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

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

the　seasons　to　be　resolved　into　pre－rainy，　ear豆y　rainy，　break㎞ra㎞，1ate　ra元ny　and　d琢seasons．

These　seasonal　cycles　are　closely　comected　with　seasonal　changes　in　surface　meteorological

parameters．
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1．IntroαUC血on

　　The　semiarid　regions　of　West　Africa　have　suffered　maj　or　drought　and　famine　tWice　since　the

l970s．　Famine　occurred　in　the　Sahel　fbom　l　972　to　1974　and丘om　1983　to　l　985．　Several

researchers　have　sought　to　detemiine　the　mechanism　of　rainfall　variability　giv血g　hse　to㎞㎞e

conditionsα、arnb　l　983；Folland　et　al．1986；Hastenrath　l　990；Lamb　and　Peppler　1992；Fontaine

and　Janicot　l　996）．　Le　Barbeθ’al．（2002）recently　investigated　the　rainfall　variability　in　West

Africa　ushlg　high－resolution　data，　present血g　the　spatial　extent　and　structure　of　ra血fall　on

㎞traseasonal　and　decada1　t㎞e　scales．

　　The　recent　unstable　cl㎞a　e　con（litions　a血buted　to　global　wamiing　have　heightened　the

importance　of　meteorological　study　in　semiarid　areas．　In　such　meteorological　and　agricultural

s加dies，　bo血accurate　meteorological　observations　and　comprehensive血vestigations　of　famling

productions　are　requ辻ed，　necessitating　both　simulation　and　fieldwo士k．　However，　in　comparison
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with　developed　counUies，　the　meteomlogical　obsei》ation　．　networlくs　in　the　deve1（）1）ing　counnies

typical　of　subarid　regions　are　sparse，　and　range　of　observation　parameters　is　limited．　The

de行ciency　in　meteorologic副伽is　exacefb就ed　by　the「difMcu晦r　in　pe㎡forming　fieldworl【㎞such

countries．　It　is　thus　necessary　to　de丘ne　the　study　area｛md　the　scope　of　mcteorological

investigatiQn，　and　deploy　apPropriate’field　eqUipment　on　an　ihdividual　basis．

　　In　so曲㎝Mali，　famers　cultivate　maiZe，　pad（iy　rice，　co柱on，　s⑫㎜and　o血er　cereals．

Cotton　is　a　cash　crop　and　vely壼mpo脚t　fbr　the　loCal　econo鶏～while　other　grahls　and　cerea豆s　are

of　p血iary　importance　for　fOod．　All　ofthese　crops　are　greatly　af【’ected　by　seasonal　and　interannual

variadons　in　rahl魚豆1，　and　it　is　prudent　to　invesdgate　the　effect　of　recent　clirnatic　variations　on　the

fam血g　cr（）1）s　and　drought　risk　management　The　experime飢al　sites　were　selegted　and　suitable

meteor〈）10gical　equipment　was　dq）loyed丘）r　hourly　observations　from　June　2001．

　　Figure　l　shows　the　isohyetal　map　of　Mali．　The　climatic　zone　of　Mali　is　composed　of　a

no曲ern　desert　region，血e’　Sahel，　Su（lan　and　southern　Guinea　zones．　h　so曲㎝Mali，　crop

famiing　is　conducted　in　regions　supporting　greater　than　500　mm　of　precipitation　per　year，　and

wet－rice　cultivation　under　rainwater　is　conducted血血e　800　mm　area．　As　raw　cotton　is止e　main

e）rport　crop　of　Mali，　annual　variations　in　rainfall　have　a　profound　effect　on　bOth　agricultuire　and　the

economy．　Two　experimenta1　sites　in　Mali　were　selected　f（）r　analysis　of　meteorological　risK　and

meteorological　observation　systems　were　set　up　at　both　sites．　However，　as　the　unit　deployed　hl

Niessoumana　proved　to　be　trouble－prone，　the　present　meteorological　analysis　is　performed　using

伽丘om血e　o止er　station　installed　at　Diou　in　the　southernmost　part　of　Mali．　Diou　is㎞蹴ea

s叩蜘ig　1400mm　of　precipitation　per　year，　which　appears　to　be　su伍cient　for　cultivation．

However，㎞teramual　rainfall　variability　is　relatively　lalge，　and　drought　conditions　are　not

uncommon．　Reports　on　agricultura1　risk　management　related　to　meteorological　variations　in

Niessoumana　and　Diou　have　been　．presented　by　Caldwell　e’al．（2002，2005）and　Be曲eθ’al．

（2005）．

●Diou　Vj皿age

％

Fig．11sohyeね1　map　of　Mali，　showing　Diou　Village　at　．1　O．6°N，6．0°W．

　　　　　Isohyet　data　are　fbom　Tfaore　and　Monnier（1980）．’
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2．Data　and　Methods

　　Figure　2　shows　the　Diou　station．　Meteorological　observations　of　air　temperatUre，　air　pressure，

relative　humidity，　solar　radiation，　precipitation，　wind　dh・ection　and　wind　speed　were　made　at　l　h

intervals　and　stored　by　a（lata　logger．　Air　temperature，　air　pressure，　relative　humidity，　and　w血d

direction　are　instantaneous　values，　while　wind　speeds　are　10min　means　prior　to　the　hourly　data

log．　The　station　was　powered　by　a　soldr・charged　battery，　and　was　installed　in　a　wide　bare　area　in

止e　center　of　the　village．　Absolute　humidity　was　Calculated丘om　air　temperature，　relative　humidity，

and　air　pressure　data．　Observation　began　in　late　May　2001　and　was　ceased　in　the　middle　of　2005．

However，　due　to　data　gaps　as　a　result　of　equipment　failure（e．g．，1ightning　damage），　precipitation

data丘om　May　2001　to　December　2004　are　used　to　define　the　rainy　season，　and　other

meteorological　pammeters　are　taken　from　contiguous　data　from　2002　fbr　use　in　the　analysis　of

seasonal　change．

Fig．2　Meteorological　observation　site　in　Diou　Village．

3．Results

Daily　precipitation　in　Diou血vm・2001・to・2①04

　　Time　series　of　daily　precipitation丘om　May　22，2001　to　December　2004　are　shown　ln　Fig．3．

Annual　precipitation　was　1027mm　in　2002，1216㎜㎞2003，　and　991　mm　in　2004．　The

㎞㎝㎜ual　va伽on　is　there飴re　1㎎e，　and　the　annual　precipitation　was　lower　tha　1　the　long－te㎜

average　of　ca．1400　mm　eig．1）．

The　years　2001　to　2004　display　some　common　and　characteristic　fea加es　in出e㎜田1

variation　in　rai　lfall．　Rain　first　appears　in　Apri1　in　most　years；on　Apri16，2002（highest　single－day

precipitation，73．3㎜），頗113－17，2003（10㎜），　and　Apri1　15，2004（55．1㎜）．　After止ese

raih　events，　no　continuous　rains　are　observed　until　the　middle　ofMay　in　2002　and　2003．　In　2004，　a

dry　peri（対of　longer肋110（lays　occurred　prior　tO　mid－May．　After　mid－May，　the　accumulated

precipitation　increased　regularly　until　early　JUIy．　As　the　rainfal1　in　the　period丘om　early　April　to
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Fig．3　T㎝po！ral　variations血（laily　and　accumulated　precipitation　in　Diou，　2001－2004．

　　　　Data　in　2001　are　available食om　May　22．

early　May　appears　to　differ丘om　that　in　the　period　after　early　May，　the　earlier　periOd　is　defined　aS

the　pre－rainy　season，　and　the　later　periOd　from　mid－May　to　early　JUly　is　def血ed　as重he　early　rainy

season．

　　Around　mid－Ju1）i，　short　dry　periods　of　approxinately　10　days　in　length　occurred　in　2001　and

2002，and　precil）hation　in　the　same　period　was　very　low　in　2003　and　2004．　Follow血g　these　drier

periods，　the　accumulated　precipitation血creased　discontinuoUsly．　From　late　July，　the丘equency　of

precipi励on㎞creases，　and出e　accumulated　rainfall　rises　con血uously血il　1説e　S叩tember血all　4

years．　The　rain　inten　uption　in　mid－July　is　defined　here　as　the　break　in　the　rainy　season，　and　the

subsequent　rainy　periOd丘om　late　July　to　late　September　is　de丘ned　as　the　late　rainy　s．eason．　The

remaining　period丘om　September　to　April　is　defhled　as　the　dry　season．
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Seasoml　vari醐ons　in　su血ce　meteomlogical　pammeters

Temρerature

　Figure　4　shows　the　tirne　series　of脚erature　in　2002　at　Diou．　The　daily　maximum，　mean，　and

曲imum　temperatures　9radually　rise丘om　January　to　early　Apri1，　b鵬pon血e㎞t　ra㎞s血April

begin　to　fall　discontinuously，　fbllowed　by　a　gradually』decrease　until　mid－∫une．　The　daily　range

remahls　large（ca．15°C）from　January　to　February，　then　rapidly　decreases　until　early　Apri1，　and

finally　decreases　gradually　unti1　July．　The　first　rai　ls　in　Apri1　occur　simultaneously　with　the　turning

po㎞t　in　the　seasonal　temperature　variation．

　Dudng血e　rainy　season丘om　mid－May’　to　September，　the　daily　range　narrows　gradually　until

mid－June　and・remains　narrow（ca．9°C）unti1　the　mid－July　break　in　the　rainy　season，　a丘er　which

the　daily　range　fUrther　narrows　in　a　disconti皿ous　mamer　to　7－8°C．　The　temperature　displays　a

different　pattern　of　variation　before　and　after　the　break　in　the　rainy　season．　From　September，　the

mean　temperature　remains　at　approx㎞ately　25°C　un廿l　December，　while　the　daily　range　rlses

gradually　due　to　the　drop血minimum　temperature．

　　fMean　t已mpE）　ratuwe　　　　　－一・一・Maximum　t巳m田旧tu旧
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Fig．4　Tempora1　variations血daily　mean　te即e伽e，　maxirrlum　temperatUre，　and　minirnum　temperature

　　　血Dio馬2002．　D田ly㎜ge　is血e　difference　betWeen　maximum　and　minimum　te即er血es．

Humidia／

　Fi騨e　5　shows血e　time　series　of　relative　humidity（RH）and　absolute　humidity（mix血g　ratio；

X）in　2002．　Both　RII　and　X　are　generally　low　unti1　February　except　for　two　brief　peaks．　From

March，　RH　and　X　begin　to　fluctuate　between　in　the　ranges　20」75％and　4－159／k9．　At　the　time　of

the丘rst　rains　hl　Apri16，　RH　and　X　rise　rapidly　and　then　hlcrease　gradually　unti1　July　It　is

notewo血y　that　the　absolute　humidity　in　early　Apri1　is　similar　to出at　in　the　follow血g㎞e，

indica血9　that　the　water　content　in　the　air　briefly　increases血APril　to　the　same　levels　seen　in　the

rainy　season．　The　relative　humidity　inereases　gradually　until　early　July，　and止en　falls　briefly　in

mid－July　cor1’esponding　to　the　break　in　the　rainy　season．　From　late　Ju1》i，　RH　remains　’at　60F80％

m廿lmid－October．　From　late　October，　both　RH－amd　X　decrease．gradually　unti1　late　December．

This　seasonal　change　contrasts　with　the　1arge　inter－day　fluctuation　in　sp血g．
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Fig．6　T㎝1畑v面翫ions㎞（laily　accumUl飢ed　solar　radiation　in　Dioeq　2002．

　　　　　Thick　Solid　1ine　denotes　9－day　ruming　mean．

Solar　radiation

　　The　time　series　of　solar　radiation　is　shown　in　Fig．6．　Ih　mid－January，2002，　solar　radiation

drops　fbr　approximately　l　wee瓦　corresponding　to　the　precipitation　on　January　8　and　associated

cloudy　weather　This　precipitation　event　therefore　appears　to　have　been　a　synoptib－scale

disturbance．　From　mid－January，　high　solar　radiation　continues　through　February　and　March　with

small　inter－day　variations．　On　April　8，　the　solar　radiation　drops　to　ca．6MJ／day　simultaneous　with

a27　r口m　precipitation　event　2　days　afしer　the　first　rain．　On　the　maximum　ra㎞f乞11　da）らApri16，　solar

radiation　was　19　MJIday，　suggesting　that止e　rainfall　was　pro（luced　by　a　cumulonimbus　storm

resulting　fbom　strong　convection．　From　April　to　early　July，　solar　radiation　drQps　frequently　in

association　with　rain　and／or　cloudy　weather，　bt此the　9－day　mean　remains　relatively　high

（20MJ／day）．　From　mid－July　to　early　September，　solar　radiation　drops　markedly　to　a　9－day　mean

of　15MJ／day．　From　mid－t（）late　September，　solar　radiation　again　rises　to　20　MJ／da》孔These　periods

of　low　solar　radiation丘om　mid－JUly　to　early　Sρptember　are　also　included　in　the　break　and

late－lainy　periods，　indicating　that　the　kmd　ofrain　and　cloud　thickness　differ　fbom　those　in　the　early

　の
「amy　season・
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Mnd
　　Figure　7　shows　time　series　of　hourly　wind　speed　and　whld　dhrection．　Wind　speeds　are

generally　lower　than　2　m／s　throughout　the　yeaらalthough　speeds　exceeding　3　m／s㏄cur丘om　May

to　October．　These　winds　speeds　are　exceptionally　weak　in　co叫）arison　with　mid－latitUde　areas．　in

contrasち　the　wind　dir・ection　displays　a　distinct　seasonal　change．　From　January　to　mid・Feb㎜y，　the

wind　directions　are　predominantly　in　the　O＋90°quadrant（N－E）．　However，　around　March，　the　wind

direction　become　unsettled－and丘om　Apri1　the　prevalent　wind　direction　becomes　SW（150同240°）．

This　wind　d廿ecdon　change丘om　NE　to　SW　occurs　almost　simultaneously　with　the　first　rains　in

Apri1．　The　SW　winds　blow　throughout　the　rainy　season　unti1　October，　when　the　wind　d缶ec廿on

again　becomes　unsettle　in　early　to　mid－November｛amd　then　changes　to　NE　from　late　November．

These　seasonal　chamges　betWeen　NE　and　SW　correspond　well　With　the　beginning　of　the　pre－rainy

season，　but　not　with　the　beg血ning　and　end　ofthe　rainy　season．
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Fig．7　Tcmporal　variations　in　hourly　wind　speed　and　directions　in　Diou，　2002．

4．Summary

　　To　better　understand　the　meteorological　features　in　stUdy　are4　a　co．　mparative｛analysis　wa串

perforrned　taking　every　meteorological　parameters　into　consideration．　The　seasonal　changes㎞

surface　meteorological　parameters　are　arranged　in　Fig．8．

　　Based　on　4　years　of　precipitation　data，、　seasons　and　sub－seasons　can　be　de丘ned　as　fbllows．　The

period丘om　October　to　March，　characteriZed　by　little　rain，　can　be　defined　as　the　dry　season．　Eady

to　mid－April　marks　the丘rst　rains，　and　is　followed　by　a　period　wnhout　continuous　rain　from　late

Apri1　to　early　May．　This　period丘om　early　Apri1　to　early　May　is　defined　as　the　pre－rainy　season．

From　mid－May　unti1　early　July，　rains　are　frequent，　and　this　period　is　denoted　the　early　rainy　season．

Around　mid－JUIy，　rain　st（｝ps　briefly，　defined　as　the　break　in　the　rainy　season，　fbllowed　by丘equent

rain　until　late　September，　constitUting　the　late　rainy　season．
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　　　The　definition　of　the　seasonal　transition　fr（）m　the　early　to　late　rainy　seasons　on　the　basis　of

precipitation　amount　and丘equency　suggest　that　conditions　change丘om　a　disturbance　1ines　rain

system　to　a　cloudy，　prolonged　rain　System（Barry　and　Chorley　l　987）．　The　break　period　in　mid－July

oocurs　betWeen　these　tWo　rain　stages．　Although　the　mechanism　for　this　break　is　unclear，　the　break

occurred　in　all　4　years　ofthe　stUdy　and　thus　appears　to　be　an　important　phenomenon　in　the　general

seasonal　march　and　weather　cycles．

　　　At　the　end　of　the　dry　season，　certa血surface　meteorological　parameters　underwent　a　distinct

transition．　The由ily㎜ge　of　tempera加e，　inter－day　variation血humidity　and　solar　radiation，　and

wind　direction　all　changed　markedly　at　this　transition．　The　period　of　the　dry　season　and　pre－rainy

season　can　theref（）re　be　regarded　as　an㎞por㎞t　seasonal　change．　After　the　pre－rainy　season，　the

early　rainy　season　begins（mid－May）without　an　accompanying　change　in　meteorological

parameters．

　　Around曲e　break　h1・the士ainy　season，　relative　humidity　drops　bricfly．　In　thc　late　rainy　season，

the　temperature　displays　a　small　inter－day　variation，　while　solar　radiation　undergoes　1arge　inter－day

variations　at　low　values　and出e　relative　humidity　rema血s　high．　Therefore，　the　break　period　and

subsequent　late　rahly　season　are　characte血ed　by　a　disti血ct　seasonal　change　at廿he　surface．　Alround

the　end　of　the　late　rainy　season（begiming　of　the　dry　season），　certahl　meteorological　pa㎜eters

change，　including　solar　radiation　and　relative　humidity．

　　We　will　present　upper　a廿meteorological　data　analysis　and　discuss　the　relationship　among

them　in　Part　2．
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