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Abstract  

Themainmeteorologicalfeatures of the area surrounding Mt．Everest（Khumbu Valley，  
NepalHimalayas）wereinvestigatedbymean＄OfthedatasetcollectedatthePyramidMeteorologicai  
Stationく5050ma．s．1．）from1994to1999．Particuiarattentionwasgivento払echaracterist主csofthe  
SummermOnSOOnSeaSOn，Whosemeanonsetanddecaydates（12Juneand50ctober，reSpeCtively）  
Wereidentified．Thepredominanttypeofsummermonsoonprecipitationwasdrizzle，Withsporadic  
moreintenseeventsfromthelateafternoon汰roughthenight．Active／breakperiodsofthesummer  
monsoonwereidentifiedand theirlarge山SCale characteristics were highlightedby means ofdaiiy  
globalgriddeddata．TwodifferentdailyprofiieswerefoundwithinthePyramidprecipitationand  
winddirectionrecords，dependingonthelevelofactivityofthesummermonsooncirculation．Spectral  
analysisrevealedtheexistenceofa5－dayanda10¶dayperiodicityinthedailyprecipitationrecords  
associatedtosimilaroscillationsoftheTibetanHigh．  

1．lntroduction  

TheHimalayasandtheTibetanPlateauplayan  
important rolein the monsoon circulation system，  
botha＄anelevatedheatandmoisturesource／sinkin  
the upper troposphere（due to the strong warming／  
COOlirlgOfthegroundandthereleaseoflargequan・  
tities of condensation heat）and as an orographic  
barriertowindflows（Murakami，1987；Yanaiet al．，  
i992）．TheIndianmonsoonflowisstronglycorrelated  
to tbe snoⅥr COVerin tbese areas as demonstrated主n  
SeVeralstlユdiesonthetopic（e．g．，DicksoIl，1984；Verne・  
karぞ才αgり1995；Ose，1996；Sankar鵬Rao g≠αg．，1996；  
BamzaiandShtlkla，1998）．Meteorologicalconditions  
affectthemassbalance ofglaciers and，aS aCOnSe－  
quence，theavailabilityofwaterintheplains．Along  
Ltermtimeseriesofmeteoroiogicalobservationsthus  
proves fundamentalin the study of glacier fluctua〟  
tionsasaresponsetoglobalclimatechange．  
0ver the past decades，SOme meteOrOlogical  

Observationshavebeencollectedathighaltittldesin  
tねe‡iimalayan Range forlimited periods of time，  
mostlydlユrirlgtbe summermonsoonseason．Onlyin  
the1990swereafewpermanentstationssetupunder  
themanagementofvariouscountries，SuChasNepal  
（Sbresthaぞfαgりユ998；2080），Japan（Uenog∫αgり1996），  
China（LiuandChen，2000）andItaly（Stravisiet al．，  

199払   

In1990an AtltOmaticⅦ七atber Station（Å1好S）  
WaSinstailedbytheItalianNationalResearchCouncil  
InstituteofWaterResearch（IRSA／CNR）intheNepal  
HimalayasnearMountEverest，at5050ma．s．1．This  
AWSis named“Pyramid”givenitslocation a few  
dozenmetersfromtheItalianandNepalesepyrami・  
daトshaped scientific Laboratory／Observatory above  
Lobuchevillage．The AWSis，1ike the Laboratory  
itself，partOftheInterdisciplinaryEv－KLCNRHigh  
Å1titude Scientific and TecbnologicalResearchPro－  
ject．Project objectivesinclude development ofhigh  
altitudeandremoteareastudiesinvarious舅elds，StlCb  
as medicaトphysiologicalsciences，earth sciences，  
technology，enVironmentalsciencesandmeteorology．  
MeteorologicalobservationsatthePyramidAWSare  
COnductedinordertoprovidepermanentmonitoring  
Ofthemonsoonathighaltitude．  
The purpose of this paper is to describe high 

altitude（above5000m）climatecharacteristicsinan  
area where only few and incompleLe observations 
bavebee王1Carriedoutsofar，andtoolitl主netbeinter－  
action betweenlocalfeatures andlarge－SCale mon－  
SOOnCirculation．Theformerarestudiedbymeansof  
the Pyramid AWS dataset collected continuously  
from1994to1999，Whilesynopticscaiepatternsare  
high1ighted by means of dai王y data available from   
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0Verthetwoprecedinghours；SOlarirradiance，Wind  
speedandwinddirectionareaveragedovertheprevi－  
ous 20 minutes．In particular，the biThourly wind  
direction data are calculated by the processing unit  
usinganalgorithmbasedonanarithmeticaverageof  
theinstantaneousvaluesrecordedeverytwoseconds，  
andaccountingforabruptchangesinsuccessivedirec－  
tionvalues（MTXCo．，uSer’smanual）．Thebihourly  
windspeeddataarearithmeticaveragesofinstanta－  
neous values recorded every two seconds．The data  
are storedin solid－State memOry and are retrieved  
twiceayearbyanItalianexpedition．Measuredvari－  
ables for each sensor arelisted in Tablel．Data  
processlngandqualitycheckareperformedinItaly．  
For our analysis，We defined winter，premOn－  

soon，Summerandpost－mOnSOOnSeaSOnS，aSperuSual  
definitions，the months of December to February，  
March to May，June to September and October to  
November，reSpeCtively．Monthly mean values were  
calculatedwhenmore than20daily dataitems were  
available（eachonecalculatedasaverageofthe12bi  
－hourlydata）．  
0ver the six－year period，errOrS Were foundin  

two sensors．The globalsolarirradiance sensor  
showedaslow，COnstantdistortionindailydatastart－  
ingin1994；allradiation values have consequently  
been rejected and a new sensor wasinstalledin  
October1999．The wind direction sensor seemed to  
workwelluntilApril1996andtolooseprecisionfrom  
May19960nWards．AttheendofSeptember1998the  
sensorwasreplaced，butunfortunatelythedatarecor－  
ded bythe newinstrument proved to beincoherent  
with the1994r1995data．Only thelatest scientific  
expedition organizedin September2000－the first  
with a solely meteorologicalaim－allowed  
researcherstoverifyaccuratefunctioningofthenew  
sensor andvalidate the data．Records fromJanuary  
1994to September1998havethusbeenrejected．To  
make up for thislack of data，atleastin part，the  
analysisofwinddirectioninthispaperwasextended  
tothebiLhourlyrecordscollectedduringJanuaryand  
February2000，allowlng for consideration of two  
complete winter seasons．Furthermore，temperature  
valuesweremissingfromtheendofJuly1994tothe  
firstdaysofNovember1994，andduringJuly－SeptemT  
ber1995．Thepercentageofmissingdailyvaluesfor  
each sensoris shownin Table2．  

NCEP／NCARReanalysisonagloba12．50×2・5Ogrid  
（Kalnayetal．，1996）．Particularattentionisplacedon  
thesummerfeatures，aSWellasontheintraseasonal  
variabilityofthemonsoon，Withadetaileddiscussion  
ofwindcirculationandprecipitationcharacteristics．  
A comparison with data recorded at Syangboche  
AWSis also made．  

2．Data and methods  

ThePyramidLaboratory／Observatoryislocated  
at5010ma．s．1．inasecondaryvalleyoriented NNW  
SSEoffofthemainKhumbuValley，Whichformsthe  
confluenceoftheLobucheandKhumbuGlaciers（Fig．  
1）．TheAWS，OneOfthehighestoperatingmeteorolog－  
icalstationsintheHimalayanRange，islocatedonthe  
northernridgeofthissecondaryvalley（geographical  
coordinates：27058′N，86048′E）anditiswellexposed  
totheKhumbuValleywind．  
SinceDecember1993，theAWS hasruncontinu－  

ouslyyearround，reCOrdingairtemperature，preCipita－  
tion，Windspeed，Winddirection，globalsolarirradian－  
ce，relativehumidityandatmosphericpressureevery  
two hours．Air temperature，humidity，and pressure  
areinstantaneous values；preCipitationis cumulated  

Fig．1．GeographiclocationofthePyramidMeteorological  
StationintheKhumbuValley，NepalHimalayas．  

Tablel．Listofsensors，Withmeasurementheightandaccuracy．AllsensorsweremanufacturedbyMTXCo・，Italy・  
Sensor  Accuracy  Parameter  

0．10C   
O．2mm  
3％   
0．5hPa  
2％  
30  

0．1cal／cm2h   

PJ＝・／バ／（明／／JJ川J・／んりツタJ六／りJ・rご  ククリ  AIRTEMPERATURE  
PRECIPITATION  

RELATIVEHUMIDITY   
ATMOSPHERICPRESSURE  

WINDSPEED  
WIND DIRECTION 

GLOBALSOLARIRRADIANCE  
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Table2．Yearlypercentageofmissingdailyvalues．  
i999  1997  1998  Parameter  1994  1995  

3  0   Å王RTEMPERÅTtJRE  
PRECI円TÅTION   

RELATIVEHUMIDrrY   
ATMOS‡）HERICPRESSURE  

l＼’INl二1SPEErl  
WINDD‡RECT‡ON  

GLOBALSOI。ARIRRAD‡ÅNCE  

27  25  
0  0  

0  0  

0  0  

0  2  

1し1（1  1州  
1（）0  100  

0  4  

3  11  0  4  

3  0  0  4  

3  0  1  4  

6  t）  1  1i  

ZffO lOO  75  15  
100  76  100  

TbeⅥ7ind and precipitationinstruments are not  
heated；however，data correctionforfreezingofthe  
Se11SOrSこInd＼＼▼i11dilldtl〔・ビ（1loss of sllO＼＼イa11（Uetlし）こ1nd  
Ohata，1996）wasnoもCalcuiaとed，Thus，Windspeedan8  
precipitationrecordscou王dprovetobeunderestimaレ  
ed，eSPeCiallyinwinter．Moreover，SOlidprecipitation  
mayberecordedwithsomedelayduetothedeferred  
meltingofsnow；hoⅥreVer，洩isdelayislimitedtofew  
hours，atleastforthegreaterpartoftheyear．王ndeed，  
acclユrateOnSiteobservationscombinedwitbanalysis  
Oftbediurnalvariationsinairtemperature，preCipitか  
tionandrecentsolarradiationvaiues（recordedfrom  
October1999）have demonstrated t‡lat from tbe pre  
－mOnSOOntOtぬeposトmons（〉OnSeaSOnSnOⅥrねまienin  
也eeveningmeltedrapidlybetveenO8：00a王IdlO：000f  
thefollowingmorning（evenonthecoldestdays）due  
to the prevailing fair weather，the strong radiation  
heating theinstTument and above－ZerO temperature  
COnditio‡lS．Strong＄Oiarradiationvaiueswererecord－  
edinwinter，tOO．Moreover，itappearsthat airtem－  
peraturecan舅㍊CtⅥateⅥ7ideiy血ringwintera王Idsev－  
eral－‘Ⅵ▼arm e＼で11tS‥（charactビrized b）・a daily】11ean  
temperatureofaround岬20Candabove叫ZerOtempera－  
turesbetweenlO：00and14：00）wereTeCOgnizablefrom  
theendofl）ecembertl〕themiddleofドeblluこIry（Cleaト  
Iy evidentinぎig．4）、Itis払ereねre reasonable to  
assume that snow accumuiated during the rare and  
Shortwinterprecipitationevents（alsoidentifiableby  
therelativehtlmidity）meitedafewdayslater．   

3．Results  

ユノ．Oノアざ一寸け柚7（ム，t、（草・〆仙、ざJ川川汀J▲J榊〃∫㈲〃  
Totemporallydefinethemonsoonperiodatthe  

Pyramid Station，the average annualvariation of  
ttltaldail〉▼preCipitation之1ndthenumbprofda〉TSWith  
precipitation（daily totalprecip主ねtion equaior  
greaterthanO．2mm）overthesix yearperiodwere  
Calculated．The 5叫day average non山OVerlapping  
Ce王1teredmeans（pentads）arerepreserltedinFig．2．A  
rapidi‡1CreaSearOt王ndtbeseco‡ldhaほofJunean∂a  
Similar decrease at the beginnlng Of October aTe  
evident、Tbeseabruptcba喝eSCanもeconsideredthe  
average（centerofthepentads）onsetanddecaydates  
Ofthemonsoon：reSpeCtively，June12andOctober5．  
The5¶・・day centered means of tbe di㍑rnalrange of  
もemper盈ttlrealsodemonstrateanabrupもdecreaseand  
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Fig．2．Ånnlは1variatio‡10ぎthe5－day centred means of   
daiiytotalprecipitation（continuousiine；Vaiuesonthe   
leftaxis）andofthenumberofdayswithprecipitation   
（dottedi主ne；Valueso王1tber短btaxis）averagedover1994  
仙1999．Tbe fullbiack circiesi‡ldicate tbe onset／decay  
daもesofthesummermonsooll（centres（〉fthepentads）．  
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Fig．3．AnnualvariatiollOf the5【day centred mean of  
dailytemperaturerangeaveragedover1994削1999．The  
fuilblackcirclesindicatetheonset／decaydatesoftbe  
Summer】nOnSOOn，   

increaseontbesamedays，aSFig．3cleariybi≦か1i≦かts．  
Duringtbemonsoonperiod，thedi11rnalra封geOftbe  
temperaturewaslow（rarelyhigherthanlOPConthe  
aver；喝e）asc王oudspreventedsubstantiaまheatingくcoo－  
1i喝〉8uringtbeday（niきかt）（forasiini王arapplication  
SeeTa‡唱borng才αg．，1980）．0‡ltheco鵬rary，tbegener→  
allyclear＄kyinwintercausedtherangetobe high  
（somedaysevenabove20OC，Withmaximumvaluesin  
December）．Tbeonsetanddecaydatesoft‡leSt注nmer  
monsoon are also clearly revealed by tbe annlユal  
Variations of the5…day centered means of relative  
huTllid恒▼ and atmospheric pl・eSSure．Mean relati＼で  
humidity exceeded90％during the monsoon period  
Whiie，duringthedrywinter（DecemberandJanuary），  
itsbowedtheminimumvalⅥeS（meanof33％）．mring  
tbe prewmonsoon（post00mOnSOOn）season relative   
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humidityincreased（decreased）．Atmosphericpressure  
hadasimilarvariation，Withthehighestvaiuesduring  
the monsoon period（mean of555．6hPa），and蝕e  
lowestinwinter（meanof550．1hPa）．Forboththese  
parameters，abruptchangeswerenotedincorrcsponE  
dencetotheciteddates．Theseresultsperfectlyfitthe  
climatologicalonset anddecaydates over Northern  
‡ndiareportedbyRaof1981）．   

∴●∴／′．ご∫り・；∴・／・・√．・′∫－′∴．りJ・：∫ ′り．・トご∴・∫－∴〃   
TheannualprecipitationrecordedatthePyramid  

MeteorologicalStation waslow mainly due to the  
highaltitude ofitslocationintheinner Himaiayas・  
For the six years examined，the averaged arnual  
precipitation was465mm．Nearly90％ofit was  
recordedbetweenJuneandSeptember（Table3），While  
inthesummermonsoonperiod（12June－50ctober）  
average precipitation was400mm．FromJune to  
September，preCipitationocc11汀edonmoretban85％  
oftbed野S，Withtbebigbes七重requencyinÅugⅥSt，   

Tabまe3．Totaimonsoon precipitation（mm）and nlユmber of  
daysⅥFitbprecipitatknforeachsummermoIISOOnSeaSOn   
（June－September）．  

Months  
Fig→5→ FTequenCy Of occurrence of days with free2：ing  
（minimum temperature ＝ 00C，maXimum tempera－  
ture＞OOC；greyarea），W王thoutthaw（maximumtemperY  
ature＝00C；White area）andwithout freezing（minト  
mumtemperature＞ODC；black area）．Data averaged  
OVer1994－1999．  

Based on tbe above considerations，it can be  
concludedthatnearlya11theprecipitationinJlユIyis  
raれwi也nodelayindatarecording（asdiscussedin  
Section2）．Consequently，thedailyvariationofmonM  
soonprecipitationcanbewelldescribedbyanalyzing  
data recorded during this representative month．In  
particular，itispossibletopointoutthatrainoccurred  
mainlyfromtheafternoonthroughthenight（Fig．6），  
bothinterms offrequencyofoccurrenceandinten－  
sity．Furtherexaminationrevealedthat drizzletype  
precipitation（＜1mmintwohours）waspredominant  
througbouttbeday（0Ver75％oftbeevents）andt壬l紙  
On aVerage，95％of t宣Ie preCipiもation events were  
below3mmintwobours，However，betⅥ㌢eenO4：00to  
12：00thefrequencyofdrizzlewashighest（about82％），  
whileduringtherestofthedaymoreintenseprecipiv  
tation occurswith greater frequency．Thisis espe・  
ciaily true between14：00and18：00，When the fre－  
quencyofdrizzledroppedto70％whilethefrequency  
ofeventswithabトhourlytotalbetweenland3mm  
increasedto26％．Thisisduetoconvectiveactivity．  
Furthermore，SpOradicheavyevents（between3and8  
I11milltW（）hours）ocrurred．witllthehi主ごhestfrcquency  
（averageof8．5％）beもWee‡i18：00and24：00．  

1994  1995  1996  1997  1998  1999   
total（mm）   419  373  418  382  401  442   

dayswithprecipation  92  106  101  90  88  93  

Annualvariatio11SOfminimum，meanandmaxi－  
mlユmtemperatureaVeragedoverthesix－yearperiod  
arerepresentedinFig．4．Åirtemperat11re由一OpSbelow  
freezingduringthenon－mOnSOOnalseasonswithfew  
minimlユm temperatureS above OOC．DuringlVinter，  
dayswithtempeTatureSabovefreezingoccurredwith  
anaveragefrequency of68％，withthehighest fre－  
qtlenCyOf78％inFebruary，thecoldestmonth．During  
the pre－mOnSOOn and posトmonsoon seasons，days  
withfreezingprevailed（anaverageof71％）．0verthe  
course ofayear，Onlyarounda quarter ofthedays  
sboⅥred a minimum temperature above OOC．T壬Ie  
warmestmontbvasJuly，Wben94％oftbedayshad  
aminiInumtemperatt汀eaboveOやC．Moreover，duri工場  
summer，the maximum temperature was constantly  
aboveOOC．TheseresultsaresummarizedinFig．5．  2
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1entもe摘reen20：00and O8：00in the posトmonsoon  
SeaSOn，frommidnighttoO8：00duringwinterandfrom  
O2：O（1to O（川OiIlthe pre＋111OnSOOllSeaSOn．The occur－  
renceofthemountainwindwashighestinNovember  
andDecember，Whenthiswindbiewcontinuouslyfrom  
18：00to O8：00．Itwas alsonotedthat，duringwinter，  
themountainwindtendedtoblowfromNW（probably  
affectedbythegeneralcirculation），Whileduringthe  
otherseasonsitcamefromNE．Thefrequencydistriq  
btltionoftbebi－hourlywinddirectioIlValuesciearly  
showedtheprevaienceoftheva11eywind，nearly80％  
duringsummer，from30％to45％duri喝tbe otber  
seasons，withadecreasingtrendfromtheposトmon－  
soontotbepre－mOnSOOn．AIso，血eoccurrenceoftbe  
mountainwind decreased significantly between the  
nonpmonsoon seasons（30－38％）and summer（about  
ll％）．  
Thediurnalvariationofthewindspeed（bトhour－  

1yaveragedvalue）foreachseasonisrepresentedin  
Fig．7b．Thethreeprofilesforthenon－mOnSOOnSea－  
so11SareSimilar，Withanincreasingoftbewindspeed  
at around O8：00（when the valley breeze starte（汎  
maximumpastr100n，tbenaslovdecreaseuntまIabout  
20：00，Whilefrom20：00toO6：00thevaluesarerelative→  
1yconstant．Thehighestvalueswererecordedduring  
thepre－mOnSOOnSeaSOn・（about4．8m／s），duetothe  
strong driving force caused by the heating of the  
許Ound，Duringsummer，tbe va11ey viI－d started at  
aboutO6：00，WaSatitsmaximumvalueat12：00（which  
was，boⅥreVer，lowertbanthemaximumvaltleSreCOr－  
dedduringotherseasons），thenslowlydecreasedunti王  
themininltl111at abotltl帖：OO（＼＼・henthビmOuntain＼＼▼ind  
was observedin some cases）．On site observations  
showedthat，insummer，humiditywasdrivenfromthe  
bottomofthevalleybytbewindandtbatconvective  
cloudsbegantoformabovethemountainsatapproxi－  
matelyO8：00，Witbtぬeskybeingcompletelycovered  
bymidday．Theresultingoutcomewasareductionof  
theilmOunt Ofsolarradiationatlda＼＼・eこ1keniIlg（1fthe  
wind．Themaximumwindspeed wasthus recorded  
justpriorto t壬IemOmentWbe‡lClouds ot）SCuredtbe  
sun．Significant heatingled to maintenance of the  
valleyvindevenintbeafternoon，Whiletbepersist－  
ence of tbisⅥriild untiiearly王nOrning could be ex－  
plainedbylatent heat releaseby convective clouds  
（0王Iataggαgリ1981）．By許Otlpi喝tOgetberwi王1dspeed  
profilesfromthenon～mOnSOOnSeaSOnS，itcanbeseen  
tbattbewi11dwasgenerallyveakerduri王1gSlユmmer  
thaninotherseasons，withtheexceptionofthe18：00  
－22：00period，Vhent壬IeValleybreezewasstillblow－  
ing．Thehighestdaily血aVeragedvalueswererecorded  
duringwinter（2．1m！s）whentheiargenscaleflowwas  
characterized by strong eastⅥ7ardⅥrinds associated  
withthe SubtropicalJet Stream，While the summer  
monsooIIWindsweretbeweakest（adailyaverageof  
l．5m／s）．   

∴．●∴ト∴・“√1トご＼亘．、こ√、●‥い∴－、、～・・‥ざ●J．●∴′・  
The mountain／valley breeze circulation system  

clearlydominatedattbe‡）yramidStation・1好inddirec－  
tionandwindspeedarerepresentedonseparatefig・  
uresduetothedifferentperiodcoveredbythedata．  
Fig．7ashowsthediurnalvariationofthewinddirec－  
tion（windspeedarbitrarilyfixed）duringeachseason・  
Ascanbeseen，a StrOngValleywind，COming from  
sotlth－SOuthwest，preVai1edinthedaytimereachingits  
maximum＄peedbetⅥ7een12：00to14：00tbro喝bouttbe  
year（Fig．7b）．Exceptforthemonsoonseason，thisup  
椚Valleywindbeganblowi喝afterslユnriseandstopped  
intheevening．Duringthemonsoonseason，aWeaker  
valleywindprevailedalsoatnig紙evenifthemowl－  
tainwind（comingfromNW－NE）occasionallyappear－  
ed at O6：00．The mountainwind was more evident  
duringnon－mOnSOOnSeaSOnS，ItwasespeciallyprevaL  

Winte「  

－・－－－‥－■■  
Pre－mOnSOOn  

● －■■‥‥●l  
Summer  

■    ■           －     －     ■     －     ▲     ●     －     ■     ■  

Post－mOnSOOn  

●‥ －‥‥  
02：00銅：0006：00鵬：0010ニ0012：0014：0016：00柑：開20：（粕：2：00封：00  

Hours  

0
 
5
 
0
 
5
 
（
U
 
5
 
（
U
 
5
 
∩
■
 
5
 
ヰ
ヰ
3
3
2
2
1
t
 
 

（
そ
∈
）
葛
監
∽
P
u
Ⅶ
圭
 
 5 0
 
0
▲
α
 
 ¢

0
‥
0
0
 
 

0
0
‥
N
N
 
 

¢
0
‥
O
N
 
 

O
O
‥
の
L
 
 

0
0
‥
や
【
 
 

0
0
‥
寸
【
 
S
 
 
 
 
 
 
 
 
 
r
 
 
 
 
 
 
 
U
 
 

O
 
g
‥
N
L
 
H
 
 

0
0
‖
○
【
 
 

¢
0
‥
∞
0
 
 

0
0
‥
ゆ
0
 
 

¢
？
苫
 
 

¢
○
‥
N
O
 
 

Fig．7．DiurnalvariationoftheⅥrinddirection（a）andwind   
speed（b）払reacllSeaSOn，Forwi三iddirection（dataたom   
October1998toI？ebruary2000），tbelengtboftbearrow   
isarbitrariiyfixedanddataarepresentedfromwinter   
毎pper〉tothepost－mOnSOOrlSeaSOn（lower）．Forwind   
speed（ぬねfortbesix－yearperio動tもetilick，CrOSSed，  
dashed and thinlines correspond towinter，pre～mOrト   
＄00n，Stlmmerandposトmo‡1SOOn父aSOn，reSpeCtively・  
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3．4．Coプク砂αγ怨0乃棚g班0娩eγ0∂sg和αfわ乃S  
Accountingfordifferencesinthe analysis，SOme  

results obtained by means of PyTamid data can be  
COmparedwithmeteorologicalobservationsconduct－  
edatanotherweatherstationlocatedabout18kmSW  
far from the PyramidAWS．Syangboche AWS was  
establishedin1994at3833ma．s．l．intheframeworkof  
theGlaciologicalExpeditioninNepal（GEN）（Uenoet  
ai．，1996；Ueno et ai．，2001）．As expected，the main  
differenceisねundintbeprecipitatio‡l：atPyramidthe  
Summer tOtalwas about55％ of that recorded at  
Syangboche．However，the mean onset and decay  
dates ofthemonsoonwere nearlythe same，eVenif  
they were calct11ated with different methods．Morex  
OVer，tわeco壬nparisonofdatapermitsとOCOr王Ciude汰at  
precipitationathigheraltitudewasweakerandwith  
fewheavyevents．  
The temperature range during summer WaS  

higheratPyramidthanatSyangboche（6．9QC and4，5  
0C，reSpeCtively），d11etOthemorei‡鹿nsecoo悠ngint王Ie  
ear】y汀10rnirlg．三貴fact，i】1Situ observationsreported  
thathighintheKhumbuVal1eytheskywasoftenonly  
partiallycloudyatthesunset．Thisisalsoconfirmed  
bytheannualvariationofrelativehumidity：Syangbo・  
Chemonthlymeanvalueswerealwayshigherthanat  
Pyramid（a difference of十17％irlthe yearly aver－  
ages），andreducedonlyduringsummer（＋4％）．  
At Pyramid the mountain／valley breeze system  

WaSmOredeveloped：inparticular，themountainwind  
WaSdearlyevidentinallthe nonMmOnSOOnSeaSOnS，  
WbiieatSyangbocbeitprevailedatnigbtonlyduri‡唱  
Winter．Moreover，a Weak va王1ey windin summer  
prevailedallnightlongatPyramid；atSyangbocheit  
CeaSed atmidnlght．   

3∴ラ．ムJわYび‘てJ∫（－舶／J，（〃ム了わJ／小（リ▲〃甘∫J川川Jげ〃川〃J伸〃  
エ．・盲．ノ．－1（イ／J・（，ニ′ごわl，（止♪んげ（・＝そJ‾／ん（1J榊〃∫〔～（りJ  
批iswellknownthattheAsiansummermonsoon  

Shows astrongintraseasonalvariability，inthat the  
monsoon exhibits a succession of active spells and  
breakperiods（e．gリGadgi1andAsha，1992；Fennessy  
and Sもukla，1994；Krisbnamurtby arld Sh11kia，1999），  
Al偽otlghmany authors referred to theÅ11India  
MonsoonRainfall（Parthasarathyetal．，1995）inorder  
todemonstratethemonsoonperiodicity，itisessential  
tohighlightthefactthatsuchcriterionisnoteasily  
applicableonalargescaie（notli‡Ⅵitedto払eIndian  
area），becauseprecipitationisa difficuit quantity to  
measureandmaybeaffectedbynumeroussmallscale  
processes．Itisthereforeimportanttodefineanindex  
Ofmonsoonstrengthbasedonlarge仙SCalecirculation  
Variables，aSpOintedoutforexamplebyWebsterand  
Yangく199隠  
Maga缶a andWebster（1996）definedthreecondi－  

tionstobe satisfiedby850hPa winds and outgoing  
longwave radiation in order to classify a day as 
belongingto anactiveor abreak period．Lau et al．  

（2000）recentlyproposedtwo regionalcirculationinL  
dices to characterize the variability of the Asian  
SummermOnSOOn，basedontheverticalshear ofthe  
meridionalcomponent oftbe windbetveen85（）bPa  
and200hPa，aVeragedovertwodifferentregions（100  
N－300N，700ErlOOOE；40ONT50ON，100凸E－1500E），demonq  
Stratingthattheyprovedtobevalidmeasurementsof  
localsub～COmpOnentS Of the monsoon，reSpeCtively  
the SouthwAsian monsoon and the EasトSoutheast  
ÅsianmorlSOO王l．Tbeseindicesweretbensuccessftllly  
appliedin the study of seasonalandinterannuai  
monsoonvariability．Asimi1arapproachhadpreviousq  
ly been followed also by Goswamiet al．（1997）．  
Furthermore，itisgenera11yaccepted（Fennessyand  
S壬iukla，ま994；Anna王nalaiggαg．，1999〉班ataseasonaiiy  
strong monsoon is characterized by prolonged and 
intenseactiveperiods，Whilethereverseoccursfora  
weaklmOnSOOn．  

Bearingin mind these considerations，a Circula－  
tio王l呈ndex（CI）wasdefinedas：  

CIニⅤネ85。hPa ¶Ⅴ＊200bPa   

Wherev＊850hPaandv＊2。OhPaare，reSpeCtively，thedevia－  
tions from the seasonal means of the meridional 
COmpOnentOfthewindat850hPaand200hPaaver－  
aged over tbe regionlOON－300N，700E－100ロE．Tbis  
indexwaschosentorepresentthedailystrengthofthe  
monsoon，andtimeserieswerethuscalculatedusing  
NCEP／NCAR Reanalysis daily data（fromJune to  
September）for allthe years1994r1999．1t should be  
pointed out tbat CIis near王yiden貞ca王to the艮Ml  
monthiyindexproposedbyLau g£αg．（2000）．  

A common featureinthetimeseries ofCIisthe  
increaseoftheindex value aroundmidハJune andthe  
gradualshifttowardsnegativevaluesfromthemiddle  
Of September on，COrreSpOnding respectively to the  
beginningand汰eprogressiveweaker血gof払esum・  
mermonsoononalargescale．Extremelypositiveand  
negativepeakswhichfallbetweentheendofJuneand  
thefirstdaysofSeptember，withaverylargeandhigh  
peak aroundthemiddle ofJulyinal1the years，are  
also partictliarly evident on each series．Attributing  
positive（negative）peaks to active（break）daysin  
Order to form composites，aCtive monsoon periods  
Weredefinedascontinuousperiodsof5daysorlonger  
inwhichtheindex equalled or remaincd constantly  
at〉0Ve the value ofl，Vbile monsoonl）reak periods  
Weredefinedasintervalsofatieast2dayswiththe  
index equalorbeiow the value of¶1．In this way，  
isolated peaks and short period oscillations of the 
index were filtered out and only significant active／  
break cycles were considered．Based on this defini－  
tiori，NCEP／ⅣCAR Reanajysis daiiy data of  
geopotentialbeight at500hPa and200hPa a‡－dof  
wind at850hPa were used to produce composite  
maps．TheresultsarepresentedinFigs．8，9andlO・  
Eachactivemapisthecompositeof173days，While   
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eachbreakmapisthecompositeoflO5days．During  
theactivephase，adeepmonsoontroughisrecogniz－  
ableat500hPaeastofIndia，withthehighcoreofthe  
TibetanHighat200hPawestofthe Himalayasand  
enhancedwesterliesoverIndia（withassociatedeastr  
erliesatthefoothillsoftheHimalayas）at850hPa．On  
thecontrary，Onabreakday，thetroughat500hPais  
reduced，theTibetanHighat200hPaisweakenedand  
moves eastwards（as found，for example，also by  
Krislman and Fennessy，1997），While the westerly  
circulationoverIndia at850hPaisweaker（andthe  
easterlies are practically absent）．These patterns  
agreewellwiththe knownfeatures of active／break  
periods，described for example by Gadgi1and Asha  
（1992）．ItisthuspossibletoconcludethatbothNCEP／  
NCARReanalysisdailydataandtheCIindexdefined  
aboveprovidedtobesuitableinhighlightingvarious  
largeSCalecirculationcharacteristicsofactive／break  
CyClesofthemonsoon．  
Thesameanalysiswasalsocarriedoutforcom－  

parisonwiththeindexofMaga缶aandWebster（1996），  
buttheresultswerenotsatisfactory．   

．●∴．て．ご／〃／ノ仙りふり／．／／ハ／／ん〃／小′／／／：l・J′／川／一／  
Havingidentifiedactiveandbreakdaysforeach  

summer and described their common characteristics  
bymeansofgriddeddataovertheIndianSub－Conti－  
nent，preCipitationandwindrecordsatthe Pyramid  
AWSwereexaminedlookingforarelationshipwith  
large－SCalecirculationfeatures．Yasunari（1976b）well  
described the seasonalevolution of weatherin the  
Khumbu Himalayas，high1ighting the relationship  
betweenlocalweatherandtheperiodicosci11ationof  
the Tibetan High（whose strength wasindicated by  
the extension of the5820m contour on the500hPa  
geopotentialmap）．Fig．11represents the composite  
profiles of precipitation intensity at the Pyramid 
COrreSpOndingtoactiveandbreakphasesofthesum－  
mermonsoon（compositemapof61daysand33days，  
respectively）；aS discussedin section2，tO enSure a  
bettergeneralizationoftheresults，Onlyrecordsfrom  

JulywereusedtocomputetheprofilesofFig．11．The  
Samefeatureswerehoweveralsorecognizableonthe  
profilescomputedwithallthe datausedindrawing  
Figs．8，9andlO．Chanactiveday，pr∝ipitationusually  
OCCurrednearlyallday，Withapredominantenhance－  
mentduringnighttime．Ontheotherhand，Onabreak  
day，almost allprecipitation occurred between14：00  
to24：00，Withasignificantpeak at18：00．Thestrong  
increaseofprecipitationinthe afternoonofabreak  
daycanbeattributedtoconvectiveprecipitationfrom  
cumulus clouds which started to formlatein the  
morning．Onanactiveday，humidair（cumulusclouds）  
COmingfromtheplain（relatedtothedeeptroughat  
500hPa）wasbroughtupalongthevalleythroughout  
thedaybyapersistentvalleybreeze，CauSingcontinu－  
ous precipitation（Ageta，1976）．On a break day，in  
relationtoaweakersynoptic－SCalemonsooncircula・  
tion，thevalleybreezewasagainpredominant，eVenif  
aweakmountainbreezelimitedtotheearlymorning  
（04：00－06：00）wasobservedaswe11．  
Finally，theprofileofprecipitationresultingfrom  

the sum of the active and break period profiles is 
obviouslypracticallyidenticalto that reproducedin  
Fig．6．Its most relevant characteristicis a net  
decreasebetween18：00and22：00，Whichcanbeseen  
alsoinFig．6at20：00．The same feature can be  
recognizedduringthesummermonsoonseasoninthe  
hourlycourseatthenearbySyangbocheAWS（Ueno  
et al．，1996），located about18km southwest of the  
Pyramid，and at highaltitude stationsin Langtang  
Valley，WeSt OfKhumbuVa11ey（Ueno and Yamada，  
1990；Uenoetal．，1993）．AtPyramidAWSthisfeature  
hasbeenseentodependonthesuperimpositionofthe  
two different diurnalprofiles of precipitation de－  
SCribed，Withoppositetrendsexactlyfrom18：00to22：  
00．  
The occurrence of periodic oscillations in the 

Pyramiddatasetwasinvestigatedforthesixsumme㌧  
SeaSOnS also by means of spectralanalysis on nor－  
malised daily values，aS SuggeSted by Yasunari 
（1976a）．Yasunari（1976a）reported the existence of  
twoperiodicityinthemonsoonprecipitationseriesof  
Stationslocatedin the NepalHimalayas：a／／main  
periodicityofapproximatelylOdaysandasecondary  
periodicityofabout5day占．Themethodusedisde－  
scribedinJenkinsandWatts（1968）．Thetimeinterval  
Ofldayandamaximumlagof30dayswerechosen  
inthecalculation，andpowerspectrawith a period  
longerthan15dayswerenotconsidered．Thespectra  
obtainedforeachofthesixyearsunderinvestigation  
arequitesimilar，Showingapredominantpeakwitha  
period of8tolO days，and anotherlower peak of  
about5days．Fig．12ashowstheresultsofthisanaly－  
sis for the1995 Pyramid data，those which best  
presentedthesefeatures．   
Asimilarperiodicity（amainpeakofabout8days  

andasecondarypeakofabout5days）wasfoundon   
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Fig．11．Compositeofthediurnalprofileofprecipitationat  
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tion events．  
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Fig．12．Powerspectrum ofnormalizedprecipitationdata at Pyramid（a）and of   
geopotentialheightat500hPaaveragedoverthegridmesh（28r350N；80¶1000E）（b）  
for洩eperioく箋りune1995－30Septe王nber1995．  

lightandintheformofdrizzle（＜1mmintwo  
hours）．Inthelate aftern00n andinthe evening，  
moreintenseprecipitation（betweenland3mm   
iIltWO‡10urS）alsooccurredwithhigberたequency．  
Atloweraltitlユdetheprecipitationincreased，With  
morefrequentstrongevents．  

3）The mountain／valley wind system dominated，  
withastrongvalleywindfromsouth¶SOuthwest   
inthedaytimeandaweakermounta主nwindinthe   
nighttime．Intbesummerseasontbevall野Wind  
prevailedal1daylong，and brought monsoon  
clouds andprecipitationfrom thebottom ofthe  
valleytohigheraltitudes．Themountainwindwas  
particularly strong frorn the end of the post  
monsoonseasontotbebeginningofwinter．These  
features were not so enhanced at Syangboche，  
probablyduetoitsaltitudeandlocation．  

4）Active／break cycles of the summer monsoon  
wereidentifiedbymeansofalarge－SCalecircula＋  
tionindexbasedontheverticalshearofmeridian  
Wind．Themaincharacteristicsofsynopticcircu－   
1ationwere recognized：duringthe activephase，  
themonsoontroughat500hPawasevidentover  
the Bay of Bengal and at 200 hPa tbe Tibetan 
High was strong and centered west of the  
Himalayas．Ontbeotherband，dtlringtbebreak  
phase，the monsoon troughalmost disappeared，  
theTibetan Highweakenedandshiftedits core  
eastoftheHimalayas．  

5）Differentdailyprofilesofprecipitationandwind  
circlユ1atio‡iVere reCOgnized at the Pyramidin  
relationto tもe active／break pもases oftbe mon－  
SOOn．Duringtheactivephase，preCipitationoccur－  
redforthegreaterpartofthedayandthevalley  
breeze was observed a11daylong；during the  
breakphase，preCipitationoccurredmainlyinthe   
late afternoon and a weak王nOuntain breezel野aS  
Observedintheearlymorning（04：00・06：00）．These  
featureswereexplainedintermoflower（stron－   
ger）convectiveactivityduringanactive（break）  
dayinresponse to differentlargewscale circula－  
tionpatterns．   

dailymeanvaluesof500hPageopotentialheightover  
an area enclosing Lhe Eastern tIimalayas and the 
TibetanPlateau（28…35ON，8O－100OE）usingtheNCEP／  
NCÅRReanalysisdata（Fig．12b）．  
Fromtheresultsdescribedabove，inviewofthe  

OutlinedrelationbetweenlocalphenomenaandsynopY  
ticHSCale circulation，itisreasonableto assume that  
boththepeaksfoundinthespectralPyramidprecipi－  
tationseriesarerelatedtooscillationsoftheTibetan  
Highand，aSaCO‡1SequenCe，tOthet〉reaka王1dactive  
phasesofthemonsoon．I）uringthebreakphaseofthe  
monsoon，the Tibetan Highweakened，COnVeCtive  
activitywasgreatlyenhancedandprecipitationatthe  
Pyramidoccurredmainlyinthelateafternoorl，Inthe  
activephase ofthemonsoon，the Tibetan‡iighgot  
stronger，COnVeCtive activity was reduced and mon－  
soon precipitation at the AWS occurred almost all  
daylong．   

4．ConcIusions  

TheanalysisofthebLhourlydatasetrecordedat  
the Pyramid MeteorologicalStation，5050m a．s．1リ  
NepalHimalayas，fromJanuary1994to December  
1999waspresentedanddiscussedinthispaper．Where  
possible，aCOmparisonwi払SyangbocbeÅ1好S（3833m  
a．s．1．）wasmade．Themainresultsaresummarizedas  
follows：  
1）Theonset（decay）ofthesummermOnSOOnperiod  
at thefoot of Mt．Everest wasidentified：itwas  
cbaracterizedbyanabrtlptirlCreaSe（decrease）irl  
thetimesequenceofdailyprecipitation，relative  
humidity and atmospheric pressurerecords，and  
by an abrupt decrease（increase）inthe diurnal  
temperaturerange，Inthesix肌yearperiodinvesq  
tigated，themeanonsetanddecaydates（ascen－  
tersofpentadmeans）were12Juneand50ctober，  
respectively，Thesedatesconfirmthefindingsat  
Syangboche and agree with the climatological  
OnSet／decaydatesprovidedbytheIndianMeteor－  
0logicalDepartment．  

2）TbesunュmermorlSOOripreCipitationwasusually  
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