
CHAPTER 1

Review of the North African Climate with
Particular Emphasis on the Production of
Eolian Dust in the Sahel Zone and in the
Sahara

J, DL81EF

ARSTRACT

The aridity of lbe Soha.... the hicb tempe...,ures reached by il> .oil ""d the
monl diurnal lh«mi. turbulence re llinl f,om 'h.....re.n f><,<>I'S which fo~ur

the produ<lion of dUll oDd ilS .., nsion in the llm0'l'here. The direc,ion. of 'he
prevwin....ind. a<.Otul' for the """.pon of thio du", 'o....rd. tbe Sudan and
loward. the Atlllllic off Mau:retanio..,d M1tepl, bUI do nOl expl>iJl il> movemeol>
toward. llIe .oolinent of Europe. In otder '0 unde,..,.od the latter m"""",eo" one
mlUt ta~e into ><oouo' 'he <ffee" of depreoaion. croWnl the Sohloro ""d tbe
dio'ributioo of the air <urren" in ito medium .nd upper "moIPh... , wbich ftom
autumn '0 .prinJ; is in the sphere of lnnue"ce of the polu ftont of lhe medium
1>."'ude•.

The extent of the are" .ffecled by tbe Soba.." dus" at the present time, it I....
in the ..,uthem and ...mm Soh...... well .. in the Middle Eo" ""d is no'
oe&1iJible. thou'" infrequent. 0'1''' tbe Eu,opun COtltinen'. It is likely thot this
dust h.. played on import"", role dunn. the I.., ice ...., porticulorly in 'he
mellin' of lhe,lo<,e...

The Sabo", with it< uti. a10ns the Tropic of Con<er. i. a hOI d... 't. perno", •
typical example of. hot d....rt. h is therefote ab""e all a region where r>iJl is
extremely nre. OrIe day of ",n in. hundred. ""d then only fot I [ewhouR... at
In Saloh in IIIe cenlre of this 'attenuated de..rt' which formo the w.,tern half of
'he Soh.ora, lwo days in I thouund in tile olher hllf. the 'aMolute d..ert' (<f.
Gautio,. 1928). D«>u&l" io the",f",e • normal phenomenon. It. average duration in
the middle of the Sah..a is five or WI. monlll1ln the ....., OJId two ye.R in the e..,.
There is, ho....ver, a differe""e bet....n ,he northern .nd oouthem edge•. In the
norlhern Sahara the droup" oc<uu mllnly durinlthe summer and is broken up
In,o sho<l p"riod•• wh~e in tho south and the Sudane.. Sahel a IonS de..,t period
lItett\tte$ l<lcl! yet, "ilh • olton ,ainy pe,iod. n.. fiut i. cenlred on tho cold



...."" and ..tond. '0'011 boyond 1'- Tho lOCond i. limit«l I" Iho rniddl. of the
lUJllIlI~r l.!\ll I!«:r~ose\ r~p\dly Wilh incm.sina latitude. or ooune, th.se periods
wilhoul pr.<ipi'"ion b<como 1_ pronOlmced with inc ...asinll'titud. in mounllin·
ous .......

To this l",,~ of rlin i. add«l the Ire....Iporaunl po""" of th. Sah..an
atmo'Phe". If this is 001. nec....ry facto' in the cr••tion of d n, _ which can
be prow<! by the .xi"ence of ",,""1I do..,,, _ i' nev.nhol r.mains • facto'
which enhances this. It d.pend. mainly on Ih. sr<1t ..turl,ion d.fici' of 'ho
S..,aran .ir, L•. th. JIOI1 diff.,onco btl....n th. ""lull wat.r ront.nt of ,h. air,
wltich durinl the wint.r ..loon is of the ..me mal"ilude II in Fran.: •• and 'ho
,he"...,;';ai wat'r cOnlOn' ....'ura,i"" II ,h. ""'u.1 lemperotu,". This ,<suit, in In

..".m.1y low ,.I.tiv. humidity f.voUMI the development of a f..ld of ...tic

.lec'rici'y around III nob'ed bodi•• U~" du.. !>Inkl... Th. rflltiV' humidity is
about l{)% in th. central Sahara and can $in~ 10 ~ in .xlfrnl. c..... This
..turation d.nci' depends pa"ly on lh. hiih .i, trnlpero'u," in th. Sah,•.
charoctorislk for th. britude. partly on irs con,inmtality and partly... will b•
•ho"," below, on ,h. flc, th.t the air ma.... crouinlthe d..." normllly move
from nor,h ro south - from the Medit"nan••n ro....'d. Ih. Sudan - i... t""'>rd.
inc,...insly Wllme, II.... Ind this wilhout beinl.ble to absorb any .... t.r pour.
To thi' miiht b....ded th. caplur. by lion' ions and du.. pa"icle. of ,h 1.'
vapour in lhe llmo""'.r•.

Tho l.c~ of r.m and tho "rool polential .....pomion r.... I' in a rhinnin, ou'
and. I.t.,. di..ppe...nco of rh. ""I.tllioo COY"'. which in irs tum facilillt<san
eolian >Oil drift.

Owinlto th. smlll ansi' of incUnllion of th••",,'. ray>. th. I.nlth of the day.
not VI!};n, much durinlrho yOIl. rho ,ppllon' annuli mill'..ion of the ....n in ,hi.
"'•• givinlmo't wint.,. and Ion••urnme". and the p,onounced dryneu of rho
Itmospher., the I'ound "",,,ivt.....1' quantities of hut fmm the ... n. Not·
with.umdinl the alway....., alb.do of the Soh",an wi! and ito 0"'" radia'ion. tho
surflcc I.y", of ,h••,ound alw.y. '.lChe. high t.mperatUr•• in the middl. of rh.
d»": "I..., 30·C in wint.rtim. in ,h. n"'thern j>lft of th. I.... b.twe.n 60"C .nd
6S·C du,in. lh••umm.r all ove, rh. nat !>Illa of Ih. Saha.ra Ind sometim..
exceedinl 7O·e. Thil meo", ' ....1 the ai, in con,,,,,, with tho ..""nd i. raPIdly
heated from .unri.. on, "'ltich expl.in. the hiJh "'.... temperatu.., ot>..rved,
p.l1icul..,ly in th. d..." or ..nuod..." '.Iions in the south, wh... , mo'eo....'.th.
thermic 'quOlo, is litUlled. Thio heOlin~ of the .ound Iud> durinllho d.y \0 a
51,on. lh.rmic lu,bulence...1tich reICh•• quit. hiJh altitud..: u"",ny mo.. than
21»0 m and .,,""'tim.. over 4,COJ m durinl the hOl ....on. E....n thouJh this
ru'bulence di...ppe." It the .nd of the day. Bivin.....y "' niJht '0' p-ut .tabUlry
of the low", l.y... of Iho ..mo.ph.... c.used by • mona 1.mperature invenion
dose to the Found SUrflce, due '0 the ....1 coolin. of thi••urfoc., the fill< duu
i>I"icl.. in luspen.ion in ,he air do nOr re""h Ih••,ound du,inl Ih. niJhl. bUl ...y
in the Itmospher. fo' week> or .....n montho. n.e.. particl.. liv, rise to ,h.



R..'jo.> "/Ih~N<>rlh A/nan aj""'l~

$C><;aII~d 'dry hu.'. This hou If porticularly d""se ..,d freqU<'llt in th. ""'thern
Slha'" and the Sudanese Slhel at all .._ and in th. ",..t.rn SoJ,a", in rummer.
It form. an >1m",,' ine~hau"lble ,... 'w;, of oir·born. du" portid... 11'11'0 the..
move " low >lti,ud< wi'h the pre....i\inl wind. they will only diuppeu after a mn
0' ,fler the intrusion of , ,old ond .table oJ, 0'1 .... provided they or. not
t",n,poned out o(,he de.." "ea. Lot", we will .... how they or. rene.....d.

The normol pottem of ,he wind. in th. Slh"a i> dependent upon the ye..ly
osdOalion o( a ron. o( low pr...u", call.d the 'Iol<"ropic>l Conve'Fncy Zooe',
which follows 'h. apporent movem.nt of the ",n ..;th a ''''''' 101 of si~ ....... t"
two months. This is not pecu~or to the Soho,.. but i' 0 port of a I100al phenom.
enoo sinc. tltis k>'" pre"",. tori. Ii,dl.. the whol. 1100•. Actually thi> zone
cons"" of a ",inl of low pr...u.. cen".., the positKm, .~,e",ion :md depth of
"'bleh ..ry S.",tophically ood with the season..... for OS ",. ore conc<m.d the zone
is .itu'ted durinS the winter ,looS the l"itutd. of th. Gulf of Guin., in the w..,

ond ,t sorne..,h.')o.... , I"itud.. in 'he ..... During the 'Umm<'r it co,""s in contact
with the whole Slh,,,n d...n, In ,c,uol foct this oon"'sency lone i' r..tri<t.d in
Mri<' '0 , front 'o....ro, "..hich th. wind' coover" and which io coIl.d th.
Int.rtropical Front (lTF). This (,on, de,""",.t.. ,o ,he soulh, "",n,i"", eq",toriol
01, m... ('h. Su<b.n..., mOnlOOn, 0' more .~actly tho 'Sud.n... summer mon,oon')
which is worm lOd maiot with 0 hish d.... point (21°C '0 n°C), (,om'" oir rna...
n<>fth o(th. fron, ..rivinl from lh. nonhe..t or ..", which in wintertim. i' cool in
lhe Sahato but warm in the ,outhern SudlO, and durinl the summer 01"")'10
burniJ1l1y hot. l1Ie most ctlltlCtemtk propertie' of this air mOl' ore its d,)'O..",
,trong th.rmi, turbul.ne< ,nd itS gre" ~ont.ntof oi,·bome du" p,rticles. In ..'jn'er
it co"," f'om ,he belt ofhiAh p,.,,,, .. extend"'l f,om th. Azom to :IOUth.m Asio

vi, the north.rn Soh.to ""d Arabia.. Th. "'l.....nt wind i, ....ok nonhtrly It its
lOIIfU but Tum. jndu.ol1y 'OVo..rd. the 'ut .nd incr....' ..ith dec,.lSinl latitude.
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Wind. in l.nu.,y



SoJwran Dust

In 'he Sudan i' if, called ,I>< 'hannanan' (FiJllr. 1.1). Durin, th. Ii'" mon,h. of ,h.
ye., 'h...rU.. b.rrier of higlt pressul< br.... up and Il1O... 'o.... 'd, high.,
latitude. ",hile the ITF moves oorth....."d'. During lit. rurnm<r i' i. only ,he
Aro...n hiih p""",,, which 1lI"';_, 1M expand. ""<l pan of ,he Europe.n
c""tin.nt and Ji..... ,;.0 ro northerly wind. on ill ,",uthu...m nank. n.. wind.
pen.""e '0 th. Soh and the Middle East .fter h.>in, blown ""<l ,he rn
M.dit.rran.an. They ,. ,a1I.d ',h. E,..i.n wind> durin, C1..sic.1 'ime•. Th.y
r•..,h Africl Il1d the Middle Eaot haoinl tit. ch.,lOw of. m.ritim. nod. Wind, or<

rapidly h••t.d over 'he con'in.nu,'" dried out, 'urn 'o.... rd. oortltu", I.ter ....
and linally "'OW ,h. IIJ\\. eha'....rlatic. u the harm.mn (FlJur. 1.2~ Th. ITF is
then oitu...d do>< to Of jun .outh of the Trop,c ofCaneer. It Ia ,he$< wind. "'h'ch
....... ,be wmm'r drouaht in north.a...m Africa IIId tit. Middle East. On. should
.dd thll from .utumn to .prinl the h.rma,un may be more or I... mix.d with, if
not replaced by, poIa, ai" aft.r th. pas.ug. of. 'f..nily of pol., fron' d.pr...i"".'
e,<»sIn, ""'thern Eu,ope and ,h. Mediterr.....n. W. will see that ,he.. circum­
"anc.. .,. of >MI, importlll" in r.lllion to the pr...... t probiem. Funh.r ""''',
O"'r ,h. Mauretaniln ..... and o,er th...... rn A,lanti< the till' trade wind'
prevlil. W. are .pe.kinl of maritime nopical ai, milin.lin, from the Al.",.an hiVt
pre..ure. Th... cool and molat trad. wind. blow f'om a northerly direction ,he
whole yur round. They CIl1 be ,u'lIIOuo"d by the harma"an '0 tit. ,",u'h,
$Om.,imn ...n to lb. north. Lik. ,he I.ner th.y may be mot< 0' I... mix.d wi'h
pol., .ir. Th. lu.rman.n and lb. n.d. wind' incr.... rapidly in ..nic.al .xtent
wh.n .pproaohin, th. Sudane...rea. They .unnouo, ,h. north....rd.mo.,.;n' mOno
""'" and "'..h hij.h<r .ltituclea a. lh. l.,i,OO. dec ..ases. Finally they join II hish
a1'i,ud. the 'qUOlOrial ...terli.,. No.. 'hat U ,h.r. i, ...ry sman 1l1g1' be'"",en
lhe Sudan... m""""", and lh. horizonuJ plan. in .."ic.aI ex"nt i. n... r Ire.,:
2,500 to JJ)OO m in ,h••ou,h.m paru at. maximnm; ....,trthel ... i' can ri.. 000"

Fifo... l.2 Wind' in AUJ'llSl
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Ii",~ of th~ North A/ri<vl QimIl/t

4.Q(X) m in mo,. mountlinous 0"" IS i. th. eo>< in """mo, It Moun' Clmeroun,
which i' ii,.nlly del ..... Of cou,.. tl>< d~.t pa"icles in Ih. hllmlUI/l Ii' or.
lJanlpO".d 1_ this monsoon 1000,d. very low lltitudes unt~ they Ife brouJht
down to the ground by thunde, sIl,,,,,..,,.

1be hlrmottan and the mui'ime trld. wind. orc oound.d on tlte north and
'~mloun..d lar..iy on the sooth by th.....".rti••. wI1ich - and this is .. ry
impo'tlnt - It. coupl~ 10 ,h. low pr'!$\Ires of the m.d,um la'i'udes. If tltis wer.
nOt 10 'h. ,ran.po" of dull ,oward. Europe woukl nOt b. possibl•. A. tl>< Illitud.
deer..... tl>< .,.est.rli.. arc founei Ot hi!lt<r and hiJiler altitud.,. wlt.iI. lheir ,peerl,
i""r..lO. In ...int.r I ..ry ,tro,,& w..t.r1y lir current mlY be found Ot 8,000 to
10.000 m 11>0.. the If.a from "'~th.rn Mlur<tlllil to the loop of tl>< Niter: th.
)et."'..m· (Firura 1.3 I/ld 1.4). Furth., .lIt its course is from 1Outhwe" to
northe ... a fit a ,I>< nonh of Arat>ia. then frequ.ntly I><inl rtllrked by .. t).

charact.ristic hlj:h clol>d•. In summ.r Ih. jet "'.Im mo"", back 'oward. NOrth
Af'KI I/ld U. ,peed d""'....... To ,h. south ofthi. p ..tli:t curr.nt tl>< ...." wind.
gradually dillppeor and Jive wI}' to the .qua'o,ia! eat.rlie. (Filu'" I.S Ind 1.6).

Th. Ibo'. plnem is ....11 illu"nt.d by I graph of th. wind. at Tlmlnr....I.
•itult.d in 'he middle of the SaIll.. iookm OOIIth of tl>< tfOpiC Ind 1,300 m 100..
... 1...1. In wint., th. w..l.rly wind' pr.vlil from Ibout. thoUland mo"e,"oo'"
lhe pound up to tl>< hishest a1titud... They hive very hlj:h ,peed•. patlicullfly It
Itound IO.Q(X) mou•• (F;,ure 1.7)' n". 'Y"em ;,. maintlined untU the end of May,
but ,,'th diminishinB wind ",.nlth, In lon. it chlnge. compl.,ely in th. lower
Ily." where eu,erly wind...t in, from pound ie..i up to 1.000 me"es, abo,.
which a11i1ud. tl>< .....t.rly wind. persist. In July and Aurun tl>< ea"erlie, pr....~
...rywl><re. wind 'peed. If. low. From Sep,ember on. w...tedy wind. rnpp..r It

hi'" aI'i'ude. They drlw succ.ssi ••ly close' '0 th. SfOund until the end of October,
It which ,im. II>< wint.r ,,;'uation i. re,umed. To ,urn up. from aUtumn to $plinl
praotio;oJIy the ...hol. of the hi'" Salu.rIl1 Ind north Sudln... troposphere femu
par' of the Ire" mum of ",."erly wind'l"ve",.d by Ih. low pressure O)""e"" of
the medium Ia'iludu. ThelO wind. dnw prOC"'si.ely nearer the pound with
lncrel.ina Ilti'ud•. In summe" DO Ih. other hind. the ..'hoi. of the """,,"pile.. of
'he southern Satw-I, Ind with p.lter reuotl of the SUdan, Ibove the mOSlsoon, i.
in 'h••pIt.re of mfluence of the ..... rly wind. ~ hormallan or trld.. ­
...""""nt~ 1»' the equatori.ll elSte'lies, tha' is 10 say of the equatorial .yst.m.
Thi. di"'ibntion of the wind, in lI,itude enable. one to unde"'lnd the I""A'
d;"I1"". trlfllpOn of S""1fIII dust.

It has been estlbtilhed thll in wint.r Ind at pound 1...I.n the Sudan... reJions
Ir. under tho influence of Ih. S""..an desert cUrnst •. Swept by the hI,manon,
drou&l" ..ts in everyWhere. pond. disappear Ind thei, oIIu,;aI .urfoces1>ecome the
prey of wind erosion. Thermic turbulence, due to hiatt nelf-sround temperltU''',;''
conoid'rlble in the dlytime IOd heps in .",pension the du,t tOrn a....y frorn ,he
soil of ,h. $Outh.m Sahara and 'h. Sudan... Soh.l durins dust storm•. This
constitute. what h.. been Ip~y named 'h. 'harmattan hue' or 'dry h...' Of apin



'dust ha,.'. h is panicu!.,ly den.. in Ihe nei&ltbou'hood of the [TF, whe'e th.,e is
II", • maximum amOUJIt of f,e.l.in& nuclei, strongly eooc;enulled in ,by and

..pedally in kaolinile (Bertrand, 1974). Thi' hue is a striking phenomenon fo,

..",plane J>ISS<1liOrs lS it entirely eon",ah III< countryside, in the same WlY .. low
doud. (See Fi!"'" 1.8). Accompanyin! lhe ITF in iu move_nU. it i' to l>< found
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R"'k'" of th~ North Afriam Oi"","

Fiau,.. 1,8 Citru. el""d••bo... loy"" of den.. dry bu. u ...n from.
C.",..ll. Oyine ... h.'&h' of 800Q m between Oou.1o in Comor<>on .nd
'dJ.m.n.(fotm<r Fort !..>m\'j in Teh.d, Th. pho'o ...... ,.hn :6 lanuory )969

in 'prinl. mor< or I.., min81.d with nne uh from bll5h fo"., from south of tho
T,opic to Ih. "Iion, "t,.,. it is pr«ipit.t.d '0 urth in r1linstOmd. namely
betw••n 200 .nd SOO Ion ",uth of the IIf. That is to say in reSi"". ""h.,. the lay.,
of the monsoon is ,uffldent to main"'in the cumulus Ihrou8l1 the dry l.y<r of the
tuumat"'n. This ","l1.m is. how...r...ther oV<'1implif..d. Indeed. it is diff",olt to
distingui$h between hau due to dUlt in .u....".;on and that caosed by humidity in
the ai', when the two are not combined. Th.i, .ff.ct upon Ih. wil is. ho_..,. not
the urne. A. Cerf (1974) ho< shown. for inUance, thOi in ,he tfop;eol humid zone
the K'"",,,' ""nif'Sled therrueh'<S by an incr.... in S,ound tempe"tOf< fo' 'he
whole 24 hool1 durins 'he p'riod of ,h. h.nn.uu, while in ,he dry zone where the
humidity is low the ....,mine up and sreenhouse eff«t i. Umlted to the d.ylime,
Th< pe.nho"", off""l ia can.:elled a' "iill' by ,he incre~d ,ad;",;" cooUne of the
dust due '0 the ""..nee of ,,~te, ill the atmosphere. In ",mmer and pa"icul"ly in
Alliust, Ihe lTF is in itl mo.. no,therly po<ition. It may quire often be """r....d in
,he H<>q>r and the 111><"i ar... and il """"time. teache' the plateau "f Tade""j',.
in the w•.,ern Sahara, In .utumn, followine the south",rd. withdra....l of ,h.
monsoon, the Saharan d<$<n climate quickly repl .... the equa'Orial cl,ma" in ,h.
Sudan,

Th< all"'" deiCribe••~r... movemento of the ITF. whi.eh ar. not lit.raIly truo:
ill foct the latt.. oscillare. Widely OIl bo'h <ides of th... th.oretical o..rase
po:oi'ions. N.ither doe. it show the .tr1lightn... of oullin. of the a,'eroS" position, in
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Fil:ure 1.9 Po.i';on of t~c hlh'tlropk.1 I"unt (I'fl') at ,u,h"o .. 'ho lonpt ...... 5·W ,Iw,nt 1973, In .«o,d,,,,,. with l~'
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R~;tw of lite Norllt Afrit:an ai_Ie

Fitu..., 1.10 The ,op' of cumulif",m cloud' emerpnl from
• layer of &e"'" dry h.... It io pollllible to distinJllilll "';,lUn,hi. I.yor muoh more volumin""" cloud "'00'" ""hich ...
partly invisible from .n ob>er<.r in an ai,,,nfl, ~ photo
""as I>~en f,om • DC 9, nortb of L.qoS, N'i"ri.a on 14
!>nu.ry> 1969. jus, befo,e londinl

f"", it Cunte. b:ack and fortb ""rOSS 'his. th.. i. why ,he.. IldV>llce. and withdra....ts
hom 'he flOn' of the mOMOOn lII>y be compo.red '0 the ....... of ,he .... roWnl
differen, dis"'n". up the b.."h, """ae "ill ebbi"1 or f10"';"1 wi'h the ,ide (Fill''''
1.9).

This distributioo of P"'v:ailinl ,,;n<lo durinl 'he year appu" '0 be confirmed by
the t..on of eohn e,osioo ,,-hkh may he ob..nted in pho'og,..p,," of ,h. SVI...
lOken hom ...<Rile•. Iio......r,. ""reful study of ..,ill pbo'OIraphs "-ken from.
pill.. lead. to mu<h I..s condusive proofs, .. Ie.., in the northern port of the
de.. rt, and, in order to understand the orienlltion of some dune forma'ion. in
rel"ion to the abo... dis'ribu,ioo, OM has '0 r..M '0 some rather rash hypothe=
IS In Milinguel and Conon (1976) (FiaUre 1.10). The study of sand .nd dust winds
in litis SVI.,.., region sho.... , fUl.Uy and abo.. 111. that ,heir most f,equen'
dire<tiom.re 10Lally differenl from th"", of the pre..ilinl winr:ls. A1 proof of lhi.
Ob"",,'ion. may he taken in the "rocco In the .\.t.ghreb. the Ibibli in Uby••nd
'he kham.in in ElYpt, The .b",'o "onelusion h.. led u' 10 ",.dy the f,equenci.. of



Salli"'''' Dwl

"'ind> from the ,..riou. point< of the <:omp... in rel"ioo tu their .trength ([)Ubief,
1952), We <0011 ... that the p,."ailinil <!ir«t;oo. It low .pe<dl a~ very often
diffennt from those obsernd ~t higllipeeds...-hen ,hey are nOl directl;- oppOlite
(Figure I. 11). Thu•. ,h. frequency of wind< bttw",n IOuth""'I' and north",.., i•
..en 10 in"re... with Iheir <tren,th, ""til they f",.alIy replfll:nt alm"'t all the
'lolen' ..ind., that 1. to "I' 'h.... which lif' and "an.porl mOlt of the do" and
.and, Apart from the .womer ,.,"'" (f,gure 1.12) and Ih. south.rn "'lIionl of ,h.
Soha,....... rly to noreheTly wind. do lndeed pre"1iI bot Ire light. Thi' " ..-hy, in
'he tIOTthern pa" of the country. the north.rn and COOtln.ntal air tnI<><> <onnot
"""tribu.. to the morphnlosy of the eli' and the prod""hon of do", with the
possible exoeptioo of EIY'pt and the Atlantic Coost of the Sahara. bo' there the
problem" mo,e complex. To ,hi. tnly bt uo,.,t.d at flrll,h., sand and du....,nd.
are IOmetim« en,oun..~ "ith relatlve1y low ..ind .peed•. But in thi. cue their
origin ha' nother <otISC, A liftlnl uf lind and du.. occurs when the done. are
approaclled oy 'contrl'Y' ..'in d.> if I tnly n.. the expre";on. Th" i. tUlly winds in
the oppo,i,. <!i,«tion to th. equilibrium pre,iously ....bii<h.d by' wind. ,n the
contrary dire<,iOl1. One could .110 lIY that moderate or "">01 ..indo ar. tou
infreqoen, to account for the eolian tra",poll phenomena. Thi. i. to forget that
th... are a.,;idental phenomena, ju.. like r.in. and thu. it;' no, turpri<inl that they
5hoold bt produced by exceptiOl1a1 <lu.....uell .. ltiih velOCity wind., exceptional
<lu'" prodo"" exc.ptional phenomena, Remember. too. tlut the force of the wind
i. not alOII< in ClIu"ng thu. phenomena. To it "'ould be added ;t. tu'bulence.
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them/i", "'''llrophic 0' othe""i... in ",de, to ..plain «~'an lifting' and '"n'pe"'.
A ",onil, " ..dy, l:omin.ry "ind lifts little Wld and du.' and. if i' do.. '0, '0 nO
vut heij.ht (one or two meUe< only~ Thi. i. wh) dust "ind. a,e orton .."",iaw!
"ith sh.rp rises in 'emperaru... ..,d ore fuquently encountered in the .... nn .."tors
of depreuion•. I would like '0 emph..;« that of1<'. not lIwa)'., a. sand wind. a...
sometimes '0 be "'.. with in ,h. cold ""tor of. dep"'"'''' and lIso, ..pedany '"
the southern Sooha .. , on the in,rusion of "old wind'. bu, here ,he;, ,urbulence i. of
o"'Srophk "'i&in' Ihi. is the c.... fet inola"",e In We souwe..t of Ihe Tib..ti

The.. moder.te to mung southwesterly wind. and the occomp..ying mov..
men" of Wld c.., t1SUllUy be related 10 depression. in""IYing lhe s.ah .... The most
important er ,h..., Ole ,be ones "-hich a,ise locally in lhe "'.rm ""to' or ,he..
perto,b"i""•. They may be seen ., firsl •••"",n ,;",Ie" of und, ,'ery wavy,
"p"tlte hom each otlle, .nd dose '0 the JfO\Ir1d. By deg,..., .. the speed and
'ornule"",e of the wind inc ....... these ';VIlle.. of sand run '''ll''ther, lhe ai, qUickly
d..ken•. "-hile 'he <lepth of 'he air-borne du" inc,....., normally ,..ching .roond
1.000 me"... The.. hOI wind. fuU of und mixed with dUSl inc,.... slowly in
interui'y dUrin, the morning, ...aching a maximom duringlhe afternoon. Their
lurbule"",e is therero,. mainly of ,he",." o'ilin. ~1ten 'he depression. a,. on a
llrze "'lie and allied 10 European p<,turbatio,.., thew windJof ..nd and dust Tfliy
e~tend to the whole of the Sahara and the dUS' tran'ported by ,he opper wind.,
ffern bet'...een soow'aI-' and soothwesl, may reICh lh. Medi .."an• .., basin and
Europe. This is what N..likine (1969) clUed 'inte«ontinenal dosH'erml'.

Th.... depre";en hi'" ..riou. OTiain•. They may be:
(I) Medilerf1Man depre";on. skir1inj, the Medi,.rranean COIS' of Afriea. Their



Iction is rrinforced when th.y hllt fOJ some diy' It certltn 'pot, on the coaOl or in
,h..."orn Medit.rran.an.

(2) Atlantic deprelSiolU. COnllocted. Uk. the Ihove. to polar front deprelSion'
...hen th.se Ipproach the Sahara by the south of Moro<:<o. This usually only oc<urs
in wint.r.

(3) Seconda'y ""uth·}lorocOlll depres'ion, originltin, in ,he southern port of
Moro<;co ...hen the t1ljoectOry of the A'lantic depre"';on. reich... I tominil point It

the lev.1 of the lberilrl Peninsulo and 'hen moves ,owardo the n"",he.,.. I'>.ul
Queney (1936) dre... Inention to th... Irld formerly dniKl\lled them .. 'Sohoran
depr...;on,·. Moring e"'w>rd through the nonh of ,he SahlrI Ind the Maghreb.
lhe)" relm Libyl Ind ,h. el"em Medite"lnun b...n. If 'hey ore Iinhd to ,tr"",
European polar fronl perturba'ions they enable 'he do", .....d south of the Atl..
chain, to reach higher latitude' an<! the continent of Europe. It i. problbly these
w, two types of ""pression whICh hive is"pil<d the Meuorological Office in
london 10 think that the m¥>ri'y of 'kllamJin dep,ess.ion,' in Egypt origin'" fTOm
the Atl.. Orlin wind (Ilejjoni, 1915).

(4) Depressions Ilisin, alon, the ITF. tho. in the S",,"n "01. Wi,h P:ool Qu.n.y
(Dubief and Quen.y. J935) .... at fifll calJ.d ,hem Saharo-Sudan... d'pr"";on"
then, with Rob." Capot-Roy (1953). Sudano-SahOT"" d.pressions. They Ire in
ficl. and more limply. tropical d'press.ion,. They &e••lop wh.n the pol.. or
pseudo-pol.. alr m.... In conjunction with modrfic.tron. of the upper atmosphere,
moe" a YOst Wive of the pow ftont. lllu and his ""Dabomo" hive roc.ntly
..udied them with " ..,er r"'ou"... than we formerly ""'d (Jolu. 1965; lIlu <lui..
1965).· At fi"t thoit trajectori.. oltetch ocr"" the St>dan from east '0 wesl, lik<.al!
the Sudan... perturbation/.. then. oft"o .fte, encounte,in,l turotni point, they
mo.e towlld. the north 0' north,"". Then, '''''pl lIonl by the "....terly Uppef
windo. they cr"" Ihe Soh..a and f<och 'he Medite"an• ." coas'. ,.,h... they
continue on their ......y, more or leu linked '0 'he polar f,on, depr.ssion/. (Figur"
1.13). Their most f,.qu.nt tTlj<!otOrie. 10 fr"'" Sen.pl to Moroc<n in 'U'UOIn,
from tho loop of the 1\1&<. '0 the Gulf of Sine in SP'in& and, '0 11...., d0i"'. in
Mly-Jun., f'orn the north of :\ii"'ia to lower EJypt. In ,he lIner COllll'ry they
... known .. 'khImsin d.preuion.'. It Is they which u,uIUy give rise to the Libyan
'gltib~' (Sutton. 1946). 11 shoold he not<d 'hit ,h... 'k!wnsin depress.ion,', Ifl.r
harinl caused mong sand and du", wind. In Egypt. sometime... fir as AlIO\IIO,
reoch lhe Lebonon Ind Syril, brinpi wilh 'hem consid.rlbl. cloudo of duSt
(Bejjani, 1975). Contr>ry fO Our opinion. EJ Tanta,.,y (1964) beli.ve. thlt they
mip, be ClOsed, either by I diverl'<>CY in the upper atmosphere in lhe ntilhbour·
hood of the ,ub·\ropicll jet m.lm, or by I .pe'ill d"..lopmeol of this diverl.ncy=.
'1M rernunol_ .oed by h'" 10""""" tl>t air ""_ II drffemlr h"'" OU" It>oI _y Iud
10 «lolo.... To him tlI. mo"""", II. humid tt""kal '"' ,,,,,.. It>oI tIM 1i.I,,,",',,,n I nor''''r!>''Id. wind, ,,,·It<re.. ,O"~ II h.. been _no I'" for_r II on .....rooiol _dt;_ ... """.001
tho "'"... I """ical ..,n"""'to! _.



fip... 1.13 T"Jectori<s of SUdano-Soh>""n depr<SSi<>n. and limit. of 1/"
polar front and monsoon ..in.

In ord.r Ihn the dust tom away f,om lh. Saha,.." soU may r.ach [uro!"', it is
"«""''Y,'' welu... said, for It to I>< linked 10 European polar front d'p,t$,;on,
and tho 700 10 SOO mb conlOUr charI> show a v<ly ma,ked t",,,gh (. "thal..·.f·).
..ith • north·south v.is Itld t""ching No'th Africa. Thi. is shown on th. clu.m
1""'" by Blicn<l and LucIS (197S) .nd by Oumpollion (1963). In this C.iO the dun
may .tuin ahitud.s of 5.000 m."," and mo'" Itld reach ...... as far .w.y .. the
north of the Fedual Republic of Getmany. Beau.. the upper air cu"ent< II""
slightly diIT.,."t dir«tions.t diff.",nl levels, dust from the S.me Sah.ran ...gion
m.y be sp",.d .c'o" • vlSl "e. by' the end of iu .ioum.}", .. shown on Ch.mpol.
lion's map of April 1962 (Champolhon, 1%3). The duration of this lransport, on<

or tWo days'l most to r.",h France, and the diStance ' .."eUed.", de..rrnined by
lIle mett<>fOlQlical circumst.nc..- 'p«d of the "1'1"" "inds. <one. of precipitation,
calm., etc, In exceptional ;nSlltl= the Sah...n dust Cltl ...ch ..mote poru of
Europe, •• h,pl""'ed in M.rch 1903. when falls "'... observed over the !Ill.ntic,
from the Canlri.. to the AlOf... in G..at Briuin .nd Central Eu,ope. while Spain.
curioosly .nough, WIS spa"'d (H.rmann, 1903). lamorsl:y h.. studi.d the mov.,
menU of dUSl clouds On tho 20 and 24 Milch 1964 ..'him ruched tho C.UClSUSlnd
then the northom pa,t of the Cllpian Stl .nd tho renta .... , noar the Volga. "
lititud. 53"S (NalivKin<, 1969).

It should be nOled thaI tho.. Saharan dlllt cl""ds may I>< lugmented by oth..
fonos of dust, a1pe. poll." - from haul [ot iflStlflce (BUcher Itld luc.. , 1972 Itld
1975), e.en alfa fibres (01amrollion, 1963, po,. 80) liftod f,om tho ooil of 111.
COWIUin on the way and odjoininJ the d...rt. This is Ihe cOlt wit"" lho rising
CU,,""t persists [0' • lon,enoUj;ll di.tance at the beginnin, of its coo.... They may



,100 remain in ttlt uppor air and be unnotic.d from tbe .round, U bappened in
Spain in 1903, where aD I/1.ar ...... oll..rved ""'" a dark<nin& of tile OlmO$p!ler., This
was also Iht cas.t ill th! Ilal"ilet at!' (Centrall'yrm...) on th ....me date (BUch.r
Ind Lucas, 1971), lkually this dun i. precipitatrd by rain (rain. of mud or 1>lood')
(Combier n RI·l '>r .no"..r,ll (C1.m.nt tt RI.l. -.:...nh.I .... it may pldual1y fall
urthw"d. 'U1lply br mean. of ira";ty, o";nl to on uception.1 calm in the
atmosphere .nd pornl!". '0<>. aided by I .ubsidinl movement of 'he air. Thio is
wh., ""curred at BOJnere. d. Bilorre In F.b .....ry 1903 .nd. recen'ly. in Febru.ry
1972 (Bucher .nd Luco., 1972).

10 'h. reOT of tll ... Saharan d.pressionl, til••frivol of the cold front Is
sorn.,im.. ""compani.d by a rlisina of sand whicb Jive. the impr....on ofa waD of
...d and du.t'. Two '0 ,h..e thOU1lnd me"''' hilb, it is .poc'""ul.. in the .xtrem.,
Thi< is w1l.t.t is d.picted in plinlinp Ind phOl"l'aph. wh.n wishlnl'o illus""t
sandnorm. enlUllinl c.......ns (<k). Se"eral h""dred kil"""".. lonl and some reno
of kilometre. wid., rh.y .re of flirly <!IOIt dura,ion (from J> '0 2 h<>Un) fOf th.y
travel at flth.. hiah .peed. WM. tllcy Ire P>sAnl a p.nicul...pot the visibili'Y i•
•uddenly ond v.ry ..ut1y reduc.d. Unhk. ,he previously-mtnuoned Uf'in.., Ihe
wall of ..nd is ....nli..ly mi~rl\Ory and may be eas.ily foUo....d on ......ther chart<.
Due ro il1 ofi&in. i' i. ""componi.d by I drop in lemperature and a clwtl" of wind
direction to lhe north.

\\"en. i111..e sprinl and elrly .ummer, the whol< l1mosphere of the ""'111e",
Saba.. is <><:cupied by .111..ly ";nd. ond a roD< of relati"ely hiNI pre..ure is found
al 500 Or 200 mb, th. above·mtntion.d Sudano-Soh.,.n depression. move only
from .... to w..l. If th.y .re very ""tlv. th.y live rise to .11Of11 SInd .nd dUll
wind. which in.oIve ,he whol. of til. """h.", Soh .... ond the Sahel. Thi< ..... Ih.
c... between th. S and 9 Jun. 1%7 (Figure 1.14). Th.re were. in fact, IWO
depr....on. rlpidly foDowinl .""h other from th. loop of the Niger '0 lhe5Oa ..n
off Sen.p1. Th.ir nortllern ..CIon comprised dry. buming. ,;olent ult to north·
tUI wind•. A' Saint·Lou", fo' inora""e, maximum temperatUr.. went flom 18'4
on til< Sth to 40'3 on th. 7th ond 41'8 on the 8th. dropping 10 29' on ,tit 9th,
wltile In tU'-<lonh.." wind blew, """hin•• or ..nJlb of 18 m '"" -, .. middlY 00
the 7th. h wu .,;d.nlly accompanied by a paniculllly intto.. du.. hau which
reach.d Dak.. and remained tIl.r< f,orn tho 7'h 10 th. 9lh. Inje<:ted into the
medium lly'" of the llmosphere, thl. hlZ. punued ill Oour>< <>ve' ,he e..tem
Atlantic, tile famoU1·... ofsh.dol\o$', W.ltave not been able to "udy the orilins of
the dUSl cloud ....hich "ossed ,he Ad.ntic from 29 JUD< to 4 July 1969 and which
wU photol"'phed by • $llttllite (Courrier dt rJJ:liESCO AUl"'t to Septemb.r
1973).

Sond and dust wind. may ha.... quit. a differtol "'iJin to tll••be..... 11 I. th.n I
que"ion of ",",aDtd ·lCCel".tinl wind. of ....d and dust' (Deren..r, 1963). The..
or. rel.lively cold. Althoulh tllcy affccl the desert on • I.rge Kale, 'hey Ire I...
•xtensi.... and Ihe reduction of l'isibilny ;ole" t1I.t.n in the .be..... Also the dIU' is
raised 10. I.ssor h.iahl. They .re I." turbulent and the turbuleno. i. mainly from
OfOII'Iphir: CIUIOS ""d th.ir.peed i. hicher 'han in the precedinl; cue•. They blow
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Fi,Uf' 1,14 S.nd· .nd dust-.torm Ove, ....t.m Soh.,•. photOllr>phed by ESSAon
5 ,,,"" 1967. Dri .... by very ....rm .nd dry ".,Ient wind. betw••• north lnd ..S!

the dust dOl>d "'.ods off ,he ooast. of llOu'h.rn Maurita"ia and s.enepl. The
worm >«'0' is litu.,.d north of the d.p''''''on, 'he 0>00< 01 tile dust >torm The
PQO.ition cfthe depr_,OJI ...as 14·" .cd 11°W on 5 June II 1;:h GMT

rNinly in \he mominllnd not in ,1>0 .1'<1"000 like lIIe 0= _ t.a... ,tudied. They
may ~ me, with ""'th of 'he Tidikelt plate.u lJId IIOUth.... of the Tibesti, for
in".oc., .. "'en .. in th, H""," Ind the Tone',rouft of 'h, >outher" Sab...., In the
Tchad basin. these du't ",,;nds which foUow ,1>0 sand wind. 1,......\ in • day or 1010
and al • low .1lhud. from Faya (Borkou) 10 fon Lamy (Ndjamena), 800 km
further $Outh. They ,ub~ ...nlly 1um towor'h Nigerill ""d Upper Volu lJId in
winter ,..ch the coat of the Gulf "fGuinea. FiCU'e 1.I S thO'lllU" eumple al!h.
p,,,,,,.. of this kil1d of dun nue. They obviollSly feed lhe lwmman dry hue.
Their pruiplt>lion over 'he Sud." arta IS conRder<d benef"'ial by 'he Africlns
b«IUse of the renilizins minerol .I.menu thoy brinS-

To ,It.,. pnncipal come< of dun douds m.ly be added ,",ondary COU"" &ivini
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Fi;ur. I IS Miplo'ion of 'he front of du" hue .bo.. We>, AIr". from the
,od to the 8th Mat"h 1973 (af'etl. ll<" ... nd. 1014)

rUe '0 leu 'pe<'kul&, phenomen•. Thil is the c_ when ponieles of Wld."d duS!
IU lifted in e<mjwtOlion with Ihund.ntornt$. W. rnur this in the SUoWl'" upon.
mainly in 'he nO'them patt ."d p."icularly in the Sudan it..lf. The.. are the
'htboob,· of the Kh"'toum area. They are WIU, of SInd ,elching up '0 the 1>1.. of
the CumulMlimbllS and sometim.. beyOdd Ih.... Th.y nulY b..... ra1 kilomet'es
long but of no g.... thid"'.... They are of ..riable, but u.lI2I1y shott. du ...,jon. the
.""r. being half III !tour, 5;miI.. bu' '".. , phonom.... m.y be "en .. the onset
of sm.... n thunderstorm•• espe<ilDy in the .u""""r, at night. in lhe northe", patt
of'he de..n.

In addition. theu "e the srntlI dyn.mic, thermic whirlwind' wirh ""rtical ax".
,he 'du" dtvil,' whieh may be sun "" the plain on calm and hot days. 5.0"", tens
of m.tr.. in di..... te' It ""und 1.",,1. they m.y widen to ..veral hundred m'"'' II
lhe top. rhanks ro 'heir intense whi,lin. m"""menr and 'he violent ri,ing CU'''nt in
the Cfllite. A, in the abo... , the amounlS of dllSl which lhey C;ttl pu' in ....pension
in the II, "'e minimal compl..d with the phenomena di!<:u...d .arlie,.

Dry hau mly"'" be<»me ""'ic<able "" the arri..l of. humid Ii' masa, by the
oblOn>!ion of wat.. vlpour by llrge ion' in ,nspensi"" m the II,. W. have observed
thll "" ..riollS occasions.1 Taman....... t, under the virp' of. run dow! oron the
arrillt! of I ',plash' of "",ns""".



Lastly, dry haze lini:ed to !h. hltJlU.lllll may intrude ve,y .uddenly in,o ,he
sou'hem 'esion. of ,h. $MIarl md pvticull'ly ,he central $MIlran maloSif. follow­
lnl 1II ",,,.p,;onal northw:ord movem.n' of Ihe ITF. It is th"' ....ry dange,ous IS il
dr(>WJI$ oll the landmarks in dusl and makes th< most expe,ienced guide. 10.. ,he"
...ay. It o.use. even more monal ..,,,dents than do til...nd wind>. 1Io"hen i' Ippe.",
in ll'rin« in Ih. Hogpr. ,h. Thar.p btli.... it to .......n ,lin in the Sudon.

To ooncluOe, the Soh'''. 0"'""1 '0 its c1imlt•.•ppe... 10 be the chosen lenitory
of .oIion ",olion. Ihis bein« p,"icullrly ICliv. on ill norlllem lIId II/>uthem .dg••,
...here olluvil are Slil able '0 .."Ie and wh.,e. dyn.mic balan"" in ,tl.I;on to the
wind h.. no' yot been r..ch.d. It I. a1<o I consp;euou. cen". fOf the dispersion of
d"'l d,awn up f,om ,he ground. and h.. been for Illousand. ofy.,,,,. If the tIOnnal
courx of Ill;' di.pet>ion, in vie of the preva~in& ...inon. 'WO'" 10 be '.,.,.or>h
BI..k Afric. and 'he Atlantic, il ltII on the othe' hind 10 take I contrary CQU",

10 lhese wilen mo>inl ,.,.,.ard. the Medit.nl/lUn bosin and Europe. This;, only
conceivable if one co",ide.. lhe .ff..,,, of the vario'" dlpr",.io", involYinI the
Soh.... in conjunct;on with thost of Ill. NI ai, cun<n" of IllI lo....r and middle
atmosphe,•. For. la,1' I'''' of ,he yea' th<,. ourmn. art inn...DCtd by th< 10'"
prIUU'. " __'.m. of the medium lati'ude>. StrOl\J injte'io." of this dUll In'o the
upper Ilti'udes permil i' to reich the European ooo'in.nl.lltd. in exceplkJoul oases
.nable it to .m.... It """,. ofthe sho,es of Americ•.

Th. bll inirUbOI1J of cold air mlUft, more OJ Ius con_ltd with the polar
fron', ...hich f,om 'ime '0 lime .....nun ,he Saharl f,om Ihe north, reinforce ,h.
pennllten, lo,ion of ,he 1I1"""',,,n in ",;nll' and the 'Eltmn wind.' in f..din« and
displocinl the m... of dust in su.pen~n ",hich remain. in the ....;glIbourltood of
the in..rtropical conve'll'ncy fron' and in the _rhem reg;on. II all ttuons, in
summer in !he ceolre of the _".m Sahara, The.. combl....d effec" ..rve 10
oompen.... the 10$Sel0 to the m... of du" in .'...pension throullh I'opical precipita·
tion. Th. con,inuou.oclion of the p..VIiIlng windsa~ i' ,,,,,,a,da the _th and
"':a, of !h. Soh.ra. Thi. dust haze livea '0 Ill. Sudane.. region•• eltrnatic
chIU,""' very no'ic••ble '0 ,,"••U.", croosinJ OJ nyin, ""or them.

The.. dl.per>ions of Soh...n dus' over Eu,ope, whH••piaoclic.1 p....nt ar. no,
withoul effec' upon the c1ima'. th.... Some l'''", thly cmainly contribu.. '0 the
meltina or Alpin. &Iaci<", and i' i> 'try prob.b1e 'hit thel' effec" have be.n most
import an' fo' thousand. of yu" pur.
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