
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 $moDer p""icl" "e
Jowe' in \he boundary loye,."d ,oquir.l>,go, p,essu,. flUC1W.liOll. 10 iniliol. thei'
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movement. l1>t main conel"';"n 10 b-e dra.... from .uch d... iI 'hal if I""""
puticles II< Iwilable in the "'ii, 100 "'" panicl.. requiJ. til< lowes' .. loci,;". for
initiation of movemenl. One< parlld. mo..mtnl h.. MauO, momentum for
d""""....ord ..,~ mo'o'ettleo, iI mo'" eff«:t;vely d.~..rM by the IO~ JW'icles collidiog
with lh. surface Ihon by .crodynamioc lr....f.r. N,'u,1lI soils. ho......r, ar" rarely
characterized by m""""h.""... jWlicl.. and Ife ,....Iy fOW1d in perfe<lly 100..
beds.. N""tlholel$, .'''''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
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""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

.....'''0 OIR'CT,ON _

~~

'-.'

PERCENT SAND
•

L ... /
w"

en
"'" ,.,
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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unit .... p"f lim•••ntU wind friction ••Iocity (art., Gillenc, ..bmined to
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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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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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