
CHAPTER 5

The African Dust Plume: Its Characteristics
and Propagation Across West A/rica in
Winter

A. E. K~tl·

ABSTRACT

The lOuth-wes,ward ad>'<'tion of Slharan Dun in ""n'e, f,om the BUma_Faya
La....u Klu"e ..ta IC'O" "iletil in'o 'be Gulf of Guint. h.. been discu..td. The
African [)IlJt Plume ha. be<1l defllled and described. Th,ee diltlnc' ph.... of ,he
$.alIann dIU' 'non.pon have been id.",ified and discussed. And IilUlly lOme
me100rol~oaJ foc'on controllin& the omission. tnon,port. penis,ence and d"pet­
sion of 'be African Dull Plume hut been outlined,

5.1 INTRODUCTION

Ob..""ti(ln Ulowi that ..ch yta' between No",mb., ...d Ma"h large quan'i'i..
of dlUl part.,l.. Ire ,ranspo"ed f,om 'he $:aha.. de.." towanh lbe Gulf of Guin..
1<:'0" Nilttia. The altl\C)" of such d"'t "anspon is 'he barmanan.a cold dl}" wind
whli:b lherefore prod"",s one of lhe "",,1t winler ...ntber condilloO$ In We"
Af'ica - ,he hann.anan dos' haze.

The harman... do", particles are "I}" fine opale""n' panicles whkh are ..,
minu't 'hat lhey can '<main ai'.borne for I considerable lenJl.h nf 'im<. The do"
whIch 'ub..quently arri,.. in We" Africa .. the harmonan dust hOleoccording '0
mtasuremtn" by El·F.ndy (19S3)has. diame,er '...,e of 1.3 2.0 I'IJl and coonon·
Italion of a!>oot 300-SOO ,m -, .

The p,esence of 'hese barm.nan do" panicl.. con"itu'" a dusty atmosphere
and in 'his pa!"'r a dusty atmosphere is defmed .. an almosp/te,e in whioh
obstruotion '0 ..mon is b,oug"al>out by ,he presence of exttemely dl)" and minule
dust plftides in lbe ai, with 'isibility ttduced '0 I... than 1 kilometre by natural
d",,-

It is known that ,he do.' which affec'. a pt.ter pan of Wen Artic:a in winter
sooth of latitude ISoN. particulltly 'he Nii"rian zone. com.. moinly from the
nonhemem Siliara ulually along 'he .tluvian plain of Bihn. (18°1'1. 12°Ej (in
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fill"'. S, 1 Saharan dUll tr1JOCtOriU aCro" West Africa

Southern Niger) ond Fay. La'll"u (IS·N. 19'E) (a..d) uff the ....'\<m >lop< of
lh. Tib<Sli mtuif (\\ il"",. 1971 :1':010. 1975)lsu figur< S, 1~

A=rdj~. to Vlilson (PHI) th.,...< .....~ sourco .,... f", the s..ha,m dust.
but ,he one which i. rUp"lUibl. fOf the exi".n,e of the dUllY .tmotph'" over
NiI.ria and adjoinini Wnr Afliellll <cunnie, I. the Bilm. _ FIYI l.aJjuu ar••. This
"""ce region is in <onfonnilY wi1h tho <>bto....«i """h·....'I.,1y dust,raj<ctory over
W'Sl Africa and ,ho nonh~..,.r1y direction of the ",un 10w·It••l wind, durin8 'his
.uson,

lbc dust palliclel Ire then transported down wind f'om the source region in •
'plume' form to....rd. lhe Gulf of Guln•• by Ih. moo. north·un.fly wind. mainly
.. tho 900 and 850 nib lovel$ pnticullrly north of the Jnt.rtropi<a1 Di=nlinuily
(ITO), taking I ""'th."....t.,1y lrajectory over NigerLL On the averl&," it like, aboul
24 houll fOf lhe dUll 10 ruch the "Olthern bo'de' of NiJe'iI with the dust fronl
moving" 15 I<non (Ama. 1972).

In I thick hamllll. dust h... which il,ynonymoUl with dUlly atmosplo..e u
derlIled above, >iubility at ,h. ""f"". can be Ill""" II 2OOm.tr.. Of I." II a rault
of high dUSI conce.lmk>n and 3-4 days.pell of dust}' atmosphe'e is .e"e, unusual
pnlicularly In ,he I\CIrth.rn pari. of Nigeria. The intmuty ofatmosph.ric dUl'lIIe..
d.nned in l.m. of dUSl concentration in W.st Africa h.3. been found to d.c,.as<
southward. probably .. a '<'Suit of inc,euinl moistu'e content of the atmosphere
t0W3rd.'h. ccasl.



11Ie A[rir"" D<ul Plume

l1>l' ot(ur~n.,. of duny llmosph<r. i> U$1.W1y Itcompanitd by III ext~mtly

cold w.ath" colldition n I ,e.ult of inlnn;on of cold aIT f,om th. middltlatitud..
in'o Ihe lropicalla1ilude, IcrOs<. the Mediterrlllean. nus is add;t;.. to ,he cl1a..c·
mi"ic cloudltu ,ky os I ,esult of low hu....dl1y ....Iu.. which fa.oun unrulllctt<l
I"", of ter~"ia1 ..diat;On r..ultin••0l\Wllltfltly in IlIgt diurnllte"'P"rlturt r.......

5.2 PREVIOUS WORK

Much ha. be<n wrilten about tM I1lruport of th. Saharan dust in ..rious pon.
of Mrica. Wi!>on (197I)du" with the depo!ition and ""'''m<nl of the Sahlran
dusl 0'" E,..ttm Soh.n. EI·Fandy (1953) discU$$O> th< ,,""'turo and conant,.·
tion of the Saharan dU<l O"r Ii,. Sudan. Carl"'" and Prosptro (1972) h••e by
"",.m of aircraft ob.."",Horu documtnted tM lIan.pon of tl>o Saharan du" in
.umm., f'om Nonh Africa to the C.ribb..n WO$!. tl>o Atlantic.

In We" Africa. ho v". the publi<h.d mat"ia" h"e conantral.d on e",!ling
fo,"c..tin. techniq for tM on..t and disp"sion of th. Iutnnal1an dust primarily
for civil ....'ion purpo," (Hamilton and Archbold. 1945, Burns. 1961). Their
m<thod for fOr«I"ln. th< ."i....1of the Soh.ran duot 0'" We" Africa dtpooded
primorily on first visil;>le evidence of du", emissi"" in ,1>0 de..n <OUra repon. This
method is unreliobl< beeaus< dust hos "" many occasion. been ..iso<d in the d... rt
wlthou' berng reponed be<.us< of the scanty netwo,k of <lations in 'he dosert.

The m"n rtCOn' works on ,he dust probltm .re by Adefolalu (1968) and Aina
(1972). The princip.al credit of this aWroach which is rel~t to the $ohornl du",
transpon problem is the intfoduction of the '10 I""el jet' techniqoe for the
fo,..."in. of the tmilSion and .ubsequent sou'h " ....rd advection of the dust.
Kalu (1975) also di«u<S<d the existence and ch.,""teri."c' of the African Du"
Plume and produced a synoptic model for the succ...ful f",..ostin. of the d"olol'"
m<n', pe"""tnce and di.peni"" of du"y Olmosphe", ...·ilh 0/ ";,hout .-idtnce of
air·bome du" in the d n <-ou"e ,.gion.

The p,...nt p.per di the d"""l""""nt and t,an'pon of the Saharan dust
'cro.. We" Afric. in ..inte' Rel"ant bocqround ,"forms,;"" nt<'....~ for the
undtntanding of the lran>pOft of. duot h.,. plume h•• been included

S.3 THE SOURCE REGION CHARACTERISTICS

n.e,. are ....raJ source a,... f'" Soh.,,,, dun. The dost whicl1 e.entually
affecIS any are. outside tht Soh.ra il ..1f depends on lhe particular source region
aud rhe ossociated circulation pallerns althe Iow<r I're" of the O1"""1'here ...hich
1rt evidenced by lhe direc,ion of the ",e..ilin. wind..

From ob.....';on ;t is believed thot Ihe Soharan dust .ff..ting «>me part. of
We" Afric. in winter com.. oriJ,inaUr from 'he aUuvi'" plain of Rilma (NiJer)­
F.y. Largeau (Chad) off the .....tem <lope of the 1iooti m.uif "f North Afric•.
Th. choice of 'he plain of Bilml and Faya Lorgeau is wilhout prejud;,,;e to an)'



other exisTinS ",uree are.. for the Saharan du" '" other pans of tM Sahar. desert.
Our preoent int.ruttiu on th. IOUro' .nd th. rnet.orolOSkal f.<tors r.vow..,l. fo'

the emi..ion. mo..ment ""d deposition of the !WI.,.n dUll p.nicle. which 'UM.t­
qU<Ttlly .ffect K;"ria :os th. h.rmau.n dua' han.

II i' necessary 1o point OIl' thaI th. Soh.,ln dUlt 1100 affects oth.r ,,",to of
north.rn Afrie. dunns dlff.rent period, of the y'ST, Durinl 'uromer, for ex.mple.
wh.n the dusl i' ....nh.Uy ab"'ol in WUt Afne. 'ooth of tho lurf."" position of
the [TD. the lr'jeetory of lI1e SaII.,an dust chansel to I westw.rd direction '0
.ffect soull1ern Alseri•. Morocco. the Sp.nish Sah.... etc. and funher .....st to th.
Caribb••n I,l:ands .,,,,,.. ,he Allantic {M.rtin. 1975: PrOll>lro. 1968~

A lot of studio. on the composition of tho Soh.,an du.t h.v. t>«o mad. by
many workers. for example, lI1e minefilOli<.1 analysis of the !WIaran dust sampln
colIec1Od on mesh at Barbados by PrOlperO and Carlson (1970)" microscopical
anal~l of th. harman.n dusl at the Imperial Institute, Loodon (Hamilton ""d
AlChbold. 1945), the rnech""ical siftlf\Sll1alysi. by the Asricultural Chemistry of
[bldln (llamilton and Archbold. 1945).

Wilson (1971) hIS sIIo"'1\ thlt the .ubsoU in the aIIuviao plain of Bilma ~ FIYI
LuvIU conlisto mainly of Iillh' flIle .nd looK clay particles abo of aIIuoian type
which have "'!lied in the """ .. I result of denudllionalaclion f'om the moun·
tainOIl$ TIl>es'1 east of the plain (Figure 5.1 above).

The study abo ind,clI.. 'ha' the n.ighbourins ar'" of 'h. Bilma _ Fay.
UrS"U hIS. hilly topol'lphy and therefo,"" contain. mainly sand or 'ock dd>tis
which by their OIlu'"" are heavy and no' e:t>ily rak.d up by the wind exCeptinl of
cou,"", oome d<'l1l1dOlional wuthtrinS p"''''''' wIticlI coUeclS sand and f""dl intO the
Bilml _ F'}/I LatiUU plain.

[n 0,<1<:, to unde"tand the b.hlviour of the !WI.,,,,, du.. it i' n"",ssary for US 10
explain ,he foUowinl si'Ullion. namely (I) the prereren'lal depoli'ioo of dust in
the BiIma-F'}/I Urselu sowee .... and (2) the penodic emission of the dUll intO
,he atmosphere.

To explain lI1e first <ase ..... "'all elWlline tho "ind palle,n over the B~m. Fa)'1

LarS"u .rel•. 11 hIS been found 'hit the wi"d field m the BHma-Faya Lar..au
pl.in on 'he me.n is ,on,'er..n, .nd bi-direc'ional below 1500 m, with one s"um
north of the Tille"i moun";" and lhe oth.. f,om Ihe southern slope of th.
mountain (Filur. S.2). This pallem is also reflected ftorn the sand flow pan.'n< of
the Sahara (Figure 5.3) if we ,epro ....d flow dir«'ion IS idenli"al to wind
direction. A major foctor r<'$ponsible for the OO"'TVec! Ia'l"-ocak deposition of
sandy e,.. is the ...ullinS ,..Iocity con_g."". :os • r..ull of decre"", of the
ka"blt;caUy funneUlng wind llream down the wemrn dope of the Tlbesti massif
on arrival at the plain (Samw.y,. 1976). This typic.1 wind fi.ld cre..... f.>curable
condition fo' th. fonnalion of .... :os. 'noll of the deoel.talion 0' "onverlen,," of
,h. air IIre.m. which di>erse from tM northern and southern oIopes of the TIbe"i
moun"in into ,he plain of BiIma_FI}/I Urge... (Figure 5.2).

n.. f.ct 'hal dust conunuu to b. raised f,om lh. '0'"'''' region ...ry y•., ooly



FiJu" 5.2 Typic.l rni~win'e, .....m1ine. (850 rnb)

impUe. th.. lhere rnu" be an emcient ,esupply mechanism Of reod b.ck sy.tem.
othe,...; .. , wilh 'ime .. I ,..ult of oon'inuod deflation p,oces., 'he.. would bo no
longe, dIU' depooi" in 'he sourte regiOll and so no harman.n d"" would ,"",u,
0"'" West Afriol. Sin« 1'1.1:00'" ...."his does not happon, it the'dof< mOl'" th.,
tho doflllion rot. in 'his ropon i. lUu.ally exc~dod by. ,esupply of dull in,o the
pWn.

AVlIU.blo dus' por'icl•• af< co",'m')Y f.d into ,he ";nd al 'he we.t.m slope of
the Tibesti alld, when blowinl Ihtough the pllin Ih. Ii, be«>"''' I,adually filled
with dUli1. DeposiliOll ,"",un unde' f.VOIlllbl. meteorol<Jiio>l condilio", .uoh ..





Th. Afril::an Dust Plum. '"
.onY<'JeflC< or <I«<1,...'ion of the wind ""am. The ...."" p,,,,,,,ss .:on .ao O«U'.
i.e. no.rp in pix., .hara.t,riud by ",col.,atinJ diY<fJ<nt "'ind .y,t,m,

Rt$upply of dust may com< from Ou>ioloction f,om tho Tibo.ti massif .." of
,110 alluvion Bilma-Faya UtJ.IU Iowl...d. FfOm F;auro S.3 0110 thinl is door_
that th. Bilml-Faya to'g..u SOU'e< a"l is con.tontl,. b<ing rosuppli.d with f,.sh
dLW deposit from the ,ut. In foct ,h. d..., may haY< a hi<lory fu,the, u" than w.
know.

The ..cond explanotion "'. sho1I con.id" is the pe,iod., .mission or dust from
,h. sourc, rOlion. Duot) Ilmospher. in W"'t Afri.. d"'ing the "'01er penod
,.."I" usually from a la...'SCal. di><:hlrg. in,o th. atm<»phe,. of du", pon.,I ••.
Thi> doe< not o«u, 'Y<ry 'im., only when certain .ynoptk feat "res mu.t hi'" be.n
."ablish.d OY<' tho so,",," 'OJion.

On. of .uch condition. i. th. d•••lopm.nt of high wind 'P".d .. the .urfoc. to
"'.... tM n«essory 1u,bol.nc. Ind instab~;ty u h.. bo.n discus<ed by Adefolalu
(1%8) "hkh ",11 keep the du" ai,-bom. fo,. comid...bl.l.ngth of tim•. A Stud}
by the autho, (KIlo. 1975) show"Mt wch almosplteri:; situation is c,uted b) th.
d....lopment of III ind\ICM mc:so-scal< ph.no".,.non of pr<Ullre .u.., IIwnl from
intm" low 1...1 anticydog.n.u, ",., of th. intmdini mid·latitud, t,oogil, Thi>
M. been k~ '0 be associated with la... scale intrusion of '.oId ootb,u",' from
tM middl. latitud•• intO th. tropi,,1 otmosph." in winter in the fo<m of uppe,
1fou&hi, movinl u.suaIIy ...tw"d along tlte M.dit.rran.an latill.d., (AdefoWu.
1976). Th;. is depic'<d in Figuro SA.

lntemif",ation of th. subtropi.al ...ti<:yelollO II 10".. , 1•••1. p,oou.::•• a "at< of
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p.....u'e .urge (F,gu" 5.S) which i> IswcilleJ wilh Itron,low level winds panku·
lIlly 111he ,u,foce wh." wind ,peed of lbou' JO knou 01 rno" OIn be oboe ....ed
(wind> of 40 knots 0' "'en 50 knou Ire no' unu.ual (Figure 5,6). "",n.'... Juch
.ynoptic f<lIUf.. "' described Ib"'" .... "ident on "uth« CUnll' th,"ppro.
pri.t, """'" dust i$ usulliy rai..d It th' """ee 'egion. In Nigeri. 'his h.. been I
u..ful fo,o<mu'l tool for th' deyelopment of the harmlnan du.t hll. in WO\t
AfriCl from lhe Hilm.-FI)I Larguu ",u,o••rel,

111< pocuhlt thillJ, Iboul dwulorms is thlt it is nOl alwIy. thl' .uch I high wind
'-el<>city as .bout 30 knots or mO" i. needed'" "' to rai.. the du.t p.rtid<1 f'om
tho I,oond surface and keep th.-m air.tJorn. for ",m. lim< (FiSUT< 5.7). Th.
mo"otologioal condition. mUst fint be ..tion.d before lb.", can be. r..",nlbl•
•nd .ustlined dis<lIarge of particul.te .ubstance into Ihe atmo.phe.. , Thu. the
periodic d.,..lopmonl of "'onl ,urfoee wind "flich .ri...... "suit of low I..el
.nti<}'dOl!enesi' "ilb its associ...d pr...ure .u'g' and inulbjljty ca"",. the periodic
emi.sion of duS! into the aUllosph.,. Ind hene< 'he periodic occurrence of duSly
almosphere do"'n "ind of 'he SOU'e< of du" {Fil"" S,8~

It i. to be [<marked 'Ut ,I>< "'Iocity of 30 knOt, Or mOro is bl$ld on
obSlTVIlional evide""e Ind bu b""n IDtC...fuJIy ....d in Nil'ria to foroelSt lhe
d,..lopment of duSty armosph"e from th. Bilma-F.y. lJulu" SOIltoe area. ""lth
.tlCh • wind speed enough in.tability will be i.n'''I,d to k,.p 1h< duS! !Whd..
air·born. fo' a consid'I1lbl< I,n,lb of tim<.
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FitUT.5.8 Lo...le",,1 ••'kyolon. ",ith prooo,"><<d cyclonic "'e..., it....t.,n
p<nphery on 11th ".brllan' 1'174, 11h G.I.lT(8S0 mbl

SA THE AfRICAN Dl'ST PLU\ll

The harman." dust hue is • synoptic scale 'y>lem which h.. been observed 10
.ffee' .imuitaMously • large ore> of d,. W." Af,ie." .ub·...gion ... I"'nkul.te
body. Th. minute Sahlran dust I"'nid.. which in ....nee consti,u,. I d"'ly
atmosph<,. h."" bot" quillltiud into an id..liud entity which .... <4!1 'llIe African
Du.. Plume' (ADP) (c.rl<OIl and Prosper<>, 19n) wilh ""rta;n distinct physical
.true'"r. and prop<rll'.' The plume COf'lC<pt tw been IXllutruod and upheld in this
pape, l>e<luse it h.. b«n ob..rved 11m 1ho SaMran du.t Pfopaptn .e.o.. West
Africa in this form. It is nol ,h. o'omi.,;., conception of dUfly ..me'!'h.,. ,Ii .. is
of ..... , int.,..t to us, but in I group l>e<.us< it is in thi' plume r<>lm !hal ,h.
harmalt"" d"" ,ff""" 01 :os • sipiflCant .....,h.. ole"",o' during lhe dry win,e,
monthJ In W.., Africa.

Martin (1975) In lUI. d<lOCtKm of "..,land and o""......w du.. I1l visible and
Infro"d picture. of the Synch,onou. Metemolopeal Satellite (SMS) during GATE
in I <n4 ob.. rved and concluded lhl! dusl douds ""e,~and appeared .. 'tongue.'
and IS 'plumes' wilh tho fo......rd edge 'bendl1ll cyclonlcolly and sometimes forming
a hook' (Figure 5.9). In the pre..nt di..uui<>n of the lI."spoll of the saharan dUll
ICtoSS We.. Afnea in winter, a plume model as envisagc<l by the author's own
ob...",,,lons of the harmalt.., dUll ove, Nileri, 11 ,i.craft alll1ude. below 700 mb,
cOrroboraled with "sport, f,om ..veral pilots at Ihc Kano Int<rnatiooal Ai,polt,
stem. 10 confirm the 'Plume' concept of dust propap'kIn. A dllS' plume IS
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construed 1I.r< is dtfmed as on .. ,odynamic endow,. in $p""" conlaininS duSl
partid... in addilion 10 'he normal ccns!iluents of Ihe air in sucll a mi~lur. tIIat
bolll dust pallida and ai, moltcul.. are indistinpiwble by an unaided vision.

For sucll a model the concentration of dust partide, .'arie, both in ,he hori­
zonal direclion a, wen .. in llle vertical and lIa' the sin8Ular adnnta~ of
iUUS"alinl the 3-<1imensi.",al ,""c'ure of duSt exl"'" in ttle almosphere
(FilUft 5.10). Ob$<rvStinn, lIIow lho' in I dllSly Stmosphere impro..mtnt in
visibilily usually 'larts from III. IOU'OO r<sion of a particular duO! plume and p,o
s".... down"';nd and ne", the reve,... unless of COur" if IOOther ,pell Iw stanod
hefore oluratICo heBin' upslrum. This SUgeslS Illat tho fOfWl,d ed~ of 1110 plum.
may hove the lIigllo" dust concentration and in"""t coneentation restricled '0 tho
'u, of tho plumo as h.. been ICtually <>b.......d (Aina. i972: Kalu, 1975).

Secondly lhe ract th.. dust i' propspltd by lht agency of the upper winds
imph.. tllat concentration would be ma~imum 01 levels wll.re llle wind i' a"onll"S1­
lltis le••l co"..pond, to 900 mb al Kaoo, Illboosh 1110 du.t top may beltrugho,
10..1._ (Su Fill''' 5.11).

In an effort 10 d.nno In lorooynamic lhree-<limtnsional confilurallOn wllich
would conform 10 the observed plume elllract.lUlk. as outlined ab""", a clroful
IJlIlyois of lilt ..uibility distnllUtinn at lhe ""face was nv.dt..,d lhe ,aul1' oIIowod
'hot lhe I kilomotre isople1h 0' I.., is Ipproximll..ly olhpsoidal (Ficu" 5.12). This
,..ult i' also ovident in 'he wo,k by Aina (1972) ..,d s.mWIYS (1976). Also
....llil. <>b..rvalions confirm a pQ'iSibl< ellipsoidal shape of lhe Saharan dun plum.
as can be noticed f,om FitUro 5.13 which 011.0.... lOme Applicauon Tec!ulo!o&Y
~lollil< (ATS) pic'u,.. of track. of a dust cloud hom Afne. 10 tho Caribhoan in
July 1969.
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Filu,.5.10 A ",he..,.'ic hypothetical model of.
do" column showi". the .l.llpro"lal dUll front...
_mau' I.vds ol,h••Imo'l'hor. (u, > II, >UI )

Sino. I had no facility to mcuwe dust concontra1;on... heights .hove the
•.,.th', surface, I depended on aircrlft tepom 111 of which _mod to conflJ1ll on.
,hin,_ thlt 'h, concenlrl,ion of dust dec .....d with h<ight pu,icularly within an
ltmosphtri.c b.y., whi<;h is thennally mixed with • possible di!.continwty ., th,
1...1of mlXimum wind speed.

If however Ih, atmospheric column is not 'hemu.lly ""'xed :l$ usu.>lly 'he ~..
durin,lhe nig,t when temptralur. in..";on may exist NI"", 700 mh, the inve,oio"
laye, will lhow I If"'" dust COnceoU'''OI'l &s • , ..Ill, of tho dust·trapl'ml
ch"",,"'illic of ,n inverlion layer. [n",laho" usually deslroj'$ Inch. temptr,tu..
in••rsion ,..u1tin& in • \hennal mixing of the .trnoophtric column ,,'hieb may
.. ,.up vitOro... convecti"" cu'rent """,,<by tho up!",' p.rt of tho I.y.,;. "pidly
b,ougtll down '0 lo""~' laY"llar.d the 10""", part I1ken up.

]he ;l!>o'<e ao:oounll would explJ.in why vil.ibili'y in a dU$1Y .,rnosp/l."'" usually
de'erioll'" in ,he momma hour< uound 0900 G~IT (F;,u'" 5.14). In mos' ca<os it
is obse ....d thlt dllSt ron' u,ive, ., a .tltton It 1u&h<1 I...i. and whm mixing
""'Ur< within the at""'$p/l.eri<: oolumn .. desc,ib<d abo.., dus' iI. ,h.n blo"lh'
down '0 1"",., 1.",,1. thro"lh .ubsid.nco ...d turbul.nl mixing.

The fo"","rd «Igo of a dllSt plume is anvU..hapod .. sch.matically dqliclOd in
F;,un 5.15. This is '" agreemenl with the dust "ongue' .. ob..rv«l by Mlrtin
(I~S) f,om ..'<!!hI' d..., iJ'nat.ry (Figur< 5.16).
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Fi&u,. S.U ATS 1I11toctu du" d""d fro'" Af.ica1o ,h. caribbean.
Abnormolly hith dust count. wet< ,eco,ded on 3, S. 6, an~ 1I I uly 1969 a, a.,bodOll in ,he le..er Anlilles, The dust
"""CO to 'he Soha", a, thu. Application Technolosy So,ellne (ATS) III pic,",., indicotc. Duo' e1""d. can oi,nlfieontly
inc.e... ,h. ""'mol omou"' of incomin' ...... ,.diaUo" a"""bed in ,he otmolj>h..-c. consequcntly ,.,. ....a< .nc'llY
,cachc, tho ,",raCO, All dust cl""J dr""" '>r'l wc.,hc, a,. no1 k",,"'n. n.. ATS III carncto shoulJ heir clarify Ju'* ~

c1""d/ .... thc. intctJcf.,ion,hip.
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F~ 5.14 111. diurnal frequency of OCCUIT"nee of
HOlma'U11l dust otorm (oisibililY 200-1000 mO"". Kano
(19711)

The eUipsoidal confilUrltion of lbe harmllt." duo! plume is still hi;hly hypo­
thelical. II n~d, furthe' ,..."",h bef,.." linal coI>I:l....i"". can be made 011 the
ICluJ WI'" of the Afrioan Dust Plume. Meanwhile ~ lhallipply the plume model
in ,.." p.....nl discussion. on the propoplion of tho harman." dust ao,oss Wesl
Afric•.

5.5 PHASESOF DUST PROPAGATION

1be p"'paplion of Ih. Sah."," dust from lhe desert oou,ce ...pons to tho lim<
il'ffl.... in the WUt African wbrtgion U the hal!TIIllan dust haze may be discussed
under lhree disliner ph.....

S5.! lbeln.stantaDeoI>S Ph...

This is lhe emission 'llgc IIld marla the btJinning of what may eonl,itu'e ,b.
history of lh. African DIl>! Plume. The ph* mark. the period,.nm dust pOllicles
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F~", S, I S 1'r00.tion of dusty aI"'OSP~'"
A' On.., of deUJ.ftCo at nation A
B: Stalion "odor dUlly otmo.ph.re
C: Dusl front ju", "a<:hioJ.ution C
D: I Good visibility ot n.ilbl wi,h. chonce for
E: I delerior.tion by mid-Illomins owioJ to turbulent mixinc

are vi<>lently raised f'om the JlOIlnd usually in the form of dumtomn &II I fe.u1\ of
"'1)' .tronl .u,f..,. wind. One imp<>1tanl clIorul.rislic of til< 1n.lInllooous Plwc is
t!lo.t it II highly un".ble and dependin. on tho <kgl<' of Instabili'y in ,h.
atmosphere, The phase may occur in pulses with "I)' ,hn't lime intorvals and I
correspondinl fiuctlllllion in llisibilily. 11 i. me.. eddy fluctuations. ".,'ed princi.
paIIy by the 1010'·1.",,1 1""'0« JU'it as disc.....d in Section S.J than oormJl
thtnn.ll oon"",,'i(ln that .,., responsible for th< ,tat. of iruability and IUTb"l""""
thaI has " .... found 10 b< o"""iated wilh rhe emwion $tofl'l' of the dUlt plnme.

Th. plume of dllSl dunn. this ph... is diffused upword by t","ule,"," and 'hoc.
is pronoun«<! booyancy and no sprndina in th. horizontal direcllon u the meon
moti"" durina 11m ph... is di,.".d upwlrd•.

5.5.2 Th. Sp~na I'haso

1\o'hen tho dust has bun raised from the a,ound u discussod obov. and diffuse<!
upward. by turbulenoe to lho 1.....I ...Ite,. lite wind is s"MI.nouah. lransportaliQII
Ira", in lh. horizontol direction. This ma,ks the Sp,..dina Phlse. I).lIma this stlge
the dUOI partiel., within the plume can be usumod hO""'l"neo", in l.rms of vain
.ize u lhe h..vi., paniel.. must hi......dimented 0<11 of tho plume body durina lh.
finl phase ,..ult of vo.ily.

II U oO d that with lime tile wind wltich rllSed up the dust paniel..
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FiJUl'e l.1' Duo. 10neu" (I, and t.) and dust otr..~. (5, and 5,) in limol­
"00""0 SMS iDlrarod and .isible pictu'e> co..finS tho w,,,',,,,, Saha,.. (oft" MUlin.
1975)

gud...:tly _ok", ""d 'hIS I"",,SIS thll ttlt plum< olio l"'dU2lly loses ;1$ '<ertiolll
momenlum ."d the eddies d.....loped durin& the in.tonlancow ph... become 1...
1'O"'..!fuL The o""a11 ,<,u11 of thilo otlmuation in ,~ IUlbte ind 11r<'lll'h it.
l""e,..1 $prndinJ mohon of lhe dust plume. II'h«... the first ph Ia'o' to lh•
• r•• of dust <mission (i.e. the SOu"" ,egion). the oownd ph lII!ly nons tom.

few l<ilomelres d_nwind.
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5.5.3 Tho Equilibrium P"-

Tho Equilibrium PIll!' i~ the mo" ...ole of the th,.. ph.... of mQ'ion or the
dust haze plume. 11 ..11 in os .oon •• Ih. Spreading Ph... h.. beon completed. It i'
assumed that at this .lIse the pl",,", II.. f",.Dy 10.1 ind'p'nd""ce ""d move>
tmi,.ly ond« th. inn.,..""" of the P"'v:oilinl winds.

In 1\'." Afrie. tnd NiJeril in parti<:ula, this.~ is usually .... rked by "Vallua!
red"".ion in l'i$ibility from, say 30 krn (un&t normal wU'hor) 10 lboul S km (in
dust haul within. say 6 hours. Thereafter tbe visibllity dmri0r11es IIpidly
becomina po",.,t ""hen perhaps the co'" of ,h. du,t plume rornt$ QV<I the ...lion.
The <igniflClJl' 'hinil obour lhe Equilibrium Ph... is thl' it usually rakes ptloo """.
hundred. of kilometr.. downwind. For example tbe humanan dust hu. which
.ffocto the en\lr' Northern $1ll0l of NigerUo arrive' there at ill Equilib'ium PMs•.

5.6 SmlE METEOROUX;ICAL FACTORS COl'o'TROLUNC DUST
TRANSPORT

5.6.1 The p,...."i6nl Wind

Amona the meteorological facto," that control the propaplion of II>< Saharan
d"'I, lhe wind CO""" le.diy to mind. The pr"""Ulnl wind therefore pll}'1 lhe
"eatesl rolt in the mow"",nl of the Sahsran du.. riaJll from lhe emi$l.ion Jtall" 10
the propoption 'U.F_ This i, osoocilled "ith the arcul.liM ","ems in the Sol...'"
lir lo.yer where dtdt is usu.ally propapled. Upper jtlJ luve _limes been
&SSOCi>.led with dllSl u""pon (Db";, 1%5).

DU$' in gener.1 i' proplpled Ihrough lhe atmosphere by Ihe "i"ncy of the
upper le.el wind$ depending on the .. rticll nrent of the dU$tloyer. It is oh..",ed
'hot lhe Saharan Air Layer (S.... l) ()'ior We.. Afric. in winter does not \l$U:Illy
e""ted the 700 mb Ie..l ",rticul.rly north of the lTD, but in lhe more humid pon
of W.., Alriu sou,h of lbe ITO the S....l may be found IS high up Kit the 600 mb
le..1(Carlsoo "'d Prospero, 1972~

The fOCI thaI Ihe upper wind. Ire dire<;,ly r..ponsible for the dUll lran'pon
impb.. that the concenl",'ion of dll!1 at any pl"e and It my le..1 of lhe
"mosph"e depend. on tbe q""nhtahw removal (deplerion) of dL1$1 by wind. If the
wind is ",onl wllhin lhe S....L. lbe concentfllion of dUSl over any given 100001io" on
the ...,th', ru,f..,. wUl docre... IS lhe rlle of"",.."",nt of dUlt aloft across '\ICh a
,urface is \srlll'_ The re..,ae is ,he cue for weak winds re'u1'ing ht higll dUll
concenUotion.

Over Kano (12"N. S"E) in Sig.ril the 900 mb I.vel "IS f""nd 10 comtilute ""
lhe "",an th. iei'd of maximum dUll tr....pon. This i' bec.use in Ihe ligbl of lbe
abo... dilCusnon, lhe 900 mb lutl coincid.. wilb the level of muimum ..."icol
wind ,hu.. AJt examination of lh. velocity prom. of vario", ,u.lioO$ in We"
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Afri"" sll<>"" tha, there io .....yl • charac'tril.,io:; lOll< of max. wind (see FiJUre
5.lS above),

In w.., Africa durin. the nonhern winl", tho dominlllt synoptic fut"'. i. lh.
subtropical ,nHeydon. which ton"o'" the .'rong north~.."'ly windl which ha...
betn associl'od with tho ,,,,,,,pol'1 "f Ill. Sah...n dust. (Fiture 5.2). The pe'­
pst,,,,,, of. duSlY "molph.,t """, any location 'horofor< Mprnd. on the Inllgll;'

tUd" of th«e north.....'erly winds.
\\lnd .pe<d ,rrtets l1Ie ,"I. "r depooi';on of 11[-\>""'< du.' p>.nid.. lnd >0 ..h~.

~odlY di"l¥nce i:I fovou,.blo for f••", dust mo••"",n" vd'>Cily con...~c<
enha""'" duo' ac'umulation lIId deposition on tbe surface. OllJ1lcteriltica!ly liJht
wind and ,aim <oodili",," If. very conduci,-. for longer po";",n« periods fo' •
duuy .'morpho,. tlwl monIC' ....ind..

Durinl the Ii""w" .....1<> of March 1977, w.., Africa upe,k""ed ""e "ftl><
s<..,n' hlfllllll\.ln '1"'111 lh., ha•••ve, ~n ob$O"",d in the '.,rito'}', Th<
CQIltribulOry synoptic r.lm......... oouth...ard <hif' lJId .ta"""i(ln of ,II< .,,1>­
ltopiclll an'icydoo. ove, Wes, Arriea .""h 'ha' a grea'" portiOfl of ,h. wbr.gion
w.. und<r ,h. Influmce of the dry conlinm..! no"h.eu,.r1y wiod.. Th. blo<;kinl
.ffec' of ,h. an'icyclon. ove, W.., Mriea is so pronounced 'hit ,he dry I<uon
"0'0'1' '0 be CUlling in,o the ra±ny period partioulatly In the 'OlI,II<,n p.rt of ,h.
repOfl wi'h ,II< resul' 'hat 111 unu""aIIy dry ......h.r i. pr...n,ly being .xperi."".d
in wes' Afma. Th. nonhw.,d odm.oe of the ITO Iw be.n ",..ly cheoked by 'h.
d<:rninati:ll iJlf!ume. of ,he blodingl1l,i<yolo"..

Characteris'ically ,he mel1l J10w It 10.... ' 1.",,10 of ,h. ,roposph.re Iw con,iJllI<d
10 l>e ,he north.e..,.rb., v;hich therefore Idveo, ,he dry dl1$ty Sahaun aif ..,0..
W... Arriea in,o the Equotor:ial T,ough.

Th. amount of dl1$' tran.port.d ae""," Iny giv.n Io<;ali'y i. di,ectly proportional
to ,h. m.11I wind velOOty ove, ,h. area. Thul the monger Ill. wind the fa.l.r and
"...... ,h••01u.... of dU<l 'ran.ported ""ross a Ii'·.n pIaoe. Th. wind;, ,h..dor.
0". of the mOl' importan' ....,eorolop:al footors eootrolling the "a"'port of ,he
Sahorl1l dl1$'.

Hd Vertical motion

Anoth.r important ehallet.ri"ic of the I1mo.ph.t< which aff""" d"" tran.port
is ,h. "a" of air mo,ion in the a'mOlph... _ wh.ther conveolive upward mo,ion
0' .ublidinl do..... ward mo'ion i. 'akinl place. Th. r",,,,,,, r.""I" in 111 "p"..rd
'ran.port .. is rmulIy the c... fo' p....u,••)'S'ems "",h .. the low p<euur......
and lJougIu wher. an upward "'d ron,,,,,:!i,,,, motion .. I1$tWly pronounc.d. On.
ad'..ntlg< of an up.... rd molton in a d,,"y .,mo.ph't< is thll much of 'he av:ailab~

dun;' prr<hed upward' in,o Ille atmosph... and •••n'ually removed by the
"roni.r npper wind' '0 other ..... downwind. nu. p""'es< 'nul" in a de,,.a.. in
the coocentration of d"<l p.rtide, at the .urf.c. and lowe' l.vel•.

Sublid.n' mol ion. on the oth., hand. is mociat.d with lll< due.nt of dUll



parbol•• and ...ualIy ....uh. in high.. conc.ntrabon of dus, "' lowor 1.....1. of ,h.
atmoophor•. Pronowtc.d largo-ocale subsidence r••u1t. g""erally in • I""" pe,.
,istene. of a dus'y ..mosph.r•. I' is us....uy an .ffecli.... ins'rumen' for forecUlinl
the persist.nc. of lhe harmattan d"" hu. in \\"0$' Africa.

5.6.3 Th<'mllll ,,"'tif""tioll of tho atmo"l'heu

Tempe"tu" variat;"n p.rticularly in the .ertical di'ection .ffoell tho tran.port
of pa,ticulat.. in ••rious w.ys and the h.rmatun du.' is not an ."c.ption. Th<nnal
.tratifica'ion of tho atmo..,htr. II th.refore an impo'tanl paramettf that CQntrob
to I I'trt' e"tent the tran.port of 'ho Saharan dust.

1l>tnn.1 mi"inl of the a1mo'phere is moll pronowtc.d wh.n the t.mperalU'o
lap" rate .tU",' '" nea" tho dry adilbatic ruue and a. r"quill (1971) h..
obo<"ed "'onBlapl< .nhancos .. ,tical mil<in& of tI1eatmo.pher.

Ob"l'VlItions in Nigeria show lhlt a low 1....1 t.mpe'..ure in..n;on of limit.d
dep'h do..1opo durinl tho night usuaUy oomewhere belo.. 700 mb wh.n ,h.
atmosph",. is stlble. and ,,·h.n this occur> in a dusty atmosphere dUll is usually
trapped ...thin tho inyouion Iaytr. 11 is kooWlt that an in.e..;"" tempera'u.. p,ome
of tho atmo.ph",. supp,..... "enicll mildnl and 'his go<' 1o explain ,he "aoon for
,he exi.tenc. of hrgh oo''''''o,,,1[On of dust within an in"",,;on lay...

How...r when inlQhtion becomes .tronl in the morni"i ";th the lap" rale
becoming .ttepe, the ""n.f", of dust plnicl.. from one Iaytf '0 onother incre....
..>chinl maximum ...hen the temperature prom. lItains or nea .. lho d,y .diabatic
valu., nus r<.u1u in I rapid fro< up."'d-<lown motioon ""'thin tho lImo'ph"''' and
und...uch condi'ions 'he in....',;on is destroyed Ieadinl to 1M redistribution of tho
dus' to 10..... lay... of the llTJlO..,h.... 'The ove..n ..,ul! of th.rmal mixillJ, in •
d",'y almosphore is u",ally th. occurr.nc. of poor .u,face ";'ibUl1y. Th. autho,·.
ol""l'VlIlion in Kino (Kalu. i975) ....0.... thlt thi. hlppem Iround 0900 C.M.T.
(Figure 5.14).

nus '~perl,ur" ltratificltion of tho lImosphe.. affeets the diumal cycle of
dUSI in flto atmoopllere and by this ..., mean the increasinB ooncentrl'ioo of dun
(poor ";'ibaity) It ,he ... ,fao. and adjoining lay.,. of the atmosphere in ,h.
morning ...hen inoolatioon ,....It. in the mixing of ,h. ltmosplteric oolumn and th.
deertuinJ COr>ctntrali(>n (Jood visibility) ""'en dust is ,rapped wilhin tho in.... r1ion
laye, IS I resuh of .uppn...d ••nical mixing of ,lie atmolph.ric column.

5.6.4 Moisture COIIt.nt

The moillut< content of th.ltmo..,h... or humidity i. pe,haps on' of tile TJIOst

imponant flctoll contIoning du" tTifllport in tho atmo..,here. Ch.,oct<ristically
"'" tiny dUJI panicles behave IS condo,ul.tion nodei which ha"" • peat affrrnty for
"att. and by absorbinl ....t.. they pow becoming hea";., and sedimen' ou, of tho
.tmo'l'h..e. Thll> if tho SMlarln dUll plume c<lm.. 0"'" to a oe<:tion of tho
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atmosphere ....here the moi.rare COIllent iJ hiJh, the immedIate ,..WI..;n b. Wtl
wit amount of ;tl>Ould ..diment out g;''in& rise 10 improved visibility.

In W"" Africa the intensity of the Mrmala.n du,l hOI b«n found 10 d"' .....
south of tho ,",!faoe position of the lTD and this decr._ hO$ bet" luoeilted with
inoru.in, moistwe conlmt of the atmosphere toward. the 000." durinS the ....;'lIer
ptri<>d when the Sahar... dUll i. observed o~r the soulhtm 1"'1 of 1'."'1 Aflie •.

On. Ji&nilka:u Ihi". 'bout the SaIl"... dust llllUpon 1lI Wost Afria. ism., in
nOflhem ,lID'lmtr when the JlO»ition of the ITO $hif" nOrlhWlrd. 0'" the soutM'"



Th. Afl'i<:lPl Dusl Plum.

l"'rt of the Saharl, Ih. lrIjoclory of lh. Saharl/l dlUt across W.,t Africa lIso wfa
to lhe norlh-1ft.tern pln of Africa o",r ~burillnia l/ld 1>1010«:0. Dun clouds hi'"
been frtquent/y observtd off lh. AII..,tic coUt of I'o:onh""<'$t Africa and Ih.
Carib\>e.., Islands in summer. Th... hi'" bun dOC\lmen,.d by Csrls"" and
Prospero (1972) and 'e«ntly by Mlrtin (l97S) (Figu,. S.9).

During tho northern somme, a V ••ter parI of tho West African subregion doe.
nOl .xpe'ience any duoty atmosphere hocause tbe humid and penetratinl south­
west _ monsoon wind. do not allow whlt.".,r du.t thlt is ."ailable 10 be tran..
porl.d acrOJl W.,t Africa particularly the Nigerian or.... tl>o influence of the dry
nonh,,,".~ies is reslricl.d to C<nltal Sahara during lhi' period (see Fiitlre 5.17).

S.7 COSCWSION

The Sahl'l/l dUll is propopl.d in a plu..... fonn I,"OSI West Africa II ahoutlh.
some .peed .. the African Ea,terly WI"" and likes on th. ",'erase about on. to
two da,.. to adveet 10 the north.rn Saha,an bord.r of \\I.ot Africa, for .:<ampl.
lh. north.rn partS of Nitoril. aft.. emission from rho Bilm._Faya u,••au lOU'<:<
relion,

The African Duol Plume (ADI') ",Ises u a "suit of I lUte of pronounc.d
atmospheric tfI.tabtlity assOClat.d with a P"$II1r••uri" or low Iev.Is of the
atmosph... ,..ulting from an int.n•• 10w_I.".1 anticyc!og.n ..isand uppe, co"""r·

.""The dust ;s I,..,sport.d by the low-le..J conliMntal north....I.~y winds
lido... 700 mb particullrly rho 900 mb where wind speeds of 30 knotsor more are
oboo",.d. Th. Soh..ln air lay., is fOLlrld at lower 1.....1. of,),. atmosph... during
winter particularly north of the lTD. but at high., lev.ls in summer (7S0_6OO mb)
south of lhe convergenco:wo. beeau.. th. Sahat2J1 air characteri.tically o....rrid..
th. rnore humid and dtl\$tr tropical maritime air mass south of th. ITO.

Whil. the dUll plume mainrlin.1 south .....".ny trljeCtory Icro. WUI Africa in
winl.. with the dust oriJinatinl from the north·uot.tn part of the Saharl, in
.ummer, .. I , ..ult of th. ptn.lraling soulh...·.ot..ly mon1OO<'l WInds, the dust
dislppt... ",uth of Iatilud< ISON and Is th.n mainly ..,trkt.d to the north·....ot.rn
part of Africl wilh possibly I diff.r.nt ",uree hisrory from lhat whd> aff«t>
Nigeria in win,.r (Filure S.I).

What.ver dust thlt ••'.ntuaUy arrives in W.lt Africo from the Sohara d.pend. on
lh. diroction and strengtb of tho 10...~...1 winds b.low '100 mb. especWly Ih.
9lXI mb flo.........ll as the lh.rmodynornic characleristic. of th. lower tropical
troposphere .uck IS th.TTNl otraliflcation lrid moisture conl.nt.

Som. aspecll of Ih. AfJiCln dn$t plume are 11m hypotbetical, for .xampl. lh.
three-dimensiooll aerodynamio structure of the plumt. It is ho r hoped thot the
proposed W." African Monsoon Experiment (WAMEX) willlhro rnore light on
lhe chlraclerat;'" of the African dust plum•.
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