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Abstract　Local　meteorology　observations　in　southern　Mali，　West　Afirica　were　perfomied丘om

2001to　2004．　Daily　precipitation　data　over　4　years　reveal　common　seasonal　variations，　allow血g

the　seasons　to　be　resolved　into　pre－ra㎞，　early　rain，　break　hl　rain，1ate　rain　and　dry　seasons．　These

seasonal　cycles　are　closely　comected　with　seasonal　chamges　in　su血ce　amd　upper－air

meteorological　parameters．”lhe　diurnal　variations血s曲ce　meteorological　obsewation伽also

reveal　a　strong　relationship　between　the　daytime　hour　and　precipitation丘equency　and　amount，

including　early　morning　rahl，　a　dry　daytime　period，　and　evening　rain．
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　　　　　　　　　diumal　variation

1．Introduction

　　’lhe　semiarid　regions　of　West　Africa　have　suffered　maj　or　drought　and　famine　twice　since　the

1970s．　Famine　occurred　in　the　Sahel丘om　1972　to　1974　and　fヒom　1983　to　1985．　The　recent

unstable　climate　conditions　attributed　to　global　wam血lg　have　heightened　the　impor腔mce　of

meteorological　study　in　semiarid　areas．　We　selected　the　experimenta1　sites　in　Mali，　and　d叩loyed

suitable　meteorological　equipment　fbr　hourly　observations　fbom　2001　to　2004．　The　seasonal

variations　of　sur魚ce　meteorological　observation　data　have　been　presented　in　Part　1（Karmo　et　al．

2008，hereafter　designate　as‘Part　1’）．　Ih　this　report，　upper　air　meteorological　data　analysis　and　the

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　Nロrelationship　with　seasonal　variation，　and血e　diurnal　change　of　surface　metθorological　data　Wi11　be

discussed．
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2。Data　and　methods

　　The　year　2002　has　been　selected　as　a　stUdy　case　f（）r　analysis　of　seasonal　variation　des（酒pdon

of　Kannoθ’α乙（2008），　and　then　upper　ah・meteorological　data　in　same　year　were　chosen　fbr

investigation．　Although　uppe1㌔ah・meteorological　data　were　observed　at　Bamako　Intemational

Aゆo鵡alarge　proportion　of　observations　were　missed　in　2002．りpper－air　observation　data

recorded　in　2002　at　Niame》～Niger　are　therefbre　used　in　the　analysis．　The　Niamey　station　is

located　3°㎞1ati加de（approx．330㎞）north　of　Dioゆ砿is血e　nearest　upper－air　observation

station　other　than　the　Bamako　station．　Da｛a　are　averaged㎞each　pentad（5－day　mean）．　A

maXimum　of　10　upper－a辻observations　are　available（5（切s，翻ce　daily　obs翻ion，00Z　and

12Z），　although　there　are　some　missing　observations　through　the　year．　In　the　case　of　missing　data，

residual　data　were　averaged．　No　uppe卜ail・observation　data　are　available　fbr　the　72nd　and　73rd

pentads　hl　2002．

　　Surface　metθorological　observation　was　performed　at　Diou　station（see　Fig．2　in　Part　1）．

Meteorological　obs笛atiom　of雄舳p㎝伽e，　air　pressure，　relative　humidity，朋’solar　radiation，

precipitation，　wind　dhrection　and　Wind　speed　were　made　at　l　h　intervals　and　stored　by　a　data　logge藍

Air　tempera加㈹，　air　pressure，　relative　humidity，　and　wind　direction　are血s伽㎞eous　values，　whle

wind　speeds　are　10min　means　prior　to　the　hourly　data　log．　The　meteorological　parameters　are

taken丘om　co㎡即o聡伽丘om．2002　for　use　in出e　analysis　of　diumal　change．

3．Results

　　　　　●

Seasonal　variations　in　the　vertical　atmospheric　structUre　at　Niamey

　　Time　series　of　the　vertical　structure　of　potential　temperature（e）and．RH　obtained　fヒom

upper－air　observation　data　at　Niamey　in　2002　are　shown　in　Fig．1，血e　coπespond血g舳d住ace　is

shown　in　Fig．2，　and　the　equivalent　potential　tetnperature（ee）is　shown　in　Fig．3．
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fig．1　T㎞曲ei蜘㎝ss－se（nion　of　pOtential　temperatUre　and　relative　humidity　at　Niamey，　2002　as

　　　　　　pentad　mean　values．　Dot　lines　deriote　relative　humidity（tmits：percent）．
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F喀．3　Time－height　cross－section　of　eqUivalent　potentia1　temperature　at　Niamey，　2002．

　　Theθ．R厚行eld　reveals　the　fbmlation　of　dry　and　very　cold　ah・of　at　levels　below　800　hPa　fヒom

January　to　mid－February（Fig．1）．　This　cold　air　dome　disal）pears　ih　March　fbllowed　by　a　rise　in

temperatUre　and－an　increase　in　e　near　the　ground・to　the　largest　annual　value　from　late　Apri1　to　May．

From　the　end　of　Maメθ魚11s　in　the　lower　layer　and　RH　rises　to　greater　than　30％．　The　relative

humidity　rises　again　in　mid－J匂1y　to　over　60％，　simultaneous　with　the　break　and　the　beg㎞血g　of

出e　late　rainy　season．　The　region　of　60％relative　humidity　briefly　reaches　the　500　hPa　level　and

出en　persistS　in　the　lower　layer　unti1　early　October，　correspOndng　well　With　the　p｛Vi．　od　of　the　late

rainy　season．　The　difference　between　the　early　and　late　rainy　seasons　can　therefbre　be　clearly

r㏄og血ed舳e　h㎜i⑬行eld．　Around　mid－October，　the　relative　humidity　drops　discontinuously

andθ㎞creases，　almost　simultaneously　with　the　end　ofrainy　season．

　　Ih　the　vertical　wind且eld（Fig．2），　an　upper　westerly　wind　can　be　seen　to　prevai1丘om　January

to　Ma）r，　centered　around　a　core　at　approXimately　200　hPa　and　having　a，wind　speed　sometimes

exceedhlg　20’m／s．　An　easterly　wind　plevails　in　the　lower　layer　until　late　March，　f（）㎜ming　a　wind

shear　betWeen　the　westerly　and　easterly　windS　at　a　level　of　500－　700　hPa．　From　early　Apri1，　the

貿
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westerly　wind　extends㎞しo　the　lower　layeらsimultaneous　with　the　beginning　of重he　pre－rainy

season．　Ms　lower－layer　westerly　Wind　prevails　until　early　October，　while　the　upper　weSterly　wind

endS　in　late　May　and　tums　eaSterly．　This　Wind　direction　change　correspondS　to　an　increase　in　RH

to　over　30％in　the　lower　layer．　These　resUltS　suggest　a　1arge－scale　a辻mass　alt㎝ぬon㎞面s

period．

　　Durihg　the　rahly　season，　an　easterly　wind　prevails　hl　the　middle　layer（500－700　hPa），

correspondmg　to　the　tropical　eastedy　j　et　stream　reported　to　occur　at　the　same　level　by　Barry　and

Chorley（1987）．　When　the　rainy　season　ends，　the　upper　westerly　wind　retums，　the　middle　easterly

w血dweakens，　and　the　lower　westerly　Wind　ceases．　Consequently，　the　rahly　season　can　be

characterized　by　the　combination　of　a　lower　westerly　wind　and　a　middle　easterly　wind　in　the

vertical　wind　field．

　　The　time　series　of　eq頭valent　potential　tempelature（ee）shows　cold　and　stable　stratification

丘om　January　to　February（Fig．3）．　The　st【atification　in　March　and　Apri1　are　semi－stable，　but丘om

May　to　Septeniber（including　the　rainy　season），　highθθimhe　lower　layer　and　lowθθat

50（Woo　hpa　cause血lly　unstable　stratification．　From　the　verdcal　w血d　field（Fig．2），　this

instability　can　be　at面buted　to　the　co耐rast　in　ai1・mass　between　the　lower　layer　westerly　wind　and

middle　layer　easterly　wind．　From　October　stratification　becomes　stable　again．

Se劉sonal　changes　in　sur血ce　and　upPer　meteom監ogica1　parameters

　　The　seasonal　changes　in　surface　and　upper　meteorological　patrameters　are　arranged　in　Fig．4．　As

description　of　Kanno　et　al．（2008），　based　on　4　years　of　precipitation　data，　seasons　and　sUb－seasons

can　be　defined　as　fbllows．　The　period　from　October　to　March，　characteTized　by　little　rain，　can　be

de丘ned　as　the　dry　season．　Early　to　mid－Apri1　markS　the　first　rains，　and　is　fbllowed　by　a　period

without　cont㎞ous　rain丘om　late　April　to　early　May　This　period丘om　early　April　to　early　May　is

defined　as　the　pre－rainy　season．　From　mid－May　until　early　JUI》i，　rains　dre　frequenち　and　this　period

is　denoted　the　early　rahly　season．　Around　mid－JUI》～rain　stops　brief1》～de痘ned　as　the　break　in　the

rainy　season，　fbllowed　by丘equent　rain　until　late　September，　constituting　the　late　rahly　season．

　　At　the　end　of　the　dry　season，　certain　surface　meteorological　parameters　underwent　a　diStinct

幡ition（Fig．4）．　The　daily　range　of　temperature，㎞er－day　variation血hurnidity　and　solar

radiation，　and　wind　direction　all　changed　markedly　at　this　transition．　hl　the　upper－air　fields，　the

relative　humidity　dropped　simultaneously　With　the　change　in　mid－and　low－level　wind　direction．

The　pedod　of　the　dry　season　and　pre－rainy　season　can　therefore　be　regarded　as　an　important

seasonal　change．　A丘er　the　pre－rainy　season，　the　early　rainy　season　beg㎞s（mid－May）without　an

accompan》面9　change　in　meteorological　parameters．

　　Around　the　break　in　the　rainy　seasor』relative　humidity　at　the　surface　drops　brie且》～while廿lat

㎞the　upPer　atmosphere　increases　to　over　60％（surface　to　500　hPa）．　In　the　late　ra血y　season，　the

su血ce　temperature　displays　a　small　inter－day　variation，　while　surface　solar　radiation　undergoes

l㎎e㎞α鋤v禰ons　at　low　values　and血e　rel翫ive　h㎜id取舳e曲ce㎝d舳e　lower
atmospheric　layer　remains　high．　Therefbre，　the　break　period　and　subsequent　late　rainy　season　are

characterized　by　a　dist血ct　seasonal　change　at　the　surface　and元n　the　upPer－qir　field．　Around　the　end

of　the　late　rainy　season（beg㎞血g　of重he　dry　season），　certain　meteorological　parameters　change，

㎞clu（1ing　surface　solar　radiation，　surface　relative　humidity，　lower－layer　stratification，　and　vertical

wind　profiles．
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IDiumal　var㎞tions　in　precipitation　and　surface　pressure　　　　　　　　　　　　　　　　「’

　　As　meteorological　parameters　were　observed　at　an　hourly　time　interval，　the　obse1vation　data

can　be　used　for　analysis　of　diumal　variations．　Fi騨e　5　shows血e　time　series　of　accumUlated

hourly　mean　pressure（a），　precipitation　per　rain　event（b），　hourly　rain　ftequency（c），　and　hourly

precipitation（d）for　the　period丘om　May　tO　October．　From　O　l　OO　to　0800，　rain　occurs丘equ㎝tly

but　the　hourly　precipitation　is　generally　low，　except　f（）r　the　activity　at　O300（21a正ge　eventS　of

36．7mm　and　26．9㎜）．　From　O900　to　1400，幡e甲ency　ofprecipi倣ion血ops　to　below　10

0ccasions，　and　the　hourly　accumulated　precipitation　becomes　low．　These　resultS　show出舳ere

are　distinct　dry　periods　du血g　the　day　From　1500　to　1900，　both　the　rahl丘equency　and

precipitation　increase．　From　2000，　precipitation　decreases　but　the　frequency　does　not．　Evening　rah1
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100



（1500－1900）is　theref（）re　characterized　by　reIatively　high　precipitation　per　event　in　comparison

with　momjng　rain，　indicating　that　evening　rains　are　mainly　produced　by　convective，

cumulonimbus　storms，　whereas　moming　rains　are　produced　by　stra加s　cloud．

　　　The　surilace　pressure　displays　an　obvious　diurnal　variation，　which　can　also　be　seen　in　the　time

series　fbr　individual　days・There　are　two　peaks　in　sur魚ce　pressure　during　the　da》～consistent　with

the　general　diurnal　variation　of　atmospheric　pressure．　It　is　notewo血y血舳e　peak　pressure血血e

moming　occurs　at　nearly　the　same　time　as　the　beginning　of　the　daytime　dry　period，　whiIe　the

follo舳g　minimum　correspondS　to血e　eve血g舳pehod．　The　diurnal　pressure　variation　thus

appears　to　affect　the　timing　of　rains，　that　is，　moming　high　pressure　suppresses　daytime　rain，　while

evening　low　pressure　leadS　to　convective　ra血．　Diurnal　variation　in　surface　pressure　is　probably止e

most　important　feature　in　low－latitude　areas，　suggesting　that　more　hourly　observations　should　be

conducted　in　the　tropics．

4．Conclusion

　　　The　seasonal　cycles　in　southem　Mali　can　thus　be　defined　based　on　surface　and　upper－air

meteorological　Observation　data　for　the　period　from　2001　to　2004．　The　diurnal　variations　in

pressure　and　precipitation　were　also　revealed　by　hourly　meteorological　observations．　The　temporal

and　seasonal　variations　represent　basic　inf（）rmation　that　can　be　used　to　er血ance　our　understanding

of　the　Mali　climate　and　reduce　the　climate　risks　for　agriculture．、Although　research　on　global

climate　changes　is　also　important　f（）r　f（）recasting　weather　in　West　Afiric亀　the　present　resultS　for　the

local　climate　are　very　usefU1　for　reducing　the　climate　riskS　in　local　agricultural　areas．

　　Under　the　recent　mstable　climatic　conditions　atUdbuted　to　global　wam｝ing，　improvement　in

stable　agriculture　production　has　become　increasingly　important．　Although　tltis　report　presentS　a

case　study　fbr　just　one　small　village，　the　basic　results　conceming　the　seasonal　and　daily　changes

are　expected　to　be　applicable　to　semiarid　areas　all　over　the　world．　Further　observations　in　this

manner　will　be　usefUI　fbr　building　a　better　understand血g　of　local　climates．
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