ofthe summer mo†ト  
SOOn．However，thewinter storm trackislocated  
ClosetotheNepalHimalaya，andshiftofthestorm  
track causes occasional winter precipitation on the 
range，   

4.Case study of winter precipitation from 1985 too 
19る6  
Monthl）・totalprecipitation from1985to1986  

recorded at Kyangcheれin Laれgtang Va11ey，Nepal   

1．lntroduction  
TheAsianhighlandregionisthegreatestmoun・  

tainousreglOnOnearthandnourishesmanyglaciers．  
GIaciersinthisareahaveauniqtleCharacter．Snow  
On the gaeiersin the NepalHimalayais usuallr  
accumlatedmainiybysummerprecipitationcatlSed  
by the Asian summer monsoon．‡n contrast，the  
KarakoramandPamirrangesareundertheMediter・  
ranean climate reg10n Where winter precipitation  
affectsthemassbalanceofglaciersconsiderably．   
In the NepalHimalaya，winter precipitationis  

usually a minor component of the mass balance of  
glaciers．However，winterprecipitationintheNepal  
Himalayaishighlyvariablefromyeartoyear．  
The purpose of也is papαis toinvestigate tbe  

Characteristicsofwinterpreeipitationanditseffecton  
glaciersin the NepalHimalaya．First，We Willde．  
蹴ribe a case stl】dy of a beavy vinter precipitation  
event，Second，theeffectofwinterprecipitationon  
theglaciermassbalancewi11txdiscussedbyusinga  
Simplemodel．  

2．Data  
Meteorologicaldatain Langtang Valley from  

1985to1986wereobtainedbyGEN－LP（Glaciological  
Expedition of Nepal，Langtang Project）．Sate11ite  
images fromlNSAT wereusedin anal）・SeS（うfcIouds  
and snow distribution．Climate dataillNelpalare  
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intermittentprecipitationwascausedbypassagesof  
WeStern disturbancesin December and February．  
Higher than normalprecipitation was recordedin  
most observatoriesin Nepalfrom October1985to  
March1986．  

Fig．3showssatelliteimagesduringa precipitaT  
tion event in February．Winter precipitationin  
Nepalwascausedbyintrusionofdisturbancesfrom  
thewest ontothesouthernperiphery oftheTibetan  
Plateau．The precipitation was so heavy that total  
precipitation reachedlOOmm within a few days．A  
disturbancewhichappearedinthePersianGulfon6th  
developedandinfluencedtheHimalayanrangeonthe  
lOth．Thenextdisturbance，Which appeared onthe  
Arabian Peninsula on the 9th，followed a similar  
track．Deeptroughsontheweatherchartappeared  
inthewest oftheplateauduringtheseevents（Seko，  
1987）．  
TheTanggularangeonthecentralTibetanPlatT  

eau was covered by snow which remained several  
months（Fig．4）．Disturbances which caused heavy  
precipitationontheHimalayanmountainspartlyin－  
fluencedthe Tibetan Plateau．However，the vortex  
pattern of clouds associated with the disturbances  
dissipatedonthesouthernpartofthePlateau．This  
canbe due to thebarriereffect oftheGreat Himala－  
yanrangewhichblockedmoisturetransport，andthe  
decreasing vorticity of the air flow ascending the  
Slope．  

Tablelshowstheratioofmonthlyprecipitation  
at Kyangchen to that at KathmanduI．A．（shownin  
Fig．2）．The contrast of the ratio from summer to  
Winterisapparentandthevalueseemstobestablein  
eachseason．Hence，WeCalculatedtheamplification  
factorintherespectiveseasonsasshowninTablel．  
TheratioofwintertosummerprecipitationatKyang－  
Chenis O．66，COmpared to O．14 at KathmanduI．A．  
This contrast comes from the orographic effect on  
precipitation（Seko，1987）．ThestrongenllanCement  
Ofwinterprecipitationisconsideredtobeduetothe  
ascendingairflowalongtheslopeofthegreatmoun－  
tains．Thisresultsinalargeamountofsnowiallon  
aglacierinthevalley（Iida etal．1987）．   

600E  

Fig．1Ratio ofwinter（October to March）precipitation to  
summer（Aprilto September）precipitationin Eurasia．  
Contoursdenotetheratiosofl，5andlO．ThereglOnWhere   
theratioislargerthanl（10）isstippled（shaded）．  
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Fig．2 MonthlyprecipitationatKyangcheninLangtangValley   
（3920ma．s．1．；above）andKathmanduInternationalAirport   
（1336ma．s．l．；below）fromJuly，1985toJune，1986．Dotsin  
thelowergraphdenotemonthlymeanvaluesfrom1968to  
1986．  

HimalayaandKathmanduI．A．（InternationalAirport）  
are shownin Fig．2．Alarge amount of snowfall  
occurred severaltimesin this winter at Kyangchen  
（Takahashiet al．，1987）．Heavy precipitation oc－  
CurredduringtheapproachofcyclonesinOctoberand  
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Fig．3 Typicalexamples（）fsatelliteimagesduri喝Sn（）Wねileve‡1tSatKyangdlenin  
Feもmary，1986．Clouds and sr10W are eXpreS父d by reversed color（b王ack），  
Datesare童n軌eupperleftcorner．  

Tablel：RatioofprecipitationatKyangchentothatatKathmanduInternationalÅirportfrom1985to1986（％）  

ratio（％）  

Summer・aVerage（Apr．－Sep．）：46  
Winteraverage（Oct：Mar．）：193   
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5．Climatic characteristics of winter precipitation，   
anditseffecton equilibriumline altitude of gla－   
CiersintheNepalHimalaya．  
Fig．5shows a time series of preぐipitationin  

winter and summer at Kyangchen estimated from  
dataatKathmandu．Theseasonalamplificationfac－  
torlistedin Tablelwas used for the estimation．  
Glaciersdevelop athigher altitude than Kyangchen  
and the amplification of winter precipitationis ex－  
pectedtobelarger（Seko，1987）．However，WeuSethe  
Value at Kyangchen，because whole－year data are  
tlnaVai1ableontheglacier．Twodifferentdatasets  
are displayed separatelyin order toinvestigate as  
long a period as po＄Sible．Since the餌ctuations  
revealsimi1ar patternsduring the period when both  
dataareavailable．thetrendappearsto反continuous．  

Winter precipitation exceeds summer preeipita－  
tionil110years，including1985－1986，amO喝66years’  
data．Inter－annualvariabilityofwinterprecipitation  
isverylarge．Nineyears’runningmeandataareals  
presentedin Fig．5．Onthedecadaltimescale，the  
fluctuation ofwinter precipitationis reduced，and  
winterprecipitationneverexceededsummerpreclpト  
tationduringthisperiod．   
Itisnecessarytoalsocompare払e恥ctuationof  

summer temperatuT・e，Whichisregarded asthemost  
significant factor affecting the mass balance of gla- 
ciersin the NepalHimalaya（Ageta．1983）．Fig．6  
shows the summer4 months－（June to September）  
averageofdailyminimumtemperatureattwoKath・  
mandu stations．We use minimum temperature be－  
causemOnthlymeantemperaturedataareunavailable  
and maximum temperatureis greatly affected by  
weather．Thereisanapparentdecreasingtrendfrom  
the1940sto1970s，andincreasingtrendintothe1980s．  

Toassesstheeffectofwinterprecipitationonthe  
massbalanceofglaciers，aSimplemassbalancemodel  
Willbe presented．We use Agetals（1983lsimple  
parametrization for the caleulation of ablation．bt？・  
causeitistheoniyexistingcasestudyintheNepal  
Himalaya．Summer（June to September）ablation  
（as）isparametrizedas  

αざ＝－（㌫＋3．2）3・2×10mm，  ……（1）  

The summer temperature（June to September：  
referredto7；hereafter）attheequilibriumline altト  
tude（ELA）canbeestimatedastheprecipitationby  
this form111aL，aSSumlng that annualprecipitation e・  
quals annualacctlmulこItion and ablationin winteris  
negligible．ByinputtinglOOOmm．whichseemstobe   

Fig．4 VariationofsnowcoveredareasontheTibetanPlateau   
irlWinterfrom1985to1986byINSATimag盟Ont‡lefolloⅥr・   
ingdays．Ocと．20（a），Nov．20紬），Jan・2（c）and Febt18硝・   
Snowa！1dcloudsareexpressedbyreversedcoior（b里ack）】  
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Fig．5 Fluctuationsofseasona］precipitationatKyangchenestimatedfromthedata  
atKa払manduIndianEmbassy（1921－1977；below）aIldKathma11du‡nternation－  
alAirport（1968－1986；above）．Yearlydataa11d9－yearrunningmeandataare  
expressedbythickandthintinesrespectively．  

areasonablevaiueforgiaciersinLaIlがangvaileyas  
theannuaiprecipitation，the7tatELAisestimatedto  
be aboutlOC．  
Byexpanding（1）aroundthisvalue，WeObtainthe  

SenSitivityofablationtoclimatictemperaturechange．   
血β／㌔㍍＝32×（㌔＋3．2）2・2mm／OC  ・…‥（2）  

Theablationcanfluctuate．  
A晦ニd毎7♂㌫×△笑，  ・……く3）   

Weonl）・COmparethestand；lrddeヽ・iatio11S（1ftem－   

p訂atureand precipitation．Tables2a and2b show  
thestandarddeviationsofthefluctuationsofpreclpl－  
tationand7；displayedinFigs．5and6．Generally，  
Theresponseofglacierstoclimaticchangeoccurson  
a time scalelonger than ten years．Hence，inter  
－decadalfluctuatiorlOf meteorologicalelementis  
essentialforthefluctuationofglaciers．Weusethe  
Standarddeviationof9－yearrunningmeandata（0．15  
0C必△了ミ）．  

△亀in（1），廠／浸㌫in（2）and△αざin（3）aretabu－  
1atedinTable3asafunction ofTsatELA．△鶴is   
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Fig．6 Summer（Jun：Sep．）temperaturefluctuationatKathmanduIndianEmbassy  
（1921－1977；below）andKathmanduInternationalAirport（1968－1986；above）．  
Datausedaremonth1yaverageofdailyminimumtemperature．Yearlydataand  
9－yearrunningmeandataareexpressedbybrokenandsolidlinesrespectively．  

Table2a：Standarddeviationofprecipitation（mm）   
inwinter（Oct．－Mar．）andsummer（Apr．－Sep．）．   
Ⅰ．E．isan estimationfrom thedata of   
KathmanduIndianEmbassy（1921－1977）  
andI．A．isfromthoseofKathmanduInternational   
Airport（1968L1986）．  

Table2b：Same as Table2a except standard  
deviation of summer（Jun：Sep．）  
temperature（OC），  

location  Ⅰ．E．  Ⅰ．A．  yearly  0．38  0．31  9years  0．15  0．15  SeaSOn   winter  Summer   

location   Ⅰ．E．  Ⅰ．A．  Ⅰ．E．  Ⅰ．A．   
yearly   110  132   53   75   
9years   27   39   16   28  
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The Asian high1andshave severaltypes ofgla－  
Ciers－from summerAaCCumulation type to winter  
－aCCumulationtype，fromveryhumidtypetodrytype．  
Theresponseofglacierstoclimaticchangeisdiffer－  
entineach area．  

The NepalHimalayaislocated under summer  
monsoon climate，Whilethe Karakoram and Pamirs  
are under theinfluence of westerly disturbancesin  
Winter．Theproblemwetreatedhereisessentialfor  
theinterpretationofglacierfluctuationintheAsian  
high1and region．Glaciersin the Karakoram and  
Pamirsmighthavemorememoryofthefluctuationof  
winter storm activities than Himalayan glaciers．  
Mayewskyet al．（1980）mentionedtheoppositesense  
Ofglacierfluctuationbetweenthetworanges．How・  
ever，COmprehensiveanalysesshouldbe done onthe  
basis ofmore scrutinized data．  

Winter storm tracks do not seem to fluctuate so 
muchonthedecadaltimescaleinrecent60yearsin  
the Nepal Himalaya．However，the temperature  
fluctuationseemstobesignificant．Recently，reCeS－  
Sionofglaciershasbeenreportedinseveralregionsin  
theAsianhigh1and；thisisattributedtothewarming  
trend．Kadota（1990）reported the recession of a  
glacier terminus from1978to1989in the Khumbu  
region，NepalHimalaya．Shiand Ren（1990）men－  
tioned the shrinkage of glaciers in the Tianshan 
Mountains and Pamirsinthe1980s．   

Itisnecessarytoknowhowextensivelyandhow  
rapidlysimilarfluctuationsareoccurrlng．Analyses  
ofremotesensingdata（forexampleShietal．，1988）  
Shouldbeencouragedtolearntheresponseofglaciers  
intheAsianhigh1andregionincopewithcontinuous  
massbalancemonitoring．  
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113mm，itis more than4times greater than the  
Winterprecipitationfluctuation（27mmor39mmin  
Table2b），if we assume the9－year running mean  
Values and7ミat ELA to belOC．As a result，the  
effectofprecipitationfluctuationislessthanthatof  
7；fluctuationonglacierfluctuation，Whileitdisturbs  
themassbalancecalculationineachyear．   

6．Discussions  

a）Ontheparametrization．  
Thesensitivity ofELAto thechange of winter  

precipitationandsummertemperatureislargelyinflu－  
encedbytheincreaseofablationratewithtemperaT  
ture．Table3shows the sensitivity of ablation at  
ELAtothe7tfluctuationinAgeta’sparametrization．  
A了こincreaseoflCCcorrespondstowinterprecipita－  
tionincrease of 752 mm atlOC of 7t at ELA．  
According to Olmura eial．（1986），Who analyzed  
glaciers with more accumulationinwinter thanin  
Summer，thisvalueis450mm／OC，Whichissimilarto  
the valueif7こat ELAis O OCin Ageta’s formula．  
The sensitivity calculated from Ageta’s formula  
Variesconsiderablywithte叫perature．   

Table3：aS（rnm），das／dTsand asinformula（1），（2）and   
（3），reSpeCtively．Tsis summer（Jun：Sep．）mean  
temperature．  

Ts   －3  －2    0    2  3   
as  0．06  18  125  414  987  1955  3433   

das／dTs  0．93  48  181  414  752  1203  1772   
△as  0．14  7．2  27  62  113  180  266  

Ageta’sformulasimplyparametrizestheablation  
as a function oftemperature．However，aCtualsnow  
ablationiscausedbythesumoftheenergy，i．e．sensi－  
bleheat，1atent heat，long－WaVe radiation and short  
－WaVeradiation．Gentlewindandstrongsunshinein  
theablationseasonintheNepalHimalayacausethe  
StrOng dependence of ELA on the radiative compo－  
nents．The nonlinearincrease of ablation rate with  
7tinAgeta’s formula may be partly due to albedo  
decreasein the ablation area．Since we havelittle  
knowledge about the radiative component on the  
glaciersintheNepalHimalaya，thealbedo andlong  
－WaVeChangeonglaciersshouldbestudiedforfurther  
understanding．  

b）The relationship between climate and glaciersin  
theAsianhigh1andreglOn  
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