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ABSTRACT

The fluctuations of the winteT and summer tropICal

monsoon circulationin the Asian and AuStTalian reglOnS WeTe

investigated by the examination of the ciTCulation at the150

mblevel．　The zonal wind data at the150　mblevel at SingapoTe

foT a18　yeaf period fTOm1961to1978in the months fr＞Om

］〕ecember to February were used to represent the fluctuation

Of the winter monsoon・In the case of the summer monsoonl

the wind speed at the150mblevel atlO¢N fTOm400E tollOCE

WaS Tead from the analyzed maps and used to TePTeSent the

fluctuations of the tropical easteTly jet stream　（TEJ）for

a peTiod from1964　七0　工977in the months fromJune to August．

The analysisis based on the compaTiSOn Of the composite maps

Of the precIPitation and monsoon ciTCulation at thelowlevel

in the cases of the strong and weak ciTCulation at the150　mb

level．　The relationship to the other features of the geneTal

CiTCulation of the atmospheTe SuCh as the Walker circulation

and the ciTCumPOlar westerlies was also anaユy2：ed．

The results of the analysis have shown that in the case

Of the winter monsoon，the fluctuations of the monsoon are

the part of the main fluctuations of the Walker circulation．

This circulation consists of the zona10SCillation of the

equatorial tTOugh and the sea surface temperaturein the

equatoTial Pacific．　When the monsoonis stTOng，the reglOnS Of

active doubleITCZs with heavy precIPitation arelocated near

140GB and the equatorial Pacificis cold・On the other hand，

When the monsoonis weak，the reglOn Of activeITCZ shifts east

to170やE and the equatorial Pacificis warm．
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王n the case of summeT mOnSOOn，the poleward tTanSPOrt

Of heat by the circumpolaT WeSteTlies plays animpo土ttant

role・When the monsoonis strong，the circulation near50やN

is zonal．　On the otheT hand，Weak monsoonis associated with

a blocking high to the north of the Caspian Sea and tTOugh

to east of Lake Baikal．　The tTanSPOTt of the heat towaTd

POle by the standing eddiesincreasesin these yeaTS and this

SurPTeSS the development、of the Souもh Asian high and the

monsoon circulation．　The Walker circulation was found to

influence the monsoon circulation only during the years

With a majoT EI Ni云O when the TEJ was also unusually weak．
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C三三ApTER l

IⅣTRODtJCTION

1－1　Purpose of the study

The region extending from west Africa（20Cw）eastward

through southern Asiainto adjacent west Pacific（as far as

1300E）and the nothern coast of Australia experiences a seasonal

reversa10f wind direction called the　－Monsoon一．　Simpson（1921）

in his review of the monsoon has stated that the word monsoon

itself was derived from the Arabic name for a season and this

WOTd was applied to the winds over the Arabian Sea which blow

for approximately six months from the northeast and．for six months

from the southwest．

The recent developments of the rawinsonde netwoTk have

Shown us a three dimensional structure of the atmospheTe．In the

middle and highlatitudes；POleward of the subtropICal jet stream

a Rossby regime dominated by the westerly waves∴at the　500mb

level and the’travelling cyclones and anticyclones at the suTface

level prevails．　On the other hand，in the tropICal and sub－

tropicallatitudes；between the subtTOPICal jet stTeamS Of both

hemispheres，a Hadley reglme dominated by rising warm air at the

ZOne Of the heavy Tainfall and subsiding cooler air near the

SubtropICal jetis observed．

In the oceanic reglOnS，the seasonal mlgTation of theままadley

regimeis small．　On the otheT hand，in the continental reglOnS，

because of thelarge annual range of the surface tempeTatuTe，

the seasonal migration of theI王adley regimeislarge e血Ough to

PTOduce a seasonal reversal of wind diTeCtion．　Figure l shows

the vertical structure of the Asian summeT mOnSOOn．Below the　500

mblevel，there are alow pressurein south Asia and the sub－
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tropICal anticyclones near　25Ds．　Thelowlevel currents shown

by the arrow below the　850　mblevel are the southeast trades

to the south of the equator and－the southwest monsoon to the

north of the equator The rising warm moist air over southern

Asia near the monsoon trough Teleases thelatent heat of the

fusion・　FoT this reason，unlike the deserts of nortb Africal the

entire troposphera below the150mblevelis warmer than the

SurrOunding atmosphere．

Since thelaTge atmOSPherlic structuTeis approximately

hydrostatic，thelarge thickness of tbe warm atmosphere reSultS

豆n the formatio．n’of the high pressurein the uppeT trOPOSPhere

near the150　mblevel（South Asian high）．t Since the strato一

朝殖ereis extremely stable，the rising warm air which constitutes

tぬe aSCending branch of the Hadley cell couid not penetrate deeply

ま皿もO StratOSPhere．　Thus these air diverges from the South Asian

ぬ五g血　盟ear the150　mblevel．　The northward branch subsidesJuSt

S0ぬ馳　Of the subtTOPICal jet streamlocated near　450N and centeTed

at　も池e　200　mb level．　The southwaTd return flow to the southeTn

ぬem亙Spbereis deflected by the Coriolis force andis obseTVed as

a nOrtheasterly flow near tbe150　mblevel．　This flowis strong

en0ugh to form a tTOPICal easterly jet．　闇heヱI the return flow

T配aChes the subtropICal jet streamin the southern hemisphere，it

姐n姐ergoes subsidence and maintains subtTOPical anticyclones near

25Qs．　Hence the Asian summeT mOnSOOnis a Hadley cell displaced

noTthward to25CN．Poleward of the subtropICal jet stTeam，the

Rossby regime dominated by the waves at the　500mblevel pTeVails．

The purpose of this reseaTChis toinvestigate tbeinter－

annual fluctuations of the tropICal winter and summer monsoons．

The mechanism of these fluctuations andits relationship to the

monsoon circulation at thelowlevel are the main topIC Of
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theinvestigations．　Because the monsoon circulation at thelow

levelis subject to topogTaPhical distortion，the retuTn flow

at the150　mb level was used to monitor the fluctuations of the

troplCal monsoon circulation．

1－2　Review of the recent TeSearCh

From the previous section，itis clear that the monsoon

Circulationis a．part of the general circuiation of the atmosphere．

FoT this TeaSOn，this review will belimited to the research

WOTks which have tTeated the tropICal monsoon as a－Part Of the

general circulation of the atmosphere．ReseaTCh WOrks which have

treated the synoptic components of the monsoon such as the monsoon

troughin the Ganges valleyo王India will be tTeated as necessary

in the later sections．　Since most of the research woTks have

analyzed the summeT mOnSOOn，this review will begln With a summaTy

Of the summeT mOnSOOn．　This wi11be followed by a shorter TeView

Of the winter monsoon．　Finally a summary of the numerical simu－

lations of the monsoon circulation wi11be pTeSented．

a）　Summer mons00n

The firstimportant paper utilizing the data from the rawin－

Sonde network wAs completed by Yin（1949）who has anaiyzed the

onset of theIndian summer monsoonin1946．　Using the data at the

5，000feet，10，000feetJ and20JOOO feetlevels，Which correspond

tol，500，3，000and6JOOO m respectivelyl he has concluded that the

onset of the monsoon rainfallinIndia coincides with the shift of

、the subtro担Cal jet to the north of the Himalaya．　Thompson（1951）

has analyzed the winter and summer monsoon circulation up to

lO，000　feetin the southeast Asian and the west Pacific reglOnS・

This was the first COmPrehensive analysis of the monsoon circula－

tion・　Utilizing wind data as a criterion，he hasidentified
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SeVeTal convergence zonesin tropLCal southeast Asia．　Some of

these convergence　210neS SuCh as the West Pacific convergence

ZOne，COntinue to geneTate COntTOVerSy With Tegards to their

existences and10Cations．

The works during the decade of thelate1940s and eaTly

1950s were based on the primitive radiosonde and pilot baloon

data which coveTed only thelower half of the troposphere．　The

Subsequent advancesin observational technology have extended

the observation to the upper tropospheTe．　Utilizing these new

data，a Series ofimportant discoveries were made．　Koteswaram

（1958）has analyzed the upper tropospheric circulation during

the summer of　1955　0Ver SOutheTn Asia and adjacent north

Africa and discovered the tropICal easterly jet stTeam．t The

level of strongest windsislocated at the150－100　mblevel at

the－1atitude of150N over southern Asia．He has suggested that

there should be a close connection between fluctuations in the

upper easterly current and fluctuationsin thelowlevel monsoon．

Tbis problemis the main topIC Of the currentinvestigatidn．

Thelatitude of the core of the jet stream was found to exist

nearlOCNinlateTinvestigations using the new data from southern

India and theIndian ocean．Mason and Anderson（1963）have used

IGY data and analy2：ed the highlevel anticyclone at thelOO mb

level over southeTn Asia．　They have suggested that there are

COnSiderable year to year fluctuaもionsin the position andintensity

Of this anticyclone．

Flohn（1964）has done an extensive study of the nature of the

tropICal easterly jet．This jetislocatedin thelayer　200－100mb

level from　50N to　20ON with a core of maximum wind at150　mb

level near the southern tip of theIndian peninsula．　From a mean
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Climat010glCal map of the jet，he SuggeSted the existence of an

ageostrophic cross circulation．Ⅰn the entrance region（800－

1500玉）thereis a thermally direct Cell with uplift to the north

Of the jet axis and subsidence to the south．In the exit reglOn

（20Ow－70OE）thereis anindirect cell with subsidence to the noTth

Of the jet axis and uplift to the south．　Subbaramayya and

Ramanadham（1966）have made a three dimensional diagram of the

SummeT mOnSOOnin Asia whichillustTateS the tropICal easterly

jet　乱写a return flo☆of‾・the、Asian summer－monsoon to the southern

hemisphere．　　　　　　　　　　L

The first study of the dynamical processes which maintain

the trTOPicai easteTly jet was carTied out by Eeshav轡urti（1968）・

He has used a mean wind chart at the　200　mb and　700　mb levels

and computed an angular momentum baiance of the mean climatOlogェCal

CiTCulationin southern Asia andIndian Ocean north of the Equator．

It was sbown that the mean meTidional circulation（Whichis direct

circulation）maintains the tropical easterly jet・　　　　　　l

Theimporta王ICe Of the zonal asymmetry of the tropical general

Circulation was shown by Xr土shnamurti　（1971）．　Tbe velocity

POtential at the　200mblevel and the temperature at the　300mb

level oveT the tropICal atmosphere betWeen450N and250s duTi

a peTiod fromJune to August1967has clearly shown the existence

Of　鱒　thermally direct eas七一WeSt Circulation associated with the

monsoon．　This circulation has ascending warm air over Burma

and descending cold air over the oceanic tropユCS・Theintensity

of this ciTCulation was found to be comparable to that of Hadley

type circulation．This study ha竿　Shown that the classical model

of the Hadley cell of the tropICal tTOPOSPheTeis unrealistic・

The monsoon circulationis a maJOr COmPOnent Of the tropICal

general circulat土On．
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At this、pOint twoimpoTtant research work on the tTOPICal

ClimatoIogy were completed．The first workis a comprehehsive

review of　もhe regiOnal and synoptic climatology of the tropICal

monsoon（Ramage，1971）．The second woTkis an atlas of the

general circulation of the tropical atmosphere：（Newe11．et al・，1972）・

This work giVeS an eXCellent view of the vertical stTuCtuTe Of the

tropICal atmosphere whichis fundamentaly different from that of

the middle latitudes．　These TeSearCh works have essentially

COmPleted theinvestigation of the mean climatOIoglCal conditions

Of the Asian summeT mOnSOOn．

In the recent years，With the approach of the Monsoon

Experiment（MONEX）the emphasis of the research has shifted to

the fluctuations of the monsoon system．●Krishnamurti and Bhalme

（1976）have analyzed∵the daiユy observational recordsin tbe

years1957，1962　and1967．　Nine elements of the monsoon system

Were analyzed．　These aTe：Monsoon tTOugh of northeTnIndia at

the sealevel，Mascarene higb at the sealevel，Somali jet，

T土betan b土gh a七　七be200mblevel，trOplCal easterly jet，mOnS00n

Cloud coveT uSing satellite brigbtness data in　1967，mOnSOOn

rainfallin centTal‡ndia，mOist and dTy Static energyin central

India．　The spectTal analysis of these nine eidment was conducted

Which has shown a quasi－biweekiy peTiod osci11ation of about14

±　2　days for a110f the nine elements．　The possible reasons foT

these oscillations aTe Ctユrrently underinvestigation．

XanamitSu and Xrishnamurti（1978）have compared two

eontrasting years of the tropICal circulationin the summer・The

summer circulations with normal rainfallin centTalIndiain

1967Were compaTed with widespread droughtin the tropiCal area

in＿1972．
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Tbe circulationin1967is the same as KTishnamurti（1971）

With well developed east－WeSt CiTCulation with ascending warm

aiT OVer Burma and descending cold air over the oceanic tropICS．

On the other hand，in the drought year of1972，the tropical

Circulationin the upper troposphere was displaced somelO¢　of

latitude to southeast oveT the Asian monsoon TeglOn．In addition，

ttle trOPICal easteriy jet and east－WeSt Circulationin the

Pacific aTea Were muCh weaker than tbe normals．　Hence the weaker

ZnOnSOOn CiTCulation were partially offset byintense Hadley cell

in the central Pacific Ocean．

b）　WiIlter mOnSOOn

In contTaSt tO the summer monsoon，there are only few

漬込se乱rChes on the circulations of the tropICal monsoonin tbe．

闇且及馳r．毘amage（1968）analyzed tbe winter monsoon circulation and

associated precipitation during twoJanuaries of1963　and1964．

王n1963，StrOng eaSterly winds were observed near Singapore

an嘘precIPitation was heavyin North Borneo andlightin New

Guinea・On the other hand，iIユJanuary of1964，0PPOSite condi一

七五OnS Were Observed with the weak easterlies near SingapoTe．

Xrishnamurti et al．（1973）have computed the velocity

POtential similar．to that of Erishnamurti（1971）in the

northern winter of1969．　The ascending branch of the e左st－WeSt

Circulation waslocated over theIndonesian regiOn Where the

Winter monsoonis mostintense while the descending branchis

locatedin the central Pacific．　The Hadley cell whichis zonally

Symmetric prevailsin the other areas of the tropICS．

MuTakami and Unninayar（1977）have analyzed the tropical
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geneTal circulation duTing the northeTn WinteT from DecembeT

1970　thrdugh FebTuaTy．1971．　This study has shown that the

StTOng Winter monsoonis associated with alarge eddy kinetic

eneTgy at the　200　mblevel while the contrasting situation with

Weak monsoon occurs when the eddy kinetic energy＿iS Small．

They have suggested that the nature of the winteT Circulation

is diff¢rent from one winter to another and even within the

Same Winter．

C）　Numerical simulation of the monsoon

The numerical models of the general circulation of the

atmosphere are stillin primitive stages of development．　For

this reason，Only two of tbe most recent researches will be

PreSented here．　Hahn and Manabe（1975）have used thelilevel

GFDL numerical model of the atmospheric circulation and conducted

a simulation of the Asian summer monsoon with emphasis on the role

Of the Himalaya mountaihs．　The simulatidn with the mountains

PrOducedLa SOuth Asianlow pressure slightly to the east Of the

ClimatologiCal position．　The simulated atmosphereis dynamically

too activein the western Pacific，Whilein the northeTn Bay of

Bengal and northernIndiaitis relativelyinactive．　When the

mountairlS Were remOVed from the model，the Tibetan high shifts

east and is located to the east of Taiwan and the Indian monsoon

Circulationis weak．　Thusit was concluded that the presenee

Of the Himalaya mountains enhance the Asian monsoon ciTCulation．

Washington（1976）has used the NCAR model and simulated the

Winter monsoon circulation over Asia and Africa．　Although the

SeaSOnal reversal of the Somali jetis well simulated，the

COmPuted circulation near the East China Seais unrealistic and

in fact TeSembles summer circulation．
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d）　Current scientific problems of the monsoon researeh

The current status of monsoon researches can be summarized．

as follows：With regard to the climatologlCal mean structure of

thelaTge SCale aspects of the monsoonin the Asian region，the

TeSeaTCh、is nearly completed．　On the other hand，　the analysis

Of theinもeTannual fluctuationsis hampered by thelack of thTee

dimensional data of high quality using satellite，aircTafも，and

raWinsonde data covering atleastlO years or more．The numerical

Simlation of the rnonsoon circulation by the general circulation

model haveJuSt Started．　The difference between the actual and

Sim狙lated monsoon circulationis farlarger than theinterannual

fluCもuations of this circulation．　For this reason，it will be

S宅沌me time in the futuTe that the realistic researches of the

S五m且ation of the year to year fluctuations can be undertaken．

The monsoon experiment（MONEX）is Gurrently being carTied

む亀も‾▼to obtain data of high quality for one monsoon year（Winter

1978－1979　and summer1979）．This will probably yield many

Valuab1e discoveries conceTning the shoTt Period oscill息tions

Oぞ・七亀e monsoon circulation，　However，many yearS Of these type

O登ぬta are necessary　享n oTder that any clyPamical stuqy of the

imterannual fluctuatidns of the monsoon might be carried out．

1－3　Method of the study

a）　Data souTCe and peTiod of analysis

The method of the current studyis closely related to the

SCientific problems of the monsoon research which were summarized

at the end of thelast section．　Although data of high quality

are not readily available for many consecutive yearsl the quality
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Of the available rawinsonde datais sufficient foT a SynOPtic

Climato10gical studyif the density of the obseTVation netWOrk

and wind data up to thelOO mblevel are adequate．

Aninspection of the datain the　一一Monthly Climatic Data foT

the World一一Published regulary by National Oceanic and Atmospheric

Administration has shown that in the case of the summeT mOnSOOn

a14　year period from1964　to1977　can be used for the reseaTCh．

In the case of the winter monsoon，an18　year period fTOm1961

to1978　was found to be useful．　This publication also contains

monthly data at the surfacelevel such as the pressure，temPera一

七Ⅶre，VaPOr PreSSure at the sealevel，and monthly total

PreCIPitations for about　400　to　500　stationsin the world．

Figure　2　shows tbelocations of the upper air stations used

茸わT the study of the winter mons00n．　TheTe are aPPrOXimately　60

Sも乱tions in the domain of the current research．　The stations

Wi七h open circles have only　2　to　3　years of data．　Figure　3　shows

もぬelocations of the precIPitation stations used foT the study

Oぜ　the winter monsoon．　Major gapsin the data arelocatedin the

people，S Republic of China andIndonesia．　TheTe are aPPrOXimately

120　stations depending on the years of data．

Figure　4　shows thelocations of the upper air statipns used

董or the study of the summeT mOnSOOn．　There are appTOXimately　80

も0100　stations in the domain of the cuTTent reSearCh．　The

Stations with open circles have only　2　to　3　years of data．

Figure　5　shows thelocations of the precIPitation stations used

foT the study of the summer monsoon．　MaJOr gaPSin the continental

regiOnS are againlocatedin the People，S Republic of China and

Indonesia．　There are approximately　200　stationsin the domain

Of the current research．
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Although most of the data aTe fTOm the　一明Onthly Climatic

Data foT the Worldl’，the upper air data for the People，S

Republic of China for the study of the summeT mOnSOOn are Obtained

from the HDaily Weather Map一’Published by theJapan MeteorologlCal

Agency．In addition，the data for Chichijima，Minamitorishima

（逝arcusIsland）；．and ClaTk air foTCe base（Philippines），Osan

air foTCe base（Republid of EoTea）are obtained from tbe

”AeTOloglCal Data ofJapanH published by theJapan MeteoTOloglCal

Agency．

b）　Method of analysis

王皿e野ery yeaT Of the research period（1961to1978in the

CaSe O晋　もぬe winter monsoon），the monthly synoptic maps of the

も0亀盈且　P君eCipitation，the circulation at the　850　mblevel，and

能動e c五君C狙lation at the150mblevel vere drawn．　The circulation

a能　篭ぬe　ユ患O mblevel was used to repTeSent theintensity of the

孤¢盈茄の0凪　Circuiation foT a glVen mOnth．　A review of Figurel

SぬOWS　もぬat this circulation at the highlevelis a return flow

Of the monsoon circulation at the low leve1．

0皿　もぬe other hand，the ciTCulation at the　850　mblevel was

a迅a且yze超　tOinvestigate the response of the monsoon ciTCulation

aも　theiowlevel to the fluctuations of thelarge scale monsoon

repTeSented by the wind at the150　mblevel．　Thelocation of

theITCZ，the activities of typhoons，and Baiu fronts may be

COuPled with the fluctuations of the monsoon．　The　850　mblevel

WaS Choseninstead of pTeSSuTe at the sealevel，becauseit was

felt that the sufficient depth of the current at thelowlevel

WaS required to be consideTed as a maJOT mOnSOOn CiTCu‾1ation

at the low level．
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Finally，the analysis of the monthly total precIPitation

has twoimportant purposes．The first ob☆ious reasonis

the relationship of drought and flood to the monsoon

Circulation．　These fluctuation has a majorimpact on the food

PrOductionin Asia（Tanaka，1978）．The second reasonis tbe

role of thelatent heat releasein tbe maintenanqe of the

monsoon circulation．　The direct beating of the surface of the

earth byinsolationis not sufficient toinitiate the monsoon

Circulation．　The best exampleis the case of the Sahara desert

Where the surface temperatuTeis highestin the woTld during

抽e months ofJuly and August，but the troposPheric temperatuTe

乱t　5　tolO km highis colder than the reglOn OfITCZlocated

nearlOON（Tanaka，1976）．

The fluctuations of the circulation at the150　mblevel were

monitored by the following method・In the case of winter monsoonl

the wind at the150mblevel at SingapoTe WaS uSed to repTeSent

the monsoon circulation．　工n the case of the summeT mOnSOOn，the

intensity of the tropical easterly jet stTeam（TEJ）was measured

at every ten degrees oflongitude from　40CE tollOOE atlOぐN．

The average of these eight values was used to represent the

monsoon circulation．

The structureS Of the circulation of the strong and weak

monsoon were compaTed by construction of the two setS・Of the

COmPOSite maps．In the case of the winter moriSOOn，the composite

maps of　6Januaries with strong mons00n Circulation and　6

Januaries with weak monsoon ciTCulation were made．The difference

between the two composite maps was then analyzed（StrOng minus

Weak monsoon）．　This map of the difference clearly shows the

29



Changein the circulation regime associated with the changein

theintensity of monsoon circulation．　SimilaT PrOCeduTe WaS

fo110Wed in the case of the summer monsoon．　The results of this

investigation aTe discussedin ChapteTS　3　and　6．

Finally，the Telationship to the general circulation was

investigated．　ThreeimpoTtant features of the general circula一

七ion weTe Chosen to analyze the relationship．　These are the

Circumpolar westeTliesin the noTthern hemispheTe at the　500　mb

level，the Walker ciTCulation，and the east－WeSt CiTCulationin

the case of summer monsoon．　The results of this survey are

discussedin chapters4　and　7．
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CHApTER　2

GENERAL DESCRIPTION OF THE WINTER MONSOON

2－1　Climatology

In this section the mean climatologlCal conditions during

the peak of the winteT mOnSOOn are discussed．　The seasonal change

to the winter monsoQn reglmeis described in the next section．

Figure　6　Shows the mean precIPitationinJanuary．－Major regiOnS

Of heavy pTeCipitation oveT　200mm arelocated withinlOplatitude

Of the equatoT．　These are associated with thelocation of

tbe　王TCZ．　A closerinspection of the equatorial rainbelt shows

もねe tendencies for formation of the two ITCZs located in Micronesia

and northern Australia respectively．　Two dry regiOnS aSSOCiated

静ま馳the subtropICal high arelocated neaT　20ON and　300s respec一

七五vely．In the extratropICal regions，thereis a belt of heavy

Pre£iPitaion over the Kuroshio current where activities of tbe

PO且ar fronts are enhanced by continuous supplies of heat and

moisture of warrh ocean・InJapan，there are reglOnS Of heavy

OTOgraPhic precIPitationin Hokuriku and a dry rainshadow on

the Pacific side caused by an persistant northwesterly monsoon

from c01d dry Siberia．

FiguTe　7shows the mean geopotential height at the　850mb

levelinJanuary．The Siberian high whichis strong at the

SuTfacelevel has diminisheditsintensity andislocated near tbe

eastern edge of Tibetan plateau．　The subtropICal higbislocated

near200N and300s respectively and coincides with the zone of the

low preciPitation．　The hatchedline over northeTn Australiais a

SOuthernITCZ which separates the equatorial westerlies and the

SOutheast trade winds．　The northern　王TCZ which is less conspICuOuS

islocated just north of tbe equator．　The trough over sOutheTn
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Chinais called the Kunming frontal zone．　Thisis a frohtal

ZOne at the　850　mblevel sepaTating warm dry aiT Of the subtrop－

ical high and dense cold aiT Of the SibeTian high．　Chu（1963）has

analyzed tbe frontal zone at the suTfacelevelin this TegiOn．

However，the direction of the frontal zonein his figureis

different from the－eaSt－WeSt direction shownin Figure　7．

TheimpoTtant POintin this figuTeis the fact that the

northeast monsoonis alowlevel bTanCh of the Hadley cell origlna一

七ingin the subtropiCal high．　Thus the northwesterly wind near

Japan and the tropical northeast monsoonis a distinct wind system

Of the general circulation of the atmosphere．

Figure　8　shows the mean zonal wind at the　850　mbievelin

the winter．　The cold noTthwesterly flow from　‾：Siberia gTadually

Cぬangesits direction and becomes a westeTly flow of moTe、thanlO

misec　七〇　the east ofJapan．　Tbe Kunming fTOntal zoneis w畠11

marked as a bounda王●y between the dry southwesterly wind and a weak

northeasteTly wind from the Siberian high．

The northeast wind to the south of the subtropical highis

Caユユed the noTtheast monsoon to the west of about130OE and north一

・eaSt trades to the east of thislongitude．　The equatorial

WeSもeTlies which aTe Called the　‖West monsoon一一inJava pTeVail

between the equator and approximately150S・South of the southern

ITCZ，the southeast trade wind occupieS mOSt Of AustTalia・工n

SOuthern AustTalia，the middlelatitude westerlies aTe Observed

to the south of the subtropICal high．

FiguTe　9　shows the mean zonal wind at the150　mblevelin

the winter．　TheTe are three maJOr Wind systems．　The most

intense windis the subtropICal jetin the northeTn hemisphere

With maximum wind speed of over　60　m／SeC nearJapan．　A similar

but less intense jet is locatedin southern Australia with a wind
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SPeed of　20m／SeC．Both of these westerly jets arelocated pole－

Ward of the subtropICal high of the respective hemispheres．　The

easterly wind obseTVed neaT the equator has a maximum speed of15

m／SeC near Singapore：　Thisis the upperlevel bTanCh of the

Hadley cell whose ascending branchislocated over the noTtheTn

AustralianITCZ．‡n the current Study，the yeaT tO year fluctua一

七ions of this wind measuTed at SingapoTe are uSed as anindicatoT

Of the stTength of the tropICai winter monsoon．

2－2　ReglOnalLcharacteristics of the monsoon reglme．

In this section the seaSOnal change of the ciTCulation toward

the winteT mOnSOOn regimeis discussed．　The monthly climato10glCal

PreCipitation（1931－1960：if available）and the monthly wind畠Jt the

850　mb－level for alO year period from1968　to1977　weTe uSed to

investig洩te・・the climat010gy of the SeaSOnal thange of－the monsoon

reglme・The data coveTed all months of the year，but the reglOnS

Of analysis aTe TeStricted to these with▼a PrOnOunCed wind

Shift Of atleast1200between the two monsoons o、f tbelate autumn

OT WinteT and of the summeT・　AiO yeaT Period was chosen because

thisis the only period when the data of steadiness factoT，

Whichis defined as a ratio of the scalaT＿Wind speed to the

VeCtOr Wind speed，・are aVailable．

‡n all the tTOPiCal monsoon reglOnS，the passage of theITCZ

is characteTized by minimum values of steadiness facto主・for both

Summer and winter monsoons．In the transition month when theITCZ

paSSeS OVer the station，the steadiness factOr drops to the values

of．30　to　50％．　For this reason，the tropical mons00n Winds

WeTe defined to have atleast　60　％　steadiness factor．
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FiguTelO shows the southward migration of theITCZ at

the　850　mblevel．In contrast to the northwaTd mlgration，

the retreat Of theITCZ toits winter positionis slow．

Tbisis a result of the warm sea which occupleSlarger areaSin

the southernlatitudes．　The winter monsoon reglmeis fully

establishedin December when the southeTnITCZ develops to the

SOuth of New Guinea．　The doubleITCZ reglme PerSists until neaざ・

the end of March．

T血e slow pTOgreSS OfITCZis accompanied by heavy precIPl一

組七五on．RegiOnS tO the east oflOOOE generally observe theiT

闇恐竜もes篭　PeTiodin the yeaT Shortly afteT the southward passage

O茸　電動e‡TCZ（Figurell）．　On the east coast ofIndochina the

m乱Ⅹ五m rainfailis obseTVed one month afteT the passage of‡TCZ

ね祖も∴わ母君¢雷e the peak of the noTtheast monsoon．In the PhilipplneS

i濫　O鑑C狙rSlitt1e more than one monthlateT Primary due to the

五m登且狙e皿¢e Of the Kuroshio current．In addition，the east coast

Oま　もぬe　ヱndian peninsula also obseTVeits wettest periodinlate

auもⅧ皿．

Tぬe double zones of heavy precipitation which characteTize

もぬe winもer conditions begin tO develop duTing December and

byJanⅦary，the southeTn rainbeltin noTtheTn Australiais

We13＿　developed．　The southward migTation of heavy rain

in easteTnJapanis associated with typhoons and seasorial

Shifts of thelocation of the polar fronts．

Figure12illustTateS the onset of the winter monsoon

at the　850　mb level defined by the first month with more than

60　＄　Steadiness factor of the northeast wind to the north of the

equatOr・In the southeTn hemisphere，the monsoon begLnS When
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the northwest windis first observed・　At Hong Kong，Whichis

located near the northeTnlimit of the rnonsoon regiOn，the north－

east mdnsoon beginS aS early as September．The southwaTd

migTation of the development of the winter monsoonis accompanied

by a decreasein the pTeCIPitationin the respective reglOnS

tO the north of th占　equator．　The dashedlines to the south of

the equatOTindicate the beginning of the northwest monsoon．

Figure13　Shows the month with peakintensity of the

northeasもmonsoon・To the north of150N，the peak occurs about

15　dayS after the beginning of the monsoon．In theloweTlatitudes，

the peak occuTS One mOnth after the beglnning of the monsoont

The mosもinteresting aspect of this mapis the occurrenCe Of tbe

Pe盈監¢茸　も艶e noTtbeast monsoon duTing the months of October and

翫〉VembeTi迅the TegiOnS tO the noTth of12ON．This fact cleaTly

S訟OWS　もぬ盈も　もhe noTtheast monsoon at the　850　mb level is associated

闇iも塾　もぬe o温もf且珊　from the subtropICai high and constitutes a

Part Of the　Ⅱadley ce11．

ぎ豆n盈且ly　ぎig狙Te14　Shows the southward mlgration of the

SO硯もheTn edge of the s狙btropICal high at the　850　mblevel．This

COinCides with the end of the northeast monsoon defined by　60　％

Ste鼠dineSS factoT．　The regiOnS bounded by two hatchedlines

located about10¢N and　30N are the area wheTe the northeast

monSOOn PTeVails duTing the winteT mOnths from December t0

誠aTCh．In the outer fTinge of the tropICS，the　850mblevel

Wind becameligbt and variable during the winter．

The seasonal changes to the winter monsoon regime Shown

by FigureslO to14　haveillustrated that the slow southward

mlgration of the Hadley cellis responsible for the slow pace
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Of the cbange to the winteT mOnSOOn reglme．In given reglOnS

tO the south of200N，the following sequences are observed：（i）

The passage of theITCZaccompanied by a shift of the wind to

the northeast．（ii）The peak of the rainfail shoTtly after

this passage．（iii）The、beginning of the steady northeast

monsoon and a slow deqr白ase of rainfa11．（iv）The peak of the

northeast monsoon and a beginning of a dry season．And（V）the

end of tbe steady notheast monsoon to the north of the130N．The

Only small exception to this sequencein the east OflOOOEis

in central Thailand，Where the peak of rainfa110ccurS Slightly

before the passage of theITCZ．

The precIPitation on the east coast ofIndochina，the east

COaSt Of the PhilipplneS and the east coast of the Malay penin－

Sula has been traditionally considcred as a orographic

PreCIPitation．　HoweveT the above sequence also applies to these

TeglOnS and the peak of the Tainfall occuTSJuSt before the

increase in the steadiness of the noTtheast monsoon．　FoT this

reason，the pTOXimity of the　三TCZis the necessaTy COndition for

the heavy precipitationIaS far as the monthly total preciPitation

is concerned．　Without the instabilities and the disturbance

favorable foT the preciPitation，the orogTaphy can not produce

the heavy precIPitation．
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CHAPTER　3

ROLE OF THE CIRCULATION AT THE150　MB LEVEL

DURING THE WINTER MONSOON

3－1　UppeTlevel wind at Singapore

The fluctuations of the winteT mOnSOOn aTe discussed in this

Chapter with emphasis on the fluctuations of the tropICal

easterly wind at the150　mblevel．　Figure　9　shows that the

easterly wind at the150　mblevelin the winteris strongest

neaT Singapore．　FiguTe15　shows the time－height CrOSS SeCtion

Of the zonal wind obseTVed at SingaporeinJanuaTy．　Strong

easteTly windis observed neaT the150　mblevel．　A three to

four year cycles aTe ObseTVed with strong windin1962，1963，1967，

1971and1974．　Alternating zonal wind at the　50　mblevelis

a Quasi－Biennial oscillation of the zonal windin the tropical

Stratosphere．　Be10W the　600mblevel，equatOrial westeTlies

are observed with the exceptions of1964，1970　and1973．

Table i shows the zonal wind at the　150　mb level at

Singapore during three winter months fTOm　工）ecembeT tO FebTuaTyin

tbe period fromJanuary1961to FebTuaTy1978．　Theinterannual

fluctuations of the zonal wind arelargestinJanuary with a

Standard deviation of　7．8m／SeC．　For this reason，the emphasis

Of this studyis on the month of JanuaTy．　With a notable

exception of1978，all theJanuaries which observed stTOng

easteTly wind are the winters with stTOng eaSteTly wind．　Henee，

month to month persistence of theintensity of the winter

monsoonis higb．

Table　2　summarizes the monthly variation of the winds at

the150　mblevel at Singapore．　The zonal component of the wind
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TABLE　1

The zonal easterly wind at the150　mblevel

at Singaporein winter

（unit：　m／See）

Year
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Dec．　　　Jan．　　　Feb．　　　aVerage
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9．8
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13．8

14．8

18．8

10．8

12．2

13．8

20．7

15．8

9．8

20．9

17．8

22．9

12．0

5．6

15．7　　　　　19．7

25．4　　　　18．8

28．2　　　　　21．6

8．7　　　　　　8．5

5．6　　　　14．1

8．0　　　　13．2
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reachesits peakintensity and haslarge standard deviation

in August andJanuary．　These peaks coTTeSPOnds to the summer

and winteT mOnSOOn．

The meridional component of the wind shows a pronounced

annual cycle with southeTly flow during the winteT mOnSOOn from

December to March and noTtherly flow duTing the summeT mOnSOOn

fTOm担ay・tO OctOber．－Thus the wind at the150mblevel constitutes

a retuTn fiow of the monsoon circulation．　The summeT SeaSOp

P母a女　of the ciTCulation at the150　mblevel islater at

SまngaPOre than that overIndia，because of warm oceans near the

Pぬiユippines which maintain a stTOng mOnSOOn Circulation through

September．

3－2　DistTibution of the monthly　七〇七al pTeCIPitationinJanuary

Tぬe relationship between the fluctuations of the zonal wind

aも　もぬe150　mblevel at Singapore and the winter monsoon at the

乳紺野∵且e詔el wasinvestigated by the constTuCtion of composite maps．

息mins夢eCtion of the monthly total precipitation has shown tha革

eveTyJanuaTy With the easterly wind over　20m／SeC at the150mb

ユ璧習竃ユ　with the exception of1967　has shown the tendency foT

質Ormation of twoITCZs．　Hence a composite map of the preciPita一

七五onin　6Januar土es（1962，1963，1968，1971，1974，1975），When a

短もrong easterly wind was obseTVed at the150　mblevel

at Singapore was constructed（Figure16）．　The regiOnS Of heavy

PreCIPitation aTe North Borneo，eaStern Mindanao，and Micronesia

located in the northern ITCZ．　The southern ITCZ is located in

northern Australia．

In all of above regiOnS，mOre than　400　mm of precIPitation

aTe ObseTVed．On the other hand，the regiOnS tO the east of

New Guinea aTe dry withless thaniOO mm of pTeCIPitation．In
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the other reglOnSin the map the precIPitationis similaT tOits

ClimatoIogical normal with a notable exception of the polar

front zones to the south ofJapan where the precIPitationis

less than normal．

Figure17　Shows the composite map of the precIPitationin

6Januaries（1964，1965，1966，1969，1970，1972），When the easterly

Wind obseTVed at the150mblevel was weak at Singapore．In

generall the distributions of pTeCIPitation are opposite of the

PTeVゑous figuTe・The regiOnS Of heavy precIPitation arelocated

も0　the　母aSt Of New Guinea＿and northeastern Australia．

The differencein the two composite maps was obtained by

S覗btTaC七五ng the precIPitation of the map of weak easteTly wind

まrom tbe strong easterly wind．　Figure18　shows the difference

i皿preCユpj．tation obtainedin this manneT．　Two zones ofincreased

P訂eC亙廻温もation of overlOO mm areidentical with the twoITCZs

Ob＄erWed duringJanuaTy With strong easterly winds．　The decrease

i温preCIPitation duTing these years of stTOng mOnSOOn Circulation

is co汲Sp且CuOuS tO the east of New Guinea andin the polar front

豆由狙短針tO SOutb of Japan．

FiguTe19　shows effects of changein vertical motions assoc－

iated with changein the mons00n regime・　The dewpoint depression

at the　500　mblevel was chosen to monitor this effects．　The

Changein this paTameter Clearlyindicates that the precipitation

PatternS Shownin Figure18　are not restricted to a fewisland

Observationsin Micronesia．　Hence the pattern of twoITCZs

andincreased subsidencein the subtropICal high near Taiwanis

the main feature of the strong monsoon regime aSSOCiated with a

StrOng eaSterlies at the150　mblevel at Singapore・
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3－3　Circulation at the850mblevelinJanuaTy

The ciTCulation at the850mblevel was analyzed using the

Same PTOCeduTe for the monthly total pTeCIPitations．The

COmbinations of theJanuaTiesin the composite map are also

identical・Figure20shows the differencein the geopotential

height at the850mbleveL Comparing this map with FiguTe7

（融ich shows the normal ciTCulation patterns forJanuaTy）

もねe followingimpoTtant POints can be noted：In the

I迅donesian TegiOn，between the twoITCZs，the equatoTial

闇eSもeTlies are well developed during theJanuaries with sti・Ong

easもerlies at the150　mblevel．　The surge of tbe cold northwest

血8nSOOn fTOm Siberiais frequentin East China Sea and southern

Japa盟膿In the Micronesian reglOn，the northeast trade windis

Weaker than the normal．

On the other hand，the northeast monsoon over the South

Cぬ五皿a Sea and the southeast tTades over Australia are strong and

We且且　developed・In the higher northernlatitudes，the northeTn

3乱P乱m and adjacent Siberia are under waTm advection from the

Pacific Ocean．　The TeVeTSe COnditions prevailin all the aTeaS

醜en the easterly wind at the150　mblevel is weak．

Thus January with a stTOng eaSterly wind at the150　mb

level corresponds to the case of a strong monsoon ciTCulation

at thelowlevel．　The cornbinedinfluence of changein the

Cloudiness associated with fluctuationsin the precIPitation and

the circulation change at the　850　mblevel can be clearly

Seenin Figure　21，Whichi11ustrates the differencein the

Surface temperatureinJanuary．　The frequent surges of the

COld monsoon in the East China Sea and South China Sea are
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Shown by thelow temperatures㌦duringJanuaTies with a strong

mOnSOOn．

Theincreasein the cloudiness associated with heavy rain

in the northern Australia is responsible for a dropin the

Surface tempeTature there．　The higher temperatuTe near New Guinea

is associated witb decTeaSed cloudiness．In the high noTthern

latまtudes，WaTm temPeratuTeis associated withincreased waTm

advection・BetweenlOON and25Cs，the amount of the cloudiness

is tbe dominant factorinfluencing the surface temperature．

野OTもh of lOO封　advection determines the distribution of the

Surface temperatures．

3－毯　Circ狙且ation at the150mblevelinJanuary

Tぬe circulation at the150mblevel was analyzedin the same

弧anneT aS the pTeVious section．　Figure　22　shows the difference

i漁　もぬe geopoもential height at the150　mblevel．InJanuaries

WiもぬS息TO喝eaSterlies，a tTOugh develops near Singapore．

0孤七ぬe otねeT bandtin the TegiOnS Of the subtTOPICal

We離eT且y jeも，generalincreasein the geopotential height

is obseTVed．This changeis associated with poleward displace－

Znenも　O董　these jet stTeamS near Himalaya and southern Australia．

王丑　もhe TegiOnS neaTJapan，thereis a tTOugh over the Kuroshio

Current and a ridgein Siberia．

The combination of FiguTeS　20　and　22　yields the difference

in the thickness between the　850　mb level and150　mb level in

January（Figure　23）．　The patternsin the higherlatitudes are

Similar to the pTeVious figure with exception of a trough near

Japan．In the tropICal TegiOn，the release of thelatent heat
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Can be seenin the Australian Tegion．　The months with stTOng

easteTlies are characteTized by a cooler tropospheTe neaT the

equator and a．PWaTmer tTOPOSPherein the TegiOnS Of the subtrop一

土Cal higb．

Thus Hadley circulationisintense during the winter with

StrOng eaSterly wind at the150　mblevel．　This can be seen fTOm

adiabatic heating of the subsiding branch of the f王adley cell

and a polewaTd displacement of the subtropICal high．

3－5　Winter monsoonin December and February

A similar but brief survey of the winter monsoon was also

COnducted for December and February．　Figure　24　shows the

differencein the precIPitationin December．　The bTOad featuTeS

Of the map are similar to that ofJanuary with twoITCZsin the

months with strong easterly wind at the150　mblevel at SingapoTe．

Howeverl thelocations of the northernITCZ are slightly nortb

Of January．In the Malay peninsula and the east coast of the

Central PhilipplneS，heavy pTeCIPitationis observedin the

month with a strong monsoon circulation．　These reglOnS aTe nO

10ngeT dominated by theITCZinJanuary（Figure18）．

Figure　25　shows the differencein the precIPitationin

February．　Again，the broad features of the map are similar to

that of January with development of twoITCZs．　Thelocations

Of the northernITCZ are sligbtIy south ofJanuary and shift

away from North Borneo．

Hence the fluctuations of theITCZin December and February

are similar to that ofJanuary・In addition，there are tenden－

Cies for three winter months to have either strong easterly wind

Or Weak easterly wind at the150mblevel at Singapore（Tablel）．
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3－6　Summary

The study of the role of the circulation at the150　mblevel

duTing the winter monSOOn PeTiod has shown that fluctuationsin

Strength of the easterly wind at the150　mblevel are closely

COnneCted to fluctuations of the winter monsoon circulation at

the　850　mblevel and activities of theITCZ．　When the easterly

Wind at the150mblevelis strong，the winteT mOnSOOn Circulation

at the　850　mb level is intense and there are tendencies for

foTmation of twoITCZs，eaCh with heavy precIPitation．

On the other hand，COntraSting conditions of weak monsoon

CiTCulation and only oneITCZ prevail，When the easterly wind at

tbe150　mblevelis weak．　The summary of the monthly variation

Of the zonal wind at the150　mb level in Table　2　Shows that this

Windis a Teturn flow of the monsoon forming the Hadley cell．

The distributions of pTeCipitation aTe Closely conrleCted

to thelocations of theITCZ．In the previous chapter，it was

Shown that the precユPitationin the east coast ofIndochina，

India and PhilipplneS reaChesitS SeaSOnal maximum slightly

before the increase in the steadiness of the nortbeast monsoon．

Thus these precIPitations are not orogTaPhic as tTaditionally

recognized．　Yoshimura（1973）also conducted a similaT Study．

In general，the results of the curTent Study aTe SimilaT tO his

findings．　HoweveT，the current study also utilizes the wind

data at the　850mblevel．　Hence，the relationship to the

monsoon wind was foundin this study．

A slow southward mlgration of theITCZ continues during

the period fTOm DecembeT tO FebruaTy．In DecembeT，the Malay

Peninsulais still under theinfluence of the northernITCZ

（Figure　24）．　ByJanuary，the noTtheast monsoonintensifies
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in this region and theITCZ retreats from the peninsula（Figure

18）．In February，theITCZ reachesitS SOutheTnlimit and

retreats from North Borneo（Figure　25）．　This month coincides

With coldest surface temperature of the seain the northern

hemisphere and warmest surface temperature of the seain the

SOutheTn hemisphere．

Finally，it should be noted that the month to month persis一

七ence of the upper tropospheTic monsoonis high（Tablel）．

This fact suggests that the fluctuations of the winter monsoon

areinfluenced bylong period oscillations of the tTOPICal

general circulation．
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C王王Apで遥R　4

RELATIONSHIP BETWEEN THE WINTER MONSOON

AND THE GENERAL CIRCULATION

4－1　Description of the WalkeT Circulation

The Walker ciTCulation（SOmetimes called the Southern

OSCillation）was discovered by Walker and Bliss（1932一，1937）

and subsequently became recognized as animportant mode of

fluctuation of the tropical atmosphere．In general，it consists

O藍　exchange of air between the easteTn and westeTn hemispheres．

王n tねを　CaSe Of northern winter，the center of actionlies oveT

the SOuth Pacific Ocean and Australian regions where climat010－

二　gユCa且　elements sucb as pressuTe at the sealevel and temperatuTe

盈訂e nega七五vely correlated．

Troup（1965）modified Walker－s definition and retained

Only the station pressure to obtain theIndex of circulation．

五e aユSO found that the oscillation has declined in the decades

frね翔∴且921to1950．Berlage（1966）surveyed the correlation of

馳e pressure at the sealevelin the tropical reglOn Of the world

an盛者Ound that the center of action of the WalkeT Circulation

lies oveT＿Indonesia and EasteT Island．　The coTrelation of the

annual pTeSSuTe betWeen Djakarta and EasterIsland was found to

be gTeater than　－0．8　based on alimited samples which may contain

eTTOrS（Quinn and Burt，1972）．BjeTknes（1969）has noted that

the Walker circulat五〇n has a close copnection with the sea

Surface tempeTaturein the central Pacific Ocean．

Quinn and Burt　を1970，1972）and Quinn（1974）have conducted

an exhaustive survey of the relationship between the Walker

Circulation represented by the differencein pressuTe at the
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Sea level between Easter Island and DaTWin and activities of tbe

PacificITCZ by the Tainfa11in the equatorialIslands．　They’

found that alarge pressuTe difference between EasterIsland

（high pressuTe）and Darwin（low pressure）precedes the onset of

EI NiBo and subsequentincreasein activities of the Pacific‡TCZ．

EI Ni五〇is a condition of waTm Sea Water Which is obseセved

recurTently off the west COaSt Of northern South AmeTica．　The

Sudden change of the oceanographic condiもions frequently causes

a disastrousimpact On the biomass and economies of this region．

Similarinvestigation was also conducted by Tsuchiya（1971）．

Ramage（1975）has presented the first cloudiness data

based on the satellite Qbservation during the1972－1973　EI Ni愚0．

These data have shown∴the increase in activities of the ITCZ

in the equatorial central Pacific during the period of　王；l Niも0．

Trenberth（1975）has studied the fluctuations of the pTeSSure at

the sealevel at Darwin，Apia，Tahiti and EasteT　工sland．　茸e

found a phase diffeTenCe Of about one season between Tahiti and

EasterIsland（thelaterleading）．　On the other hand，Tahiti

and DaTWin pressures were almost exactly out of phase．　Thus

using a study by Kidson（1975）as a reference，anindex using

Only Tahiti and DaTWin data was suggested．

Wyrtki（1975）has scrutinized the wind obseTVation by ships

neaT the equatoTial Pacific as well as sealevel observations

in the tropICai Pacific area and concluded that the EI NiもO events

are responses of the Pacific Ocean to atmospheric foTCing．　Ee

POStulated that the warm sea water accumulates near New Guinea

when the southeast trade windis strong．　When this trade wind

Weakens，the accumulated warm water returns to the eastern
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Pacific via Equatorial counter cuTrent andinitiates an EI Ni責0．

He　乱lso noted that the wind neaT the coast of PeTu is not

necessary weak during an EI Ni恵0．

Weare et al．（1976）has conducted an empiTical oTthogonal

analysis of the sea surface temperatuTein tbe Pacific Ocean and

found that the EI Niao mode of the oscillations of sea surface

tempeTature accounts for　23　％　of the total nonseasonai variance

and theiargest components of the nonseasonal eigenvectoTS．

Finally，Wyrtki（1977）has updated the previous TeSeaTCh and

CqnCluded that tbe stren蛮th of the tTade wind and∵the occurrence

of EI Ni五〇　aTe best correlatedif thewindsin the box of　4？Ⅳ　to

ぞS and from1800to1400w were used．

In the current Study the TOle of the WalkeT Circulation

i迫　もhe winter and summeT mOnSOOnS areinvestigated．’For this

P鱒でPOSe theindex of the Walker circulationincorporating

もぬe seasonal change of the center of action was made．　Since

電池e Walker circulation has a period of　3　七0　5　years，the

COTTelations of the　5　montb moving averages of the sealevel

pre志Sure for a peTiod fromJanuaTyi961toJune1978were

ca温Culated for the stations near the center of action known

from the previous TeSeaTChers．

Table　3　Shows the monthly variation of the Walker

Circulation calculatedin this manneT．　The month glVenin

this table is the central month of the　5　month mean．　For the

year as a whole，the coTrelation between DaTWin and Tahitiis

the highest whichisin agTeement With Trenberth（1975）．

However during the northern winter，the Australian center of

action shifts to CocosIsland．　On the other hand，during the
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noTtheTn Summer，Easter　王Sland alsolies near the centeT Of

action．‡n all the months the sea surface tempeTatuTeis cold

in the equatorial Pacific Ocean when the pTeSSuTe at the sea

level is highin Tahiti or EasterIsland and10Win Darwin or

Cocos　工sland．　The reverse situation is tTue When the sea

Surface temperatuTeis warm and frequent EI Niもois observed．

A pair of stations with highest negative corTelation

Of tbe pressuTe Shownin Table　3　weTe uSed to construct the

Waユker ciTCulationindex defined by the fluctuations of the

PreSSure at the、Sealevel．　Fourindices weTe Calculated to

COVer the four seasons of the year．　These are centered on the

months ofJanuary，April，July，and October．

王n the case of　5　month moving aveTage Centered onJanuary，

the pressure at the sealevel at CocosIsland and Tahiti was

Chosen．Indices are defined as positiveif the pressurein

Tahitiis higher than normal．In April and OctOber，Darwin

and Tahiti were chosen．　Fina11y during the northern summer，

Darwin and the noTmalized linear combination of Tahiti and

EasteTIsland（Rニ　ー0．83）was chosen to represent the Walker

CiTCulation．　Except for thelocation of the paiT Of stations

Chosen to TePreSent the centeT Of action，the method used to

Calculate the indices is simiユaT in all seasons．

The method of calculating the Walker CirculationIndex

（W．C．Ⅰ．）is as follows：　For each of the two stations usedin

theindex，the　5　month moving averages of the depaTtuTeS fTOm the

normal pressure at the sealevel were obtained．These depaTtureS

Were then normalized by the standard deviation of the departures
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Centered on a given month・Finally the W．C．Ⅰ．is obtained

by the following formula：

W．C．Ⅰ．＝

げ（1）＋p（2）霊　十1

WheTe P（1）＝　nOrmalized departuTeS Of the　5month moving

averages of the pressure at the sealevel

in South Pacific（Tahiti or Tahiti and

EasterinJulyindex）

P（2）▼＝　nOTmaiized departures of the　5month mqving

aveTageS Of the pressure at the sealevel

near the AustTalian region（Cocosin

northern winter oT DaTWinin other season）

Figure　26illustrates the fluctuations of W．C．I．　defined

by above foTmula for the period fromJanuary1955　to April1978．

Solidlineis W．C．I．which has along peTiod oscillation of

thTee tO five years．In addition，thereis a short period

fluctuations of about　6　months t0　0ne year．　This short period

fluctuation appeaT tO be a real fluctuation because smoothing

Of tbe values will TeSultinloweT Telationship to the winter

mOnSOOn．

The dashedlineis the　5　month moving averages of the

Values of the EI Ni責o mode of the oscillation（NSl）of the sea

Surface tempeTatuTe Obtained by WeaTe et al．（1976）．　The

SCale of this modeis Teduced by a factor of five from the

original paperin this figure・Thus theisotherm of O・2¢cin the

origlnal figure on NSI will have aleC departure of sea surface
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temperatuTeif the values on FiguTe26isiCc．

Aninspection of Figure　26　shows that the occurrence of

EユNi五〇is associated with the negative values of W．C．I．

（higher pressure near Australia）．　On the oもheT hand，the

POSitive values of W．C．Ⅰ．are associaもed with the cold sea・

Surface temperatuTein the equatOriai Pacific．Thus　キhe WalkeT

CiTCulationis tbe coupled atmospheTic and oceanic osciilation

Of the tropical Pacific Ocean．

4－2　Walker circlユlation and the winter monsoon

Since the Walker circulation has along period of

OSCillations，the　3　month average of the winter monsoon was

COnSidered for a study of theinteTaCtions．　Figure　27　shows

tぬe time－height cross－SeCtion of the zonal wind obseTVed at

Si追啓aPOre during the wirlteTS from1961to1978（January

ye象r）．　The fluctuations are quite similar to that ofJanuaTy

Wまもぬ　a notable exception of1978　when the seasonal aveTage

o王地e zonal wind at the150mbleveli－s weak（Tablel）．

Figure　28　shows the Telationship between the winter monsoon

expressed by the zonal wind at the150　mblevel at Singapore

and theJanuaTy W．C．Ⅰ．shown pTeViouslyin Figure　26．　The solid

lineis the winteT mOnSOOn．　The symbol・（帝）denotes the value

Of W．C．Ⅰ‥In the18　winters from1961to1978．the correlation

between these fiuctuations is　＋0．94．　This shows that．the

interannual fluctuations of the winter monsoon are the part

Of the main fluctuations of the Walker ciTCulation．

The synoptic patterns of this oscillation were theninvesti－

gated．　Figure　29　Shows the mean pressure at the sealevelin

Januaryin Ehe Pacific Ocean regiOn．　The source of datais
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Walker CirculationIndex
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the climat010giCal noTmal used byJapan MeteorologiCal Agency．

This data contain ship reports as well as the observations

at the scatteredislands・In the tropICal reglOnSl the flow

PatternS aTe quite similar to that of the　850mblevel（FiguTe

7）．　Thelocations of CocosIsland and Tahiti which are shown

On the map suggests that the Walker circulation■in winteTis

thelongitudina10SCillation of the equatoTial trough extending

fTOm Australia to about16OOw．

Figure　30　shows the differencein the pressure at the sea

level between the winters with strong easterlies at the150mb

level（1962，1963，1971，1974）and the winters with weak easteTlies

（1964，1969，1970，1978）．In winteTS With strong monsoon circula一

七ion，the equatorial troughis active to the south ofJava and

noTthern Australia・On the other hand，the tTade wind to the

north of Tahitiis stTOng and the sea surface temperatuTeis cold．

Hence the active zone of ITCZ shiftS tOWaTd Indian Ocean．　The

northeast＿tTade winds neaT the180Odate line are weak．

StTOng mOnSOOn Circulationin the winter monsoon reglOnS are

COmPenSated by a weak Hadley cell activityin central Pacific．

In the higheT nOrtbernlatitudes，the Aleutianlowis

displaced southwest towardJapan and slightly weaker than the

normal．　Tbe correlation of the centrai pTeSSure Of thislow

to the wind at the150　mblevel at Singaporeis only　＋0．39in

18　winters from1961to1978．　Theintensity of the Siberian

high also has a similarlow correlation（十0・29）・

In winters with weak easterlies at the150　mblevel，Weak

mons00n Circulationis compensated by a strong Hadley cell

activities in the central Pacific and the warm sea water．

Theinteresting aspect of the winter Walker circulationis the

78



両
｝
叫
ぶ
虚
ト
‥
↑
、
p
已
d
l
∽
H
 
S
O
U
O
U
‥
∵
U

（
乳
首
や
寓
慧
屈
霊
諒
甲
単
票
蔓
読
n
三
宅
　
爪
蒜
票
Y
空
宥
忠
敬
票
「
警
O
h
忘
）

（
q
g
‥
ゴ
露
三
二
忍
ぶ
雪
盲
二
言
∵
芯
A
ど
∵
冨
虚
心
君
二
言
二
岩
慧
器
巴
邑
　
山
阜
†
雲
∵
賢
妻
巴
勲
石
貨
　
O
m
　
．
空
㌫

き
冨
　
　
　
　
雲
【
　
　
　
　
冨
【
　
　
　
　
冨
r
　
　
　
≡
冨
ド
　
　
　
冨
l
　
　
　
山
口
巴
　
　
　
等
l
 
O
N
r
　
　
　
山
喜
【

一ルーヽ

「 ＼ ⊂⊃ ‾‾雫一一　 ′
やで｝

、．
〉　　 嶋 〉

○

／

／－

／．

／

‾ヽ▼一　十

⊂⊃

l

′

ノ

／＋

／

N　 ＿
．十‾‾

⊂⊃　‾
、

ヾ －

ヾ

了＿‾‾＿

1

■＋

＋1′
／‾＝

／

J

J ●‾†‾‾
一一一y ′㌻

二日
一一■■

＼
Å

－ノーー　 ●鳥

I■－ t

十

－

沃 I ＼ノ

ー一
㌧ ■
＼・＿一＿

‾ヽ
ヽ‾
1l l

r
▼一r ‾〇一

●●

ヽ
＼ ㌔ ‾

一 一‾㌻＿ I

．＼
・＼

－‾‾1

、 11

⊂⊃

■▼
ヽ

⊂⊃

■ヽ●
J■■■／’

＼
＼

●

＼

′ ／
♂＼／

努

折

＝∴十

＼
を
＼
、▲＿

＼

＼

N＋

r＋

く：⊃‾可■′

p ′● －ヽ ■■■－l

N ■l
「「

⊂⊃N

　　 t■／　－ ■＼ 9
一′ ー

＼／

＋．

⊂⊃
⊂⊃寸 N

遠 野 －‾⊥

1も
．‾ヽトヽ

雪

⊂⊃

転 －g

t●
I

去巨



relat土OnShip to the EI Niao・None of the maJOr EI Ni五o years

195711965J and1972isincludedin the winters with weakest

easterly wind・　This shows that theinteraction between the

OSCillations of the equatoTial trough（northern‾winter only）

and the subtropical highin the South Pacific may be－the key

to theinitiations of the EI Ni員〇・In addition，a SeaSOnal

Change of the center of action of the WalkeT CiTCulation

（Table3）may be a vital factorininitiati g the EI Nino．

4－3　Circumpolar westeTliesin the northeTn hemispheTe at

the　500　mb level

Tbe relationship between the middlelatitude circulation

and　もhe Walker circulation was fiTSt SuggeSted by Bjerknes

（1969）．　He postulated that the strength of the Aleutianlow

islinked to the WalkeT Circulation・　The cuTrent Study suggestS

that only thelocation of　もhe Aleutianlow has a high relation－

Ship to the fiuctuations of the Walker ciTCulation whichincludes

the tTOPICal winter monsoon．

Figure　3i shows the climatOlogy of the geopotential height

at the　500mblevelin winter．　The trough near140OEis assoc－

iated witb the cold rnonsoon surges toJapan and the developments

Of the Aleutianlow to the east．　Figure　32　shows the depaTture

fTOm tbe zonal mean of the climatology of the geopotential

height at the　500　mblevel．　The standing eddy componentis

neaT Hokkaido andis advecting cold Siberian air toJapan and

Warm Pacific air to the northeast Siberia．　The ridge of the

POSitive anomaly coincides with the Siberian high．　Figure　33

Shows the differencein tbe geopotential height at the　500　mb

level between the winters with strong and weak tropICal monsoon．
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The southward displa′cement of the tTOugh nearJapan and a

blocking to the east of Kamchatka with weaker zonal westerlies

between these centeTS CharacteTize the extratTOPICal ciTCula一

七ion associated with the strong tropICal monsoon．　The two grid

POints　彿ith highest correlation to the wind at the150　mblevel

at Singapore are　30ON140OE（R＝－0．56）and60ON170OE（R＝＋0．48）

Which corresponds to the twolarge centers of anomalies．

Since the center of blocking neaT Karnchatka does not

COincide with the Aleutianlow，the displacement of thelocation

Of thislow towardJapan occurs more frequently during the

Winter with strong tropICal monsoon．　The reverse conditionis

COmmOn When the tropICal monsoonis weak．

These displacement of thelocations of the Aleutianlow

is probablyinfluenced by the stTength of the subtropICal high

in the Pacific．　If tbe winter monsoonis stTOng，the sub－

tropical highis weak（Weak Hadley cell）and the tracks of

the mlgratOry CyClones shift southward．　This resultsin a

SOuthwaTd displaced Aleutianlow．　On the other hand，the

StrOng subtropICal highin the Pacific will shift the tracks of

CyClones to the north．　Consequently，the Aleutianlow which

is a statistical average of activities of the cyclones also

Shift northward．
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CHApTER　5

GENERAL DESCRIPTION OF T王iE SUMMER MONSOON

5－1　Cl土matology

In this section the mean climato10glCal conditions during

the peak of the sumller mOnS00n are discussed．　The seasonal

Change toward the summer monsoon regimeis discussed

in the next section．　Figure　34　shows the mean pTeCユPitation

inJune．　In most of the regiOnS betweenIndia and southern

Japan，thereis atleastlOO mm of precipitation with the few

exceptions of the soutbeaSt COaSt Of theIndian peninsula and

east coast ofIndochina．　These dry regiOnS arelocatedin the

rainshadow of the southwest monsoon．　On the other hand，the

WeSt COaSt Of theIndian peninsula and coastal Burma have heavy

PTeCi73itation of over　400　mm．　Unlike the case of the winter

mons00n，this rainfall appears to be orographicin natuTe and the

heaviest pTeCiPitation coincides with the month of stTOngeSt

SOuthwest mons00n WhichisJulyin‡ndia andJulv or Augustin

Burma．

The TOle of theITCZis alsoimportant．　The rainfall in

inOSt OfIrldia neaT the Ganges riveT，the southern coast of

China，and Micronesiais due to activities of theITCZ．　The

heavy pTeCiPitationin southernJapanis associated with’tbe

Baiu front．　Thelarge regiOnS With scanty pYecIPitationin the

Middle East，Central Asia，WeStern China and Australia QOincide

With thelocation of the subtropiCal high．

Figure　35　shows the geopotential height at the　850　mb

level in June．　There is a low in the northern India and the
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SubtropICal highis10Cated near Madagascar and Australia・In

Indian Ocean，the southeast trade wind prevails to the south

Of the equatoT and the southwest monsoon to the north of the

equator．　The cross equatorial f10W at thelowlevelis most

intense near the east coast of Africa where the Somali jet

is located．

Findlater（1969a，1969b）has analyzed pil0t balloon data

in the western Indian Ocean and discovered the existence of

the Somali jet．　The jet has a core of maximum wind near the

850　mblevel and accounts for about　50　％　of the cross equatorial

transportinJuly．　Saha（1970）has compared the flux of air

and water vapor transpoTt at the west coast ofIndia and equa－

torial tTanSPOrt by the Somali jet and toncluded that　63　to　84％

Of air and　65　to　73　％of wat占r vapor flux at the west coast of

India are transported from the southern hemisphere by the Somali

jet．　Furtherinvestigation by Findlater（1974）has shown that

tbis jet　土S a pa王豆　of tbe As土aヱI mOnSOOn C土工一Culation＿・

The jet splits int0　2　branches off the coast of Somalia．　The

developments of the northeTn branch may coincide with a burst

Of mons00n rain in the west coast of India．

TheITCZlocated oveT the Ganges river regiOn OfIndiais

Called the monsoon trough and plays a vital TOlein the distri－

bution of the monsoon Tainfall．　The locations of the monsoon

tTOugh are under the stTOnginfluence of the development and

tTaCks of the monsoon depression．Ragbavan（1967）has conducted

a statistical survey of the TOle of the monsoon depres畠ion on

activating and surpTeSSing monsoon rainfa11inIndia．

Anjaneyulu（1969）has conducted an estimate of sensible and

latent heat over the monsoon trough regiOn．　The computation
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Shows that this regiOnisimportinglatent heat and exporting

SeぬSible heat．

Raghavan（1973）has shown that theinteraction between the

monsoon depression and monsoon trough plays animportant role

in the distributions of the monsoon rainfall in India．　If the

monsoon depression moves north to the foothill of the Himalaya

mountains，the monsoon trough also moves north and dTy

rainless period called the break monsoon beginSin the Ganges

riveT regiOn．　The monsoon rain resumes only when the monsoon

trough retTeatS SOuthward toits normallocation．

Finaily KTishnamurti et al．（1975）have conducted a

detailed analysis of the stTuCture Of the monsoon depression．

It was found that this depressionis anintense closed vortex

and extends up to about　9　km．　The vortexis cold corein

theloweT trOPOSPheTe and a warm core above the　500　mblevel．

To the west of the cold coTe，theTe eXists a warm corein the

10WeT trOPOSPhere created by the advection of desert aiT by

the storm ciTCulation．

The existence of the different types of the disturbances

is the pTimary cause of theinhomogeneous distribution of the

Indian monsoon rainfall．　Subbaramayya（1968）has shown that the

monsoon rainfall TegimeinIndia can be dividedinto eastern

and westeTn PaTtS With opposite tendencies．In some years a

break monsoon period may resultin a seveTe dTOught（Ayyar et al・，

1973）．　Fortunatelyin most regiOnS OfIndia，the monsoon

rainfallis steady orincreasingin TeCent yearS（Parthasarathy

and Dha工書，1974）．

Returning to Figure　35，theITCZ over the northernIndia
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extends eastward toward southernJapan・　Asit appTOaChesJapan，

the convergence zone gradllallylosesits tropICal cbaracteristics

and becomes a polar front nearJapan（Kurashima and Hiranuma，

1970）．　Yabana（1973）has conducted a survey of thelarge scale

aspects of the Baiu front and reached a similar conclusion．

Finally，the subtropICal highin the northeTn hemisphere

is separated by orogTaphyintO three cells．In the regiOnS tO

the west oflOODE，the axis of the highislocated neaT42ON・

Thereis a small highin the North China plain and the western

extension of the Pacific highis10Cated near　200N to the east

Of1300E．The diffeTenCein thelatitudes of the subtropICal

highin Eurasia and Pacific Ocean reflects the thermal contrast

between land and ocean．

Figlユre　36　shows the geopotential height at the150　mblevel

inJune．　TheTeis animmense South Asian high extending along

250N from tbe Red Sea to Taiwan．　To the north of this high，tbe

SubtTOPiCal jet stream flow eastward from Turkey through the

northern fringe of Tibetan plateau to central Japan．　South of

the high a strong tropical easteTly jet（here afもer called TEJ）

is observed with maximum wind speed near the southeTnIndian

Peninsula wheTe tbe geostrophic windislargest．　The trough

・locatedin the equatorialIndian Ocean plays animportant role

in the upperlevel monsoon．　South of　20eS theTeis another

SubtropICal jet stream flowing eastward from Africa to Australia．

With the exception of the Baiu fTOnt ZOne nearJapan，the

location of the subtropiCal jet stream generally coincides with

the position of the subtropICal hign of the respective hemisphere．
▼
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Figure　37　Shows the mean precIPitationinJuly．　The basic

distribution patterns are similaT tO that ofJune・　HoweveT，

impoTtant SeaSOnal changes have occurred fromJune．InIndia，

the NoTth China plain，KoTea and centralJapan，a marked

increasein the precIPitations have occuTTed．Thisincrease

in release of latent heat intensifies the monsoon circulation

to their seasonal maximum．　Tbe orographic precipitationin

the west coast of India reaches its maximum as the southwest

monsoon reacbesits peak development．

Figure　38　shows the geopotential height at the　850　mblevel

inJuly．In theIndian reglOn，the southwest monsoon reaches

its seasonal maximum．　The Pacific subtropICal high migrateS

noTth t0　25QN．　TheITCZ near120OEisin the transition season．

In the first half of the month，theITCZ fTOmIndia gradually

Changesits chaTaCteristicsin the Baiu front zone and extends

northeastward from Assam to the southern tip of the Korean

peni王lSula．

In the middle ofJuly，the Baiu season endsin southeTn

Japan which coincides with northward expansion of the

South Asian high and a rapid noTthward shift of the subtropICal

jet to Hokkaido．　Simultaneously，the typhoon activities

begin tOintensifyin the tropICal Pacific and a new zone

Of theITCZ beginS tO develop near the PhilippineS．

Figure　39　Shows the mean precIPitationin August．Compared

toJuly、ナ　the precIPitations have decreasedin the west coast of

India andincreased near theITCZ and typhoon zone near the

PhilipplneS．　The reglOnS near Hong Kong and Okinawa experience

their　2nd peakin precipitation．In southernJapan，PreCIPitation
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generally decTeaSeSin most areas except near the Pacific

COaSt Where typhoon activities maintain heavy precIPitation．

If entiTe Asian TegiOnis consideTed as a single source oflatent

heat，the center of the heat souTCe Shifts eastwaTd tOWard Pacific

Oceanin August．The warming of the Pacific and theincreased

activities of the typhoons are the main TeaSOnS foT this change．

FiguTe　40　shows the geopotential height at the　850mblevel

August・InIndia，the southwest mons00nis weaker thanin

July．　The Pacific subtTOPICal high reachesits highestlatitude

of the yeaT andits western extensionislocated near33ON・The

ITCZ near120CEis under the stronginfiuence of the typhoon

activities．In a giVen yeaT theTeis only oneITCZ．If the

activities of the typhoons are weak，theITCZislocated near

the PbilippineS and the axis of the Pacific subtTOPiCal higb

is located neaT　300N and extends westward to the East China Sea．

On the other hand3if the activities of the typhoons aTeintenseJ

theITCZislocated neaT Okinawa and the western extension of

the Pacific subtTOPiCal highislocated near　36N・Many typh00nS

fTequently take stationary positions for several days near

OkinaWa．

Figure　4i shows the geopotential at the150mblevelin

August．The South Asian highlocated near　250NinJune

shifts to near　30CNin August．　The subtropICal jetin the

northeTn hemisprleTeis nowlocated near450N and theinfluence

of the Himalaya mountainsis much weaker thaninJune・The TEJ

between the South Asian high and the tTOughin the equatorial

Indian Oceanis mostintense duringJuly and August・The

isotachs of the TEJ are shown by the thinlines・　Compared
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to July the shift of thelatent heat source towaTd、S Pacific

Oceanin Augustis also reflectedin tbe speed of the TEJ atlOON

at the150　mblevel．　The average wind speedis slightly

StrOngerin August between thelongitudes of　800E toliOOE and

Weaker thaninJuly between thelongitudes of　40OE to　70OE．

In the southern hemisphere the circulationis similar toJupe．

Figure42　Shows the seasonal migration of the circulation

at the150mblevelinJune，July and August・The TEJ which was

Iocated neaT6ONinJune，islocated near100Nin both months

OfJuly and August．　Theisotach of　30m／SeC Shown by a thin

ellipse shows that the TEJis best developedinJuly and August．

The brokenline located near　250NinJuneis thelocation of

the South Asian high．　The eastern extension of this high has

thelargest seasonal shift and reaches　330N oveT Kyushuin

Augus七．　The contour of the14，350　gIeOPOtential meter for August

is shown by a thin ellipse whichis centered nearITarl．　HoweveT，

inspections of Figure　41shows that this high extends from

SahaTa tO SOuthernJapan．

Hence the heating of the Tibetan plateauisinsufficient

to maintain this high pressure system．　The massive release of

latent heat by the entiTe Asian－African monsoon systemis the

main souTCe Of the heat requiTed to warm the deeplayer of the

ttbposphere and maintains this high・

Returning to Figure　42，the subtropICal westerly jetin

the northern hemispheTe also shows a maTked northwaTd shift

With the advance of summer．　The orographic effect Of the

Himalaya mountains and the effects of cold sea temperature near

Japanin the month ofJuneis reflectedin the southward
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meander of the jet stream nearJapan．However by August，the

WaTming of the sea water and the northward migration of the

TEJ near　800E both act to reduce the effects of Himalaya and

tbe southwaTd meander of the jet stream neaTJapan．Itis a

Well known fact that this northward migration of the subtropICal

jet nearJapan coincides with the end of Baiu seasonin the

middle of July．

5－2　RegiOnal cbaracteristics of the monsoon reglme

エn this section tbe seasonal change to the summer monsoon

reglmeis discussed．　The sources of the data and tIie Pef－iod of

analysis are Same aS tnat Of section　2－2．　F皐gure　43　岳hows the

noTthward migTation of the‡TCZ defined・by the minimumin the

Steadiness factOr and the shift of the prevailing winds tO the

SOu－thwest quadrant associated with equatorial westeriies．In

the case of the winteT mOnSOOn，it took　4　months from the month

Of August before tbe nortbernITCZ retreated southward toits

W土nter pos土tion（ぎigurelO）．

In the case of the summeT mOnSOOn3　a raPid nortbward advance

is observed．In Apri上，the southernITCZ to tbe south of the

equatoT dissIPateS OVer theIndonesian reglOn・On the other

hand，the nortbernITCZis stilllocated nearits winter position

near tbe equator・　Two monthslater by the end ofJune，the

ITCZislocated near tbe Sumr！1erlocations extending from

noTthern India to southeTn China．　The dasbed line indicates

the reglOnS Where the positions of the　工TCZ are unstable or

areasin the Baiu front regiOn Where theITCZ slowlv changes

its characteristics to the polar front・The maJOr breakin the

ITCZ near thelongitude of130OEis due to theland－Sea temPerature

difference．
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Because of the rapid northward advance of theITCZ，the

rainfall maximum does not follow the progress of theITCZ．

HoweveT the equatorial westeTlies to the south of theITCZ which

are called the southwest monsoon are extremely moist and a

favorabユe environment for the initiation of rainfall．　Thus the

approach and the subsequent PaSSage Of theITCZ coincides with

the beginning of a summer rainy seasonin the tropICal monsoon

reglOnS．

Figure　44　shows a time height crossqsection of the tropo－

SPheric temperatuTe at Lucknow，India・　The vertical decreasein

tempeTature WaS remOVed by expTeSSing the tempeTature at a

glVenlevel as a depaTtuTe fTOm the annual mean temperature．

At the s一ユTfacelevel，the highest temp＿eratuTe COincides with

the onset of monsoon rainfall．

Once the Tainy season starts，the warm troposphere between

the　500　mblevel（5．8　km）and　2OO mblevel（12．5　km）is mainM

tained byl往tent heat・　Thislatent heating of the atmospbere

maintains the South Asian high by expansion of the atmosphere．

The heating of the ground by the solar radiationisinsuffi－

Cient toinitiate a deep monsoon circulation because tbe

tropospheTe remains cold（eg．in May）．

In the upper troposphere above the　200mblevel，the

evaporation of tbe cirrus cloud and the adiabatic cooling of

the ascending air cooIs the atmospheTe and　血aintains the cold

tropopause．　Thuslike the case of the winter monsoon，・thelatent

heating near theITCZ plays animportant rolein the maintenance

Of the monsoon circulation．
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Figure　45　shows the northwaTd mユgration of the beglnni王g

Of the wet season defined by thelOO mm precIPitation．In the

regiOnS tO the west oflOOCE or south of　200Nin south east Asia，

the presence of theITCZ or the equatoTial westerliesis the

necessary condition for the precIPitation rate of atleast

lOO mm／month．In the southern parts of China andJapan，the

heavy preciPitationin April is associated with the activities

Of polar fronts．In the subsequent months the frontal zone

mlgTateS nOrthward．　工n southern China andJapan，the Baiu

front（Which has、subtropical characteTistics）is associated

With heavy rainin early summeT．

FiguTe　46　Shows the numbeTS Of the months with more thanlOO

mm preciPitation・　The regiOnS near the equator where the NITCZ

Or SITCZ exists tbroughout the year have heavy precユPitation

in all months of tbe year．　The regiOnS tO the south、Of Japan

also have beavy preciPitation associated with the polar front，

Baiu fTOnt and the typhoons・　On the other hand，inner Asia and

the subtropICal desert aTe dry throught the years．

In most of the reglOnS Where the monsoon wind prevails，

thTee tO Six wet months are observed．　The regiOnS OfIndia and

Indochina are prime examples of such TegiOnS．Itisimportant

to note that tbe regiOnS With the highest SeaSOnal concentration

Of precIPitationlie neaT the fringe of the monsoon wind system．

These regiOnS generally coincide with the stlmmerlocations of

the ITCZ．

Finally a brief survey of the precIPitation and wind at the

850mblevel foT tbe entire year was conducted．FiguTe47shows

the synoptic situations associated with the wettest months over

105



h
T
n
七
　
〇
｝
　
h
h
d
n
已
d
b
 
g
O
真
竹
　
已
○
霊
奉
霊
亘
芯
申
昆

已
∈
0
0
d
 
h
q
 
p
の
日
向
里
心
p
已
O
S
d
む
∽
　
霊
夢
　
叫
○
　
餌
u
雲
ヨ
餌
U
q
　
叫
○
　
已
○
ヱ
声
誌
J
t
已
p
h
d
臣
ぷ
ゲ
H
O
早
　
等
　
．
空
岩

山
○
望
　
　
　
甘
○
霊
　
　
　
山
O
N
r
　
　
　
山
0
0
r
　
　
　
　
山
○
の
　
　
　
　
山
○
伯
　
　
　
山
○
ヾ

Jヽ　　　　　　　　　　　　　 N　　　　　　　　　　　　　　　　　　　　　　　　　 t Jヽ

lJ」

・■喜一離 誓 信 守

． 弓 弓を
、七 ・芸

暑
て

－‾勘 ，ト

勺 応 ＼、

】

／ ′ノ

＼ ＿

、笥 L等 蛋 ノF二二′′
プ 、、一　 転 ㌣ ＼ l

′　 一・ヽ′　 ■
l　ヽ

＿、 一一 g ．・■くゝ

1響lll
書
ld

童

l
g 豊

告d b

＿6㌔

■ ▼
ア

ナ ＋

J

′

′ ＿＿

Iヽ ′ヽL－－J、ヽ．J ′l ttヽ －－、ヽ】 I】 I′ lJ 、、十二」
　　 ′　　　ヽl
＼ヽノ　 1ヽ㌧′′塾′　′

痙萱 ＿室＿課 長
Z＜【‾つ

、1 11 一
軍 妄′ ‾、■…

lフノ＼ハ′′
＼霊 草

岸 烹

こ′鮎 ＿　 ，′

′二一一＼、’■竃忠 海 も
／＼
＿－、l、＼

＋＼ く工
嫁

t 左

上 ∵ 凸（ク、㌦ 告悠1＼二′二　　 ・
芸 、し、． ＼ 龍 三コ＿′

転闇 ・駕 藩

‾ヽ

iく
彗 三 、等

！

′
J t

I

＿／l／
ト、
■‾t

l 、l 一方′ 、l

l ヽ
、、 ） と－

〉 レ‾、 弓

′≡′

′
巨 ノ

t

L）

1
t

l
t　 －●
i
l

、▲■

■

l

Ⅰ
と ＋ こタ

○

　 一

石＝タ

カ



已
○
霊
諒
雪
還
H
U
む
h
d
 
E
∈
　
0
0
山
　
口
由
良
｝
　
む
h
O
E
二
ぷ
｝
示
き
．
∽
上
示
己
○
∈
　
む
占
｝
　
叫
O
 
h
む
q
E
n
Z
 
Q
寸
　
．
空
岩

山
○
望
　
　
　
虹
等
r
　
　
　
山
O
N
r
 
u
8
r
　
　
　
　
山
O
の
　
　
　
　
山
○
伯
　
　
　
　
山
○
ヾ

古　　　　　　　　　　 くも ‾　　　　　　　　 L】　　　　　　　　 N

∽　 ＿の 誓 巴　 の　 ，　　　　○
を

ロコ
＼

⊂l⊃

′

、ヽ　 の
ヽヽ

ロの長路 卜 N 革‾i

タ．〆h 仁∴‡‘車
馬‾

β▼－

′　　　　 l

／′ ト 、 ∽ 付　 き

・、

言■談鳥
．k ＿、、L茎

ー▲ヽ■

ィ 、－r

．J、＿ ‾郡 矧

P

、I ＿ハ l

L ＿J 、、
J ′
l l
、1 －‾、、

l ．I
l J－

′ l
f 、、

′ノ ノ

′
′
l
、． l

l

一書 ・阿

∫l　　　　　　　　 P つ　　 ‾I

仁多　　　 q ⊃

一一t′ 、、／ ＼ 、　　 7ヽ －⊂i⊃

慧　 三 菱ユ績 …；≡「′こ－、
ー 「

一・ ＼＼の
　　 ′　J

＼　 ′
盲嵩 美 奈 ．、、一一一 N

t■■
　 ／

し、ダ
宣 亭 主 壌 ll

‾、ィ ′了悠 ‾㌧＼ニ‾ 、 N

ト
伊 一、、1 荘 十 、十 Jr　　　／ r
q p　 L－ヽ ＼　　L I 　 ＼、1 こ1′：′

l′′l』 ‾責 ≡毛■一丁／‘′′
旗 ：ノ

　 の　く1コ

の

t、
＼、‾t、l一′／、l

L、 、1 0

〉 レへ

′

′巨 ′

l

L‡

1 t　　 ■■●
l

、・・■

■・

1

圭

ll止 ユ 空 ＝タ

○
　 亡二三ク

J′ク



．
q
O
S
d
む
S
　
已
0
0
ぷ
d
h
｝
－
已
可
h
n
ぷ
∽
　
餌
已
｛
h
n
p
　
ぷ
｝
G
O
E

．
｝
已
O
h
叫
　
n
両
d
m
　
む
ぷ
｝
　
叫
〇
　
百
〇
書
芸
亘
誉
盲
　
p
q
望
菩
〓
L
O
已
　
望
さ
　
柚
ざ
竃
O
T
l
O
叫
　
ぶ
｝
u
O
E

．
N
U
ト
Ⅰ
　
聖
室
　
叫
0
　
心
地
d
S
∽
d
d
　
ぷ
霊
塗
．
已
○
空
亡
霊
こ
d
T
O
む
h
d
　
叫
O
 
E
n
E
両
沢
d
E
 
O
琴
｝
　
パ
ニ
エ
壷

．
z
U
か
Ⅰ
　
聖
霊
†
　
叫
○
　
已
〇
両
｝
d
h
餌
T
∈
　
p
や
璧
票
コ
L
O
已
　
爪
呈
示
∴
聖
二
塞
0
1
1
0
叫
　
q
p
已
〇
g

．
z
U
ト
H
　
む
上
中
　
叫
O
 
u
O
可
｝
d
h
餌
T
E
 
p
h
d
き
占
｝
n
O
∽
　
む
薫
｝
　
鱒
曇
盲
O
d
l
O
叫
　
雲
と
○
∈

ヤ
∽
む
や
｝
む
き

｝
S
む
｝
｝
む
き

S
u
O
H
如
ひ
し

｝
S
む
｝
｝
む
き

だ
禦
書
〓
b
岳

H lI Il　豪l H

江】
∽；石∈〕ロ〕∽

言
∈
0
0
N
へ
）
　
S
雲
u
O
E
忘
豊
富
き
雲
壱
p
心
霊
壱
O
S
S
d
已
○
霊
雪
雲
S
 
O
雲
d
O
已
∽
　
卜
虻
．
空
岩

山
○
讐
　
　
　
廿
等
r
　
　
　
山
O
N
r
　
　
　
山
0
0
r
　
　
　
　
山
O
の
　
　
　
　
山
○
∽
　
　
　
　
山
○
ヾ

．￥　　　　　　 呂　　　　　　 uJ　　　　　 ㍍

　 くト

■′

診 ＿

㌔ぺ　ヽ＿ J

J

J －

∽

タ．
′．タ

乏

‘●
も
も
■

了 ヽ

1 誘 ？、

＼

巧 ∴三° ∽　 l

■乙ミ；；．’：：：tも　　　　　　　　　　　　　　　 I　　　　　　　　　　　　　　　　　　　　　　　 、
、l：憲 章　 ‾ ‾　　　　　　　　 ■き 。

「 、、

ノ‾J■′ノ 、、
．ヽ、l

】
－、

弊 千 畑 ∴ 烏　 I　　P妄 ！

′州 ト＼竿 ≒，，訪う・・≦一昏 蓋

●

・二g ’1 針 l

戸 事

う ■

ヽ ll ′ヽ
L＿＿j 、、
J ′l l
lヽ －－、ヽ
l I
l l

′ l
J 、一

己 ／－

凸コ

．ノ　 ∽　′ 了 ‡

／ 汽 ′、ノ、′＿誓 ，＿妄 ・、・

i一組 －

i ＿．

ニ1 ．′〕l 至lフ／＼ハ′′、ノ、‾ 一‾、J
ごく÷ こて圭 ：て二、、　　　 ・′

！＿

撃 戸ノ 　　　 ⊂⊃

舘 競　 ∽

！

1l
（夕 、ィ、
伊 、l　t

Ilq ク　 ーーヽ　r一＼　　ヽ 皇 5号六三　　‾　 Z

咤 l

Jノート、 一三こ一‾t折一言′、、
・し、 、1〉 い、

　　 ⊂⊃／・既済た●●■．・．・1・・こ

「
ノ　　　　　　　　　　　　　　　　　　 ー

■

－●

i

●

l

J
l

篭

し）

ノ！
′

l暮匡コ ・；＝タ
1＞

三、二が ＼



200mm／month．The regiOnS marked by theletter ffSH have tbeiT

WetteSt mOnthimmediately following the southward migTation of

theITCZin autumn and early winter months from September to

January．The reglOnS marked by theletterIINH have their wettest

month f01lowing the northwaTd migration of theITCZ from

FebTuary tO August・The TegiOnS Which experience two maximum

Of precIPitation associated with the passage of theITCZ are

marked by theletter HD一一・The TegiOnS With the orographic

PreCipitation during stTOnginOnSOOn Wind aTe Shaded．Fina11y

in the subtTOPical regions，the regiOnS marked by theletter　一甘f

have theiT WetteSt mOnth following the northward migration of the

Baiu fTOn七・　〇n the other hand，the regiOnS With maximum

PreCiPitation during tbe Shurin－tyPhoon season are marked by

the letter HS三三日．

In most of the tropical monsoon TegiOnS，the presence of the

Slowly movingITCZ coincides with the wettest month．In the

Winter monsoon months the higblevel subsidence above the north－

east monsoon effectively rules out the orographic maximum of

preciPitation which coincides with the months of strongest

noTtheast monsoon．　TheimpoTtanCe Of tbe convective stability

of the atmosphereis the deteTmining factoT gOVerning the

rTlaintenance of heavy orographic precIPitation・In

all the regions with the orogTaPhic precipitation（def主ned as

the near coincidence of the maximam monsooq Wind and the wettest

month），the atmosphereis convectively unstable．

FiguTe　48　shows the mons00n reglOnS at the　850　mblevel

defined by a seasonal shift of atleast120Din wind direction

and a steadiness factor of at least　60　馬　for both summer and
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and winter monsoon．　The shaded TegiOnS are the coTe regiOnS

Which satisfy both of the above definitions．　The unshaded

regiOnS are the regiOnS Which satisfy the wind shift definition

but with alow steadiness factor．These reglOnS Can be considered

as reglOnS With monsoon tendencies．　The thinline near Okinawa

SePaTateS tWO different types of the monsoon regimeS：The tr？PICal

northeast－SOuthwest monsoon and the subtropICal northwest－

SOutheast mons00n Teglme．

The thin dashedline nearlOCN separates two different

Character of the tTOPICal monsoon regime．　North of thisline，

the northeast mons00nis primarily an autumn phenomenon．　During

the middle of the winter，the subtropICal high dominates this

TegiOn and consequently，the winds at the　850　mblevel are

VaTiable．　Thus this regiOn has a subtropiCal characteT．　South

OflOCN the behavioT Of the tropICal mons00nis similaT tO a

textb00k example with noTtheast monsoon during the middle of

WinteT mOnths．　The regiOnS eXtrenlely near the equatorlie

between twoITCZs tbTOughout the year．　Tbey are dominated by

equatorial westerlies，hence no monsoonis observedin this

Fina11y the TegiOnS Of the Korean peninsula and most ofJapan

（traditionally considered mons00nal based on the suTface wind）

do not experience the pronounced reveTSal of the wind at the

850mbleveL In this regiOn，・the winds at■the850mblevel are

from northwestin winter and from southwestin summer．、The

SO－Called southeast monsoon beyond the subtropICal margin of

Kyushu and Shikokuis a shallow phenomenon and not a maJOr Part

Of the general circulation of the atmosphere．
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CHApTER　6

ROLE OF T正E CIRCULATION AT THE150MB LEVEL．

DURING　でHE SUMMER MONSOOⅣ

6－1Interannual fluctuations of the tropiCal easterly

jet stream

Uhlike the case of the winteT mOnSOOn，the TEJ extends over

alaTge area Of southeTn Asia．　Since the axis of the TEJ lies

near10ONinJuly and August，the wind speed at the150mblevel

atlO¢N between thelongitude from400E tollO8E were averaged・

to obtain the monthly wind speed of the TEJ．

Figure49shows the wind speed at the150mblevel at100N

inJunein a14　year period from1964　to1977・The wind sp寧ed

reachesits peak near　75OE at the southern end of theIndian

Subcontinent．　The wind was stTOnginJune of1964，1969，1970　aヱユd

197l with peak speeds of more than　32m／SeC・　On the otheT hand，

in1968，1972き1973　and1977　the　でEJ was notably weak・

FiguTeS　50　and　51show similar cross．sections atlOON for

July and August．　Thelongitude of the peak wind speedis

Similar to thatinJune，but tbe wind speed TeaCbes　35　to　40

m／SeC．These wind speed data covering　80C of10ngitudes were

then averaged to obtain the monthiy wind speeci of the

entiTe TEJ oveT SOutheTn Asia（average from40OE toilOO耳）．

Figure　52　and Table　4　Show theinterannual fluctuations of the

TEJ obtained in this manner．

Aninspection of Figure　52　shows thatinJune，the

fluctuations of the TEJ are notin phase with those ofJuly

and August．　The－year1972is an outstanding example of the

COnSistantly weak TEJ（Kanamitsu and Krishnarnurti，1978）．
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Fig．　49　Wind speed at the150　mb

level at lOCNinJune

（unit：m／SeC）
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Fig．　50　Wind speed at the150　mb

level atiOONinJuly

（unit：▲m／SeC）
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Fig．　5l Wind speed at the150　mb

level atlOONin August

（un土t：m／SeC）
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TABLE　4

Wind speed at the150mblevel atlOONin summer

（average from408E toilO8E unit：m／SeC）

Year Montb　　　　　　　　　　　　　　3　month

June July August average
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28．3　　　　　26．1

25．4　　　　　27．5

26．1＊　　　　27．5

23．6　　　　　28．0

23．3　　　　　31．4

26．1　　　　　30．8

25．6　　　　　29．9

27．0　　　　　29．1

18．5　　　　　25．4

22．5　　　　　27．6

24．5　　　　　28．5

24．1　　　　27．5

23．4　　　　　30．5

22．1　　　　　29．6

30．8　　　　　28．4

24．6　　　　　25．8

29．0　　　　　27．5

28．8　　　　　26．8

31．6　　　　　28．8

27．4　　　　　28．1

31．0　　　　　28．8

29．8　　　　　28．6

26．0　　　　　23．3

28．0　　　　　26．0

30．0　　　　　27．7

30．4　　　　　27．3

26．6　　　　　26．8

31．3　　　　　27．7

28．5　　　　　29．0　　　　　27．3

1．7　　　　　　2．1　　　　　1．4

＊　estimate（p00r data）
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On the other hand，in1970　the TEJisstrongin all three months

Of the surnmer monsoon・In most of the otheT yearSl the strength

Of the TEJ vaTies du＿Ting the summer monsoon months．

Sets of composite maps of precipitation and other parameters

Were made in each of the three summer mOnths ofJune，July and

August based on the data shownin Table　4．In all of these months

four yeaTS With stTOng TEJ were compared with four yeaTS With

Weak TEJ．　The only exceptionisJune of1966　which was omitted

because tbe rawinsonde data was unreiiable．　The standard

deviations of the wind speed of the TEJ shows that theinter－

annual fluctuation is much smaller than the case of the winteT

monsoon　くTable　2）．

6－2　Monsoon circulation and the precIPitationinJune

The relationship between the fiuctuations of the TEJ at the

150血blevel and the monsoon circulation and preciPitatio王I WaS

Obtained by the same procedure as the winter mons00n．　Since

topographical influences arelarger than theinterannual

fluctuations of the precユPitationin manylocalities，Oniy

the maps of the differencein the two composite m詠PS Of the

yeaTS With strong TEJ minus weak TEJ will be shown．

Figure　53　shows the differencein the precIPltationinJune．

The dark shaded TegiOnS Show the TegユOnS With heavy preqiPitation

When the TEJisstrong．In these years with strong TEJ，the onset

Of mons00n rainis earlyinIndia while orographic precIPitation

in Burma and southern Thailandis also heavy．　TheITCZis active

near Micronesia・In the higher northernlatitudes，the Baiu

rainis heavyin southernJapan．If the Asian mons00n regiOn
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is considered for analysis，the release oflatent heatincreases

When the TEJ is strong．

Figure　54　shows the differencein the geopotential height

at the　850　mblevelinJune．　The positive sign Shows an

incTeaSein the geopotential when the TEJis strong．　Figure　54

Clearlyindicates that the monsoon circulationisintensein

most of southern Asia when the TEJ is stTOng．　Thus the Hadley

Cell nature of the monsoon circulation has an excellent coupling

between the converging branch at the　850　mblevel and the

diverging branch at the150　mblevel．　工n the higher northern

latitudes，thereis a b10Cking high to the north of Casplan Sea

and the Okhotsk high develops when the TEJis weak．　The heavy

Baiu rainin southernJapanis a result ofincreased tTanSPOrt

Of moistuTe by the strong western extension of tbe Pacific

bigh．

Figure　55　shows the differencein the geopotential height

at the150　mblevel in June．　Since the strength of the TEJ was

used to obtain the changein circulations，the South Asian

highis strong near the Tibetan plateau．　However thereis

anotherimportant featuTe Whichinfユuences theintensity of the

TEJ．　Thisis the broad trough near the equator．In some years，

the deep trough near the equatoris the primary factor

maintaining theintense TEJ．　For this reason，the fluctuations

Of the geopotential height near　王王imalaya do not show a high

COrrelation to the fluctuations of the TEJ．

The two maps of the geopotential height at the　850　mblevel

and150　mblevel can be used to derive a map of changein the

tropospheric thickness（Figure　56）．　Since atmospheric condi－

tions are hydrostatic，the changein thickness of the atmosphere
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is equivalent to the changein tempeTature between twolayers of

the atmosphere．　The thickness mapindicates that when the TEJ

is stronginJune，the Asian continent between20やN and35CN

is warm，While the equatorial atmosphereis cold．　As shownin

Figure44，muCh of the heating between the　850mblevel and

150　mblevel is due toincreased release of latent beat associ－

ated with the monsoon rainfall．　The slight warming of the

SubtropICSin the southern hemispheTeis associated with

adiabatic warming caused byincreased subsidence near the

SubtropICal high．ⅠnJune with a weak TEJ，the conditions are

OPPOSite to the discussionin this section・

6－3　Monsoon rainfall and the precIPitationinJuly

InJuly the summer monsoon reachesits peakintensityin

theIndian subcontinent．　Theintensity of the TEJ also reaches

its maximum developmentinJuly and August．　However theinter－

annual fluctuations of the TEJ reaches its seasonal minimum

in the month ofJuly（Table　4）．　For this reason，July was

found to be most difficult with regards to analyzing the

fluctuations of the monsoon systems．

Figure　57　shows the differencein the preciPitationinJuly．

The dark shaded TegiOnS With heavy precIPitationin the case

Of strong TEJ are Tather patchy・In spite of thisirregulaTity，

SOme Order can be found．　On the west coast of India and Indo－

China regiOnS，there are regiOnS Of heavy orographic precIPitation

When the TEJ is strong．　The northward mlgTation of the Baiu

rainis delayed nearJapan．　The anomalous decreasein precIPita一

七ionin the PhilippineSis a：reSult of the f100d－PrOducing

SeVere rainstorm associated with the typh00nSin1972．　This
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StOrm has occuredin a year with an unusually weak TEJ．In the

Same year，India and theIndochina regiOnS eXPerienced a severe

drought．　Consequently，the release oflatent heat over the

Asian continent wasless than the normal years．

FiguTe　58　shows the differencein the geopotential height

at the　850mblevelinJuly・　When the TEJis strong，theIndian

lowisintense and the southwest monsoonis strong near the west

COaStS OfIndia andIndochina．　The Baiu Tainin southernJapan

is associated with alocalized area of cyclonic circulation．The

SubtropICal highin the southern hemisphereis strong．In the

higber northernlatitudes，thereis a ridge to the east of Lake

Baikal when the TEJis strong．　The negative departuTe near

Caspian Seais a result of a blocking high which develops when

the TEJ is weak．

Figure　59　shows the diffeTenCein the thickness betweerl

the　850　mbievel and150　mblevel inJuly．　The warm tTOPOSPheTe

in southern Asia to the west ofiOOOEis maintained by the

release oflatent heatinIndia andIndochina（Figure　57）．　There

isintense subsidencein the Arabian peninsula where the

descending branch of theindiTeCt Cell which consumes the energy

Of the TEJislocated（Tanaka，1976）．　The equatoTial atmosphere

is cold when the TEJis strong and this maintains the troughin

the equatorialIndian Ocean．

The subtropICal jetis strong to the west of Himalaya

andis displaced south ofits normal position nearJapan・In

the southernhemisphere，the strong subtropICal high at the

850mblevelis supported by subsidence which heat七he atmosphere・

When the TEJis weak，the reverse conditionis true and the

blocking high deve10PS tO the north of the Casplan Sea・
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6－4　Mons00n Circulation and the precIPitationin August

In August，the summer monsoon reachesits peakintensity

near the PhilippineS．　TheITCZ penetrates deepin to MicTOneSia

and the typhoon activities TeaCh theiT SeaSOnal maximum．

The release of latent heat increases in the west Pacific and

the adjacent regiOnS．　Hence the main source oflatent heat

moves east toward the Pacific Ocean．

Figure　60　shows the differencein the precipitationin

August between strong TEJ and weak TEJ●　In the most part of

India and the west coast ofIndochina，heavy precIPitation、一is

associated with a strong southwest monsoon．　The heavy precipl一

七ation along the southern coast ofJapanis a result of frequent

typhoon activities．　The decreasein the precIPitationin the

Korean peninsulais associated with a weak southwest monsoon

When the typhoonis active near Okinawa．

In August，the changein the circulation regime at the

850　mblevel was found to be extremelylarge to the east of

lOOOE・For this reason，tWO COmPOSite map of the circulation

at thislevel will also be shown．　Figure　6i shows the composite

map of the geopotential height at the　850mblevel with strong

TEJin1964，1968，1970，and1977．　Compared to Figure　40　which

illustTated the normal circulation，theITCZislocated near the

Okinawa regiOn reflecting the strong southwest monsoon near

the PhilippineS．Inspection of daily weather maps nearJapan

Shows that on many daysin the month，the typhoon stagnates

for along period near Okinawa．

The southeast monsoonin the Kyushu and Shikoku reglOnS

is well developed．　Heavy preciPitation on the southeast coast

Of theseislandis associated with converging CurrentS Of moist
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SOutheast flow around thelarge typhoon stagnating near Okinawa．

The westeTn eXtenSion of the Pacific high extends across the

KoTean Peninsula．　Consequently，the summer　二rainin this

Peninsulais Teduced by the subsidence．　Finally，the middle

latitude westeTiies are displaced north of their normal position

in northernJapan．

Figure　62　Shows the composite map of the geopotential

beight at the　850mblevel with weak TEJin1965，1969，1972，and

1976．　The map shows a consideTable cbangein the regions to

the east oflOOOE．　TheITCZis displaced south of their normal

POSition near thelongitude of130OE・

The western extension of the Pacific high reaches northern

Ryukyuisland along30CN・Consequently，the southeast monsoon

is restricted to Ryukyuislands．　The KoTean Peninsula TeCeives

heavy precIPitation associated with conver巨ing southwest flow．

Tbis summeT rainy seasonin KoTeais called Changma．

The westerly flow near noTthernJapanis much stronger than

norrnal．In the other a・reaS，theIndianlow and Madagascar high

are both weaker than noTmal．In addition，a blocking high

deve10PS near the Caspian Seaanda trough exists near　50CN1300E

Whichis associated with fTequent CyClogenesis along the

Eurasian polar fronts．

Figure63shows the differencein the geopotential height

at the　850mblevel between stTOng TEJ and weak TEJ．The

fTequent activities of the typhoonsin the7yearS With strong

TEJ are reflectedin a fall of geopotential centered s？uth of

Kyushu・In a broad regiOn fromIndia to western Micronesia，

the southwest mons00nis well developed when the TEJis strong．

Thus August also shows a strong monsoon circulation at the
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850　mblevel when the TEJ is strong．

Figure　64　shows the differencein the thickness between the

850　mblevel and150　mblevel in August．　The most conspICuOuS

featuTeis thelargeincrease of thickness associated with the

intense activities of the typhoons near Okinawa when the TEJis

StTOng．　The rest of the patterns are similar to that ofJuly・

These are strong subtropICal jet associated with subsidencein

the Middle East and a cold trough near the equatorialIndian

Ocean．　These maps clearlyindicate the strong coupling between

the activities of typhoons and the fluctuations of the monsoon

in August．

6－5　Summary

The study of the TOle of the circulation at the150　mb

level during the summer monsoon has shown that the fluctuations

in the stTength of the TEJ at the150mblevel are closely

COnneCted to the fluctuations of the summer monsoon at the　850

mblevel and the distributions of precIPitation．　Unlike the

CaSe Of the winter monsoon，the response of the monsoon circula－

tion at the　850　mb level to the fluctuations of the TEJ at the

150　mb level is different in each of the three summer months

COnSideTedin the current study．

In all three summer months the Indian monsoon circulation

is stTOng When the TEJis strong．InJune the Baiu fTOnt and

ITCZ near Micronesia are active when tbe T駄Jis strong．InJuly

the end of Baiuis delayed nearJapan when the TEJis strong・

Finallyin August，many tyPh00nS Stagnate near Okinawa when the

TEJis strong．　The strong outflow from these typhoon helps to

maintain the strong TEJ．
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In the higher northernlatitudes，thereis a blocking high

to the north of the Caspian Sea and a trough of cold air to

the east Of Lake Baikal when the TEJ is weak in all three months

Of the summer．　These results show that the release of latent

heatis a critical factorin maintaining the strong monsoon

Circuユations．　The developmentS Of the blocking high tO the

noTth of the Caspian Sea shows that the fluctuations of the

Summer mOnSOOn are StrOngly coupled with the middlelatitude

Circulations．

In this study the tTOPICal and subtTOPiCal mons00n WaS

discussed．　At this point，itisinteresting to compaTe tbe

results of this paper and the research woTks on the East Asian

monsoon．　The r01e of ffimalaya and adjacent Tibetan plateau

is one of the important issues．

Staff members of Academica Sinicain Peking（1958）have

estimated that the Tibetan plateau acts as a heat sourcein the

SurrmeT mOnths．　HoweveT the extent of the South Asian bigh，Which

is farlaTger than the Tibetan plateau as shownin FiguTe　41，

SuggeStS tbat Telease oflatent heatis probably moreimportant

mechanism for the maintenance of this system．

AnotheTinteresting t▼OPICis the relationship of the Baiu

raininJapan to the tropiCal monsoon．　FiguTe　53　shows the

differenc占in PreCipitation（StrOng minus weak TEJ）inJune．In

bothIndia and southernJapan，there are regiOnS With heavy

PreCIPitation when the TEJis strong．　Because the rair｝y SeaSOn

in these regiOnSinitiates duringJune，the date of onset of

the Baiu rain and the monsoon rain haslargeinfluence on the

PreCIPitationinJune．

137



Thus the case of strong TEJis characterized by the early

OnSet Of the rainy seasonin both of these regiOnS．　On the

Other hand，When the TEJis weak，the onset of the rainy season

islatein both of these regions．　Suda and Asakura（1955）

found the tendencies for the simultaneous initiations of both

＿　theIndian monsoon and the Baiu rainy season．　The results of the

CurTent Study supports theiT distoverly．

The stTuCture Of the Baiu front and associated circulation

reglme Wereinvestigated by many reseaTChers．　The Chinese works

SuCh as Hsu（1965）treated the朗ei－yil fronts as a part of the

ITCZ．　On the other hand，Japanese researchers such as Saito

（1966），KuTaShima and Hiranuma（1970）and Yabana（1973）considered

the Baiu front as a p01aT front．・This study suggests that the

transition fTOm theITCZ to that of the p01ar fTOntis moTe

gradual processes・Between thelongitudes fTOmiiO等E to1300Et

the characteTistics of tbe Baiu fTOntis subtropICal with

PTOPertiesintermediate between tbeITCZ and the polaT fTOnt・

Thelocations of tbeITCZis also animportant features

Of the monsoon circulation．　Thompson（1951）has analyzed the

locations of theITCZ usingthePrimitive Tadiosonde and pil0t

balloon data．　More recent1y，Yoshino（1969，1971）has anaiyzed

the distributions of the steadiness factOr Of the wind at the

2，000　feetlevel for a peTiod fTOm1956　to1960・He hasidenti†

fied thelocation of the　工TCZ as the regiOnS Withlow steadiness

factOr．In both of above studies，On⊥y the，Wind data was used

to define the location of the ITCZ．

In the current Study，theITCZ was defined to exist at the

ascending branch of the Hadiey ce11・For this reason，the winci
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at the　85O mblevel，the geopotential height at the　850mblevel

and the precIPitation data’Were used as a additional reference for

locating theITCZ．　The wind at the　850mblevel was the primary

SOuTCe Of the data for the curTent Study．

Since the reglOnS Oflow steadiness factor can be associated

With both theITCZ and the subtropical high（Figure14），SOme

Of the regions of thelow steadinessin Yoshino（1969）weTe

found to be a paTt Of the subtropICal high．　These are10Cated

near Taiwan and CalcuttainJanuary．InJuly they are10Cated

to southeast of Kyushu．

The relationship between the TEJ and preciPitation distTi－

butionis anotherinteresting pTOblem．Kobayashi（1974）has

COnducted a survey of the relationship between the TEJ measured

atIndia（150　mb－iOO mblevel），and the rainfa11anomalies at

tTOPICal southern Asia．　He found that thereis a general

incTeaSein preciPitation atIndia and Burma when the TEJ over

Indiais stTOng．　HoweveT domain of the rainfall and the wind

data at the150　mblevel and iOO mb level consideredin his study

might be t00　Srnall compaTed　七〇　七he size of the regiOnS Which has

a relation to the TEJ．　fIis results are confirmed by the present

Study which coveTS entiTe Asian regiOn．　The generalincrease

in preciPitation was found to be distributed over much broader

regions（SuCh as southeTnJapan）when the TEJis stTOng・

In the c10Seiy related problem of the pTeCiPitation distri－

bution and role of the monsoon circulation at the10Wlevel，

Yoshino and Aihara（1971）have classified four types of the

distribution patterns of preciPitationin monsoon Asia．　The

Current Study has shown that TypeIIbis observedin August
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When the TEJis strong and many typhoons stagnate near Okinawa．

The other three types haveless clearly defined relationship to

the fluctuations of the TEJ．

On the other hand，the relationship to the monsoon circula一

七ion at thelowlevelis better defined．　FiguTe　61which shows

the northwaTd displacedITCZ nearJapanis similar to their Type

Ib and TypeIIb．　The contrasting situation of the southward

displacedITCZ near thelongitude ofJapan shownin Figure　62

is similar to their TypeIa and TypeIIa．

Finally the definition of the monsoon regiOnis animpor七一

ant problem・Ramage（1971）recognizes only the tropical monsoon

located away from the regiOnS Of travelling cyclones and anti－

CyClones which cbaTaCterizes the Rossby regime of the middle

latitudes・On the other hand，KuTaSb皐ma（1968）has defined

four monso？n reglOnS・These are tbe trop亭Ca1，－－Subtrop阜Cal，m ddle

latitude and the p01ar mons00n regiOnS．

In the current study as discussed earlier，the wind at the

850　mblevel were used to define the monsoon regiOnS（See FiguTe

48）．　Thislevel was chosen so that the orographic distortion

Can beignOred．In addition，the current at thelowlevel has

a sufficient depth to be corlSidered as a maJOr Current On the

SCale of the geneTal circulation．In the middle and high

latitudes，the seasonal shift of the wind direction at the　850　mb

level usually does not TeaCh1200．This value was used by Ramage

（1971）to define his morlSOOn regions．　Using this windshift

Criterion，Only the tropiCal and subtropICal regiOnS Can be

included in the Asian monsoon regiOnS．
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Hence northernJapan whose prevailing wind at the　850　mb

levelis from northwestinJanuary and southwestinJuly and

Augustis considered tolie wholly within the middlelatitude

westeTlies and consequently not a monsoon reglOn．　Thus the

monsoon regiOnS defined by using three dimensional datain

this study are not aslimited as Ramage（1971）but not as

broadly defined as the study of Kurashima（1968）．
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CHAPTER　7

RELATIONSHIP BETWEEN THE SUMMER MONSOON AND

THE GENERAL CIRCULATION

7－l WalkeT Circulation and the summer∴mOnSOOn

The Walker circulation discribedin the beginning of

ChapteT　4　wasinvestigated foT a POSSible relationship to the

SummeT mOnSOOn．　Since the Walker circulationis along period

Phenomenon，the average of thTee Summer mOnths was compared・

Figure65　Shows the mean pressure at the sealevelinJulyin

the Pacific Oc、ean regiOn．　The data souTCeS are S亭me aS

Figure　29．　Thelocation of EasterIsland and Darwin which was

found tolie near the center of action suggests that the summer

Walker circulationis alongitudinal oscillation of the

SubtroplCal bigb．

Figure　66　shows the differencein the pressure at the sea

level between1964，1970　and1965，1972，the years when rnaJOr

EI Ni五〇　have occurred．The subtropICal highin the South Pacific

is strong while the subtropiCal highin Australiais weakin the

yeaT befoTe EI Niho when the sea surface temperaturein the

Pacific Oceanis cold．　The EI NiBo years are associated with a

Weak subtTOPICal highin the South Pacific near EasterIsland．

The relationship between the Walker CirculationIndex

（definedin Chapter　4）and the fluctuations of the TEJ fromJune

to August（Shown on the right hand column of Table　4）Shows a

COrrelation coeficient of　十0．56　for a14　year period fromi964

to1977．　When compared with the relationship to the circum－

POlar westerlies at the　500　mblevel，this correlation turned

out to be slightlylower．However the years with maJOr EI Nia0
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are also the years with unusually weak TEJ（1965，1972）．

The relationship to the EI NiBo component of the sea surface

temperaturein the Pacific Ocean（Weare et a1．，1976）shows a

COTrelation of　－0．55　with contemporaTy　5　month average centered

OnJuly．　A slightly higher value of　－0．60　was obtained foT a　5

month average centered on October．　However both the TEJ and sea

Surface temperature are available for only aiO year period from

1964　to1973．　These results show that the fluctuations of the

Asian summer monsoon areinfluenced by many other factors of the

general circulation of the atmosphere．

7－2　Circumpolar westerliesin the northern hemisphere at the

500　mb level

The TeSPOnSe Of tbe atmospheric ciTCulation to the change

in theintensity of TEJ showed persistent blocking neaT the

Caspian Sea when the TEJ was weak，　This suggest a stTOng

COuPling between the fluctuations of the TEJ and the middle

latitude circulations・　FoT this reason，the ciTCulation at tbe

500　mblevelin the middle and highlatitudes wasinvestigated

inJune，July and August・

Figure　67　Shows the mean geopotential height at the　500mb

levelinJuly．　Theintensity of the circumpolar westerlies

is much weakeT thanin wirlteT（Figure　31）．　Thisis a direct

result of the smaller temperatuTe difference between the pole

and the equatorin summer・In addition，the center of the polar

VOrteXis near the polein summer．　The southward dispiacement of

the polar vortex towaTd Siberiain winteris a result of the

extremely c01d temperaturein northeast Siberia．　Returning to

Figure　67，the month ofJuly was shown becauseit represents

average conditions betweenJune and Augustin the oceanic regiOnS
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and the peak of summerin the continental regions・Along

50CN the heightis stil110W OVer the Pacific Ocean reflecting

the cold ocean in the northern Pacific．　South of　350N the

Circulationis weak and disorganized．　Thislevelis near the

transitionlevei between the southwest monsoon at thelowlevel

and the TEJ at the highlevel・

Compared with the winteT CiTCulation，the southernlimit

of the strong westerly wind has shifted north from20ON to

35ON．　This seasonal contraction of the circumpolar westerlies

is less than the shift of the noTthernITCZ（2ONinJanuaTy

and250NinJuiy－August）．Consequently，theinteraction

between tbe tropICal fIadley circulation and the circumpolar

westeTliesis expected to be more slgnificant・

FiguTe68Shows the change of the geopotential height at the

500mblevel betWeenJune and August・Thelarge areain the

pacific near　45eN sbows anincTeaSe Of moTe than120geopoten－

tial meters．　ThisincTeaSe Of heightis a reflection of the

SeaSOnal warming of the Pacific Ocean whichis warmestin

late Augus七．

The otbeT area Of notableincreasein heightislocated

near　400N to the west of三三imalaya・In－this regiOn，the sub－

tTOPICal jet migTates northward betweenJune andJuly・

The northward migration of the subtropICal jetis also reflected

in anincrease of the westerliesin thelatitudes from45ON t0

55ON and a decrease of the westerliesin thelatitudes’fTOm

30ON to　40ロN betweenJune and Augus七・

The Telationship to the fluctuations of the TEJ was then

investigated bv a comparision of the two composite maps based

On the strength Of the TEJ．　Figure　69　shows tbe difference
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in the geopotential height at the　500mblevel between the stTOng

and weak TEJinJune．　The deve10PmentS Of the blocking high to

the north of the Caspian Sea and the trough to the east of Lake

Baikal when the TEJ is weak are similar to that of July and

ApguSt．　However the monsoon ciTCuiationis much closeT tO the

equatorinJune（Figure　42）．　Consequently the coupling witb

the middle latitude circulation is weak with correlation

coeficient of　－0．38　at　60ON　50OE and　十0．38　at　50ON120OE．

The unique featureinJuneis stTOng WeStWard extension

Of the Pacific high，When the TEJis strong．　Thisis the only

month with this Telationship．　This probably reflects a sma11eT

monsoon ciTCulation and a concentTation of the latent and

SenSible heat souTCe in the continental aTea．

Figure　70　shows the diffeTenCein the geopotential height

at the　500　mblevel between the stTOng and weak TEJinJuly．　The

PatteTnS Of the b10Cking high to the north of Caspian Sea and

the trough neaT Lake Baikal when the TEJ is weak are similar to

June．　However the expansion and northward displacement of the

monsoon circulation resultin a close coupling between the

CiTCumPOlar westerlies and the fluctuations of the TEJ．　This

is shown by the high corTelation of　－0．56　at　50CN　40OE and　＋0．84

at　50ロⅣ110㌣Ein14Jul土es from1964　to1977．

Tbe subtropICal jet streamis strong to the west of

Himalaya and meanders soutb neaT1200E when the TEJis strong．

The Pacific highis displaced toward the east and the Baiu rain

nearJapanis heavy while drought prevailsin the Korean penin－

Sula．　Another notable developmentinJulyis a ridge extending

from Lake Baikal to the pacific Ocean near　300N170Ow．
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Finally，Figure　71shows the differencein the geopotential

height at the　500mblevel between strong and weak TEJin August，

The patternS near500N are similar toJuly・The close coupling

between the circumpolar westerlies and the fluctuations of

the TEJ continuesin August．　The regiOnS Of high correlation

lie at　50CN50OE（Rニー0．65）and at　50ON120eE with a correlation

Of　＋0．66．　The response of the subtropICal jet stTeamis different

fromJuly．　To the west of fIimalaya，this jet streamis strong

When the TEJis strong．　ffowever to the east of the fIimal温ya，

this jetis displaced north ofits normal position and f10WS

near　50¢N．

The regiOnS Of decreased height to the south of Kyushu

are associated with the frequent activities of typboons and

a northward displaceInent Of the Pacific high．Itisimportant

that this decreasein the geopotential height at the　500　mb

level coincides with an increase in the thickness of the atmos－

Phere（Figure　64）．　A comparision of Figures　63　and　71also shows

that the incTeaSe Of thickness extends to the loweT half of

the tropospheTe With anincrease of about　20　geopotential meters

between the　500　mb level and　850　mb level．

Figure　71also shows animportant features of the ciTCum－

POlar westeTlies which favors the existence of slow moving

typhoons near Okinawa when the TEJis strong．　Thisis a ridge

extending from Lake Baikal to the Pacific Ocean near　40ON160OE．

The development of this ridgeis associated with weak westerlies

nearJapan．　Consequently，the typh00nS are unable to recurve

and therefore remain stationary near Okinawa．　The strong

Outflow at the hignlevel from these typhoons helps maintains a

StrOng TEJ irl August．
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The coupling between the fluctuations of the TEJ and the

CiTCumPOlar westerlies is summarizedin Tabie　5．In all

three summer months，theTeis a tendency for the deve10Pment Of

a blocking high tO the north of the Caspian Sea and a trough

to the east of Lake Baikai when the TEJ is weak．　The coupling

is weakinJune．On the other hand，the tropICal and middle

latitude circulations show a strong COuPlinginJuly and

August．

The right hand c01umnin Table　5　shows the correlation

for the average values of the three summer months．　When

COmPared with tbe correlation to the Walker circulation（Which

WaS　十0．56　for the same period from1964　to1977）the coupiing

with tbe ciTCumPOlaT WeSterliesi岳　StrOnger．　However compared

with the case of the winter monsoon when the corTelation to the

WalkeT Circulation was　十0．94　for a period from1961to1978，the

Summer mOnS00n SyStem Can be considered to be coupled with

many systems of the general ciTCulation of the atmosphere．

Finally a brief survey was condlユCted on the TOle of tbe

Standing wavein the ciTCumPOlar westeTiies on the maintenance

Of the monsoon systemin south Asia．Itis we11known fact

that these standing wave are associated with the poleward

transpoTt Of heat．　The standard deviations of the monthly

geopotentiai height at eveTylOO oflongitude along the　50eN

latitude ciTCle between the10ngitudes fTOm300E to1400E were

used as a measuTe Of the activity of the sもanding waves．

The correlations to tbe fluctuations of the TEJ were

found to be　一〇・36inJune，一〇・65inJuly，and　－0・59in Augus七・

This shows tbat the standing waves efficiently remove heat from

the regions of the tropical mons00n When the monsoon circulation
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TABLE　5

Relationship to the circumpolar westerlies at

the　500　mblevel at　500Nin summer

Correlation with TEJ（100N）1964－1977（n＝14）
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repTeSented by the TEJis weak．　Tbe blocking high which：

frequently forms to the north of the Caspian Sea when the TEJis

Weak is a manifestation of this・tendencies．

7－3　East－WeSt Circulation

Tbe east－WeSt Circulation，Whichis a part of the zonal

asymmetTy Of the tropICal geneTai ciTCulation was discovered

by Krishnamurti　（1971）．　As discussedin ChapteTl，this

Circulationi苧　thermally direct with ascending warm air over

Burma and descending cold air over the oceanic tropiCS．The

intensity of this circulation was found to be comparable to

that of fiadley circulation．　The troughin the Pacific Ocean

located neaT　300N to the nortbwest of fIawaii was considered

to be the descending branch of this ciTCulation．

The fewisland rawinsonde data on Lihue and fIilo，Hawaii

Island，JohnstonIsland and MidwayIsland wereinspected for

the possible connection to the fiuctuations of the TEJ．

The result was negative withlittle relationship to the trough

at the150　mblevel in the Pacific Ocean．　Theintensity of

the center of the Pacific subtropICal high near Midway at the

850　mblevel also showedlittle relationshiP tO the fluctuations

Of the TEJ．　Thus the east－WeSt Circulationinits original form

SuggeSted by Krish．namurti　（1971）haslittle or no relAtionship

to the fluctuations of the TEJ based on the monthly data．

On the other hand，the western extension of the Pacific

highisintimately related to the fluctuations of the TEJ．In

June the western extension of this highis strong wben the TEJ

is strong．　This suggests a sort of east－WeSt Circulation on
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a smaller scale・InJuly and August，the westeTn eXtenSion

Of the Pacific highis strong when the TEJis weak．　Thisis a

COmPlete TeVerSal of the relationship．　The activity of the

Baiu fTOntinJuly and the typhoonsin August act as a source

TegiOn Of the TEJ．　The response of the regiOnal circulation

to the fluctuations of the TEJinJune andJuly－Augustis

different．　Thisis probably related to the differentlocations

and size of the monsoon circulationin the respective months．
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CHApTER　8

CONCI．USIONS

The study of the fluctuations of the monsoon circulation

andits relationship to the geneTal circulation of the atmos－

Phere has shown manyinteresting characteristics of the monsoon

fluctuations during the winter and summeT mOnS00nS．

In the winteT mOnSOOn，the fluctuations repTeSented by the

zonal wind at the150　mblevel at Singapore were found to be

a part of the Walker circulation・　The correlation between the

SeaSOnal values of this easterly zonal wind and the Walker

CirculationIndex was　＋0．94in the18　winters fromi961toi978・

The Telationship between the zonal wind at the150　mblevel

at Singapore and the monsoon circulation at thelowlevel was

Well definedin winter・When this easterly windis stTOng，the

monsoon circulation at thelowlevelis also found to be strong

between thelongitudes fromlOOOE to140CE and two active　三TCZs

are observed near1400E・When this easteTly windis weak，OnlyL

OneITCZis observed neaTi40¢E and the mons00n Circulation at

the10W level is weak，

Theinspection of the entiTe Walker circulation has shown

that，When the zonal wind at thei5O mblevel at Singa主）Oreis

StrOng，the Pacific Ocean near tbe equator to the west of Peru

is cold and the activity of the　工TCZsis weakin the central

Pacific near1700E．When this easterly zonal wind（150mblevel）

is weak，the circulationin the central Pacificis strong anci

thereis a deve10Pment Of twoITCZs near170CE．　　、

These facts clearly show that the fluctuations of the Walker

Circulationin winter arelongitudina10SCillations of the
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equatoTial trough and associatedITCZ．　TheITCZis activein

the winteT mOnSOOn regiOnS When the pressureislow neaT Cocos

Island and high near TahitiIsland・Wben the active regiOnS

Of theITCZ shift－eaStWard，the reveTSe COnditions of the weak

monsoon aTe Observed．　These fluctuations of tbe Walker circula一

七ion are coupled to the sea surface tempeTaturein the equatorial

Pacific，SuggeSting a complex atmospheric and oceanographic

feedback mechanism．

In the case of the summeT mOnSOOn，the fluctuations

repTeSented by the wind speed of the tropICal easterly jet

（TEJ）measured alongiOON between thelongitudes from

40gE tollO？E aTe found to beinfluenced by the ciTCumPOlar

WeSteTlies near　50CN andless often by the Walker circulation．

InJune7　the monsoon ciTCulationis stillinits deveiop王nent

Stage and because ofits smaiier siZe and reiativeiylower

laもitudes，theinteractions with the otheT CiTCulations of the

atmospneTe Were found to be small．　The Telationship between

the fluctuations of the TEJ to the monsoon circulation at tbe

lowlevel and pTeCIPitationinJuneis as follows：　Tbeincrease

in the pTeCIPitation associated with the early onset of the

rainy seasonis obseTVedinIndia and southernJapan，Whiie the

monsoon circulation at thelowlevelis strong when the TEJ is

StTOng・　When the TEJis weak，the mons00n Circulation at tbe

lowlevelis weak and the onset of the rainy seasonis delayed．

InJuly and August with strong TEJ，the monsoon circulation

at thelowlevelis strong，and heavy orographic preciPitation

is observed in western India and the west coast of Indochina．

In southernJapan，heavy precipitation during the Baiu season

inJuly and the typhoonsin August are observed．　The outflow at

the highlevel from these systems helps maintain the strong TEJ．
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When the TEJis weak，the monsoon circulation at thelow

ievel is－　Weak and thereis a decrease of the precIPitation over

thelarge areas of Asia・　The western extension of tbe Pacific

highis strong and the southwest flow around this highis tTanS－

POrting the moisture toward the Xorean peninsula where heavy

PTeCIPitationis obseTVed．

The relationship of the fluctuations of the TEJ tO tbe

Circumpolar westeTlies was found to be the mostimportantinter－

actions of the summeT mOnSOOn．In ali three summeT mOnths，there

is a tendency for the development of a b10Cking high to the north

Of the Casplan Sea and a trough to the east of Lake Baikal when

the TEJis weak．　Hence the polewaTd transport of heat by the

Standing wavesin the circumpoiar westerliesincreases when the

TEJ is weak．

The coupling between the TEJ and the circumpolaT WeSterlies

was found to be much stTOngeTinJune thaninJuly and August・

Thisis a direct consequence of the expansion and the northward

displacement of tbe monsoon ciTCulation duTingJuly and Augus七・

The Telationship of the TEJ to the Walker ciTCulation was

found tO be slightlylower than the ciTCumPOlaT WeSteTlies．

HoweveT the years with major EI Niaos aTe also the years with

unusually weak TEJ．　The monsoon circulationsin1965　and1972

are pTime examp⊥eS Of such yeaTS・　Unlike the case of the winter

Walker circulation，this circulationin the northeTn Surnmeris

thelongitudinal oscillation of the subtropICal highlocatedin

SOuthern Australia and near Easter Island．

In both the winter and summer monsoons，the release of

latent heat and consequent warming of the middle troposphereis

the criもical factorin the deve10PmentS Of the monsoon circulation．
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Intense sensible heating such as that observedin Saharais

insufficient to maintain a deep monsoon circulation．　The area

Of theintense release oflatent heat estimated by heavy precIP1－

tation also coincides with a mass source at the highlevel

COnfirming the Hadley cell nature of the monsoon circulation．

Thus this study has shown that the upper branch of the

monsoon circulation TePreSented by the wind at the150　mblevel

Can SerVe aS an eXCellent method for monitoring the fluctuations

Of the monsoon circulation．　This circulation at the highlevel

has the additional advantege thatitis not deformed by small

SCale topogTaPhy．　The schematic maps of the strong and weak

monsoonin winter and summer are shownin Figures　72，73，74　and

75．
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