
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;.)
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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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Fieur< 6.8 Diavam s!lo~'i"1 ,b~ ..na,ion. in wind. weatbtr, .-:isibitity,
'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,
.inn....
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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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