
CHAPTER 7

The Tropospheric Circulation Over Africa
and its Relation to the Global Tropospheric
Circulation

R. E. ,'.;EWELL and J. W. KlDso,

ABSTRACT

l..<Jnt"'erm monthly moan .0....1 Ind merid;"nll wind. OVer Aft... ore presen,.d
for l...ell I><' ......n 1000 lJId 100 mb in '~e fo,m of naps Ind <rOSHec'ion•. D<oe"
dUll "'''''port depend. on 'h wind. ,n 'hroe wly'. the w",4. control 'h. flux
104 conver,ence 01 mois'ure hich in turn JO""Tm 'he ...",f,ll Ind hence 'he
.Vl.il.bllily of dIU' II 'he ..,rrlC<; 'he ",rr.c< ";nd Jlro"1i'h 'OfUl.... 'he pkk.up 01
dun. '~e me,n flow po"..n oonlrol. 'he path 01 dlUl or,., it le,v.. the >ourc<.

W. lu.mp' to explain t~e clu.ieol Arrheniu.- Tureki.n Ill.. nul" in ,erm. 01
t~..e ''''ee inteN.I.lionships. Latitude-'im. ",'ions 01 the montllly me,n
8S0 mb .onll witJd .nd ...inf.U .lon, 'h. prime me"""n .nd olon,40"E >110,," 'he
mos' fnowlble IIti'ud.. ..,4 month> lor dUJl ,n.",pon. AIo"1i the mefiJiln
IO_lloN in J.......ry. 21_30o

N in July and 2I"S th'ouJhcot the yoa, Ire 'he me"
favoured repon. fOT ......' ....ord "..,.port (>ee fiJure 60). At 40"E .." .....,4 'ron..
PO" ce...", in JUM_AulU" in t~e 1_30o N la'n.de bond ..,d ove, much of 'he
yea, " 30-H"S. Rainf.U .moonts 1I0na t~. prim. metidian of I... than I <m per
mon,h ue .hown >IIlded in '~e Fifere. The dirreren« In <hu'<'er of t~e dost
(rod'b,own in SO",,,,er. l'ey '0 bla<:k in win'«) emer... cle.rly f.o", '~ese .... ,;"n.
which show, Sa"'... n SOmmer _ree .nd. Sahel"n win... _re•.

111. interhemilphcri< monsoon northerly flow examined in de,,2 by Findlo.ter il
very mon, near 40

0

E in Ih. April-OC'ober period., 8SO mb, with. relurn 00.... in
'he upper tropo.ph.ro.

The mOln flow d-a" mllY be used diro<Uy 10. dUl" lr,n'pott col<ul'lion.. wilh
lir con""n""ion d,ta. a. it ..em. li~.ly lha' eddy nux <ontribUI;""•• re moll II

hu heon found for w.le' v'pour. Such oomputuions ne.d bile m,p. of aoil Slale
.~ o«oon.

Eumpl.. of now difl...ncto hel,,'een • ~l period. 19S8_1962. &Od I dry
period. 197(1_1973, ore Jiven. It h.. been shown d ......h". (Kid..,n. 1971) 'ha' 'he
8SO mb ttcoJh in the Sabeh," reJion is more nwked .nd lhe 200 mb no... is
.lrOnler in ....et lllln i1'l dry yoan. Here ~ tty to ...... the inDue""e of I~e..
<"'n,.. on dust tr.n.port p.ttern•. It seem. «iden' tb.t duot In A,',ntic deeM"
<or.. i. covemod bolh by t~. rainflll .nd ,~. wind patter..., • clullSe in 'he
....onll ex<union of lbe H.dley coD in ic...... 10' ...mple. could inDueceo tbe
ob..rved core co""entn.,ion... much .. a c~'nae in wind ...en,th.



'"
The tim. nri.ationo 01 ,h. mean winds 0'"'' 'he pUt 2S yea,.,.,. tho""" 10 he

related to &lobo! <;rC\l].,io" palltrn <ban,es. Some .'p<<I. of 'hest poaibl. tho.....
lie ilIumlled lUirtJ; lropolp~mc lempeTilult diU Jn~ seJ 5Urbce lempeTilUle cllIlI
f,om Ibe PoeUi'. Al"otic and Indian 0<..0.. Data on, much )""." lime ",al. have
01.0 been ...mined and it i' ,on,luded that 'he .u.' physical c.ou~ of <ban... in
now 0... Africa h.. no' yet bee" iroJ...d.

7.1 ["'TRODUCTION

The tropospheric ci,.ulalion ifIn..."ces ,h. u""lf'On of Afriocan dese" duot in
,hr......ayo: the wind. 000,,01 tht f1u~ and <onvt,grn"" of moisture which in turn
govern. the rainfall and hence 'he availability of dUlt .t ,h. surf,,,,, together with
the waohout; ,he lurf.", wind Itrcnath rq;Wat.. tho pld.up of dust: lho 1II'",n flow
pallt'" <ont,ol. the path of dWl .fler it I..... ,h. WIl,ce. In ,hi< papo, ,h.
long.l<rm mean cluracteri,tic. of the tropospheric oi'culahon and rainfoll .re
discussed. C1langtS in 1M lroposp/l<ric circulalion 0'" Africa are ,.laled 10 cIwlg..
in the polnl .tmospheric d,,:ulatioon and hypolh=.,o uplain lh. ~hlllF' "" pUI
fOIWard.

The classical books by Kend'ew (1%1) and Griffilhs (1972) give • d.tail.d
.ummary of the .u,face ~limalology of .ach counlry ""d lh. All.. of Thompsoo
(l%S) COvell mt>Ch of lhe f.....j, ~~matology IS well u ..inrd by I beauliful ..l
of map•. 111< ~Umat. of III< Salwllw b<eo thOloUJhly discussed by Doblef (19S9.
1963). !'rio, .....,ri It M.LT. (Newell n ~l. 1972) providtd ..asonal m.ps of III<
...ind rompon<nu ., Iev.ls belwe<n 100Cl mb ...d 100 mil logeth., Mlh maps of
vertical mOlion d.duc<d from lhe COrlI;nuiry 'qualion (N.weU nat.. 1974).
Anoth.. SOIl,e< of !low 1"11.01 informalion, which COOIlIn, examples of dlily
pan.m•. is lh. Muoilalp Foundation Symposium 00 Tropiul M'''oro1<>sY in
Af,;"" (1960). COrl5id...bl. fund."",nlal ...ork on lhe flow pan.ms has also bun
~arried oul by Flotln and hi. <:on..g... (•.•. Rohn, 1%S; Actin and K<>rff. 1965;
SlrurtiolaM Flohn, 1%9).

'The main ph.nom<llon ...hich clwl~l'rius the Uopospheric ci,~ulilion is ,h.
in''''lrOpi~a1 <on••rgenc. zone (lTC7.) and ilS st..dy .._nal m;gl1ion. 'The
~loudin and "lOfaU IlIOcialed ...ith this ph""om.""" move to the SOIllh in
nonll<m int.. ""d 10 ,he nOrlh in no"h'm .um""". roullin, th.iI extreme
nonherly position over lhe Sah.1 in AUJIl'" Th. main f..m.... of this 'on" .ppear
In lh••urflC" "'..mUn. Uld pressu,. pln.01' of Griffith. Ind Soliman (1972) and
the ""flC. flow i. discLlOSo!ld In thil v<Jlume by Dubi.f (1979), The ITCZ NO'
...."~.SI across Afric. wuil at IboUl 2S'E il tum. KIIlthwa"h io Mnt<r and
becom.. indiltinlUish.bl< from lhe ""fau boundary belwuo the At1lm;~ Oce...
.....,.rli.. and lh. Indian Ocean out.rti••. In 1IImmer lbe lTel <:orUIn.... ''''ward.
'0 ,he ,,"!$ill' Golf. To ,he north and WIlrh of the lTC7. ,h....r< ..Jions of lar..
",a1••ubsid."". ,,'jlh lhe la,.." ,egion nonh of lhe "<101101 in Mnt., brin.
associaled "';lh the exl .."", .outhe,n .xcursion of the rWag motion. 'The zonally
lveraged rnw !lux p."erlU shown in Figure. 7.11lld 7.2 lilllSlrlt. the ,ubsid""c<
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'opons and it is. of OOU"", thi> ••pett of tho &Io\>.ll <::irO'tllalion whicll. is rtspol\uble
f", the O\XOu'renCO of d*nl. At the northern and ""'thorn utremihe, of lh"
conlln.o' the ph.nomen. which d,.,acwi.. th., circular''''' at. 'he middle lati'ude
baroclinio Wilt. and th., ..,od'led Iow·pr...ur. "inob'orinK trW;"'! 'y$tl'ml.

th... bem,; do , 10 the <quo'e' in the win.., of the .p>"opril'.....on. Th"
dO$<ripoon by me of lh" bour>dary layo, c~mal<>l"IY Clnnot be .""opol.,ed
upward, IJld th.,. in f1C1. ,trOol lon,,;uJdin1l V'ln..tiont in ,he upper tropo-.ph.,. which If. SlPif"'lnl in the dOlt "'''<pOll pr<>blem.

7.2 LONG-TERM ~IEAN PATTERNS

7.2.1 Wind-elocity

As I'"n of. 'tconl ,'Udy or Arrio:lJl rainfaD and possible ••use< or SaII.lion
drouatl1 (Kidson. (977) mnn wind., moislur., ond rainfoJl record. lui.... b«n
","mbled for .n available African SUlio".. Rainfall dall c""., the period 19S 1_73
(WIn. of Ih... wer< collected .. part of the proviou••rudy of this p,""tem by
Tanak.o "01" 19(5). Wind and moistur< dau co..",d lhe tWO period., MlY 1958 to
April 1963 and December 1969 10 December 1973. dila for the lau" being
obtained from the monlhly aimllie Dau for the Wo,1d uppe' ai, lipe. Upper lir
Slatio." lIKd ... lhooe sho_ in Fill". 7.3. Rainfall "ation........nlially!he
same .. lhooe shown in the map by Tanaka t7 el (1975). lol!3·t.rm mean monlhly
wind components h..." been p1o11ed by compul.r on mapa at le..l$ between
II))) lOb and 100 lOb and lit. C,eMltW\ (19S9) analysi' proxedure has been used to
obtain an oojecli•• analyli' on a 5' grid "",,"ring !he r.gion B'N 10 33'S and
15'1'.' to 45'E. It wu found neceu.ary 1o uo< an anisotropic scan .adiu. fo' lit.
~onal wind componenl abo". !he surf""". Whil. th. me.idional compon.nt i.
'.pres<nali.. of a S' grid squ.... !he LOIlal compon.nl is ••pr.senmi.. of a IS'
lolllitud., S· latitude Irid ,.gion. The componen.. rather than s"umlinca .'"
select.d for iUulltllion h..... th"" valu., may be use<! di'e<:rly in d",t \I3ru1pon
computations.

Examples of lit. analysed map$ for 850 lOb and 200 lOb for four m1d"'l$01\
monrhs Ir. shown in Figu",. 7.4, 7.5, 7.6 and 7.7. The 850 lOb LOIlII component.
h.nc.forth denoted by u. e><llibi" mainly v,,,il1ion willt latilude in Jantllry, wilh
..." ..ly .joe'" at 10'N and 1O'S and weslerly now nonh of 25·N. south of 30'S
and in the 0-1 5'S t.one. Maximum val ... OCCUr to tb. north and 10 the south of
the Sah..a. In July ,he", a'" sub""nlial Yllialion. with Iongitud. with a ",••"al
f,om ...,.dy 1o w.""dy ..inda "'0" the Saha.... Maximum valun occ:u, II about
2S'N n~, th. prime meridian and >l about IS'S. Flow from the _,t dominates
the .."tIlIOnl! zone Ind both ..gions of .."",bes a.. funh., north lItan in Janusry.
Th" IS' longitude scan radius ""ould b. born. in mind when.,,, app,eciable
lon(itudina! VITiations appear in th. actual dala. In July, for example. lhe ""est.,lies
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F1JUI< 7.3 Di'lribullon of 01.11011< used 'II lhe UP!"'T >" analyse•.
Open cirde< show tho>< presenl durmK 1958-63. <,..,<••" for tho,e
pro'on' duril\i; 1970-73 .nd solid cirel.. for both period,

0'"" Egypt are cI,ried further ....,{ward by this analy.is dun would be lhe c... if.
hilnd lnalysi, we,. used.

At 200 mb lh. ronal wind pal1em is simple, than 'I 8S0 mh, wilh • belt of
...torli•• , cem..d in lhe ,ummer equatorta1 ,egion, embedded in. g</l<ral wenerly
flo.... 1lIe ••st<rly bell is ...eaker at lite equinox.. than It lhe solstice•. ""bile ,her.
art v.rialions of 'peed 'With longitude ,he,. Ire no major direcliono.l changtl. Maps
of lhe 850 mb "'<ridional c01tlponen,. d.no,.d by v, show. structure which is
much more patchy lhan thaI of u. Over Ihe Sahara flow is toward. lhe <quator in
lhe ...1 and toward, th. pelt in the .....1. There is • sub,,,,,,,;'1 c,,,,.-equatorial
drift which is into 'be Southern Hemisph.,. in January and in,o the Nonhern
Hemisphere in luly. AI 200 mb in lanu.ry Ihe,. is fairly mona northward now
from O· '0 20'N and 01", to tho un of tho !Tel in oouthem Afric•. In luly tho
now is ",uthward from .bou' SON to 30'S .nd generally northward further north



n.
'The pa"ems at Dlhet Iewds may k -.l f,om I amila' se, of _PO. bul.1Io

pon'l)'oI of 1M wr1ica1 ~,.....,. ao. _UOIIIJ of the com"""ents is ......... ill
F"""" 7.& ond 7.9. The pnm< lDtridwl is incladfd.....0 lhoulb doll is .btelll ..
tho Southcra HenuIp/In.,~ " is l'Jlf"IIlIUO'/W ollht ....,.... SalwI. Tb<
r~ cap...... W -.cc of lho buoo wwhMlo .......1)' thallbe ConoIiIlO<quc.
""'-"'I ... !he~ no.,,..... 1M zoaaI wind rldd. , ......nh __ ill.

bo<h ~1O' IlftI 10 urIy WlDClI. u iI 'I'Ilry njd.,,, ill lht upper
'fOp .p.......Uwioo cq ,.,......1<h !low • --.ell Wltlt easterly _ds. The
ponems of 1110 l:OIIlI wind IIl2pI of F,...res 7.• 10 7.7 cu. abo b< ICCOUIIIK rOf
with thil; potIf:iplc. The .,ions ..... show 'hal pDlt":lfd 110.. in the 0",,"
lJoposphe,. II KCOm.....ied by equalOfWJ'" flow in 1ho Jao,".. =poophere. Flaliro
7.10 is. a_lion aloo,lhe _quale, and btsiok Ionlll\o:;hnal variatO".. thb abo
~luslral"'hc ccmpmSllion bot,..• ." 1M Uppel and ~r uopospll..e.

It ..em. noco""ry 10 ""lUid.. vari.tliom DI\ I mon'h-to-montn bl.is fOf \M dUlt
Irln.port problem Icd F;,ur.. '1.1 L 1.12, '1.13. 111<1 '1.14 show value. of U l/Id UIt
th .... longiludes for 850 mb and two [onplude! for 200 mb. The main ;nl.,.ll hm
is Ih. SahlI. and 11 11 ,ocoplu..d th., d'" Is 1'00< sou'h of lht eQuator fo' o·
!on&i'ud•. The problem is nol '" ..""US for the u<ompon...u .. fOf ,h.
t'O>fIlpon<CI bee.... of the lIIisolroplC inll...1101 lldiu.. In til< "·..'t,,, Saball
'lro"l"$l OU,trly winds .. 850 mb """" ., to-I S • in til< win'tr IlId .. 2So" in
til< IIlelllJlU!le'. A. ""oE there _ ......,Iia from the <qUIlO' nonhwo,d.;a ,h.

-'.
n.e 11'''''1 no.. .1 150 mb f,om the .e:-nhom 10 the aanllom hemilpbo...,

4D'E. ~oS '" _ II wonh aotl>J. n.e "wlcwlj« irllha _ dJ\.roYttlld by

FIIIdIot.. (1969I.b: 1972) ill • Iinle tmd.taumoted ill lI""'ph by the III&/ya
lfdIniq.... ill f..", Fmdlal'T ,oporu. _1ft of Um ... -' (<I' Bm ....·' Ilere)
oriIh..,.". __, re""""'a 25 m ... _1.

7.2.2 n.e_IIaw_dUSl

Duo, pld<-up WIS widdy doobatod .. tho omrbhop. A dosiec.led _fICO f."OI'"
plCk p ood ••ri,,,,01 piek-<lp 'l'"ed """dI WI,," f,om poV>110 poilu. II req\liud.
Dry 10 '.p....nl.d In fill"" 7.14 by 11>0 oh-.led ,.pon, wlticll """espond to
rainfoll nJ..., of 10. tlu.n """ oentimol" pt, fI'\On'h. Ove, the Sah.ra hlJ!u:st ..-in<!
.peed! f,<>m fl,,,,. 7.14 occ", or 10--.13°N In win'.,. lOON in 'prin, and 23°N In
lilt ."mm... COIlcomltln,ly 'h' dry ..pon mOvel north wi,h season. On 'h... 'WQ
counts ,h.n mlxun"m pick ...p i. expecled '0 vary IOlionolly. To show the 8"0,r.·
phicll ..riI'lM lll. dlllribuliOll of mun wind klnollc .nOllY 1\ 830 mb 10 shown
in fi&U" 7.13. Ilkolly I beller p'lIme'" '0 ,"p,esen, pil:k.up miatu be til< "1111(0
of 'ho WWltlneoua wind .pud bu' thlt wu not .qjJlble. Th<,. i1. maximum on
-" lido of the SoIwI. in JlIluary wllh the IITFS' ,"",,,.. ,,,,,til of lilt Slh:Int IlId in
" ..... Afrlea. In July 'ho lIWtimom iI m tile NorthweP Slh:Int ""lh bJaII YII_ olIO
in the 'onhtaat. 1M fmjuo:ney of hue (M' the """.. It • me...... of IU-bclrM
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fllure 7,a Zonal ond meridion.1 wind oompon<n,. lorO'
IOllJ:itudt n;ni" m ..,-', Top' J.n"",y Ilouom- AUKust
K<>' lonal -- M<t;dional

dust, Ind dala compiled in the 1930",a.. sho","" in Fiauro 7.16. In northe", win,o,
consld.n.ble dUSl blow. v.'.'tward from the ",ulh.,n Slhara. Kalu (1979) presented
ovid.,..,. ,h., the :olluvian pllin of BiJma <Ni&tr)lFaya uriUu (a..ad) io a majOT
IOIlfC< in winl.r. In .ummel the p..k I",,, ['"'lomcy I;.. further north and in
addition there b • _$Ii,. Irlnlpon low:ord< the OUI, as miJht be anticipated from
ih~ oc<u"enc< of dr)' w••t.~;".' 40°10 longitude in lhat 00 (FiIU« 7,1 n In
>out""m Africa 1M" i•• contspondence between dry ,.,lies .. 20-2S'S
throughout lh~ y.... and the occu"...c< of ma'ine h.... Th. use of 8SO mb stem.
approprial. as much of lhe d""l is oonfrned 10 lh. low.., 3 km (Prospero iUld
Carlson, 197:1). In Itnorol '.rms then ,h. mun wind kiner., en0'!Y pallo"', lhe
mean flow p.1l<m II\d lb. rainfon CIIl be said 10 Jive a frrst order .xpllll.hon of
lho m.rine vl~bUil)' mops, bUl more anno, b. said wilh""'l kn"""l.dlt of tho
d.tail.d d;,tribulion of lh, oour... and. IS Kalu .'.....d. dotoil'd d;,lribut;"" of
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the surf... "'ind. Insofar .. tho moan flo... p.ttom «presents the .urn of the
p.ass1i1" of tran.ient eddies then i1 can b.< us<d to ropr nt tho dust transport, but
for pick-up it ..... stres«d at the ""'Oting that po la... ,du.s of til< instan·
tan.ous .urfaco wind spw;l may b< in\'olv.d (e.&. GillWe, 1979). "tlkh ...ould nor
b. adequ.t.:ly ropre ..nted by mean value•.

7.2.3 MoiotuJ'<

There io a "'bs1 ....tial ~ria';"n with ..a"", in moiotut. O"'r the de.." ...hown
in Figure 7.17_ Lo"""t values OCCUr in =<>ciation with the 1"$0" 'inkin& motion
(cr. F\iul< I) .. might be expect<d.

In 'he early studi.s of water vapaur transport problom. by the P1....etary
Circulations hOj<01 direot~d by th. late Professor Vi~tOI P. Starr, uampart O,er
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Afric. w" trolled as • pan of the hemisplte,k or global problem (e.g. see Peixoto.
1973). A few works hall< r""used on Africa, for example, those by Flohn or 01.
(1%5) and Peixolo and Ob..; (I%S). A ienul.! fmding \Val thO!, ., fOf O1h.,
!lopical ..pons, me.n mo' ions conlribu,.d most [0 lhe totalllux,,, oPPO$Od 10
dloy·lo-<lay eddy motions, so lnot monthly me"" wind. could b. used in o.<sO(iaUon
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Fi,ur< 7,) 2 Tim, I',;la(\< _lio", of moan zonal "ind altho 200 mb l,vel at 0"
.nd 40'E l"nJi'ude (Un"" m _-') Lef' 0

0 Il.i&/I" 'OoE

where ¢' and A .r< '.."ude and 1""iIIUde and i i> the monthly mean .pedro<
humidity (ill smJk.~ Th, m ••rnIill•• of th. v''''lCally in\ ttd flux e<>mplIled by
Kld"'" (1977) II' "'own in FiJUn! 1.18. Th... ~r..rnlin pr• ....,' lhe non·
d,..,«nt port ufthe 11ow: Ihe dift'lenl port. V' Q. i. al.o shown. In lhe .arty ~n
"f ,h. yo" lh, moist",. 0'" 'he Nonhem Sahara originates f,om lhe Atlantic
"'hU. in IUm""" 'h, origin ilW Medi'.,ra".." If••. Moistur. 0....' the s..h<1 oIso
tra..1s from the Medit<rran••n in lh. beJinnmg uf the rainy 50"""'. hut 10t.r Ih,
Indian ""an region becomes I _re<!. Tho ponern is quit. diff"~l f,om that
whIch w<>UId b< inferred f,om lhe surfac" ",..mline•.

In ,enoraJ dust, hk. wale, vapou,. wiG N <oo«ntrated in the lowe, troposphere
and it seems fOlSOlablt '0 USum_ th.t the tWlSP'l" is a1KI mainly by the mean
...inob. Th. climOloloJ>cal dlla pr...n,.d hor. CQuld 'ho..fo.. be uoed in 1m
....urn.", uf".. ion sire•.

M.an rainfall p.n.m••re lho.... in • number of dima'oIogical ,eXl> (e.g.
Thomp""'. 1%5: SO< also Kidson. 1977). Th... 1"" a guide to repons which are
vulnerable to ,urf... pick·up WId they a1KI "",..sen' a ""'..or. of. major oink.
washou!. In the 10_' rainfall periOOI of 1972-73 moJO do.. enuk! be picked up
1>0<... of dry lurfaen WId less d\lSl """old bo r.mo'le<l by rainfaU, than in lh.
",.mr yea", in ,h•••rl;' 1961h.

Eumples of the limo varia,ions of rainfall are "'own in Fi&W' 7.19 in • form
'luI may be _d in wash",u, cumpu'";orl1.
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FiJI',. 7.14 Timel.tilUde ..otion, of mean meridional wind alth. 200 mb 1•••1
.. O· and 40'E (Unl,s' III """ -, ) Left' 0', Right, 'OoE

7.3 YEAR·TD-YEARCHANGES

7.3.1 W;l\dveiocily

The deUoil. of the monthly m"n tropospherio flow pmem. Vlry from year to
",,:1. The inte,." here il bet"','" predominantly '0'<1 .nd dry yea". the lotte, with
more potent;'l for dll1{ pick-up. El>ewh." Kjdwn (l977) ha' p,...ote<! streamlines
fo, 850 and 200mb for August 1959 and 1961 (wet y•• ,,) and AUJust 1972 and
1973 (dry ye.,,) (Figure 7.20) and ha' pointed oul that the 850mb trough
normally 1'''''0' II OboUl SON in the _, y"" wu absent in the dry y••,... The
e.,terlies at 200 mb ale 01>0 o good de.1 ...eobr in the dry y..... as may b• ..,.n aho
from the indi";duo.l ye" eqUlltorW ",OS_lions of FilaT. 7.21 _The ""'ridional
flow which produce,th.....,terU.. is also .Uule we.ke, in 1973.

j .3.2 Moisture

IUinf.u ••riaHon. Mtw'''' we, and dry ye.,.. of \he recent perioo h,,~ been
discu,..d by seve,a1 luthon (e.&, Will$unley, 1973; $i,,;oul>n, 1974, T.nn... al.•

1965; BuntinS.r al.• 1976; Kidwn. 1977). The moin rtin r<gion O,'er We't Arne.
move, north and ,oulh in • "il'I.. f..hion re.chins la northernmo'l posil;on in
AuguU. The cenlre of V.vity of this pIn of lhe lainbelt (l5"W to 25"E);. "'0W11
in Figure 7.22. The dIshed lin. shom lhe loog term me.., northemmo", po,;l;on in
A"ilo>t. The belt w" ","en funher nMh in 1952, 1956, 1958 (for lwo monllu)..,d
1959 ~nd w"' wuth of ...,,,"se in 1966 and 1968. But dearly the" hIS not been •
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lYSlematic drift w"th.... 'd. ""d it may b< ,.th., thl' it is the overall intensity of,h. Had1<y con circula'ion that is ......ker in years of low r.inf.n.
The .p..,iflC hUmidity pattern Ihow. evidence of slightly 10....' vl1u.. in 1973

thl/l 19S9 (Fitu," 7.23) in lTIlXimum region" near tho 'lronge>1 rising mOtion. and
., 2S'N nOllr the norlhem hem;,phere sinkirli motion.

RelJlionshlp1 with 'ea outface 'emper.ture in the adjoininl All"",", ond ,h.
Indian Oce"" we.. also ooulhr but 'her. wer. no mOlll correlations, ahholJih OUr
dati <ample .p>nned only 'he period 1949-69. SO we did n01 ha"" 1 good sampl.
ef ... tempera,ure for the dry yean.

7.3.3 Dun

Aocotdina to lh. presentation "f Prosper<> (1979) there h... \><0. change. in the
Summer dIU! contenl of." 0'" ,h. AlIanl". The .ummer dust app.." h) originate
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t I~ure 7.18 Slrcamllnc, of the v<"lCally ,n[<v.ted mo"'''''' n", (~••paCIn& corr«ponJ' to. r.'" of \00 kg m I "'.-,). Ille..
'tre.",I;"" ,ep...e,,' the non-<l ..crg<n' port of tho flo,," The 'hick line. ddi",;, (he <11>",g"n' part of 'he flow from ,ho con"C'g"ol( 1"'"
(.h« K;d",". 1977)
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... lC<ordinl '0 Section 7.2,2 abov. and may
f m tI1. contral ond nottl1.m Sail D 1974) While chonge. in the
ro d t b~ of the red lj"pe (,,'pp,. d b

tI1.,efore be expecte 0 • Sah I they m.y be go".rn. yI'!<el . to be r.lot.d '0, e
.ummer ore not.o ') d .til f Africa north of the eq'l.1lor.circuluion change, "'hich we fin ""or 0

;ht and 110001 temperature
7.3.4 Relationship be"'~n drou 15.~ increll$Od

h urf""e lempertture near ,
It "'"' pointed out .Iso~e" t >I S ted thot Ihis was due to planellry albedoduring ,h~ drough' yea" and" ...", .uggt.



'"The Tropo,pherlc Cirru/;ltion Om AjriCQ

c!Ian&<' (Tanaka er 111., 1975), p""ibl. r.l.tion.hip< with fr•• air t.mperalur. ha..
allO l><.n .xamined, Monthly mean temper.tnr. d.l. from 150 npper air "";,,n<
for lite period 19S8-74 h... be.n rubj.ct.d to an .mpirical onhogor"l function
.nalym to bring out th. PJ11.m. of th. non.....oo.1 ch.nge,. Only ot.,i"", with.t
I••" 801tof the data preS<111 ",'er. includ.d in the .nalyu, which w"' performed for
1...1, of 8S0 mb, SOO mb, and 200 mb. Thi' analysi' i' to b< describ.d .ls.ewher.
(Weare. Kid""" N,vato, Ill1d Ne",..11. Unpublished Ill,., 1977), Th. n.. t l.n func·
lion<.1 ••ch 1...1 were h'lCOrporatod in. "'....ning regr'..,on procedure 10 examine
th.ir ..1aliOllship to chan,es in July to Sepl.mber "';nf.U in Afric" Th. p.ttern,
most mongly roloted 10 th. rainfall chang<> If. obtain.d by combinin8 lhe EOF
p>tt<m. wi'h weightl giv.n by the ,cre.ning r.gres.ion proc.dure and Of••hown in
FiJure. 7.24 and 7.25 (.fter Kidson, i977).

Th. 850 m\> IOmp"ratu" p.Hom implies tb.at free air l.mper.tuI< is lower O\'.r
Alrio. in the 'I>,.t y.a" IS wo, found fo' the .urfac•. In th. dry y.... IO~

d..ic<>t;"n would be f.vour.d .t 'h. hlgl1<r t.mper..u,.•. Tho 200 mb pall.m
show••viden"" of "ronger meridiona!l.mperOtu" V.di.nll in both hemispheres in
w.t y..... Thi. is oonsi".nl with th••ugg."ion of Sootioo 7.3.2 that il i' th.
o,""rall inuMi')' of th. Hodl.y cell ci"nlotion Ib.at is w'aXer in y••" of low
rainfall.

Th. lOurc. of th••nhanced tropo,pheric t.mpera1ure 8,adienU i' .rill a my'tery.
Modul.lion of ....urface t.mperature i•• po..ib~itl", bUl, "' nOled. dot. rub­
..quenl10 1969 for Ih. Atlantk .nd lndi.n OC"n, i, not y'l .v.ilabl•.

7.4 CO:-;CWDlNG REMARKS

Th. m.an flow pan.m. o.. r Africa hov. be.n pr'S<11ted in h",izont.l and
vertical ..otions. The brood·",,-I. r••tUl<, of the ~tt'rn. of dust o'Or Ih. soo con b.
anributed to th. moon I10w allhough lh. IOtU1t pick.np m.y l>< more c1o..ly
I<1aled '0 the tran$i.nt circulation•.

Btlw~n th. mo"t reQim. in Ih. Salt.l in lh. 101. 1950'. ""d th. dry ,egime of
lh...t1y 1970', there .1••igniflc.nt ohong.. in ,h. flow pan.m•. Ther• .,. related
clun,,, in lh. rainfall pan'm' which se'm best d..orib.d in terms of. "duo,;on in
lit< H.dl.y cell circulation inl.nsily. T.mperatur< patt.rns "'ow .vid.nce of high
valu" 11 the .urf.ce .nd at 850 mb in d,y y..,.. Th. meridion.l t.mp.totur.
gradi.nt.1t 200 mb.,.. weah, in both h.mispheres in dry y••" whioh is oo"';".nl
wilh an observed "duel;"n in "'t.n,ilY. W. do not know lh. re."", fo' the ..
gradient change•.

Eo~.n lron<p<>'l of Afric.n du" and ito vatllbility in dup ... ,ores hl$ b••n
used by /'orkin and Shacklelon (1973) 10 ...... the 'vigour" of Ih. arcul.lion
during k. "i"'. For A~an,ic 001< V23-100 (21°N. 23°11') th.y d.duoe monger
nod. wind, durin, tb. cold period•. It hl$ be.n ."""d thar lotiludinol tempell1ure
'''dim'' we".1so V.aler durin, oold period, (N.w,lt 1973). How... r, f,orn the
p"senl findings, it mUllt b. born. in mind lIlat troj.oto,y chang.. oould .qually
w.ill>< 10 blam. for the observed dU'1 chan8'"
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A""o'dln, 10 the "'ork of Sir.., ""d Gra.... (l97S) who hI"" mode I ca,eful

study of Ilk.~.....\ fluctuation., all of Africa bo,.....o the "'\uIlo, ""d 30·N wu
very .... , in the IlXXl-ye., period ,tarting It 100Ul 9000 B.I'. ond 'he du.' in ocean
co,., for that period could b< eumined .. I !IOpar,te .. rif",.. i"". l1Iey postulate
that ... ,u,foct ..",po"'ur hi&/> ., thlt tim•. Maley (1976) h.u also made
"""e ponen analy ... "'hieh Ii evidence uf tho translation of ,h. Hadley cen
circulation and ...n if ,h. imen,;ty chang< "IU""'''t is ""'d for the rectnt ""rio<! it
cannot b••xtrapolated hookwlrd. in time _ il i. quite poa.ibl. Ihot ,he lfln$lotion
Irgumtnt hold. on lhe 1O.OOO-y••, time seole,
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