
L　Horizontal　distributions　of　monthly　mean　quantities（1）

　　　　　　　　　　　　　　　　　　　　　　　　12－yearaverages＊

　　　　In　this　chapter，horizontal　distributions　of　some　selected　variables　are　presented．Monthly

aver孕ge　for12years　is　taken　for　each　var玉able．Diabatic　process　related　variables　are　exactly

the　mean　of12years　for　a　corresponding　month。On　the　other　hand，adiabatic　fields（sea　level

pressure，geopotential　height，wind　field，temperature　and　water　vapor　mixing　ratio）are　stored

once　every6hours　and　those、“instantan曾ous”data　are　used　to　calculate　the　means．9－point

spatial・smoothing　is　applied　to　variables　plotted　in　this　chapter．

1．l　Sea　level　pressure

　　　　Figure1．1shows　the　mean　sea－level　pressure　for　each　month．Contour　interval　is4mb．

Values　greater　than　lo20mb　are　shadedl　those　less　than　Iooo　mb　dotted．In　the　Northem

Hemisphere，the　Siberian　high　is　seen　from　October　through　February，although　its　center　is

1・catedfart・thes・uth・fthe・bserved（Fig・2・1・1）・AnAsianm・ns・・nall曾wpressureareais

found　in　July　and　August．Subtropical　highミare　Iocated　in　the　east　of　the　Pacific　Ocean・and

the　Atlantic・Ocean　during　summer．HQwever，the　southwestward　extension　of　the　ridge　of　the

high　over　the　Pacific　Ocean　is　not　well　simulated，resulting　in　a　northward　displacement　of　the

ridge　near　Japan．This　is　in　accord　with　the　excessive　rainfall　over　the　Pacific　Ocean　near

30。．N・180。E（Fl9・2・19・1）・Highs・verthe．eastemPacificOceanand・verN・rthAmericaare

combined　to　make　one　anticyclone　systenl　in　the　northem　winter．Deep　lows　are　situated　in

the　northem　　parts　of　the　Pacific　Ocean　and　the　Atlantic　Ocean　in　winter．There　is　an

exces＄ive　low－pressure　zone　in　high　latitudes　during　summer　and　autumn．This　deficiency　of

them・delisin『acc・rdwiththeexcessiverainfall（Fig・L8）・theexcessivelywet3r・und

condition（Fig．1．15）in　this　season　and　the　excessively　low　temperature　over　the　arctic　s6a　ice

（Kitoh　and　Tokioka，1986）．In　the　S6uthem　Hemisphere，a　low　pressure　belt　surrounds　the

Antarctic　continent　throughout　the　year．Subtropical　highs　have　their　centers　over　the

continent　in　the　southern　winter　and　over　the　oceans　in　the　southem　summer．

＊This，chapter　is　prepared　by　A．Kitoh，Forecast　Research　Division
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1．2　Geopotential　height　at300mb

　　　　Figure1．2shows　the　geopotential　height　distribution　at300mb、Contour　interval　is80

g．p。m，Additional　contours　of9720，9780and　98003．p．m．are　drawn　with　dashed　lines。Three

centers．of　anticyclones　are　clearly　seen　over　the　continents　around200S　in　February．The

northem　counterpart　over　the　we6tem　Pacific　Ocean　is　the　most　dominant　in　the　northem

winter．This　center　moves　its　position　from『winter　to　summer　between　the　westem　tropical

Pacific　Ocean　and　South　China．In　the　Northem　Hemisphere，anticyclones　over　Saudi　Arabia

・and　Mexico　become　stronger　than　the　one　over　South　China　in　summeL　The　former　two

anticyclones・appear　from　July　through　September．The　latter　one　moves　its　center・rapidly　in

May，June　and，again，SeptembeL　These　feat皿es　are　in　good．agreement　with，the

observations．

1．3　Temperat皿e　at800mb

　　　　Figure1．3shows　temperature　at800mb．Contour　interval　is5℃．Cold　air　lower　than

－30℃is　seen　from　November　to　March　around　eastem　Siberia　and　the　adjacent　Arctic　Ocean

with　the　coldest（一35℃）contour　in　January．Temperature　gradient　around　Japan　is　large　from

October　to　April．In　the　northem　winter，cold　surge　around　the　eastem　periphery　of　the

TibetanPlateauis¢vident・butitextendsfarsq翠tht・thelnd・chinapeninsula・The20℃

contour　appears　in　March　ih　the　Sahel　region（15。N）and・moves　northward　with　time　toFthe

Sahara　desert（25。N〉until　August．High　temperatures　in　the　northem　summer　observed　over

the　Middle　East（Fig．2．11．1）are　not　reproduced　in　the　model　probably　due．to　the　wet　ground

condition。Temperature　in　the　eastem　part　of　the　continents　is　lower　than　that　in　the　westem

part　in　the　northem　winter．This　symptom　is　less　clear　in　the　Southem　Hemisphere　continents，

which　is　in　good　correspondence　with　the　observation（Fig．2．9。1）．

1．4　Zonal　wind　at200mb

　　　　Figure1．4shows　the　wind　velocity　of　the　zonal　wind　at200mb．Contour　interval　is10m

s『1andvalueslessthanOms－1aredotted．StrongjetsarelocatedoverJapanandeastem

North　America　with　peaks　greater　than70m　s『1and60m　s一1，respectively，in・both　January

and　February。Subtropical　jets　in　the　Southem　Hemisphere　are　located　at30。S　and45。S　in

the　southem　winter　and　summer，respectively，The　wind　velocity　of　those　jets　is　around40m

s『1an“has　less　variation　with　season　compared　to　those　in　the　Northem　Hemisphere．The

maxima　of　jets　tend　to　lie　to．the　south　or　over　the　Southem　Hemispheric　contlnents，i．e．，
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Africa，Australia　and　South　America．Easterlies　prevail　in　low　latitudさs　with　their　maxima　in

the・s岬merhemisphericside・alth・ughthereexistwesterliesinthecentralandtheeastem

Pacific　Ocean．

L5　Streamline　at200mb

　　　　Figure1．5shows　the　streamline　at200mb。In　the　northem　winter，there　are　pairs　of

anticyclones　in　low　Iatitudes．Anticyclones　in　the　Southem　Hemisphere　are　stronger　than　those

in　the　Northem　Hemisphere　over　Africa　and　South　America，while、the　reverse　holds　in　the

westem　Pacific　Ocean　and　Australia。In　the　northem　summer　ther6are　anticyclones　over　South

Asia（the　Tibetan　high）and　over　Mexico　with　another　weak　high　pressure　belt　at10。S．

Mid一・ceanictr・ughsarepresent・vertheP註dficandtheAtlanticOceaninb。th、hじmispheres

in　January，and　only　in　the　northem　Hemisphere　in　July．Cross－equatorial　northerly　flow　exists

over　the　Indian　Ocean　from　May　to　SeptembeL　On　the　other　hand，there　exists　southeτly　flow

over　the　maritime　contin6nt，from　December　to　February．

1．6　Streamline　at900mb

　　　　Figure1・6sh・wsthestrea卑lineat900mb・Overallfeaturesarec・nsistent噂hthesea

level　pressure　in　Fig，1．1。A　distinct　feature．is　the　seasonal　progression　of　the　monsoonal　wind

system．　During　thenorthem　winter　there　is，a　strong　anticyclonic　flow　aro丘nd　the　Tibetan，

Plateau．The　resultant　easterhes　prevall　ovgr　the　Indochina　peninsula　and　the　Indian　Ocean．

These　easterlies　weakeロby　the　end　of　Apri1，although　the子e　still　exists　an皐nticyclonic

circulati㎝over　the　Indochina　peninsula。The　Mascarene　high　is　seep　all　year　round　over　the

South　Indian　Ocean　around30。S。Easterlies　along　the　northem　periphery　of　the　Mascarene

high　begin　to　have　a　southerly　component　in　April　at　the　east　coast　of　Africa。In　May　the

monsoon　circulation　is　clearly　seen　and　in　June　it　is　fully　established　with．a、Strong

cross－equatorial　flow，the　Somali　jet　and　westerlies　over　the　Indian　subcontinent。In　September

dry　northeasterlies　start　to　blow　over　the　Indochina　peninsula，while　there　stiH　is　a

cross－equatorial　flow　from　the　Southem　Hemisphere　along　the　east　coast　qf　Africa。An

anticyclonic　circulation　is　established　i“October　with　the　low一互evel　ea．sterlies　over　the　Indi4n

subcontinent　and　the　cross－equatorial　flow．over　the　Indian　Ocean　reverses　its　direction　in

November　and　remains　northerly　until　next　March。

　　　　The　dry　northerly　flow　begins　tQ　bloW　across　the、equator　in　Novemb爾r　over　the　maritim6

continent，It　penetrates　into　Australia　in　December，accompa耳ying　a　cyclonic　circulation　in　the
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northwest　of　Australia．This　system　Iasts　for　two　months　and　begins　to　fade　out　in　February．

　　　　Strong　cross－equatorial　flow　fromthe　Northem　Hemisphere　to　the　Southern　Hemisphere

prevails　bver　South　America　from　December　through　March　and　in　the　reverse　direction至rom

May　through　Auεust．The　latter　is　a　part　of　a　large　anticyclonic　system　over　the　eastem　South

Pacific　Ocean　and　South　America．♪robably　due　to　the　insufficient　representation　of　the　narrow

Andes　especially　over　Pem，easterlies　prevail　over　Brazil　and　Peru　in　the　southem　winter。

L7　Velocity　potential　at200mb

　　　　Figure1．7shows　the　velocity　potential　and　its　di〉ergent　wind　at200mb．Contour　interval

・fthevel・cityp・tentialis106m2sτ’・Thedivergentcenterisl・cated・verthecentraI

equatorial　Pacific　Ocean　near　the　datehne　from　October　through　March　and　over　the　maritime

continent　and　the　Indochina　peninsula　in　the　rest　of　the　year。Distributions　of　divergent　and

convergent　centers　observed　in　January　and　July（Figs。2．13。1and2。15。1）are　well　reproduced　in

the　model1However，those　in　the　transition　seasQns　in　the　model　are　different　from　the

observed（Figs．2．14．1and2。16．1）．

　　　　　The　rapid　transitions　of　the　center　occur　between　March　and　April・and　between

September　and　October　in　the　modeL　The　former　transition　is　quicker　than　th“Iatter。This

transition　is　also　seen　from　the　movement　of　the　heavy　cumulus　precipitation　area　in　Fig．1．9．

Convergent　centers　are　situated　over　the　Tibetan　Pla．teau　in　t血e　northem　winter　and　over　the

broad　area　from　the　eastem　Pacific　Ocean　through　the　Atlantic　Ocean　to　Africa　all　the　year

round，However，the　latter　center　of　convergence　tends　to　form　a　single　strong　system　over

the　Atlantic　Ocean　in　the　horthem　summer　and　tends　to　split　into　two　centers　over　the

eastem　Pacific　Ocean　and　over　Africa　in　winter．

　　　　　Strong　divergりnt　wind　is　simulated　over　the　westem　Pacific　Ocean　from　November

through　February　and　over　the　south　Indian　Ocean　from　May　through　August，corresponding

to　the　A、sian　winter　and　summer　monsoons．

1．8Precipitation

　　　　Figure　L8shows　the　preciかitation　rate．Contours　of1，2，5，7．5a！nd10mm　day『1are

drawn．Values　greater　than5mm　day－1are　shaded　and　those　Iess　than　l　mm　daジl　dotted．

Basic　characteristics　of　observed　climatological　feat皿es（Figs，2．17．1，2．18．1，2．19．1and2．20．1）

are　well　simulated　l　in　the　modeL　However，differences　are　found　regionally，e．g．exaggerated

precipitation　over　the’summer　continents　and　precipitation　maximum　not　over　Assam　but　over
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thelndianOceaninJuly．

　　　　　Awell－organizedprecipitationareaisfoundinthetropicsexceptforov弓rtheeastem

Pacific　Ocean　where　sea　surface　temperature　is　low．PreCipitation　over　the　Atlantic　Ocean　is

also　less　compared　to　that　zonally　averaged。Heavy　precipitation　greater　than　IO　mm　day－1is

simulated　over　the　Indian　Ocean，around　10。N　in　May，June　and　Julyl　over　the　equatorial

Indian　Ocean，South　Africa　and　Brazil　in　the　northem　winter．In　that　season　are　also　found

large　precipitation　areas　over　the　northem　Pacific　Ocean　and　the　northem、Atlantic　Ocean，

which　correspond　to、cyclonically　active　areas．The　precipitation　in　the　baroclinic　zone　of　the

Soりthem　Hemisphere　is　uniform　in　the　zonal　direction　due　to’the　absence　of　prominent

stationary　circulations，Excessive　precipitation　is　found　over　the　Eurasian　continent　and　the

North　America　in　June　and　July．Precipitation　is　also　ekcessive　around．the　dateline　between

20。N　and30。N　in　the　northem　summer，accompanying　the　northward　displacement　of　the

subtropical　higlh（Figs．1．1　and　1．6）and　its　dry　zone．

1．9　Cumulus　precipitation

　　　　Figure1．9shows　the　precipitation　rate　by　cumulus．convections　which　have　their　roots　in

the　planetary　boundary　layer（pBL）．Contours　are　the　same　as　in　Fig．L8。A　co㎎parison　of

Figs．，1．8and1．9士eveals　that　precipitation　in　low　latitudes　is　mostly・caused　by　cumulus

precipitation．Excessive　raipfall　over　continents．at　hi帥1atituqes　in中e　Nqrt無em　Hemispねgre

from　June　through　August　noted　in　Chapter　L8is　due　to　cumulus　precipitation。

1．・10　Evaporation

　　　　Figure　L10shows　the　surface　evaporation　rate　with　the　same　contours　as　in　Fig，L8．

Large　evaporation　is　simulated　over　the　central　and　the　westem　Pacific　Ocean　and　the　Indian

Ocean　in　low・latitudesl　Evaporation　from　the　Arabian　Sea　is、relatively　small　in・Ahgust，

September　and　October。Off　the　east　coast　of　Japan　and　North．America，there　exist　heavy

evaporation　areas　due　to　cold　surges　in　the　colder　months　of　the　year。The　same　situation　is

found　with　Iess　magnitude　off　the　east　coast　of　South　Africa　and　South　America．Also　noted

is　a　peak、of　evaporation　to　the・northwest　of　Australia　in　June　and　July　by　the　dry

southeasterlies　from　i旦land　Australia（see Figs．1．6and1．17）．Evaporation　over　continents　in　the

summer　hemispheres　is　exaggerated。
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1．11　Sensible　heat　flux

　　　　Figure1．11showsthes6nsibleheatfluxfrom・the－surface。Contourintervalis50Wm一2

and，negative　values　are　dotted．Large　positive　sensible　heat　flux　is　seen　off　the・east　coast　of

Japan　and　North　America　in　winter　months．Also　Iarge　are　the　fluxes　over　the　oceans　around

the　sea　ice／ocean　boundaries　in　both　hemispheres　in　the　winter畠easons．Over　the　continents，

large　sensible　heat　flux　is　simulated　in　the　Sahara　Desert　throughout　the　year，the　southem

part　of　Africa　and　South　America　in　winter，and　Australia　in　summer。Negative　sensible　heat

flux　is　found／over　the　continents　in　winter　hemispheres　and　over　some　parts　of　the　oceans．

1．12・　Total　diabatic　heating　rate

　　　　　Figure1．12shows　the　vertically　integrated　net　atmospheric　heating　rate　by『diabatic

processes．Contourintervalis50Wm－2．andpositivevalues（atmosphereisheateddiabatically）

are　shaded．The　condensational　heating　and　the　net　radiational　heating（actually　cooling）are

main　contτibutors　to℃he　net・atmospheric　heating／coohng．As　the　latter　is　rather　uniform　in

space，the　spatial　pattem　of　the　net　atmospheric　heating　r6sembles　that　of　the　condensational

he註ting（Fig．1．8）．The　sensible　heat　flux　convergence（Fig．1．11）is　also　substantial　regionally，

e。9。thedesertUregi・nsand・fftheeastc・asts一・fthec・ntinentsandthes♀aice／・cean

boundaries　in　winteL　The　at卑osphere　is　diabatica．Ily　cooled　in　polar　regions，subtropical　high

pressure　areas，the　eastem　Pacific　Ocean　and　the　Atlantic　Ocean　in　low　latitudes　and　the

continents　in　winter　hemispheres．The　westem　part　of　the　Tibetan　Plateau　becomes　a　heat

sou「ceinA叫althoughtheeasteτnpa「tofit「emainsa・heatsinkuntilJunemai軽lyduet・

the　late　disappearance　of　sn6w　cover（Fig．1．14）．

・1．13　　Cloudiness

　　　　　Figure1．13shows　the　cloudiness．Two　types　of　clouds　are　incorporated　in　the　model．

Clouds　associated　with　the　grid－scale［supersat皿ation　and　those　with・the　sub－grid－scale

penetrative　cumulus　convections。In　those　cases　we　assume　that　the　cloud　fiUs　the　grid　box

entirely　and　that　the　cloudiness　is　LO．Cloudiness　of　shallow　cumuli　whose　tops　are　below400

mb　is　set　to　O．0．Contour　interval　is20％．Values　greater　than80％・are　shaded　and　those　less

than20％dotted。Generally，cloudiness　is　lafge　in　high　latitudes　and　has　its　mini血a　in　the

subtropics．The　model　overestimates　the　cloudiness　in　high　latitudes　due　to　the　excess　of

shallow　clouds　by　the　grid－scale　condensation　and　underestimates　it　in　low　latitudes　probably

due　to　neglecting　the　shallow　cumulus　with　its　top　below400mb．
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1．14　Snow　depth

　　　　Figure1．14shows　the　snow　depth　distribution．Contours　are　drawn　for1，5，10and50cm』

ahdvaluesgreaterthanlocmareshaded．N・tethatsn・w－c・veredareaswh。sesn。wdepthis

less　than　l　cm　are　not　shown　in　this　figure．In　the　Northem、Hemisphere，the　snow－covered

area　is　most　extensive　in　March。It　begins　to　retreat　in　April。It　still　covers　the　Tibetan

Plat3au，Siberia　and　Alaska　in　June。Althoug耳model　August　is　the　month　when　there　is　no

sn・w－c・veredareawithgreaterthahlcmsn・wdepthintheN。rth益mHemisphereexcept．f。r

Greenland　where　the　permanent　ice　sheet　ground　condition　is　specified，the　snow－covered　area

is　the　minimum　in　July，when　snow　stiU　exists　ln　parts　of　the　Tibetan　Plateau，the

northeastem　Siberia　and　Alaska。In　model　August　the　snow－covered　area　begins　to　spread

southward　and　occupies　the　major　part　of　the　Eurasian　continent　at　the　end　of　October。In　the

Southem　Hemisphere，only　the　southemmost　part　of　South　America　ls　covered　by　snow　in

winter　with　a　depth　oHess　than　l　cm．As　seen　in　the　maps，snow　over　Greenland　and

Antarctica　never　disapPears　even　in　summer．Actually　sn6w　depth　over　those　regions　are

lncreasing　during　the　integration，corresponding　to　the　observation　where　ice　sheets　are　being

formed．

1．15　Ground　wetness

　　　　Figure1．15shows　the　ground　wetness．Ground　wetness　is　predicted　by　considering　ground

hydrology　with　the　uniform　maximum　water　content　of15g　cm－2in　the　ground．Contours　of

10，30，50，70andl90％are　drawn　and　values　less　than50％are　dotted，Extensive　dry　areas　are

found　over　the　continents　in　the　subtr6pics．Over　the　land　which　is　covered　by　snow　in

winter，it　generally　begins　to　dry　after　the　complete　disappearance　of　snow　cover　with　the

maxi甲um15g　cm－2water　content．＊It　takes　time　for　the　ground　to　be　sufficiently　dry，even

lf　the　local　surfa．ce　evaporation　surpasses　the　precipitation．In　July　the　ground　in　the　Northem

Hemisphere　is　extremely　wet　compared　with　the　observed，that　is，wetter　by　more　than50％。

＊Owing　to　a　coding　error，the・ground　water　content　was　set　to　the　maximum15g　cm－2

whenever　a　snowfall　occurred　irrespective　of　the　past　history　of　the　ground　wetness．This

error　must　have　a　large　influence　on　the　model　chmate　ov6r　regions　where　snow　falls

intermittently　or　snow　depth　is　not　enough，through　a　ground　wetness／evaporation／precipita－

tion　link．The　effect　of　the　error　is　under　investigation．
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1．16　PBL　depth

　　　　Figure1．16shows　the　depth　of　the　PBL．Contour　interval　is20mb　and　values　greater

than140mb　are　shaded．Generally，the　PBL　is　deeper　over　the　oceans　than　over　the

continents．The　noctumal　shallowing　of　the　PBL　seems　to　be　responsible　for　this，because　the

atmosphere　usually　becomes　stable　at　night　over　the－continents．The　PBL　is　deep　over　areas

of　large　cyclonib　activity，i．e。，off　the　east　coast　of　Japan，North　America　and　South　America

in　their　winter　months．Deep　PBL　is　located　at　the　Bay　of　Bengal　in　winter．It　is　deep　all　the

year　round　over　the　equator　side　of　the　circum－Antarctic　low　pressure　belt。Other　maxima　are

found　off　Callfornia　a．nd　off　Pem．

1．17Water　vapor　mixing　ratio　at900mb．

　　　　FigureL17sh・wsthedistributl・ns．・f，thewatervap・rmixingrati・at900mb・C・nt・ur

interval　is　l　g　kg－1and　values　greater　than　ll　g　kg－I　are　shaded．In　January　moisture　is

abundant　over　the　Indlan　Ocean，the　central　and　southem　portions　of　Africa，the　Amazon

Basin，the　Australian　Mediterran♀an　Sea（the　Timor串ea　and　the　Arafura　Sea）and　the　belt

extending　from　there　to　the　dateline　at　the　equator　and　east－northeastward，corresponding　to

the　ITCZ．The　contour　of10g㎏一1moves　northward　over　the　westem　Pacific　Ocean　in　May。

In　June　it　has　a　kink　to　the　south　of　Japan，which　resembles　the　Baiu－front．It　reaches　Japan

in　July　and　August　to　form　the　wettest　region　at　this　latitude．
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