
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



SohJmmDust

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,.



"
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



.. s.:himIn Dust

'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.


