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Abstract  

The eharacteristies of diurtlalvariation of the preぐipitationin theL LaIlgtat噌Valle）・．Nepal  
Himalayas，WereinvestigatedusinglOminutesprecipitationdataduringthelatelllOnSOOnSeaSOTltO  
the post－mOnSOOn SeaSOn（frolllthemiddle of AugllSt tO thebeginning ofOct（1ber）inl錮7，Three  
typesofprecipitationarefoundwith主nadiurnalvariationofprecipitation．Thepredom主nanttype，  
WhiehisatytガOfsimultaneousprecipitationalloverthevalley，Showsthemaximum precipitation  
fromtheearlyevening（16h－18hltlnti）midnight（11h¶O2h）．Thistypeoecupiedthelargestamountof  
daily precipitation to as much as about50％．The other two types respectively represent the  
distributionfrom morning（7h山8h）toafternoon（14h－16h），andfromthelatenight（Oh洲2h）totheearly  
morning（5h－6h）．The fot’mer mainly appears on the ridges or peaks of the mountains and the  
amountdecreaseswithdecT’easingaltitude．Incontrast，thelattermostlyappearsinthebottomofthe  
Valley，Wbichischaracterizedby秩de（：reaSeintheamo11ntWithincreaslngaltitude．  

ThelapserateofthesurfaceairtemperaturealongthemountainsIopewasalsomeasured．1t  
tendstodecreaseafterpassingthetroughintheI11id、tatitude＼VeStt）rlies．  

ofprecipitationintbeHi－Ⅵalayan‡nOuntainregions，  
however．sti11remaitlunkno≠¶．   
Surfaceairtemperatureisalsooneoftheimpor・  

tantfactorsindetectingcriteriaforrainfall／snowfall  
and感aciermelti喝．Tbedistributionofsurfaceair  
tem鱒ratWeisⅥSuallyestimatedfromot〉父Ⅳ感data  
at a known a粍itlユdeusing thelapse rate．Tbo噸b  
Takahasbig才αf．（柑87）魂owedtbevariationofdaily  
lapserateinLanがangValiey，如ぬer或udiesonthe  
characteristicsofitsvariati（111remain for the future  
sttldy．   

払tbispa匹㌻，discu∬ionsaremadeontbearea主  
義ndtemporalcbaracteristicsofprecipitation，andtbe  
temporalvariationsinthelapserateofsu血ceair  
temperature．   

1．lntroduction  

Precipitationinthe NepalHimalaya＄during a  
monsoorlSeaSOnis或ronglyaffectedbyaorograpbi－  
eally and thermallyinducedloealcirculation tShres  
tha d（Z［．．1976．Yasunariandlnoue．1978）．Age，  
tai1976）represented a simplified pattern of diumal  
Variationofthecloudsystern，withaspeci程Iattention  
totbedi恥陀nCeSOfprecipita裏onphenomenadurillg  
daytimeandnigbttime．Heconcludedtbatprecipitか  
tionisbroughtaboutbycollVeCtivecIoudsindaytime  
andbytl－eStratiformeloudsinnighttirne．Theareal  
andthetemporalfluctuationsofprecipitationalonga  
mountain slope are veryimportant for the mass  
balanceofglaciers（Higuchi，1977）．Theyalsogive  
importantinformation払rundersねndingtぬedevelop－  
ment of eloud systems relating toIoca）eireulation．  
Thedetailedfeaturesofdaiiyandd主urnalvariations  
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Fig．1・Locations of the observationalpoints around the Langtang  
Himal（A），andintheLangtangVallcy（B）LangtangValleyisshownby  
adottedareaintbefigure（郎，andthelocationoftbeg王acieris shoⅥl  
もysIladedareasin払efigureく取  

terminus about40m up from GC（R）），andDS．The  
wind directionwas alsorecordedevery tenminutes  
using a wind＼rane at fiH．The air temperature  
measurement11Singabimetaltypet‡lemOm或erina  
screen box，WaS also made at GC（R）and BH for  
SuppOrtingthedigitalrecorders．Themanualobser－  
vationson cloudiness，Visibilityandthealtitudeofthe  
SnOWlineon thesouthern－facingslopeoftheLang－  
tarlgVa王Iey，WereVisualiymadeatBH，GC（R）andDS．  
ÅnalysisoftbelO…minutesprecipitatio‡lWaSmainly  
madeusingthedatafromAug．26toSep．12，Whenthe  
data was simultancously taken at above mentioned  
fourpoints．  

2．Observations  

Observationsofprecipitationandairtemperature  
WereCOnd11Ctedinlatemonsoonseasontoposトmon－  
SOOn SeaSOn，from Au酢ISt tO October，1987，The  
locationofobservationpointsareshowninFig．1－A  
and B．  
Thedailyamountofprecipitationwasmeasured  

at6：00NST（NepalStandardTime）byasimplerain  
gatlge Of a store type at five observation points at  
Dhunche（Dhu，1960m），Syabrubensi（Sya，1463m），Base  
House（BH，3920m），Glacier Camp（GC（R），5090m）set  
up onthemoraineinfrontoftheYalaGlacier，and  
Drilling Site（DS，5304m）in the accumulation area．  
Thepointst）huand Sya wereIocatedoutsideofthe  
LangtangVa11eyasshowninFig．1AA．Inadditionto  
theabovedata，dai1yprecipitationdataatKathman－  
du（Ktm，1336）was used，Which was offered by the  
DepartmentofIiydrologyandMeteorology，Ministry  
ofⅥrater Resources．  

ThelO－minutes precipitati（）n WaSintensiヽ▼ely  
measuredin a digitalrecorder（datalogger system）  
using a tipping－bucket raingauge from the end of  
AugusttotheendofSeptcmberatLangtangVillage  
（Lan，3500m），BH，Tangdemo（Tan，4600m）andGC（R）．  
Theairtemperaturewasalsomeasuredin adigital  
recorder by usi喝 a tbemistor sensor every ten  
minutesatLan，BH，Tan，GC（Ⅰ）（ontheYalaGlacier  

3．CharacteristicsoIprecipitation   

ユノP作，（、小高JJ∫り，川一川わ1）（JdJ〃止   
Therecordsofdailyprecipitationdatahadbeen  

taken over differing lengths of time from point to 
pointduetologisticaldifficulty（ef．Fig．3l．Tokno、、－  
tbe broad characteristics of altitudinaldistribution，  
thedatawascumulatedinthreeperiodsforcomparY  
lngWiththeprecipitationateachpoints，andnormal－  
ized by the precipitation rate at BH．Thoughthe  
dataaremissingforonetothreedaysinabovethree  
periodsinsomepoints，itdoesnotaf鎚cttbe女〉1lowlng  
discussions and results．The cumulated values at   
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Fig.?l. Daily amount of psefipitation and meridionat time 
t：TOSSSeCtiいnOfgeopotentia】heightat5帥mbleヽ・elall－ng9O’E．  

SmOOthlyatthepointsintheLangtangVa11e）・．  
Thep陀Cipitationratearoundthepeakisreport・  

edtobealmostt＼＼▼ice thatatthebottonlOfthevalley  
inKhumbuHimalregion（Ageta，1976），Whiletherate  
WaSlessthantwiceintheLangtangregionasshown  
inFig．2．ThevalleyofKhumbuHimalisopenedto  
the south and runs from the south to the north．On  
the other hand．thel．angtang ValleyrunS from the  
WeSttOtheeast．Sincesufficientmo主sttireissuppiied  
fromthesouthassociatedwiththemonsoonalcircula・  
tion over the NepalHimalayas，the upLValleywind  
may produce str（1nger mOisture L：OnVergenCein the  
KhumbuValleythanintheLangtangVal】ey．  

ThecyclicfluctuationofpreeipitationseeninFig．  
3maycorrespondtotbecyclicfluctuationofmonsoon  
activity pointed out by Murakami（1976）and Yasu－  
nari（1976）．Meanwhile，Cumulonimbus were usually  
t）bseTVed to the sot】th and to the west of Langtang  
region．The ctlmulonimbusぬould generate aSpO－  
radiclocalhea＼▼y rainfall．It marked】y causes the  
arealandtemporaivariationsofcumulativeprecipita儀  
tion（Fig．2）andthelargevariationofdai1yprecipita執  
tion（Fig．31．at the pointsoutsideofthevatley．Oll  
theotherhand．intheLangtangValle）r．thefluctし1ation  
Of daily pTeCipitation seems to eorrespond to the  
nlOnS〔一OnaCtivity．Thissuggeststhatthedailypreci一   

eachofthepointsareshowninFig．2．Atthepoints  
OutSideoftheLangtangVa11ey（Dhu，Sya andKtm），  
precipitation has no clear trendinthe altitudinal  
distribution．ItshowsamarkedvariこItionfromperiod  
toperiod．Ontheotherhand，atthepointsaiongthe  
mountai11Slot滑（BH－DSl，pre⊂ipitation tends toin－  
CreaSeWith theincreasing altitude．  

Figure3showsthetimevariationofdailyprecipip  
tationforeachpointandthemeridionaltimesection  
Ofgeopotentiatheight at50Omblevelalong90nE．In  
thegeopotentialfields，themigrationofdeepwesterly  
troughs was seen during thelatter monsoon season  
around Allg．24．Aug．31，Sep．9and Sep．33asindi－  
Catedbydottedlinesinthefigure．Itrainedrather  
heavily just before or after these troughs．The  
troughs also bring cold airinto theIlimalayas pro－  
Vidingproperconditionsfor snowfalioverthewide  
area．Di謀uSSiononthisas匹Ctwi11bemadeinchapT  
ter4．Fivetotendaycyciecanbeseenintheprecipi－  
tationfluctuation at allobservation points（Fig．3）．  
TheseperiodicitiesdisappearafterSep．27whenthe  
monsoonseasonisover．Whi王e，atthepointsoutsideof  
the Langtang Va呈1ey，da∬y precipitationis widely  
Spreadinitsfluctuation，dailypret：ipitationfluctuate  
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pitationismainlyinducedbythelocalcirculationin  
thevalley，Whichissubjectedt（1themonsoonaetivity  
inthedegreeofitsdevelopment．The relationsbe・  
tweenthediurnalpreeipitati（）npatternandthtゝS〉・nop－  
ticfieldinfourc）rClit：ntlCtuationsofpreeipitationin  
theperiodsindicatedasト4inthemiddlepartofFig．  
3，Wi11bediscussedinthenextchapter，  

3．2勤邪gき柁C参ぬぬ裾むαア由gあ符玩エα顧将挽物  
ThelOLminutesamountofprecipitationdatawas  

Obtainedsimultaneouslyatfourpoints（Lan，BH，Tan  
andGC）alongthebottomandtheslopeoftheLang・  
ta喝Vall野たomAl噂．26toSep．12assbowni‡lFig．  
4．T壬Iea汀OWSatGCafterSep．10illdicatealackof  
data．kcausethesn（一WfalloccurredattlightinSep．10  
and12．andprecipitatil）nCOuldnotbemeastlred．The  
data during the daytime uras available due to the 
immediatemeltingofsnowafterdepositionbystrong  
Sunradiation．ThechangeofwinddireetionatBIiis  
alsoshowninthefi酢1re．  
Wecanseethreetypesofsystematizedprecipita－  

tiongroupscontinuingseveralhoursshownbydotted  
line＄COnneCting point to point verticallyin Fig．4．  
Thesetypesshowthecharacteristicsofditlrnalpre－  
Cipitationvariationsinthevalley．andconventionally  
Cailedtype（A），（B）and（C）．Asshowninthefigure，  
type（A）：preぐipitationtendst（一OeCurinthenlOrning  
atupperpoints，GCandTan；type（B）：itsimultane－  
OuSlyprecipitatesalloverthevalleyintheevening；  
type（C）：preCipitationoccurs after rnidnight atthe  
bottom of t】1e Valle）・SuCh as BH a11d LaTl．These  
threegroupsofprecipitationtypeareindicatedby（A），  
（B）andtC）inFig．il．Especia11）TtyPe（B）isthemaj（一r  
Oneinitsamountandappearanceduringtheobserva－  
tionperiod．  

For understanding the statistiealdiunlalvaria－  
tionofprecipitationateachpoints，hourlyprecipita－  
tioniscumulatedateachpointintheperiodfronlAug．  
26toSep．9andshownbyhistogl・aminFig．5．Three  
peaks canbe seen clearlyin the diurnalvariation  
COrreSpOndingtothethreeprecipitationtypes（A），（B）  
and（O．Thecontributionofthesepreeipitationt）▼peS  
tothetotalamountofprecipitationwascalculatedas  
thepercentagcateachpoint．andsho≠・nbythehori－  
ZOntalhistograminFig．5．Thethreetypesofprecip－  
itationarecharacterizedasfollows：  
Type（A）：Thecontributionto thetotalprecipitation  
increases withincreasing altitude，and suddenl）・de－  
CreaSeSin thelower area under Tall．This type  
appt！ared from the morning（7h－8h）to the aftertlOOn   

Fig．5、tlisIogramsofthet：unll11aIiveamot）］lh－fhot）r））’preぐip一  
呈tation fromÅ噸．26to Sep．9，and払econけibution oftわree  
precipitationtypes（丸BandCラt（〉ぬetく〉talamountshownintbe  
righモSide  

（14ゎー16姐  

Type（B）：Thecontributionisiargest，mOrethan5¢％，  
atailpoints、Theprecipitationperiodisfromeariy  
eヽreIling（16h－18h）untilmidnight（11h02h）．It tends  
to precipitate earlier at lower points than at upper 
points．  
T〉TF貯（O：The contributi（1nislarger at thelower  
pointsinthevalleysuchasLanandBH，and graduai－  
1ydecreaseswithincreasingaltitudetothepointsTan  
andGC．Theprecipitationperiodis打ommidnight  
（OhM2h）toearlymorning（51卜6h），anditalsotendsto  
precipitaeearlieratthelowerpoints．Itprecipitates  
eontilluOtlSlywithweakintensity．Thedailyappear－  
anceandassociationofthesethreetypesofprecipita－  
tionmaycorrespondtothesynopticscaleactivity of  
monsooncirculation．Fourtypicaleasesareexaminw  
ed，Whichareindicatedbythehorizontaldottedbarin  
Fig．4，thatcoincidewithcyclicfluctuationofsynoptic  
S（：aleprecipitatiollperiodslto4in Fig．3．Repre此  
Sentative500mb weather chartin the four cases are  
Show11inFig．6withthepositionofLangtangregion   
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astbeblack circle．  
CaselisfromAug．27to28．The500mbchart  

Showsthe troughat700E，andthewarmareaspread  
OVerthe Himalayas，Whichindicated strongconvec－  
tion activity，The trough and Tibetan anticyclone  
Spreadwidely打om好EtollOOEcan alsobeseenin  
tilelOOmbcbart．Tbissynopticpatternindicatesthe  
activemonsoonperiodinthe NepalHimalayas．As  
Shownin thewind directionin Fig．4，an up－Ⅴal1ey  
windwithasouth－WeStCOmpOnentpreVailedthrough  
Outthedayexceptintheearlymorningfrom5AMto  
7AM on27and28．Alittledisturbanceofwindwith  
a north－eaSt COmpOTlent appeared arく〉und mid11ight  
with the precipitation of type（C）on28．This dis－  
turbance wouldbethe result of the convergence of  
down－Slope wind and theweak up－Valleywind．In  
thisperiod，allthreeprecipitationtypeswereobserved  
inthevalley（Fig．4）．  
Conversely，inCase3from Sep．5to8，ananti－  

cyclonebeltappearedwithnotroughneartheHima・  
1ayasinthesynopticfieldsat500mb．Theupェvalley  
wind clearly shifted to down－Valley windwith the  
nortb componentin tbe early evenillg eVery day，  
whiehsuggeststhatthelargescalemonsoon circula－  
tionwasweakerduringthisperiod．Inthiscase，0nly  
types（A）and（B）appearedperiodically．   
ThecontrastbetweenCasesland3suggeststhat  

precipitation Type（C）is considered to be brought  
from stratifon11Cloudsdevt）1oped betwビeIlthemoun－  
tainridges，Wbicbv訂egeneratedbyamoistairfbw  
Of up－Vauey Wind and by the radiative cooling  
throughthenightduringtheactivemonsoonperiod．   
InCase2fromSep．2to4，500mbisobaricsurface  

洩owed no troughlike Case3，and tb wam area  
extendedfromthesouthLeaStOftheNepalHimalayas．  
ln LangtangValiey，preCipitationtypes（Å）and（B）  
appeared weakly．On the other hand，the heavy  
precipitation occurred from2h to5hin Sep．4as  
indicatedXinFig．4．AIsotheintensivedailyprecip・  
itationwasobservedinDhuasseeninFig．3．These  
resultssuggest tha†thisprecipitationwascausedby  
the smalldisturbance which passedin the south  
regionofLangtangValley，anditwouldnotbecata－  
logedastype（C）．   
InCase4fromSep．10to12，thecoldairassociat・  

ed with passing of a westerlr troughinflell▼ OVer  
Hi111ala）・aS．Whichbroughtonthesnowfallintheareas  
abovesome4500ma．s．l．afterSep．10．Theprecipita－  
tiontype＄CannOtSeerlClearlyandweakprecipitation  
continuesduringtheday．Sincethesnowcoversup・   

700E 900EllOOE  

1
－
川
 
 

N
 
 

700E 900EllOOE  

700E 90¢EllO8亡  

Fig・6・Weatbercbartof500ml）at1200GMTforCasel，Case  
2，Case3andCase4・Thedottedaresindicatehighlandregion  
above5000ma・S・1■，andtheblackcircleindicatesthepositionof  
LangtangValley．  
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pressesthedevelopmentofval1eywind（OhataetaL，  
1981），thecontinuousandweakprecipitationinCase4  
SuggeStSthatmagnificationofsnowcoveraffectedthe  
SyStematic development of doud system broljght  
aboutprecipitationtypes（A），（B）and（C）．  

Themechanismofthethreeprecipitationtypesis  
assumed asfollows：  

Type（A）is con（まuced by t壬1e COnVeCtive ciouds  
which areindliCed by up【Slope wind and generated  
neartheridgesintheva11ey．Type（C）isconducedby  
thestratiformcloudsgeneratedbythemoistairand  
radiativecoolinginthenightandfixedinthebottom  
Of the valley．The cloud topis usually below the  
ridgess11汀Ounding血evailey，ItisslユppOSedto ap－  
pear strongiy especially during the active monsoon  
periodintheNepalHimalayasuchasCasel．Types  
（A）and（C）mightbecaused bythepeak～Valleyscale  
precipitationsystem asmentionedinAgeta’smodel．  
Ontbeotherhand，tyl杷（B）isbroughtbytheprecipita・  
tion systeminduced by the up valley wind．and de－  
Velopedatalargerscalethanavaileyscaieduringthe  
daytime．Especially the type（B）predominantly ap・  
pearedinthreetypesandisquiteimportant forthe  
amount of daily precipitationinallthe Himalayan  
molユntainreglOnS．  

Tablel．Mearllapserate（r）alongtheslopewith  
its！ltml光rOfsampl缶鮮）andthesねndard  
de扇ation（∂）dlユポ喝血e period of eacb  
precipぬと払nt輝S（Å），（B）and紆）．  

F   rs（DC／100m）   ∂   
A   30   0．58   1．52   
B   46   0．62   0．92   
C   31   0．62   0．63  

0．7  
…討   

n  
さ 0ム  
害  
冒  
ヽ＿．′  

0．5  
TIME   18  

F短．7靂 Diumalvariationofmeanはpseratealongtheslope  
du出れgAug．25toSep．27・  

GC（I）was affectedby thewarm air advection from  
SnOWfreemoraine areasinthe daytime（Takaharaet  
αJリ1984）．  
ThevalutlSOfralongthemoulltainsIope（rls）are  

important to estimate払e altitudinaltemperature  
distribution．Thersduringeachprecipitationtype  
aretabulatedforcomparisonwithitssamplenumber  
（F）and standard deviation（6）（see Tablel）．The  
Valueof6islargerduringtype（A）andsmallerduring  
types（r！）and（C）．while the nleallValues（rs）are  
almostthesanleforeachtype．Largeヽ・ariation（1frs  
duringtype（A）suggeststhattheairtemperaturein  
thesurfacelayerfluctuatesgreatlyasthecumulative  
Cloudsdevelopalongthemountainslopebytheheat・  
lngOfstrongsolarradiationintbemoming．  
Thediurnalvariationofnle・anrSisshowninFig．  

7．rstendstoincreasesuddenlyafter7a．m．，because  
thetemperatureatBHisincreasedbythewarmair  
advection alongthe bottom・Ofthe valley bythe up  
MValleywind．Fig．8showsthetemporalfluctuationof  
rs，With7－days weighted runnmg mean using the  
nornla】curve smoothing funetion．is t：Ompared with  
the24－bourrunnlngmean Oftemperature and daily   

4．Temporalvariationoflapserate  

Lapserateofsurfaceairtemperature（r）iscaト  
Clユiatedfromtbehourlyもemperaturedata ofLanto  
DS dtlring Åug．25to Sep．27．Mean value of r，  
reiationofralongtheslopetotheprecipitationtype  
anditscharacteristicsofthediurnalanddailyvaria－  
tionsarediscussedinthischapter．  

Mean values of r are O．530C／100m along the  
bottomofthevalle）llLan－－B111．O．64r，：：1OOnlaIongthe  
l11Otlnt；lin sIope（BHLGC（R））and O．75■C・′1州nlalong  
theYalaGlacier（GC（IトDS）．  

ThevalueofIl（BfトGC（R））isalmostthesameas  
the value of O．60C／100m（BH－GC（R））measured by  
Takahashieial．（1987）dtlringthelatemonsoonseか  
SOn On1986．r（Lan－BH）isIol＼▼erin above three  
meanvalues，も∝auSethe餌rfaceheatingbythesolar  
radiationinthedaytimeandtheobstructionofradia・  
tive cooling by the stratiform clouds appearing at  
nightmaydecreasethepotentialtemperatlユregradient  
Oftheairmassalongthebottomoftheva11ey．Onthe  
Otherhand．alongtheglaciersIope，thevalueofris  
largest，Sincetemperature atthe observationpoints  
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Fig．8．Timesequencesofthesurfaceairtemperaturein24hourrunM  
ningmean，relativehumidityanddailyprecipitationatBIi，SnOWdepth  
atGC（R），lowestalt如deofthesnovlineonthesoutbern－ぬcingslope  
andtbelapserateofsurfa（：eairtemperatl汀ealol唱法es王opewith7days  
Veig】ltedrunnlngmean．  

snowcover condition．The time sequences of daily  
amountofprecipitationandrelativehumidityatBH  
arealsoreferred．AfterthepasslngOfthewesterly  
troughsatSep．9and23asindicatedby▼，thepeak  
Ofrsinthemorningsho☆ninFig．7didnotappeared，  
andthemeanvalueofrsdecreasedto about O．10C／  
100m．At the same time，neW SnOW COVered areas  
Spreaddountoabout4帥OmL450Oma．s．l．．Although  
thereisnot en（一ughinforTnationtodiscussaboutthe  
effeetofthewesterytroughstothemagnificationof  
SnOWCOVer．theresultsuggeststhatthewesterytrough  
Plays aninlPOrtant rOle for the weekly time scale  
flucttlationsofaltitudinalairtemperaturedi＄tribution  
throt喝hthechangeoflocalcirculationsysteminthe  
Va11ey．Andalso，ifthesnow－rainboundaryisestト  
mated u＄ing criticaltemperature deduced from the  
meanvalueofrs，thealtitudeofitsboundarywillbe  
estimatedlowerthantheactualboundarylS．  

5．Concludingremarks  

The observations shour the existence of three 
precipitationtypesandrespectivedistributioncharac－  
teristics．The mechanism of the developing cloud  
SyStemforeachprecipitationtypeisstronglyrelated  
tothelocalcirculation，tOpOgraphyoftheval1eyand  
themonsoonactivity．1t shouldbeinvestigatedin  
future with the three－dimensionalmeteoroIogical  
ObseTVatio11S，SuCh asradiosonde and rernote sensing  
ObservaもiorlS．AIso偽esttldyofs110WCOVerefねctto  
the precipitation type（B）remains for ftlture Study．  
DiscussionsaremadeindiurnalanddailyvariatiorlS  
Ofthelapserateofsurfaceairtemperaturealongthe  
mountainslopeanditscharacteristics．Thecharacter・  
isticsofthetemperatureprofiles，inthedeepvalleys  
OftheNepalHimalayas，Shouldalsobeobservedmore  
COntinuouslyunderdifferentsynopticsituations，Since  
it determines the snowfa11conditions whichin turn  
Willfinallyaffectthedevelopme11とOftbeprecipitation  
SrStemthroughthechangeofloealcireulこItionarouTld  
thevail野．   
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