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Foreword

The !kienlir", C"",mittu on Problems of the Envi,onment (SCOPE) .......tlb­
tiohM by 'he In'''ml1ionol Council of !kien,irJc Un;"". (ICSU) m 1969 '0 advanco
knowl.dge of the infl....,cc of the humin tic. upon i".nvi,onmem, IS w.n IS ,h.
e{fee" of tIlo.. ol ..""i"", upon human health and _Ifa"" It Wll' irI,ended to giY<
plrticuW ."enhon '0 ,hose effect, which .n ei,her glob.l Or shored in common by
$O.. ral llI,ion•. It ...,... IS I non~.. rnmen'ol, in,.,disciplinary and in'.rlll,ionol
council of scienti... , ."d .. I sourco of advice for Jo..mrnentl ""d inler_
JOvemmenlallg.nci.. with r..pec' '0 environmental problem•.

SCOPE auk, 10 ,ynthe<iu environmen1l1 infonnation fTorn din". lcien'if",
field., "'.n'ifyin, kn"""ledge pps, and dils<minltml the , ..ult •. Durt"i ,he lut
....ral y'"IS, the mlin .rnplwi. hIS bun on ,he foll"""inl topic.:

I. BioJeochemicol <yele.:
1, Dynamic change. and .""Iu,ion of "Olyste""':
3. Envi,onm<n,Il 1lSp<C" of hurnon ..Ulem..,,,,
4. Eco'oxkoLosY:
S. Simul.,ion mQdeUinl of environm.n11l'}~I'''''':
6. Environm<n,Il monilorinl;
7. Comrn"nic.,,,,,, of environmen,"l infonnallon and lOcie..1 ....."".nl If\d

l<ipOfI".

A number of pub~cl\ioru h..... ,..,,!ted, indudin, SCOPE 10: Environmm'QI
1_.. which provide. an """rview of the environmenu.l chlllen,.. of the nexi
decade.

Few proble"", mUllr,,. more concre,ely IlId visibly the in'.rnational Ind
mullidilciplinory character of th... inues th"" does ,h. q..."ion of ,he origin.
tr.n'l"'tl, ""d deposition of Slhlran dust. Th. eolian particles fTom lhe Sahara are
...., and ha.. their effectl or di.,ances of 'houund' of kilomelTU f,om ,h.
Medit.,tI/l.,n '0 the C..ibb."". l1Iei, mobiliu,;on is influenced by I wid. ran,. of
ph),uc.l. biolopcll, and social f.ClO... Unde..unding whar produce. them .nd
shapes 'heir movemen" and ,heir influen". upon the ..".iving envi,,.,men' call. for
" ....ch in bioLosY, ch.misuy. looanplty, seolosY, meteorolOJY. o...nop.phy,
pedology, and relatod sociI! .d.nc.,

SCOPE ..... h'ppy '0 join in ,he ini,ia,~ ,"k.n by ,h. S«..'atill for In'.r.
n.,ionll Ewloct of Sweden to orpnizi"i ,he workshop from which ,his ",lum< of
pIpe.. is dJlWll. The office" of SCOPE It. grateful to Dr. Christ.. Morl!u fOf hI>

•



FOTnrord

lud.nhip witll tll. ~upport of tll. EcoIOlkal Resear'h Commilt•• of the Sw.di<!l
Nuur" Sci<nco R'JOu.h Council, \he Royill SII'!dlSh ~dtmy of Scitn~. lht
Monilorinl .nd A>oeum.nt Re...",h Cen"e. I!Id U1\ESCO. W••bo ",knowlodF
lhe assisl'''''' of Dr. A. J.Dye'. who ably ,.view.d lhe manuscript.

(;ILB~RT F WHlH
rr..i<IC1l1 of SCOPE

Uni~mt)' o[CtJbra1o.
Bol</du. Co.,mldo. U.S.A.
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Preface

A Wor!uhop on Sohoran Ou$t 10'", held in Gothenburg. SW'd<'n. from 25th to
28th April, 1977. Th. initi.,i"" to the Workshop WI' liken by the 5«rellri., fo'
lotemal;on,1 Ecology. Sweden (SIES). It ..... hooted by th" Erolop;ol R...."ch
Committee of the S....dish Noturo! 5<i"n<" R.....,ch Council Ind the S •
dish "'otionol SCOPE Committ.. of the Royol Swedi.h Academy of Scienc .
Fin:ontill .upport fo, the muting ..... nuinly r..,.i,.d ftom the Monitotinj; ond
A...""'.nl R..e.,,,,, C"nJr" (MARC) of SCOPE IUd 1ft;ESCO. SCOI'E i. the
oc,on~'m of the Scientific Comm;tt.. on Problem. of the Envi'onment of I[SU.
Prof<$SO' Cyrili B,ow:t ..,d his instilution (lh. Swedi'h Wll.. and Air Pollution
R......ch Laboratory in GOlhenburg) hoopiul>ly placed th.i, locolili•••t the Wo,k·
shop'. di>ponl

'The <lUttine of ,he Workshop"-as sugelled durin! the "''MO/UI'EP meetlnl on
W.t Deposition. which ..... held in Gothenburs in Octobe' 1976,

This d<><:utnenl ""n\.lins the ROI'i..... ond R..ommendotioos from the Worklhop
.. well .. lhe tttljor pan of the papers presented at the Wo,kshop. It h.. been
compiled by the Ecological R....orch Commiu.. in cooperalion with SCOPE.

CHRISTER MORAILS
:kienriflc edit'"





SECTION 1





Introduction and Aims of the Workshop

II'lnd-blm\in dUll f,om tht Saharl hIS b~n obfo ..... d and "poned f'om ship$ in
Ihe equato,;.l Atl.ntlc fo' ,."twi.. (Ehrenbetg, 1862). This area ....I known u the
'Dark Su' b..,luse of 1M "m",kable red""tion of horizontal visibililY. A IonJ
J<olOJkal record of depo""on of eotian dUlt from the smOlI is proYided by loess
deposits pll1icul>rly In I,ea, near the oonh..n dosen fring.. and by eolian ,tr"a in
mart.... sedim<nll of Ihe sea bottom in the Atlanlic and the Mediterranean.

In ,"'ent yel", and pll1iculltly durinJ the Sohelian d'ought and famine CII,.·
tropht. I question has b..n raised concerning tht qUlIltity, orig;" and ecoloJical
impact of the 'oil du., which is being blown OUt of the Saharl and ,ur'OWldlnj
lreU. I''-hicll prO«1S<' Ire ,..ponsible for this Iran,porI of dust and whit does it
mean in term< of the 1,* of p'o<!uclivt soil by wind .rosion in Africa, of the
polIulion of lIl. ai, and possihle impact 00 climate. Ind of 1M 5Upply ofnutri.nts
Ind >oil panicl.. 10 ocea", and land I"IS under rh. dust lraJeclori..- It i'
particularly approprlale 10 addr... these qll<5lion, to a Jr0up of scicnlists of
different dl>Clpline, now, in Ihe year of Ihe United I'llio'" Conference on 00,.1\·
illcotion, bee...,. beller knOWledge of dryland dust .,Orml and their eeologi<;a1
impact may conlribule 10 mOre eff"'ient Ctluntero.ction of rlesertifkation,

The work1hop OIl Saharan dust .......ranged by Ihe Ecological R......ch Corn­
mille< of the Swe<ii1h Narional So;'n"" Research Council and funded b)' the
Soic:nlific Committe< on Probl.ms of the EnYi'oomtnt (SCOPE) al><l by Ihe
Monitoring and Ruea"h A...."m.nt C.nttl (MARC) in loodon, ......11 a, by
USESCO In !':ari,. The outline of the worl:shop ..... "'""Sled during Ihe
WMO/UNEP m""hOi 00 weI de-pos.itioo, ..fIich ...... held in GOlh.nbu'l in October.
1976. Th. wOll:shop is also a fohow.up of earlier wo'kd""e by the Sec."'ari .. for
International E<;olOl)·. Swed"" (SIES), during 1973 -1976,

Th. work1hop in Golhenbu'll wa, all<lIrled by 261cienlim rep..senlinJdifftr.
enl di<cipline' in natural sci""... , scienlists coming from Africa, Europe ond North
Am<ric. (of. list of l"rlicip.nts ending Section 1).

AI a buil fo' Ihe di<cu..ion, during rhe wo,k1hop about 20 lectur...... re
presented by in"'mllionol .xperts roveriOi the wid. variety of interdi<ciplinory
lopia which Ire rel""ant 10 the fleld.

The aim of lhe wo,l:Jhop WIS '0 review rhe present "11. of Ihe an and 10 Ii""
rt<:<>mmenUllons fo' future re,earch and moniloring concerning mobilizallon,
tran,port ond deposition of air-born. Saharan sotI dust and "onnected ..,oIoJicai
irnplicllions,

Th. proceSl<:I of dUll f011'Olllion and tIlOSP0l"!. a, well as lhe del.ail$ of 'he



SahtJrtm Dusr

ooolopcu impact, prirna,~y ill ,h. SahlJan "'O','r< indetd .ory poo<ly understood.
Thi< is pa,lly du< '0 Ill< flc' 'hl1 only in ",cem yeart hIS 1M possibnlty of largo
scale P'<:<;tIS<. induad by man btcomt of genero! oonc<rn, and panly b«au$< tho
Sahar2n arn tw, do,pite many indilliduo! offotll. r<mlined a largely unknown arta
In mllty ,upoell.

Th. worbhop. therofore. hid to ".n with a c'ilico! rtview of the prescn' S1a,..
of ou, l<nowledSO abou' the.. p,obloms. Ind to pornt out the most imponant gaps
io ou, knowledge

At 'ho .."'" 'im'. it hldl>twmt clnr that tM probloms of impact of Saharan
d"" produr;tion, tm.<pOn and dc]>Oloition were in "...d of considerlble dlrif~

C1lion, and the discu"ion. during the worbhop about th<$C up'''''' ,...e,. intended
to be ••""h,,, imponln, .im of tho '0'0'\:"'''1'.

Tho locw,.. and the en,tIing disc""i"". of 'h' workohop should identify ,ho..
a,... whoro r<$Clroh is urgently needed, and foUow up with 'ocommenda'ion' fo,
mOlou,ing and monitoring tho," ..riablts which may b< of key importance fo' •
boltor unde"tanding of the problem.



The Three Important Processes Involved

DwinJ the Iol.r pm of the worl"hop lhe jl'OUP WI' divided inlO lhr"" workinS
parties, ...h roncenlrolinl on one of th.lhree proce>s<o:

MobjJi:~tWn

T'tamporl, and
Dtpositit:m

These thr"" se<lion. of Ihis repon are bued on the findingJ of the lhr"" workins
partie•. II Is inevilahle. th.refore, thaI lhere is I cortlin ImQWlI of overilppinl
het",e.n lhe contenU of Ih... Ih"e «<tion•.

I MOBIU1.ATION

l.l Inlroo!ucli<>n

The ..ne ..tion of du" in the Sahara h. not h""n studied extensively. Yulon
and C2nor (1979). in their rk....iption of du" emi";on in bn.l. "ate lhll d<$<n
dUSI origin.... from wind erosion of alIuvill depo,;to in duen mounllin VIlley•.
Thu. r.ne du", nu.lerill would be ullinu.lely proollC<d by chemicll weath.ring of
primlry min.ral. in mounllin•. On the olh., hand. JWlg< (1979) 'UU."ed Ihot
$Ome of Ihe d.,en dUSI nu.y be produced by crystaUine b,••bge of IoIltlling
Jrlin•. Thi. IIU., powbmty i••upported by evidence of Krin..ly and Doombmp
(1973). The ..neruion of fin. lir-bom. panicl.. from semi'lrid .oill h.. llffn
described hy GiIle"e (1979) •.-ho "'owed lhal the ..tio of vertical OWl of rme
parlicle. to horizontal flux of an lir·bome particles (,oughly .qui..l.... l 10 the
aa1tation flux) i...nlhle ";lh respeellO son mine..logy Ind wind .peed but thlt in
seneral it "'I' m""h le.. lhan 1%. The prod""lion of dull WI1 reliled to "or!ahles of
.urf... son lexlure, wind .peed. veJelltion, veJellli.e residue. surf... roughne..,
sci] I8llregale si•• di.tribulion and ",n moillure.

To delermine llll" scale pll,."" of dust production in the Sahara. I com­
pnarion of Dubief (19S2. 1919) on the frequency of occurrence of d... t 1Ior"" In
differenl Ire.. provides a vIIulble foundllion for fulU" studie•. Discus.ion. by
Oubief (i979) and Kalu (1919) ..lllblilh.d thaI lhere "" diff.renl kind. of
diltur!»""...rrectinJ diff..enl por.. of the Saha..n If" durinl differ.nl ..uon•.
In the winler they Ire oonnecred with the Medilerranean polar fronl Ind/or with
$\fOnl upper tropospheric noushs. In summer they are rel.led to Ihe easterly __
lMOdaled wilh lhe Inl..tropical (Ollvergenee Zone.



Tho impac' of human acllon an consido,ably inc..... wi~d o'osion 'h'ouah:
cw'ivalion (fo, wb$i!ler« lI\d mnktl tro~omy), imprope, I'&l.inl, un!uil.ibl~

'r1IIlplin, by animlb, cunin, wood fOf fnol Or oth.r \1$0, ce""m lypoa of ,oun.m,.,,-
Tho,. _ also many moans for human IC'io~ '0 limi' wind .,osion· oxdllSion

f.om "uing (..."",al Or pluriannual), ....n.rin' of nume,ous ....lls with smaI1
Wiler discharsc fined '0 tho ,ruinl capaCl1y of ,h. land, Ilmitl1;on of cult;'-"ion
'0 c""", nuuitio...1nwls (only in ..... with high .,odibility), p,.f.,.bly limitatioo
of IOnlem... ''0 a rusonable level, ..al."h.d mansl_.nl, and approp,i'" soil
o""..""uion ''''hniqu",

1.2 R_rch upKu

A. s"r{IJcc Conditio",

-'sid< f.om tho .. rodY" ....., condilions which arc par1i.aDy d.t.rmi...d by the
,urfaco, the gen.ra'ion of dust is do'ermined by suffICO condi,io,". l1te conditioru
Ilst.d b.lo.. lI. 'be primary faciO" .ff.e'ing crodlbihly fOT ali''''' SUTflC< wind
",." snd tho thrcshold veloci,y fOT raising dust.

Disin/CffOritm 0/1OiJ qrcllll.. ~Ni dixI"CU portide. into ••"peNiil>J. dU'1 pori'
iclct bperlm.nl. Ihould be andertlleen '0 dotermine tho amoun, of "'l"tlUlne
bruklse and p,od""lion of frne plnicl.. from 000"" paniclos. Ths otudy, al<>n&
..ith qlWltilltr.. e"ima,.. of I.......llon of fine panicles from dun.. and fTom
allul'\a1 d.palitl with fll1e materi.tla\'2ilable will be h.lpful in .. tirnatina tho ,.Iati..
imporlance of ,h..e p,,,,,e,..,. fOT the produc'ion of Hn. particlOl.

SoiJ. The chief condition determinin,er<>dibili,y i. lbe.ru distribution of"'rf"'e
soil oureptot Tho.. ourop'e., which may l>e in 'bo fo'm of 0 .urr... crull, large
clods, 0' wW! pell." of soli, lar,oly dote,mine the lbrOlhold ..]""ity and in.oMiry
of er",ion. l1te stlbility of the ,",optes d<'orminOl future o",dibiliry if moro so~

moisturo is no' fOrthromin,. Th03 .... should know ,h. relotionship of ,ho sill'
d"'ribution of soil .",ept.. with physical propenies, surface toxture, modulus of
ruptu«,'oiI moiatu,e and compaction, and wi'h chemical prope"i•• o""h a. "'~

mino'alOlY and orpnir: con.enl. Orpnic !tudie! 5hould include orpnic fllm.
senerated by ",11 mic,oorpnisms ,.-hich !Cnd '0 "abili•• >Oil ,"rept...

V.,.",I.io~. VetelS'ion U.,," an inn ...n"" in .. riOO1 "")'1: by 'he "'biliZOti"" of
soil by roots, by tho ab.orbti,," or some momon'um OWl l<> tho >Oil surfac., by
altora'ion of the molstur< .ad hOI' '~ChlnF '0 the >O~, and by decay, which add!
orpnic materi:l] '0 'he >011. Soil erosion ptoduces a n.p'i.. effoe' 00 ""IOlllion
throuah the WId hlollin, eff..,t of salutin, ..nd pain! "" 'he pllnt lei'" and
Ilem•. Studi.. 5hould be undo".ken to do.elop .pecie. of plants ,hat ItO more
r.Ii".n' to lIti. haurd. Studies oIwuld furthe, l>e und.rtaken usm, a systemll.,
IpprO&<:h '0 dcte""in. "g<tolion-4C$Crt soU in"Tl<:tion•.



,
Th~ ThrH Impor'#nI ProctsUJ /nTOhvd

1'IIJnt Imn. Thi. mlte,ial p,ouc" 1M surflce by covering the >O~. Upon de<om·
pooil;on. humus i••dd.d '0 tb • ..,,1. Studios of 1'1>,,,, thal provide lhe be.t
P'OtKtM ~tle, sllould be undert.ten.

Rocts #nd /KJuJdn1. These elements provide lhe .urface with non... ,adible elements
whkh absorb pm oftM wind m.... They tho dislulb the ,,'ind field in genelll and
can concenlrole the wind in cerllill ..pon•. This alt.ratic", mtb, wind sllould be
studied.

MicMrisJe rourhn.... Roughness of lh. ""~ "oJ».."d grain. and inhibits ..ItOl;on,
Th. dlStribul;on and cou" ofthis surf..,e ,oughn... sllould b. ,uIVeyed.

B. Gtomorpholotic'" #nd Topo""p!ri",,1 Sur[aa Gmdllians

Wind -.locilY i. g""ty modified either by single tOJ>Oifaphical eomponents
.<>oh .. bin•. mounllin. Of 1,'1" wllershcd. (in which ,..n.,.. exert an mflutnce).
the (even s1ighl) deS'.. of .lope of .mbankments. ,he cfiff. (Ice ....rd Of wind....rd),
pediments and ,Ou>isl fans. For lhis ""son lypical erosion and d.posilion pm.ms
""1' be .<>oci'led ..ith gcomo1l'holo(ic.al form•. Study method. should bc b...d
upon,

""i,tical Iludy of lhe frequenc,. of 'd",'·winds' in meleorolopeal stllions
Ioelled at the pedimenl bue;
info",,"lion p,o>'ide<! by the ind.genou. popuLotion and by IOCII geogllphical
nam...

_ urial photOJrlphs and ground "hecks;
..lelfite im.g."

C. Wind Condition.

M.asuremenll of wind p,ofil.. indic.te wil>d ."... which a10nl wi'h such
f,cton IS soil, v<gtlllion, plllllliuer, rocks and boukl.n and microscal. roughn....
permits ..timll .. of erl>dlbili'y in moll circu""'''nc... Stu<!;cs of how surf""..
affecl lh. wind flow, conc.ntrllins the wind in certain 'egion•• should be c,rri.d
out. Studi.. should ,1>0 bc made of lhmhold "I.Iut. for wind velociHes with ",p,d
10 dust mob~iu.tiorJ under diff,"nl surfac' condilions.

D. Ul'Je $ctll. WeIl,hn MK""ni",u

The logical way to Iludy.uch mechanism. is 10 make .)'tIoplic metwrological
CISO studies of 'ypical dust·norm condilions II the surface and upper level> of
typical disturbances dU'ina differen' .."""•. SOl.ill" inu.tcs of dU""'Orms ...
highly d..inblc fo' lhcs< ",udios. The "'ellhe, map!. should .ncomp... a sumci.
ently LIlie Irca ro permit studle, of 1M rel,tion of diSlulbance, to lhe Fneral
"'cather 'ilUltion, and 10 permit inveshgatiotu of duor lr""'port from lhe Saharan
atei into oth., a.... , p.anicwlrly ..,..t....,d o.. r tbe Atlantic. northward O""r lil<
Mediterrane,n n, e..twlrd lero.. th< Red Sea.



•
E. S/Qri<tic<d Stud;" ofAu-boo_lAm~,1M S<llwrQn A"4 8a"donSn,OPond

METAR nCflQffl·

The SYNOP and METAR reports COOlain .,]U3ble infOl1llltioll on air-borne
dU$!, p<rrniuina a 1tudy of rrequ<ncy diotribu.;on in spa« and Ij"",_ Such "OOi••
may rev••1",u,ee. and unk. of desert dust.

An impel'lI\' raOlO, in relation '0 air·borne dust i. ,he critical wind spud for
'he msina of dUll. Ap." f'om wind·'unnel"p<rim<n" U1d ';m~ .. ' .....ch. ,lit..
SYNOP and METAR repo't. C<luld be u,iliud for stooyie! thi> problem. partic.
ularly th'oulh ,he infOmlOlion .hey providt «Inc.minl wind 'I'""d. pre>tnt
wea,her lJId ";'ibility. Such molies mould. how... ,. b< done only 1ft., I clrdu.l
evalua'ion of the reUability of the report. in dlff".", "gions of ,he SaN,.., ar••.

Seve,..1 "001.. lu.,'. indiuted tho, ,lItr. i•• ",1.tionIN!' be,,,,..n ,he Yhibili1y
.nd 'he nus< concentration of dUll in """tin p:lrlid. size ranfle' '''n if thi>
..lotion is flirly "'lIIe. A SUb.hcal study ""e, ,he Saharan IT" of the visiMity, as
includ.d in the SYNOI' and MET AR r.port•. could contribut. to t .... knowlodgo of
,.... dntri!>ution of li,·b<Jrn. dwt in thQ ..... Such. "udy shOUld be ,uppl.ment.d
by. 'Y".nu.tic compoli.OII of visibUily and dust lo.d ... f.w ..l.ct.d sil••.

1.3 Monitoring_to

A$ ,.p.rd. monitoting of ..,-horn. dUSl in Afric•. t .... l'oup conclud.d tlult i' is
....ntiol tN.t lOme inun.diol. "'P' be lak.n. Th. foUowing ""tion is proposed:

_ inililting funlto' lIudios of the b.lI methods for ob.""'tion of dust d.pooilion,
includltlg compori$on$ betweon diff.,."t "",thod.:
'<!din, "gub., obso""'tions by high volume ..mpl.,.. of ,ulpended plrti<;ul...

m>tWs 11 all "&ionll stltions Ind II I selection of c1imaloiOgical motions in
Africa north of lh. EqUlto,. AnllJl"'I of cont.nt of "'itable min.ral and orpnic
trac••I"",.n,. and of plrticle liu disttibution;_addin, wind ob.."",lions as noC<SSlry II .uirably dilltibutod st.lions over Afric.
north of tho Equator for <l"'b~ilunent of the ..lI.liondtip with lif·b<J"'" dust
frequc:ncy;

_ .ncour>&in' lito esllb1islunonl of furth.. WMO ..gi"" .. ai, pollution .talions in
lhe 1..1 with tho specifIC pUIJ'O'" of monitorin, plrticullt. mI{{.,.

2 lONG RANGE TRANSPORT

2.1 lntroduc:ci<>n

'The probl.m of tho long·ran,. lransporl of Soh.ran dLllI oonsi"s of lwo m.jor
ports:

Th. d"""menlilinn of dUSl in tho ai" both for the ar•• within and outside lh.

'SYNOP ancI "ET.oR ... eod«I ,on..... "poll> OIl _,..., _"",tion~



,
Sahara, ~nd the po=ible imp~t of thil dust on both Ih. e<"loeY of the adj.",nl
oren lnd the regionol and &1000.1 climate,

T" evaluate any possible effect of lWuoflln dUll on lhe ecoiocy lIld OIl climate
nOl only within but also I>eyoDd the If.. of tho SaN,., i. il "..,....1)' lMt "'"
pben<>menon of this dint in tbe ..mooph.... itl 'n>upon, and H. shmt and Ionl
term v''''',;''n. be mllCh Mner dOC'"ntnlW and Wld.,.,ood.

2.2 Dust;" tbe Sohan

b.en,ial rOT any ""donundin, of the phonome""" of Sah..an dlA' in "'"
atrno..,t.ere is an adequate knowledse of the ",urce If.... thrir IoealioCl IlId
menJlh and lhe ...SOI\a1 ."d more 10001·,erm ..""tlonl. Such lnfonn.ltion will
.""blt more "'liable Ullmat.. to be mad. of lhe f1uxe. Itavi0l the Sohara, llIei'
fu,ther rate in tM atmosphere ""d their composition. A suitable lummi POln' 10
obtain weh data i, proYided by the lutistlel compiled by Dubief (19S2, 19791­
which COV", • ptr>od of over 20 yOl" from 192910 1950. This infOfmllion should
be supplemenlOd by • tho,ough Rllisliul nolualion of .vailabl....a,he, obser·
valions wllleh hive ICC\ImulalN in the meonlime. For the purpoor of .Iudyinl
lonl·rangc IfOn.port.••puial rtoolulion of S· x S" of so~,CO$ of ur-bornt d~11 In

lh. Saltar.n .... and ilO ..."o~ndinl' il consid.red Illffkion!. Th. time ,esol~tlon

1lIo~ld lit in accordancc wilh Ihe ,"ability of lhe observed dlln «IlICentr.,ion, bllt
for moll JIobol C<I1lIid.ralions monthly mean val.... would $C.m suff>citnl.

A. menlioncd in Seclion 1.2 E, it would be dc>inblt 10 m.ke ••,at;'lical
m..Il;ption 00 .....thcr dall based on SYNOPllld METAR reportL

The.. 1imple "alutn ohould be ,"pplemonted by .ynoplic nudic1 bo..d on
w..ther mopL Such In..uip,ion. ohould «I'" • porioo of I few yeol'$ in ""der 10
obtain sumciont "p'C1Cnlltivc information on lhe oriCin and behaviour of the dun
,'orms and 'he rcsullin& dirc<;'jon of lhe dUll I"mport. nIl. would certainly be I
majo, uodertakio,llld il could bcol b. carried OUt by I .ynop,ic me'corologisl
vi,;'inl tho various mtleorolopoll $Cmcos ill lho Iff....d '''1$, and mal<lnl \1St of
the locally lvailablt materiollrld cxporti$C. Such. nudy ohould be facilitaled by
the cooperation ofWMO.

Two-dimensionll horizonlll now pll1<m•. b..ed on mtlll monthly ";nd. ovor
Af,ica, II< IVliloblt Ind .... r. discu_ durinl'he worl<>hop (Ne Ulnd Kidson,
1979~ The.. are signiflCanl difforeor:a in tho now pauerns be, the 19S8--63
mois' porio<! llld lhe 1969-73 dry poriod and lhore "" «Irrcspondi"ll diff"'nees
in Iho &k>bal general eirolllation. I' is more diffICUlt 10 IPP<ai.H tho vcnioal molion
field through Ihe cootinuily .qualion lOd lh. uneen.intles make dedtICN yo.HO­
ye.. vari,'ionl IImelioblc.

"''hil. the quoslion of tho d,." IIlIllport by tho mean circulilion VCr$110 thll by
lhc lransiont fOalll'es was no< rcsoI••d II the workshop il i. hiJhly likely tha' ,h.
lWO I$pccts of the circulltion If< inlcr·rdaled.

Anothe, aspcct of invCSliplioo of tho Sahlran d\llt phenomenon IS tho chomical
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tnd mine,aJopeal composition of lb. l.(IU mattrUJ a$ ~ function "f p'rtide si .....
"'.u .. 1M WIle inf<>nIlllti<>n fUl 1hc &CIU5W <!Ufing <!\Iil'5lultm II the AIDe
I"".,i""•. Such i"f"mUllion is II prosent .Im"'t e<>mpletely I.cldnl f<lf the SQutCO
.,.••. It would all<> Ii"" imporlan, informa'"," .bou' fractiona'i\ln pr".,.....
be,"'~n .00 and ""0s<>1 .. I fuoctiort of en¥i'oomtntal coodi'loo. and partid.
~.

The analysi. of the dun ",mpk. should be made ICCO,dinl to both el.menlal
and minetll composition bec.use only ,IW doubl. analysis will pa,mil und.r·
st.ndinJ: of fractionation ..ilh particle .iu. [I is ""ry d.,i",ble all<> '0 identify
mojo, biol\llicol compon.... in ,II< umpl... $in"" th<y mly"''''''' ""fulllacers.

In Iddi'ion, it .. conside,.d desi,.bl. '0 h.ve lire,.f, dati On 1M ,,"rt\cal
dimlbuti"" of dUllt ove,!he Saharl.

n.. """pl. coDec'ion should co,,", I!J of th< Soaha,. 'III' mlY f""ction II
dUSI SQwces and ohould be made in .uch y "' to constitute I ..p....n'"i"" and
unique dl'~ b.nl:. Ills n'iol th.t In all casa' .uffici.nt ...."'. pmpl.. should be
storad fu' fu'u ,ch and follow-up "ud;es. It i. mOl' ....nlill ,lilt the
samplinl be done by lcieolifically trainad pato<>Mel and that it should be suppl..
m""ted by m.pping expedition. cOftied OUt by I ".m of ",a ",ientim.geologisn
and mineralogil1•. Aflain. thi. protrant ohouJd be or"",ized in luch y 1$ to
obtlin muimum SIIppor, from ,h••pp,opna,. international Of"",iutio, .

for study of the J>O$Iibl. OC(Ilop;lll and cbma'olog:ic.aJ implCl. it is <$$tntial to
ha.. info"""'ion On ,he loni"."" "end. of ,h. stT<nlth. loxation and composilion
of tho SaII"",o dUlt ",ure... from thelv:aillbl••vid.n« it is d... tho, consid<rlble
chan..s hi.... """Ulr<d 00 aII'ime...ales. includinlthe ice ..... It is most likely thlt
both o,turol changes of tho dim". and man·ind""ad modiflcltion. of lb. ecology
IT< involvad, bu, th... pr".,..... 'T< very difficult 10 .."",.1<. Any ,,".mp' 10

clarlfy the.. q,..,lionl should involve th< most comple" oompillbon of al1 .",a·
Ibl< .¥idenc< ftom ..ology...dimeotolol)'. hydrolol)' clloolol)', <tc. Som. of
this evidence is already .vaillble in mtticuloUII stud uch .. th"'" by I'ichohon
(1976) ""d Street and Gro.. (1976), bu, funh.. nudio. of 'M type should be
mad. io olhe, field. of .....reh.

Change. in SOUr" ~1l.nglh 0""' pariod. of. say 10-10 y..tS may alSQ be
sianiflcan'. The,. hI''' b..n SIIgeslion. Ihl! an ob..rved Ihr..-fold inc'.... in ,h.
dUllt concentration in Barb.dos bel",een 1965 and 1976 migh, be duo to ""
inc'.... ill SQU'" ",ength in the SWr•. possibly ;l$SQCiltad with the dloU&ht ;"
'Ilt Sattel (Proq><.o Ind N..., 1977). Ho.....' ... rh< ob"rved in"' could oISQ b<
dllt to chan... in ,he ci,cullt;"" panem ""d ,h...al c h.. yot '0 be
d"..mined. Furth..mo... ><>me ""..uremen" OlOnicko and SchUll. 1977) close
'0 Ih. SaIIara indiclto 'hit no majo' ch""ge in sou,ce m""gth occurred in ....ot
yats.

23 Dust outoid. ,h. SaIl..." "'"

Th"e ~........,al ",.lI-doou",""ted oases wh....0 Itmosp/l<"" "an.pon of
Saba"n dus' ove, disunct. of up to ....,ol thousand kilom.".. hIS be.n <Video!.
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Probably !he belt known such lile.t;on...r.. to 111. lnnsport wosl.... ,ds OCrl)S' 'he
Atlanlic It • latitude of about lOoN 10 2j"N (CalIl.oO and PtMpe,O, (972). and the
transport no'th....t 10 1"..1(Yulon and Gan",. 1979~ Th<.. transport, h.", b«n
do<ument<d l>y m..."","""" of turbidity and of dus. concentration in \h< 'i,
(Prospcro n 01., 1979) Ind 11 ...·• oJoo been confi''''''d by ,",ellitt linage•.

Ther. is Ilso no doubt IN.\ I ronsid.",blt transport ordu" \likes pll.e (,om an
or•• southw..' of 'h, Tibe"i ''lion of 'he central S:l/la.. ln,o ,h. <"wU,i.. along
lh. Mrthtrn coast of the Gulf of Guinea (Kalu, 1979). Occasional ;otro";on. of
sv,.,an dust in'o furO!>< "' for n<>rlh .. Sc>ndinaria ho,.. :obo betn dOCllmtn,.d,
Our knowledge abOUt possible tran.pons of S.I....n dust (o.... rd. the ...1 and
sou,h.., .., n ""I)' limited. Ho..'evtr, ll,olli" Image. ha•• shown .."'ral case< of
d.,.,..,orm. moving in an ESE direction 0'" the RN S... No signiflcant 1""'port
of dust into the soullte,n hemIsphere h.. been ob.. ,ved Ind the,e ve good "'>10'"
to beli.... thll luch a transport il ,rreoti.oly hinde"'d by rbe pretipirotion ",",u·
&ing associa,ed wirh Iho in1er1fopioal convt'lffoCe zo". (ITCZ).

RepJding the met«>,olopoal p,ooe.... tblt gi•• 'ise ro tho mobilizarion Ind
long·"nge rllJU,port of duo' it iI importan' '0 know whother they lro mO,e 0' k"
"""tinuou. pTOC..... '" if rbey take place only unde, very special oi,oUJ111ro""... In
rh. fo,me, .itua,ion il "'"uld be pertinenr ro concentT"e the study on rbe mtan
circull'ion plnelll. In th,ll"" c.... we should of courl< cOncen"'" ou, 'Iudy on
rho.. J'lnil;;u1v "",,,ionl. From Ihe information lvailoble it >Um$ th" ,here is i
",b., continoolll rron'port of smalle' dult plniclel (Ie.. than I "",) OUt 0'"' ,be
Atlantic bu' thll ,he transpon of llrger Plnicleo is more di>cominuous. Thil is
,on.."ed in lhe relalively small ,..riation of lurbidity OU, ove, lhi' area in cooll..1
'0 th. ,.llt,..oly I,rg" day to day ,"riltion. of IOU! par'kl.l<>ad (l'roIperoeral..
1979.J..nicko and SchiltL. 1977). The transport in ,he north"",,.,ly di,ecrion is
p,obably a 1$ COnt"'l'O\II p,ooe". Th. c<>:lcro.ion is thlt .... need 10 study both
the mean ciroularion and the 'l-'pkal circulalion pattern, f'" silllllions when ,he
triMpon is augmented. By FUinl '0 know 'be welther p.nern. 'har are conducive
1o lonl.,anle 'rar"port and by ,,<>dying the vana,ion, of their frequency of
""'Urre""O, we milll>l be Ible ro ellIbliib ..hether cltan... in the obltrved dUll
concen,ro,;onl can be explained by 'uch variation..

2.4 Possible climllic eff..,.. of SaltanIl dWlr

It hu been estlma,e<! thll the """nibutio" of !WIllan dust 10 the '0111 burtlen
of lropOl<ph'nc ..rOIOIi is lbou, 60 200 million ton, pe' }u, (Junge. 1979). Th;,
should be compared wilh other $OUrce, of minetal dust in ,he wo,ld ellimlted "'
roughly 200 million ,om per yo... " i$ clelllltat lho !WIall is I very imponlT1'
oou"o and that appre";'ble nrillions in ill ."ength could Ita"" significant ;mp~.

c"ions "" the ,egional Ind lIobal burden of minoral dust. This imp~O$ 'h" chal\,iel
in Ibo dUll output from the SaltIro (be they na'ural 0' man-made) i$ of potentia!
signif",ance fo' the regional IUld ilobal climate. 110........ ,. quant;\&,ive estima'es of
aLlCb imp.." Ita.... y", to bo mado. Amonglpedfic mechanisms of .lI<b impact ""



cUm.t., 0"" mly montion:

,l<!llIlon .rr.ct. in cloud·f....ir:
.ffec.. on cloud oIbedo and
.rree.. on the fOrm.lion of cloud. and ..ind,op. (condenSllion .nd ice nUclei).

A be"., undel1,.".dinl of Ihe~ possible ImPlCII don nol d<:pend so much upon
the ""U.. tion of more oMcrvaliM' of the ..roaoh u l>pnII' b.n.r und.l1W1clinl
of the physicll pr"".... ' in_olved. However, I' is impe,.,i.. thlt ,eli.ble vertical
prom.. of the .erosol co"".n"01ion .......il.bl•.

1.5 M.asurementlnd moNfon". upeelS

Apptopria~l""hrUqu..

The.. Jr, tWO pnncipal method. fo' me..urinllO~ dust co""e", ..tion.ln the
Itmospher< which can be recomm.nded II the prO$Ont time. For area< wilh
relatively hish concent,.ti""" of IO~ d"'t (within the SahlII, 0' in dUlt plumes
outside tit. Sahli') the d..." d'lived insoluble fraction dominl1u .nd cln be
detumined with hiih _oIume SImple.. by """ishinl filter SImple>. If til< con·
c."'..tlon' are leu th m.y be slJOiflc.nt fractions of ..roool compon.nts oth.1
t!wl mlnelol dUll Pf nt. In tltis c_ tit. total .erosol no lOOle, rep,...n" soil
d\.l$t and it il recommend.d to use more sen<iti.. and ,peciflc: methodl, "'ch u to
II\Ilyse filter sampl.. fot silicon, iron, aluminium, or other elements whkh orilin·
.Ie exclu'ively flom Ctu,allOulc" and to subsequenlly corre<:t fo' ''''18' crustal
composlt;on, If the sample. contain consIderable fraction. of PI"ides Iorl'r than
10 "'" radiu" c... should b. taken 10 m.ke th. samplinl iookin'lic. The leeltniqu..
mentioned h.ve beon ....d tucces.fully In. ""riely of r<$earch projects and ar' well
docum.nted in til< hWatUlC.

Monitorinr ofsoil dtril'tli dUll in lite k'MO ne""""k

Sin.. flth.. IlrS' VlIIiiti'lns of the sloll.l productioo of tOO dust occur and C<ln
be 'Xpe<:led to continue in th. futur., It il r«ornmended to """'ito' th. tOO dust
compon"'t of til< ••"osol at the b1..lin. and ''lionol station, with an extend.d
p'''I'"m of th. WMO network of monitorins .ali"". oil ove, the siebe.

r0' Ionl ..nl" monitorins. weekly or monthly wnphnl i' IOn. rally satllfacto<y
bUI daily """"a1inn, would b. d..ira.Me for certain ,pecWi..d re..arch p'",,""'.,
for en",ple, when the relation to lrlnsport trajectorie.1$ inV<!$lipted. l1>e samples
>bowd b< anolysed by a cen,,01 l.bo"'tory to ensu« comparlbilily .nd hi'"
quality. n.e mo,t suit.ble "c"";que of cltoic. ;, Ihe elemenlll anllysis of filter
wnples diso:u..d .Ito...



3 DEPOSITION

3.1 Inlroduction

lot.. and olher eolian deposito in soils of lhe d*rt Fringe .... prflOfIl an
e""eUtnt ,""o,d of pas' files and vlri"io... in dU" deposi'ion Ind could htlp in
uIlde"lIndinl nltut.l! Utnd. or lhe innuen"" uf mon On deposilion. Sohilln dust is
tht source fo' loe.. deposits;n pl.oce...",h "' 1....1, the !"i]< Villey and the Cape
Verde [sbnd. (MOlznet1t', 19(0). It has tV'n been 'UUO$ttd thll il 1100 moy be the
oriAin of $Om' "'~. "" island. in the ....".m Atlan'ic .uch IS Bermuda.lh' Elahlmti
and the WO$' Indie. (BricKer and I'rOSpelO, 1%9).

Studi .... Ill« 1h"'" clmed OUt in I"..!. should be extended lu circum-Slhlrln
"Aion., with plrticular Ittention 10 lhe dislribuh"" of lotS. Ind '0 the toliln
contribution to qUllernary soil •. A' lht "te of dust deposition seems to be I
function of the dutlnce "nd n>lu" of ,he destrt SOIl"e.•uch studies would
indiclte p"., cycle. of txtension or tt<:tsSion of the desert. Dtu~ed stllt;Afaphic
>tudies "" ""fully ><ltcI'd site,_ e.l. from Turtisil Ind hr..l - should be COr·
"'Illed wilh siroil .. studi.. of d.ep ... oor" offth. W." Arriellt COIS', 81r1lldos.
lhe Medit."ontln Ifld other plaoO$ whtre I fairly com plett '''"lil'''phic record is
Ivlil.oblt. Rectnt >tudie, lave shown thal mony wll. in desert fringe repon., in
addition 10 lhe obviously 1.,..';11 on.. , lave rtceived considerlble .uppltments of
dtstrt dust. Eoch CIS< ''''luire. I .peeif", lfIoJysis beelUS< of lhe S!"", bUl steldy
deposi'ion Ihe dust beeo""'. 10uUy ..intUited ;n lhe "'~ forminS environment. It
$Urns dtsi"ble '0 carry oul studies of dUSl co,uribuli"" to "'lis, e.B-, in northern
1\iAtril, the delllirel of Emt, lhe Sudan Illd T'unisil. Such <ludies would r.v..1
not only the PlOt txtenl of dust deposition but would llso 1$$<$' lh. po;usiblt
iXmlribulion of dus' to the fertility of tht lOlls IIId henet its ecologiul r"""lion.
l1tt studies should be mlde in conjunction wilh moni'orinl of the p'estnt rate ."d
nllu", of dus' depoeitron in de..rt fri".t It....

l1It ecolopell imp""l of d"'t lllr11port in desert FrinS' .'taI may hlYO been
benefidal in the pIS" h_er, thi. proce.. oould euily be re.ersed by inap­
propril" land uo<, ""'inl the de.." frinS' region to become I dUSl sour« rothor
thon • dlUt ICCUmUlal"'. Clreful otttttlion m~U be y,en to du.' !l'n,..li""
p,octsots during dtvelopment projects whtlhtr agricultural or industrial in such
O"IS, _ particul..-Iy .ince lhe tffects of tho dust on humo.n helllh I'" unknown.

3.2 Possible ecolop:oloffecu of Soharon dllSt

Th.", Ippeon 10 be no roIiablo datI, coUect,d .yst,mllklily O'l<r In adoquste
number of Y"", on the quantily, periodicity IItd ohtrnkal compoei'i"" of dust
rec.ived by soil. of tlIlurli and Isrkultulll ecosystoms in .,..." dese" fringe. Ind
mOrO distan' ptriphtral vtgttation. Such doposit;on is of ponicular importonet with
r<sptct 10 tho poooibility of dry·nushinl tffoctc of dust with """,ro-nutritnt. ('.1.
K. P, CI, MI' S) ond with micr()-n~tritnt. (e.B- B, Mo, Co, Cu, z", Mo) in on <Wi,.
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511Idi..... needed on lh. nutritnt regime. of toch <Oil. and the dynamic. of
nutrient inputs vi, dust in order to determine ..ntth., ai,-bome deposition rep.
' ....0" • "'I"if",ant per.en."I;I' <>f the "(ltal'. 'pbn,......U.blo' and "upplyinl1"'wt,'
for nutn.nt. in differem >Oil·typo•.

It i. olIO important 10 in•••li"". whether the dUSI dep<»ilion (mcludinj any
orpnk mOl'rials) enhanc.. lbe physic'" KIa ''',",'Urt fOf plan, pOWlh, po$libly In
conjunction with soil micr<>-bioJoskal ;n"""IJll';"'" designed 10 ,olo,e dUll recoipt
to nlk,o-orpnUIn ""lmty. Consideration dlould .1", be liven 10 similar l1udiO$In
diff...nl vqeution typ" UJl"'riphol1ll ...<3$ of d........ S...,h lIodies would ~ceso­

itate an experimenu] ",view of available inexpenli'. deposition pu....
The ecological impoci of dUSl d<j>osition on marine life ofr n••,-<ho,. and

_ ..~l dol<rtl :We> "''luir.. Olltn'ion and in...lIgation. TI>o dtpooiliCHl of nulrient.
usociattd with Saharan dust inlO ocean wit." may under cen.in condition.
contribute Iil"iflClI\lly 10 the productivity of t/l< surf"". wale,.. for eumple, off
tho co..t of w..t AfTie. (upple, 1975, u.l>dholm, 1979). Sine< phosphor... is
probahly tho most importonl elemmt in !his COM<:clion w. '<:commend that
meunrements of thi!. element be made in diff"en' pm>:le loiu ronge•. llri. ",ill
e""ble the depooition to be qlWtlillU""ly ..timlt.d. T1>e importance of deposition
of phosphoruo on t.rr..trial <:cosyn."" abo nud. to be in...til.,.d.

Th.r. i. littl' doub' thot, in ,he trOpic>l ond subtropic>l AlI>rtt>: un of the
mid·Atlanl>: ridge, a major part of tbe non4>iog.nk ..diment is of Sabaron orilin.

Saha..n dUSI most lik.1y 11", si~ oisniflCont contributions to the ..d",,"n" in
the Meditemnun and in 'M western part, of the equatorial AtJ>rttio:. Study of
!be.. sediments may provide wdul information aboul the put climate of lhe
desen repOOl (Parkin ond ShxkletOJl, 1973).

Thore i. al"" evidel\Ct th>! the duuy e"'ironment with its diff.r.nt components
may affect hurn.., hulth. Attmtion should be drawn 10 the (fan.port of potenl.
ially toxic elemenu from .orflce-mininl ond other human Ktm".S in the desert
htOlfion ..,d '0 their polOib!e bioocoumul,'ion in food..,ho.ilu, be.rinl in mind the
.... with which a depoo.i,.d pollutant may be r<suspeuded onder IIi<! Cooditio....
Thi. \auer item i. of speo:ia1 impocl..,ce fot the Sabato., which illllrrounded by
Ifutlll hnds.

3.3 "'...",ment asp«u

In ord.r to Ond,,,"nd the importanc. of .tmoopheri<: dUlt deposition and ilS
eff"", on sofI. and organi.... If dlfferen' ecological oi'... we recommend Ihe
collection and ..,>lysis of oofI d.position ftom de .."s ..,d lOrroundinl dry-land
frin,...

A I"ner>l!y acc.pl.d standard method for meuuMI dry fall.....1or dust depolil.
ion does no' .xut (d. conduoiOf\$ from the Report of the WMO Expert ",••Iinll: on
Dry o.pollition. Gather,burg, April 18-22, 1977) (\\'MO, 1977). Ho " for
specifIC ,,,,"tch ptUpOSOl wher. only ,.Jali.. mealOr.menU Ire r>«<led, ,>I
m.thod...., Ii"" ....ptable r"ul".



In Older to <>btlin .. valuab~ du... pouibl. with depOOtion puJeS it Is

n"'....ry that:

_ the tor..in b. charlOCteriI.d with 'espect to ,urf.~ ,oughne.. and 'ftltration
.fficiency' of ,..getation cov.r:

_ the ..,osoI be charoct.ri...d with ,espe<t to ito part",l. si... di'tributiM. and
mean hori~on ...1vel<:o::i'y;
calib..tion studies be ,,"rried OUl where the dtpOSition of an .e,oool to. pUl'
in drffer.nt typet of te,..in Is rorn:bted to tho deposition on the voond. Th.
colib..tion cu",. SO obtain.d could then be uoed to eslimat. octual d.position 10
lon1" there i5 no major ch.nle in ,h. aerosol or te'rain type.

SO....1 type' of dust d.position collocton wltich ar. in use .lsewber. ar.
recommended for testinl in desert and ..m~..id I..... namely:

dUSI conectors with be.d. of g1.ss or pl..tic for conecti"" of dry and wet
fl1l<lut (Vaal"" and Ganor. 1979):
buck." with ......r... uoed in dust poDution studies;
m<>ss b.p or oth.. IOl.nti...u,fa~,. u..d until now mainly in hii/tly pollut.d
ar•••. m.y prove U$Oful al.o for the lnalysi. of the chemical compooition of
desert dust,

3.4 R....rch ..peet.

Bee.u.. of the clo.. inl.H.lation5hips belwe.n moteo,oIOJical. pedoloaicaland
biolop;al ",udies in these propo5:l!•• it Is desirlbl. to d.....lop I ca..fully co­
ordinated inrev"ed pr"l..mm••t elOCh of th. field sites under invest!ption.

- A ureful otully moold be und<:,...ken of all loess depo.", and their "",i·
VOphy on lh. nonhem and .oo1hern fringes of lh. Sah...n desert. St..tivlp!tic
lI\Ily$iland d.,inA of the oedirnen...ry and pedol"nic C}des sboold be mad•. uslnl
all of the modem t..hnique. of ..dioacti... pal.omaAOeltc Ind IIcltaeelope dotin8-

- Specific p.dologic nudie. mould be und."ak.n 10 id.ntify dust contribution
in the 5OiI. of nonhern NIi.ria. the Nil. delta and Ge~ir •• usinl AO<Xhemical,
min.rll... and biolQlical "",thod•. n.e.. 'tudie, shoold be mad. in cOlljunclion
with monitorinl tb. p....nt rato and nllulO of dust d.position for purpooe. of
compari""'.

- To identify more accurately the actual sources of lonl di...."". tran.pon of
dust from the desert .• fJeld l!udy of ,uop«:t.d de.." lie.. should be UJ>d.n.kon
.nd sampl.. collocto<l from rep....nu,;.. surflC« which eh.r>cte,i". the sourc.
'rol, A. cl.y minerals seem to be po,nicularly ..ositive to climatic influenc••,
'pe<iaIlttention $lIould be 1Ii"en to th... compon.nts in dust, SO~I. <xeanic cor..
etc.

- A comprehensiv, nutrient budget of ...leCled typical oasis ""ould be carried
out OVOf. period of ...... ,al y..n.

- ~elh.o,1i of dlln Coll...lion u..d in variou. plac.. should be test.d for th.ir
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'pplic.b~ily on the de$trl and dt$O" frinll'" .nd mlde mo" widely known.
P:uHeul.. dfortJ should be made to standaldiu molllod. IlId \hus implOve
compalisoJ\$..

_ /tiuorioal reco'd, of dll" depoloit;on hayt l>een provided by .".Iysinl 1M
COIl!en! of coli." dU'1 in COf.. from &Iacic" in the Caucasus. This mtlh<>d o""ld
also be nied fo' .uitabl< gloder> in other .,......g. Ihr Alps for lhe dust plumes
frorn North Africa.



Conclusions

II IS doar that the mobUit.. tion of dU'lt in tt>< Sa/I.l'" ond its IUbtequent
t",n'port th'OIlgh tll< llmo.ph..e ..'en beyond the Sahara ill ","Iural p,ocess thll
hal "'en &oinl on fo' 11001 period of time. Thil hOI led to tile formation of.ohan
..dimen" in the Medit.,ranean and the Atlantic and to the formation of I""", "'~,
in mony .djacent rqion. ond po1Sibly .. far .way as the isLond. ofth. Wos,lndit•.
Possible shon·term eff«to of the d"", d.po';'ion on ,."..trial and Iquato: eco­
'Yllemla" less ....n und.rs,ood.

Durinl ,«ent yea,.. seve",t ,ase, of I "'b"antial lolli"ani" tr'n$port (up '0
...."'I ,hoo.."d kilomet,..) ha'" been documented by direc, mea'Ur"",enta.
Roulh ..,im.,,, show thll the Saharan I,ea may contribute annually 60 '0 200
m~lion tOn' of aoU dust to the 'ropo.ph.,e, This is I aub.tantill part - pe,haps
about~ of tho t","1 Uli.l du>t orrum"", in'" tho ''''"","p'''''' ond m.y ha..
some influence on the ..gionallnd the global d,mate.

It i' nOi II present posoibte to estimate whl! effe" human ..lioitie, .U<h as
"lVi,ul!ural praotie", Ii,,"ock Vazinl....ood cut'ina, .'c., may h... On the large
..ale mobilizat;oo and transpor1 of dust in this region. Before .uch lit ......ment
con be made, "'e mull obtain mt>:h mo,e kno...led&e of the pt=...1 thll oon­
tribute to erosion and to the Iron'pon ond d.po';tion of the dust bcaliy ......n as
at v .. ter dilunoe,. The ,equi,ed 'esearch and measuremen' wo,k iI of an inter·
disciplinary 1\.I'u," ond ...ill h.ve to include aspects of It Ielll mineralogy. pod·
<>lORY, ecolOlY and meteorolOlY.

Arnon& the main ..~ of '.... 'ch the foDowing may be menlioned:
- Comprehens;", ,,"d.i.. '0 understand ,h. produc'ion of fine partieuille

ma,enal by .....th.Rn, and di.intevarion pr=soe> .. a fiat and impt>ttant llep in
dUlt production.

- A thorough documenlltioo of lrid .oil oomposition in term, of mine",IORY.
pill't;,I. SIze dillrib"tion and chemical composition, etc .. for the ,,"ole Saharan .....

- A r:omprehen';...tudy of Salwan meteorolocy on an «:II.. to und'roland
the Ii.. Ind tran'port proce.. of min.ral dUll within the Sahill'lo ar.. and 001 intO
tho ,u"oundilli are.. ,

- S'udiot1 10 unde"lond lhe po';li.. and neptive «oloiieal effe<:u of dust
depo';liosl .:Ion& the ftin", of ,he desert 11<", especially Ihe relation to prod"",.
ivity of 1O~' lOd c.....tal ......".

we malte nO p,opoaal fo, .peo:if>e institUlional a.r'lIlgemenl, bul note th.
desir:abilily of h.vin& th< investiptions cl_ly lie<! to inlli'ut;"". itI,h. ,ountri..
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.urrOWldinl the Sahara. An impo'WIl 1uk for UNEP ."d <>III<, ;'l1.,nlliOllol
orpniUI;on. io to .".ngth.n ,..,h inl1UUllOlU Ill' lupponin& rl:ieuth 1l'Id Itw.lSu,e·
mon, prOf,l'Ul1m••.
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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.
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$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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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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CHAPTER 2

The Importance oj Mineral Dust as an
Atmospheric Constituent

Th. impO'lane< of min.ra1 d~" in I~e Olmo.p~ere io ''''ofold: Llu.. d.posi';on
and pO"':bl. effeclS nn clim..e.

Oep.ndint; "" '~e conditio", Ind dimeNiona of de.on.,... Ind m.t_oI~'al

tnn'pOrI pro<:....., du" d'POsition. Ilona the frinp ..<&. of ,h. '0'''''' "'Pon Cln
b. of lrol<>ti<-ll, P<dol~cal Ind 0<0101li<1I import.ote. Th. loess depOsilS durinl
Ih. lIaoil! II' a", ,~. <ll#ieal ulmpl•. p,.",.n, <lay d...n ....m 10 be much I...
•m"i.n' IOU'= fo' I""". forml1lOn.

Th. mine..1 du.' in ,~e I'm",p~.re IfleelS bo'h ,h. rodil'ion 01 cloud fr•• air
Ind Ih. opti"l1 I"0perti•• of ,h. cloud•. Th. in...."tion it compl•• but In ron...l
Oil< can ..peel ,~. min.ra1 du., to Iffeet pri"",rily ,h••bsofJ'';on of aerooob .nd
cloud. fOl short "'"" rodi"ion. La... seal. ostu,lI 0' an'MOPOronle "h.n of
d..t p,oduction ",hich hi" undoubtodly """unod should th..<fou be coNid d
"'i'h ,..peet'o tl>eir <ffee' on climOle.

Thil wor""'op i. "oncern.d "'ith the p,ooue'ion Ind tr",uport of du.t f,om ,he
ar.. of th. soulb.m and we>1.m s.....flL This conetm it hued primlrily ""
ecol<:>g:ical r<UOn•. B~, 0Il« the dUlt has beco~ ai,·bome it i. port of the
Itmolpbe'ic 'Y".m Ind it i,..ll of in'er.... I will discusl here ,h. que.tion of ilS
impo'II"'" fo' lunospIteri< «i.nc...

W. Iu."" iO"oul:lnd plniculste t'ac. sub.tanc.. in the almolpher•. Both c:on b.
nf local, 'etinn:tllnd Alnbl! impnrlan«. Th••.,nsols innuen« cloud fo''''''lIon,
radiOlinn and Ii, .le<'riei'y. Cltange. in thei, collC,,",ra,ion may induc' ~rialion.

of the elim... by affee'ing 'he Alobal radia'ion bud.el. Ther. ar...,o<nl$ from
diff....nt sourc.. and the qu",'ion to be dis<u...d he,. i. 'he ,01. of lhe dust
component of Ih. 'roposph.rioc ..,os.ol in 'his con,,,\.

Aerosols in lhe trOpOlph... h..e ..sidmce lim•• of the order of. ",eel: (on
Mlrtell and Moore, 1974). Thh h lonl eno\lih for considOllhl••prud wi,hin bo'h
hemisphere. wi'h 'hei' atronl U>nal ci'culation. but it is ''''' shor' fo' an <XchanF
be'...«n ,h. two hemispher.. Ie,OSS the equalor wltich ia ofth. Older of on. yell.



The ..,osols of th. 1"'0 heml","",•• remain, Ih...fol<, a1mosl compl.tely sep..
rated wilh some large scale mutu;ll leak.age ..wlling from (he Indian Moo$OOll
.yllem, Since there i. no ....bsunlial exch'IIi' bflween the hemi.ph.,n in lhe
Alllntic ""'10', Sahlfan dUll remlin. confUled to lh. nouh.m h.misph.re for aD
practical purposes.

If we disrega,d lhe Inlh,ol'Oletlic roure" w. can distinguioh th,ee domi"'nt

nalu,a1 """"" p'od<>etion me.;hanl"". ""ed in lite ord.. of l!Ieir quanlll..1~
impolUlICe

I. GlSfarmed particle., produced wilhin Ihe atmospho'" by oudltion and ..ICllon

of I ""'iety of lIace p ....
2. Soaspray.
3. Min.rll dUll.

T.ble 2.1 live. published estim.tn of th.I, soure. IIl<nJlh, IndicatittJ th. depoe
of ulICertainly. Th. uTIC.nlinty i. partICularly I.rge for mirter.ol dust. beeoule Ih ..
filUr<$ were deri...d by rolh.r dubio'" meth<>d•. Far.ome mange r••son, how .
they seem 10 be in flirly sood li'eement with rec.m eslimlln blsed on flitly
comprehen.I datI sell <m atmosph.ric dUll concentrltlon. pub~.hed 0"" the Ian
ye&". eo... ';n liaI part. of the world, lhe.. dlta beelme IVlllanl< l>y roUlllte
Ipplialion of .uch .nalytical methods IS neutron actlVlll"", .bwrplion .poclr<>­
<copy, and Olh.... clplble of d...rmining oimull.neoU$ly In cle.n Ii' .. raool
sample. I IIr•• number of elem.nts- 'The '.sult••how lbl. conoidellble number of
til....Iemenl!, In porticul.. Fe Ind AI, occurred In 11110. quire .Imil.r 10 those in
cro"a1 Of so~ mllerial indicllittJ lItll lhei' dominanl SOUrte w.. mineral du... By
Ipplying .ppropriate f.cto.. i' iI. 'h.... fo.., pouibleto derive fairly r.tilble figu,es
for lotal mineral d"'t COlICen"..i"". from Ih...."'ly.... Figure 2.1 gives I survey
based on such ob..",.liotU, "'I'h Ihe most prominant IUlholl indiClled. We "'W
come back to 1m. Figure Iat.r. On the b.... of .uch concentralion dill covering

TABLE 2.1 GlobIJ E.timll.. of Ihe MIjor Nlru,aI AerOlOI Sourt.. itI
Ih, TroPOlph.... in 10' Ions y,_l

Pa:ticl.. formed in Iho ttopospho... l>y o.I<lalion of H, S, NO~,
NH., He and olb.. trace _ 300-1100

S.. 'Pny 1000

Minerll dust 100-500

Other .....red (foro" fIre., vole..,;', <lc.) 3-150

fieur.. from the SMK:-R,~' (197IJ(T,bIo I, I) IlII othe! "'.lCK
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fisure 2.1 SU"'.)' of t~. <oncentnt;"n
non&<> of min.flIl du.' in t~. t,..,pooph....
buc:d on num<rous Iludi.. by - • ..,0°,
o'b.n - tb. foDowin. ...t~o,,' 1Ilifford,
(.'h....l.t, D1l«, F"susoo, Hoffman,
Gillette, GoIdbe... Griffin, henkk.,
PrO'",,'o, Raho, SchUlZ, Winch..'er, ZolI.r

mos, ntilll ..... of the world and.1so of m.teo,..,Io&i<.1 CQIISideratiOOI .bout
,h ti,al di"ribution within th. tropooph.re, th. global tropospheri<: d~st

burd.n can be estimat.d, Wjth the knowl.dge of th. ",'erage r.sid.n". tllll< for
...<»<>1 e.n th.n d<ri,.. at fi~ur.. for the toullOu",••tr.n~lb.Tabl. 2.2 Ji...
•u"h fi~ur pun. for bolb h.m;.phere. for reasoos indicat.d .a~j.r t"'"th.r
wilb ou' ~ue.. for reuon,bl. "n,.n.inty Iscton

W. think that ,he l>a1U for tb"", .stim.tles is more reli.hl. than Ibat fo' th.
previous ."im"... But it becomes oqUlny 01.., thlt de'plt. this fl" ,h. 1Ul·
cerlOinty i. '''!mated 10 be even larg.', which we feel is more realistic. We ..e that
....n withou, the Saltan source the northern heml<phere h.. a hi&her dus, load th.n
'he so"them one ....... to b••xpected from the IlI£Or l.nd are.. , Includ.d in
Tabl. 2.2 is the ,anI' of recon, .stimat.. of lb. Soharan dust production by
hDSpero and C.rlson (1972) and J.enicke and SclIinz (1977). Oe."y, the Sahara
d""'rt teem. to play an importan' role in the north.m hemisph.ric dlllt "ycl.,
providlnl Ibout hllf of it, Th. addilion ofth. Sohll.n ,"wee result. in a ,ang' for
the aLobIJ SOUree Slrenlth of 260 10 400 x 10· 'or"yr- l (disreprdinj: th. un·
cerUirlly of nQll Sahallrt production) which agr.......n with lhe oklor o"inlat.. in



TABLE 2.;: £S'im.US of tile Clob" Tropospheric Du" Cycle

Port of ,mposPhon Du" burden 10" ton.
Sour<••'r<n~h
10" tOD'Y'-

North.rn h.milph.,,,, ,~ "if

Sou'b.rn h.milph.r<· ,.0' 'if
Whole tJopoOph.r<· .0' ,""
Soh." plume U_4.0 '" 200d

To'o! tropOSpher< (plu. SaIlora' S.l-B.O 260---400

To,o! tropoIpher< (plu. Sahar.! 3.1-12.0 130~800

·I:stim>r..d~.. ""y Optciol pr""""rio_ ;" d<leru, po"i<o.Iwl, tho SaIlor. ara
and iu plume in ,he north AlIa."c ........ind~
"I.,;",."r... ,,,",,Uin'y I""tor.-r <2.
<The ""Ur<'" """'I,h ..... calcula'e4 from tho dU" burden ....m... an .,otOl ..oiol<nca
rime of I ....t. I.hm"'" ,,,",,'>inry 1",0' ,1>00' t I.
dR••p"" by "_,,, and Carbon (l17l) 'nd J.._;';~e and S<"~llt (1971)
•...ithou' ,pp1rin1lh< "ncarWnty f..lOn" .... c.
f Afte, .""Ii<>.,ion ollh< "",,",'oin'. f..,"" b and c,

Tabl. 2,1. Applying OU' unctnainly f'c'on V"" the posoible ranI" of 130 to
SOOxIO"onsy,-'.

Bu' the >c,ual uncert.in'y is $till lOTI'" beeau.. 'here ar. other desert .....
besid.. the Saba" wh;"h may IOC' os huge individuo!...,u,c«. Th.re ar' yet, .. leut
'0 my """",ledge, 00 dltl. "" the ft"'luonc-y and ,he ttull'i'ud. of lhe.. ""u,ee,.
F;,uro 2.2 'hows I mlp ind;"ltm,. ..,... covef.d ..;th dun.. which Ir. pot.ntial
IOU'Ces for wind blown dlU'- Oboorvl'ion of dUll h••• ove, ,h. "".Ins seenu '0
indic..e. how"".,. that the transport of Saharan dUll over Ihe Jubtropical A,lan';"
i. the moll ,po<l.cul., ph.nomenon of 'Itis 'ype. But .... should consid., the..
flC" '0 get. full,uc feehnl of ,h. lack ofrelilble informl'ion in 'hi. fI.ld and for
the unc.rtainty of the figure. in Table 2.2.

It i$ porh.p> of interes, '0 comp..e ,h. llWl of the eoli... t""'pon of Sahara
dust ...i,h oth., flux•• out of ,bi. desert. Th. 1I....port of sand by moviol dun..
•CfOIl the Wes, eo,,, of 'he Sahara by N 10 I'E wind'OC(un .pparently only along
I hunt of .bout 80 kin I.nllh lOu,h of Capo Blanc. Flux ."inu.'et give 0.1 S x 10"
Ion. Yf-'. wi'h particl. oi... peakinllround 100 pm tadi",. Tron.port of min.ral
dill' out of the Sailor. by tho fivef Nillo, i> 60 x 10' ,ons y,_l. Th... da," Ire
compiled in Table 2.3. It il clelr 'hal the 10"& TIIII" eolian du" transport ou' of ,h.
We.. Sahara in Tlble 2.2 i> lh. mOlt import.n' one, OlIn" m""h more important
,1wI ,he oth.r eolian "an'port mechanisms. This ttuy of coutse be diff.,ent fOT
oth., lIid zones IIId desert'.

filur. 2.2 >how. also ,h. kno_ 10<. dopolitS. loess i$ an .00i.. depolit ...d;'
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F~or~ 2.2 UlW(b"h"o of I.,... on ~."lb (.<W,ding 10 SCheidi&, 1934) •• ",en •• de"''' " ... w;lb ..nd JU""(.<:<:or","~

6oyko, 1961). Fro., Smalley onJ Viu·Fin'i, 1%3. S<c,;on <>f Central EU'<>i,e, r<procluceJ ,n Fill"'. 2.6 '",he.«" by. do"oJ
.1<1"". (ofIe' I'Ochtl>auer "n" loWlier, Ino)
''''lenJ Sh,c1O<l arc.. • l'To••d 10dS dcposi" S· Dc""", with .. n,1 oJ"no.
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TABLE 2.3 Comporison <>f .anOll' tron,port lit..
<>f S>boun m...rial IoC'.... tho ....$fern .<>MUin.

M<>do <>f 'ran<p<>rt

0.1 s"

10-20"..
60-200"

·Samt...;.., ..... 'II"....r (191',
'Tobit 2.l.

primOrily made up of p.nicles in the IInro S '0 SO jm1 "dm,. t'iloro 23 oho"~

cumul.,i.. m;l;\$ dn,ribu,ion, (m. i' upr....d .. diamotot) of 8 diff.rom types of
10<.. from .....00\1$ pam of the ....<>rId showing a f.lirly uniform rlUtribution. This II
no, '00 rurprioing b<t...... the frao'ion.tion p'O«$$ bet....«n I<><so and $O~ partid..
is oJ.....)'! the ...me d.pending to 5Om< d.p« on tho distance betwe.n rou"e and
deposition at•• , In do.." duot storm, •••n much coo.,..., m...rioJ becom.,oi,·born.
Or" jurnplnJ oJona the ,o,f.". but ..ttl.. down.,.in at much ,mall., distanc••. In

,,,,,,•,
.~_ult I

I /; "Itt. Ji., ' ,,
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FiII"r.2,3 Poniol..... d.imibu'iolU (diom.''''') of diff.,.nt kind. of
h>.,.. (KCordill& '0 S,,';nefo'd ond Fry•• 1955. Ind T.rugi. 19l7}a. ",.n
.. r.«n' .olian dUlt (.coordiq '0 S...in.for<t Ind Fry., 19'5) (.ltor
FiicJub.u.,.nd MuCor, 1970)

i.<&end' 1. -Dul, 1939, Mude. K...... U.S.A. 2,· Torino. Italy.
3. _St. V.lli.r. FrOll«.•. • Achrnhrim, F"""•.
5. -Wi.,b.d.n, Welt Germ.ny. 6. - li'I', BelliUm,
7, -Thorn.. Co.. K.n.... U,S.A. 8. - 1.<>... from tho A',.ntine



The f"'PO'ra"c< ofMin"",1 Dwillf an Almolphnic ConJtilUMI

A",,~.{.....I

,1.'."-----'''f.''---~::i·:':::::---i·O
,,
of----f'---+----j

®

1,
:•

,,,
o.\.,~~~••','~""-"<fo-----'".

p".""" _II'''')

Fi&\t... 2.. Comp.ri.on 01 diff....n' idealized m...
diilribU'ion. bast<! on the 10110";"& "",ree"

(I) S,hUt> and la.ni,.e 09H), ..n<l rrom ,he
L,by.n de..rt.lrJ Ub.ri

(2) same oourco and loca'iooo .. (I) bu' Kro<ol
1Iurin$ ..nd "orm

(J) fiich,b.uor and !>I~II .. (l97U), ""ace or 8 I"..,
<li"ribu,iort. hom "riou. continenti, >ecordin&
'0 Fi&ure 2,3

(.) Joon;<l:e .nd SOh"" (1977), .'''113' mUS dlSrribu·
,;on oyor 'ho C.~. V'Ne IsI.nd.

"

Fiaur. 2.4 ..... plotted IirlUr m... dis,ributions of sand and ....d ",onn ••",.010
from the Uby.n d... rt. 1".., (acoording '0 FiBUlO 2.3) and ajr-botTlO du.t in lfl

idealized f..liion to sho'" tho """,n'iol size range•. Fi«ure 2.5 demonst"'t ..
scl>omalioally how ,h. major fr.r:tions .re <loriftd from the ofi«inal oour« by
.uooossi... 'lage. of • winnowing p"XCII oontrolled by the int.""'ti"" I><'.....n
.it'born. '1'011'0" lOd ~ravit.!iooll ..ttling until St.g••. For .trnmph.rio tTl',.I·
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fip,. 2.S SInd I"",iona';on pr<><..... ~y wind.
",hemu", The ori&inal sand dlsUibution i. f...•
tionat.d into mojo, f""ion 2, 3, and 4 IS • fun.­
tion of dIStance born lhe lOU"'. C\Irv<. S,6••nd 7
depict ,h. ,hanl' in «Inoo"Uation doe '0 both ""'"
and dry removal f'om Ihe atmosph'" Th, rum of
cory. 1, 3. and 4 should be equal 10 the o~rW
cU"" I

•l
"
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I
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ling tim.. comp.orable (0 the averase .. rQ<O/ re<idtnce lime in lh. lfOPOSphr"
'rnloval by predp;tl1;"" become. imponant be'ide' raDou, by sedimenlalion. Th.
PU dumbul"" of the individual froction. wiD. of cOW''', "I}' with lb' environ·
mentll 1"ramo'e". bu, Filer. lJ "'&&"1' ,hat ,he d,ff."nc.. may no\ be ""I}'

dramllic. In FiKU" 25 • smooth. continuo,," distribulion ..... assumed fo' lhe
orieua1 WId. In ....U,y ,hl$ may not be th' cils< because of lize depend<n,
,meimoi., of tho ..,io... phyliooaland clIemi«l disintegration processn constantly
&<11"" in the .."d. In fact th,,, are indication. of bimodal di"'ribu!ion. in the C'"
of fr""lion 2, Figuro 2.4. al 10m. place" but In principle on. should OX"'CI singl.
mode dimibutiom if the sand dimibullons Ite ,ufficiently smooth. Figures 1.4 and
2.5 demon""I_ that thero i, and should l>< con"del1lbl. ""eIl'PPlnl in the lail' of
distribution cu",es.

It i' de" that the 10'" fraction bee"",.. air·borne r>nly in fairly 'Ironl wind..
l1>t lorl" majority of a1I10es0 deposit! in Figure 2.2 ........ forme<! durina 0' .1 1M
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"'" 2.6 Distribution of 10... in Cen",l (urope, 'c<"'din. to S<:hO'idia. 19H (01,.,
;ktN"" and Millie<, 1970)
lend: I Shaded .... • Loe>.. thkkn... mo,e than O.S m

2. Urni. of Wiinn-s!scUotion

end of the Ia.l abdalion period in dis,"",.. up 10 sevenl hulldfN ldIometers from
tho bord., ~nes of tho ~ sheet•. This is .....n demon.. rated by Fill"'" 2.6 whith
Ill"",. thlt ill the Joe.. deposit. in Ccnual Europe ..e located bet....." the ic.
lhield. of the 1.., glod.ti",,_ 11>< hull' amcuntl of ""'ttrW of thos< <lepooi" .... '"
mos, Uk.ly prod..,td by physical weatherin, "''''' associated with Jlaciers. Bu'
thor. is sufficient nidence that d...m also can ••" .",,"" ..... for l""".lhoup
'pparcntly at • much ,moDe' scale. One ' ..mpl. i. lbe Ne!l"Y desert in brad
(Smalley and VII•.Finn, 1968). Al'I'....ndy in most de..", lhe w..therin, rIte just
is nol 'Urr.,ie"t (0 prodll« deposit' a1o,,& thei' fringe .,....

The IaTF iIIca ~red with glo,iIl loe.. deposits imply thol "'th... lime. the



Itmosphe,e in .uch llhu,des muot have carried I consid<1lblc dust burden. moot
bk<ly due to $l,mny and dry w(lthe, oonditiollS. Thi$ conclusion is in flcl
s~pp"'ttd by hig, dus' oonc""lr.tions in Greenland kc laye.. durin"he ""d of the
II" a1aci.t.'ion. It is .1<0 im~d by the actual abwnce of loess formation It prntn,
'imes in 'hese lltitudes. An inrrisuinl question is if and '0 wh.t dO&ru IUCh dusty
Itmospheres induc~ fud processes OIIlbe cllmlte de.t!opmtln dUlinJ the ice age.

The p,OCO<5<' b) whioh du" Me<"...' air·bome art oomplox. Sauc'ure. moisture
conten' and o'h., soil I,or.""'te.. <!tt.,mine a thr..hold wind spted at which the
dus, is picked up by the Ill. Or>c< thi, thrtsh<>ld is passed the ....rticalllux of dus'
incre.... rapidly wilb wind opted (ste •.1- Gille"e, 1974). A conside,..blt f..clion
of ,he ma'erial. howe"". ftmlins ne.. the ,uffa.. and is aoon rtdeposited again. It
WOUld. of course, b. unreason.blt to includ. lh. flux of'ueh m... ri.al in filur., for
the a10hal dus' cycle. u Ji..n e.•. in T.ble 2.2_ Du" considered in this re,pect
should remain ,ufflCienlly lon, in the ai, '0 boco"'" of import alICe for mCl.or·
oJoay. It is suagtSltd "'or I 0". dly r<Sid""'" 'im. would reprtsenr • reasonablt
lowe, Iimi' for ,hi. purpo...

Tht dUll component in atmospheric aerosols i. hiahJy varilble .. shown in
fiJure 2.1. Tht reasons for this are the rather short resid""oo 'ime' of aerosols
'ogtlbe, with ,h. pronoulICtd ..'iablli'y of tbe dust SOIJrCt< wi'" hme and 'pace.
l1It d&ta show that on a a10hal >cale the """rsge dus' co""""""io", ., fIXed
looo,ions usually tluc'uat. with 'ime by about ont "'<ltr of magni'u<lt. lbey also
show that a"""g< dust ooncen,ra,ioort< ranI<' more than 4 Old.., of IJ\l&fIitude WI'h
values of lOOlll!m' in ait comina from 'he Sahara Ind ..lues ulow u 10" "g/m'
It the S<Juth Pole (for comparison: The normal rani' of sta lIil conoontrations
m"tr tho oceans i. I to 10 "g,'m'. i.e. only abou' ""e order of magnitude). Inside of
dntrt dust alOrm. the visibility can be Ie.. than 100 mete .. implyil\i con­
eent""ion' of the order of 10' IlI!m'.

We ha.e sbordy r..i.wed prodt>r:'ion, redeposilion and atmo.plleric transpor1
and dis,ribu,ion of mineral dust. Besid•• 'he geological, ped<>loJicai and ec<>lopcal
tff.." of soU <rosion and dusl fallout the ormo,pII.rio dus' m.y also h.....
impor1allC. fOl 'he radiation budget of lbe atmosphere and henco for lbe climat. if
Illle >calc changel of land .urf.",s h..... occu'rtd or do occur, na'ura! or man
mad•. The... are ,wo way. in which the aerosol can inlluellCe,h. radialion budget:
In a direc, way by ohanJinI tilt radia'ioon nuxes in a cloud fie< Ilmospllt... by
>ca1ltrillllnd absorption of radiation, and in an indiftet ....y by modifyinJ ,h.
optical proporti.. , partieularly the albedo of clouds (see S~lJC R.por!, 1971).

Th. direc' innuen.. on the shon ....,.• radiltion is primarily affected by the
•.,01lO! pvticles in the sil;e '1lIg< from abo~t 0.1 to 2 jlm ..di",. MOSt of Ih.
partiel.s in this range are formed by pa "l<:lioon. and lIJlder normal condi'ion. 'ho
frlC,ion of mineral PMticies in this aiu ran.e is .maO. Bu' we know that the
mine'al Plrticlel hI"", arnonJ o,he, conalilutn", an ir"" con'e", of abou' 5~
mostly pr...nt in the form of oxides which a.. lood ab$Or1)e .. for "dia'ion. In
clean stmospheres the psformed partida show bltlt absorplion, and here chillies



The fmporlunu ofMine",1 Dusl u, un Almospherllc O>n<llrutnl "
in tho co"".n">lion of dLl$t may ....ult in marked change> of tho >bOOfption
charact.rislie of th. a.,osoI ....n if lhe nombe. concmtrllion i' not mIlCh IlTeel.d.

l1>e opticl! p,ope.tie. of cloud. "'" infl..."".d by the ...os<>! in ''''' _)'S. Th.
nombe. concentr1l'ion, po.ticnll'!)' m_ br,'" man aboot 0.11'l'I. <",,'roIs the
nwnbe. <oncmlrltion of cloud d,opl.t. during clood fo,mation beclU.. the..
po'ticl.. act as c1011d conden..1ioo nllClei. Th. number concentlltion of clood
d,oplets In 'urn .lTee" the I!bodo of the cloud. in m....... mit more but small••
elond dropl.ts ,esult in high", I!bedos. Due 10 mul!ipl. ",ott", of light 00 the clood
d.opl.t. wimin the cloud I "'''tIirI frocHon of lighl become. Ibso'bed in m. cloud
,.",lling in a dee'.... of m. cloud Ilb.do. Th. lmount of Ibso,bing mat.,i11 in
cloud d,oplets the,efo'. controls I1so the cloud I!bedo. Und.r normalltmosph.ric
conditions th. min","1 dtlll will hardly infltlOnce the nomb'" concenlrllion of
clolld condenSltlon nuclei and thus m. clolid d,opl.t cone.otrltion. But in cleon
II, condition th. min.ral dust ntly be impo,tant for th.lbto'Ption cltlrl",.ristic of
,h. clolld dropl'" due '0 the content of i''''' oxid...nd oth.r mi''''1! compounds,
jus' as it mlY be imponlnt fo' the Ibsotption cltlllct.ristics of the ..,owls
them",l,e•.

De"ih of th. IIdillion .ffects of .. rosoIs .,. ,"th., complex but in I simplify·
ing w.y ",. may Sly thot the p.formed poniel.. Iffect p,im..srily the ..row!
number ""no.ntrltion wh",.u und., cl."" II' condition. th. min.ra1 dust oom·
pon.nt ml}" affeet the abso,ption chorICl.,istie of the visible Ught b<>th of ..,,,,,,Is
IOd cloud. ,....lling in chong.. of th. Eanh I!bodo. Increl.. of the min.1II dun
cont.nt of th••,mosph.... should ,h",.fo... und", mOlt conditions diminish th.
Ilbedo IlId incre... lh. amount of solor radlallon abSOrbed by the Eotth.

Th. dISCUSSion of 100.. forma'ion cl.arly indicat.. lhot apparently comiderlble
change. in It""'sphe,ic dust content hive occurred during and 1ft'" the ic. 1&'.
l1>ere Ire "so clea' indic"ion. th>l man has inc'....d lh. ",<>Sion rlt.. of sOOand
modifi.d the plant CO""r 0"'" b,ge p.n. of the world do' to .picollu,allCt;';'i..
0'" th. lu' SOOO )..1.. Of so, IlId i.IPpofflldy still continuing to do so. This ntly
he 1CC0mponied by brge ",al. ltIturol ching•• of the extent ofth.lrid zoo.. wi'h
corn.pond"'g chan... of dus' p,oouclion. Tu,bidity dlta from met.oroiop;l!
ob..molone. in the USSR, some of ,.,hich In locat.d in remote ...... Ippor.ntly
nOO: .ffected up to lb. p.....nl time by indunry and ai, pollution sho"" for
in.tIOC., lr.nd$ to,..,,,d. hish<r >alues ove, th. last 30 y..... It Is ]>O#ible that this
trend is due to I b,g...1Ie incr.... of dU1l p'oduction ove, EU''';I asl ,<suI! of
man', ICli';ty (Macbla, 1972). It is for the.. ,...om lhll minerll dust h" in ,=nt
yea" IllllCt.d the int.,••t of meteo,olollists and clim..stologisu.
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CHAPTER 3

Ecology and DUST Transport

B. LL:'·DHOl~1

ABSTRACT

Eros.ion .. e1o.e1y "",...lated witb tb. 'OC.tation ""..,. Th. boun<llry bet .....n
'reu ",i'b "I.tation .nd ..... witbout il alw.rs chan.ins_ De<rea""d ....ta!ion
co'" Ji.e. inc ...... d <r<>Sio• ."d dUll tr"'.pon. When hum." imp"'" damoae
....tation cove, the .ros.ion."d dus' ' ....pon i. ",cele..'ed

Th,oulh .'osion n]uable nutrienll concen'....d in ,helOn.ce ore removed oed
,"'..ported .w:ay. The "an.ported ...'erial witb uotlienta and orpnic m...,ilI
",bicb it tnnaported ouuide the dose" ar... it tnppod in ,oc.lation or in the
oc••na. This m"trial will inc,.... the p,odu<tmty bo'h in 'h. t.",..,io! ond
m.rin. ocosyst.m•. Ilow...,. ou' informOlion .bou' those .fluet> i'''rr limi'ed
ond pilol ' h i. need.d,

The du" ' pon.d in 'he oil iI.1so of impo....nc. f'om human heal'h point of
-';ew. ronicle.less d..n 2jlm are trapped in ,be h.....nd m.y .ffoc, the phy';'
olollY of tb.lunl.

FlOm pollution point of vie'" arid are.. are '.ry different to bumid .,..., In
bumid ar... tb. water ..dimen" ocl .. oinks fo' 'be poDot.n,"- In arid area.
pollu,"n" in the d'y 1.11 out m.y be ...moved by ooil ercoion and , .... nter ,b.
circulation.

In '<lotion '0 moni,o,inl of the d_,hf..otion proc... it is nue ....f)' LO includ'
.ui.abl.. to folio'" cbaOJ" in p,odue,m,y.

The aoils It. l"ot.<t.d f,om .ros.ion by the ..gelation coYe,. II this i. broien or
too thin the erolion can 1I.n. The thickn.ss of the "aemion depend. mollly on
r;linlall and tompe"tu'• ..,d. in tropical and .(1)t,opkal ...... ,he rainf.D i. the
d.t.rminin, focto,. I. the p..cipitation 1<)n low th will be no ...... tation.' all.
The bound.ry b.tween ..... with ..ge'''ion and without is alw.y. cbanJinJ.
We ha.. seuonal change•• onnual chan... and in lOme c periodical ch..,g" 0'
1""1 term changes. The ..geu.'ion is ",.11 adopt.d to tIl oson.aJ changes. The.....
aJso .d.pt>.tiom not only in the ~get>.tion but in the ~hole eCOlyltom to the
lItflual clw!&es. Erosion is clo..ly corr.lotO<! to th... ch.ng••. I wlli he .. el.bOrll.
On the e!fuelS of these annual chan,.. On the .,otion.

The lIinf.U in .rId ar... ""0..... la,,. "'''tion both in time ..,d in >pU•• The



S4/wrln DuSI

mOlO(l'oIopto hove Iluditd tho tim. nriation inlonsi.ely, but tb.y bue moslly
nogloet«l the v.,iation in .p.... This spaco ..,i.lion with ill PlldtinclS givt:l the
lOme patlem to the veselllion. The w~d animals and the nomodi hove od.apt«l
Ihem..lve.lO this patchin... - fo' this lhey n..d. 111gb degree of moMil)'.

FiJu,e 3.1 shov... ,he conditionl in .n 'undisturbod' .,ea. that is befo'" modem
technolOgy .nd 00<:011«1 aid .ppeared. Th. uppe, pa,l of the di2gfarn shows. ye"
with tood roins and ,he 10....'. dt}' yea,. AU lb. l~ the'e i. mod.,ar. pttin&.
tbO! is not del1fO}"q the ,oots .nd unde,pound ,e.."",. of the plana. Durin. tho
nut mn)' yea, lh. '"fIO,.liOll wiU ,ecove,. Durin. ,h. dr}' yea, Ib.,. is. mode""
inc'.... in soil nosion compiled wilb lbe ,ainy yea,.

FiaUre 3.2 shOWI the condiliollS in an area with """rexploit,hon. DurinS the
rainy y...r there is """,puin•. n.elfUS"\"oots ore d.m'¥d.nd Ih. nutrimt 'e"'ve
is laken .....y. Trarnpting is damaging to the ....gelation oove, and to the IOU

S!"'~ture. ~ul,ur:ol ••Iivitin moy oomplel.ly ,<mo," the n.tura! ...gelation
00....'. Fuel ooDoeling miJhI remo... the woody plants. Alllh... ..,liYilies will ,esult
in in."...d IOil e'<>sion. "en dUrin,lh. wet yu,. lI-11en 'he fia' dt}' ye.. Illive•.
tho,. will be • SlrollJ incre... in soU erosion. Al the.""'" lime tho p.....Ul< on tho
,.moining ....g<lIlion 00 ....' will be borde,. A second df}' y...' will oomplo,. 1M

.....troph•.
TlIe planl. depend not only on "",istu", but .110 011 tit< ItrUCture and nutrien,

C<I1IUOI of the IO~. In orid ."'.. the moisture ltanlp::lf1 istOWl,d, the w,f...
,....Itin. in • conem".."'" of nUlrim" in th••u,f... la}~,. I. litis tok.n .....y by
erosion, the p,oductivity dec,...ea- The moll critic:ol nutrim' is nit'OFn, .. the
.upply II IintiIK. Th. highe, plants ,., niH",,,,, f,om I'llin moin sour~... from
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mineDUzation of orpIlic malln and ftom nilrogen·fLxin, organisms. In bo'h eoses
mic'oo'pIli$rn$ .... acliY<. Ni""I.n flllation in arid "'0$ is do'" bo!h by hoct.rio
.nd algae, Th"'" orpnisml f",m a $u,f.~ m.ttin,. If th... al,.. ma" ar. b,o,,*n
and frop"en"d and bl"",n .....y, the nu'rien, situa,ion is tlo'e!ioro'in,. The o,ganic
mat,., in tho soil is no, only an imponln, """~ ro, plan! nutrient> at nitrogen
and ph""phoru•• bu, a1$O of importance fo' ,h. soil struc<ure. R.m"....l of ,h•
•urface soil with its nu,ri.nts .nd miCtoOlIlllism. is """} serious .\'On!.

AbQ the orpoi< mllerial on the soil .u,fau. will.d plants I1tached to tho so~



...ith fOOl' ore impo'tlUlt. If th... parts If. ffqm<nt.d by tramplinl""d get 1""..
th~y lIe blovrn ....Iy. The resull is d«reued infillIllion abilily for rain Wolter and
incr.o.otd .rodibility. To $lUJl Up.•urf... orosi"" is nOl only 'emovol of the v:oIuable
'OP oo~> but it moy also have very imporunt consequ.ncO$ fo' th. ",""ole eco­
'}'it.m,

Figu,e 3.2 mo,,"~ alto what hlppeno whm ,h. 100II r2ln' corne back. W. I"t I
~tltiofl co...r. but no' to lood .. ea,her .nd with diff.",n' 'pecic' composition.
Enli.. ,h. pe",nnills dominlted now the ""null. hI"" taken ov<r. The gruing i>
not so good ""y lonl'" Th. "SIlIt d."."d" of cou,.... "" h"'" fl' the d..truc!lon
went. Th. qu..tion II if ,h ch",... are ...."rtible 0' i,...."rsible. The "'"'''' \0

'he qu«';on d~pend1 on th foc'ors. The lint i. the 'ime fOCtOf. Wi'lun which
time (rime should the ecOIY".m fOl;O""" Given ,umclon' lim. - hund,.d. Or
'ho""'nd. of y..r. _I n imilar =oy".m will .ppear. It iI. how•••r, """'fk·
.bl. how quickly .roded or will f=ve,. The ,""ond fleto, of importance i. that
no 'pecioe1 .f. lo't. If tItIt is the case. I compl.te recovery is impossible. The d,y
,ruin& OY"."" hi.." evolved wilh 1.... h.rbivofOUS mammals "' importlnl factors.
[f th... la'ge plUrs Ire tabn .....y. the whol. '}'it.m "'d ito p,oduclivi'y chlng.._
Also other imporWlt ,ped•• mly dilappe.. and thlt "",y p,evrnt complote
,"'o....ry. Th. ttu,d considerllion r.!at.. 10 the top soU. [f thi, is 10"<. with ill
v:a!u.ble conteol of nu,neOll and microorpni'ms, il tlk•• ,uch • lonl'ime to
r.Ilof< the condition•• thaI the chanl" milhl from "",n·. Ihon perspective be
....r<led II irr...rtible.

If ,,"'. conlid.r dUll apin """. moterial i' li,-bome and 1f0000ported O""r lon,
dinlnc... FiJu'. J.3 'hOWl tlUs outblow from Aftiel. Some of the particl.. seltle in
the Atlantic. Figure 3.4 $hOWl dUit foil 0.... ' the Atlan'ic. Thi< dust foil may be
impon""t from an ecologicol point of vi.w. Th. nutrirntlto the sel may ptomote
the ..o",th of ph)"topl", klOO1 and contMhute to the Atlantic f«hio, rO$ul". FiJuf<
J.S mows the planklon diltributiOO1 in the A~antic, Thil .... of the Atllntlc was
."Iier coll.d 'the d'fk ..... Th. norne moy h"'e oornething 10 do "'th the Afrie""
Sav"",. hurnini. ,,"'hich no,,"'aday. form. I black belt Icr"" tho lOulh.m botd.t of
the Slhlrl, 1C<0'ding '0 ,",.lIite iUIIgfl,

Ovo, the continrnlS the dun Plnicle. "",y ..ule on .... tltiOO1 and ..t thUi
incorpora.ted in the ecoOYlteml. The mech.nis"" of thi> incorpofOlion and ill
ocolosical imponanee is not ...el1la1own Of 'athet unknown. In Europe .... are now
dealing ...ith llimil.r problem In ",l.,ion to th. so-coll.d acid rain. W. hope to be
able to"", the idea. and the technique which now i' .merPtI hom th... European
"udies and Ipply ir to the Afric'" pfoblenll.

II-"hat is the ecological impotUOte of this wind-blown moterill? TllkinJ tlte
geological perspecll...... know that oome of the moll (.nU. soils .re the 10... 10111
and they are originated from wind-bome ma,erial ,,"ugh' in sui'able ,,"s.tltion.
During th. ic..... wind·ulln.poned "",'.rial ftom the n.k.d morainu deposit.d in
central Eutope. In Asia llIe Cobi De$erl is molhe' to th. f.flU. Joe.. depo&illln
Chino 10 tlk. I few eJWTlpl.,. Since dlllicallim.. Gr.ece h•• lOll 9S%ofi" f."Ue
soil•. Wt",,,, h.. this end.d up~
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FiJul' 3.3 0.." ,,,n'POn ""'" the Atun,k (oft.r RapF, 1974)
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Moot of Ib= wind deJlO'iI. ar. clo.. to lhe <><igin. In ou, Cut .... h.", to look
f"r them in Africa 0' suitable pilus. A ....U-knO'Ml Swedish t,a""U.. has recently
told ul in. book about. cOO"fl'.lI"O 00' Nile bo.t with OIl Etypti&u. The S....d.
poinlO<! oul Wt lhe fertility in the Nil< valley oucht to decre_ .. 'he fertile
sediments are ,ropped in like " .... , (NUb"'). The ElYPtiln replied thai thi. was
wrong .. 'tho Nile Valley is rod by 111. d...n'. To me this reply opens up. on- lin
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FiJure 3.5 P!lytopankton product;"'. bo..d on infoHoo­
tion from At... of 'he LiPl"l R..ow~e. of rhe Se. (FAO,
Rome, 1972)

l1>e ..gelation outside lIld Inside the Sahar. is without any doubts 1t1ppinl
dust. ~·o do rIOt kn"'" to wnot utont and we elll ooly speculate on iiSe<oloPcal
importance. We know from ai, poUotiOO ",...,ch thlt ..seUt;"'n Ind for"II"e
actinl as a filte' for ';r·l><>,"e partid... We know thlt different type. of'..getllion
have different ability to coll«t plrticle•. When ProfOS$Ol Good""," worked out h\1
mtlhod with mo<! t>aJlS (Coodrnlll tr al., 1979) upertment. in ..ind tonnels
showed that different si,.. ofparricle. aet<d in a different ",'ay,

In tho lrid are.. the'" Jre diffe'etIttraps for wind-tr....ported material. Mlterilb
moYinl alOOI the I'ouod Ire deposited on the leeward lide of solid objects such as
plmlS.

l1>e ide" dost trap. "'" the date palms in the ".si•. I no.. in vain tried to find
infonoalion 011 the notrient Aow in an oHi•. Soch I re.ureh project, ..rher
e.,y to carry oot. would indie"e the importance of dust·blo",,, m"eriol
ConliderinR the age ofthe <>UU<ulrure wilhout decr....d prodUCtivity> it mighl be
J$SUme<! thatrhe nutrient inA"", from the air is very important indeed.

It would a1so be of importance to stody rhoso p<oblems when arger "ea. "e
invol..d. There;" 0r,en an immense soU oroaioo durlnldry yoa.. from Il'kultoral
"ea., whe", rhe ..,~ has been laid bare. Some of this ""'Ierial is blown in
overlfUl'"S land••nd miw>t inAuor\(;ethe prodUCtivity in. pQ$itivo way. Thh i., of
COIlr$t, or apodal importance in Afne. south of the Sahara where JlUSIJIld. border
the arid "e".

There i. also another Iype of triP for erosion mal<tial. Dorinlthe dry ..a..,n sea



"
conllininj: clay nut.rial h2$. urndo""y 10 crack. The.. OriCks may be fil!~ with
nuteri.l mOvinl a1anlthe ... rflee. The.. Cfack. imp,,,," the infiltration of rain
waler and the IlJ\IC1ure of ,he soil.

Duo. In the ai, is also important f'om another poiI11 of view. Particles I... lIun
2 pm Ire mlined in tlle human lunl_ Particle. more lh"" S pm are r.lt.,.d oway in
lhe nost.lIld panicle> I>et",Ul1 S ond 2 1"1' If. on lhe ....y down to lh. oj",,,!>. The
airll"w lhroup the """'dpip<' il. about 1SO em per second but In ,he :01..0\1 it is
..",. H.,. in lhe lIveob the 1Il'Ill! panicles'" 'r:lpped by differ.", meehan;."".
nu. panic\< load may influmc< th. ploys.iololY of thelunl and may be. thr..' to
bellth. I 1"JlPOS" thaI many of you h..... penonal uperience' of the effect of desert
dUll. If tho panicles ...ry mat,,"I. o••.,.."', of mat<rial which is b,olOlically
octi... the ImpaCt on human hulth may be colUid<robl•.

A. I pointed out .. ,110' ,he" IS • t""do"ey that ....'or oolubl< material COn­
""01<11.. in 0/ on the surface. In dry .......... find .urfoce concentration. of 1II
chemicab often forming Wt P'fI$, rfthi. matarill is di"ribut<d and lOa lUt·bome. we
mi,tlt expect. duO! which is ""her unhellthy. Very Unle is Ialown lbout thase
affaell. F""" tha K.l""ari ar.. whi<;h portly is very Qveflrued.• r<poll $1Il.. that
8oI$Oo"n. ",.the highOlt death rare in lung dise.... in the """rid.

There is I prinoipll differenca batwaen dry and humid IreU in rel.tion to
pollution in IOnerol and OlpecWly when Ii' pollution is considerod. In Fi,u,e 3.6
we hlove the .'Ultioon in a humid I,ea. roOuUllt$ ""'i"ed by a ractory are either
waohed OUt by ";n or 'hey are "moved by dry flU OUt. These lither oomplicOlod
me<hanism. ara now Oludlad in rel1lioo to tha 'Idd roin', The sink for ,he..
pollu"n" Ife ,he ,.,.t sedim.nts. in 1hese th. poUutanrs ar....lad off and
withd,"1VlI from the JOfl.rll circul$tioo. Dnrin~ very IlpecW condition. this seal oan
b. b,ok.n and the re.1 finll sinks ar. tha marin...dimenll. Figure 3.7 sho....
amiuioru in • dry Hore you h.ve only • dry faUout and d.po,,;r;on In tha
""IOUlian. IF the toMn 'O'er Is disturbed the poUutanll <an murn in'o 111.
~'n.ral ci'euI1lion. Th. pollutant levello rmy thus be Il••dily incra..in"

Bu' are thO$<! .peculations of any impoll""'" in Af'ica whera w. h.", $<I f....
industries? There might however b. I very rear dan~er in rel$tion to minin,

Filnr.3.6 ErniSlion.in I ....ter.h.d
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&<;1;";';0'. In conn..,,;on with copper mini"l th". art .mi.."'.... of both IOld and
cadmium. Both ,h m<t." h,,,,, • "'1 ..riou. eff.ct "" humtn heal 'h. In Ih.
e<>pper..runinl in Lain and Zombi... ",'eO t, in ,h. MW mint. at Selthl PikWt

in Bouw.na lh problem. Wilh dry ..dilMntllioo in VassJ..,d. must b. wuched.
I un sorry ,hat I haY< pr..tnt«!. my CUI' wnh $Q many que'lion'marks and

<pecu"tioru. It il, !lowe"",. llr2l1F thol the« problems lui.. been SO neYt<;ted. It
would ho"",,.ol t>t fairly .ISY to find 00' the fundamental••boul lhe ecololiOal
effects. The fir.. r.a<k Uiowd b. to OSlabh$h the quanli'y ""d quality of dry
""'ltrial uapped in lh.....lllio!1and h. =I<:Jiical off«!. This miBhI be calItd the
()/1Ii'~IJ«I. This Pfoit" could 1100 b< dt>cril><d ... study of nUlriem flow in In
","$i•.

Th"'" .......1111 .uggt<'ionIIO mlHlitor the d ...... t"C'Cllc!lment, [think that il
il important not only 10 m"'ur< th" phy.ical and ,,,g""honal chang.., bUI llso to
indue!< .. riabl.. of r<1".."co 10 the funClioning of the whole ocoly.tem. St>cl1
'amble. Ire the ",a IItllClUro (organic mal<tial). IOiI nutrients lnd mi.e,.,.
otpnmn•.
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CHAPTER 4

Environmental Factors Affecting Dust
Emission by Wind Erosion

D. A. GILLtn~

ABSTRACT

Foe'ors whioh inO"rn"" tbe production of d"" in 'he Sa"',. may be desc,ibed
UI I«m. of .erodynanuc and ""~ physkal ."',oel<rUtIC<. Work"" 'he 'hre.hold
wind vclo.uy fOf ""~ «0';01l. on toW ""U mOY<fIlent by wind, ond 011 dUll
p,odu.tion i. reviewed, ,o,n .xtrem.'Y importanl f••lor in d...,,1 rnl'ironm.nto is
lb. ao:rodynamic ponitionUlI of wind "'eu by nono:r<><lible deme"" ."d .,<><Ilbl.
ooiI. Th. f••lo" ioOurn.in. d1l11 produc'iOll are prese"". of none'odibl. d.men"
su.b .. v...""on .od rock.. veJI.to!iYe reaidue.....'10.. rouaJ>n .... 'Wep"
struo'ur. 01 su,l"e soU. ""il moisture. ooiI mln.raI<>lY .nd ,.xlure.•nd wind .......

4.1 JlI,'TRODUCT10N

Duo' produelioon is .rre.ud by a wide "Tiety of fao'or. l>oth natura! ""d
m&n""ade. [ will attempt to .ummariz. some of the phyoieol factors inY(ll.ed in
dllSt emission but will nol assill" them 10 n"",.1 Of man-made eoU,.1 $in"" in moot
..... they .ould be ••" .... hy either. I will also emphasize thor pul of the totol
tranlport.d IOU material wlrieh con , 1 fOT fTom ito place of "'iii", In order to
" ..ellonl din. rICe.. d"'l mllSllu. omaU oenlin, ve[ocltY compar.d to the root
m.an square .."itol velocity Ouetua'iooN of the SUpportinl aiT. fine dust. i.•. thor
Iu.vinl • potentiol fo, [ont<!i.urlCe t..vel for oImost oll $Oil "odinl wind•. Is
len...Uy omalIet th.an about 20 l1li1 (0.02 mm) in diuneter,

Threshold ""'ocity is on' of the most important pa,ameter. of wind ero,;""
since it is that poruneur, 01",,& with the f,eq"eney distribution of wind. speed, thot
detennin.. Ih. frequeney of wind etosi"" of .oiI. The movement of IOU by the
wind is the other importanl clwacteri>'it of wind .to1ion that 1 wiI[ diocws. So~

mournenl is divided into the horizontal flua of und (whieh de<cribe. moot so~

mus movement) and vertic.[ flux of d"n """,net th.an 0.02 mm (which des<ribe<.
brl' part of perm.nent ooiI ioo..). [will discuss sep.ralely the aerodynamic "'d soil
{",toro .. they ..Iole to threshold wlocilin and ooil mo... rnent.
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4.2 AERODYNAMIC FACTORS IN FINE DUST PRODUCTION

In general, thr....old velocities fo' soil move ....n! .... th"", vel""itie. in which
.e,ooyn"",ic force. ar' .uffici....' '<> d'sloog. partid.. f,om the sail and inilial.
mo'lemen!. Of COO,,", this ""lncHy is d<p<11dmt on bo'h 'he &t'odynamic fOlca
Ind lh. forc•• holding ,h. panicle in lh. sail. Theoretical .,udic:! h.o"" oonsidned
.irnpl< soU oya1em. ""d id••1iUd ""nicles. Such ",udie, '}'PicoUy equ... mom.... '.
due to ~f1, d'"I, lI\d weiJlI1.

hperimonu,l Sludie< of threshold ""Ioci'ie< for limple $Oil 'yllems comiltint of
bed. of loose. monodispe .... and limil.. plrticle. ar. reporled by Bal"old (1941),
bhih....nd lwapl<i (1952), (tltpil (19S 1l. ltld Cruley tf QI.•(l973l. For til< oak<
of iIlu'lIllion, lhe r••uhs· of Ch<'Pil (19S1) Ir' shown in FiBU" 4.1. 11 is to be
noted ilia! ther< iI I min,",um friction ••l""i'y 'hi' wiil "",duee motion in
particle, of diamt.., of abou' 100 I'm. Ptnicks ",got 1I1an 100 jUIl require ""'er
wind .peed, presumably bec.u.. of thei' , ....,., ""'i~l, whlle $moDer p""icl" "e
Jowe' in \he boundary loye,."d ,oquir.l>,go, p,essu,. flUC1W.liOll. 10 iniliol. thei'
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EQIJIVALENT DIAMETER
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(Sq.o,e Roo' SColll

Filuf<4,] Threshold friction veloci'Y ••. monodaporso
pulido size (ofter CIl.pil, 195])

'Wind _"tol in '<rm, of fno,"" _~ ","<0"'", wII<r'., iI 'ho mun
..in<I " beicht 1 1Iy .nthin 0 me"e or t..o of th rI,«. "'" '0 10 4<.. """f!l<Xn' roo
....t~, "'" tho, Po.,ieu'" __.Foo ".,>trolly 1i1io4 oil. !be on"_ pr_ ......
'I!q:r"nd Uk", tbe rom>", -~, "v../If) I. ~,/Z, l, ~'h<te., '<>oI~, ore mu. ~'ind 'po<,Ji
" MishtJ Z, 'nd Z, .nd K i...., Kar..io', co"",,,,,.
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movement. l1>t main conel"';"n 10 b-e dra.... from .uch d... iI 'hal if I""""
puticles II< Iwilable in the "'ii, 100 "'" panicl.. requiJ. til< lowes' .. loci,;". for
initiation of movemenl. One< parlld. mo..mtnl h.. MauO, momentum for
d""""....ord ..,~ mo'o'ettleo, iI mo'" eff«:t;vely d.~..rM by the IO~ JW'icles collidiog
with lh. surface Ihon by .crodynamioc lr....f.r. N,'u,1lI soils. ho......r, ar" rarely
characterized by m""""h.""... jWlicl.. and Ife ,....Iy fOW1d in perfe<lly 100..
beds.. N""tlholel$, .'''''on iI of''''' initiated by. unaII quantity of 100", lOll"",
particles on. IOU surface.

l1>t df..,l of non<rodwle ,oul/ln....lom.nlS weh "' bU$he$ Or pebble< 10 ".
Ib"'rb some of the momenlum bein. Imlli'Ort~ 10 lh. around by the wind "'d
th\l$ to d"',<au the momentum f'lt by Individuil panicle,_ Marshall (1971) and
LylO$ and Allison (1976) h.". made <ludie...11.... llIe inc,.... of Ihtflhold wind
ve!""ily due 10 nOllcmdible roughness OOIIld be calcul.ted. Marshall "",uUIed
p",t;tionin. of ,he momentum of roughntss eltmenu and 'he nOll •. This 'rudy ......
concerned mOldy with the .ffeelS WI ,Ile 11'1....... roughn I.men" .uch ..
b""'.. and boulders ha'" in morbilla wind forc., His fOushne lem.nn ....re
cylind.n haYina • diamet.l-\o-heish' ""0 of 05 '0 S... w.U ., h.milph.,••. Lyles
Ind Allison were coneemod wi'h <he .rrect of .undina Ilubble on Ihr..hold

"•• •-i.
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FiI;ure4.2 Ratio of threshold velocity wi'h
non.,odible element> p,es,otlO 'hal ..ith oon'
pr..,ol. L, i. the ..tio of.ilhoue"e are. of ooe
noo.,odible elemen' to the .... of the fi"",
divid.d by ,be number of oonerodible ,Iements
on th' fioM, A is 'he dl'a of lyles .nd AII;",o
(1976), 6 is the Mlrshall d.atoo fOIl dement> ..ith
diamew '0 heiJ!lt ,"'iM (D/H) of O,S. I.•nd S



""Ioci'y lIId so in senera] ...... int.,es,.d in much smaU., diame,.,~()./IeiBh' lllios.
I h......xp'....d tho f".tiona! incrcl$e of Ih",~()ld wlocily :Ii. function of Le
which iJ I nondim.nsional ra'io of silhoue"e ...1 of I ,oup,nou .Iomont to the
noo, .,•• ",cupied by 00. ro....o..s .lem.nt. The ...u11$ OJ. shown in Film' 4.2.
In Ihis filur. u. u' r is th. !'Itio of throshold ..1"'ilY with rough .......I.monts to
!hat without ,0!Jlhn= .J.ments. lIId D!H is rho di.met....o-ll.il!ll1 !'Ilio of lh.
,oughneu oI.menll. Both .tlldies show that th. p......c. of non.,odible .lemeots is
.xu.moly importanr in rho p"'..... 'ion oferosion.

4.2.2 Tho ..".in.....ip of fme partid.. to.cane pasticles ....ponded by wind
.rosioo

Since both fine and cootie partides are presenl in the soil, Ihe .missi"" rU" of
l>oIh liu rlfllO$ of panicles 1$ ...en U 'he I.nlth of.ime they ..moin in tho lir mun
b. considered. FiaU" 4.3 sbows size distributions reported by Cilim. sod WIlk.r
(1977) of patticuJlt. mo.. in pl""'t soil. Ii,-bom. p,nides in the flnt 1.3 em silo..
lhe IfOl1fld, lIId 11 I m. for 'wO soils It lWO different wind .peeds. The siu
distribution of the l"I1ides in tho fint 1.3 em for all cues is lti&hlY similsrto ,he
siu distribution of the loose plflicl.s in th. 1'1,..,1 so~ sm.n., than 0.4 mm. Th.
siu distribution VOl)' do.. to the vound thus ..floets Ih. l ..il.b~ilY of particles
from the soil, On the 1in.1I $Csle u..d in these plOtS, th. propor'ion ofm... smaller
til.., 0.021010 is ..ry small. At 1 m. so~ I (I sand wil) shows til .. for both wind
'peed1 the proportion nfmo. in PlIliclesvuter thllt 0.04 nun is reduc.d so that,
mod. of pl/ticl. si.. "",U.. thllt om nun (bo' n 0.002 and 0.02 nun) is now
irnportll\'. GiIJ.1te IItd Goodwin (1974) sho d thl' this elIlfIJe of propol1ion
with heigltt is duo 10 'he brle lOdiment.1ion ""Iocilie. of panid., 1'''1'' thlll
om 10m. Similarly for so~ II (llOlll1Y $II1d soil) the proportion of pll1icIe3V<lt..
than 0.02 nun is ,,<ltly ..ducer! from nu, the ..ound 10 1.5 10, althouglt in this
cue til. proportion of fin. to coar.. panicl.. inc",..." witll wind ,pe.d.

The ennrmo,," chll1i' in the propol1ion of fono to co.... particles rofloas the
m""h V..t.r h.i&!tt, IItd disllrlU1 th.. fme plrticlo. moy be trlOSpo,ter! compore<!
10 Col.... particl... A size di<tnl>u,loo of lir·bor... dust, gon'f1ter! by wind .,osiOfl
in T.XIS IItd W'''.rn N.... Mexico IItd roUeCled by alrcrlfl in sou'hwestern
Misoouri (Gme"e, in prepaf1tionh is s!<own in Fi(u.. 4.4. TIle disllnce to the
$lfJlplinJlOCltino from Ih••,OOinS ...... indiclte<! in til. fi8U'" is about 800 Ian.
TIle outline of ,h. dUll cloud from w.Uit. pholOlJlpll1 is 1hown.llonJ with wind
,pe.d ""'1011. Th. size distribution, which I1so .xhibits evid.nce of ,ulphur.
COOUinini partides (d <0.002 nun), show. til. dominanc. of panid., ,mlll.r tIlln
0,02 nun in dust corri.d ...", di<..ne...

An explanation for ,he dirninishillJ p,oponiOfl of COIr>t '0 f.... panicles wi'h
Incre.,ins dil'...ce 0' heigltt CW be found in the proolbility dimibution of ,h.
turbulent .. rticollir ..Ioci'y. The distribution hIS I """" of zero. IItd nel' 'he
JfOund is PUosilll. wi'" I sund.r<I deviation II'P'0ximllOIy .qual to the frictiOfl
.e1odty of 'he .i, (Lumley IItd !'anofu,y, 1964h' $pted which is 001 refe..need to



a ,peciflC IIti"', abO¥< I'ound. S"",e particle, h:ovinl a fl1li,e ..nMI (downward)
""lo<i,y m"U bo .uppor'ed by tho upward nu.."ation, of th. wind. a particl. mu.t
ha"" a fa>l)urablo rat;" of upward to downword motion. in "'dor to ..main
''''p<nded.

By addinl the "u!in& ""Iocity to 'he ""rticallir ntlCtl>l'ion•.•ff..ti"" particlo
ntIC, ...tio", ...ult. Th. ra,io of "p"..td to downward motlo'" of a puticle "'mod
in air bovinl a normal ""rtkal ..lo,ity distrib"tion with UrO mun and .tandard
d.vil1ion u. is sh""'" in Figur. 4.s. For .. f...n......drm<ntatiO!l ..lod,i<!1 .e"",
liZ<! (aft" ll.gnold, 1941) .... plotted in tho iii"'" For a sedimon1l1ion ..I<>ci'y
V..~ • OA u. tho rat;O of "pward to d"""''''''''d mo'ioN is 0.5; in ",her ""'rdl, fOJ
.... ry upward motiO<l th.. r.. are tWO downward motions. TIle probability that slIOh a
particl. will ri.. v.ry high is 'hul tI,h.r lrnaU. Particle. sm.ne, 'han 0.02 mm
Ire .ufficiently small tha' their ..dimon1l1ion velocities or. 1<1> thin 0.1 u, for
virtu.lly all .,odiog winds (Gill.". "QI.. 1974).

4.2.3 Mo.-..meot of..,~ particl..... 1 fUlICtion of wind..,.....:l

Th. 'lux of particlo through a .urfa"" of unit width and infinite heigh, 'hat is
mutually p<rprndi,ular '0 tho I'ound Ind to 'ho wind na.y be repr...n'ed as 'q', In
simple terms we may think of q "' the qlW1ti'y of particles Iolvina an II" of
;nlO..U 1'0' unit width p<rpendicular to the wind. s..••"" in.."ip'ors h.1 ..
r:onsi<\ef<d q as a funotion of wind spood V..t.r than tho threshold wind .pud.
Ba.gnold (1941) use<! dimensional orl""",n" llonl wi'h the I#ump'ion that ,n the
mom..ntum i. tran.ferred to th...urfaco by collision of tho aif·bom.....d SlamS
(harina posit;'" momentum) with the ""flCe in a jumping mov"",.nl h. callod
·saltation·. His expre.sion for q as a function of friction .el<>city of the wind il.
q '" u:. Other authors also Ii'. q which ,.nd. to be a fUlICtion of u. to ,he third
power {Hsu, 1971; Ko.wamurs, 1951; O'Brien and Rindl.ub, 1936 (as r.ported by
Hon""""" and Shen. 1960); BoUy. 19641. A plot of the present aUlhon' ..1110. fOJ
q ... u. for "1 diff.. r..nt .oils haring a .imilar threshold shows I r.la'ionship
q "'u; (u. _ u l which '~nd. to q "'"~ for II,," u. (Cill.n•. 1974). The
mO'emenl of ait·bom.. soil p.rtldos i., ho_ve,. d.p<ndent on soiIlyI'o. sin~ as
seen in Section 4.2.1, non... rodibl.. 'WeplCS or roughness .lcmmts Ibsorb Vlryin&
fru';""" of th. horizontal momentum delivered by the wind. In thlt CISO lhe
dep<ndence of q on u. is alte'ed V..t1Y .ino;. only I frsction of the energy of tho
wind is beinl uS<d '" move lOa p.niclo•. Als<> ,he .....ment of roil mo..ment as
q '" u: i. prob.b1y due to the domin...oo in the size distributions of .lr·bom.
particl•• of ....d,.iud moterial. Th.. d..ri..tiOll of Oagnold d~p<nd. on air·bome
sand grainS strildna the .urfac. in the saltalion mod. of roo""menl. If the bull: of
the mal.rial did no' move in .alt'lion it i. dOllbtful thai the q '" u~ ..lllionship would
hold. SJnce, howe••r.....d..iz.ed grain. ha"" the 1"""", threshold ""I<>cily and make
up th.. largest frICtion of air·bome soU p>tticl.. whe,. ~rosion tam plac•. th.
IpproJlimation qo<u: for I..,. u• ..emoto be good fOJ 100.. lOils having few
nO<l.. rodible roughness elo-men".
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Flit''" 4.3 Size diotribubonl 01 !O~ pmkl•• er~.d f,om t",o toil>. Soil 1 h.. I
""'floe le~tu... 01 fine sand and ooilff h... ""'floe texture of loamy fine ..nd. for
'a<h .oil .nd ..,h lri<tion vetocity I OJId 2, '" is the ",lui.. oi" di.tribution of the
dry po",nt soil. det,rmin,d by ....1 oievi,.., II iJ tho ",loti", oi.. dutribution of
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4.3 SOIL FACTORS IN OUST PRODUCTION

4.3.1 Soil fKlOn Iff.<tinlll=shoid ...[ocity

Since threshold ...l",,;ty iI 111< minimum .eJodty It whi.ch t!le .. ,odynllllic lill
o.nd dna is <<lUll to ,h••oiI for",. holding portidn,ogtlh." so~ bindm, should be
up«led to have I major ,«rei on th,«hold ",lc.;ity. Th.ot is,' $Oil havinllVtll<r
coh....,•• (0"'<' would ,oqui,. larger Wind fo'''''. 1<> ott it in motion. Van de'
Wul'. forca hIV. been <"".idued by h·.....n 01 al. (1976) bUllinl. i. mo,,'n .bout
the stronger eff«l' of day Iggregolion II1d wa,e, bondin,. Chopil (1957) di.",...d
.,odibility in term, of soil moi$tur<; he ooncludod that ..,;J moUtur.. Mil the
willinl point of pllnt. (i.e . .lpproximately so~ moiltur••on'on'" IS >tmospheres
of nopn.. pressure) are ineffective in holdinl soil particle. lose""', Chepil'.
correction for the p,...""e of ",,,or will b. given in the nul section 4.3.2.1.
SmoUty (1970) Sliled that <rodibility depend. OIl ""he.i""n... of 1M $Oil. which
may be me..ured in terms of ilO ton'ile 'Ir.mgth, In Smalley', model of a simple
soil. ten,Ue "",ngth i• ...lat«l to the ~king density. the cOOfdination numb.r of
the I"\rhcl", and the interparticle b<>nd otrenglh. llte tensil. "renglh wa' shown in
the simple soli 'ystem 10 be in.."ely proportional 10 'he cube of the particle
diamet .... which suae... that .. ry nn. soU, .... Ie.. erodibl. than coa,... ",U,: this
is inde.d observ.d.

Bis.al and Ferp"", (1970) inves'igate<! the .ffec' of non... todibl. "",.ptes on
threshold wind velo.:ity (in tltis case wind velocity .. 30.5 em above the ",U
'Utfa~). "Thei' .mpirkal relation.hip ......

In Vy -61l438+0.02332C

where Vy is thcthresh<>ld velocity in em ,-' at 30.5 em, and Cis \he pet~ntall" of
soli mass in aw.p'estarger than 1 mm In a .ample,

llte clusif>;ation by th. US Deparlment of Aarieultore of so~ texlure classes
into wind <fusion poops .also shows that soil' having ,urfac. aw.ptes arollOd
100 "'" arc more erodible than soli' having ,,","ptes of lug", siu. If the same
wind erosion fotee. act on differ.nt soU,. th. mOJ. erodible ",u will ha'" • lower
thre,hold velocity sine. lhe maJlimum soli tran'l"'rt at a gi"'" spud will be
determined by aerodynamic factofS. Thus mo.. soU erosion implies a lower thus­
hold ..Iocily ....d more frequent erosion e"""ts. Table 4.1 (after Lyles. 1976, using
data from Itay.., 1972) show' the malll'itud. of erosion fOf IIIrfac. soil textural
cl...... Ref.rring the textual cw... to wind erosion. one notices that COlI ... soil<
are the mOlt ...Uy eroded. follo....d by clay soU, (du. to th.ir tendency 10 fono
....pt.. of II1ld .....). calc"oou. l<>amy soil" and f"'ally the S(IiIs of wind ",olion
grouP'S. 6, and 7 (f",e "'U, which fono .table larg. SWeptes). The .,<>dibilily of
calcareoo. so~, is quite into....i"•. "<>Wi"1 chemical erf""";,, the erodibility of

"'~"



E~.irol1mm/~1 FIX/Of> A!fN:/i", [Am EmWkm by Wind Erauolf "
TA8LE4.1 Description. of Wind EtodibUity Gr<>~p> (\\'EGf (Af'er Lyla, 1976)

WEG Predomi....,,' IOU ,extural cl...
Dry ""~ ""I'<p'"
>0,84 mm

SOU e,odibUl1y
T

Po,,,,,n' .IIe'ric ,onolhaly,

Very fine. fine. Ind medium ..nd"
duno ""d. , ..., Loamy ..nd,; loamy fine ..nd, " '"', Very fin< ..ndy loom" fiDe ..ndy
\o>m" ..ndy loam, " '"• Qoy'; sUty clay" non-ulcaroo"' clay
loam. and sUty clay lo.ms ..-i,b
"""etb.n J5 ptf~' cllY
con'enl " '"" CaIOMeOWl!o.m••nd sU' loan,,;
caI"""oWl clay loom••nd sU'y
clay loams with leso 'han JS ptf

cent clay con'en' " '", Noncaloa,eou. loam. and ,U'y loam.
wi'h lesoth.n 20 pe, cen' clay
con'ent; ..ndy clay lo.m" ..ndy
cl" .. 126

• Nnncal"""ous loam••nd ,U, loam•
with more 'hln 10 ptf cen' clay
con'en', nOTl-oaloe,eou. clay loams
wi'h le.. ,h.n J5 P't' cen' cI.y
COn'ent " "., SUt>; noncaloa,OQu, silty cl.y loam,
with Ie.. th.n 35 pe' O</f' clay
COn'ent '" "

'0... 'TOm HoY". 1971.

4.3.2 Tht offecl of soU characleristic> on the "",,,,,,,,,n, of soi

4.].]. / Toral wi! "",,,,,mtnt #. <t/fN:/«J by wi! clwlK/trU/ic.

O>epU and Woodruff (1959) reilltd the totll so" mu,m~ by. wind Iunnel
(x) which produced winds of I liven ". (78 ern ,-I) 10 the lve,. dtplh of
futrow. (Ihe rid&< toughn... R), vogellli .. r.,idue V• •nd an erodibUity index f
bued on lhe ""r""ntl" of so" mass in a",egate' JrUl<' IMn Q.s.4 mm.

,•"'"=,'';-;;
{RY}' 16



....he,. R i. m...u,.d in illChes. V;' ""'UIlf<d in 1ll!.."., .nd / is Ii""" in T.ble 4.2.
The p.....nt .utho, modifi.d I fo,mull (Gill'll', submin.d 101M ASAE) [«1m

enepi! (1957) 10 Ii~ the 10111 so~ nux 'q' ,h,ough I surflC' of unit widlh ,h.. is
mUl\wly pe,pendkullJ 10 lbe wind Ind to W soilsu,f""".

q.0.16....f:!...w: (gcm-' SO,)
IMOO 78

ro' LX" I
lMOO

"'·0.16~

"
U--><

16500

in tho« formul .. L i' "" lenl'" of orodln5 soil p.,aU.1 to ,h. wind (in f"I) .nd w.
i, lh. conKtN friclion ,..I<>city (em ,-'~ X is defll1N .hove and lhe correction fo'
lhe fricllnn ..1<>cilY fo' moistu,e oonltn, i'

where Wislhe .moUn! ofwzl., held by 'he soilllld II" is 'h••mounl of ....It, held
by ,he wno IOi!" IS .Imosphe,es ofneplive p,essure (o.epi!. 19S6).

The p,...n' .utho' (,ulHnilled 10 ASAE) compared "",..uremen1l of loul soil
nux '0 ,ho.. calculu.d from !be above fO!1tlull. Th. caloulatN values .... re
cnmpo'N to observed nux.. in two c...",rie$: "'"dy erosion iIIld inl.,mill.n'
erosion. Since !nl.mrill.nl e""",n does no< "",et Ih. assumpllon, of 'h. !bgJlold
(1941) formula (in which momenlum is """poliN" Ih. low", boundary by
ulu'i"ll und Vains). in",mriltenl erosion wos no, upu..d 10 <how .5....""'nl
be,w..n obserYOd "'d predk'N m'" nu",". For steady erosion. Ipe."""" was

loorI'

q"b.· 1.0005 q~ o'(ron. cnefT.· 0.84)

Fo' in,.""i".n' orosion. ho......'. ov""monl ..... POO'

q"b•• 0.58 q~ ···(co". cnefT.• 0.70)

4.J2.1 77,. _rit:1Il fhix 01"",rieles ""'ich "'IIJ' b<' m"uporud lMl/ dUl4nces IlS
alreClod by soil cMFtlC/ml/ics

Since p.lIicl.. which moy be carried V'" dislIn",s 10: I pOll of lit< 100al
air-born. $Oil p1flicull" sU'pensi"" ..... lOU" oonsider "'01 the faolors Iffe<:tinl
'0111 sci! rno~"",nl aIoo affocl fUl. p.nicul:a,. .miWon. eon..q...nlly il is COlI.



TABU,4,2 Soil ElOdll>ili'y lnde., I, o...d on I'<,cent.&< of Soil F,oc,ion. G,e.w IhonO.84 mm in
Diome'e, .. lJe,e,mineJ by Dry S;'.inl (oftor (;hepil inti Wood'nff, 1%9)

I",cento.. of ooil
f,oc'ion, "e'le'
thon 0.84 mm. tI",,,
Ten' • • , • , • , , 0, 0.02• 0.02 om O.OJ O.M O.OS O.M 0.07 0.08 OM 0.10, 0.12 0.14 0.16 0.20 0.2S 0.30 O,H 0,40 0.41 "', O.SS 0.60 0.6S 0.70 0,7S 0.80 0.8S O.M 0.9S '.0, U

"
U

" " " '" U " ,.•
• " ,.• U '.0 ., •• •• " " '.0,

" '" " ." •., '" ., 10,S 11,0 12.0, " " " " " " " '" " ",
" " '" " .. " " " " "" '" W '00 "" "0 '" 'W '" '''"'
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DUST GENERATION
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en
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CJ 4.nd "... •=•

FilUf<4,6 T'~lUf" of ..mpltd "'u.; tolal sou mo'tmtnl .t. wind friction
>doeity; ••,hell nux 01 ....nid.. small" t1an 0,02 rom n. wind friction ••l<>city;
lIlio of "",tical nux of p"liel" ."",n., lhan 0.02 mm 10 tOllll lOa IDO'"tmen' per
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v.nient 10 .peak of Ih. rotio of fI"" parHclOItO 10111 pmicl.. Or of ,h. ,.110 of'h.
vonicol flux of I"'niclOl d <0.02 rmn <_n in a p.."""" _tion to Inclod' mo>l of
,he porticloo hll'inl the polential fOf k>nl·,ong< transport) '0 lhe total nux q.
IUliOi of the ~nrcol nux of fino par'kl.. , F, to tho hOl'1«Jf1tol nux ofall ai,-bOToe
....) po'od..•. q'. ",.. r. gi"n by Gill",. (<ubmitt.dj ond " ••hown in H,u" 4.6.
Nin. diff...nt ",ll. are shown in the roil 'u'ural di3i!ram. Also includ.d in lhe
fill''';' a schemoti<; dilp.... of p. ond q' U wen .. F;, os. u.' ond q "'. u•. I'hylicol
chorocteristic. for Ih. ni"" soil. Ole gi..n in Tobl. 4.3. Soils I. 2. 4. and 5 a..
...,dy; roils J. 6. 7. ..,d 8 a.. l",my; utd .oll9 io clay. The ....dy soils sh"",. fai,ly
Uniform "<TId of incftuinJ F; with u•• p,obobly due 10 th. uniformity <>ftho dry
OWOplO .truclure of lhe...oiI •. F; ••. u. for th. loomy .od. MOW' 0 ".ater
SClll". probably d'" to thoi' wid.ly different dry aw.pl' struclure.; tho percenl.
.,. of th.1t tIWf in oW.pt.. <0.84 mm ."ried f,om 3~ 10 89%, ..hid!, ilIllItn,
affectod q. Chopi.tld Woodruff (1963) sh."""'d that a ,,00101 perc.nlage of rna.. ill
awept.. lori'" th.... 0.84 rom corr.lated with dO<'''$<d wind oro';on. Soil 9 ..... 1
cloy ",ll who.. "<>dinS patticl.. con.isted of stronsJy Iayerod pelioa fO'''''d by
shrinkage of 0 montmorillinitic clay upon dryinll from a mud "",e. The.. clay
pell.ts ...... ulr.mely resistanl 10 breakag< by lund when ComPlfed 10 ,he
allJl<pt.. of Ih. I"'my ",ll. and the sandy roil•. nu. ",ll had. U..b",. of aboul
M em .·r probably d'" 10 Ih. torge size of ,he our'P'" (only 9.3':' of ,he 100..
•a,b"" pell.u ...... $ITlall.. ,hon 0.84 mm). ThU hiBh U.lb"," and breahg.·
rffi.lanl OWepl.. h.lp 10 exploln the 10.....lu<l of F; for thi, day "'il. The I..gool
l':lIue, of r, for 0 giv.n u. Of' th fo, ",U 3. a Ioomy roil lVith v.ry ~"I< .urf.c,
coh'r<IIC<. In 1<fI.n.I. the inc of fill. pattictll.le prodllCtion (~) with wiod
.pud ;, 1'''101 ,hoo Ihe Hour incr.ase of W\fId 'p«d.

Vol .... of r,lq' fo' undy soil. show "eat .ult.r but link .l'idence of "end
...ith willd friction "'Iodty u•. For loamy soil. there i>. great iocr.... lVith w••
which is I.... llmounl 10 an in<:r.... with wind ,peed in lhe J'Toportion of fine
(d <0.02 mm) to tol.1 ooil me".,,,,,,nl. Th, value of F,lq' fot th. cllY soil i...ry
10.... show",& ,h. eff.CI of the orpniz.d O1,""'u" of ,h. clay mlnorals on dryioll
.nd shrinl<i1li if, re>is'ing b,eakag. ilIlo fme panicle•. In gene"l. soil' h.vina rtn.r
textur., produce<! more fio. dlUt for unit soil mov.ment exc.pt fo' Ihol fm ..
texlured "'d wh.... mineral com;>o""," formed .mail 'W<gIt.. hlrd enough to
''';'1 impact breakage a, ""an wind .pee<!, up 10 25 III .-1 .

4.3.3 ttloisNre and ...ind Mlory of II>< soil

Th, moisture ..,d lVind I\i$lory of 'he soU. including f,..>inJ and Ih ....inl..,d
drOUJIII OCC(IIllpmiod hy f"q",n, st,ong winds, infl""nce. the b,ukag< of w~

0q' ~ilf." from. in thot" is "" r.., of .,rti,... in'o 0 ...ria« I "" wid" ..rpencI""'lal to
tI•••-...:1 0"4 ".,.,no! ~ith ""'ioII dim........ f,om Tl>< ...If.." '0 76 em. 9 10 th. 0"" In'o •
..rr"", 1em ...Id•• mu,UIlIy p<JlI'e<ICIltulal '0 "'" _d aM poond witll ...,i<oI din>enliono
liom til. Jround IQ Infin'''· 1'>""""ll, ,peo""I, ho~~..,. mo>1 II~bo'"" soU m... is OO"lli'ted
to hei&"" I thin lO<m.r>:! tlH> __hon q' .qn6 i' to<>ol. no. dimo"""'" of q'.",
1/""" ,... til. ~imeooio.. of q _II"'" ...,.
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TA~1I;4.J Soil ''',..melo'' •
Soil cr",;,m ~
".,."m~"r So~ I Soil 2 Soil J 5oil4 SOU S 50;16 Soil 7 Soil 8 ~. I

•
Soil mois'",e, % 05210,61 ,~ 1.2910.10 0.4110.10 0.5110.13 0.15 ,. ,. ,. ~

(Joddi• .,.., ~ dry ,-",",opte <0.84 .". 95.0 1 2.78 98.9 ~9.1 1).(1 95.9 1 1.6 98.8 1 0.6 36.7 w., n.1) •.,
~110110''''0. '.sid".,

oJm' 16.67 8.2S 3.67 91.6 19.1 U 161.0 39.0 ,. ~
Ridge roo.h".... om " " " " " " " 22.S "

,
~

E.osion reIch, bn
"

,.
"

,. "
,., " " " ~

S"il T..",w,.. •
"Sand" > 25 I'm 96.0 95.5 aLl %. 93.1 17.7 88.0 88.0 28.0 ~

i%Sill. I <,<nl'n, ,., ,., .., ,.. ,.,
" " " 20.0

" (.l.y. ,< I I"" U U 10.0 ,.• ,. 19.0 •• ••• H.O ,



S<>han1n D,'"
ogr~I" into ",,011 .,odible wtiu which chonae the initi.l.l wind 'peed fo' ..,U
mo_nnent (u"."'b) ........n IS the hQlUontal ril OWl (q) U i function of ",ind
speed. Allhoug/l ;t i$ n<>1 cenoin that the ratio F;jq' oh""V' wi'h "'CI'hume, it
may clunce fo, "",wn "'iis.

4.4 CONCLUSIO:>iS

Bo'h ae,odynamic ..,d ""~ f""tors mUll be considered in lludy;nl dU'1 emission
by the wind. Fo' the sm.ra 1 must ,tre", the impo,anoe of non-e,odfule elements
and soU aweption althouah other impon..,t facton ha"" also t>e<n dis<uswd. I' i$

quite poosible 'hat human lotiolties hI"" I ..eller effeet "" ooU .urf"", oonditioo
and non-e,odible elnnents than do othe, envi'OIlmcnal fa"tO".

The th'eshold wind ""locity fo' wind erosion and m<>..."ent of soU ore affected
by soU tu,ur wind 'peed, rnin".I<>gy. 'oil moi"~te, htstofJI••oil ,ougll .....
oegetath.. tesid and the ptesenc:e of ..cetltion and othe' none'odible elements.""h .. ,ocla.

Fine particle, a.. prndu<:ed by the sondbl..tinleffeot of saI",i"". which ""u '0
di"'U'epte ftn. plnicl.. on W< w,flce. of largor pan ide. and by ''I'lashinl' of
We saltatinl particle intO a ....,""ir of r"", porti<;le" Fine·textured soii. tend to
tmit1llOf< fitIC particles upon unil soil mo""ment unle"the mitIC,alop:a1s"uctu..
of the soil awepl" is hishJy remtoot to b,eakaBe. To,aI soil IDO"'mcn' "","""e·
menU show Bood agroement ";th '<aIues computed from fOfmul.. <leri""d ftom
ARS 'ludies and this .utho,', dltl.
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I would like to quote ,WO papen which might M of interest to tho S-ah... du"
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1. M......'isibility rmlion.ipo

Tht firs! p.o.J>e' (P:Itt on and Cill.tt•. 19") dub. with O$tima'ing d...l con~n·
lrahOll f,om visibilily Ob lions. Comparinl OIlr ....asumnerlll wilh those of
oth., ...ork.,..... found som' disc'Op.tncir>. Visibility, V (.xp'....d in km). and
moss c""".naation of dust, M (.xpr....d in I 10 -'). aro ,.Ial.d by

,IIV~~C

who.. C i. a dun.noional co"'lanl and 1 i' a lIOIId"""nsionll cOlmlnl. Th. "'WI.
of ,"""ral authon fo' 1 and C ...... giV<ll in Pall.rson and Gill.n.·, Tablr 1.
,ummarizrd bolow:

,
Sludy (Irn··kmror,.~1) ,
General U,b.n

(ChMl>on.l%9) 1.8 x 10-' ,
8om.nd or .1. (1974) 1.4.10·' LOS

NCAR (Totu mOD) ,.3.10" 1.01
(SP, < 20 11m) 1.1.10-' l.08
(SP,<IOllm) 1.3 x 10-' O.9S

a.pu and Wood,uff (I9S 7)
5.6.10·'All dat> US

No local .'o'iOll 1.0.10'"

The ",Iut of,.;. ,ulOnably close to I for alilh. studie, """pI those of ChrpU
and Woodruff. Tho study conch.ded:

'BuN 00 th... dlta th... ;, no ainp••alu' that is Fn.rally .ppropriale for
..Iating mass and l'isibll;,y of IOll-drriwd urom. and lhat <>II lh\ll. sorve OS a
p..dictor of mass concoo".,ion wh... lhe >isibilily is knOW1l. In lh. p..,mc< of
locll .,Mion, oor d.ta and a.pi! and Woodruff'. diu indi.... lhll lho v:alll< of C
<." .. ry bol........pp,oxi!naldy 20x 10-' and 1.0.10-1 dependltli on lOll
condition., oisibllny, and wind 'P""d; tho ru,h.. valu.. for eire appa,.ntly
charoc..ri.1Ic of droop" conditiol". Under conditiOtlS of no local ..Minn. bUl
l1ill in lh. Fno,al IOUre. ,egion for tho dost gonOTahon. the value of
C~ 2.0. 10·' g m-, lao .ppe.rs 10 b. 'pj>,oprial', while tho Brnrand value of
C ~ 1.4 • 10-' 1m -, Ian may t>< Ipj>roprilte for ........,r.....nts mad. ..veral
lhousand kilo""'l'" f,om lh. dust lOure•.

Because of It>< varilbUity in C, .... fool 'hit wbm the ..duction in vioibilily i'
due 10 ajr-born. dusl, rna.. coocenlt11ioo-_isibilily ..latioll3 a10.... muil be: osed
carefully; if tit< fraetionll >iu distribulion is known, ho....ver.lh. ma...visibilily
r<lation. mlY b< Calr:uliled usinllhrO.. licaJ valuO$ of c:



EnWTQllmemcJ F<ll:IOIJ Affecti"l l:JIm Em,""", by Wind Erosion

"""'~-C-iO~~""'------------"~'-=T'C"'3we
"

~~~~..,~~ 110' "'" .". ..,. ZO' 0" O'

WEST

FlIu'" 4.7 Index of refraction for Saha"'n ."""",1. over
'he At!.lnli<, noaes and circl.. indioo.. 10<";0"" fo'
portiole coIIocho...

l. lodex of refraction for S"""raJI ..,rosolo over the Atlantic

The socond ~r repo.-ts r.oIues fo, particle con.."io... obtlline<! .. the circled
onr:l or«soed Ioc.lio... in Fi&U,e 4.7 (PlI"''''''. Gillette "'d Stockton, .",,.p,ed
",onuscripl). The umples "'ere obllined by '\lliona e.abn"'ed by M. 1- llCkaon
100 Oil. Gin."•. by Joseph Prospe'o.....d by Rupre"hl Jaenicke Ind loth.,
Schutt on the R....rch V~...I Metror, The mean value fo' the ind.x ofTer"'otion
IIIl1l stat,om wu 1.56 _ 0.006/.
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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•.



'"
S,8 ACKNOWUDGEMENT

The author wishes!o thank rhe Itaff of lh- Resflrch and Trainirl8 Inlt;tute,
Oshodi. Nigtria. fo' th.i, imm<ll~ assi1lanct during til< pr<paraliotJ of Ihi. pIper.
My l1"titude 0110 tM$ to Professor G.O,P. Qbasl. the Adviser of Ro.u,ch and
T'linin., Nil_nan M<I00,olosico1 Dopawntnt. and \0 the Director of Mt'torolo&y.
Mr. C A. Ab.yomL ",hose r••""""tndori.... Ind appro,oJ re1peoti>'dy mad. my
portio;ipahon in th< Workshop possible

REFERENCES

AddoUJu, D. 0, (1968). Two ".....Indi.. of tbe .. 'tieal distribution of dU" durin,
""",urr.",,. of tlarmutln hU' 0.... NII.ria, Tt.~. Nm., ~ I. "'.ttoro1. o.p.,
La&ot. Ni,,,,;., 13 pp.

Adefololu. D. O. (1976). Scal. intenction. in ,b. tropics. Pan 1- On rb. newly
diso:oY<,.d 4 _6 <1ly Moridion&l Oocillalioo of ,h. Mon_n Tm..... (MOST). To
b< pUblisJl«l ill Mon, k'•• ,~., Re•.

Ai...., J, O. (1972). II oontriblltion to th. f",,,,utina of Harmanan dUll h.... Q.
M."",(>/. MOl.. 2, ",,,«>,<)1. Dep.• LaJOl, Nileria, 77_90.

Burn•• F. 0%1 ~ Dull h.lz< in reb'kon '0 p.essure vadien'.. Mu'o",l. M~.• 90.
123-226,

Carl.on. T. N., and Proopero, J. M, (11I12~ TIle It'lHCoIe m_men' of Saharto tiT
ou'brea~> over 'he northern equo,o.it] A'lan'ic. I. Appl. Met<o'ol., I'.
283_297.

EI·Fandy. M. G. (1~51), On 'he pbysico of dU51y .""".phere. Q. I.. R. Me,.o<ol
Soc .• 7~. 284-287

H.mil'on. It A. and Archbold. 1. W. (l94S). Meteo,%p" of N..eri.a and tdp.cen'
tmitoq. Q. I.. R. M"'oral S<x.> 71. 231- 265.

K.lu. A, I'.. [191$), On 'he me,.."olOJY of dUlly otmoophere. Q. .11"'0<0< ,'IfQ~..

Meteo.<>I, Dep,. Ltioo. Ni,.ri.I, tlnde' revie'" f<>t publietlion
Mart;". D, W. (1~75). Identifiettion. trtekin, and sou,e<o of Sa"'ran dUIt - tn

inquiry win& Sy"'hro""... Metoo'ol.,.;ul SateUi'e (SillS), In "'NO GA T£ Rep.•
2,217_219.

Ob..., G. O. p, (l96S). A'moophetic Synoptic .nd Oim",ol"'ic>1 F..,ures of 'he
Wes, African It.epon. Tech. ,vOlt 18. Meteo'ol, Dep.. 1.-01;01. Nileria. 4 5 pp.

PatquiJI. F. (1971~ TIle m....,'<>Iop:.1 ..peelS of locol lti&IKon"ntrOlion air
pollution. Spec, £nvj'o"""n, Rep, 2. WM0-31 2. 49_54.

Prosl"',o. J. M. (196~), A,mospheric dust otudie. on Barbados. Bwll. A",. Ntteorol
Soc., 4~. 64S_M2.

Pro.pero. J. M. and Cul",n. T.N. (1970). Rado".222 in the North AUtOlie tnde
winds: I" relotion.h,p '0 dust ' ..n.port from Africa. 5<1..«. 167, 974 ·977.

S.m....)'1. J, (1976). Wind over Afri<t. Geor, M~" 48. 21 ~-220.

Wilson. I. G. (1971), De...., ..ndno,," bo.i". .nd. mo<lel for the development of
"'II. Geo~', J.• In. 1$:)-198



CHAPTER 6

The Use of Meteorological Observations
for Studies of the Mobilization, Transport,
and Deposition of Saharan Soil Dust

C. MORALES

ABSTRACT

SYNOP "port. (weath.r "PO'" from ,h. m.,eQTololical net""'x of so-c.U.d
SYNOP .ta'ion.) cont.in much valuabl. infOlmotion in relation to otudl.. of ,h.
mObilization, .u-born. tran,port ,nd d.po1i'ion of d..." soil du". Detail. of thO.
inform.tion .... pr.",n,.d in l!,. p'pel, Furth.. 'wo ,>tompl.. "'Ii".n on ho'" to
mok< u.. of th. SYNOP r.pon" on. oIlOwinl 'he mi,p.tion 01. dustJllo,m ov.. the
Sudtn .... on • , ..i., of IIYnoptic "her mtp:!, th. Olh., for' otudy on the
,hr,mold wind velocity fo' ro.i.in.r; de <oil duot.

6.1 INTRODlJCfION

Th. nejut of the Saharan Ous' Proj«t is to d..cribe .."d '~pltin ., ftr ..
potSibl. th, three pha.., of s"haran dust .nd ..nd tr.nsport within the 5thtra and
its pr•.Saharan ma,gin" wh.,. desenif"'tlion oc<:uJ1. ThO$< thre. phues are th.
mobiii"tion ph.... th••;,·bo,". '''"'P'On ph_, .nd 'he d.po<ition ph.... In tll
thr•• phases m<tcoroIOJict! facto" pl.y an important p.rt. n-.. object of thi' paper
i, to d.mo"",," ,h. u.. ful"'.. of m<"oTologic:ol,ynoptk ob..","';ons for invest;·
plion'in reltlion to th. 5th"on Dun Projec,.

To which qu."ion. can .... hope '0 ge' an .nswer by me"", of rTl<t<o,olor;ic:ol
inv..tip'ion, oonc.rning the desertification pr""... , and "'har resou",.. do w. have
to help us in an..... rinlth... question.?

In 'h" rebtion the following quwion••re of importance:

I, "'Nch type. of w.,tbe, mech.niJrn, are ",polUibi. for "ising and nan..
porting dne" son dlW? In thi' r..peet 0 dis'inction ""ould b. mad. bet"",n
diff...nt intensi1i•• of dUSl tr..",pon, i.•. f,om low dust d.nSlty with good visibility
oonditiorl' and weak Or moo..... wind, to high dust den'ity .nd very poor
vioibili'y in conn.~iOTl wi1h .tro"g Wind. (dusmoTTO condition'),



""
2. flow .... the" .....'h" rnechmhms Iink'd 10 lhe actual br()ld«.1< """ather

situotion'

3. "'bat i. the frtqutn.:y di<tribution "ver lhe Siliuan .... of duSt observations
.. contained in the meteorological SYNQr r<p<>m from mCI.olO]ogi<oal stations,

4. Dot. tlUs frequency diolribulion """" ..."",,>1 chang.. , and. if so, in what
manner1

S. "this frequency distribution ,.1"",, 10 the topography of the Saharan >r..

1I wen ul0 il. vegetational and land use potam and ground conditions?
6. Which is Ih. critical wind ,peed for initiating lite r.wng of dU'l into th. air,

Doe. 1m. $poM chang< from place 10 piace? Is it depending on Olher f""'0r> like
moisture in the air Ind "'~, elc,?

7. Is i. polSiOit to vhu.aliu dumtorms 011 synoptic w.Olh., m&ps and \0 foUo...
th'i' migralio1l11Jld d.....lopmtnto?

8, r. it possible 1000< syIIopli<: .....th.r OO..,v.,iOll. as contained in SYNOP
,.port> ... ,ub"itut. for di,e.,;t m,.,umnenlS of air-born. dUSt'

In 'hi' ~per .[fora h,.... bten made to giye an an.wer 10 at le..,t IWo of the,.
qu.Slions namely No.6 and 7.

6.2 SYNOP REPORTS AND DESERT DUST SllJDIES

Th. m'I'orolog.ICoI observ>lions as repon.d in the SYNOP code [code form
WMO FM·II·V.SYNOP in \VlIIO'. Manual on Code. (\\'MO, 1974)1 prol'ide mLlCh
=ful mat.rial for inve.tigations of .ir·borne ""~ dIU!, in porticul.r

wind dIrection (dd in lhe SThOP cod.)
wind speed (ffintheSYNOPcode)
visibilily (VVinlheSYNOProde)
presenl wwher (ww in lhe SYNOP code)
past w.ather (ll'in \he SYNOPcode)

The (wo digilS fO! VV in the SYNOP code permit a Yery occurate reporting of \h.
visibility, wilh inle"",l. of 100 m from 0.0 kID up to 5.0 krn, and with inlervals of
I km from 5 km up to 30 ian.

The 'p,ese"t weath." [code 4677 in \\'MO', Manual on Codes (WMO, 1974)for
ww _ Pr.sent wealherl. give., iot of informal;"" in ",lilion 10 :lir·borne dust as
demonstrated in Table 6.1.

l1Ie inform'tion which CUl be obtained f,om W (post wealhe,) is much les., but
onyhow Important. Only one dltil, i.e. W· J, prol'ides information on dUal:
.."drtorm or dust"0rm has o<>;u,,,,d during the laSt three houf> or.i>< houf> pnOt
to the actual observoti"" (depending on the time of the ob.. rvation).

Some Indirect information abOUt the 'tate of the i'ound (dry or wet) can be
dr:awn from lhose fiBUles in the ww code, which indic.le '>in, drizzle. Or $howe" at
the lime of ob..rntion Or during lhe hour prior to the Ob"""l;on, Th... cod<
figures should be .tudied together with the code figure giving lite amount of
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TABLE6.1 D.,. on Air-l>orne OUst

s...", dust...orm or land·
storm

SliJ!l' or mode..'e dust·
storm 0' ..nd·
"orm

:'il"'"'

..

..
"

"
"

"

Symbo'

s

THt en eLlir

The olw.eteru.he ello",. or the state of sky io deoetibe<l.
b~' no hydrome'eoro (precipi'>tion, f<>&. houfr<;»', etc.).
Iilhometeon {110....moke, dnf'in& dust, e'e.) Or
elecuomet''''' (liJ!ltnin,. 'hunderoto,m•• etc.) .re
pr...n'

Visibaity reduoed by .moke, '.,. veldt or (",..I fllU,
indus,ri.al $fIIok< or .oleanit I.he.

Ibto

Widesp,..ddu" in w.penlion in 'he air, no' roi",d by wind
.. or nn, 'he Stalion >t 'ho time of oboern'ion

OUst or ..nd "Iud by wind It or nu, 'he ".,ion It the
lime of oboe"'..ion. bu' no well-d...,loped du", ",hirl(.)
.nd no dUSlS'o,m or land.lo"n seen

Well-developed du" ..-hirl(.) or ..nd ..-hm(s) seen .1 or Mit
tho IIll;on durinl'he j>IecedlJ\& l1<>~r or., 'he 'ime of
ob..rn,;on. b~l no dUllllorm '" ..nd"orm

Du"'torm 0' ..nd.,o,m within .teM It 'he 'ime of oboe"'.·
lion or., 'he ""ion d~rin,'he pre""di". how

- h.. decr....d durin& 'h.
p,ecedin& bou,

- no Ipp,eeiloble eha"lle
d~rin,lh< p'ocedi".
hou,

_ h.. I:><CUn or hi. increased
duril\l the ptecedin& how

- h.. de<,....d durin, the
p,ecedil\l Iwu,

- no .pprec-ilble ehl..e
duri".'he proced;na; hou,

- hi. I:><PJl Or hi. mcr....d
dU'I", ,he ptecedin& hou,

11Iundenlorm combined with duslOlOrm or land.lorm
It lime of obsernlion

prec;p;lltion durinS the provi"... 6. 12. or 24 h""''' (dependin, on ,he time of the
o\>so",.';on).

Tho In'''Stiplions presented in mil paper It< bose<! on SYNOP roportS f""" 'he
Sud.n as contained in Synoptic BUUellIU iuued by the Sud.on MeleOroioPool
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FiIU'" 6.1 lbe netwo<~ of meloordop;a1 SYNOP "Iti.".. in the Sudln orea.
The wlhon numbel1lle ploned quite clo.. '0 tl>< ...tion ('he smoll ci,<;le~ In
tbe wn,h.. chart. (Filum 6,4 to 6.7) lour >ratio"', l1IJDely 62161, 62730,
62753. and 62805 ha.e been plotte" at 0 small distance from the tru. poollion
owin, to iNlllfid,nt p10ninl o:p.ace Th. tro. position of th... stations i. the
circle wh.... ,h. OI'Towlend.
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Fifure 6.2

o.~rlm.nl. SYNOP repons hI" lis" be<n taken from U.S. North.rn H.... i>phe"
Data Tabulation.i~ by th< U.s. Nat;on:ol O"u"""rod Atmolph.ric Admtniml'
lion (!'OAA). In Ihis poper th. SYSOP report. Ita.. bee" osed for d.mon"rattng
their fitn... for u.. in "Iation to two 'ype. of studies, nsmoly

- for I CI.. ",udy of dllltstotm. by molnS of JYIlOptic ""'ath.r chart.
- for I 'latis,,,,:01 study in "lllio" to the cril",:01 wind 'p"ed f<>r inilialinR lh.

ra";:ng of d«<rtooU dUlt tnlo the II'.
FiR'"e 6.1 Ii- lIIe <ltan fOIm for lho Sudan Ite. in whi<h the SYNOP SIIlion>

hl.e bun p1onod tOlelher with the "\0"",, 'll,ion numbo' a«:ording '0 WMO',
pubHcation: W'"lh" Reporting. Volumo A, ob..n'inI'lIlion. (\"1010, 1915).

For the plolling of tho SYNOP ",pons the foUowing 'tllion mod.l wu "'ed
(Figure 6.2).

In the .Wion model below 1M <X>delme,. Ire explain.d (Figure 6.3).
The wind direclion is ploued u I b... from lh••tltion circl' toward' lhe

direction, f,om which the wind is blowinl, IIId !he 10Iind tpHd IS slanling bon OIl

HOlt> ".",l> <c.1

_m ebu<l. 10;.)

-....-.>"" ("(:J ITn

V,"'",'.
I'" ,,1""'1''''')
(VV)

..,
<lood

FilUre 6,3

""'....... Im_'"
0' ~ """000-) (PPP)

24' (><t,""" ci>o:w'9o
(lI(???I .. )

24' _pon~

(lI(T, T,I .. )
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'hoI line. One fuU bar denol.. 8 to 12 knoll. ""d. halfbll 3to 1 knots. No bar is
plotled for wind speed. below 3 knOl.. Thus, iftne wind i. blowing f,om 230" with
• ope<d of 26 knolllhis wind is Ploned.;p

6.3 TIlE SUDANESE DUSTSTORM FRml 161h TO NIh MARCH. 1914. A
CASE STIJDY

In Figu.., 6.4 to 6.1 are ..p,oduced 'Y""I',jc .....,h...nalyses for the Sod."
.... durin•• period when. duststonn pUSoed this .,••. In ord.. ta ","'id ove,·
bu,dening af tile an.alyses p,esented in this pope, anly isopl'ln. for oisibllily (in I
'lUlsi~ap'ithmic seale) h... been dllwn. On ""coont of tile sp.... SYNOP ,ulian
nelwo,k. p.rticul.r1y in lh. w,,'.m part af Ih. artl, the ioopletlu fo' visibility Ji..
only on .pp,oxim... id.1 of til. hue lIi1ibilily pm.lO.

On lhe 151n MilCh, 1914, II 00" GMT, lhe visibil,ty ...... above 20 !un .1 all
Sudan SYNOP nation. bUl fo' 'lIlian No 62640 (Abu Hamed) (Figure 6.4). One
day late' (Figurt 6.5) the wind speed stlned to in"'.... II lh. north.rnmost
'IItian, Na 62650 (DunlOla), ...hich ..purted dust raised hy lhe wind (ww. 07)
Il1d wind spud 17 laIot•• whil. the neia!>buurin8 SUllion Na 62660 (Karim.) still
had t<>od visibilily tho"'" lhe wind speed also had increased to 17 !<natS.

Tho ......lher had d.,eriom.d ,ub..anll'Uy 18 huu" 1.,", at both stations: Abu
H""'ed ,epurted ,,'·e,. dustslann wilh wind speed 30 laIots (slle) and visib~ity

bel.....n 100 and 200 m, Il1d Karim. dust .....d by lhe wind wilh wind .pe.d 23
knots and visibililY 2 !un, 1M du.monn seems 10 h... been COMected ...ilh. cold
f,anl P..... (in foct the lemperllUre d'''I'ped 8'C in Abu Hamed IS compared
witll 24 hOUTS e..Ii.. ). On lhe 11th Mlrch .1 00" GMT lhe dumlonn had rt.<h.d
I<h.rtoum (ot.lion No 62121) (Fillu,e 6.6). Tho dUS!SIO,m conlinued 10 move
ouulh-OUUlh..,."".. ,ds [..e the we.the, ch." for 18th Morch 12' G~IT (Figure
6.7») .nd h.d disappeared f,om lhe welthe,ellOrt 18 hoo" I.lef.

In Ihe di• ."am, Fi(u,e 6.8,. numbe' of m<leorofosicol varioble., loken f,om lh.
SYNOP rtpons from KJu.rtoum duting the aclual pe,lod (141h M.,ch.
12" GMT _ 19t1l ~lorch. rxI' GMT) ore ploued. The .. ,;.ble. ore wind dire<:lion
and spud. presenl we.the" oisibiity, tempefl.tu.. , d.....poinl and pr'SSUrt. The
dlagnm sUPPO'" the Issumplion tiIll rhi3 dU'1S'Orm ...". connected wilh lhe
p....&< of I cold f,ont. After the .rrival of 'he dUStlrOnn (l1'h March. 00' GMT)
bOlh lhe lemperalu" Il1d lbe dew-polnl d,upped .pp,«:i.bly while 'he p"SSUrt
,~.

6.4 A STATISTICAL STUDY BASED ON SYNOP OBSERVATIONS

The ",sui" of I preliminll)' invesliplion ooocernitl8 (ti'ioal wind .peed f'"
inili.tin. the raisin. of de..rt soU dust inta the air fa' one SYNOP SI.,ion in the
5udan [DonJOI. (62650») du,ing April 1973 Is pr.senled In FI8Ul< 6.9. The t1u...
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'empe..'U," (TTl, dewp<>jn, (TdTdl, and prts.Ufe (PPPl at .to';on 62721
(Khartoum) in SUdan, from 14th '0 18,b Marcb 1974. w'hen a dumlo'm
mo.«I aCTO$I the Sudan. lb. dum'orm hit KtIa"oum 0' toout midnipl ,h~

I i'b Mar,b, The "orm W'U <0"00<1«1 wilh ,hein• .,ion of. <old.r ond drie,
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" " " ~ ~ -rim'" 6.9 Th. three ..u <>f ,u,,'" Jiv< l~. r..queue;.. of

pr••ent ,",.>thor ww - 00 + ..... OJ (no air-borne dust. ef,
T.bl. b.ll ", .... 06 (dust suspended in the ait) .nd .,w·
OJ .. (30 ... , .. JS) (d\l$\ ..ioed by ,h. ""nd inclUdtn, du","",,,,.)
with ro.peCl to the ",jed ,peed ob..rvod at ,h...",. obkn'O'K>n
lime. 111< ob.."",,;"n. ore taken from th. SY~OP 'tation Oon,oIa
in 'h, S\I,,"," (llation numbe,626S0) durin& April 1973 (ob.....•
lion lime. 00", 06', 12", and 18" [,loln. The lhr.u.old wind
'peed for ..i";nl oo~ do" into lhe air is .I>ou' J 2 knOll (no ''fIOn.
of "'... -06 Il>ove 14 knolO .nd no I'<port, 01 ww·
07+(30+ . +3S)bolow10kn<>u)

scU of cU'''''' give ,h. rr<qumcie. of ....... -00+---t03, ......,·06 and
...... OJ t (30 t ~ - - .. 35) re.poo:l;"ly (for uptonatlon of ww cf Table 6.1
above), with ....poet 10 II.. wind spud ob..r'lOd i' lh...meob.."""ion lime. The
mode for ww· 00 +- - - .. 03 if, about 7 knOll. for ww • 06 about 10 knot. llld
for ww· 07 + (30 + - - - + 35) II IboUI 16 knot •. The threshold value for d\lSl­
'lisiog wind .pud. ,Urn, to be lbout 12 1aI0u [00 report. of ww E 06 lbove 14
knOtund no ..po,ts of"",,· 07 +(30+ --- + 35) below 10 koou).

SiIl« 11\1$ in_,iption <;Omprises ""!y ""e mooth lIld 0"" SYNOP ""tino the
'esults ,""ould be ..prded 1$ pretiminltY.

6.5 CONCWSIONS

Tho mobili.ation. tho alr·borne ltlll'port ond the doposilioo of d..." soil du,l
are phenomena who,o motoorolosical flClon aro dod.ive. Since lIIItIy Vltiabl.. of
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imponJ.""e for l1udying lhe.. pIleno""'", ." ...U,No in the ""''''('r''!ogkal
ob..ru'ions as ,eportod r.om SYNOP 't.'ions tho.. SYNOP ..pctt. can bo usod
for 5tlCh 'tudie•. This is demons""<d wilh two ...mpl ... In the fin' ex.mple •
duststorm OVer the Sud.n are. is 'uualiud by mo,,,, of illlphloth. for visibUi'y on
.ynoptic "'nth.. ch.rt•. It i< p""<ibl0 10 follow"" the chua the movemonl oflho
dustslonn ;n • soulll-soulll...." di"'~'i"" over the Sudan .... during. rou, d.y
period.

In the ..cond examplo th' SYNOP ropott. h,.. boon used in '.tatislical Study
"'prding tho threshold wind ..locity for raisinl do..n soil dun into tho Ii,.
Accordinl to this Iludy the thrrshold value for dmt ""<inl wind .peod< <eo"" to bo
abou, 11 knOll. This ..suit should. ho......'. "" reprd<d "' proliminuy ,i""e Ih.
Itudy ONY compri... ""0 morllh and ono S¥NOP >lu;on.
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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.
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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



'"

,'l',
­•

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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riaure 7.10 Zon.1 .nd meridional wind component<
for equatorial plane (Units, m ..<"') Top' lanuuy.
Boltom - July.
Key; Zoool --Meridion.l

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)



Sal"",m Dlul'W

Q'~
-2...-' ~. !o~~7;7'"
~'~ "'0.

" 2,~,.

~~
,

~'~j "
., •0 § ,0

!:: 0"=,
3'0

, , -"
J" -- , ,,,

"1
<0" ,
" ,"

J r .. • .. J J • SON 0J f " • " J J • SON 0
MONTHMONTH

" ,
.0- '- ,
N- 52.5 ~

WIO~ ~tO

00· ~222J
2;:~'5 J

5 ,n
- oJ 5 U" 5

!>O-~ 25 '-

f"."JJ050NO
J MONTH

. O· 'O"E ond 40'E (Un". em!F""r.719 Monthly ro,"ftll :'. I,,~,ud. o~'E" s.,'d~d ar... silO'" ","ioUmonth) Lef" 0', Centre: 20 E. RIgh, 4
< I ,m/mon,h

... 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.
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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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CHAPTER 8

Monitoring Saharan Aerosol Transport by
Means of Atmospheric Turbidity
Measurements

J. M. PIlOSPERO. D. L. 5"'\'011:' T. N. C"'RLSO'<.
and R. T. :"us

ABSTRACT

A,mosph.rioc tU'l»~i,y m"'011'""""" ...... m.d. i" 'W<> ,pectn! b>n~. (SOD nm
.nd 880 nm) in • n., ...o,k of fi•• land .tuion, .nd ,." ohip' distribu ..d oo,ou,h.
north.,,, Equuo'i.ll A,l.n'ic durin, 'h" GARP A'lan'ic T,Opic.1 bperimtn,
(GATE) durin, ,h. SIImm" of 1974. Th" ,urbidi,;" w.", !uVI off 'he cou, or
Afn<:.s ."d dfiOf.Uod 'owo,d 'h" w..,. Th. m.an Vol' ,urhidi,i.. (8'00)" sal
Island. Ila'bsdos, ."d Mismi ...01. 0.297, 0.130, ."d 0.100. Th...Iu•• ", 880"m
...c'" 0.250, O. 114, and 0.062. Th. cen'ral a"d """n A,la",ic ,u'biditi"""qusl
'0 those of lar,., huYily industtiali.led ci'i... Th. mu" AnlStfOm ......l."'th
"PO"'"'" at 'he>< th'•• nati,,"...... ' 0.:J.48, 0.28S.•"d 0.899. to... valu., of"
indic... nu' ".utts! .. li"c''''n obU.." ...h;ch i> co"';".", with ,h. ,pP""ra"ce of
,h. Uy i" ,iii. ,.pO". Hi'" ..Iu,", of " (i .•. v21u,", ,,"',., ,Ii.. 0"') ....r<
co.....,."t1y observed only., Mumi d only when Salt.lra" ''''''"010 ...et. not
pr..e"t i" ,h••,mo'ph.",. Th. co"" "tly low" ..lu..., all ".,ion. in ,h.
p'..."ce of Ssb.r." air p.o,,,,,l, su".,t< 'h' th. optically .ff«'ive pouio" of the
.erosol tin dll,rihu,ion does no' ch.n,. Sllbot>n'ully durin, tr.nsi' .,:too, 'h.
AUI"tic. 11\. doily m.a" nation ,u,hidi,ies do "0' setm to be cot,ll ...d in Iny
.impl y wi'li ,he doily ...",., min.ral .. roooI oot>ee"'n'io... meuut<d in
",rI 1 1sir .. ,h. ".'ion•.

8.1 1l\TRODUCT10N

In 1974, • IUJ' tc.lIe ae",001 prOllrartl WI' cvded au, as. pan of ,Ite Globo!
A'moopherio R....,ch Pr0il.m (GARP) Atlontic Tropic.1 Experime", (GATE).
One of 'h" principal objeoli"..s ..... to inves'igate the 1lO00,.phic.1 dis,ribu,ion of
..,,,,,,I, wi'h rel,,"C! '0 me,,,,,rologkal ponmet.n over 'he entire equ.o.,orial Sonh
Atl.n'ic Ocean. To this end. _ el,"b~ohod an "'0001 .nd Il"",spheric tu!bidity
n<'two,k whiclt consisted of five !MId It.Iions ond '"n ship Ita,ion,. The d..ign and
opera'ion of thi> netwo'k ....s clotely coo,din.l.ted "":Ih • lOlar radia'ion program



Saluur1n Dwl

carried "'" by T. N. Carlson ., ~ [sl.nd. "", of'h, ""work ,t&1Km' Ji'u...d off
til< oout of Africa. At this timt. 1110 prestnt tho lurllidity data and IKl1l1C Il.lppo,ting
aerosol d.all from 'his no'work.

8.2 SITf DfSCR[PTIO~S

The land Uatirnu in this netwofk .... re: Dakar. Sonegal (14' 44'N, [7'33 'W); Sal
Island, Capo Vud, [,land, (l6·4S'N. 22'S7'\\,): Ilatbados. W." Indies ([3'IO'N,
S9"2S~1: Miami. Florid•. U.s.A. (25'45'1', 80'[5"W): Bermud.a (32"[9'N,
64'46'\\l

Th. Dakar .erosol site III., si'u'led on ,h. 00." "' Pointe des A1mad;e" 12 km
northwest of Ih, city prope', Photometer me..utemen" .... re usually mad, at ,ho
.i<port.t Yoff,4 km 0.' of'ho coo".[ site.

S>! Island is Ihe northea".,nmost "'land of the Capo V.,d. Archipol>io and is
htu.,.d 600 Ian wes,_northw'" of Dabr. The ..rosol sampl., w" posi'lonod on
til< Cte" of. lUll 26 m aboyo ... 10"'[ .nd SOO m from the "".m Ibote[ln•.

Ba,b.dos, the .a".mmo" isl.nd of the lI ..t Indi .. arc, i' 3900 I:m "'.." of Sal
Th...mplmg ,Ite i, [""ared on • 20 m coral rock bluff OIl the ••" c"'51­
I'ho'om.,., m."ute1l\on" ",.. rt mad, at • h,e 4 krn " .." uf tho ,ampling site,

Tho Miami 'tation is h'u..,d on the .a".,n side of Virginia Key, a 'mall i,land
.bout 4 km .ast of 'h, clly of Miami. The ..mpl., "''O, pLocod OIl ,h. 'oof of a
buildinl 20 m a\>O", ground [,,,,I and 25 m .bo"" ... 1,,,,,1. Photom.,., m<>sure,
menu w... mad. within a few hundred )'Jrd' of ,h;, " ..ion.

'The Bermuda mO"Urem,n" Wefe made .. the .. ,osoI .ra,ion operated by R.
Duee (U. of Rbode bland)on Ih. ",·.,tem tip of'he island,

The len <hip. in 'he n.,work were: RfV Gillin (U.s.), RfV fndurer (U.K.), R/V
Chart.,., (UK.). R/V Je." (hmot (france), R/V Siriu. (Brm[), R/V Sald."ha
(Bfll~), Rrv M.,.mofQl (Mex;,;o), RfV DalI., (U.S.), R/V R...arch.r (U.S,), and
RfV Oceo0OJfapher (U.S.). Stup< were LUigrted nxed ".,ion, for each of ,he 'hru
.xperimental pha.., ofGATf.

8.3 MfASURBIENT Of ATMOSPHER[C TURBIDITY

Atmospheric turbidi',. i. d.rm.d as ,h••xtinclion of solar radiation by
.u.peoded pan ide. 'hit are la,s< with ...poCI to th. ",..''Clenph of Ught. tha! i.,
part;';l.. wi'h radti f,om .bout 0.[ '0 IOl'm. The ""'a<urement of ,urbldi'y 1$
impo'tant bec.u.. it integrate' 'he tOla1loading of 0..0001 in the atmosphe,e on
the line ~tw..o th. sun .nd the d.,ec,or. The,. are ..veral turbidi'y indioes in
existence: in thi' work ...0 u" the Votz turbidity, B, "'-ltich is <!enned ..:

'"



wh.r.:

J•• irrad'on« at ....~Iength .. at the obsemnl pooint,
10• ••atrllerrellriall"adianc. It ), It the mean sun..,.,th di.lonC.,
S. coneeli"" facto, for the meon Rl• .."rth dittlJlC<,

TR' • Raleigh $Can.rinl c<>efficient fo' ai' molecules It X,
TO.· abOO'l'lion codficien' for OZI>II<' It ..,

8.· utinCli"" coefficient fOf aerMOls al X,
M. oplical ai, m....
p. stllion pr...ure,

Po • sundard pressure It sea 1...1.

The value. of S for .ach day of the year can be calculared or obtaiDe<! from a labl.,
TR' ond TO' ..e abo !<r",..'J1 and ,II can b. calculln.d or ",...ured direclly by Ihe
im"umenl, Thu" with ,h. known Calibfllion cou",., for ,he imutlment, 1•• ,lhe
aerOIOl oplical thickn... (V 01I turbidl1y) can l>e calculaled:

loR (f••/l• • S)
8,- M -(fR.+rO') ("

The turbid"y" often eap"',se~ for bue" T• • 2303 B.,
Another useful blrbidity parameler .. Anptrom'.......I.nlth .apon.nl, Q, for

10111 hue ",allerinl where ICll1orinl, <1, i.liv<n by:

Alpha un be calculal.d from lurbidity measurem.nll at any IwO ......I.nl'm:

" • In (B, ,/B., )/In (:I, IX, )

0'

("
The YOlu. of 0 i. d.term,ned by the siu dl$lribution of ,he ,erO$01. Typical
continenlal (non arid-repon) "'0$010 ha•• 0" of on. 10 two; arid r'lion "'O$Ols
ha.. ,,'. clo.. 10 u,".

Th••un phoromelert whICh we used (.xc.pt ... noad below) were manufac_
'ured by F. E, Vol•. These ha.. twochannel',VO.n and red. Th'I,een chann.l h..
an abso'l'uon t)l'" fIlt.r wi1h a 11,." of 500 om and a bOnm half widrh. The red
channel h.. an inl.rf.rence rd,er with a X. ff of S80 nm and 3S "'" half ..idlh The
field of view .. 3'. A sincon plIoIO"OUlic deteCtor il employed.

8.4 PHOTOMETER CALlBRATlOS

Th••valualion of sunpllolorn.ter doll. ftom a .pe<ific inmument ;, dependem
on ,he knowl.dge of Ih••atrlt'''''1ria] irradianee value (fH) for thlt i"'lrumenL
In practice. I•• is oblained by Lvllley plots on doya ..ith con.lam low turbidi1y.
R••dings are tak.n Ihroughout ,h. doy and loll il ploned apin$t ai' ma..
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TAlllE 8.1 Me,n i\.lmoopheric Turbidity I"'.. ,,,el'" lor the Nullh Allont;. <I"rn'l: (;'" TI' (All
St.lion" Summer, 1974)

SilO (I'lIOIO""'" No.) .., w~

""""ncte'" 1/(500) 11(880) Alph. ("1') C., "
LANI).

1111 IIIIAOOS (i'lo. 281)
"'...,. (Sill 000 (O_O~I) 0.114 (0.016) 0.285 <0.244) n.17 S9.42 "'Geometric Mom (GSI)} a,IOt> (l,9SSI 0,090 (1087)

III· 11M UIM. (No. 32)
Me'... (Sill 0,097 (O.OSl) HI41 (OmS) 1.618 (OA13) nn 64.77 "Geometric Me.n (GS[)} 0,090 (1.407) 0,036 (Un)

OAKAII (No. 218)
A••n", (Sill 0,350 (O.llS) o.ns (0.1))) O.IS! (0.110) (4.n 11.55 "GeomCUic M<>n (;51.» (I.110 (1.434) (1.303 (1,547)

MIAMI(No.lOl)
Met.!e (Sill 0.100 (O.OSO) 0.062 (0.038) 0,899 W4Ul) lUS 80.25 "'(;"om.lric lot,," (GSI») "~

(!.SolS) 0.054 0.661 ~

S"LlNo.273)
MO"8< (51)) 0.30S (0.117) O.2S3 (0.1131 0,368 (0.160) 16.75 n9S "Geonletri. Mean (GSIl) 0.281 (U66) 0.221 0.619)

SAL (No. 216)
Aver"!:c (SO) 0.266 (0.103) 0.221 (0,093) 0,JS3 (0,148) 16,15 12.9S .,

iCeo,ncu;,; Moon (GSIl) 0.244 (U62) 0.200 (1.6S3 )

SAL (EI'I'LEYl
Ave,"~ (SIl) 0.213 (0.109) 111_15 22-95 ro ?GeomclJic M",n (<;SIJ) 0.252 (UI8)



~" ,~:

DALLAS (EPPLEY No. m
A.ert¥ (SO) 0.062 (0.036) 3.53 24.41 " ~Geom.,,'" 1II0.n(GSI») 00$2 (1.814) ,

CItA I(CQT (EJ'I'LhY) 1,o,'e,"~o (SIl) 0.299 (0.109) 'S,OO H,oo "Geometric M.o"«:Sl.l) 0.213 (1.6lS)

fCIIARTEllJ!1( (No. 289)
Mcrqe (SO) 0.24S (0.l26) 0.214 (0.120) 0.213 (0.162) 14.48 30.SS "Geome,ri<: Mo.n (CSO) 0,216 (1.661) 0.186 (l.118) •

ENOUIlJ!1l (No. 280) lA..,~e (SIl) 0,263 (0.169) 0.213 (0.168) 0.54' (0,362) I S,33 23.27 "Geon'elric Meo" «:SI)) 0.223 (1.769) 0,166 (2.l14l)

fGILUSS (No. 232)
A'."3< (S,») 0.1 39 (0.119) 0,121 (0.122) 0.492 (0.613) 9.ll 24.62 '"Geom.,ric Moo" (CSO) 0.111 (1.887) 0.01l6 (2212)

MATAIIIORAS (No. 271)
A..,r"", (SIl) 0.093 (0.OS7) OMS (0042) 1.168 (0.SS7) 6.80 47.S8 "GeomelIie lIIeo" (CSIl) 0.08' (1.706) 0.044 (1.907)

OCI!AN()(: IlAl"ll!1l. (EPPLEY No,
'OJ
,o,....8e (SI)) 0.069 (0.034) 9,21 23,S7 "Ceo»lolrH: Meo" (r.SOl O.OS? (2.225)

RhSI'''R(:lIEIl (l'I'I't!'Y No. S2)
....o..ge (SI») 0.077 (0031) 7.47 23-<,9 "Geomel,'" M"""«(;SO) "~ (1973)

SAL[)ANIlA (No. 2H)
".."qe (Sm 0.106 (0.036) 0067 (0.022) 0.821 (0.H6) 1.40 36.24 "Ceometric Me." (CSm 0.100 (1.421) 0.064 (1.418)

SII(IUS(No.274)
....e..&< (Sll) 0.196 10.072) 0.144 (0.072) 0.7S9 (O.4n) 1.86 38.81 "Gconle,r;c III.,"(CSO) 0,184 (1.44l) 0.121 (1.690) ""



'"
rhic\alu>: e~l...pol",ion of the meter rudin8 '0 UfO air mass )';"Ids lo~. H""'evtr.
condmool of r.l~ti.tll consl111( 10...· lurbhliw of .u"ained duration "< only
obtainable II I limited numb" of location •. Thu•. moll instrument., including
ou~. are oa!ibralO<1 011';'''' I limited num~r of ,h... r.r.rence instrumenllw/tich
have b• ." proporly catic.r.ted by lilt wgley method.

An exton.i", ..,in of inwoalibration. we" made b.'..... n OUr Volt ;n"rumen r•
."d two EFA rtf.,ence lomumo"" belonJing to E. Flowe" (NOAA); the EPA
in.trumenu .... ptriodkllly calib,...d by the Langley me,hod" ,ui'ableloclI;ons
in lhe ....."tm United Sl..... Unronuna"ly 111. EPA and Voll instrumentS had
only th" SOO om chlMel in common. In o'de' to check the calibration of ,h"
mom chaonel, we followed the Langley pr<>etduf•.

[rutrum.nlS ",e,. recalibr.,.d in tho Foll ar,,, the romplehon of GATE. S,"b·
ility ..... f<>llnd to lie JOOd fOl mon ;o",u",.o". Of'be 13 Vol. inmuments ,ul.d
and used in GATE. in lb. g,een cha""el, five drifl.d I... lIIan 2% .nd five d,ifl.d
!><'w",n 2 and S%. In 'be rod <b.nnel, six drifted I... ,b.n 2%and lb,'" be'ween 2
and 5%.

Also included in 'his ,,'ork il d... f,om ,wo olh" 'ypes ofinmU""OlI. On 'he
ChIrCOI.• Iwo-cllann.1 (.>80 nm, SOO om) Eppl.y 1110 ph01omele' .... ""'d "'hich
WII the wne type emplo),.d in the United SlItes EPA network, Also, five .pe<ially
oon,,,ueted (GATE) Eppley ,un pholom".... ,'...,. emplo}'<d on fou' rllips (GOO..,
DaIl.., R....rcher. and acean"irapher) .nd on Sal hland II. pan of (:ar1>on',
radialion ",udy th.,.. Th. GATE Eppl.ysluod 'we> bandl OW and SOO nm). were
solar uockinl and the OUlpul WII cootin""llSIy recorded.

8.5 AEROSOL MEASUREME:-',S

A d.aU.d di",\I$!Oion of lh...,0001 wnplinl and analysi. p,ocedure i' p,esenred
in Savoie and Prospe,o (1977). In IUmmlry, daily 24"'ou' dU'"lOn bulk .. ,owl
IImpl'" ,,·er. coneeled on 6 em effeclive dia""ter IPC·1478 fille....t flo... ",t.. of
1.l~1.3 O1anda'd cubic metre, per minute. In order '0 "due< lb. filter blank, the
mle" w.,. fUbje<t.d '0 I se,ies of ex"""bon. to remove acid· and ,'...,er.."luble
.peei.. prio, to being wed.

In the analy,;, p,needu,., • quarle, ""lion of ..ch m"r WI' l.ken and 'he
",.ter..oIubl. material remo""d in a series of tm", extractionl. The extraction.lnd
mUllion of the ,esulting solutionl "'or' perform'd in a c~lrifupl fih,,"on device
fitted with • 2S nun membrane roler_

The mineral ..rO$01 compon.nt ..... me..ured by awns (SOO'C) the exuacl.d
II'C ml.. and th. membrane filler used to filler lh. extraclion IIiqUot ..

8.6 RESULTS AND DISCUSSION

The mean Itmn<pheric lurbidity paramote... for all "lIiona ar. p, ...nted in
Table 8.1. The dat. for the land Ill1ion. il b'oken down inlo pIl ..., in T.b1e 8.2.
The <!aIU of the p...... w.,,, 1- 26 June 10 18 Ju!}'; Il - 19 July 10 19 AUIWI;
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F;,uro 8.3 Daily V>.lu", of min...! '''QOOI <oncontra';on {lO"'sm-'l. Vol.
turbidlty.[ 500 om and olpha

III - 20 August 10 23 S<ptem!><', Tho molIl ..1_ oflhelurbidily al Soo rnn ODd
of alph.o. art presented in FiaUres 8.1 Ind 8.2, resp«tivtly. M " in FiJut< 8.1,
lh. turbidity io cre"e'l lIonllhe 10'••1 roast of Africa and dec with diulnct
....,'..... 'd 00;'0$1 the All.ntic and ""uth_rd 10 lhe Inle"ropicol eon"",.""" zone
(lTCZj. l1>t high turbidities .,. 111ributabl. (0 lh. p"senoe of la'ae concenuatiom
of mineral atrosol in the 11mosph.r•. l1>< daily "tI1u.. of mi~fllXl'osol, turbidity
(500 om) and alpha at Sol, Barbard"'_ and MWni .rt "'own in FlJures 8.31, b. c.
The milltra! ••r<>SOl dati at. codd KCOrdinJ to mI., colour. aU mien l>eina
red-brown excepl those _,ked (.) Indicalins bl""" or ("') indi<..inl" mixed
colour of ~,brown and black. Tht vasl majori'y of 111< Sal and Barbados .. rosol
oamplo. aro rod-brown. I colour 'ha' is characteris'ic of Saharan anosol•. 111
COO".". Miami aeroso/1 are predornlnanily ell.ruteriled by • black 0' mixod
colour. Nonoiholo... on a mass bua. ,he dominan, min.... ae,osoI compor>enl in

Miami i. Saharan d<lS'.
Tht I..... dloy4o-dly .. rillion. in d<lSl load al Sal. BlI"bardos.•IId Mi.mi are

aUributablo 10 ,he PUU&'" of d\lS'l-bden air parcell ...oci.u'd with Slhll"ln air
ou,b,..ks (SAO). Tho movemeo, of lh... ou'bruk1 can b< otl ..rvod by meon. of
SM5-1 ,"..llil0 photograph•. The ,urbidi!}' iIoploihs in Figure 8.1 are l"'rllaUy
blsed 00 .""h photOVlplu.

The IUrbidi'y value. "' Sal, Barbados,.IId Miami .r< nO! highly co"olalO<1 wi'h
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Fiau,.3.4 Vol! turbidity'" min...1 aerosol ooncenlntion (10-' • m·'~ The
up!",' li... in til, FilIu'''' Sal h.land I.d Barbados ...prowm. le"" Oquar•• fit 10 the
<!at> polnto. The lowe, hnt is d,..wn by oyet<> tho.. the lrend of tho 10"'" limit of
B" .t'oool concentrllion
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,.. StlhaTfln Owl

tho aeI"",1 c<>I'W:ftllra1lon as "...uu:red in .wf""e In.l air. nu, ••n I>e n01<d from
Figure 8.3: howev<:r. lhe lack of ,lose cOJrellliQo is best sun in Fi&Uf" 8.4., b. and
< ,,'hleh show Volt turbidl~ '"•. minerIl •• rM coneent"';"ll'. (In Fi&ur< 8.4
rh. Wile symbol••r< u"d .. in Fiiure 8.6.) lnd..d. ,h. mean minetal oerosol
concentrations in II>< I'od. wind """.d lay.. II mlion. in the equatorilll North
AtllJltic ,10 nOl g"'ally diffm1\t (Sf< Tobit 8.3 and Figu,. 8.5). C"""""tratiolu
drop sharply in the ITCZ and in the far .....t<ln Adm,;" (bu<d "" the MjlJlli data).

TIl< mirltrIl 0.,,,,,,1 and turbidity <bta is boll understood in terml of lhe
>clIemalic model of Saharan dult twup<>rl proposed by Carhon and Prospero
(1912). They oug<S11h.l1he dUiI truuport ta." place primarily in aloy<r,rh.
Sah.>.n.n lir laye, (SAL), which h... bast a' 1 to l.5 Ion "od. lOp "' 5 10 7 Ion.
0uI\ is u.".porud down....'d by ".vill1i"" (mOSl eff""live for particle••bove a.
10 "",) lJId by downwlId m;';na through ron"""tiv< .rosi"" of lh. SAL bue,

The lw<>-lay., mo<\el explain, • numbor of O1herwi.. curious r••,n.... in tho
data. Campar., for .xampl., 1ho ph... J min.ral .erosol da,a (Tabl. 8.3) for ,h.
EDdu... r, which ..... locat.d., 19'(lS"N 27"20'W> with that on Sal Isllnd Ot on ,h.
au.,.,01 a, IS'OO'N 3S·OO'\\'. A1'hough lhe Endum dun conceo"otkm i. only I

third to. quarte, of those ot 'he oth.t 'WO >lat;ons, the .rithmetic mun turbidi,~

't. quite comparable: 0.331.0.364 "'d 0.299 respeclively. Thus, the SALoverli..
all three ,tation, and the .. rtlocally in"g<a'ed .. rOiloiIOldin. in the op,ically active
siu no•• Js r.lah..Jy connant. Howev.r, th. low level wind., which lulve a
,natively .lfOl1J northerly compontnt in thJs r<Jion, h... ac<umuill.d IOlativt!ly
lillie dU>I 'faUont' in 'ho relatively short , ..ve"" under 'he layer.

TABLE8.J IoUM... Aerosol Conecn1fO'ioru fm ,he Eq..,o,ial North Allanbc IAmn, CiA T (

~, Fha.. lJ Pb... 111 o-erall

S,ation .M C., 0 .M CM 0 .M CM 0 .M C.,
Land:

Jl.ubad"" ll.8 23.1 " 24.7 18.9 " 12.0 '" " 21.4 0.4 •
~rn 38.3 31.l " 17.2 " • 30.9 ,0.6 ,.
Miloti " ,.. " 11.6 •• " .., '" " ., " .'"' 28.9 23.8 " ·U.7 22.1 " 18,3 12.0 " 29,8 17.S "Ship:
~, 20.2 I S.l " 20.2 I S.I ,
Chane... D " " 41.8 28.3 " I S.I ... " 22.4 .., ,
Endurer 17,9 S,l "

,,
" " " " • 10.S ,.,

"Gillis> 24.S 19,4 " ... " " H ... " 13.1 ,.,
"Malamoto. U 0.7823 I 1.8 ••• " ••• ,.. •

Siriu. 19.8 16.0 " U ,.. " •• D " IU ., "
PIwe I, 26 Jono~ II loll'; "'- II, 19 Job- J9 Ao..' _Ill 20 A"..~13 Sq."

A.1l· Anth"",'", m<on; G~· (;eo"",,,", ""-On.



Man/tori", S<1hJJ,.,m Atrorol Trampon ",
Tho ""I"'" of lh. Mplrom """".,l<nllh "po""n'. " (Tobie> S.l and S.2, FiJI''''

S.2) ore relumly con.tant in the trade wind bell. Erro' analysi. sugcsll that the'"
i1 no siJlliftcanl diff.,..... amongSt ,h. metn valu.. at Sal (0.360). 01 lb. <;om­
posit< ship position at IS'N n'3o'W (0.2S6) .nd at Ilarbardo. (O.28S). Th... low
alpla., and lb••nendant n.utral "tinclion.•ug..t lbo, tho Junge ';:.e distribulion
panmele,.~, is close 10 two. This i. in lIJrCemenl with .... distribu,ion meowre­
ments made by Savoie and I'roopc,o (1976) who found thu Ibe normaliz.d
geometric moan ponicle numb""i.. distributions for ,h",. m.jo, dUlt ""tb.....
p.ning oYCr Sal had ~. 2.1)2 1 0.29 in the $izc range 0.5 '0 1.0 I"" diameter. In
ctlntrul, n""...id '"Aion ..rosoIs ha... ~ n111C1 in 'ho range 3 10 3.S which U10uld
yield" value. of I 10 !.S. Alpha n1"", in thel.ne••.""e a.e seen in Miami durina
those period. when Sah.ran .erolOb arc no' p....n' in significant concen,ralion;
con ne1y. lh... i. "endency for low,,'. '0 obtain when Saharan air porcel.... in
the The ,.latioMbip of" 10 Saharan u-rosol concen'ralion i. be" ..en in
Frau" S.6; h.... Ihe do.ta point> a.. coded occtlrding '0 colour wi'h lhe symbol (")
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'"
rep'...ntinz ~·bro......o,owL (,) rep,"..n'inl block Ind (_) r.p.....n'ing mixed
black and red-brown. 11>,,< is a dOl, 1endmcy for low a'l 10 occw in wociltillfi
with fed·b,own .. ,0001 and hich in llSOCi.I'ion with black ..,"WI. There is •
certain degree of ambigui'y in lhe lations/up bec.u~"r the be' thll the ""f"""
1...1 .i, mo.y not be "'y rq>rO$<nt.ti"" of tho .."",ally intellaled ..,osol al lh.
site. Noo.thel... , of lhe 28 dlj'1 when" '01" &rOO'" ,hln 1. black ..roool.
dominated On 15 daYI. ""xed .clour on eigll and ..d·brown on five. Of Ih. 39
doy. when" was I... than 000, black occurred on 12. mixed on six and red-brown
on 21.

The persislef\C< of low a', in BarNd.. and Miami in Ih. pr..... "" of Saha,"" IU
Pl'".1o is COlUuttnt ..i,h 'he size distribution me"Ure"",n.. It 'hese 1000lk>t1l:
allhoUj;h the mean ,. for lh. Au ,.".. 0.5-1 "'" .... ro SOITItWh.t bight, 1han that
It Sal. the differ<nc•• ""<le nOl signifkmt Ind 'he combined mean for aIl1hr..
'1I1io,,, ..... 2, 18 ~ 0.13 (Sa",;'" and PrQ$l"'ro, 1976). 1.0... 0" n1ue$ aw..r 10 ~ a
cltorac:.ri"ic futur. of air m..... over, or .manllinl f,om, .rid regions (Roosen n
111.,I!nJ).
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CHAPTER 9

East Mediterranean Trajectories 0/ Dust­
carrying Storms/rom the Sahara and Sinai

ABSTRACT

" d.taU.d study of d...rt duot "ochin, .nd .mtin, in brad indio".. thot ",m.
25 miilion Ion' of du.t fe.oh...nnually Ih. rut \I.elitert",.", Bui" ",only
..,nli", inlO the M.d".mnun sea. Comp"t.d traitoto';.. of the du" p.rtiol..
oho.....d that th. dun on,in.... from Ih. Uby.n, [,,,pt;'n, Sin.i, .nd Nos.v
desert•. Q","tilY and "'<>0 partiol. si.. of the d'posit.d dUlt in Isra.1 deereases
with di.to"". hom the des.rt as dUll ....sh.d O<It by rainfall i. fi""r ,rain.d than
dry du.' uttlin, 0<11 in SUbl. "mo.ph«;;; condi,ion. in the d...rt fnn", "pons.

9.1 INTRODUCTION

Atmosphoric dust pon.""t.. inlo brlOl in the rainy "'d Ill< .prin, .....,RS ""'.n
barom<trio: cyclon•• crOIS the uOl.m M.dit.rran.an Ba.in. M ur.m<nu of su.·
pond.d and d.posi,.d dust ....r< c..ried out 0\'<" ptnod of 6 y , mainly from
19611 to 1913, in J.rwalem lod It ..""US climatoloJical station. or lsra.l. 0.«
1200 dust ..mpl......,. obtain.d by differ.nt instrum<na and m<thod. (Cano"
1975).

Dust conC"'tll;"" of .U>pt"d.d dust with h.ight du,;ni '''''' dust storm. in
J.rusal.m 1$ indicOlod in FiJU" 9.1. Th. ,r;tin si•• distribution of dop<:tsitod du't It
......ral Slilions collecled dUM, I MJI. dusl storm i. shown in Fi&U" 9.2. Th.
st.tions Of< am.ng.d from South (A."j." Ind 8oe,·Sh..,,) '0 N<>rth (K.f.. Gil.aeli
IIId Mt. He,,,,,,n) indioltin, • doe,.aMi """0 nu, mainly duo to a ,,>dually
incrtnin, clay conten, .. the coo"" silt pupuillion .. ttles oul on Ihe frinses of the
desert. A simll.. trend is oolained ...hen 10talann",,1 depulilion is calculated... h..
been reported e1o<""'.re (Valion and G.no" 1975). The total ann""l accretion
d«,u... f,om the ..mi..rid to the .u"ohumid Medite"anean '.gion and ,moun" to
some 50 to 200 ton/km'. Thi. <onst.nt acc,.tion i. identif.."o\< in the ..,U.and has
had I .iJflificant effect on Ihe oOlure of tho soil. of lone] (Voalon .nd Gano,.
1973).

The usual cnmpu<ilion of tho clay mineral·f,... f'il<1ion' in the dust was
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F~,< 9.1 Dutl eono.nuotion ot
.atio~. boisl'" dU'in& two d..l
"orm; UI 1972 111 lh. _0 1plllin of
h"".1. The mO<bl n ,fao. con·
con, ...'ion d~,i". dU<')' d.y. i.
1011101' or 10 to 400 limn nlOrt
'ban d~rin& cle.. d'y, (One foot
.q~'I. 0.3048 mtl,n)

35';\-45~ ql11'IZ, 30%--40% wei.., 10%---20% dolomite, 5%-10% r.!dtp" ""d
I... lh." 1% holi". Clrbo"" ....." common both in lh. oill ond in ,he c1IY
f~_tion, .om. of it "' fon.1llS and calr: ...ous "anoplanklon. Arnonl lhe clay
mi".n.ls monlmo,iI!onilo and mixod layer tnlne ..1s ItO dominant, [oUo".-ed in

19 O~ 13

~1 ~1".. ""1 (U

PAFmCLE D1At.£TER pm
Fill''' 9,2 eum~loljyo pain ...0 0\1,,,,, fot d~'1 colltcled
du,irl& the "0101 of April 19. 1973. SOle ,h. d.cru.u.& coat..
•Ul con,on' .oinl from 'he dekrlic So~th (Mdu, B.., Shev.)
'0 'he Medile",,",a" Nonh (Kef., Gd01di, .... ,. Ii"mon)
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JUNE

SE:PHMBEIl

OECE"eEIl

F~r. 9.3 froquency of wind direction. dutiJ1l; dust'form doY' (risibUily
.. S km) ill JeruAlem. 19S1_1L Numbers ..e 10111 numbor of "l>o.rvJ.,;"ns



'"Trt1j~lorln ofDr.Sl"''''7J'I~tSrorm' from 'h, Sah= "~d Siflill

abundance by ka<>linile, some illi,. and palYlonkile. 'Tho lIIgu1.. ohap«..,d ,ou&h
'Urfl~ morpholosi.. d ..rly indiclle a de.." w.,lhorlng ond origin of 1M !I'IInoroi
pa'lide,.

9.2 TOTAL QUA~TlTlES TRA~SPORTED

ulimal.. on Ihe 10111 qU..,lilY of dust ..med durin. selected d"'l .to".... h"..
b«n mode on Ine buis of obse"..li(In. of 1h<ir ..eol oxlent. visibllily. d"'t
oo""en,r:I1i<)n, wind .pud lnd dUra1iOtl of the stonn, .. indicated in Tabl' 9.1-

II con 1>< _n lhat during l ,/""" dUrilion "o,m (less Ihan on, day) abool on,
milli"" Ion. of ."'ponded d"" II b,ougb I into Ibe h<1 Me.Jile"lIIun Bum Durin.
Ih. mo.. exceplional long durOliOtl storm, (.....rll dl)'!) 'heamounl in.,..... to
.boUI 10 million loti< of dust ond ex",plio"aUy 10 ''''0 0' thr<e lime. 1hi! amoun\.

Th' monlhly frequency of 368 d",ly daY' in Je",!I!em, by wind dire"ion. i!
shown i" figure 93••lea,ly indXollins,he dominonce (80%) of lhe !OU1h-'.'~Slern

and ",.,Iern dust "or..... durinllhe fou, months Dec<mber 10 Morch. Easterly dUl'
.to,........ very exc<pl;OtIal (y... lon and Gtll1bo"'I, 1966~ The "".go number of
dUll Slonn. p'" y.., i. 10 to 12 (GanOf. 1975; Kmoel!on. 1970).

,

c....o

- ""'............. NT ." ;, ... _".• ,."

- - ., ,or. nn 'U I." •• 'or. I." __ ,., '.70
____ .. "or.

FiJu,. 9.4 I\lrtlcle tI1jectorie, for oeIected rOCio",,-1 dutt tlorm.....owinl 'he
ul''''''-IO<1 Eo,! Medue".".." traj«:tori..



9.3 TIItOUSTTRAJECTORlfS

Tho< I<u'" InjO<'ories of lhe d.... C&1f)'UII ..""". wore calculal~ {DJwI<. 1116\;
A""S. 1968)tnd arc 010"..." {Of I "umbt' of ......... in Fopue 9.•

Eanh Slldh<c pbotoO ...... "so ...d 10 <*e"c 1he """ICC ......d u\C11' 01
lhe"'l~ (F..... 9_~\. Bolli the CIikub<cd t"'.I""'ona and IlIlCltol""'Pcai
....).. of 1)'DOpI", prtIIllIO>J>Illffllt du:tr m<b:llc lh.- tlw i..tIyM. EI)'I"iu>.
SoNI. _ Nvo d"""" are "'" ........ lOlIl'or .... of thc cluJI ,eadlirl. "'" £au...
)lb.:Iu.'rMtID.

,
.<

r ...... 9,s Acual ul.'" 01 Ul. N.,cla 21, 11161 II.... "'or..... nac""
{,on> .I<lhl. pbOlO" .,ponIlItP'*d 0_ Ul.OY"""",,_P



T""«lori~. ofDtm-carr,',ng Sloml. from lhe Saha,. and Sinai '"
The me'eorological .naly.;' of different aynop'k p'e«ure'p,""rn type' showed

lwo ohlrac,.ri.tic caU<e' of du" norm•. West<rn du't ,torm. we,. brought lbou'
by barome"ic <yolon.. p...ing the E..lern Medne".nean Basin (Cypru> and
·SoIa..' type depreuions), ""hile the rlIe e;Ulern duSt Storm. oo<u"ed wh.u • Red
Se. trough pen<lrlled from 'he 'ou'h Or when 0 "",11 depreuioo developed in lhe
Jordan Rif' V.lley .nd north.,n Negev. Dun plrlicb become .iT-borne when
>.tmo,ph.ric conditions ore u"'toble and when "rong turbulent wind' are in
e";\t<nc<. ThO\< conditio'" <>ceUr when the w.,lerly ",ind, pa$$ o""r the wide nal
wodi< wi,h ,hei, ocoumulo,.d 110M deposit> (y..l"". 1969). Part of the du" i.
rode posited locally 1ft... rel.tively dlort trmspon but moSt ;, carried to the
fring.. of the d... rt (Yulon and Dan. 1974). Sealing of lhe dust i' effected by
precipil.tion and 0100 in "obi. um<»pheric oondiliom.
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CHAPTER 10

Saharan DUST SedimenTaTion In the
WesTern MediTerranean Sea

K. G. E~IKSSO»

ABSTRACT

Th...... l>ordtriol N"ttb Arrie. ,ec.ive yufly a .a'Yin. omount of ..-in4-botn.
m.ttrial, whicb .,iIl be incorporat.d in tb. l>ollom ..dim.nlS. In tb. \\''''ern
M.dit.r....... n s.u a sWim.ot <0... 1Ia......n con«'ed at a deptb of a!>oll, 2.800
m.ll'.. between Sp";n and ..\.lJtria and inn$'ip,ed concernin, ill ""oun, of <oIion
m.,<rioJ. " le<ju.nce <>f. distin<t Jay.,. "r ...ch m...naI is d.scribed and approx­
imately dat<d by tb. C·14 metbod_ Comp"nil'dy I.... ' amount. of ..-ind·born.
material of Dlt-oil.. b."" been brouJlllto the in.... ipt.d ......pecially durln,lat.
~ilddl. WUrm and .arly rost Glaci.ltim<.

10.1 I:-.TRODUCT1QN

Wind-borne ma..,WI cons,itut. an Irnportont pIn of tbe marine ..d1m<nts in
the <>:..n. and .... bo,d.,inl Nonb Afriol; lo<:ally 'b.y ""'y be ,he ""'in part.
lkpmdin, on tbe t<lPOlfaphy and 'he main wind directio", cenain ...........«i...
mor. dus' than Olh4rL The amount of dus' is al...y.hlghe$' near the rou' and 'he
P-Iln liz< as ....U .. 'he quantity is dec,euinl in, distal direction. Durinl the I...,
3OJ)(lO y.... the f,,,,<>Olley of "'001 dUllt "orm. have .aried <onsiderably ac<:ord­
in, to the in...stiption of """'" ..dimen, co~ f,osn the We"em Med'terraneln
s.a: in this report only the ...wu from on. <ore. <all.d No. 210, is dC$C,Ibed. Th;,
..diment <or< WII roU«ted from the ....arch ship 'Albllro..· by 'he 1947_1948
Swedish Deep-Sea bptdition led by Prof....,.. fhns I'<u.rsson (1957). The cor<
sil< i. cenlrally located In ,h. ""uthern part of tbe Algie"-I'r""en,,al Basin (Fi$ure
10.1).

10.2 RECENT WJl"D-BORNE MATERIAL

A> an introduction 10 th. d..cription "f """'" ..dlment llye" of wind-bolne
mOl.rial in lhe We"ern Med"e",n..n Sea a <:oople of eumples of such dUll' found
in Europe and oriJittatirtJ from North Afric' will be bri.fly des<ribed.



o-

,.",'"
• •

_.
•w

, ,

2 ~ '7

g . I

, .

• •, \ '1 '
K' .,/ 'J •

, · -/ :> - 8

~ .
;!

,

':7\ - ~'"C:7D
VlSltlOl /

•
-~

C-/
•,

, •
• =

~l
,
••

·

•

0

••

• I Q.
.- ,

0

•

•

« §

• )

• o.

·
« "'-

"
« .' - "

0
•

••
~

• J•

·

-0
« i

•
:

·
('-. . ~-.

•
• ~".:(~ ~,
u
•

• • '£



'"
•
"
"
"

F~ ... 1(1,2 -- Number of .nd "o,m> in the $0""..
iol936

Number of dust fill. in Europe in
1936

(afte, Gllwion. 1939)

Studio' of modem >*1Id dunes show that ,11.". b. definite relatiQnlb.lp be,,,,,,,n
the 4l:recllcn of dune mip.tion ."d the t<"'e,alltmosphe,ic circulation (OJbief,
196J; Opdyke, 1961). [n ,"" !WI&,. Destrt the dune' .... movirll p",dOll'linlJ\'ly
s"luh....., and pa,alIel to \he trade windJ. In the Medl""'Mon "", on lhe other
hand. ,be dune fields .... movinl lI'IlinIy ...,war<U becau.. w ... the ...<Storti"' ....
the domin""t wind.. Th"'" two fae.. 1'1\11 the fact that 'h. W",em Medi,e"allUJl
Sea is surrounded by hi3h mount,in ran"s "'a'" thlt the majo' part of the
sand-oized mlterialt",nsponed 10 ,h...a by wind is d.,ivtd f,om these mountain
atta. 0' the coastal relions (North Africa, SJUin lJId F'lIlce) and nol f,om the
Soh'''' 0...". 110 <•. du~nl olmos! the on,l", ye"....,.dally in lutumn ""d
'P'in, when the'" clwlgo. b.' .....o the win'" and summer Olmosph'ric oire·
uhlion. there ore n'llmy sand "Omu in 1M Sahara and North Africa. A, tim.. th...
sand storms lmupo" ,h. fl11'S! mat.riol. th. dus', no"hwlfd over th.
Mediterranean Sea, (FiJure 10.2)' Also, '"' rare """..ion•• win.u ore W Una·
onli"",ijy SIron, and po";St..." that dust hom tile Sahara can b. ,ranrpo"'d 01 far
nor,h IS Scandinavia.

[n.... ip'ion. of many of the V'" dlU' Slorms in cen'ral Europo durirtlthis
cm,wy hive sh"",n tha' the mineral usemblaJe of ,lie dust Imom, from North
AfriC& and the Sahara ~f\ i. flirly uniform (Thowet. 1908; Radc...wski, 1937;
1939; Gaube", 1937). As early II [90[, II.Uman and M.inardllllltow.d ,ha'th.
principal min.ral in ,he Sahara dus' w.. QUirt., many of the ,12ins !>eina ....11·
<Ol1Ild.d, f'o»ted, and covered wi'h a mm of limonite, with .ubordinate l1I'IOunll of
mica. calcit•. f.Isp.... and limoni«. The ao:essory millO,a1. were usually IYPlUm.



hornbl.nd., 'ourmalin•. pm." mtgIeti,e, epidote, 'itonite, nlt~., llId zi"",n,

None of ,he ~ples ...min.d at thal OCCziOlI contained volclllli' gW$, but many
wnpl., conllined abundlnl pion' ,.tnlin, and diatoms, tbe 1111" of 101m. IS wen
IS of f,esh ...t., orisin. Th. pain Iize of 111. materill in.....,;p,e<! ronged belwun
O.(m-lHXl7 mm.

COlz (1936, p. 221) describe<! an importln, dral fill over A,,,,,, in Swi,u,lInd
in 1936. This dra' consi.,.d mainly of clldl' f'ap>ena with .uhordirulte ImounlS
of mkl, "hllcedony Ind qUlm Ind mO>1 of lh. pallid.. were co....red by limon.i'e.
The V"in size ringed b.'.....n <I and 100 pm: 5 prrI "'1' tho medi.n Jilin 'i",

Slumper and Will.ms (1941) hive .xamined the Jreal dral fill of Morch 291h,
1941, II Lux.moou'J in whkh lhe mlt.rill <8 prrI (33%) con.ale<! lI\IirtIy of
qua"z (39%) and plan' ,emlin•. The me.n "alcium ",!bona,e <:<m'enl ..., ~ and
,he limonite ""n,enl 9.5%. An .pp,oxitnllely simillr composi'ion of the,.me dU>,
d.posi' WIS found in ~br.. il1.,

Wind-blown dus', probably derived from ,he Spanir.h Sahlra, ""neeted on. <hip
in 1%2 w.., of 'he Canll)' bland. Iw been described by Gome (1964). This du..
C<IlUiored rttIinly of '1&1'...,,' !WIides (moslly qua"., micl and eily mine,"ls,
det<trnined by X-ray), calcite and rounded 10 <fflli.,o""ded, uncmled 'I"''''
paina. More thin 80 pe, cenl of the dral portid.. ""er. belween 5 and 30",m in
~.

The.. and o,her minerll"licl! in\'OSlipllon. of ,h. modern dust f,orn North
Afnel and lhe Sahan 0..." .how 'hat ill principII compo.... nt i. quam:, PI" of
which ia ronr>ded and f'<>Sled and some'ime. COIle<! by I thin mm of iron oxide
(Eriksson, 1961). Nexl in Ibundln« i. coIdle Or mic•. then plIn, retnlins .nd lhen
00:"101)' h.,»' minerlls. but ""kanic gloss ia un,,,,o,d.d. Th. moll f""....ain.d
~USI u.ullly ia reddish Ind ,b. cOl'''"pain.d dUll }'oUowilh (Rod"zew'b. 1939:
p. 491), Gro,n..i.. analyse' of dUSl parlicl.. collected on ships off th. W.., African
"0"1 show lh.. the particl.. g.netally Ire I... than IS It'" in diameter (RadcuW1ki,
1939: p. 498), wher... th. median values of PI"ieto. eono"lOd in c."llli Europe
are usually sml!ler.

Th. dune and ,""d field' on 'he ""..tal Ire.. of the Weslern Medi'erran.an Sea
are fairly limited in 'i.... lodlY. bUl during tho ".g.. of lowe, ... 1"'01 th.y were
more utensi... Quirt. i. u....ally the domini ling minor.tl. In \..lie P!ril1ocone and
,,,,.nl sand dun.. near 8Qn. in TunisiI tho quaru conl.n' is 60-80% followtd by
calcium co!bon"es, mic.s, f.!spars and h.a»' minerols (Moussu ...d Moussu, 1952).
Locally in Tunisia, how.ve" some bed. of IIlld·.i....d m.lerial con,;'" mainly of
calcium carbona.. f,"gments and i' ia cllled "lIearoous sand (Casllny, 1952, p. 83;
NOlin, 1958, p. 9S).

1O.3.\IICROSTRATlFIEDSEDlME:-'TS

Three lypes of micro"'atified ..dimen' hi"e bun OMerved in Cor' 210. Only
on. 'ype ;, of importlllC' Ind lhi< is d'sir;rll.ted 'micfosllltifted "''ind-born<
m"erial' (Erilcs<on, 1965~
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fiJu ... 10,3 Mic'OI,,,t;fied wind­
borne maleri1l. Thin ...lion 133.1_
72'J.S.m in Core No. ,10 (10 lime.)



Slmal'lmD'<II

To 'he nued eye 'M moa oonspl<""'" f..ture of the p,;ncipll t}'JIO of
mO;:ro·llratifi.d sediment i, the thinly lIld regularly laminottd ~Iruolure in which
COiIne sill lIt.males wi'h Silty day. in the form of laminabon•• a fraction of a mm
10 a f.1II nun in thickn.:... Thi1 is rep..t.d through sequenc... up to 1/2 m In
thlckn.... with remarkable r.gularily. 'The se<!irn.,,,, are <;1oa:ir",d IS marly,cl.y.y
.ut Qr silt. usually highly mic.""o..... This rype constitutes about 12%(107 em) of
the COre and is ob..rved in 1 be<b. hUing an .wrage thic""= of 15 ern; 01...
lIIelI-d.wloped lamination has abo !>een ",,!iced in • few smlll '"<'lion, of the
ordinary heterogeneou~ sediment'. A bluishllrey shade dominar.. in the l>eds of a
Wurmian age. while yeUowilrey predominates in the Postg!oculsedimenlS,

In the bed 133_7230m about 200 laminae were ob"Pod In a ..dimenr
thlckn of 1cm and in th. b<d 590-541 cm the urn. thickness cont.ined
ber n 10 and 100 laminae, lIo.....'.r. in the bed e""mined only the main pan iJ
lamimted and oth.r p,sm lI. noo,11..,ifled. No sign' of erosion were ob..rved
within the beds. bu, ,h. bast usually correspond. to a .... rface of dil<»n'inui'y
(Figur. 10.3).

'The amount of siI'-oil:ed mal.rial Ovtrages 70 per oent, clly-$iud about 29 per
cen, and .."d..iud I per «nr ooly. Th.lo'" sand..oot... t is not<Worthy in ';elll of
th. hi$h precenla&e of silt. T"'0 .raln.w.e curves of this ..diment type are .h",,'n in
Figure 10.4.
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Fifure 10.4 Cumula'ivo curves of ..dimen" from Core No. 210

(1) Ord""'ry, bomo,enoo,," sediment: mean of 71 pipen••lIIly....
(2) Ordinary, boter"",noo,," aedimenl. mean of 22 pipette an.ly.."
(3) Microatralified ,"nd-\xxne sediment: mean of 8 pipetle ....Iy... ftom

bed 312.0-284.0em.
(4) Microa'llItified wind-borne a<dimen': ..mple 309.S em



Filure IO.~ Pl.nt f .."".nt wlticb """Un wit!l 'coaly roda' (120 tim..)

A ""rr oon>picUOUI f•.,ure of t!le mkro<',.lifi.d bed. II 1114.s, 733.0, 331.0,
312.0 Ind 7.5 cm is lhe ""ry hiJh C01Il..., of minu'. rica flakes, probably mlinly
..,id,., dopo<i'ed p.rallel ", ,h. plane of sedlmenu'ioo, somelimes &ivinS lhe
..dimen' 0tI lImOSl "holy' .ppe"anc.: t!I... bed..... 1I.0 cn.,ocl.rized by • his!'
oon''''' of 'coaly ,od.·, ..'hich ho< been in,erprel.d .. being t!I. Ish ofbu,nl grl..
(Fisw. 10.5). Fragments of 'obni< 11'" Ir. mo,. f,oquetll in lhese bed, 'hili in
,h. olh.r ..dim.nts. Th. roc, 'hot voleOtlic cia.. ond 'COlly ,od.' Ole depo,;ted
"'Flhe, i. cotuid.,ed .. "';d.nee of th.i, COOlin.n'lI, ..ind·bo,"" oripn.

A1thoup I simiLl, mic'o<'n.lif..d ..nrclu,. is .xhibi,ed in lh. bed, 590 aod
65.~ cm, the con,enl of min i. """"nhel... low IIId 'coaly ,od,' do no' """u,. The
pecutior mk'O$uotif"'>liOfl b tM,efO,. a f",,,,. lnd.pendon, of these ecmpooen,J.

The componenl which p",dominotes in 1M mi.,,,..rrllifi.d b.d. is COrbotll.I.
which auain.....lari""ly hish 1.",,1 in spile of lh. low ecnl.nt of foraminif.,lI
le.,l. The meOtl v"ue. C"C"I.l.d f,OOI 64 lII ..y.... " 41)%. due m.inly '0 ,h.
p"""". of I large amoun, of miCTo<rySllllin••a1oU•. In ,h. f,..,ion > 31 "'" the
COn'en' of '.rri,.n.,.... min., o'pnic detri'us, opoq... panicl.. lIId f,,,,,,,.nlO of
.iliceou. o'pnisms hi. iocr d ,.loti,.ly 10 llli of the o,din.ry sedimenll.

The principal non-o"o"""", compon.n, in lh. '.rrigenoul.ssemb~ei. qu.m,
wltich, ho",.,..,. occua II I low., pe,centage lhln in ,h. ordin.lry sediments. In lh.
heavy min.,lI lSlemblllle the amphibole/pyroxene min.,al. ar.th. moslabundlnl
(.""rage amoWlt: 0.3. %). N.xt in onl., come. p,n.I, loutmlline and zircon.



""
Most of the Wlidin.. OOKf\'td in cor. 2]0 occur in this ..diment type. Tho conlent
of mi<u i> actually hii/lor til.., thaI shO'>T\ in lhe waly... bee'''''' mOllY of the
IWlicle. cl1S!ifled 1$ 'opaque' cotIsi" of mica thk., dtn..ly o<»led with i"'n and
lIWIpncse oxides or hyd,oxidt$. Hilh COIl=Ultion. of opaque panicl.. ha,'.
mo.tly Men ob..,,,,,d in ,h. mic",..lralif..d ..d"n'nl>••.J. II lho lev," 81l.0.
730.0. 309.0. 3M.S, and 45 em. Morro.er, ltcdi.. of thin "'lions of the ab<we
rnentionrd mlcl-rich bed .. "v..kd Ihlt the amount of apallue parlid.. ",rn, to l>e
more abundant her. 'Iwl ....,,·h.« in ,he oore.• r...o," not ""..roe<! in any other
..d,mtnllype in the .",e.

In the....dim."" are alw found ,he Iarll''' amoun,s "f organic de,rit ....
(''''11" value: II .~) "'0' measured in co,. 110. The amount ofo",,11k "",lIt"
a> d.,erminod cb<mically i>. on the oth.. hand. "!>lively low compared wi'h th.
core.."un, which i. partly ...o<i.tled with the coarse V.'" si•• of this component.
The mean value of Fo,O, allIin> 3.S,," which is fairly 01"", 1o lbe "","'nean. Thi,
is p,oblbly d... 10 lhe coo'inl by ir...n o><ide ob..rv<d on many of lhe mi"'ral
pains, In addilion many lominH in the ordinal)' ..dimenll, rkh in wind·bome
mllerial, ",,0... 1 m.rt<d incr.... in ,h. iron-<lx.id. conl.nl.

The p"",IUfe of lhe mkro,,,,"ifi.d ..,dimenl is .uch 'ha' lh. d.pooition by
"'"<r curr.nll Ippears unlik.ly, Thus, II) it. blsal oon!let is a rairly sh.rp ,unace
of disconlinuily lackrng ""rupicuou. JiIJlI of "01ion; (2) ,he """'lure i' nne of
all.matinl. bUl indis'incdy d.limil.d, "'l)' 'hin l.minH. many of ...hioh ""nLain
'c..ly rod" and volcanic aJ.au, and is lheref",. Il)1>icll of ounenl-d'pooiled
sedim.n" in core 2]1); (3) lim011 all tlOnil,ed or fiat pa"icl.. Ire ori.nlod parall.1
'0 lhe plane of sedimenUtion ...hieh .ullll"" lIut oalm ler """dil;on. obtlined
dwinJ d.position. In vie... of lhe ..I"'" unIform Vlln"'; nd rh. hiJh oontenl of
'c..ly fod.' lbe p....nl IUlhor hl$ interpret.d 'his muclure ulruinl from I mor<
0' I... rhylbmic .upply of wind.oome material. Th. mine'al ....mblall" wi'h ilS
hiJh conlen' of mic,ocry>lal!in. c.alcil< i. ,u88"*. of • wind-born. matetial of
loessic <:h,raeler.

10.4 P£R10DS OF HEAVY DEPOSITION OF "'l:-iD·BORNE MATERIAL

Th. dUSI-mal<li,1 is derived flom thfee principal [<J,ion. adj,,,,,nl \0 ,be W.llern
Mediter..",an Sea. (1) lhe Sahara De..", ",hich 1Mrn< '0 be lbe most common
KlUn;t of dust lodlY. (2) lb. 'tabl.lands· in Spain. Morocco and A1ll"ri.. and (3) lhe
oo..lI.I ar..., ...hieh dU'inl the Jlacial periods ...... more exlen.ive thllllod.y. Th.
inve"iiltion Jives no ,.Iiable .>id.nce. of lb. provenance of lh. dust material in
lbe mk,ostrl1ifl<d ..dim.nts. The rela'ively low conlenl of mic'ofossils .nd ltiJh
trnOlIfIl of'desen ..nd' indicl,., h"....vor. 'hl1 lb. SOUrOe 'r" is • desen OJ •

..mid...rl.
The time-pe,iod. memio""d belo... arc b...d <>It daling of ..Iected bed. in lb.

00.. by lhe r'C melbod calc.reow microfo.,;is >44"", (OllSOn. 1959; OIssnn.
1960; Olsson .1 01,. 1% I; Olssollllld Blak•. 1961_1962; Ol""n ""d Kilicci, 1964;
Olsson and Eriksson. 1965), Th. datinp are compared with chlllg" in th. nurnber



of the mo.t tempe..tu'....n,;"'·. 'p.,du of the fo..miolf.ral ....mblag.. lnd wilh
Olh.r fUlures of lira, ipaphic importlnco. Of many rea",n, it h.. not be.n poosible
10 do,. the diff.ren' bodi ui'h mt<fOiI,ratif..d wind-bor... malena!, and th.i, .g.
h.. thordor. been .."apoloted from dating> of ,wabl. lay.rs below and obo..
(FiJur. 10.6).

In tl>< ..diment cor. 210 app"an 0 f.... period' when th. deposition of
wind.J>om. m.terial has been mo,e pronouroce<! thon normally.

10.4.1 ""'iinn

Tho oldut mic'<>-I".tifi.d bed m core 210 (814.5-809.0cm) i. rich in mico.,
'desert quart:' and ...lconic gl.... This bed ..... I"obably d.posited during an ...Iy
port of the Paudorf-Arcy Int.rstadial; il might aJao ,.pre..n, an _illotlon caused
by on ic. advance in ,h. l<>oSl rt!een, II ..quence according 10 Bonif.y (1962).

n.. """"'d mic'o-slralif><d 1>«l of mainly wind.J>onte material is 10 cm thick
(733.0 to 7:23.0 ern). This bed is also rich in mica and, in addition, it h., th. largo>!
amoutll of 'coaly ,od" and volcanic glass found in core 210.

Tho chronolo[lical posilion oftbis bed is ""certain due 10 Iii< lack of "e dilt;"l;
an .xt..polalion f,om 0 dilting m.d. OIl 1...1670 <:JI1 glve, a 'IOlu. with 0 mllflitud.
b<t..... n 24,lXXl and 25,000 y••rs corresponding to .n ••rly pm of the W~rm ill
(Brandenbu,g ic. ad=..), I.•. lhe d.potiHon of the oldest sedimenu of l<>o"
,k.nt Ill, During lhi' 'UMtq. uf .."... cold Ind rather dry climatic condilions. I
"<I'pe''''I,,"Hoo on loess Ind <and deposilJ is known '0 ho...xill.d in Europe as
....Uas in NOrlh Afric. (Qu...I, 1963).

Tho .o"....,'ion. 675.0-663.0 om, has boon dated by the "r method. Th.
rosulting age coincides with ,h. Frankfurl ic. ad..""•. An .xtrtpOl.tion based on
Ihi< diltinl 'uggooll thot thO$< ..dim'nlS ....re deposit.d Ipproximately bet......n
24.000 and 18.000 y.an "10. This v.1)' .old and fairly dl)' oub".,. of tllt Middle
WUtm is con,id...d as boltll I l"incipa1 tim. for Ioe" deposition in central Europe,
""d it is th.refore """....h.t surprising that ,It< con,.nt of 1"... i. n"l more
promitlmt in thi. plrl of co...

Nut followt the thick." (490m) m""""ftlift.d b.d in c"re 210, 590.0­
541.0 em. This bed contains no 'coaly 'nds' Uld the tmounts of organic d.lritllS
and ...konic gI... IU comparatively moder.te; the 'errigenoll$ min.ral bbF
is dominat.d by micas, chi.fly bi"m.; quartz and heavy mine,aU rath..
commOn. The sodiment ;, conlid".d to be loessic in char.cter. Du. to • low
om"unt of foraminif.ra1 tUll litis b.d hIS nolbeen "e-dtted, but a<:<ordillll t" &n

exulpolation from the dated 1....1 347-337 em the bed !Illy have b...n depolited
.b<>ut 18,000 yelrs '10, Or during the Itter part of the ml:tim"m extont of Warm
til ice advance. During this time of cold .nd dry dim"., the l<>oSl rtl<.n' III WI>
depo.it.d in ",uthem France. Th••xtonsion of bed 590.0_541 em is tentoti""lv
corr.lated with the extensive d.p<>Silion of loe.. which look piK' durinl th. 1.",
part of the Warm glodtti"" (G,ou, 1962163. p. 62).
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EXPLA~AJlO" OJ' SY~90LS

I::':'~j W,nd_bo,n." m.'.".\

1Z:d.. "D..."..
• •• o.nd'·

""".er,OloU'n.,.1",.
~I.n'

'",".,nO

"yd'.".,I,'.
P"m.,y ".~OO".d

mo'.".,

"«'00".1<10.0, mo,nty
.... 'nd· ba,o. H<I,m.o'

Fifur< 10.0 Slr>ti...pby "00
approximati.e ohronolOlY of the
mool CM'piOUOUS bed, of winoS­
borne mOlmal in eo,. No, 210

10.4.2 I.l1e \'iiiml

Durin& 1.a1O I\'UmI or from mool 17.000 10 10JlOOy..n ogo the depooili"" of
dus' in the ...lgi.,,-Pr.....n,lI Bl$in ...".,. 10 h_ been comporatively limited. Only
one miorO'''Olif..d bed in ,be 1.at. WUml period i' 'eoOC"i«d in co,. 210 no"",ly
'he "". between 331.0 II\d 326.0om. The Iedim.n' is rid in mic.. ""d 'COlly
'od". Acco'din, to U\ ..It....llted dol;"" lhis bed W2$ prob.lbly <kpooi'ed dUring
Younger Dry.. (11,000-10.000 B.P.). This ptopoW 5«ms plausible sino<: It 'bol
lime ,h. d.position of Loess tkenl IV in soulbem Franc. continued ."d in the
SohAJ. the arid climate of Steppe time 'till pe"'led.

10.4.3 Posc.(;Jocill

Abo'" 0 surf... of OTosion ot 312.0 em lhe'" is I bed of mic'OJ1ratif..d m..nUI.
28 om thiok (Fill'''' 10,7), It 1;OO1iSl1 mainly of miclOOl)',uJline elldte ."d
ellc...OIIlI I'"nic1., of silHiu (m•." c.,bonote content· 45%) IOd the p'~

dominlOt tenirnOUl components ... qulrtL. mic.., orpnk de,rltus including



"'

'"
'"'

".

,

,­........
Cot~ ,",.,, ,

....... ''''''
0.0 " ,.",••
I 1 CC''fI~''",

80%0 20,0<00 1 •

80 roo ro..",o 1 • "

s.,,· ••• c.,....'" O..",~.h••
(., "!o)

~ ~ ~

,
/

,- C'" .c.,_ s'"

I' \ I ,
•

,,..

'" ,

'"j
•

j lOO
•,
<

~,
••,

'"'

FiaI'''' 10,7 O"J'llm of th. pain size ..,d 0"1>0",,,. conten' diunbution in
\ho divioion 31 2.0 284.0 om. Th...dunen' is ricb in wind4,ome mOl.ria1

·0,,"1)' 'od" and opaqu. particle<. 11Iio bed is probably ~po$i'.d III 'h< "I}'

t..lIioninl of the "",,·gll.." limo.
A 5 em thick microSlralir..d ..diment bed (65.5 10 60.0 tm) is depot;iltd around

6,000 yeln'" or in lh. bogil\llinl of la,. Allanlic lim•. This bed is l1so rich in
cakil. grain. of '~Hjz. tote'"" wilh quartz and mioas: yolcanic Ii'" is ..~
p"''''''' IS """nas. foi' abundance of orpnic d<n;IU,"

10.5 CONCWSION

Th.is invelliption is to<> limited '0 a]low tenable co""I\11i"". con«minl th.
vari.o,io". in IIIpply of ..'ind.born. matui" 10 the W..,ern Meditenonun Sea- II
...m•. II"....,·" th.r <leo, Ih.. die ""nods of In.n<ilioo f,om on' dimat;c ",riod
to anolh.. ha b<.n ex"."",ly >tormy bringing comparltively ... ry .......moun..
of rellti...ly cootse-iroined wind-borne mllerialto the investiplod .ro..
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CHAPTER 11

The Use of Moss-bags in Aerosol
Monitoring

G. T. GOOD~I~:>. M. J. ]HKJP. S. SMIT", G. O. R. P~RRV,

and l>l. A. S, BURTO:>

Id..Uy. it would b. desirtbl. to oh..oct<riz. ,h. otmo,ph.rio ••wool .. 10110....'

(i) iden'ify th•••00ian du.t oompon.nt (d"';"d from ..id 'esion,)
(il) loo..e th. a".. of itt otilin.
(iii) ..,im.t. itt ttl. of d.poo;!ion to ,h. pound (in<ludirtl; in'<tcoption by

"JOmion)

Suoh inform.tion would ..>ill '" undtntandin& th. Input---<>Utput dy..mi•• in and
around d...rt> indudinl 'esional du.t trllnspcn and indioat••ny dry·nuohinl
.11«" on the P'odu<tiYity of '<i.,.hon rocoi""l dust inputs,

Taoe-ol.m.nl analy.it h......n uoed in .Iucidatin. it.m. (j) .nd (il) .bo", .nd
for all tho.. it<m1 .bo•••• riou. ltin<ls of troditi",," dry d.posit pu,.. ('.1- fllt<t
pape, pad.) and dustfan collocton h... botn usod.

This paper oxplo'.. tb. l"O"Sibl. \ISO of sPOCially cloan.d IlOlpl .. of ""'.
containo<! in n.t, nylon-moall .llYelopes (moo.b..,) .....bo,jru'a for '11_ pUln

Idoa-bap .f'''rr inoxponsive '" ptodU«, c'o I>c sont ...~y by postal ..!Vi« to
.00lytical labot.,ofie. and thus can 1>0 used in I"•• numb.n to m.k. wide-Kal•
•ynoptic surv.y.. Th.y oolloct ...0001 in terllU of pank1. Ii••• and quantity per
unit .... with an offici.nC)· dosely .imil.. to that ofobort pus sward, withou' th.
1lou""o-off, 'blow..,ff Of turhul.""••ff.ct> shown by certain typa of dry'd'posit
PUI', ...bkh m.y tend to und mpl., ape<:iaUy ot ~., ..-ind.-pccdo.

loIooscs 110... hilh catio 1Io1ll< capacity and th... io vir,ually no 10.. of
metallio cl.m.nlS .von und.r period. of int.n.. t'linf.l1. They can thus b< used ..
to,a1 (....., and dry) collce'ors. This u.. fuIly .void. the ne<d '0 o.rry out ..parot.
,ainfall .naly... '0 .110... for ,h. leaohinl of solubl. troCHI.m,n" in dUIt·fall
pu... Iollowini ,a.i....piood ...

!'Tid,n« so far cop.Cled indicat .. tllot n",.>-bap ori,'"atod ".'lIcaUy to face
..nons COMPUS direction. oct "" ........b.. like 'dipol< • .,ials' "" that, for poUutants
"' I..." dioun' emisoion .ourc.. can be Io<:ated. The possible ut~ity of thi, for
id<ntifyinl tho oriiPrU of tr.nsported dust it also diocu".d.
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s..JwTilll D!<sr

Ahhough du.tflll bu:km ..d .ariou. o,h., kind. of dry..Jq><>sit (00) lIld
,olll..J.po';, (TD) ooll""tion de.;,;e. hive t>een "'idel)' "ltd in the pu' 10 ..mpl.
lI'1e e'mo.pherto ..",soL ,,,,,en' imp'o....men" in di,eo' lir·ftltrl,ion equipment.
inoludin& iookul.,;,; and hlgh·""lume wop/e" IIltve pro....d o.pabl. of pro>id,nl
mo,e unbw.od <stimlte. of "'mospheric: consti'u.n'.. Addilionolly. ,he veltly
inc'....d ..nsi,i";ty of mod.m ch.mkal aoaly'kal m.,hod. h.. reduo.d ,h. r.«d
fo' Ih. \"'3" wnple, form..1y ,equired fOf ..aly.is. thus further dec....inl depend.
•noe 00 deposition sampl.",

However. a11hough Ihe dim"ultie. of ..Io"na 'he r..ul" obtained from deposi'
10ul" '0 'he at,ual conoootrl'io", of airborne oon"IIu.n" in tl1,"mbien' ..mo..
phere are ..,.n kno...". ,hOIelIe thre< principo.l ,.lSOn. why d.p<>tit goug.. ,,~1 lilt....
• u..ful pan '0 ploy in our undersWldina of ..rial trll1'port phenomena:

(I) They do nol depend on 'he IVI~lbUI'y of el""ric:a1 po..... $Oppll" Ind
although by no me.., a ",ln1i'u'. fo' 'he d~,,,, meuur.men' of lir COn­
""n"a\lOn (AC). they do 11 Ie." p.e some Ide. of lirhome o<><u'i'uen" In
,.mOte pI""...

(2) Unhke AC pug••. th.y II' not f",.d .olume sampl.". Thu•• in thi....peel
they do no, ,...mble ,he human lunl .nd he""e cannot be "" oooverneruly
..llad to medical ",udie. "' AC pu,,, Oln. How.... r. ,hey do ..n..,t ,II<
nl'ure IIId quarrtitie. of ai!\>om. oon"il"'O" hkely '0 be interoep'ed by th.
gIO>und (indudin, .urflC< Wl1<". ooib and ""g.tI'ion). Hence 'hey Ir< opp,ox·
inta'. me..ur•• of tbe atmospherio inpot of nu,ri.n" ""d poIlutan" 10 Ih.
food·dtlin. In thi! r"p«:lthey ,.llt. u.. fully to oJticul'u,a1. fo.."r)',"'o­
.,.".m and ....ter-qua!i,y "udie, of ch.mical distribution.

(3) When in'''';'''inl Ihe nUM' of lirbo",e material. f,om ..rt.. of meuu,em.n"
in tim. ""d .pace, deposit pUI''' con of'en be mOre infO"""live ,han AC
gau," .. 'hey ""n sholli' the net eff..,,, of aerill trlllSport from on. piaoe '0
1I10'her.

When ,be.. f..,u,", lie leen in ,h. context of "'OIO;.trlO.pol1 studi<. in Ifid
""''', d.pooi' gaUl!<' m.y be uoeful in .ludyin" (aj lb. dry nushin, eff«, ""
",icullural .oiI. of ~irbor11e mat,onulri.n" IOd "'." elom.nt, (IC. Ca, Mg. N, S,
Mn, II, Co. Cu. ln, <1C,) d.ri..d f,om duer"; (b) the ,.neoi. of leohan .oib IIId
(0) ,Ite input/outpu, dynamic. of v"""d-wrflCe ma"rilh in and IIOUn<! duet".

The enwinl paper hiJIiligh" 10m< of the abo..·menhoned differe"".. betlVun
AC, DD IlId m method.lOd e..min.. how fll nat, nyl",,·me<ll plCke" con1linin,
epiphytK: 0< ombfOtrophic ""'" (mOlS-b'p) migh' be lVQ,th trying out .. a
con.enlen' Ind inexpensive .ubstitute for lhe mote tradi'ional type of dopoJi'
p.ugelnd their po>sibl. u.. in fUlure arid zone stud ..._

Urtlo,. otherwise lt1t.d, ,h. 'ype of deposit gauge. being compared ~re ..
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f<>llo.... ,

(a) TOlizl ,Npolir f/1"rt (TD). This i. Uk. a ram pugo with. polyth."" fUM.1 (th.
mouth is ",,..n.d with O.S mm t'ryIen. m.... to exdud' insect.). It d.li.."
d'po$it.d dust and prt<ipitation into a po!yth.ot coUocting bonit (Co..... and
I'tinon 1972),

(b) Dry dq>o:sir pur' (DD). T1ria i. ~tially • flot horilonta1 pod of f~t.,_paptr

pr01ttttd .bo.. from rain by a >h••, ofpersptx, but Opt1Ito winds Ofl all sidt,
10 th.t blown paniclt. can dtposi' on the m,., Inper su'het (Co"....nd
Pei""n 1972).

(0) Moss-bat (MB). Thi. is a flat 10 ~ 10 em tn..lope of] mm nylon-mesh oon_
taining .ptcially duned m"" (u.ually Sph~num gcu(i!olwrn aggt<gat.),
.....nly pack.d to OC<UP}' the whol••urface area of the pocket which is
otientottd horiwn..liy or ""tinily to f.et. particular dirtction or hung fr~ly

,u.pendtd from a n)'I00 th ...d

All lilt pug.. a,. normaliy posi'ioo.d ISO em abo.. the pound ,urface. Tht air
<oo<entTOtion wop/or with WhICh they a.. <<>mpartd sucked air throul/l 0\\11'1­
man mter_paper at the ,ale of approx. 5 Ifmin (C...... ."d Pi.non. 1972).

11.2 MOSS--BA.GS

11.2.1 o....lopmnl oltllt mothod

Epiphytic mo.... rt<.ive aIllhei' mineral nUlrienl. from the ai, (Tamrn, 1953),
."d th"ero," any metallic: subsla""t in lhe """" mu.t como from lhis medium.
Followinil lhis premi.. , Riihlinll and Tyitr (1910) show.d how ..rying metal
eoncentTOtiofl$ in nalu,ally l'O",nl epiphytic mo.... In S",ed.o might rtlltet
prevaililtJ lerial metal bur<l=.

In... nlgalion. in lhe Lower S,,'...... Valley area (Goodman and Robert., 1971)
showed .bnormally hi&h 1...1s of ..veral heavy moals in lilt tpiphylie mo..
Hyp""m cup~'sifomt.,both from natural population••nd ai,o in roo.. eoli«ttd
from 01• ." a"...nd hungoul in nylon mesh ~al atmospheric.liy poliuled si ... ,
Eit.ated m..al levels first appeared 10 km WSW (upwind) from Swan.... T1>e..
rO.. 10 aboul 4-20 tim., tho 'normal values' found in and around lhe City of
Swan,.. and " ...dily feU off 'gai~ to 'normal .00u..' 25-30 km h'XE (downwind
of Swanua). Thi. was lht fi"l "udy usi", """,-0.11 and l~t m.thod w"-,
dtvtloptd further and h.. been u..d tXIUlsi..ly by tho prostnl 'Utho".oo oIso by
olh.. work.".

Ot.n Sphagnum moss (Sp/I",num tU:utiloliwm ....g"'.) is eoU<eled from ru:ral
..... in Wale" away from indu"'ial activily. F<>IIowing three wadi.. in 0.5N I-U'O,
for lh..e day., tho ""'" is roaktd and wOlhtd lh... lime, in double-distill.d wal.,
sutpl", water removed and rhe mo.. mix.d 10 obtaIn .. homogenoo. a materiai ~
pooIibl•.



Approximat.ly 10--15 I (.qui.aI.ntlo aboUl 2.0--2.5 IdlY w.i81U)is lben-..
inlO nil 10 x 10 cm n)ion Illtlh bags of app'QXimal.ly 2 mm "",1lI"'e (obllin.d
f,om HenlY Simon. lype 18 CC:-") W l$ 10 oceuJ'll th. wIlole inl.mal ar.a of Ih.
has. Th. bas is position.d in l!le ~nlr. of. ci,<;UI.r loop of pll$tic-roV<,.d wir.,
held at lb. <omen hy four nylon lhr.od...ch ofwl1i<h i. b"d to the loop.

Aft'" exposure to lb. air al th" lesl ';t. (uaually 00 a bamboo <"". It 150 <m
above lIouod for 2--4 ..'••k.) th" hap ... dried II 4{J'C 10 <onslanl w.illhl. The
,urf",. 'rea of ""'" is accurat<ly me.sured ....d lhe moll theo r.mo..d <ar.fully
into Kj.ldah1 nub Ind ....ighN. FoDowinl w.t dileslion in IS m1 of I mixture of
'Aristlr' srade nilric IIld per<h1oric lcid. (4: I ratio), the lOIutions are boiI.d
GOody down 10 a f.w milWilre. and mad" up 10 25 m1 volume.

Th< solulion.... then analy..d for melals by atomic IblO/ption SPOCllo­
phorom.,ry usins a T.ch"on mod.1 AAJ (Meltury is analYJ<d osi.. I f1l11lelu.
technique).

After coneclion for the ""illinal ""'tal conlenl of unexposed moss, tlte lIIloont
of metal deposil.d ....d ",.in.d on the hiS is cal<uloted in lerr"a of~ m.tal per
cm' per mooth.

Furtlter d lopmeOl work showed thlt lite moll·baS appear.d 1o b. I IIS<ful,
inexpen5i.e m;..quantitative indicator of metal poUU,.olle..i,and <Ill be IIS<d 1o
monitor r.lotm chanies in ai1bome """al hurdens;n .pace and lime.

11.2.2 UaiIlS moos-bop 10 locol< OOUftt1 (April 1971. lsoplelh .urvey)

In an .xperi"",nl f"'IO<N by th. N>lural Environm.nt Ros"'eh Coonoll and
tl!< Univenity of Wales. 10 arJ1.Y of mo.......p WI' sel up in lhe (.ooo·.r Swansea
VaIl.y, UK. II a n<t"'ork of situ, for a period of on. month (10 April_ll May
1971). Al .ach lit<, four bap .... ,. fuely suspended 2 m abo>o the l'oond·$Urfa:;.;
twa hap contained H (Llpul1if_ ....d the ollter lwa <ont&in.d Sph<1,rnum
tlCUli[olium a"'"I"r•. At the .nd of tlte period. bag. from 80 siles wor" analys<d in
order to dixo>or how far:

(.) meaniolful spatial patt.ms of "",tal dis"ibu'ion ..'oold "mer.. ;
(b) th" ,.SulIS from lh" HYPIlUIIl IIId SpMfrlwm ball' ..... comparabl•.

Th< I<lul" sho..·.d that "Kula' pattern, of metal distribution could be dearly
dix.m.d, aJlO1IIing Sites with similar metal values 10 be join.d by isopleth Unes
!ioins • lYPO of 'contour map' of int.rr.ptod airhOfn. metal 1..,..1•.

Masn'sium isopl<lhs show.d a t.nd.ncy to incr.... p.rallel to th. <out "' the
50. is .pprorsch.d, III .Xlmpl. of th•• by now, ",.n documenl<d mo.rin. 'Ource of
airborn. masn'sium. Oth.r """al. f.U into t..o distinct lIouP'. One lIouP, nickel
and cobalt sho...d a ,0uKhly concentri(: ~onation of isopl"ths with lit< hillJt.1l
\'Slues centred close 10 I nickel r.nn.ry. tbe ollte, groop zinc, I.ad, IOd codmium
show.d a h,oodly sim~ar pm.m wilh l!le h111t." values conn.d some 4.5 km
farth.r south, <10.. to a zinc "".lte,. Th~ coppor isopl.th. hod a doublt COOlie.



T1t~ u,~ 0/Mou-bqJ in A~rOkJiMon/'on",

,--., ., .., ,

'"
FiaUTe ILl (a) Lad.nd (b) I'jd.1 <lepolition
onto Sph.olllum mOD-bap e.poO«l dum.. April
1971 (..pr<sO«I •• 11& em -, day -, )

indioatins some ""PPO' OIllpllt by bo<h works. Th< ...u1ts c1.uty shO'O·.d t~OI

m<tal .mi>&ion...: (a)wind-blown dum frOn'l the old conurnin.",d solls ond
.....t..lips of former industry; (b) urban smoke; (c) vehicle exhausts and (d) ot~er

industri..; " ..... of far Ie.. /.iw!if",on"" thon ontidpattd ,,'hen comport<! with
outpUt from <h. two OOi"inS ind"'trie•. Fisum 11.1(a) and 11.1(b)sho... isopleth
maps rot pt, l1ld Ni "'sp«!ive1y.
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Th••bove condu,ion, "",,,,.d i'''''p«liv, of ",h'th., lh. mo ...b.,. oon"in.d
Hypnum Of SphaptUm. Th. 1..,1 of ,.oh motal ., .. ,h <ito, obtlin.d f,om a

HYPllum ml.d b~~. oomj>aT'll clo,.\y "';lh thal obllm.d f,om • Sphag""", mid
b.g. All Hypllu'" d.,......n tit< by .t<, corr.latN m. highly siJflilkan, w.y wilh
tilt cO""poodinl S~IIU'"d.,1 indil:a1inllhal c1o..ly "mil., ;",pltth pict"'.. of
m<lal dillribut;on .,. oblamN irr.,pective of which moss i' u..d.

11.2.3 V'ina m_-t.p to folio... airl>otlloe-mtlll ,h:llllts with timo (~m\>tr
1971. bopl,'11 ...,,~)

Th. u.. of mo...baS' as • ,.Illi". mo""". of ,h. I'<>graphical dIStribution of
mot.11 around an emi,,;,,n ""'Tt' ch.ngt' in .pac, t.n b< poraJl.I.d by 'hoi, u..
'0 follow dllHla" wilh lim•.

A ~ood oxomplo " .., p,ovidt<! wt'n in mid·~I.y 1971 tilt line """It.. in ,h.
low" Swan... V.Uoy m'n'ioned Ib""'. clo>ttl do,,-n followin~ industrial f.. truet­
urinl by th' company concern.d. Th. IIk..1 "o'h. 4.5 km north of ,h. tinc
,m.It." continu.d to opt,." IS uSll.L Tho 'fftct of thi, w"tdo..-n on ""tal
bUfdon' ill lilt .,,', was monilo"d by "lul1T samphng. In p'rrittlllT • "COlld
13'1• ...,01. mQSS-Ool ,u","y Lldng tho .."", <il.. as in April 1971 ..... carri.d Out ill
Dec.ml>t, (10 D«<mbor-7 January 1972).

Although Dto.ml>t' pm.rn, fo, lho se<>1V.phital dimibulion of all lh••I.m.n"
",.rt basically "mUir 10 lb"'" of Ap,U 1971, i... .,.ntr.d ",ound lht two m....
wo,ks cone<,,,,d. ,lit.. w.,. mOTktd qu",rril.,ivt diff".nc...

Tho '''''''8' ....nhon of nick.l and cob.1t b)" m<>lll-boS' doubl.d durinl lh.
Dec.mbt, poriod. Th". appuf<d '0 bt • 'lIt,plllg·up· .ff.ct of !\, and Co i1O\'ltth'
around ,h. n;c..1 "'o,ks (Fiiufe 11.2(b)). Thi' m.y h.... botn c.lJ><d by,
(.)illC<....d pfoouclion ., ,lit wo,ks (conoid.rod unlikely): (b)lh. pre-'oiling
win'" ..·..thor b.i.. 100s f• ..,u",bit fo' lbo disp'rsion of .. ,ia1 p'rlicubt..; and/or
(c) til< domp" .....,h" c.using incroosed illlt'«ption 011 l!>e m""-baS' bt<olU..
thty ".yod moisl fo' long" ptriod.. Th" 1,,,oT phenomonon. i......., m<>lll-bop
brinl mo•• emcitnt illlt"'ptors, wlS demonsu."d b)" CllImb.rl.in and Oough in
wind-tunnol ••ptrim.n" with mo...bag, and is limilar to "'hll would h.ppon ..;th
moist lP0llltd "g<1I1ion. Changtl in wind ,pot<! and dit<ctioll " .. ro lar&.I)" di..
""un ltd •• b.ing of any im]X>rrancc bee.u...parr f,om. slighl inc ...... in Ooflt.,1y
and nonh..u,.,n ..'in'" in Dtccmb<,. wind·",.. dou for lilt April poriod """e
.ub.unti.ny the ..fIIt as tho" fOT lb. D«<mb<' ptriod.

In warp conI"'" to tltIs inOf..... tinc, I..d.•nd ••dmium 1",.1. f.1I in
Decomb<r. by flOtors of .4_10. to much less lhon l~e Ap,il 1..·.10 (Filur<
1I.UaJ). AccoTding tn lb.......ult•. lbo .ro.....I 110 long" .rrocl<d bl 'PPf<ci.bl.
foll",ut of nnc. I••d and c.dmium.nd lh. "100,..1of lho ' ....mpil\i off«t of th"
omission SOUTO< .nabl.d <ublidiafY ,mi.<ion """c.. 10 bolocaled, •.g. wind-blown
d...lS f,om lh. old m".l·,ich ",as'" of form" indUSlTjl "OW cOntribu«d di1O<TII·
ibly to tho i,npl.th•. n", can bt seen IS. lOll nR i",pl.lh 1 km :>:orth ofS ....n...
(FiRUre 11.2(a).
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,.,
Firurel1.2 (a) Lead and (b) Nickel d~

pooilion onlo S9ha",um mo.bap •• p<>otd
durin1 Oocombo' 1911 (••pr....,;! as oJ em -,
doy- )

(

The oopper isopleth map now 10Sl is double untre; III< lingle err«liv. Centre
now being dO$!! 10 the nidel works.

A [unh.r f••tur. of ""at inte,..t "'"1Slhal lh. mou "'$Od had. very hiJh c..ion
ex"hanl" .apacity. Th ..., elulion of wlUlions of metallic .It'''''Ol' through <<>Iumn.
of mO$$ " ..ined virtuall)' .1Ilhe dissol""d ""'talon tilt mo Uktwise. moss-<.ap
expoted to drtnchini rain (both nllurol and simulated) , inod both III< meullic
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<I.......nll a1,.ady d.posilod Oft Ill. bigs and also ,110 solobl. IIIOlall in tho rain i'solf.
In 'iow of 'boi' """PnHl., and Ill. lihlihood of th.i, bMiVlnll Itk. l &lUs surd

U 'tp,d. plrticl. interc.ption ('loop. 1974). mo<ulgs might be .uitabl. for
routln. n..,,'o,k sampling and mOfti'o,ing. A .pocial ad,""tag. is that 'bese <an
...ily be ..nt in poIytb.n. baS' by louer poll to a cen, ..l analyticallabortlo,y.
Thi. mak.. 'b.m more co"","i'nl 10 bandl< tban TO bOllles. However, further
informa'ion on rhe b.b.vioor of moll-bill al a d'posilion pUg< is tequired. It i.
natural '0 ask:

(a) How Ib.y ,.1... ro tho .xi"inl more naditional m..bod.(TO, DO and AC)'
(b) How 'h.y and ,h. I..d"ional pUg<I ,.111. 10 inl.rcept;on by pound "'8"

lO';on?

11.3 COMPARISON OF MClSS-ElAGS 1I1TH OTHER GAUGES

During Ih. p<riod 1 lun. 1972-31 May 1973 a .Iudy of molll d.posirion Oft '0
mCllS-bags (MEl). total d.position (TO). dry d.pos;tion (DO) laug.. and me.,ure·
m.n" of air conc.ntration (Ae) ....,. mad. II nj"••;t.. Ul Soulh Wal•••ponso,.d
by tho W.1sh Offic., The l>amral Envi'Oftmen, R...arcb Council .ponoored a Iludy
of a further so>"" Ii'.. (six in Ihe UK and on. in the Netberland.). MEl m.asure·
IIIOnll ",er. mad. by tho presonl u,h"" and the Olllor 1IIO......menll (TO, DO, and
AC) by AERE Ha",,·.lL Th' foUowlngl.,,'.n m..all 'O'er. analysed for all pug"
Co>. Cu, F•• Mn. Ni. Pb. ""d In. This '"obi.. comparisoo. to b. mad. belw••n
aithorn. metal deposition on '0 ntO..-ball and 'h' other 'hr.. pUI'I. In Iddl'ion.
tbe relationship betw.." metal "'""tion by ""'..-bags alld a va.. SWlrd was
'XlmlIlod,

11.4 FACTORS INFWENCING AIRBOJU.:E METAL DEPOSITION ON
GROUND VEGETATION Al'\'D SA.\lPUNG GAUGES

Ex"nsi'" worl: hal b«n carried out by OI.amberlain and Oough (Chamberlain,
1966a a"d b; Chamberlain and Chadwick. 1972,001111>. 1973. 1974) usinla wind
tunn.l I<> in.utilP" tho beluviou, of mom. panid.. during thei' deposi'ion on
r"".plO' ,urfaces (t~Y' of g,a...wa'd. 'ray, of mcss. lI>OSH>OII and lhe filw pap<'
IlI.rfaces of dry deposit lPu,.,). This shawed thaI lb. proportion of morne
JIIllicl" "rained by ,he "cep';'" surfaeel of the V:ISI ,,,..ard and tllo thr.. types of
PUS' dependl upon:

(a) The "ltnti.. clIaracterisli<:l of the r""eptor lu,face ('bainneas', ",",neal. Of

stickittess).
(b) Facton affetli"l the d.~.ory of panicles 10 tho "ceptor '\ltfacu (wind 'l"'d.

tu,bIllence),

In tho foUowinglummlry it mult be borne in mind tbat, IS indical.d in 'he
lnuoducti,", 1I, 1 abo.., AC gi"" a ,oop "limo" oflung burde" whillt TO. DO Ind



MB 111 p,o';de .pproximale guides 10 food cltai~ burd.... I'i4 ""l!<1.tion inte,·
ception.

h "'ould be .mplluiud at lhe oU"'I, h"""••.,.tltal lh. deposit pug.. (TD and
DD abo....) we.. not onainaDy designed to aimul.te • g....,ourf.... but to pr"';d••
u~fuJ me'''''" of depoailion bdla";olU of the ••rio... dements in the atrnOS!'heric:
aerosol (C.".... and I';enon. 1972), SunU.rly.lhe mou-b.g pug. wll d.,ign.d 10
simw:u. depolilion to natural populatiom of moO! growinJ, epipbytically on ....U.
or lr~. (Goodma" and Robert•. 1971), How,,,',,,. lm<e th_ ar. the ""Iy con·
....nionl, ine.pon';.. method••....n.ble to ua for .,limalinl d.posi'iod 10 &round
~talion, it is clearly desirable to del.nnin. how lhey rd... 10 on• ..,Olher ..,d,
.. far .. possibl., 10 disc.,.., how ",.11 they ..n""l int.,ception by g.... .....rd. or
olh.r groWld ....getal;on.

(I) Do.pit. lh. ap9&..nl design diff...nces in th.... thr.. I;lUll'" (TO. DO. MB).
th. phyti:aI principles "".... minl deposition on their r.l.nti urf..,•• a,.
basic.Uy the ........ os lho.. conlrolling ;nl.rception by. V d.

(2) Th. physical properh.' which ""'I:< d.posilion .urf""., eff"'ient interceplors
of oirborne p&nicl<a or' 'hoirln ', ....tl\01$ or ,"ckines,. l1>e OD filler p.per,
which is I:<pl dry and is r.llti ly 1J'OO00h, would not be expected 10 lrap
panicl.. os .ffldmtly (V,)' .. uus which i' ·hoiry·. and poriodic:aUy wet.
Moas-Mi" "'hiehgtl periodically Wet to aboUI th exlent .. lhe grllO at

lhe ail. who.. !he mou-bag is expo..d, and are r.lali ly rar mo.. hairy lhan
".... would be expected 10 l"p paniclel more emcr.nlly than ...... l!«.=
of ;ts l.ryI.n. m.'" <over. tho flIter funn.1 of lh. toUI deposit gauF ""'y
po..ibly bo more .fflC;.m lhan the flIt.r pape' of the dry d.posil pUF. 11 is
usually ..,umed that dry d.posilion on the flIl., poper of tho dry deposition
pu.. (DO) is <quinl.nl 10 that 01\ lh. ,>in funnel of lhe tou! d.posilioo
pugo (TO) for .qual projected horlzonloi ar....

(3) /':articles of dirferent ';'0$ ar. nol retained on lIly of lh.... de",,"li"" ""f>cOl
with <qual errlCiency. Thus. for flIt.r-papo•• largo, panicl., «. 10 pm)..,d lhe
smallest «.0.1 pm) ar•••tlined moat .mci.otly (hiah V,). wilh inlermediate
Iliud parlJoies mOlo'inla s/wjl minimum in the proportion relllin.d al c. 0,5 lim

diomOl<r (low V,~ Thi. gi..... I pronouIIC.d V-alupod curve for the prOPOffion
of parlJcloa ~toi ...d with inor..'in& parlide 'iz<. GrllO .warda and mOllS-~

Ita.. I cl....ly ';mU.. pmkk Iiu ~lOnlifMI <urve which i. """"what lh. """e
as that for flit•• I"pet bul more U.ahaped, i.•. tho.. io a n.n....d trough at lh.
minimum bol.....n parlicl•• of0.1-2.0 j.Im ~ .., important sin fraction in oit.

v • q.... till' <>oa 0' ..) <1<"",,1«1 PO' C1II' 01_04 '",f..../_
I q"...dll' (0, 0' ftI) """'raiDrd ;,. I C1II' of bi<.r oi'

Vd""lI' or ~opositio. oi 'ho ...m""'l;". 0' dI. pr"".... 01 ';"", impocrlo. It>CI
4iffu_ (i.•. ~'l' doposi'iool~
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TlriJ di//<TmriJzI numiotl 0/ rh~ """"'.... p,mick siza by TV. DD aM MB
mMns rhal th~" am bt no simpk [lXtd leI.lrlonthip /><II...."" oir-ron"n"o,wn

<ll1d dtposi'ion 10 grOOM "'grloli'm or dtposilion on 0 K'f"l<'. In lhil nsp«1
1M t"1lPS would ~ 0 btu<T ttj1tcttJn or .qnottJn ttlmllon rltt.n wo«ld b.
pro.idtd by Ih. oir-eon<'tn/rQ!ion lIP"" which d,..,., on unbiastd ",mpl. of
o;rbom. ,,"U1l. indq)mdrnl ofp"."llilinz '<ind I{Htds.

(4) Th. proportion of p.rtkl.. in the "",0001 «t.in,d by the depoSItion surf.ce in
• wind tunnel is ",ooJl-Y inc.....d with In"eO$ing wind .peed. Sin" wind
speed inc:,..... logarithmically with height lbo... po""d. the gauges pla<;od.t
150 cm helAltt will be '~po..d to 100" wind than lhe po........ rd.

\\-'tnd speed••bo", 5OOcm/""'. (II mph. lluurort 3, gentle \>fee..), at
1SO em, rn.oy Clu" par'iel.. c. 30 "'" to boune< off the film paper of th. DD
put< 0' to blow "ff .pln if .It.ldy d.posit.d ...~tr under Ie" WIndy
condition•. This 'ffect i. no' "" import.nt .t normal .it.. whet. partkl.. Ire
uaually <101"'1, but could be ""ry important at breezy .i,.. dose to ."
emission ""urc•. It i. n'iliJiblt for mo..-lngs but could ",d~ tltt deposjlioo
on to DD. By con".". the ai,,,,oocentWion gauge wnpling at. co"",'11 rate
(c. 5 I/min.) is ind.pend""t of wind speed.

(5) AhhouAlt i' is "r:- difficult '0 q""ntify llJe integra led .ff..,,, of ,h. pli}'licl!
f.atu,.. of the ""1"0' surf",,, If/d wind speed upon relention .ffid.ncy, it i.
possible 10 make • very 'oush ••tim.t. f,om th... wind tunn.1 ob"rv:a,ioIU ..
foU"",•.

Th. filler pape' dl}' d,po.it puge would mo.t Uktly und"'tsti"",,. input to
• pas. JWOfd by • r"IOr of 1_10. Th. vttrbllm""'-lng pl..,.d", 'i&tJt.ngl"
to an totission ""urc. would be Uktly to o"..... limott input to I gra" .wud by
a fICto, of 5-8. Thus, th. ""lhods flight be ..pee ted to diff.. by • rac'or
within the rang•• to-SO .. 1)<1......" "",...bags .nd lh. AERE dry <ltpooition
puge, with. cenlrol ,~ndtr\C)' of c.• 30.

(6) Th... is tvid.flCt tha' doubling tltt wind spe.d in I wind tunntllpprlD<ima"ly
doubl•• th. proportion of 0.5-1.0 "'" p.rtid•• retain.d by. mttr paper pad,
moss-bag or vass s...ard. BeaUS" the physical charact.ristic. of the moss-b.g or
gr........ 'd make th<m hiAltly re"nli.. compared with filter paper (x 10-30),
doubling the m.ll! input to V'" Or moss.bags reprt~nl> ....ry largt .rith·
metle increment comp.red with a relatl...ly small increment 10 mttt POpeL

(7) Both moss-b'I' and 1lJ. tot.l deposit gauge suff., from 1lJ. di..d,'.nt.,. that
rebti"" to a gr........ rd, althoush ther. is a soaling f.ctor [~e (S) .bo.... ]
ope..ting for dl}' d.position, it is m<>stlik.1y thal no SO.1in1 f.eto, operate. fOl
""t.1 d.posi'ion in ..in, i.e. tb. quantity of ""tals re""i".d in rain/em' of
,,,,,eplo' .",f",,~ is Ibou, the some ror mltr paper, m~'F. and gralS ......'d.
Thus, if metal input f,om washout i. mher .,.,iabl. and I.rge, b"'h pug..
could giv< vel}' mtsltoding results. Sin"" wa.hout of industriaUy d.rived metals
is beli....d to contribut. only a .mall and rel.!i,·.ly Co"'tant perc.ntlge to totl!
deposition (10-10%), llJis problem is not 'ho"Alt' '0 be • ""er. on. in
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p,aetic<, ~nkularly for th. moss-bal whicl1 o"'''<limates dry d.posi,i(>n.
110........" tho only way '0 Ovtroome it thoroughly would b. '0 usc d,y and
tonI poges lo,.th., or p.lrs of moss-bap, liM by lid., ",hich ar. txp<md to
lnd 1b.11.,.d f,om ,"ill,

11.5 FIElD TRIALS

n .... 'porim'n1,1 flndLng. in tho wind !Unntl nt.d ,-.nfictdon by fi.ld 'rial>
and in panioou1ar IUU'" tht foUo..in~ qlltStiOlll:

(a) Do th. "lulll in th. fi.ld ind;"". thlt all pU8<1 or. IImplina ,h. prtvailing
airborn. m....ts mueh os th.y do in tho wind 'unntl. L•. AC dfOwinS 'n
""biased IaJtlplt of all pa"ioolt sil.ts and thUl &ivinS mt,.1 ,esuhl IOmewh..
dilT.rtn' from .\111. TO. and 00 (all throt of ..hich ond.,~pl. in tho
int.rm.dill. partido lilt ,ang. 2.0-0.1 "m)?

(bl Do ,h. \lll, TO. "nd DO m.... ",,,,Iu luggtl1 tI'" th.y ••ch ..mpl. ,h. ,.. riOUI
panid. lizt! '0 .bout th. Urnt .xttnt. i.'. limila' d.V'" of und.namplinl of
inttrmtdll'.p.rtkles (s<mila' umplinl qulLli'y)?

(c) Do mnss.bap coUOCt mo,. m....lIuni' or•• 'han DO 0' TO, and TO mo,. than
00 in' sivtn 11m. ptriod (..mplinl qU3l11ity)?

(d) If 10, is this. f,.til. fOti(> (MilITO; MIlIOO; TO/DO. tic.) i"tspoetiv. of monlh
O"tl<?

(.) Dots motal Mposi'iQII in a m:>u-bq bu, any "I,"on '0 d.position on to a
1'"'" ....ud in Ih. fi.ld?

I 1.5.1 Comparina ,h. quolilll,h-e ch.rx,.rislics of dirf...n' pu...

This .an be done m:>1t con....nl.nlly by co,relalinl tbe qU3l11ilics of oJI sc".n
mu,ts (Co. Cu, F•. Mn. 1'1. Ph, and In) .....in.d by any ''''0 tj'pO' of PUI' in any
month 0< II any."'. AI an tx.mpl•. it .. pol'$iblt It 1l,1nMrm.re in Jan ...ry 1973
'0 compa,. Ih. con,tn, of th. sc\'tn 0'1..01. I1IIlysed fo< in """,...bal' ..;,h th.
amountl of ,h. corre'panding ,""tats "tain.d by th. 'olal d.position 8103'. If Ih.
1....1of tacit ""'Lol f,om tho mou-b'g h.. th.....me fix'd ''';0 to th. 1...1 of ,h.
<o"espondinl ""'tal f,om tho 'Otal d.posil pugo (....r)' metal valu. from lh. m",,·
~l is, ....y. 3.s lime. ,,"'tt lhan 'ho 001"" of tho <olr••pandini meu] f,om ,h.
10UI d'po$il pug<) lO1I meUI val"". will tit 01""1 a l1,aighl tin. wh.n lraph.d.
Thol' clo...,.", of fit 10 lintori'y will b. g;....n by'r' (r· 1.0 fo, a pe,fOCl fit 10 •
''',islu tine). This <an be most Uy rt<:OIJIiud by Ih. dtglt<: of Oll1istkal
lignific.nc.: XJlXX I]l<O.OOI)· ry good fi,: xXX (P<O.QI)-JOOd fit; xx
I]l <0.02)- "".p...blt fit: x I]l <0.05)- ""is'ioooJly lin.or bUl nol 'tp,dod ..
"".p,abl. in this study, In this "'ay. I.", can b. mad. at .ach oil. fo' .&Oh mon,h
comparinl m''''1 values on 3I1y Pllr of pug<•• '-1, MB. TO; ~lB • DO; MB• AC;
TO • DO: TO • AC: DO. AC. If th. ,esull' nomully faD along a lIr21lltt lin., thi$ is
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1I~'n to mean:
(I) Each JUlpon<kd partide """!.lim one or olh.r (mor. ra,ely tWO Or lh,...

,,,..th..) or lh. diff",,,! metols lIId both putt' under C<>ml'"risolI are thou
..mphlll the .arious po'licl. ,iu'lIld hence the mtlll .. ,<>soI in I conformoble
ITI1nn., (i.t. limilor amount, of over or cnd.rumpl;ng ....'iou••i.. f'Klions).

(b) The diffe't"t analyticolt<chniq .... usod to m"'ur< lilt .."", ole".,.., (In mil
as<, 110rnk absorption .pe<lrophulo"",try for mo...bap, by the authors,and
"",,,lIon >eli....'ion Inol)"I., X-ray 0001'''''000 and colorimetric method, for
roo DO. and AC. b}' AfORE H.,,,,oU)uo 'Y'...nati<;ally cornpOlibl •.

Tlblo 11.1 ,ummariu, lho signif",anco of c<",ol"io". front tho ni.... lit .. in S.
Walt. (...... fo' a 12-rnonth pe,iod and t"", fo,.ix monlM nch) and 110" f'ont
Windom.." (&rid "f.,onc. SO 362974; "~n months) SlyHup (Arid "f".",e SK
606989; eiJbI moolM) and Pellm (Nelh.,land.; We ntOnlh,).

Th. "'ult' .how I hig, doV" of tinu';ly in all ro"'l'.ritoIu invoh'irti MB. roo
and DO an of which a,. distir>clly ""',. line., than ""mp.risort, of any of the..
with AC.

This is "'hit would l>e upectod if MB. TO. and DO.,...ntpKni in I sintillr
'1ual""iv< man ....r but no< irI '1uito tho '""'" woy .. AC. It is I$$umed thlt lhis
,"suit is Clusod by lhe unbw.d sarnplini of AC IS COOllISlOd with tho olhe, lIuges
which lend 10 undol'Sllllpl. It inteft1lCdiJl< pm",l. sius 10 Iboul th. Ame alenl.

I \.S.2 Qu.,lliutiv< ..mplinlclwxl....6c1 ofthe P""'"

What lhe abo.. ,.,ull, do not show is ..'hethe, the aclUa! '"tios of ""'Ills
,.lIined by .lCh pai' of P"I" is the umc f,orn monlh to ""'nth Ind sile 10 sil<.
At In ...."'pl., if",...II"",h on the mo...t>&llfO, ny. l.S time.vealer thin lbose
on the TO II"" for F.brull)' 1974 for Slyrrup, will lhit f"lor b< tho samo fOl.ll
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oth., month' and oil other lit.,? Or wiU it dlange f'om mon,h '0 month and lite to
,ite? Thus. although .... know 'h" puge e<>mpari1on, ~tw«n MB. TO. &nd DDa..
line.. , we do oot know whether th. dope of ,he line ,laY' e<>ns"lJlt or ch""g.. f,om
lit. to lit. or mon,h '0 month. 0' d.pending which 'ypes of pUg< ... being
e<>mpllred. 111< following fac'o" >te 'houBht to be most lik.ly to infiuenc:e
the slope

(a) Sampling rlle. of ,he 'W<> pug., being compa,ed...peeidly .. innuenced by
inc..a"ng wind apeed..

(b) Ptoximi,y of .....plinglite '0 main metal emillSion ",ure••.
(t) Reb'i.. imporla""" of ..rial diffusion p,ocessn ....rsu ...'ind Ir>nsf.. for ,he

....'ious p 'icle li.... of the melallic .. rosol.
(d) F..que ;., ""d " ..ngth of 'h. variou, ...ind direction•.(.) ""sI. of mo".bq o,ientalion in ,elotion '0 main mouek .mi,sion soorce'.
(f) F,equency of "in ,;,0....".

n- may int<f1lCt in such a complex wo.y thal It sums unlikely 'ha' """'will be
constan1.

Tobl. 11.2 """""'ri.... iflformation on dope$ (gi..n as geometric mean. of
monthly lin... regtess>on coefr.,i.",,) for 'i&ht of the ute, in Wale, and 1Il0.... WI!
tIlio, v:ary wid.1y from sit. to .ire ""d depending on w1ikh puge pai' is h<ing
e<>mpllred. n... foil in ratio, FJ1<rally ob..rved wh.n r.ading f,om I.ft to right of
the ,.bl. ar. expecl.d from the diff.,.nt .ff«tiv. sampling ..tes of th. Ilug•.
which in doc,...inl order. or.: MB > TO;> DO> AC.

TABLE ILl Ceom"ric M.an. of R'a«uion Coef{jci.n" fo' M.tol Conl.n' of
VlriOU' G,ure Pli"

GAUGE
COMPARISO~

StTE MB/AC MB 00 MB/TO TO AC TD/DO DO/AC

Port htbo' 48.86 1J.74 7,12 6,86 1.93 4.80IT.. l>onos 7,87 4,SO ,~ 3.08 US 2.17

Kid ....lly 6,9S 4.74 4.51 1.88 1.4l I.J 1

St.....n '" '" '" '" '" '"
Penml.n 4.02 4.21 1.62 ,.64 2.67 0.97

MOUnt PI....nt 3,24 2.48 0.93 3.54 2.70 1.29

Uln..ml<t 2.61 '.6S ,.14 1.44 US 'M
ayd.lch 2.60 ,.14 0.9i J.l6 1.91 I. I7



TABlE II., Roposs!on ("oeffie;'nt. for .11.,.1 ("on"n' of V.riou. G.us< hi"

VMB VMB '"' "M' II~I B VMB 'M' m m 00-- -- -- - - -
11MB " " 00 00 m m " Dn "

POri T.lbot ,., "4.6 ~4, 1 16,4 S, ., 2.7 •• " ••T..bon", 2.l 1)3 .. " "
., ,, '" ,. H.. ,

Poom.on
"

.. 52 I S4 " " U
"

19 •••
.~"', \ .. ,j,co) ",.,...bo,. (V" B' ~'<r< orion"t<4" ri&ht .IIJ'.... '0 p"",lho; m,,,1 ","",n '0 Ji..
"",""um ·.lpuI<· .rr...·\, R.,·,p"" ..,foe< " .. I, ,II< <>m' r"r .U ~ nod ""''''''0' "' 1>0';'00,,1
_t>opill\l"),

Tho flti'" 11\0 tend 'v foil from t~p '0 bollom of ,h. t.bl•. Th. eighl silOS " ..
"""n/;<d plrllj ,ubje<;'il 01\. in doc..asi"~ o,dor of "'indine .. (nv wmd d.tl " ..
ulil.oblo fo> $0>.,&1 $i''') as folloW$; Pon T.lb", )0. T«ban'" .. Kid Uy > Skewen
> Pen mIen .. Mount Pl<l..."t .. Uans.oml<1 .. Oydach. The dt< ;ng .Jope wilh
dt<reu;ng windi".,. ;s in w:om;lf\ee ....th "pee,"'ion for aU pugo compo.'ison.
in>"ll'ing AC which ;s l o"n".nt lO,e ..mpl« wll..... \lB, TD, .nd DD .re .11
eXp<Oled 10 be wind ..n.itive, Thif empM'iu, 'ho faa 'ha' MH. rD, and DD
","'"' l:I1moo, b~ U,N '" d~tnmln~,,!N;,,"ComTIJ./i(m diT«tly,

The ra'io, MB/no ond ~'IlfI'D 'PP''' '0 show ..Jl1itivily '0 wmd ~d.>

"p«iolly It the wind .. ., .it< (port T.lbm);lf\d one oxpI.nlliOll fo' thi. m.y be
tlr>t larger panicle.... boing bounced off or blown off 00 .nd TO pugn und..
the vt'Y bre.zy rond;';',", of thi' mo" poOut<d Pt. whe", Ia,ge p,aniole. are moot

Uhly 10 be pr...nt.
Anoth" important flO'O' is th.t a numb<' of uperim<nts hove 01>0"", Ihot

verticol moos·hap may .. rio",ly underumple 011 p.rtide oil.. wilen not "'i...."d
at right angle. 10 the main ""'tol eminion ><>uroe. This 'dipole' q"'~IY m.y b< ",.d
to !ocote emi";on sou'o<' but the "p'rUnen" .ho....d th.1 i<so-bi...d .<tim.,.. of
metal d<position can be obt.mod by usinl horiwntoUy ori..lOttd bog•. An ind~

Cltion of th;s " given (Tabl. 11.3) by I com~'"tivt <tudy of venicol and
horiton,,1 nIOa'-bap which wo. nu.d< ,o.."h.. with ,,,,.1 dopositiOll, d,y·
d<posilion and .ir..,oncentration dUring Novtmb<r 1972 _~loy 1913. at wm' of Ihe
';t.. U"ed in Tlblo 11.2 abo..... All reg",.iOlI coeffICients "'0"'" in Table. 11.2 ;If\d
113 wo.. ookubled "$ing Ihe foUowing unill; VM8; HM8: TO ;If\d DO-/4
""tal/em' /month: AC - III ""'''11m' .ir.

11.6 METAL ",("(I \llLATJDNO" MOSS·BAGSASOGRASS SWARD
IN THE flEW

A number of pI"'ic ..ed 1<,)'1 containing olt.n (unpoUut<d) .oil ",e.. SOIVU wilh
the pus Fo.lUr:tl 'ul"" ;If\d allowed 10 grow in on unconllminated mvironme-nt.
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Fi,ur. 11.3 W..kly depoJl'ion of Fe> Mo, Zn, Ind Pb iJ<lI ern -'j
U m...ure<! by mo b1¥ (.-><) .od Vi...~-.rd (O~~
"I'<''''d from I 4 kl.! PO" Talbot, Sootl, W.I<5 ('0" ""rtical
scale diff....=)

Whrn the va" was lbou, 6 em IUgh lit. nlY' ".r. placed in I rolat;v.ly polluted.i,. toileth., with • "umbe, of mo..-t>ap =ponded at ,he samt height al",.. ,h,
ground .. ,h, ,ray.. Each "",.k I fIXed .,andlord ..... of 1m> wu cut from the
oenl,. of each 'r:ly '0 ....ithin I em of ,he SQ~ surface and the whole analy..d. At
'h, .."'" limo_ m""'-bags w.... remo,.d lod tnaly..d. Flln,. 11.3 sho,,", I
comparison of weekly accumulation of Fe, Mo. In, Ind PI> per unit .,ea of Jr'"
.......d and moso-bag.

The mo...bap ,I' rouply twice ll$ men,i.. _the 11'0$$ sward f", 'hest melll...
This is In iood agrumen, with ,h. work of Clough (1974) ... 110 ["""d thai in wind
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lunn.1 uporiIn<nll II lh. WlIt wind lpo.d" moso-bap .... r< about lwi« as
r.lentivo as 1''''' .....'d,. Further ...ork ovor Ionr'r period. indioll.d cltlrty th..
Iran ands to 10,. about SO por c.nt of its intercepl.d Ir""...... l.ls 10 the ground.
This makes ho,ilonlSl mon-bal ",tenlinn about the same as Alus ""d.r oimU..
conditions.

11.7 EFFECTS OF WIND DIRECTION AND STRENGTH

If I melll is beini .milled f,om I portlcular point source. wind' blowinS ontO
lhe woplilll,;te hom the direction of lhe source will deli..., lhe tirbome mo,oI '0
lilt pUF'. This could be quilt Importanl fo, larg.r ",bor"" panicle....her.
diffwion 1"<><:<.... Ofe Ie.. Impo'Wtl for tran.port bUl ",her. lh. tumul.nt ai, in
I"onl wind. ~ould ~.. ry the parliol.. Ionl dist.nces from the sour«. Such
COlISide,.lions would indio..e lh.. ..:.. tmOunl of mellllCcumul"ed by I pUF
each monlh win be proportional 10 the numbe, of nul.. of wind (i.e. f,equency or
dUrltioo ..ch mooth ~ lpe.d ofwind)J>lSsios 0....' lh. p"lle f,om lh. diruhoo of
tbt tmissioo source e""h month. No such con.lltion would exist for wind. ftom
othe' dir«lions and I n'pliv' COIT.lalinn for winds from tbe oppooile di,ec'ion.
wttich would blow the I'Ml.l .w.y ftom the puge. This ,ituI,ioo thould be
port;cularly IppUclbl.to wind...... sitive puae,"nd to '''Ietltion.

It was nol posIibl< 10 moni'or wind dirution Ind ,,,enl'h al e""h of lhe nine
,i,.. in S. Walt•. In....d lhe present Study reUed upon ob.. rvalions of wind lpeed
and direction m.d. daily" the Fenm..n site by M, J. Powell and upon th...
hourly wind dau collected on the ._tI! plain ntar the 1'<>11 Tolbol oile (OS Ref.
SS 789867) and kindly ,upplied by th. M<1eorolop:al Omce. B'ICkn.ll. In bolh
...... lhe da.. ~. "''"''Fd to V.., lhe numbor of nlu'ical mil.. of wind passinS
ove' ,he meloorological "'lions Penmaen and I'o,t Talbot ftom various poinlJ of
the compus (reponed as compass bnrinp in int<rnI. of dope..) e.ch monlh fo'
tit< 12 month period. Each Itl of wind daU wa.th.n co".bttd wi'h the monthly
melol lc<;umWalion on lh. pu... 11 the cone,pondinl sileo eor",lalion coefficients
for moss-bags. 101.1 deposil and dry d.posil pu... all'orl Talb-oland FenmunOl'
summariud in Tlbl., 11.4 and 11.5. Al Port Tilbol. both mo"'Ng and lotal
d<pasil pUF' Uto", lhal the high.r the amount of motll depo.il.d. the p ..tU the
number of wind mil.. recrived from lilt "'W (260-340·). 1I,1nd, hom this direction
polS over two larae ison and "eel worh (I}'inl al 290' and 310' rt$pecti,ely) and
copper and nickel works (Iylnj; 310-320'). Neph.. cond.tions for mo...bap Ire
nb..rved wilh wind mile. hom the opposil. direction. The.. Ipp<ars 10 be a lead
source in the Sf (140-160") 01 prestnl ""iodentifiod. t1I<!st r..u1" ... in aood
ogreement with expec,.,lon.

Preliminary anoly.is of th. pu... al P..,ma.n th""'ed activity in the SE
(70-140') and ~"W (320_360'). Only thelt diseclioo' Ife r<paned in Table 11.5.
Sianiflcan' conela'ion. for Fe and Mo. pano::u!arly for mo",NgS. lIe "en from
70-140' and for Cu It 320-360'. lb. lwo iton Ind .1••1wo,b refut.d to lbo..



TABLE 1L~ Summary of Stoli.he.lly S'pirie.nl Co"el>l100, (;) belW~O lItonlhly Wlnd·mn.. from SI"ed CO"'p... Be.,inl.nd
lItonlhly IItcl.1 Con'cn' of (;,"&<"1 1'''''1 T.lbo,

C"mp... be.rinl (0' .. 1'; 'lQ' ~ E; 180' ~ S; 270' .. W)

". ,,. ". "0 ". ,.. ,,. M· ,,. ,.. ,.. ,,.
010' ,",' 010' '00' IlO' 'W· ,%. 220' 250' 280' liO' 340·

IItOSS BAG,. N.S. nn

" • 0

" N.S. 0 xxxx

•• •
" n,'. n N,S
Zn N,S,

TOTAL 1lI!l'()SITION,. N,S. n 0 0 N.S.

" N,S. 0", N.S.•• -N.S. 0

"' N.S, ...
'" un N.S
Zn n • N,S,

lJllY 1I!:1'OsrflON

'0 NS • N.S.

"'" • -n 0

•• -NS -N.S. N.S,

"','.
" N,S,.,. "XX, 'xx, XX" ., """'''''''' """ifK'.n' ., I' "o.os,,, om, "0.0 I. "O.OI'I "..-""'"
N. S, .r " O-J-OO bo' "'" ".,,,,""',,, .....if""'n" .oep,;.,,""'.....'.'n
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TABLE I 1.5 Summlry of St.ti,tic.lIy SiJl'ifo<ant Co..e"';on, (,)
bot"..n Monthly """"I..m~.. (,om Stated Comp>.", Bearin, ond
Monthly Melli Content of G.IIJOS at renmaen

Compo"' bearin.
(N-O·,E-90 ,S-t80·,W-HO·)

MOSS BAG
<.
Ni
~,.
""

TOTAL DEPOS1TlO)<.'
~

Ni
~,.
M.

DRY DEPOSlTtON
~

Ni
~,.
M.

-.

,.
110·

m
m

n.
140'

""

•

•

3 !(l.
360'

-.
No'e; '"'' "" ",., • , " ..;"ic>ll)' >i&ninunt ..... < O.o!. < 0,01; <O.Ot,

< 0.001 ".".,,,..1)'; _ • toepUve 00''''"'''''''

He bet".." 70-90· The Cu roU'''e to the S\\ i' not l<nown The inte'estin,
featuI< of thi••ite, ..Ieet«l as "" unconu.min"ed 'b><I'iroond' site i' the extent to
which it is .ffeeted by indlU'rial soo,<;o'.

From the correlations presonlOd >bove i' mal' be conduded tim the mo..-baa is
sornowhlI more respon'ive to lhe qUllltitj' of wind from the d"ectKm of an
emi";on .ou"e of airborne ""'tab than TO••nd ID more th1l1 DD.

11.8 POSSIBLE USE OF MOSS-BAGS AS TOTAL PARTlCUu.n GAUGES

The re,uI" 00 far indica1e thaI """,-bop rnay be u..ful in obtaining ,.."",ably
quantitative e",mate, of tho to'a1 amounts of ai'borne metallic elemen" in,er_
cepted by a I.... ,,,,ard. It is of inter..t to <:onsid<r "..he,h.. they oould be u..d '0
..ltmllte 10tal pa"ide depo';tion. Th" cannot be done by direct ",e,alJinl befme
and af'er e.posute b","uoe in windy oi,e" ."...U frogmen" of mo.. m>y become
deta<hed f,om ,he moss-bag and blow aMy durinl exposure.



11Ie Uu orMou-/JqI in A trawl Jt"nilonl18 229

TABLE 116 Obotrved Mont~ly WelJ/ll. y"l of Dust' ,n TO Clu,e
CompO,ed ..... l~ Eotim.... Rased on Con lent <>f V.riou. Metll. ' ..pe<"vely
Q<l M"",·bap (All FIJU'''''' re'dm' Horizon..1Depoollion Su,f",)

Month 0 •. Estlmlled 'dust ba"d on meul ,n.ly.1s
'0",.-

1976· " in TO " "" '" ~ " M...n

,.. 40,7 47,0 68.0 34.0 11,0 70.0 481
S<pt.
~, 5.,0 95,0 52.0 67.0 54.0 65.0 ~,

)1;0•. 63.0 700 41.0 780 85.0 144.0 83.6
~,. US 60,0 42.0 .6,0 35.0 60,0 48.6
Jln. 53,9 44,0 49.0 81.0 30,0 47.0 50.2
Feb. 38,9 60.0 40.0 31.0 :6.0 310 38.8
.'.l.,oh 30A % • 31.0 390 39.0 3.0 39.0

M..n 47.0 "'.• 41.0 5S,0 4:.0 ~. 52.4

1I"""""'r. if In InlY of moss--b.p "'ere e~posed durin~ the ..",. pe,iod of time
.. one 0' two tOlll depo1it pug"', tM TD pu,es could be used 10 delermine lhe
COl\Ctnlrl';"n of VInous trICe met>!. In lhe 101l1-<1,e",,1i1 mllerial and by workini
b.ok ...·.,d•. the Wei"l of dUll intercepted by tM mo..·bo, mi"t bo e.umlted from
the tOlll metl] contenl of the b., it"lf. Th;, of coun< I<$~"'" rhol the com­
position of Ihe dusl int<t<epted by moll-bli and TO p~g< "mains unlff<c1<d by
the nalur, of ,ach type of ,"",pler. Data .ummorized In T.bl' I LI obo~ dlow thl'
10 b,I'fi,ly <O,,,ot.

In work oo,,;ed out at I very .heherod ';1<.tllo Chol... Ph)""< Glrden. l.ondon.
UK. the weight of tOlll depO$I1 ...mpled mQ<llhly for 8 months (indudlni dwt>l..d
mote rill in the p"dpilltion oolle<ttd by the TO pU8e without 0 ttryl,n,
oovered funnel) oo,,,loled .;gnlfloantly (P <0.001) ...'ith Ca and Mi values t..peot­
i..ly in moss-bags co"..pondingly e~posed under both wet (romple"ly "I'"n 10
lhe 1tmo<p/'lere) ond dry (>h,llered from pre<lpitllion by • horizontol .heet)
<ondil Ion•.

This ,uIISe'l,d that it mi"t be ""..ible 10 estimate lotll parti<ulale iNerception
ooini mooo--bap... ,u",,$led obo...

At the ..",. <ite. the omount of p.arti<ulole interception on moos-b.p WI'
calcullted. bl..d on I monthly r:ornp.artson of the ooncentrltion< of F" Mn.!'b.
C•. IIld Mi '''pe<tl..ly in the TO puse IIld the t0111 llTlount of ..eh of the..
m<111. depo,;ted on I mo..-bai for each month. Table 11.6 <omp.... lhe..
eslimltes hued. on eaell meW for the period AUIU'I 1976-M.,oh 1977 with the
total weight of materill rectl..d by Ihe m p.use.

l1te lint ,esull< look p,omi.lni, The mooo-bli lives deposition value••ppro~·
imately equal '0 the TO pug<. ThU ;, what would be e~pe<ted in a very <heltered
,lie. ~lore relultSlre netded before d,,";nl! firme' <onclu"",,< .. 10 whelh" lhe



approach mithl bt worth ,ryinl und., arid-zone eondilions. A. ind".,e<l •."Iie" il
is unlikely ,h.. the m<»<.b>~ ...illiose dUSl ill "ind or ll.in-<:pilOO•• and 00 it might
bt ,xpe<led 10 pe,fo,m adeqwI.ly even under ..ilI 0' wni... rid condit""".

11-9 CONCWSIO:-;S

Con$ider:oble "sea"h "'c,k h.. been do.... en IIllerc.ption of ai,bo,n. partida
by gra...u,f",e. and cther oo..ade, and d.,pite thei' differ..,t d<l.igm, Ih.
phy""a1 principles llOve,nlnR d.posilion on aU puga (MEl, TO, OD) I,e,h. ume.

Labomcry wo'k by Oumbtrllin (1966I,b) and Cloogh (1973) ulin8 ..ind
lunn.l, has shoWfl Ih., 'hairin.,,, and "'e1n<'$S are impo"anl p'09"rties milinR
OOje<lS efflcien, int."ep"''' of airborne pan"I.. , (\e.."", grass ......ard and olh..
pound ...",'"'i<>o, \IEl. TO and DD Ire all differenl for lhe.. Chl'lCle';'I"" ..ch
wi! tend '0 retlin airbo'ne part,,1n wi'h diff...nl 'eff"'iencies' in lemu of
the propo"ion of lirborne particl« re,Iined and also exhibi' I lend~ey '0 re,"in
putid.. of different liz.. in different p,oporti"", ",nlplred wilh their <xcu,renee
in Ih. ai,. Doub~nR ..ind q>e.d was found 'oughly to double the proportion of
plnicles retain.d "" "Retation, MEl, TO. and OD

Eleuu.. AC;, qUile independe", of wind ,peed and .xulell an unblued "mple
in lCrm, of Ih. dlff.rent PJrticl. size f'lc\i(ln'. Ihe", can be no simpl. relatiomhip
be,ween AC and d.position '0 Ifound ...gelation 0' to MEl, TO, and DO. 71Iu.,
theu lalftt "'«11" cmllOl be uud 10 detmnine a;,.ro",eMrI1lion directly,

M.,.I ,,'"ined on MEl cone!a1ed ..'eO with melal ,"lIined b)r TO Ind DO at e>eh
IiI< fo' each monlh. Cort.luioos btt ......, AC and MEl, TO, or DO wer. 1... loed.
Thil is tak.n II ..idence for the flel tha' MEl. TO and 00 are all ..mpUnlthe
ch.mical composilion of the leroool in similar qLlO!itati" wlys but nO\ Iboolutely
representati"ly, a. don. by AC. This may b. ,"uled by differ~,ill ret~,ion of
diffe"nl PJrticle .w.•. It n abo eviden~e fo' the quanlitali.. ~","Pilibililyof Ihe
differenl <:hemi,,"l analyli.::a! ,ecbniqll<l uled by ltl< au,ho" for MB and AERE
Harwell who analysed for TO, 00, and AC.

Th. m.tal alios obtained fTom comparing pug. pili" lh"",ed WIl ComPlriSon
of MEl Of TO or OD "'ilh AC .... r:ltio.thal ...... highes' for ...indies' sil... This is
IS expect.d, th. Pllles btlOl wind dtpendent where.. AC is I fi~.d "t. sampler.
O'her compl"",ns p ... ,",ios MEI/OD, MElITO. and TD/DD IS npeeled from Ih.
g.rel1er proportIOn of Iirho,.... parr,,1ts ,..ainod by MB lhln by TO and OD. Eacb
of Ihe.. lilt 'hru ralio. varie. dependinl "" mon,h and .ite. HiRher ratios .... re
gen,raIly associlted ..'uh th' most .xposed (and polluted) sit< {port Tllhot~ One
e~planation might be Ih.. 11'1"' particle. (c. 30"",) of simil., chemica! COm·
posilion to the smaller parricle, "'er. beinR retain.d more dftcienlly on MEl and 10
.1.... ' .. ten, on TO 0' DO wh.", Ill.)' mil bounce off '" blow off. The ....y lbe
moss-bag is p'e<en,ed 10 the air i. abo imponanl, hO<ium111 baF Ii'inlle.. blued
resultl thin .. ,tical hal'. This 'dipole' .ffect can bt used to pinpoint mela!
emission SOIlrcel.



Sirona wind> and mn .pisod.. do 001 I.mo~ porticles alr.ady deposil.d on lhe
moss-bap. Soluble co.tions sr. h.ld on th••",hon8!'-su,faces of the moss so th.ot the
soIubl. melll is nOIIo" foUowing rain.

Trays of the grass FtslUl!~ "'1Jr~ pI""ed at th. same h.ight above ground H
horizontal ~1II at Port Talbo' and umpl.d kly fOI • month ""cumulated
about the same quantity of metll. per unil.urf.~ dtd m""·b.... The srI.<>
1 l".t half of this .mount of metal to the ground ""f""e naking mnu Il1d
gr ,••ulusimiltr to th<>lO found in th. "';nd tunn.l by (1ough,

The ,e.u1" indio"e th.ot lhe mo..-Nj. iI .....fto! puge prooiding informat;...
metal deposition figures in lOrm< of sp."" and lime. It i. ,.l.. i.ely inexpensive and
can be used for extensi~ 'U"'''Y'. It is wind-seruili .. like IlfO""d ngelation and
othe, deposit gauge>. Furth.r en'ict! 'tud~....hich would indude wind dlr~tion

and strength.•nd lainflll m.asu",ments are d.,irable to quanlify funher lhe
mou-bal H • reli.ble index of metal input '0 •.,.... "...rd. Th. ""uI" obt.ined
from ,he stUdy describ.d above indicat. thll such critical .xperiments would
further ••lidlte the bon.ental mo.·h.ol" a r.a_ably """,UII,e deposition ..ugo
Ind the "'rtical bag .. an indic..or of emini"" sou..,...

Pr<limin.ry ..idence indic.... th.. il mi!ilt b. possibie,o use ~13" HtOtt!
'dust' monitors in arid-wne condilions bUl thil need. '0 be ..rin.d ••perim.... ulJy.
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CHAPTER 12

Monitoring and Critical Reviell' of the
Estimated Source Strength of Mineral Dust
from the Sahara

ABSTRACT

A ".n.port mod,1 ""sod '0 .."m." f'om I"rtlid;'y m..surem,n,," S.l. C.p<
Verde hund'. 'b, "'"reo """lIb of ,he SoIlS.. fot mineral mOler;.L The e<lim'led
vuu, of 260" 10" tlyr is d,fi"ilely l''I<r ,han previously ..,im'led. Beo.u.. of
'he ...·land·moulation 11 Africa-. ""S! <»as!. f..<tion. of ,hi. ,mounl mil!>l re,urn
'0 Africa. 1.o'ler potlion. ,ertainly ..Itle (101' ""'hin Ih' r."1 thousand tilometres.
Only partioJe. in Ihe ..n,. of 0.1 jIm 10 I "'" in ..d"" are tr.n<pon,d ovorlo..."
di....""... The evolu"ion "I differen' lYpe< of m'''U"m,nlS of ,he la.. <le<.d..
•bowed n" ,nd,... ion fm a dr.",. m<r<aU in ,urtl>1ily. Con..<tuenlly.•n i""r....
in dusl 'tan.port - •• previously propoud - Unno' be """firmed

12.1 l:-',RODUCTION

The oflen ref'''ed '0 S~IIC ( 1971) Report e"im"e. 'hat !>ell".,.n 25':t> and SO"
"r "atural pafli.Ie, produ<lion are of miMnl (""~ and rock debn,) "rigin. Thi<
e.lim". i> b...d mainly"" ,h. Goldbl:rj (1971) mod.l in ..... ich Ih. minora! duu
load in 'he A'la"'io 0<0"" "oflh.ost trad.. enle" "ith 2.5 "Kim' - fi,,1 published
by Prospero (1968). AccO,dmlllo more re.enl papers (Carlson and Prospero. 1912;
Prosporo ""d C.rlson. 1972) thIS val". <eo"" I" b. very low. Based"" ,h.ir
mea.urements and On I>b><rv<d ..dim.n"ti"" "'es in the All.ntic 0<:<"" ,h.
p,odu,aion rat. for m1Mral p.nicl•• wa. es,imaled ,o!>e around 60 x 10' I/yr.

This paper usea direc' m"'"r.menta i" ,he surf""e >lr of the NE·tr.des. long
to"" op,ioal tn<osur'tn<nl<. ""d a """.pon model 10 estima" the ,,,enll'h or the
Saha.... a _ret ror min.,.1 pal1klo•. Sm<' 'his ".w valu...,m.to b. ,,,,,.ider·
ably Ia'ier Ihan 'hal menlione<l above i' will be di><:Uu<d wh<lh<r observa,ion.
"ally 'Uppot'l Ih. idea of an inC,..se in SOIlrOO "rtnillb.



I Z-2 ESTIMATE OF THE STRENGTH OF THE SAHARA AS SOURCE FOR
MIXERAl PARTICLES

Mu"'r....ent' of phy'ical and chemioal properties of tho ,,,,fa,,,, ..roool in Ihe
NE·ulde wind ,egi"" ..... re Cl,ned oul in tOlO field expeditions: JLt1y 1973 00 Sal.
Cape V.,de lal""d,. and Nov....be, 1973 aboard th. German Re....ch V....I
'Meteo,' on a cruise f,om the Caribbean Sea to the Af'ie.on co"'inent. Thue
mO"UlOmOnll f""u..d on the 'iL< dimibutioo of mineral particle, and are dis­
cu"ed by Schut. (1977) .nd laenklee .nd K....n (I977~ In odditloo. SchUu
(1977, 1979) di",usud • "an'port model for mine,al du~t frorn Africo 0'"0' th.
Nonh Atlantic Oc•..,. This model u.., the tran,pon pamm ,ec.ntly recalled by
Cui"", and I'tospe,o (1972). Tho 'orfa"" m"'uremenU On the Atlantic Ocean and
direct me",uremen" on the Afncan conunen' (""hLitz and "enicke. 1974~ led to
,he conclusion thot 'he nuner.l ..roso! Ie the African cont;nen' with ......",a1
size dinritJution of a concentration decre p"'l""tionsl to ,-' _ quite in "",,,a,,
to other typical continental ae,osob with -3 .. uponent. This point i. of apedal
import.nce beelu.. the belta,,;ou, of the d"'l durinR t'm.pon is influenced by the
shape of the , .. 'tin••ize distribution.

To .upport Our intensi,'e but time·Kmited observations optkal ","uuremoo"
".. re carried out "" Sal, C.pe Verde Island•• dunng the y.... 1973 unt~ 1975.
Fia;ure 12.1 sho... the "sui.. in form of Unke'. turbidity flctor T. The.. me..Ule·
menu Indicate the ....ooal .....tlon of the du.. tran'po,l with rna,;mum in
.ummer and minimum In wintt'- Compared to the Rayleigll atmo,phere the
compal1l,i..ly 1...0 .slues of T in the months of minimum lu'bidity .....oJ the
quasi continuous dllIlC'" of the dust u ....pon 00 a moothly basi,.

E,pecllOy for the<e m..!u,emen" Prospe,o (1976) pOinttd OUt thlt meaSUre·
men .. with the VoIL·sunphotome..r might be a;f«ted by danginR cal,b..t;on
,'tIIu,,,. A caroful in""i..ti"" in f"'t shO"'-ed IU.:!l ..,iotiOl'l!. FOl the clicul..ioO$
in Fia;ur< 12.1 wjusted colibll'ion nlues wer. wed, oblained ......I time' durin.
the whal. ob.. ,,,,,,,," period.

n.. .ve",1' link< ,u,bidi'y flctOr T, •• over the whole period of ob.. ,...tioo is
r••• •3.45 (Ii... • 0.166, do , ••• 0.382, f '00 • 0.382). Tlti' tu,bidity is caused
mainly by pa"kle, in the rangeO.lllfI\-lllfl\ in ..diu!. Followinl! Voa (1959) tho
m... of plrticles in I ""ktll column can be estimated alld yield M (0.1_
I .,m) • 9.1 • 10.... I cm -, fo' Sal. I, c<>uld be !ho..-n (Jaonicke."d Kuten, 1977)
that thi! column contlin, practically only minertll ]Wticles. In surf..e Ii' ..a ..It,
o'pnic mowial. and ammonium .ulphlle i' of minor impon."ce and conoequcnlly
in the enti.. column .."ndinl up to 5000 m. Schutz \ 1979) model sho.... mot
partkle' in this 'ize ranI!' lie practicaDy Oot removed from the calumn durinR
"an'port. From the oria;inal ....nsion in the ""ktll (1500 m to 5000 m tlltitudej
II the ...,tinl point they 'pr<ad """r the entire column without considerable 10..
duo to dry deposition. The abo.. filUr< then is id.ntictll with Ihe columnar loW in
the sou,ce "gion.
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FiJllr. 12, I Link.', l\l,bidny fa<,or Tlor two ......I,IlI'bs (~. 380 nrn,
A· 500 nm) ot sal. capo V.rde lsIand~ The "lib"";'ln oo",t'nl. '"'"
monitored durinl \~. oboe"""lioo pttio<I and ...o....d to be Slable for
).. SOO nm, ...b~. Oucru.. i<>", OCCllru<! fOf ).·380 nm. ~nptrom·. eX_
ponen' 0, therdore, i> Jiv<n with aU '''.'''.'io...

Tho di<eu"lk>n by Schutt (1979) indic..ed that lh' sourc•••roool e~hibi1S •
di~tribution wilh ~... 2,· In ,uch In ••moo! the 0, 1 JJm-1 jim rl(!iu~ ... ngo CO'-OB
6.7% of th. t01l1 miSS, 1hus I.3S ~ 10·< I "",-' can h~ upected ",olal ""l~mn",
mlU in ,h. SOU"..... (0.1 JUIl 10 20 _ particle r>di~.). If W< ...,.,... • dust duel
of 1000 kIll width [from I S.~ (Dakar) to 24 oN] and ,he .""TOIl" wmd ....I<>city of
6 III ,-' (Newell U 111.• 1972) I t01l1 of 260 x 10" lfyr •• ""'rce llronBth rosulu.
Thb f,gure. of cou.... " only lOIlid within. r"",ot of 2 if tilt ""~r1.i:llie.of lhe
....ump'io"*.re ""naidered.

Filu,e 12.2 5ho.... how lhis dust 'Preads 0"" lhe AII.lUie Ocean, if we foUo...
tlte SchutL (1977) model. Durin, the nnt lhousand kllometre•• "'pili dry faUout
""'un f'om whieh we beti.ve ""n,ide,.ble f,,,,,,iom ... ,eturned '0 Arrie,. A. can
~ wen f,om .. lellile photOlt,ph. and ",••tho, maps I ... -lnId-droubtiQn up '0

's... di'tributioo
dS _.,

'los,on·"".XrI'••.

......"
, 0 1"-""'10 rodi.. in om.
'. 0 orbit"", ,hole. "f...D<C "di..:
N ....mber of l"-"io:I<, ,m -, 1>,.., ..... '.
n'''1 0 dirr"""tial ""m\><r Ii" 'i",ib""" in <m •.
.. 0 "pm<ftt of the di>tribotlO.
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F~" 12,2 [ltim.,. of du.. tratlSporl o....r lh. >;orth A'b"'ic Ocean from
the Soho" Airborn. quan''',.. or. fiv.n .. ".11 .. dry d.po1i""n r..... The
possibUity of mineral do" being ,,,..ported back 10 the <ontinent In lh•
... land .i'CIllolion i. indi"...d

300 kill off-ollot< devel"..... al Mlka·. Wttt '''''', In ,h., droulJtion dun mighl he
'<turned '0 Afrin b.f"" il Itltles down

Th. dUSl d"". no, show d'u<i' variarions heyond 1000 hn and af,.r SOCIO km
of transport roughly SO ~ 10" llyr a" SliD oubomo and carriod beyond th. lonil'
nud. ofth. u ...r Antm...

A' 'his poinl. OUr ",ul" ,an be compared with ,how of Prosptr" and Carison
(1972) ,,'ho used thOt1 m...u""",n" m the dust lad.n air 10 <slim." 37 • 10· Ilyr
Pa-lOinl 'he longitud. "f Ba'hodoa doring 0 du" transport ptriod of 6 "",nth. These
authors ful that this value should b< hi&/ter b...use tho win", dUll i' carriod in
bmud.. helow IO°/>;. th'" no' ruchmil Barbados. H"",..... r. constdering lhi. fael
and ,ho Fntrol unc....in'l of trl<h ool".. bmh wimo,.. agru qui" w.Il,

111< calcal.,ed dry depo.ltion. which i. superior to "el remo..1in thi' region of
Ih. wo,ld can b. u..d to 'stim..e the rat< of sedimentation in lhe o,,,an c>""d by
eo~an "onsport. Filla« 12.3 show••akal>led ..dimentatinn rat., based 01\ 0
pocking dentily "f 2 il em·'. This is comp.red '0 CilkuLot<d ..h.«. at pubUsh.d by
Ku "iU. (1968). based on Goldb", <I iU. (1963) m"'Uremen". In arldiliOll. "".
nlue of ROlhe (197 J) .. Ji....n. This compatison indkat... wilh all ,..ervahons. Ihat
OUr .lti"",lo .. It..t for di1lan~, largor 'han 1000 km i' nOI unr..li"ic. 111< fir..
Ihousand kilomo".. or< diffIC,,1t 10 compar< bocause the stJimtnration migh, he
influenced by other p=.~ within lhe continental shelf. as Rolhe (1973) ind~

cat... In addi'inn. OIl. h•• 10 kup in mind thlt 'he North Equalorial C"tten,."d
II!< Counm Cuttent migh' carry ",,,,id.,,ble PO'''o", of ai,bo'n< ..dimen" to
mort sou,l!<m la,i,,,d... The fraclion of minerol dus' follinB on the Oce.n wa•
•stimate<! by Pro.pero and Carlson (1972) a. 30.10' Ilyr which. ;, quilt In
agreemenl Wilh ou, ",imite (39. 10" tA,. Figure 12.2) fo' Ihe dillonce heyond
IOCIO km.
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F~" 12.3 E,tlm'lo of ocean sediment..;"n rate' due to oolion ~ry ~ ...
I'QOilion, Me..ured value' of GoIdbn) et 0/. (I %)), Ku .r .1. (I %8). Rotbe
(1973) are Jiven (0' comparnon, 11Ie ..... c1oselo tbo conlinenl i' diffi<ull 10
compa'e bee.use of p01Sible influcl'H:cs f,om dfem within the continenUlI
'helf

Summori.in. lhis compari.on ou, budge. cakull1lon i' not in disaS"ement ""lh
m",u'M sedim.nt..;"n flles Ot th. "",an floo, and wilh es,imOles of oirbo<ne
m.terial .. 51XXl km distan«. AI this dislll'H:e. howe.er, it i. p,och:aUy impossible
to "nse the rapid loa of airborne mllerial durin. the fifSl tho<>Sand kilome".. of
tronspon ond. ~onsequently. the source "renph of lh. S1hora proboNy w"
under"timatM.

Th. new e"im..e. of course. has conseqll<n<cs to the total world min<rlll
pn>ducliQn .. ment;"ned .bm•. Th......u. of 100--500.10' tly, should probably
be corr«ted towlld, hiiher 1101.....

12.3 RECENT VARIATrOS IN SOURCE STREl'GTH

It ..... cloimed recently thot the ".,,,pon of du>t ov<r the Atlontic Dcun h..
i",,"ued duo to the ",vere dtong.ht in lhe Sahel zone <in"" 1%8. This i, ofspecill
interest to on <ci.nti... concerned "'th .he eff«1S of de.. '" ond desertif."tiQn.
Unsigned ne"'~ repom (BA\lS. 19711 di.c1ose thot C"lson ond hoopeto found.
threefol<! incre... in .ummertime dn" 1...1, at Bubados ttl 1973 compared to
1%7. Since OUt estim'l.. aboul SOUrce "r""8th carried out above a,. based upon
me"u"m'n" in 1973-1975 it is n«eMlry to ...,."tain ",heth.r tbe", ""'"sure·
menlS ....re done in period. of inoreased dIU' transport and thus nOl "p,esentltive
fo, lhe >iIUltion in ~,a1. In thi. 0.... ,h. comparison, mlde above for tu,bidity
and sedimenlilion "'oLlld be invalid .. ",.n.
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F;,uro 124 Turbidi'y du. from ,h. Cap< VOId.
''''n<!s duri". 1963_1%6 (Vol" 1%9) ond
1913_1975 (J.enick. and K.".n, 1977) Bm'n , ••
.... a.lcul.t,d acoord;~1 '0 Vol.

The fonowinl section wiU look fo< presump'i'-. <..denee for • clung< in dust
transport bel en 1968 and 1973. Sin,. meridional <hif.. of the dust plum. might
have cau"",, Ih ,,,,,d ino,.... (.... below) it is nee..."y 10 obtain ob"'YlI,iOfl1
from 'ta,ion. compautively clo.. 10 ,he ''''11"<:' 10 find out if the lOure<' "",.ph
~.d in ,I>< ~l.

F,,,,,, 1963 unl~ 1%6 Vol. (un.pobhshtd draft) c.rried "", turbidity me.sur.,
m<flU In tilt C.p< V..d. Island. "&iOn. FiiUr< 12.4 sh<>w:l monthly .,'erag.. from
1963 u.ttl 1966 compared Ie OUr rntl$urtmenU in 1973 unl~ 1915. CNr dalO .... ,.
eaI.wlled 1C"",dm. '0 V<>Iz'. prooodur., thus lhey misht be oIiJl1l1y diff.",., from
the <!ala in Figu" 12.1. Both .... of dol. show ,he same annu.al <yde and .v"
quit' nicely, The ''''''"1'' of b<>lh .. IH,f tU.u ar<

B"'A ••• (1%3-1966) ~ 0.099

B.. ;• ... (1973_197S) ~ 0.121

Since 8 i. di,eclly proportion" 10 the mns of 0.1-1l"tl I'Irticl.. in ...nical
colull'lll i' meuu In mc,u.. of 22% in par1~~ colulI'III>r mm. The ""Imical
IccU..cy of bolh ..to of tU.II. ho.......'. io 001 .uff1<ieOI fo, lhe >lllement thl! the
d"'l l'.....pon h.. ill<rel"".

11>ore is funtle' <'Videl"« thll the dUll t,"",pon h.. prll:licllly nOl chonged in
rocent y..". laenicko ond Schlitt (1977) p,oposed • _lhod '0 deri.. the Itmo..
pIleric lUTbidity fTom the lime difference bel"'.. en the r«o,ded end of ""'ohine in
>uruhine recorders ond "lronomical ",nrise/""'''l. The me,hod _IllS 10 be mh..
"OSili... Illd compori"",. with _",,'ed tUTbiditi", If. quite in rayour with ,h.
p,oposed melhod. SUl1$hine T=,lb hi.. been aw.ilahle >ince 1880 ond thu, Clll be
uoed 10 e,tabb'" I cUmllo1olY of turbidi'y. From the SaIto", dOli Ire Iftillble
ffom I Ie.. exlended period "'nunlriu<l isI Dubief (l9S9). A dtlwb... of lh.
proposed method is lhl' tl>< >UIIlhine ,""o,d, hI.e 10 be e.ahilled fo, cloudle..



t:Jtim4IM SOU'U Sltt"llh vfMin~NID!J<r [rom Ih' S<lhara

'.

F;,ul't 12.5 1101.10.. "I linte'. turbidity fa""r oal,ulo"d from ",n"a,.. (usio,
dU. from !)uble(. 1959) aod direct ......"em,oU (St.inh.u..,r, 1934. Dubiel,
1959). Th. underltnes indicate th. SOlin:. of lh. dllla
-- from ",otraC.. Dubief (l95n I" - 20 mW om·'
- - - Md;dily flubief (1959). Steinha"",. (1934)
--lsolln.. ollurbldily T•

•unri"/suns<t. At the pr<..,nt this has nol bun don. for lh. !WI How.vor,
Lausch., (1957) off.,... a method 10 oaloll.late lhe ',.""rd.d' .unrise/ ""'t If the
durlllion of >""thin. and <loudin... is Pveo. It would i" h.yond lh. scope of this
paper to give d.",II$ of this method.

I am ..... re of lh. uno","'inty of lhis p'Oo:Odure, but th. resultS obaln.d lIl'
lurprisina. Figure 12.5 shows isolinOl of link.'. tumidily factor T. fOl the sm"a
frorn o1»ervtd <bt. befo.. 1959. Th. map Illo,", • centre of tu.bidity in the
West_Soh... which i' pr""'ico.lly id.nlical to the ''t;ion of iocre;ued dlUt storm
acti.ilies, as comp~.d by Dubi.f (1953). AlthouJh til< method of ...lu>lion mig!lr
Jive rise to object;"", th. unif"""ity of th. results is qUite surprising. It sec"... 10
be more tun ""incid.ntal lhlll ,..lues T. - 3.5 a" oil,ul ...d fOl Africa'. w."
coast. Val",,> O<lualto lhOS" .... r. "",asured on Sal (T- 3.45).

II should c.rtainly be permitl.d to ,utnmlrize'

I. E..IUltion of 'Untraces Iud to turbidity YOlue, of T•• 3.5 III Africa'. SSM"
......, coasl fo, SOme y.a" before 1959

2. TurbIdity m.asuremrnll III Sal during 1973-1975 gi•• T.... 3.45 or
B.. 'ooo.·O.l21

3. TurbidHy measur.n>enl$ in th. Cape Verde Archipel.go during 1963_1966 live
Bm '0 I••• 0.099

The.., fmdinp certainly do nOt ,uppon lhe id.a of a drasticJ1ly chanled dUIt
production and "an'pon over the North Allanlic O<:tan. This presumplive .,,;,



""
den«. ho_ve,. is ba..d ""elusively "" turbidity meuurement .. Thu. tb. panicl ..
radius rv>ge of fOu&hJy 0.1 I'm ,0 I jml was oonsidmd 0Il1y. It is. hO\'ltver,
""pee,.d that ,~ above conel"';"". are valid for all particle size•. MUlllr.""'nU
during du.t "orm' '0 the Sohora (SchUlL and J..nickt. 1974) indICate that 1II
particle ';I.. are >o,i'<1l<d .nd no p,artid. siu ..lec1iOll OCOUrL

In addnion, lilt follo"";o« .hould be COIUiM,.d. The sm,1 rone certainly ooven
10"" 'han SOOO of Ih. total dus! production "" in North Afric•. ShoLlld only 'he
Sah,1 zont be 'upon,ibl< for • threefold incrn.. in du.t p,odllClio1l of the whole
.... it would mun that. more thon 6-fold "utput "r tht Sahel zone must be
con'id''''d. It is btyond 11>< Umit. of this ...pe, (0 dociM whethor this can b.
,ega'dtd os ,..li'lie_

Clftson Ind Pro.pero (1972) report tha' the dUll at B..1;>&<1", durin! 'he w;"'<r

mOll'h. i. "f Irryish or black colour with. polSiblt origin from the s.emiarid
11l1<I.ndl IOuth of 1M S1ha", An inort...d dl1$1 proouctoon ;" the Sahel zone
should, ,h'f<fof<, affect \h. winter 1IIOnth•. qui'. in cont,a.t to ,he obse...'ion•.

"The inc..... in d"" oont.n' in 8afb.d", has probably <>Ih.r ,...ons 'han
incr....d dust prod""ti"" in the Sahel zon•. Has,.nu,h (1976) di1<uss" ,h.
eon.labon he,ween dry Of wet yurs in 'he Sah.l lone and modified paunn of 'he
I'E-llid. winth. He ,.pom abou, an inc..... of wind ~l<>ci,y, .nd • mOl. SOII'hern
location of 'h. I'E·lrad., dunnl dry Sahel years .. compared '0 w., y••rs. It is
re«>nunended '0 in..."i.... \he influence of ,he.. lo'le "'al' .. ria'ions on ,he dUll
ron,ent in ,h. Wes, Indin

12.4 ~IONITORING OF THE DliST PWME

The above di$<uwou indil;;ale<l 'ho' 'wo upeelS of the mineral dust plume f,om
the Saha.. seem '0 b. of inle,..!: ,h. radiational properties and 'he dry fallout.
Th... propenie' ,h.n should he monitore<l in such • way ,hat ,h. whole dUll
plum. is .u,.,.eyed.

Clfl"",., aI. (1977) sho....d the pmsible .ffects of incr.....d dus' amoun,s on
,he radia'ional cootinl 0' heatinl of 'he atm",phe,. and its consequencn on ,he
dynlJnic. of the ""l""phere. Since ,h. pat'iI;;l•• clusinK optical effect. Ire tran..
poned over 1001 distances more or I... un.ffec'ed. moni'Ofinl ""iOllS cln he
..I«led quile ind.pendently from ,he diolan.. of 'he SOIl"e so lanl u they ...
wi,hin the plume. ~lonitoMI the turbidity of the atmosphere WO\l!d give suffici.nt
infonnation about ,h. radiltional properti•• and would co,., ,he dust plume in it<
entire ... r'iI;;al extension. A netwo,k of photometers would give quite reli.ble
..sulla but not 500IIer than """" ten years from now. Th. Arne ..mains valid if
monhoMS from satellite. is considered.

The use of the ounslline record.r ne'work would gi.....dditional infOl'ma,ion fOl'
some decad•• in the past. 11 is, therefore, recommend.d to ..... combination of a
'urbidity .nd ""ruhin. ,"COlder ne,work fo. In ophmum of informOl1011.

Optical m."Uremen'" and ...n ,he d..ennination of .irborn. partic:l•• mus will
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Ii"" no info",,"tion about dry d'posIlion (J..nid•. 1973). This is pr<>bobly be"
don. wuh simpl. d'posItion d""t coDecton p<>$itioned on the vound. Bec.use of
lhe bTie ralling vel""ity of th. iiant panicle. the whole d\l$t plume in ilS vertical
extension conltibule. to the d.positioo. Dry d.posllion <»uall)' oc<:U," in the
'vicinity' of ,h. dust sourc•. l1Ie pant parllcla .re nol carned over IIIJe di<ta.....
IS could b••hown. Schul< and Jaenicke (l974) estimated thlt only one quarter of
the Ili.nl particles wNch bec.me aiTbom. I..... the bO<Jnd.n.. of the Sohar..
Elec:..... dry dep<>$ition i. observed clo1e 10 ,be SOUrce i' is .ffected by shO!"tlime
disturb.nc... To ••oid bluTring of any 'rend. lime a•• toging method••re ,ecom·
m.nd.d. DuSt d.posilion c"D"",,,,, exposed fOT roughly on. month and weigh.d
afterw:ord...n< this pUrpo«.

Summa1'izin1 this discussion'

Turbidity and dry deposillon cover tWO differenl .." .I.asse< of the airhome
panicles u>d t,.,o different effects of lhe du.. plume, Both .ffects I'v. infot·
m.,ion about the whol. vet1ical .xtension of ,he plume, Sal. Cape Vetde bland.,
...m. to b. an id.a1 plac. for ag.ound based monitoring .'.Iion. It is Ioc.ted at

.""h • dist."". from the JOUT.e th>! bolh effects. turbidity and dry.fallout. can
be observed b..t.
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CHAPTER 13

Long-range Impact of Desert Aerosol on
Atmospheric Chemistry: Two Examples

K. A. RAH~. R, D. BORYS. G. E. SIlAW, L. SClllTl,
and R, JA~~'ICKE

ABSTRACT

ApproXlm.tdy ODe-llolf ,~••1.m.n" in t~. OlmosphOli< ."ooo' <>ocur in
neor-au>'" propor'ions, and .... probobly ooil-d.riv.d. D"'rt. or. liK,ly '0 b. ,he
moin oonttibu,o" of UIi, orustol duO! .von '0 remote temp"'1< .nd pol.. rei""'''
Mulli-..lem.nlOl ..oIy... of 1 ..mpl .. of Soh&r....0001 ""U",,,d 0_ Ibe NOtlh
A,,"ntio in 1973 revealed ,h., It. «,mpos;tion wu surpri.i"llY uniform OV<f
2400 km and 8 d.y., wit~ more ,han ,hre<>-quart... of 'h. ol.ments in cru"oi
p,oportions, Slhara du" accounted for about 8~ of ,h. a""",l m... at the
ourf.", of ,h. NE,.'rad.";nd re~on of the North A,lanti< durinl ,hi. ",'Onl
ou,breaK, A••n .xampl' of 'h. impac' <>f d...rt dUSl <>fI 0..0001 c<>mpo..ti"" even
farther fr<>m the "'me<. ,h. recent dISCOvery <>1 bond. of "'''''n desert du", in ,~.

oreli< atmosph.re i> diso\W04, Durinl April and M.y 1976 1.ye" of Asian du",
"'er' obter'v.d ov.r Atub. Th... h.ze Loy." compl<t,ly aher.d ,h. natural
Ch.mi>try and phy>ico <>f the arctl••<f<>Sol. .... much .. one·h.lf million ton. of
Amn d"".rt du.' m.y .n"r 'h. NOli< durinl a S-dly .p_•. Deoert-derived.,,0001 ..om. 10 b< ch.mically diff<f.nl lrom its paren, ",U, Only Ih. r",.st
(, < 1 lUll) ooil pallid"". .,~ich are ch.mically .nd mineroiolicolly quite differ.nl
from 'h. bulk ooi1, .... cop.hle of lonl-<a,,&< '''''''PO'' 'hrou&b the .'mooph....
Cnu'-oir (..Olionalion hOO alre.dy b<en noted lor Si and AI. bu, ""'y e.i" f<>r
m.ny o,h" ,I,m,nta ...... Ii, ",ch .. Ih. rare ..rth.. Th••nd ""'ral h••ry m<tm
.uch .. Zn, Sb, ......tc, Anolyois of d...rt ",U, .pe;:tficolly in 'h. 0.""",1 ranI<
wUl be impot"n, fOf the /\tturo und.,.tandinl 01 d...rt dUSl in 'he atmo.ph .

13,1 It'o,ROOUCTION

Crus..1aerowl...p«:iolly th.1 produced from d...m, pl.ys on importanl role in
'he physics and cltemiWy of ,h. atmosphere. Recen,ly this k.y ,01. b.. be.n

inc"'sin&!y recognized, and Sludi.. ofd..." ..,,,,,,lllJId its Olroosph.ric effects .re
"'pidly increuinl. N.vertbele.., .urprisinl!y lillie i. known about mlJly ..peets of
d... rt d\lSt.

l1Ii$ paper b conc"n.d with tho el.men,aI composition of desen dtl$' in 'he
atmosphere aOO tb. exten, '0 which i'lovom. the e<>mpositjQl1 of the ."owl. ev.n



for f,om d...n,. A genora! introdaotion will show IhO! * I*r~ numbor of ,I.m,n"
in 'he ...=I'hroughou' Ih. lroposphm ire ~lSenlWly ex<;!ulive1y oontrolled by
crus,.ol soure... TIl'" two eumpl.. of long.rang, !II.n,port of de..rt dust "'to
",he"",i.. remo,e IfU' "'"l bo given. namely s"hara dusl 0'.' the AtI,ntlc Ocean
Ind MilO d"'t ove, Ala,u. In e*ch coso 1M impact "n the 10,,,,,,1 i' .triking. Th'
pape, will conel""e "i'h I dis<:uosion of the 'eblion' be,we", lb' composition of
d..." dust Ind the ,.,os<.>l derived f,om it. Th. argumen, will be nwIe thot lbe", is
no a pnoti _ that the two should be the ..me. In flet. the ph}~ic.ol p''''''''' of
gene"'tion of c,usw ..,,,,,,I .uU..ts 'hit il sh,>uld mo., likely have I diff".n,
compositron ,h.n its parent soil. o.ta from the world .. ,osal .nd from SahllilOU,
Ind ..rosuh in paUi.war ",II be used to .upport ,hi. bypothesis. ne ,mpoll"',"
of knowing tbe compoSllion of d.,m soU, as • fune.;on of panicle o1l< will be

"'....d.

13.2 GENERAL CHE\HCAL I"II'ORTA..>;CE OF CRUSTAL DUST II< THE
ATMOSPHERE

The .bandan... of manr elements in Ihe atmospheric IOrosoll'" connolled by
lhe ubiquilous cN".1 1«0501. This Cln b....n mOil' ,"Iily by 'nrichmen'·foc,o'
11\I1yo1•. that i,. bj' clkubt"'l the tn,*hllll:nI fa.',,' of euh el'ment in the ..,osol
,el."ve 1o ,he CN" and some rderence .).m.nl. n"s i. u.ually don. fo' an
<lomen' by using the following formub:

Aerosoi Crust Enrichment Foc,o' ~ (XIAI),,,o,o,I(X!AI).,",,

wh..e X and AI st*nd fo' cOll<<nlralions of ,I,men, X and Ihe "f<renc< ,I,menl
AI. In principle *Oy of .... raJ el.men" (Si. AI. Fe. Ti. 5<•... ) could be us.ed fo'
,he ern.tIl "f.renc< elemenl, bul AI is the most Common choice boclu.. it is
rela'ively , ..Uy determined Uld locks major pollution soure ... F, i. 'he nex, most
Common choice. The crultal "f,rene< rI\Il<ri.ol 'crust' ought of coo... 10 be ooU.
prob.bly desert oo~. but il ",ullly ak.n to be .verage crust (i.e. ,ock) beuu.. so
much bett., dati It! "'Oilabl< fo' lock t!wI fo' soil. All crolc.btions "po"ed he,.
use the Ive",1I" crust ol\l..on (1%6).

11>< ,nJichment facton of I b,ge numhe' of IOrosoh have bun crolculat<d and
tabubl<d (lUhn. 1976b). It ...... found thaI .ach ,I.ment in II>< ....orld .. ,osol has a
" ..on.ably characteristic 'onge of enJichm,n, flet"'. wilh .01.... diurlbuI<d
Ipp'oximately log-no,maUy. A simple ~om<tric me.n ov<r the entire populltion of
",,<>SOl sampl.. considered in thl> comp~ ..ion p,O\'id.. 1 fin! ...,imate of 'he most
Iypkal enrichment f*Clor for ucli <l,men,. These Il"0metric m<ln enrichmen'
fKton. f,om mol< Ih.sn 100 "''''IOIs. are sh""'fl '" Fr,ure 13.1. It CI!1 be
;mmediat<ly ..en that more Ihl!1 hlllf of the elemon" hi"" m"n enrichments of
Ie. Ihl!1 abou, 7. The.. e1<ments *" therefor< p,..."l '" n..rly crustrol propo";"n,
in 'h' *tmosph..e. Bj· contrast. the o,he, hrolf of the elements have m'ichment
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,,'- -.J

Fifure l'.l ~melricme.n onricbmenl f.cton

'"

facio" ~l'O'un .bout 10 and 5000, and .... th.... for. nOl elllst-controU.d. In
genonol, lh• ."u,~. of these ol."",nts in ,.mole .lme>sph..... are not known.

Of the e'ustil .I.....n" in the atmosphere, SO"IO hi,e imponant marine COm·
ponentS in morine "'01010, wher... othe" h.... no measurable manne components
nen in til< mosl rmKIte marine r'1'0"'. Tho.. tWO extr.m., of boh•.;ou, ar•
..emplifi.d by N. and F., as llIo,.." in tho next 1'0'0 fii\l'<S. FiIUt< 13.2 olIows tho
enrichment·f.clO' dLoI'.m fo' N. (Rahn, 1976b). This type of plot i•• "".Uer
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diavlm or lh. '.'CtSOI""us! enrichmont faclor for an element .... the <Ollc<nmtion
of Ih...f."",t .lomen, AI, both variable. bein, plOltM lop,ithmi<aUy. Remot.
(low AI) point. therefor. appear "" Ill~ l~fl and u.bao (hi", AI) point> Ippear on
lhe righl. The numbor next to ••ch point is for idtntif",.lion only in IWm
(1916b). Un.. of constant conoenlration of lh. element in qu..han Ippear
inclined 4S' counl.rck>cl,,,,i.. from tU vertlCoI. C",,\;,,<nlll ..po.... ar< indicatod
by ><>lid eirel.....m;·marin. poi'u. by solid trianglel. and marint "'gion, by open
cirdes, For No a du,<u{ marine fOgion un he n... oYidenced hy high
.nriehm.nlS in remol< marin. and ..mi·marin••re NOI' 'hal In 'hese matine
ar... ,h. oon«nI1l>U"" ,.ther 'han the enrichment facIo, of No 'end. toward
conmncy. beinS ,oughl,. a few ' .... 'h. '0 I few mic'''lIram. pe, cuhic me"e of air.

The oppeR'e hehaviou, of Fe is 1110..... in filii" 13.3. No maUer how ..mole
Ih. ",n, and no maUer whether it is ml'in<'. semi-rnarin•. Of nonmarin•• Ihe
'nnch.m.n' racton of F. remlin for Ih. ""'$I part h.'.....n .bou, 0.1 and 1, Mati".
ll'ld ..mi-matin. point< .re oompl'lely in,.rmins!cd with noom.tin. poin". The,,,,
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fore, F. hos n<> mouu",ble mori"e componen,. l .." in the ""''' morine ,,"" F. i.
cMI-<:",,'roll.d.

T.bk 13.1 ""'H'",nte> the bebJ\iou' of 51 elements in die llmuspher. who..
concenuat;"n. hI" b.." m...ured oflen <MUgh thaI enti.:hment-flClor plots con
b. made. As nOled lbo"". oppw"mllely half of lh••• ,ieme"'. If. crustal or
ne"-<r1Uto.l ;0 _bunda",,: lh. othor holf .'" <"noh'd. Of the 26 non~n riclt<d and

TABLE 13. I Cl..-if'cotion of E),men" by Type of Enrichment·foetor D..C'am

No"~m,ch.d .Ieme,," (18)

U. F. N.', MJ', Si. P, ,,'. Co'. Sc. Ti. Rh', Sf'
~. Ce, Sm. h, HI, Tb

'"'mn<dilst< ,Ieme"" fB}

V, Cr, Mo, Fe, Co. Go, Co', B.

£""d.•d ,I'''e"'' ()j)

11<. B. C. 1'. S, Q', Ni. Cu. In. Go, AI, So. Br·.
1>10, Ae. Cd, In. Sn, Sb, I', W, Au.

He. Pb, Bi

·"ori.. "'''"PO'''' (lU)
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int.rmediar, .I.m.nts. onl)' 7. '" lbout on' qLllrt". >how meo<o,.'bl' ",.rine
cornpo"'''!>' Thll> Ih.ltudy of ,lie e(>lllpos.iu<>n of dO'Sen soils, wlIkh ""ke up'
Ilrg< [,I<lion of "'lSlal nul.nal injeet.d into Ih.lu'''''ph.... con ,na,erially off."
our und.rstlnding o[ n..rl,. hllf th••I.m<nts m th. "'<>sol.

13.3 SAHARA DUST OVER 11lE "TLA~;nC

During 0 1913 cruil< of 'h' We.. G.rm,n re,..,eh , ....1 "M.,.o' ac,os. lh.
"ople.1 No,m Atllnttc. Il<ri., of 15 hiah·'-olu",e ••,,,,,,I ..mpl.. ""re llhn u<inl
8~ 10 inc;' Delb'& 11le'o<o'bon poI}''')"re'''' mI." Vld • high-.olum. "ocuo",
pump (Rlhn~, <Ii.. 19"', Simpl•• w.re 1 102 doy. in do"UUd. with lotll oolnme.
of Ii, ..mpled ,.ngin~ frum ,500 m' 10 7000 m' Th. crui.. lrock ".hown In
Fil0'" 13.4. along "ilh ,h. t~I.1 eUdcon"ari"". of minerll m"IOT coll."t.d. A.

seen in the FiIO... II .boot the midpoinl of th. efUlSe lh. ship .ncountered 0 IlTg.,
strong plume: of SahITl du". Th. I<""n .."'pI.. numbered 9 th,oug. 15 f,o'" 'hi<
plum. form Ihe basis of thi' section ond will b. eon<ider.d .. I unit w'hose
compo.uion i. indi<ative of I lingle Sah."n outbreak

W. fell thai l!U. JOit< of ..mple...... 0 panicnl"ly ",1""1>1e ""'. beea"'" u W'>S
tlken on hig...,mei.ney filte .. w'!lieh coU"'led all "'. "nses of tlle ",<>sol. ..
oppol<d 10 the popular n)'lon Tt\Ol.h.. Of ";1<. "hieh cone" partid.. only 1''Ier

.,,"

~ .
.....? ...

SonIO 0..-""90

•

:.• " I

F~re 1l.4 'Metoo'" 1973 croiae map wilb dales IlJId total Sahara do"
loadinp
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t!un I "'" 0' "'. Furth.,,,,,,,,,. I,ea, pain. _'" akon '0 a,·..,ill $hip c""..minallon
and to ...mpl... n.arly i.okin.tkaUy .. po..iblo. Th. lam, wu a p..tic~llrly
important point. b.",,,,, '" much of th. Sahlra I.,OI<li i. found in the ~iMl' oi'"
'1111' (, > I ~m) ...hich i....ily ""ned by noni>Okin.,ic Ii' now it"o th. sampl .
LaI'Iy. ,ho ...mpl.. w.'" important bt<ou.. th.y ....'" uk." 0" filt." ...h!ch '"
ch.miclily v.ry pu,•. '" that th.y Nuld !at'" b. analyzed oh.mically ...ith I
minlmum of "'1<If.",,,« f,om tho filt"r motorial i",e1f.

Samo1•• 9 ,h,ou,*, IS ..."'. coll.c,ed ov<' alotll di.ton« of Ibou' 2400 km II1d
In .Iapstd tim. of 8 day>. Th. no""" distll1C< 10 th" Airioll1 sho,. 1Vi. about
600 km It tho .nd of ..mplt IS. II1d Ih. flflh.,t disllnce from tilt Afrioln ",,0'"
IVU Ibout 1300 km. at ,Il. b.gjn"inl of ...mpl< 9. TIt< 20 d"S'... of)""lit<ld. 0"'"
which 'hil Soha", plum. IViS sampl.d ,.p"'stn" ""arly o",·holf ill 'otal long·
ilt>dinal di.ploo."",n, on its ....y f 'Om Africi to ,h. Coribb'll1.

The.. sampl", w.", analyltd by nood.muctivt ""ull"" 1Ct;''Jtion for .. many
.ltmonlS .. possibl. (RollO it QI .. 1976). Abou, 4() "l.m"nts oould b. dtltrmin.d
f,om " irradiation' Ind 4 counts on .ach SIl11pl •. In oddition to th.....,osol
sampl.,. 6 Uby." soil and soiI·"I".d sampl., ....r< II", analyud. r".wts of which
...mb< dis.cu~d in ,h"lu, stClion of 'his paper.

Th. t01l1 concon"ation. of Sah.,1 0..0101 ..'... high.. ,h.n .xpect.d and
.urp'i.insJy con"ont. l1It m..n min...l c""ctntro'ion of ,he 7 ..mp"," lVi'
75.6 I'll m -, 130%. C""sid.rinl the I,"~h of ,h. thip·. ,rock and ,h••llpsed lim.

dunnl ..mpl. collte'ion. I """,ffici.nt of variation of only 30% stOms ""y sINil.
Th. Imp,act of th... high conce"t,.tton. of """.ral '''0001 on the "lion can b.
IoUn in Figur< U.s, ....hich shoM the major compontn" of ,h. Soha" ,...d<·..ind
""'0001 in ,h~ <lronl pl~m•. Of 'ho '0") a<'''''') (96.2 ~8 10 -'). SOl Slh I<>;Ou",.
fo' 15.2!-'I 10·' , or only 16". By ContrlSt. Sah.B dun occounts for so"", 791, of
,h. ao,,,,,01 mass. In o,"'" ...o,d•• th 0001 of ,hi. m.,l"" ",gion bocom..
...."tt.lly con,io.",") ,,'h.n • "'001 Soh p1u"'" p..... o"'r. Tho ",mamd<r of
lh. "'0001 (S%) is di.id.d btl"·..n organic malt'" and ammonium sulplt.",.

Th. composition of 'h. Salla.. a..<>sol ..tmtd to I>t .....n ""'''' con",,,, 'han
...... ilS '0111 cone""t ..'ion. This is I f...u", of lilt It'osol which Ila' not bo.n
noted in ,he f.... p"'viou, «portion its composition. pt,h.... btelu.. I.IS p,eel..
a11l1yliool I<chn;qu.. than noUlTC'n IctiYltion '0''''0 u...d. On ,Il. othor hand.
"",hIpS our data '''J',,,,,,, o(1)' • loi"gIe ou'brtu. diff.,""t in composi'ion f'om
olh.n. W""".. r Its lrut silllif",."co, this c""'toney is illultrated in Figure 13.6.
which is I ",Itt", dial',m of th. <""mclen' of varillion of th. conc.n,"tion rat io
X/F. fo' ,h•••rloll:l .I."",n" X "J. tho ""lIyti<:al unoo".in'y of ,he ""'" rltio
X/Fe. Th. diagram cl.lIly ,ho.... that 1M VlSt majority of .l."",nts sh""" varia1tons
""", the 7 ..mpl.....bich or< jus' about ,h. sa"", IS th.i, a"alytical lIncelllinti..,
...n d{)Wn to the 2% 1...1 for 50. In ",,0", ......."'. nol ,bl. '0 dot"'t any
silOific.,,' compositional variations ""bin this parlicuLar Soha" plu"",. It i, no'
yot ct,tlin "'h..h,,, such homoltn<uy i. I CharOCltRSlic of III Soha.. ou'brtll'l, Or
wh.ther on. outbreak diff",. m,"urobly f'om Inoth... Wh., is ttfllin, thoui/t. i'
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l/u.l the "'ale of this outbreak (1400 km, 8 days)waslarg., and that !hi' d.gr•• of
compo<itiolll1 hom.,.""eity i' hiJhly unURlai within em';ro",nonw "'ienct. The
explanation for thi> intriRUing phenom""on m\lSt be a c"""a",,y of proportion.
within the Saha'" Wld and/or .xt<n>ive mixing of the ••'oooll><foro il mo"", Out
0,..' the Atlantic. At the moment, howeve" the rela,iI.. irnporar.ce of lh... lwo
dfoolS u nol cl.ar.

Thh CONlaney of compoaition for tho Sahara 0"0<01 make, its compo,;t;"" I

som""'hot more fundam""tal quantity than it O1ho",,;.. might 1><. Figu" 13.7
show> thi' composition, .xp",...d as enrichment factors relOllveto Fe. The "'rtical
blrs are coefflcienl' of ....riation of enrichment flctor o'-er lho 7 ..",pl.. , not lhe
oI><o"..d ",otter diroclly. The" are a number of fe"illO! of this plOt worlh poimlnS
out. Finl, lhe l1IIjority of lhe el.meol' hi'" enrichmenl facto" of ....millly
unily. i.e. they ore in the proportion> of average c"mll rod<. Alle..t 25 of lhe
element> fit intO thi. ea,'1!oly. pe,hap$ mo". Only obout 5 element> ha.. enrich·
ment factors V..l.. than 7. This $ituation i. to be contrasted with lhe world
u,,,,.x of Figur. 13.1 whore n..rly ""<--half tho element> hI''' enrichmeot flClon
of rougltly 7 or more. Thu. f,om the enrichment·racto' pain, of view the Sahara
..row! i' I "I"i..ly 'irnple one. with ""$1 elemen1l at 0' very nUr erwtal
proportiollS. For compa,;,,,,, purpose•. Table 13.2 show. the .."""'tric meln
('wodd') enrich men' raClOn of Figure I3.1 n..t to the Soh.,,,,, enrichment racto'"
In n.arly all c.... lhe Saharan enrichmenl' Ife depre.sed ,el.. ;\10 10 the &Iobal
value<. The high.r lhe global enrichm.nt racto, the more it ;, depre.sed in lh.
Soh"a U'OSOL

Th.ro i., how..... qUite ..,me o,d.r to lhe enrichments of Figwe 13.7. The light
Croup lind 11 .lemenu No. K. CI, and MS ho•• low enrichment ractOr.. I><'w"n

""'C>!ME"' _OCfQflS , """.~. 'E""SOI.
11 SAMf'tES "S·.C'~ ~,",;:I
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TABLE 13.2 Eori,hmeol f.c,ors in lh< s.h....od
World M,05O'"

E1emeo' Soh". Ef(f<, 'ook)

014
0,67
0.69
0,73
078
0,88
0.88
0.91
0.93
'.00
1.02
1.03
1.07
1.3 5
1.39
,~

1.45

'"1.68
1.73
1-78
1.85
1.92

'"1-98
2.01
2.18
2.ll
2.H
2.35
2.47,.,.
••••<"<"

""..<WO

World Ef(Al, rook}

U
1.98
2.8
Ll7
2.4

14.0

"'''', 00
2.1.,
"...
1.9S
U9
1.14

12.4
2.5
2,1

"n
2.6
1.18
2.5
2.0
1.92
1.36

"260

"19,1
,~

1430

'",..00

'"...,..
"00
1920

OJ and 0.8. Th<o co""'•• g:roop ofh..,;., Group 1and 11 el",umto plu. ".",i,;on
m<l.", with enri'hments belween 0.8 and 1.4, Th. rare ••"h, .nd Th form a sroup
wilh .nril:hm.nts b""....n 1.6 sod 2.0. A ,,"111 poop of huvy me,.", i' dune,.d
.bout emi<;hmenll of abou, 2.4. The la't V"up is composed of 7 h..")' melli, and



m

"""''''''1110 wilh <o,icl1m<n" b<tween S lJ\d 100, hotp! fOf lla, III the .I.menu in
thO$< lut twO goops Jr, hiahly .nriched in the normal ..'osol.

The rar.....'" ,l.men.. (REEl Irt I particularly inl.rOSlin, Wi,h the
'~c.pllon of W, lllty ha", .nriohment r.cton b""un 1.6 and 2. The l.ment,
Ir' moll IOlOf.'linl beclu.. Ih.i, enrichments h."" jn,'abool the.. sam< 0.. in
'h. tU' of ,11, world .. ,<»01. 1';0 mOjor pollution $Ourc" are known for the rlr<

..rtlu. Thus they ar, lndiop" ..bl,. of crustil origin in Ill< world .. ,,,,,<>I but .qually
indnpuably hI"" enrichmtnll markedly higher 'hon unity. Th. Ian ""'ion of this
l"1'<1 IddfflSe. 'his point funh.,.

10 summary. then. Ih. S;lh.,.. ..,osolhaSI <:omp"",;"n elMo 10 'ha' of lh.
lvera,. crUSt. i.e. low enrichment flclors for mosl all ,n, ']''''''0''. 8om,nu which
.r, highly enriched in the world ••ro..,l do show mod.st .nrichmeon in lh' Slho,.
..'osol. but it is nOi Y" c1,ar ,",'h,lh.1 this is hom 'he 5oh." '''0001 ilO~lf Of from
• certain mixinS of outside ai, into 111. Sah... p1Umt. C.rtain .moll ~nrichment.

ob.. rv<d in llle Soli... plume. for 'h. r..~ ••rth. in p.rtkulor, ,r. 'Iso oh.. ,..d in
th. world .. roooland are .u...ly from the dUll iudl.

13.4 ASIAN DUSTOVfR ALASKA

The otCond .:umpl. of 1000g.,..ng. chemic.l impact of d•..,rt dU$t 011 the r.mole
..,<>SOl come. from sn in""igstiOll of 'h. composition sod SOUre< of nctic h.o.u
over Ala.h. 'Arctic II... ' rd... '0 turbid lay.,. of air which.r< found oftm "".,
Alul<:s snd 'lie pao~ ice to lhe north dunnl 1"riod. of c1..r ""..ther (Mitchell,
19S6). Tht$< I.y.,. .... diffuse, hundrtd. to tlloUWld. of k~o""'If<' in hori'OlItli
uttnt, and occur at v.rions I.vels 'h,oug/tOUl the netic tropo.p/l..... "Thei, colour
is groy·blll< in the anti$Olor dir«tion and rtddish~rown in the solar dirtction.
...hich sul8tS" thlt th.y are compo..d priml.,lly of antill "'0001 particle•. Until
.....nlly the only o,,",,""'trOI\$ of srct", h ,. visual, In 1972,1973, and 1974
however, radi.. i.... ",...urtm<nll on th la;"." no" Barro"". AI..... rt;uled thll
they hid .....U-d.fln.d .xturclion, Le. that they wtre .fftutinl lhe rodillion
Ialanue of lhe Arc'ic (Holmgren et al.• 1974). The Gu.."on of the origin of til...
loy... b«ame mort significl/lt in 1974 ,,'II.n rough tr.jectory analysis for. hau
.pisode., Borro"" thaI .prinl suUt"ed thaI lhe air containiOltlle h... m.y hi....
pus.ed over 'he highly polluted north."'.m United Slat<$ .bout III dsy. befo,"
,he episode.

In a joint ""n,u," b.'.....n the Univenity of Rhode blsnd Ind the Uni.-enity of
Aluka, "". hlV' tak.n fllt.r wtIpl.. of ,he h... otrOlol it..lf by llyinS • Ughl
aircraft within a II... I.y... Ch.micll anllysi. of ,he ...osol coU.cted, fint r.suits
of which sr' report.d .I..wh (1Uhn ., Ill.. 197/). ,,,mbin.d "jth ele<:uOl1
mic,oscopy, h.. re ...ltd that th pal1lclt< ar< IC,ullly '''''til ..rOlol and 'hat
lhei, source is lhe de..'" of e..tem Alia. This pr"l'lmmt and ill"sui" will now
be briefly diseu...d.

Durinl April and May 1976 a series of IS fli~" with. specially equipped
singl...ngine CoWla 1811 si'"raft ".<t. mad. from th. :0;..11 Arctic R<s...ch
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FisUr< 13.8 Con",t,..tion .nd enrich"",n' f.<to.. of V.nd
"I in '<10001 over Borro..· (Sprin. 1976)

Labor.'ory in B.rrow, Al:o<>.:o in'o lb. hou !:oy.... lli&!>.....,lume (90 '0 360 m')
urnpl.. of aerosol we,. cotlect.d 00 acid-....sh.d ll-<:m "'hllman No. 41 cetlukl..
fill., paper, Io....·volum. and NudepOle fill<! sampl., we'e t.ken fo' .lect'on
mic,oscopy. Th. high·volume Ampl.. w... analy:ted f", 20 to 25 el.menu by
neutron activo'ion, ,..mg '<$enUally 'h' urn' ~herne as for the Sahara urnpl..
discu.,.d .bo.... Figure 13.8 shows ,he reoul,. for V and AI. Thi' pair of elernan"
provide, perh'P1the '""" ..naitive and .pecifi< '..t .niI.ble willi ~u""" 0<'.
i....'ion fo, d""idinB ...heth" In ..,osol i' na'ural or potlutioo-derived. The major
sou,ee of AI in,o lh. almo.ph". is of ",u..e ,h. eru". Vlnadium h.. t..'o m'jor
sou,er" the e'....t and <ombusrion of reaidual (-=5) oil (Zoller et gl, 1973). In
remore areas free of 'iJOifioan' ai, ponu'ion llI' ViAl rUi<> is very dOle '0 'hat of
'h' bun: eru". In other word" ,h. eoridunont facto' of V i' unity. In urban are..,
on ,he otber hand. tho V enriolunent factor is mu<h higher, ""ryin. from S 10 SOO
dopendinJ on lho .....nd in >OII,er of r.aidual oil (Rabn, 1976b). Tho nonho..t
United Sial", for e~lmplo, wes V'no~""lan r..idual oil. which .re unusually rich
in V, '" h....bnomany hiJh V eorielunen". 8eaid. the eruu, no other mljor
n"ural ",u,eel of V.ro ""own. Thu., V enrkhtnent facIO.. Ifelter than lbout I.S



0' <0 liplify the p,es.-flee of .ir poUution.and V enri,hment$ bela.... 15 mean Ih.t
th••erosol i. mostly orumJ.

[n Fisure [3.8 abo"" it can b< ...n thatth. early fli&hll ",ere ch.rsc,er;z.d by
low COfle'ntro,ion. of borh V one! AI. This ...... in fOOl tnu fo< al[ 'he olh«
.Iem.rm. i.e. tho Itmospher'''''1> typically 'oI..n' lre"c aif. Enrichment fac,ors fo,
V, ho.....,..,. rang.d het""..n 2 .nd 5, which d.finitely indicat.d that th. V .....
poIlution-d.ri..d. Ripu. IJ, KL, and M 5h.~ much high.. ooncC'O'rs'ion. of
n.arly all elem.nts including V and AI, and oorre.ponded to • visible h....,..nt
ovo, Barro.... The .[.m.ntll colIC.on.tion. dUMIL thi. period ....ro con.lstently 10
to 30 tim.. abo'" hackground 1."'1$. Bu' the .nrkhmont fao'ors for V d.cr....d
sharply ...ith ,h. OfIstt of th. h.... Ind durinS ,h. p..k of ,h. h... ""er...""'iaIly
[.0. This me.nt lIJl.mbiguow.!y ,h.. this lretic llau ..... crtwIl aerosol mhe, 'han
pollution "'0501. In plrticular. it could nol """ib!y h,," come from the nonh.."
Unu.d Stat.. Or from Europe, In,e,..'ingly. tho compo.Uion of this hI" foralmo"
IU .I.m.nts ......y.t<mabca!ly .k.....d to....,d (IUnal m nl[. I> shown in Figure
13.9. H.r< ,h••n""hm.nt facto" of thi••rctic h rosol .re oompa,ed ",;,h
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F~", 13.9 Elem<ntol .nrichm.nt f.cto," in ar<'ic hne and
remote northern contin.ntal ••rosoI
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m..n .nrichm.nl f.Clors of r.mol. no,th.m conlintn",1 ",0001 (RaIm, 19760~ A
g<n<ral lowtrmJ of .nrichment flCto~ i~ arctic haze rtlali'lt 10 the more IYpicl.1
north.rn "'0001 is d.arly ..en. The d.Pf....nt .ffocI is ....t." for the .ltment>
with Ih. high'" .nrichments. <imilt' to ..+'ll WU previously ob.. rved wilh the
Sth.....,osoI.

Eloclron tnIC'osc<>py of Ih. N""ltopo,. filte" CQ11fi"".d lh. chemical oon·
c1\1'1iQ11 Ihat 'reti:: h",.. W'$ <ru,,,,1 "roool. Figure$ 13.10 and 13.11 If' .I«"on
mic,ogrtphl of typical portion, of mltrs CD ond U. ,esp«liv.ly, The mtgnif>eotion
of ,h. o'i£mal 10 ~ 11 em n.galiv. was SOOCIX, I conveni.nt rtftlenc. lize for
th." figum i, the 1'Iudeopor. por....-hkh a'" 0.4 lIm in diamelt.. In urnpl. CD
tho" tI. many mort particl•• mWltf than the po"" than I.,ge, th... the po,es, Th.
lorgelt partklt< art f.w in numbe' Ind a", It" than I lIm in ,adi\l'l.l1le}· Ippear 10
be cnlltll f,"gm.n" ... evidenced by thtir angub"'y. In umplt lS. Q11 tht olh.,
undo many mot< #IlI1 pani::l., Irt ...n, wilh ,adii up to "v,,"1 I'fIl. PIIty l.y.,.
<an easily b....n on ..,-.,aI pallid.. , all Ippel! ",sular ..,d would seem to be
crusl.J<ri..d.

• • •• • • • ,
'" • .- .. • •• • ••.. •• .. t • • • ....• • • • • •• • • • •

• • ••• • ,
••

'. • ••• • •
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T • • • .-• •

• • • -• • • • • •• •• • • • ...• •• • - • •• • • •• '. • • LI.Jr~ • • •
Fifo'" IJ.JO Electron phOiomicrov:apb ol preho« ••,,,,,01 """ BllI1"Ow. F\iaht
CD (Sprin. 1976), Po,. diam".,;, 0.4 11m
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,
fiJu .. 13.11 Electron photomicro.,.oph of ."'tic hue .er_l over oa"o....
flipt Il (Sprin. 1976~ Pore d"m<ter isO.4jlm

\lo'h.lt oould bt the on.in of llIese ",ust>! porlid..? Aluk.o was oompl... ly
••",...-covered at the lime: even in ,umme, the .ure i. only a ..ry ....... soutce of
0",,,.1 ..,=1. Th. h..e SOU"e ,,"'os d.orly for distlnt. Th. first due com. from lhe
&ene~ .ynoptic nloO!lon for th. h period. /.110,,""" in Figor. lJ.l1 for Ih.
700-mb 1.",1. Th.r a monl flo of lir Into AJosk.o from rho 'O\Ith. ,,"'hich had
oU"'ed from the , and appeared to be ">teable bad, '0 ,lie Asian mainland .
...he" Ih. S.... Tlklo MakIn ..,d Gobi de..m Ire found. A<toal 700-mb i"'baric
"ajeclone. for lho ..mp~nll period are Ihown in FiIlU," 13.13; 'hey ""nfirm ,h.,
epi<ode air had "'deed "cenlly p"....d over th... Asian deserts. Fonhe,more. April
1976 ..... in I"n.,a1 I lime of mony dust storm, in the A.ian de.."., and in
particula' on the day....hen ou' trljeclo,ie. rerminlle<! in ,h. d... ,ts "'ere ......
d"'l .torm•. In c<>t\trast. howe'",. "ajeClori•• fo' the pre"' ..... period did nOI pa..
Olle' the Alian de.."" T...o t..jeClon". from the 141h Ind 18,h of Apr~. c.me
Olle' the poi. 10 Ba"ow. They <o"..ponded to umple CD, and E....her< ,he V
enrichm.,,' flc'o, indicll.d the pre..nce of Ii' poDolian, Th... ''''0 Iir mu...
probably anlinOted in Europe and!or the nonh...l Unll.d State•• but il i' not dnr
which SOUrce was the more importanl.
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Fi,cur< 13.12 TypICal 100.."b ,ont"", map for v,ti<: lute ".naport to AI..I:a.
Nwnben af< heil:/lU of 1QO-mb surfaoe in d....mttr••

It mult be 'mphalizod th.t at the time of tha "'iting it has not j'et been
d.rl1litely pro....d that the Asian deserta are the uu.sou,c< of arctic h.u. No hue
band. ha,'. been foUowed from Alaska ba,k to Alia. fo' exampl•. nOr has a !>.and
been <>b"'rved f,om .. t.l~t. phot"l'3l'hy. But OU' trajecto,y analrsi. i. SIIpponM
by ..,..,.1 oth., fteton. First. now patt.rn. ,,,,,du,i,, to lung-rang. lran'p<>r1
f,om AU to Alaska do .xm and ,outin.ly "'Itrong during the >print. Strond. t~
Asian desens Ife flnher north than the oth., dese",. lying mostly b<twten 40'
and SO' North II opp"",d to the more no",,01 d<s<rt latitude of 20· to 30". And
third. the I.nlth of typical ,raj«toriel ••t"...n Alia and Aluu (9000 to
12.000 kin) is coruiderably IonF' than but not out of tine with the ",.n·
documentM 6000-kIn path fo' transport of Sahara dust to Ilo'badoa (CullOO and
Pr<npe,0.1912).

The ma.. of Asian <k..rt dust tranq>Ort.d into the Arotic tu"" to b< ....ry ".at.
For .xampl., eonlider ",me aatisties hom a S-<lay hue e",sode ob.. rved at
Fai'banks. Alaska 17-22 Fobruary 1976. durinR whicll vilibilities wer< reduc.d
from the nonnal 1SO krn to less thin 30 krn.and fo' whicll A.i.n du.t .eems to b<
the explanation, Coluntl'.ar mass i~dmgs d.ri....d f,om radiation m•.,uremenll had
.....u•• of about 4S mg m -, (fOT ",0001 donlity 2.5). Assuming I point SOu'ce in
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I
Fi$lJre 13,3 7(X).mb i.obari< luj",'ori.. of air '0 Borrow. Sumbe" refer to
due of uri""l., Barrow, 1976. Solid circle. each 24 hou" alcol tUjecto,y

A.... .,.,d a di,penien angle dUrinl t..n.pon of S· (,ypical of 'clconk plum....
oiewe<! f,om lI,eU"e phClCguph,). the d....t cloud would be abou, 90(1 km wide by
the time it "ached Alub, or ailoul Ihe width of the "are i..elf. (Indud dUring
this episode, l'ilibillly wll poor ove, ,he en,ire ncrth half of Ihe OllIe.) Such I
plume "a~l~nllt 80 km h,·' would ClllY 4000 'on. of du" into Ihe Arotic per
hour, Or I half·million ton. O~r 'he 'otal 5.day episode. Thi' co"npood. to
.kimminl off I 0.2 I"l'Ilayet f,om I IO· ~ 10' de"'t.

aearty, A"an desert du" "'u" now be con.idered 0 major conlributor to Ihe
overall ae,oool burden of lhe arcti< lropoophere. It cornpletely a1te" the aeroaol
chemistry of tho' regien when i' en,e", and affeclO the radiation bllance u weU.
Fu'ther "udy of ,hi. phenomenon i.....nlialto re~a1 wltat if any climatological
implCt it h.. on the A,ctic.

13.5 DESERT SOIL VERSUS DESERT AEROSOL

There is mownirtl <>idence thol desert "'i1s cannot he directly compared wi'h
tlte ..rcaol deri~d f,om them. Rectnt paranel "'.."ch of Gillelte (Gillem Ind
Walkt" 1975: Galen•• 1916; PmmOll t~ III" 1976, for e~omple) and Schil,z and



,." SahaFtln £11<"

heme« (Scbut~. J97 J. &hutz and Jlenich. 19-4) on pIlysical ..per" of aene,.
olion of soil :lttosol h~v••llICid.!.,ed the high degr•• of phy!i~al frWionaliOn that
<><:c"" donna Ihil proxtS•. For OUr pU'J'O>"llhe ;mport.,,1 ide•• can M .urnm>riud
In ••mile diagram fo' ,h. Soh ..... Fig".. 13.14. In thi' F,IU" t~ ma.. or • 1j plco!
libyan "'~ and ;15 deri,..d ae,oooI i. plonO<! as I function of partiole siz•. In the
soil it""f (A) ,he ,'." m.jonty of 'he m... Ii... bot"••" rad,; 20 and 100 11m, Th,
••row/ .pproxinu'tly I jlIll .bo,'. this soil (B) h... gontrilly ';mn., pa"tm. but
1lI0..... ",<"od m." puk .. fldiu. approximatel) 81'm, By tho lime thi, .. ,,,,01
h.. pa;std ta, out ,,'.., the Atlantic (q. ,h. f.".,.se<limtntin8 panide, of the
Iarg...iu peak hO'. III f.Uen 001. and only the ..cond. "".Ue,.,.'" peak remain..
Ewn it hu born ""ifltd to. ",un ,adiu'of 41o 5 IillI. lI'hen pan C iscomparod to
part A. it can b. sun that vinuaUy the .,.,tiro m of ,h. d...-rt .. ,00<>1 '.,hich ill

cap;abl. of long...."S. tron'JXln in 1he .tmo.ph (1 /Am < r < 10 1'"') h.. b<<n

I
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derivt<l from only I tiny rrws fraction of III< soil. It !hen seems ,uiOOabl. to
Up«l 'hit the ••rosol composition might devilte considerably f,om the com·
pooition of ,h. bulk soil, <lpec;"Uy because lh. 10"'-" end of the <oil ••,""'1 ....
ran&<. ,. I I'JIl. is Lhe upper rod of the dly_porlide liz< raoi<, and day plrtiol..

ha... quit' diff.,ent Slnu:lur. and composition from 'hei' bulk parent 1OiI.
W. have ...n abo.. that the t,.",l diJtance fo' Ali.., dUSl to Al..kI 1.

oonl.iderlbly longer thon for Salw. dust to Ill,bados (9000 '0 12,000 km ",.
6000 km). Onc might Iho"fof< Upe<1 mineral d..., 0"" Alula to h.... lIl1l1l.t
.... rag. pInkie sile ,han Sahorld"" 0....' muoh of ,he Allan,;", and ,hi, appe'"'"
b. the cue, For example, FiIU" 13.15 is I plot of '''lnme of tIctic hlU ..,MOl
""" Ba""",, "- ,odiu•. Th. ",,"<raJ eornponent of this aero""l. i.e. Ih. d"'rl­
deri"'d soil f.... ,ion. no.... ha, i" volnme ("",os) pUk .. mo'" !'It'fly radin, .! ""'_
The c1ay...,,,,,..1contribulion 10 'hi' It'CISOI ought 10 be very ;mponlnl.

The.. twO eumpl" f,om the Saharan and Aoi,n de.." , .."",Is "TVe 10
demon"'ate th'l OIl. ou~t to be .. ry careful lbout ulropoiatinS from <:om.

po<ition of dese" "'~I to compo<ition of tho derived ,,,,,,,,11. Bul ..'hll ,bout
actU.llily'! II the .. any eviden~ that ouch chemical CIUII";, fractionation really
OCCUlt? There is, and it un be coniidered for both the Seneral Wobal) mi""'al
...,,,,,,1 and for lho Salwan 0....

°1
'uO'" "•.-"

" \• '0_
"0<,

\"
~ \0

c .,•E
• • fOUL ".010•• • ~'_[UL COM",,"'"

° _On NIUe COMOO""

I" 0""".'"
"I0' 0' • " 00

'. I'm
F'S"", 13.lS Volume du'ribution for lreb: hll. , ..osoI of flialll KL (SpriOi
J976)
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"'r--------------,
!il/AI II'l Gl'lOSOIS • 140·463
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•

S,/AI '" cve'cge
r<x~ cl'lC seds

341-46S

S'/A .. <'ely m,,,,,,"cl••
104-207

"'l,__'-'_--;;,-_~~~_;;,_----"",---...JXl' 10 10' 10'
A.I. n9 rn- l

Fi&\lr< 13.16 Sclne, d m of Si .nd AI concentro,ion in a.,,,,,,!>
(Numb<... ",f., '0 l""a"o hated in IWln. 1916.0)

Crwl-lir fraclionllion h.. l>e<n demon,""ed fo' Si .nd AI in til< Fne,,! wo,ld
aerosol (Rahn. 1916.0). Thi. efft<o' is m","a,od ill Fi~Ufo 13.16, a $Cau., diopam
of $i and AI concenl""o,,, in "'rio'" .. rowl> of the world. From thi> Fisure it is
imm<dillely evi~n' 'hat tIlo Si/Alrotio of "",a, le,oools.lIId o.J'teioUy ,ho.. from
rOmO'O ..0.. fa, f,om dllSl ",ure.., is dislinclly bo10w lhe ave,a£< '"lio of ei!ho,
bulk crustll rock Of bulk soil•. The remote-area Si!AI rati" "f .b<lu, 2 i, nearly
m,dwlY be' "",on ,ho ,",io fOf IverlSO cru,t and lhe ratio for cb.y minerm,
'UlII!,,'iIlS 111.01 bolh of lhese malerWs ronlribule SlronJIy 10 Si and Al in lhe
lero",1.

C"",parison of!h~ compooilion of Libyan so~. wilh lhe Sah.o'a lero",1 ,eve.w
compo,;li"nl] discf<pand~ of a $irnijl' mlgni,ude '0 ,h~ $i_AI Cd<'," woll ...
100" complu soiI.aerosoi ..b.tion.!'up !han Iud been previou.ly imaJinod. h was
found lhal mosl okm.nu wo" moTO ..rich<d ill th~ ,oil, !han the)" w... in tho
'.rosol. lhal cenain .]~,""nl' ""',. mor~ ~nnchabk lban oth~", and !hat uch
.I~m",,' had a con,ideTable ""'F of ac'ual ennchm.nts O""r lh. SIlll. of soil •.
F",lhormo,~, aU .I....""U det.rmined """.. ""'r< mtich<d in lho small";:"" ,anse
(F < 16 "",) than in ,ho la'a" rana< (, > 16 I'm). lkuuse 'his ,mall., TJ.ns~ oIo..ly
Ipproximllts 1.,0001 "'e', all data consid..od sub..q....ntly in ,hi. "clion ..f~,
uolusi ..ly I" II.

'The d,ffer"'" ~nrichmenl' of a Jiven .lement in th~ smaD silt fraction. of ,Ite
.a,io,," so~....m 10 depend on lite J't,c<nl Oflh. soil mass in lh. ""aU";u 'anso.
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Sl'ALL-PARTICLE FRACTION
1,-16!-,m)

OF lI8YAN SOILS

",L---,,-----,.,----cc----1
AM 01 1.0 J)

PERCENT OF SOIL MASS WITH ,-\61-"T'

F;,u.. 13 11 Enrichment focloB of Th ...d Cr tn
r < 16 11m l"c'K" of Sohara 1Oil. VI, ptroen,a,ge of ood
ro." in thi. rlnce

Wh.n 'hue lwo va,illbl.. or' plott<d >pin" each other. r"her n... p"ltenu .merge
which b,ine order 10 mLl<h of 'he oth."",•• ~don, ,,:all.r of Ill••nriehm.nto.
Figure 13.17 $how< this for Cr ond Th. C, represenu. dass of elemenu thot oho...
lilll. vari.bdity of en'iclun<nt f.etor hem ooU to 0Qil. wh.,... Th .how. ,troniJy
increooini enrichmenu with d<c"uinC toil m'" in the '1l1l"~iu ,ongo. Not. thot
..en with Th the ,.,.ner about the be,,·filline is quile orn.tII.

figute 13.18 show< the WIle type of plo' fo' more .l.rn.n" in ,he $lfI'IO ooilo.
\>ut wi'hout individual d.ll points, The .l.....n" ",.rn to be damnabl. into 3
,ouah Jl"oups based on Ihei' .Iope. 0' '.n,ichabmIY·' A c,oup with ne.,·.. ,o slope
which con"';n. the >Iki1i me,.b. >Ik>l,o" earlhs. and hury ......1••""h IS In, Ag.
S\>. 'Ie.•• second 110UP with intermed"" !lope. cOtI,";ning mOS! of the 'n".i'ion
m.llis .uch a. F•. Co, <lC.. plus olh., .l.rn."" ,uch .. Mo. Bo. ond To. ond. 'hird
croup wilh IIIIer 1I0peo comp<»ed of 'he rare e.rth eleme"" plu. Hf ..d Th. Note
thlt Eu. "ttic!l is Imo"'n in .e""heminl)' for its anoIt'llI"",. beh..iour "ilhin Ihe
REE, h•• In ..omalouoly low slope in Ihis croup.

AI lhi. ,im. It is no, poosibl< 10 ti"" a compl"e ,ot«preu,;on of 'hi. plot.
except 10 note w, il hIS demon"'aled Ihot toil. hive chlll1ge. in compo;silion .. a
function of po'ticl. me Ihat ClI'loOI b. ignored any longer in "mo.pheric chern·
istry. Fu,thermore, lhese varilliom ..em 10 be regular and 10 depend on 'he
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Fit'Jrt13.18 En'i<~m.nt f.cton of vario"" <lemenl. in ,< 16 "m
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FiJl'f< 13.19 Extrapol.tion of Sahara ooil enrichment
b<!on (, < 16 J.Ul' i 10 Sohora "'0001
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particl~ si.. distribution. of tb. soil. an<I tho <h~lIIImy of the individual ~l.m.nlS
in some y.t.,o-b. d.,.nnin.d way.

In .pil. of lh. eomposilio".l dlff.r.ncn bel,....n S&h... toil••nd Sahara
aerosol, il did 'ppC" to be po ...ibJc to .xtrapoLaI. f,om th~ soil. 10 lh•••rOllOllltd
reproduce some f•.,ur•• of lh. aerosol comp<ni'lon by m..... of lh. lcohniquc
shown In Fi,u,. 13.19. He.. the .nfiohmontl of Th, La. Sm, Eu, lItd S< u. p10"~
.... th. percent of soil mass in tb~ smlD..i.. ""'I!", .. in Figur.. 13.17 and 13.18
.1>0..... This lime. how.~r. thoy "" cxlnpoLa'.d 10 ...I". of 70% m... l... 'blJ1
16"", radiu" ,II< fiau'~ for Sahar. I.rosol" lh. C'p< V.rd. bland•. Actual
.nrichmenl flClon of ,h••l.men" in the Sohorl .. rOloi or. shown by th< b...
through the 70% lin., which.rc in all c.... cloo< 10 lh. p..dicl.d <nrichm.nts.

This .xtr.polation I.dmiquc i••dmitledly indire<;' Itld complex. Knowl~1!" of
,he comp<>tilion of d..." soil.... function of porI.:!. siu, particulorly wilhtn ,he
aerosol siu '1Itf" ,< 10 j,l[lI n highly desirlble, and would provide I muoh mo..
difC<1 and simpl. mean. of ..latin, ..,osollO par.nt soil. Unfortunately, lb... n
virtually no da,....U.bl< on Ibis topic. Hilb prio,i'y .hould be pvcn '0 ,hi.
,.....ch In the n<.. fu,ur•.
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CHAPTER 14

Sahara Dust Transport Over the North
Atlantic Ocean - Model Calculations and
Measurements

ABSTRACT

The saMra 0...... ,. ono of 'be majo' IOU'« IfOa.s fo' .,;"...1 dust l'I,tkle,
wblOb It. ,,,nopomd 10flJ; distan"" 'hrou$h ,h. "mowh.re. Th. ".nsport m.d..
lni.m fo' th. Sah... dus' i'self now ".m' '0 ... fli,ly ....11 "nder.tood for
in""'« the ".n.port which take, p1.« in th. NE-trod.wind .-elion.

Thi' p.per i. cOIK<rned with a dU"-ltlnopon mod.1 fo, 'he Sloh." dust and
meo,UT.men" of th. mm".1 du" compon.n' """' 'he AlIlntic. The m<>del is b d
on ,h. uo,,'l.dre .bou' ,h. ,,,,,,port mechani.m ..i,hin 'he Nt-'tld.wind ..
ov., the Atlan'ic. A ".Idy...,.te ".o.po,1 01 minnal pin ide. wiU be considered
which indud" borizenl.1 transpOrt hy wind and ..diment"ico .. '0'<11 •• v.rtical
'u,hulent ~ffu.ion. Mineral m... co""entt";o'" Ind I'Itticl. volume di",ibu,ion.
which lIad heen mouu'.d OC'''''' the Atl.o'ic co<M be .xpl.,n.d by 'he m<>d.l
Both colcul.,ion. and m.UutOm.o" indical. I ,",y differen' boh..io, of Illb­
microo and sian' p.nicl•• durio, ,h.ir loo,.ran,. tr.o.pott 0'''' 'he Atlan'k

14.1 I:"TRODUCTlO:,>

In .....,iptlon. of U'I' I".wide distnbulion of S>lt>tI dus' .nd ,t> chemical
composition 0....' 'M Atlan,ic '01'" .,imubted by ,h. ",udy of Delany ./111. (1967).
Tltu. luthon >$ ....11 .. o'h... ",ud"d the minenl compo&itioo .od m... ceo·
contrition, of minetll dus' ,,"pa'ing from 'M S>lt>,. De",n. F,om these studi..
;t hecame cl'ar thlt larGO qu.nitit.. of min.tll du", "e ""i.d f'om the sahatl
0"'" the Adantio, con'ributing '0 theluOlOI bud",t of ,he ".d....ind region aod '0
the A'lan'ic deep''''' oedimtou,

Detoll' of ,h. ""chan;,:o of l.,ge""",le trlll.pon of salta,. dust 0....' 'ho
Atllntic "'er. ,epon.d by I'r<»p<ro .nd Carbon (1970, 1972) and Car-bon and
P,<»pero (1972). Acro'dinil to thoi' inv"'lplion. 1M main m... IIIO.por' of
Sohotl dust lak.. pl""e al>o'" lhe Itldewind in""mon Iayor. Tlto,. the min."l du",
;, tron.ported w..tword wi'h", the "e.dily blowiog 'h.rmlttan', ...hich is in
Ipeement w;,h e.rlier r",dinl' by $ernmolhlCk (1934). Tho d"", 10)'<1 .xtend,



'" SQ/UlTQn Dust

'-<";cally [fOm .ppro><imll.ly lSOOm to SOOOm altitude ...... til< W••, African

coas!. Afle, one ...·.ek !r.,"elllle dry and duslloockn lirm.n~ reach 1M Caribbean
s.., where ,be dust llY" con''''ae< 10 ISOO m un,~ 3000 m in Ilhtlld•. The dust
plume eme,gin. f,om the 1'>orthwn, "hi"" con,in.,,, """'" an ar•• roughly
b"""un lS"N and 2S"N Lt,itud•.

The ,.1.,ive1y "arm and dry continental ai, .....In above the ;""";00 11\'" are
undoreu{ by 'he cool and mOiSl air of tbe tradewind boundary layer, nus tlyeT is
oriJinally fr•• of duo! be"".. air rna.. , ..joetori.. 00\'" oripn... f,om ,h.
continent. Dust part ide' "';thin this 1ly.r ,herdo.. mUSt be ",pp~.d from ,h.
r...""i, abo.. by d""" ...,,d lurbultnt mixinl ."d ..dimen"';',"_ The invtrsion
laytr. how"'r, .upprtue. ,-mica] uchan.., be''''..n 'he du't layer abo'" and the
boundary llye, beneath. One h.. to expe<l, 'horef"ro, In .. ,II< ... nkal l1ux of
.RIl!Ier parhcl,' (rod,u" < I "",) which or< ma,nly .ubj.ct 10 turbul.n, diffulion
will b. f<dllCed. LaTi" particles (r> 1pm) remain p'lCticllly un.afft<:led by Ih.
p'Men<o of the '''oog in..llion lay.. due to thei, high ..dl1l'l<1llltion ,·.Ioci'i...
Thus. lllg., panic I., "'ill ,.ach ,h. oc.." surflO< wi'hin f<l1ti...ly shott distances
from the sourc. Ir". ".-h.,eo, lJI'UIbr pa"icl...re deposited only ,ft., 10000e,
".n,port di>lInc<,. Such a diff.,.", behlviou, of Iho.. po,tid.-<iz. fl2Clion.
cenlmly hal COll$<quenc" for the oj.. distribution of the m",e,1I panicles IIId tilt
'otal .uspended min...1 rna"., found over ,h. ocesn when moving _""'I'do
und., Ihe plume.

"The ..IS01Illl .. rillion of incom",g 001.. radia'ion caus.. oeuonal dependence of
both 'he generation of ai,borne dU$l ove, the Soh.,. 0..." .nd of "on,po"
condilion, over 'he ocean. Th. ,uperposilion of both df.cts produc.. an annool
..Tiltion in tbe I.rg•...,al. duS! tron'port over the Atl.ntic oceln, as seen from
Filur. 14,1: Considering the sand"onn frequency fo' different ..... of the Sahara
dMert IS I musur< of the 'Ot".. It'tlli'h, a "'$OOal ..,iation of. flOIO' of.bout
2 can be ..en (Iccording to • compUation of oo..",..ion doll fo' the ;-eo...
1925_1950 by D.1bid, 1953). A period of increased II/]dsto,m IOtivity liSa from
early ,pring unt~ faU. Vertical wind dolO by SMN (1968) for the period 1951_1960
frOTtl Sol, Cope Verde lslllld,. dearly show f,voo,abl. COIIdition' rot la'F sui.
lrlll'port especiolly m the summe, ...son betwe.., Mol' IIId O<1obe'- During thlt
litnt ',,"rly wind, pr<vail th,ooghout l.vd, up to 6000 m. Fo' tilt r<mainder of
th. ye., the layer foYO,able fOT eas' '0 ....t "an'pon i. normally r..tricted 10 I
,haUow Ilyer bet..een 1500 m and 3000 m oItitude. At higher 1....1' st,ong ...".rly
..inds ('counte' tradewind") prev.iL The \r2fl,poned mal:. of min"ol dust ;"1,,1"
durillj summer, as indi:;".d by the turbidi'y COdrICient B (for ~. 500 nm)"'hich
la. ""'..ur< of ,h. totol ..ro<ol mas. in I ..nical column fo, the partido liu ro"..
betw~n 0.1 "", .. r" 1.0 pm. These do" .f< derived f'om 0 Iwo-ye....ries of
m..",reme"u carri.d OuI it Sal by Joenick• ."d Schu,. (1911).

Fo' I b.tter undermding of th. " .... pon mechani,m, • mod.1 of the Sohoro
dus' tronoport ove, the Allantic WIS de~oped. Fo' romparison of the cal~ulalioru

with IOmal dlla the t01l1 ..,osoI site diotrihution "'"h special reprd 10 the nu"eral
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FiJ\lre 1•. 1 Compar;son belw,O. m..n onnu~ Ir..
qu.ncy of ..nOstorm••<:cordin. to Dubiel (l9SJ). for
difl.reO! rosion. of ,~. $.Ihra d.«'t, v<r\i<ll "ino roeld
0'" 'he Attar"ic and ttmo.pbtrio turbidity do';"ed
f'om m"SUfem<n" by Jo.nkk••nd Schutz (1977). A
po..ibl~ txpl.n..ion fo' l~' annual ••nali,," of turbidity
which is. me"ure of the atmospheri< dust load <an be
lb....",,'position of lh. ,"ndstorm f"qu<n<y at tho
oour<~ ......nd the .<!tiel! "'""0 fidd ov" l~' ""..n

compon.", ...... In...lipud in lur!ac. al:r of the NE·trodewind r~IiOfl 0'" lk.
Ad.",;c. To study the ••rosol dose '0 the source, ""'lSu"menlS ...." Cllried out
at s..!. Furthe' ;"V.,lip.lion....<1. performed onl>oard Ihe German '....rch "....1
'M'tro" wbilo crossinJ rho Arlantic f,om the Cafibb.." Se. '0 ,he Wos' Africa"
CCIU' at ISoN I.,i'ude. In ,hi. way it w... in,.nd~ '0 Sludy 'he ,ran""", ...
f""<liCIn of 'he dia,anoe f,om 'll< source ne•.



no

14.2 TRANSPORT MODEL

For simulltion of Sah.ra du.t lrmspon I two dimen.ional stu.dl'otllte model
{SchUll. 1977) ..~ dr<ll"ed The modtl co",id... 'as,~o·..·..t hori.ont.1 tran'l'On
by .onal win<b. Venita! ltln.port is described by ..dunenlOli"" Ind lurbulent
diffusion. Otb<r trlnsport proc......uch as .ubside""e and con_lion are urumed
10 bll.nce each olher. Remo....1of particle, by prodpi""on is lbo n01 considered.

In order '0 p'op'rly des.c,i~ flo... o""diti01l1 in lhe NE.lt1dewind .one.lOtuol
plOf1le. up to 10 Ian al'i'ude ...ere u"'d. The diffUSIon coeffld.nt for venkal
uchani< ..... oalcuJatO<l f,om l<mp'fIlur< and ",nd p,om" (,a<\;"'.onde dara
f,om Sal "'eT< ....,med to be rtpr<s<ntalive of lhe '0"1 lran'l'Ort distance over the
All>nlic). Th. Sllrting point of th. mod.1 "'I' fixO<l 11 the We" African C""st.
Th"e I d.... l layer .......5Ilm.d b.l.....n lSOO mind 5000 m a1tilud. wilh I
con,,"nt ve,li<ll mixinl ratio. Th. boondlry 11,.er up 10 lS00 m WI' I..umed f...
of du.t. This ..... jU'lifo.d b.clu" loi,m... ttljtClori.. neve, o'ilinate from lhe
COntin.nt. and surflce "'ind. close 10 ll1e African shore .re ...." ..1}". The uppe,
hmit of 'he dus' llyet It Sooo m is confirmed bl' ..,-etll airCllfi obse","Uons near
the African o""n.

The model predi<" lhe mi>:.ing ratIO fo' minetal partkl..... function of lhe oil

nws trajt<tory distance from the *""",e V". a1tilude and panicle si ... Pankle
radii from 0.1 "'" to 20"", ...... re considered. In order '0 study ll1e siu dist ,ibulion
.. I funclion of the l,an.pon disllll .. an Initiol distribution has to be ..um.d II
the coastUne. Acco'ding to me..."emen" of the mineral ae,osol si .. dislribution In
the lib}'1n de.. ,t (Schut. and Janick•• 1974) an initial PO"''' funolion o dis­
tribution wilh an .xponent of .0. 2 seemed "l'I'roprilre. These .....mp'ion.l.d '0
lhe foUo..,i". ",ulll.

14.3 RESULTS

14.3.1 Ve"iooI ma.. distribuliol1l

Fi&U'" 14.2 iho.... ho... th. Saharl dust plume de~lops duri". ""O$PO" and
how lh••enic.1 mixing ratio of the panicles ch:snges .. I function of Ihitude and
dis..""e f,om 'he source. The mixinl IItio;, normalized to the initi.1 mixinllllio.

'\I"" x,oool ~>< 4;"ril>o"o.,. fo' path<leo..-irh "dii i".. , rh." 0.1 .m con 1>0 '~r,o,;m.ted

b) • rower f.""t"",

<IN _.'
dloo' '~'V,)(r",)

'I"rh<., rodi.' ,n ~m,

~ "birr..) ,10"",...fe..""" ,adi",:, ••.,1><, ~f """,leo <.. -, lo'l" rh,. r;
• d,tf,...tiol o.ml><,~.. d;"riburiooo In <m
• "p<>t>fJIt ~f ,... w"ribu'~•.
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FilU'" 14.2 V",ic.1 d,.,ributlon. of mineral du.t fot s<lect<d tt.n.port d...
Une<o from lb. oourc., Vertic.l mi.inc ratio> ... plo"'d lot tho m... 01 mmoral
dlat pltti.l" of tho ... bmicron ranI' (0.1 "m"'" 1,0 jlml ond lot tb. tOl.l
m... (0.1 "","'" 20"m) nOrnlalized 1o tb, initial mi.inc ratio at the sou,ce
(I. 0 tm). Th. """,c.1 d'''',ibu,ion. of th bmi"on pa"icl.. ,.moln n...ly
unoh.nC.d up to Iltll' ".n'pO" distances ,,·h tllo>< for tho totol m... ",,0'"
alcruliconl mo<lir",.,io•• up to .pp,o.irn.t<ly 100(1 tm dist .."' •. Thu. m",' of
th, lot.l rna.. i. ,.rno'''d f'om til< p1um< n<o, lh. SOIlrc. but ... bm,"on
parhel" "" ,ubject to lonl ,.nl' transpOft

Ob';owly th... is • diff"mt bohl';'" r", th< .ubmkr"" p.rtkl..
(0.1 IJT'I .. , .. 1.0 IJT'I). wh'ch C'Us< atmo.pheric tm1)idily. lIId 'hOSt in lhe ,ange
of 0.1 ",""'" 20.0 ",", which cantlin ,h. totll minetl1 It'll Up to SOOO tm
tr"".port disunce th••ubmicron particl...... only s1igtllly moV«i from tho
plume. Thei' mixing ..tio within lhe plu",", is only teduced to 70% of lhe ini'ial
valu. and .t ... 1...llh.i, mixina rtllio incr....... the plume m,,,,,, w.>!ward,
The.. parlkl" penetr"e only V''Y "owly f'om lh••Itv".d "" ..voir into lh.
boundary lay« by lurhultnl millina and ..dime.tali"". Thit <i...ly ""'.... lh.!
th... p.nkl...re .ubjK! 10 1o"l-nnBt It:lIUpon.

In e<m'n>1. lhe ..n;';11 di>!ribution of tou! "'<>sol m... (0.1 "'" .. , .. 20 "'")
shows mllCh mo~ npid ",,,ilotio. with inct.uing trltl>pOfl disl.nc•. Due 10lhe
...1.l;""ly lira. oedim<nl.lion ..l""ilit. of lil'" panick. (r:.> 1 IJT'I) mo01 of lh.
m... f.U. ""t of the plum. wilhin the finll000lcrn. A cons,."t vertical m;';na
rllio;, tlurly llChie..d "' l dist1t1,e of .pprox;It'IIl.ly 1000 km. ThtlS lhe dUllf.U
..... ;, p'lClically '''lricud 10 lhe fi,., 1000 I<m of lIl11.pon. This agrees with
•• rl;.. obs<",alions by Semm.lhat~ (1934).
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m

.... fo' po.... '-functiOll si:te d'I,ribulK'''' with ~... 1 and ." .. 3 .mllned for initial

.iu dinribu,ioru ....ithin the dust lay., at the sour~,

Volume concenlration min. in ,be submk'OII n."ll'I' incr.... very d".<Iy with
inc"lSing disl.~ f,orn lhe l.Our.<, especially for an inilial distribution with
." .. 2. Up to ••mupoTt distance of 6000 km ,M•• ~rtidn ""'k< up only I few
percent of tho maximum volume """<,TI"01ion (at l00km). If an initial di..
!libation with v· .. 3 i. a\1umt<l, ho.......'_ comidellbly hiahe, volume con·
contlltion ",rio. OJt ,..ched with in,reasing distance f,om ,h. sma.... tn ,Iti. c,"
the Rlbmicron parl;';l.. may contribute mor. than 50'% of the tOll! YOlum< for
distance' Iarg., \han 4000 km f,om the oou'« ...... But it $hould b. pointed oul
that in both cueI the .<",oon'''''ioos of the oubmicron panicle••r. comp,,"i..ly
low within 'he fin' hundred. of kilom<u•• of llUI.p'm. A< rnen'ioI\ed above, Ihis
india,•• th.' thO$O partie!.. reach the .utflot loy., only by .low vertical mixing.

Th. ratio. of the volum. eone<ntrationo of the lorg... particl•• (r" 10 "",)
incr.... up to 200 km f,om the oou",e and 'h....f'" rapidly de.:..... with
distanc •. A' 1000 km f,om 'he OOUrO< thei' .. Iue. ar. roughly a f.w percent. A'
furth., di"ano<, their contribution '0 the 'otal conc.n,,"ion i' procticaUy ne&­
lijlbl•. Indoprndont of the """""'d Initial distrihuhon, the.. panicleo. which
oediment quicldy, are dopoat.d within 1500 km of the Sahara.

Ciant particl.. in the int.rm.diate IiU ,ang. (1"",<; r< 10"",) incr.a.. in
relative valueo up to 1000 km, where I maximum of .pproximat.ly 50% of 'h.
'otal volume is ,..ched. For dis..nc.. larJer thast 1000 km \hoi, \'Olume con­
cen'ration ratio. deer.... but "illoocount for m",t of the min.r11 volume wlIioh is
tra",port.d ave, l'rJer distance>. For ~". 2. 90% of 'h. to,aI volume ".",port.d
ove, distanc.. larJt' than ISOO km CQII'is" of the .. particl ... Fo' ~". 3 the
contribution of this particl. rang. is smaller, beau," of rapidly incru'in& volume
(r""tion. of .ubmicron p.nicl., It distlJ\U' glUt., thast 2000 km from the sma,..

For ,..rification of the mod.1 ca1cull!ion. I camp.rioon with .ctull ma..
cono<ntratio", (,II) mea.ured 01 ..01.,..1 ave, the Atlantic ocean will he given. Data
_re can.cted during fi.ld .tudic. of the N£.".dewind "'0001. ove, the Atlantic ..
mentioned abo,... Fiaure 14.4 lhows ""'..ured ilOd calculat.d "'"'" concentration.
for the submic'on and liant particl.... a function of the distant< from the ""urce.
Ao above, iII;ti.1 d"tributlon. with ~"_ 2 .nd ~"- 3 will he di"inluiohed. CII·
culated m... concentration. or. narmlli~ to .If (1).1 "",<r<20.
"",)- 100 ><I m-, .t • distanc. of 1000 kin f,om the ""',0<. nu. value w..
selected f,OJII ""'an maSO conc.ntration. af ou, Atlanlic dlli. From Filure 14.4
some important c"""l",ion. can be drawn about the sll.p< af the initill ...umed
siu distribution. M••sured total","", concentration ,"_nably w.lI with the
calculationl u'ing v"· 3 Fo' the .ubnticron ,ang., ho ,-.,. the model with."· 3
p,edic" concentratio'" Ipp,aximately on. order of maiOitud. htgher than
observed. A be"er IlS$Urnption fo' th. initial distribution ",'ithin the siU ,ang. of
0.1 "'" <; , <; 20 "'" would b. to .... .". 2. In that "'.. ,h. m...ured rna..
conceMratin", fa' both sile rang.. are bener .pproximated by th~ model, .. see.
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Fip~ 14,4 Min.,.1 ma.. ool'lUntrltions at ..ale•• I .. 1 function of
th. tran.port ~isunoo from tho Sahara. Comj>lris<>n bot,.'••n <llculat.d
dati Ino,mlli"d to .>1 (0. 1 "'" 0:;, " 20 I'm)· 100 I'Cm-' at I ~i-nanoo

of 1000 kml and dati 0' ...",,,,,- by th. luthon fo' th••ubmieron Ind
the tOlll mu. ra"ce. 111. m<lsu"",." ean bu, bo ~...ribod by ,h.
calculation. ,,"'h.n Issuminc ,n irtitlal diotributlon It tho """00 with
p'. 2

in Fipre 14.4. Th....umption of p'. 2 al the sou,ce i. confirmed by """.u,..
mmts of m..n mineral si.. distribution. in the.ize range f > I "'" over the libyau
Saharl by Schutz and Jaenicke (1974). A Jimil., ..1... of v·- 2 hIS boen ohtained
by Gillett. el at (1972) for "'i1-<1nived 1<'0101 in Tens and Nebrlw, which
.uKll.... tlLo' this VlIo. mlY b. typical for sou-a.row prodllCtion in many regions
of the c1~, Figure 14.4 "'0'0" thaI nei'he, th. total ...-lovel mass nor Its
.obmicro" f'aclion d"",.... significantly beyond 1000 km from the SOOrce. In
oontrlst, silrtir",ant ..riations in the rnass oon""n"allons ILove to be upooted
within the fil1t 1000 km of m.n.port. Unfortunat.ly. no dill are availlble to check
this ill...

14.3.3 Volum< distributiofls

0 ... main goal of'he investigation of the minoral du" tTln.port In the Nf.trad.·
wind ,ogion WIS tho .tudy oftb< de'elopment of the.ize distribution at ..a It.el ..



m

,,,

i ,,,,,,

Mt;l'YT"r'"---""" ~
-=~
-=~

I, ,
/

,
/ /

/

"'"'--- 100..,..,
- -1000 ""

. 2000 .,,,
---5000 ~..,

,,,,,,,,
.".j-'l.--"'~-:----~~r'-----'C,-­'0 -

10" '0· 10' 10'
_""""" r (,.m) __

Fifo'" 14.5 ?lIine,,1 <olu"'. di.ttibulion••, sea leve! for
VoriOOI diotlc,os from the Saban, The cloned lin.. Tep,..,,,'
''',ulltions ...umin, .0 Initial distribution v,i'h ~'. 2 "
the sou",•. He.")' lin.. (m.....'."'.nl.) show moan volume
dimibutions at the '0'''.' and for ..le<ted transport dill,
talK" over the Atlantic, Both rn .....r.m.nl$ and ""I""lation.
indicat•• ,!lift of Iht maximum of the distributions to......rd
.mlUer portio]. radii

t

• function of the dill'''''. to til< Soh..... F", • better undenundint of the
me.uurod o.ize distributions acro.. Ih, Allamic, I romp.ris"" with moMled diJ­
lribations will b. discu....d. Th, cakubtion••r< based on on initial distribution It

the ""..... with .'·2 accurdinll to the ,••ulll achi<ved from Figure 14.4. The si ..
distribution> .... r. \hen con.... rted '0 volume disttibutton. so 'hat important '4,;.
Ilions in th. giant-particle flnse could be mor< closely ob..",ed,



Figu", 14.5 shov.~ , rompuison b.' .....n voIum. distribution> deri,..d f'om
m.asur.men" Ind calcull,i",,, for selected di:t'lIlt.. from Ibe sou,~. F,om ,hi,
Figu", it is Ippar.nt 'ha' ,h. as,um.d inili.11 di"ribution It the SOUr<e is a
relsonably lO<:u ...1e represenll.lion of ,h. lotUal distribu,ion observe<! .. 'he Sahara
oe.ert ";Ie. When mo"n, "''''WIld from ,h. source. the model clkul.l'ion.
indic_1e I shif' of the maximum of 'he disrribu,ionl,oward.lJnaU" particl, radii,
Ind ,h... is a g.n.",1 d.".... in ,h. maximum roncentrltion. Th",. r<sul" Ire in
quah"'i,e agreemen' wi'h ,h. measured,,;.. dis,ribu,ion•. Ac<o'ding to the.. <llll,
,h. maximum of ,h. volume di"ribu,ion .. ,h. SOUrt. illt 50,,10 rodi", and
.ubsequently shirra '0 Jldil of Ipprox1m...ly 10 j.tI11." j.tI11. and 1 j.tI11 for tran'port
dis,."""" of 1000 km. lOOO km and SOOO km ,.,pet'i..ly. Fin.lly the model i. no,
Ibl. '0 expllin 'he eompalllively high roneen'lIli"". of paniel.. of rldii larB"
thlll 10 "10 ob.."",d durin. field m..,u,."",n". Th... van' l'I"icl•• ar. p,oblbly
Iglom.lIt"" ronsi"in. of .maU.. pariele....hieh are formed durinB cOII"",,,,,ce of
precipilllion and cloud d'opl'''. followed by """poII'ion. 'O'\lich produce. dry
..sid"",.

It i' possibl. thlt tho .olume dillribu,ion obse",0<1 over th. Clribbean So>,
SOOO km from 'he Sahall De>en. may repr...n' th. blckground distribu'ion of 'h.
min.... componen' of ,h. armospherie aerosol.

14,4 CONCWSIO:-':S

The trlnsport model offered ,h. possibility '0 study sum< importlnt fe"ur.. of
Saha", dust tran,port "'i'hin lb. NE·'rld.",ind zon•. From ,h. c"twilionl it
durly ,urns ou' 'hit I "ery differ"'" beh..;our for various pmicle size rang.. mu"
be 'xpee'o<I ...h.n moving ....,,""rd from the source. Submieronl'lrticl......hich
cause a,mospheric 'umidi'y. rerna;n wi'hin lh. plum. 0'" Illg. trlll,port dill·
lOCe•. Thei' "mo..1 from the plume. "'hkh mainly ,11<.. place by 'umol.nt
diffusion. is l"onllJy Iffoo,.d by the 'rld.wind in.·e"ion. Thi' layer suppre....
verlicll exchan,e and Iud' '0 I delayed dO...'II ....'d flux of tb... pInkies, Gian'
partICles. I>o..'ever, "main unaffec'ed by the inversion layer due '0 'he" high
sedim.n'"ion ,..Iociti... Th'" thO}" ..e rapidly removed f,om the plume wi'hln
relatively shOrt distance. from til< source. MOil of this particl. f,IC'ion, ...hich
rep,...nll a conoideJlbl. pirt of 'he mineral aerosol 10.... wiD be depo$ited wi'hin
'he firs' Isao km of ,,,,n.port.

A comp.rison b<1....en measu,ed and tlleulared rna", C(lflcentrilions at ..a level
.u"."••" .. 2 IS I "1SO~b1e YIlue for rhe numbe' size distribu'ion in t1l< fo,m of
a power fun<'ion within ,he Bng< .:.>00.1 J,IItl. no. indica.., I relatively lars<
f'ac'ion of SWI' pmides prod""",, It the SOUrt. and confirms .arlier fllldinp by
the lu,hor in the Sahan. d..ert. Furthermore this _S'e.....eU wilh dall obtained by
GWelto ,,<d. (1972) for airborne soll particles o"r Te~.. and Neb...1:1 and migh,
indicate that 'he value of."" 2 i. signif'lCant for so~-deri ..d aerosols dos< to ,he
SOUrCe.
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Finally it can b. pointed oul that 'lUI mod.I.Uo.... further Ipplk.'kllu. '" i$

Ihown by b ... ick. (19NI. HillOu,,< .trenJlh estimltes of lh. Salllra 0."" lIld
tho bud.., .,udi.. of t,"nsported lIld drposited mineral ",us 0"" lh. Allant;' If<
bucd on 'his model.
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CHAPTER 15

A Possible Method for the Sampling of
Saharan Dust

B. STH~

ABSTRACT

M""t ....p~nl ...thods lor susPended particles in ...bient >ir u..d 'O<\1y are
de1iJrled IQI the urban envir"" ..en' and it> p<>t1ibl. r.lat.d bealth offee". They are
de>ilned lor .....urin. concentn,ion. botwonn 10 .nd 100 llllm' pa"icl. si...
below :011&. modera'e wind .peed and a time ..-Ie of O,S '0 24 hours, Tbe <!Ita
oblained with ..""t 01 thes' .. .,bod. are uselul if the conditio'" do r>ot differ too
much fro.. those described. In the ea.. of the probl.....i<: erosion of Sahuan duo'.
mos' of 'h. oriton mentioned abo.e WOIlld probably not be fulfdled: The con.
"ntntioo. or. lik.ly to be mu,b I\iJlter ..bere 'he erooioo occun. 'he pa"iel. ".e.
up '0 .... tal hundred> of micron•• tb. wind >pond biah and 'h. tim • ..-I.lonl.r (.t
I.." fQl p"aetical ...oon.~ If on. wan" to de'er..ine the real "".. of pub:l..
....pended in air ;n 'his e... or collect a ..p......,"'i'·...mple, no other aoIution
i..m'dia,.ly pre..n,. iuelf than iookinetic ....pli~ ~ at Ie." fo' ,h. I..... pa"iol••.

This paper will d.ocribe .ueh ...ethod ..hich Jw bo.n developed" IVI.-·
B..ially ,h pIer comi", of a ....11 cylinder "bieh i. open at both ..d•.

Duri"l ..mpli"l i" is ori.nted p"all.l '0 the flowltnes. Th. fluid is.llOo,.d ,e
p", ;1Olcine,iC111y throuah a no»l. u the fronl end of ,be c)1mder by .... '" of its
Own inerti1. Th. p.rtiel.. ". ,h"'aed .nd d.pooited on th. cylinder wall. Th.
cylinder SCto ••• ooUectl"l e'.mode in an electro.tah' precipitator and it> weifhl
is d".rmined before and .fter the ....plio •. Th. COllection officiency ..... found to be
above 90'il> fo' moot particl... The ..mpler is b.ttery-op......d .nd ito 'otal "'eilb' is
2.3 q.

IS.! !I>TROOUCT10N

Aerosol> emitted to or p.....nt in amoitn, alr lTe mostly char.c,erized Oy ,h.ir
concen'ra'ion$. Co_quently, most ,echniqu<$ for pmplin. and ",""""men" of
p"ticl.. ar. d.si&J'led to det.mune roncen"a'i"",. tn many C"". howe..,. con.
contration, a.. not of primo! in,er<$'- When delemUllin, emissi"", from " ..ko•

• 5..'edi'" W..., .nd Air Pollution R''''''t<h laboratOl)',



"" S<UummDUft

'.nl~..orl or ·diff~..· $OUTc<'$ ouch .. It<>eky.nh. 'Old...tc., the prim< inwes, i.

Ih. nux of pwic;I... i.e. the amount of p;:aniele! trwponed throup. muin ....
during a celliin period of lime. In suoh c.... lh. m". ""'''UrO"",,,t of the flux
may ~ ad.."..,..,,,, compared to con••ntionallechniqutS Ihol use in.truments {or
the d".rminalion of !>orh concontt.tion and flow ",Iocity.

15.2 CE/I;ERAL DESCRIPTION

111< .."'pI., consis'l basically of I nMllo.• oyhndri.cal <011"";1\1 .Iect,ode, an
<minion electrode.• flow ..~ulltor•• shIft, Illd • tush _oI,.go generator. (Figu,..
15.l and 15.2).

Durinl .."'pI"". ,h. axi. of ,h. cylinder is oriented PIr.Utl to 1M flow line. by
I YaM and lh. fluid is oIlo....d 10 pass isolJ.f'ltlio.lly IhrouV. the Mule by me.n, of
ill ""'" inerti•. The pu'id.. 'r< ch.~.d and «>U«l.d on til< inn., cylinder ....n
d\lt (0 .1«I'OSI.lic [ore... Th. cylinder i:I ....iih.d before and aft'r the wnplinl to
determine lh. panicl. rna... 11>< panid.. may also he ...lyK<! by ~lItmkal or
physical mean•.

15.2.1 Nonie

Several differenl inlea m.y boo uxd.
FiJOt. lilt cylinder ..... ""'d without >Ily no<z1e. This m.k.. it possible 10

<no ..u... very low p.nide flux. bul lht <oIlocli"" effl<;'ncy m.y doer.... si,.
n,f",,,,,lly wilh inc,.tiinB flow velocity.

&condo three si""l., now.. wilh differenl mlel d"mem..... re mad. of leflon
(FiBu" 15.2). "The di'm<le" dt"",n were 5.0. 8.2. and 11.2 mm, Bivina "1'I',ox·
imatdy 25, \0, lIld 5 lim.. ,ed""tion In flow velocily re,p'''lively from nozzle
inlet 10 ooUe<:tion or"..

I.' ""'"....,.,,,,
F'l"re IS.! Sk.tch of p.>rtid. umpt"
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~icU" 15.2 CtOSH«lionofsampl"

llrird.• 'p"''''1 5 10m ·.xpan'ion<onlraClion· nozzl< was construcl<d to bt ....d
in lhose c.... wb<fl 'h< coU'c,i"" .fflci<floy obl.in.,. wilh tho o,din.ry 5 10m
n<>UI. is signif",.nlly ,.duc.d d... 10 lurbul.nc•. Th. nonl. lli""' inil"U}' a
"duoIi"" in flow ..locilY of ,0 limos ju.1 •• Ih. Olh., noIm. bUI il.1so oonsim
of a con"""lion seclion wilh an ar•• ro!lo of 2 ' I wb.r. 'h< 'urbulenc< is
.mo<>lh.d oul b.fo« lhe ",mpl. <m.n lho cyhndrkal pa".

MOil' of 'h< '0$11 and m..SUrenl<n" d""'ribed in Ihis p'p"r ....,. c.oni.d out ";lh
lho n"'mal 5 10m nozzk.

15.2.2 CoUoc'inl.locl'o<!o

Th. coR,,"ns .I<elro<!< con..." of a 150 mm 'cid·proof ....1 c;-lind.. wilh an
inn., dianl.lor of 2S mm and a w.igh, of 14, &. Insid. il m.y I>t co..rod ",ilh an
aluminIUm fo~. Th. foil. used w.igh sround 3 I and may ••siIy I>t foMe<! and
,1",«1 wi'h lh< porlicl.. <oll<e'ed on it.

15,2.3 Emission ..... rod.

Th. up of ,h••mission <1«1100< i. 1000'ed 20 mm from lho fmol <fld of Ih.
<)'!ind" •• .tlown in Fi&m. 15.2.

15.2.4 flow "'......0.

A cross seclion Oflho flow 'qub'nr is sI>own in Figu,. 15.1. II is mad. of I.non
10 Ji.. a rood insublion and ,<sl'llnee 10 I.mponstur<. I" "or .nd is "I"'nde<! in
ord.. 10 inc"... lho now v.locily on lhe ""Isid. and provid. an "I", ...-..;uum ""
lh. in,id•. This i' n«....ry in ord., '0 achie>'< i",kin'lic sampling Ih'oU&h the
now. inl.1. Wilhoul lhis "pin""" and a nozzle 'ho f,iclion 1,..... on Ih. iruid.
would low., Ih. flow ,.1.lhrough lh. oylind" ""'I'ing in ,ub·isolun'lic sampUnl.
II'h.n nozzlo< a" used lh. sampl. flow is .bov. Ihot of Isokrn..k samplml if no
eXira flow remi<lioo;s m.do, furoro," In .~ch.nge.ble pbl. ";lh fnur hoI•• i.
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Fi""e 15.3 e.ne'Y current_volt.,e
cllaroOlorinlc' for lUsh roh.,_ oupply
workin' on ..mpl<f

p1~d just bofo,. the expansion >l !he ,.l/ end. The dillltl<le .. of lhe hoi... Ofe
mol<hed wilh tho ""pecd.. nouJe.ln order '0 obllin isokin.lic wnplin..

IS.Vi Hip voIlll,e,.n<ntlClr

Th. hip VIlllllgo Im.1I1er is ban.ry..,ptraled and consists of an oscilla'or_.
transform., &lid. VIlItIS' mullipU.r. Th. output of lhe ....,.1110' is l/ound 12 kV
Il 4.5 V inpul \'Oll'go. Th. bW'ry Curr.nl q, funclion ofb>ll'ry VIllugo to Ihown
in F!pt. 15.3 and indic.t .. tho formation of I ,,"bl. co,on. dis<:horl' in lh.
wnplt,.

IS.3 PERFORMANCE

15.3.1 Flow d11f1cleriSlics

11>< lIow ....locity in tilt nozzl. lip and outside !h. ",mpl., ..... dmrmlned by
m"f1$ of • hOl·wi .. 'n.mom.l... n.. sampl., _. ploced in I wind tunll<l and
""loci!}" meaouf<1T1.nlO ...... mad••11 wind Ip«d YlryinS from 0.7 10 11.2 mil.

Tho ...ulu &lYen in Tlbl. 15.1 show thol lh. devio.tion. from isom'li< samplin,
oondiliOfll gonelllly Ofe IfTlID bUl oughl 10 b. <OfIoid...d wh.n ..mplinl i. corri.d
OUlil low flow rat" Or Wilhoul' noule.

15.3.2 CoIlecDOnoffid.11C}"

The <x>Doction .mcimq w.. d.t.rmin.d uperimenlOlly I, • fUll<lion of va'ious



TABLE Il.l Rlti" or Flow Vel""ity Bot,,·o<. Sample
at Now. [nlet and Main Flow

Rel..i•• Sompl. flow Velocity
Main flow
ver""i1y , 'm 3.2 mOl 11 2 mOl Without
(mi') nonl. 00.... noulo noul.

0' 1.0~ 0% 0.95 0,79,, 1.01 '.00 LOI 0.85
W 1.03 O~ 1.01 0."
>.< '00 0.99 1.02 0.".., IOJ 1.01 1.02 0.95

11.2 '00 0,99 1.03 ,~

puamele ... The experim",ullsel-<Jp C<>1\si.ted either of:

(I) 1M ..mpl." I m",_ • dry gas meIer lI\d • pump, or
(l» Ihe "011'1" .• Royco 220 ligll '<altOlinl pulicl< count.. lI\d • pump.

'"

IS.3.}.l PlutH'silt

Tahle 15.21/1""" the 'Hults obtlined by usinll RoyeD panicle C<>IInW when
dettrmininllhe concenlrahoo of diff.'..... p..titl. Ii.. d ' p,""'" in • rOOm
.'m",pMr. before and after the sampl«. The sampl<r use<! without. noult
and with I now ,..,Iocily of 1 mi•. The pmid. number cOlI<enlfllion, We" low,
around 1000/1 in the 0.3-0.4 j,IJTI 'mgt lI\d 10-20/1 in 'he 3.4_6.6 j,IJTI rlJlgt.

TABLE I S.2 Coll«';"n £fficiency of Sampler for Oiff...nt Pu'ido
Si., C1..... at Dmoren, Bouory Currenli

Lotn SlomphnK ,fficiency (~)

~ui...l.nt
~rticl. B."o'l' current (rnA)
di.motor
(I'm) , • " " ,..
0.3_0,4 73.7 83.1 93.7 97.6 99.0
0.4-06 12.9 8U ~., 97.S 98.7
0.6_1.0 75.6 86.1 96.0 98.0 992
1.0-1.8 77.6 92.2 %., 99.3 '00
L8~J4 78.7 92.4 99.7 '00 '00
3,4-6,6 78.2 92.9 98.7 '00 '00
6.6-IJ 88.3 (80.0) '00 '00 '00
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I5.J,2.2 G>nunmrtbn

Approximately 35 IIli of a uk powder, "ith amau mtdian partklt diamew of
2,5 JJm ('ITX uk pol<'dor·)...... di.persed in an Ii' meam and fed into the S mm
MUle inlet "' concent ..tk>n. varyin, f'om 231nJ!m' '0 IS JIm'. The flow
velocity Wis 2S mi. and th. b.ll.t}' current ..... SO mAo

Th. conec'ion .ffx;:i.rocy ..... de,.rmlned by ,h. fIl,er me'hod. :"0 correla'ion
between concentration and coDection effICiency"... fouM, The 'esults lhowtd a
coflection .fflCierocy be'..... n 93.81l1d 97.9%.

/5313 f'Ww.tIodty

Ullin, a ban.1)' eUrrenl of SO rnA and S mm noule, lhe coU.ction ,mci,ncy wll
de1trmin.d with ITX 10k powder dispe ...d in a ";nd 'unneL 11te cOnectiOll
,m,'ency wa. 88.7. 91.8. 99J% at 22 9. 16.6. and 10,4 m/•. re,pe<ti..ly.

15.3.1,4 A",,,,,nt ofcollecud ""'/trW

VaryUtllh. sarnpltn, lime. and keepin, the concentlllion conUam Ihe collect·
ion efficiency was determined .. a f"""t;on of ,he amoun' of ITX lak powder on
lhe collecting .I,ctrod,. The ,null'. liven in Tabl. I S.3 indic .., a door..';n,
coUec';on .fflCiency wi'h an incr'..in, amOunl of talo. A. laic .. OIl' of the moot
,a.uy d"persed powd.n ,tdispen;on of tak partide, may be Ih, majOI cau" of ,he
decre"ina coDOOlion effICiency. Th.re .... IWo [hingo tho' indiocat' ,hi•. Finl ,h.
coU...ioo efficiency incre.... when an ',xpan.iO<l---CO<ltrac1ion· nozzl... used '0
.upp,e.. turbulence (Table IS.3}- Secood. wilen "mplio, more oticky dust. web as
'he fume. from an .Iectnc arc $leel coo""'r. a m""h hi8/l,r coll,ction efflCi"'ey
...-iIi be obtlined (Tabl, IS.4}-

TABLE 153 Influence of Electrode Depooits on Coll«tion Efridencr

Amount of
collected Battery Fluid Collection
,", curreo, I'oule ..Iocity efficiency
(m.l (rnA) tl'pe fm/.l ..,
" '" normal. I mm " 96-3

Ia,9 '" normal. I mm " 95.5
406 '" normal. I mm " 88.6
79.6 '" normal. S mm " 72.9
27. 7 ,," normal. I mm " 97.9
690 "" normal. S mm " 78.4
840 '00 normal. 5 mm " 80.8
33.7 '" ox pansioo-con 'Rclion, , mm " 98.2

1037 '" •xp.nsion-co nlra, 'ion, , mm " ""2lS.7 '" expansion- co ntrIC tinn. , mm 11.7 %.,



A P=iNe ,\fethod for the s.""plu'l o{$IJh""'" DuJI '"
TABLE IS.4 CoIIOCUoD Eltk,.ncy Qblaln.d f"'''' Musurem""u of [):iff.rent
Types of l'aJticl..

G.. odoc:i,y ,- B.nO<)" ArnauD' of Collocliotl
,,~ ftian>tl<f ~~, Typo of _'.d .frlCl.....,
(-..) (IIIml 4111"'1

_..
_'lme) '".. H '" R...·, " .... " I

..
_ I.-oil_......

H '" R•• ,".... .' ..
S"SO.IlOIII
aafl pulp IlilI
,""'"." f_O. H OX'_ H' .., E-_from

--~.m .......... H '" F.,O. • ,.... H '" ..-. " "........'ou•• H " Swp/lll. ill o.~OI "parucloo ...
•"'binI' air

Tho "mpl.r wu u.l.r lO"ed fOl' r.dlspofl.on by til< m,., method. The flow
volGCi,)" ..... 17.0 mi. II Ih. inl.t of tho S rI'lIl'I noul•. Th. unaunt of inilially
COlle<lOd ITX.tllc w'" 38.8 m,. Durin, 2 hOllll of <Xtr. "mplin, of dUlllf'<t lir tho
redi'p""ion "lIS 0.9 "'I corrOlpondin"o I decr.... in tho oollection .mdenoy of
2.4~. 'Thi, prove' thai I ...dispelllon ,.k.. pia",. but 'h. ,moun, of r.dl'porwd .. Ie
Ii I... thl/\ tha' Indicll.d by Tabl. 1S.3. A pouibl. OIUse iI tl>< pr...n", ."d
Ib.."". r.specti",ly of Wnu.lll!\OO\ll coll,,'ion of palIicl...

IJ.J,}.J Typno!--x.

Tho colloction .ffi=ncy ob'"lIIOd by Iho m,.. m.thod for diff.~nl IY,,"" of
..r<>&oI II 1110,." In Tibl. IS 4

IJJ.l.6 S.U6}'nMrmt

Tho blll'ry cuncnl 10 lIu: _ *"pIo .lectric. paramo,.. to de.mllInO.

Aecord". to tho """'lIf",,,,,", of .bllII8:h ooItIF ""'l1t"'.1 6 ....t DC ..put

IhouId Ii'" • IS tV DC <N'puL Tho bitt..,. 0IlJ'Im' 1111 f"""""" 0( the bon.ry
..... 10 sbowm;" F...... ISJ. 'I01lldI Rilicll. tho, In ",put 0'II/tqI0 01 ....... "'""
2..2S V io ...- '0 f""" • co.... in 'ho .....,u.. All .umplo of the influcac. 01
tho blttnycurro:n'" tho coIoel)e••flIc:leaty Is ....... in TJbIo 151
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15.3.38111<1)'1;f.

Bantry tife depend. mainly upon tbe CUfrtnl output and \he b.ant'Y lemper.
atu". At ,emperate", above 23·C ,he 1.5 V &rtc .kolm. MNI300 balleri..
,",'hidl .... ,. used in {hi> 'Iud}" could fun during approxim"'l)' 75 hou" bef"'. lh.
bltltry _uhage dropped from 4,5 V to 3 Y.

15.3,4 Procticol.-

In order [0 '"' ••."enol pictur< of [he ptrformonce of the sampler In prac:titll
f.. ld opemion., i\ was .....d 10 d.,ermiM the lOul porlicul'l' emission from a
v<ntUIlO' .,.".m .bo.. "•.., elec'nc lrc 11..1 furn."",_ 10 "mplt'" weI< built 'nd
wtd Umultanoow.ly <>n diff.,.n, ""OIUIO' drums. 5 mm oozzk.lnd an aluminium
foil ...er. used. The bantry tunent was comllnlly abo"" l40mA..,d lhe flow
..Iocity con'tantly below IS m/•.

M",. {han 35 sampln w.... taken. F'<>sili'.. experitnce was gained from lh.
m...ur..."..,lL The alummium fo~. made lhe wor~ !wIdy.s they could he folded
and .uily "ored .ft., ..mptin._ Sun.ltd rtin ",erm. did oot oum 10 influence til<
opr"lion ohhough the higlwohage ,ou'e< and ,h. sh.ft. ..... gelting w.t. The
...mplina eff><:itncy ..... 97 .S% .. determined with ,II< fd,e, method. til< ""OUn' of
coU.."ed porlicl.. bei"l" ltigh .. 389 fill. ViouolJy. il could be checked 'Iu' tbe
"",,,plina efficiency ..... normal by the sighl of the parlicle deposili "" each ...mple.
In .uch • cae 'h. roo, end of the foil o..y,t '0 be ..l.lli..ly f... f,om panicl.. ."d
the front end. e<pe<i.Uy the firsl <e1ltim<I'.......U co..",d. Although th..e w.s
f1'h.. int<nse vibroti""s from 'he fttU, the deposits on the foilt seemed '0 be
inU<I.



CHAPTER 16

Techniques/or Measuring Dry Deposition.
Summary oj WM 0 Expert Meeting on Dry
Deposition, Apri//8-22. /977.
Gothenburg

8_ 5rH";

There .,e. in prillClple. three ....y. of detemunmg dry deposition. They may be
ref"red to a. (I) direct ""oumulotion. (2) flux-sradienl. and (3) eddy correlation
technique,.

Direct a""umullllon teohnlques use some kind of ..mplrng ,u,f."" _ ,ilh.,
natural 0' arliflOial_ and d.,.rrnin, the lmoWlt of material on the .urf..,e. Or 11\

adjxcent bulk, before and after exposu,.. As they are "'y to make, many of ,Ite..
..mple" Of< home·made and there are lheref"'e many different design•. Howe.er.
only ,wo (HASL and HARWELL method.) ...ere described th>l had been used 10
any I'eater e.tent for dry deposition..l-1ost were u<cd for tlte wm of wet and dry
deposi'ion. The .amplm discwsed and their principal design are listed in Table
16.1.

TABLE 1~_l Summ.,y of Accumulation T<ehoiques for ~l...urinJ Dry De""'ition of
Panicles

T~p< of
..mpler

Bucket

Bud.,

HASl- .penore (Ii.m..... lOll mm
IVolcltok.19711

NILU, .pertu", dl.meter. ZOO mm

BERGEllttOFF. aperture
diam.... • 90 mm (VOl. 19710)_
Turbulence 'hidded

Prindpxl

.""h of

..mpler
T.." of
perfo,m,no<

Sr·· a~ain.t
p-x.. (Volehnek I~771

("o,,,,lation, ",ith
depositron on m"",

(Skirby. 1~77)



'" S4hartm Du'1

TABLE 16,1 (oonunued)

Principal
Typo< of '~'IC~ of Tosti of
>ampl., Specification. ..mp!.. ""rform,n"

Buck.. HJOER~IA' .pen,,",

8
comp.~ ...,h

dl.m<t... 110 """ (VDI, 1971 bl nch oth<f (Kohl.,
.nd Fl«k. 1963)

Budfl BRITISH STASDARD DEPOSlTE

8
8S ,..ted in wind

GAUGE' .pen"... diameter· lOOm", tunnel (Rolph and
(8SI, I %9). Turbulence sIli<lded Barrett, 1976)

Bucket L6BNER .pertur. di.lmetn· 2'10 mm t1(VDI.197Ib)

Vorti"l CERL: tub< di.me,,,· 7S mOl,

m1
Wind tuned (Ihlph.". open;". "idth. 45 mm (BSI, 1<)7,) .nd Bmw. 1976)

P1,"e HARWELL METHOD:
,urbce filt., "od., Cov<r (Poneuden, 1977)

Not"...l Gmwi". mou(Riihlinl,nd Tflor,
.un"".. 1971 l, m""ball (Goodm'. ,I _/..

1979). IIIOW ([}o\'l.nd .nd UIlI"'",
1916), "'ot,,, , ....

The n""..,adion, tKhnique requires determination of the conctnlfltion pd.
ienl and the lur!>ulencc,

For 'he eddy co,rtl.,ion l«hnique, ""nlin""", determination of the ""n·
centrllion lIIld tbe venkal componenl of wind .peed is needed. The lui 1"'0
toc:hniq,,", h..... been ""'d ,Imost uclu>i>oly fo, p5<lo.
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