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properties. The research of the Saharan dust will lead to a
signiflecant study in the future when tbe moedel will be nvailable to
couple with air chemlstry, nnd cloud and precipitation phyelcs, This
complete nerosol medel would explain hopefully the miero- and macro-
physical proporties resulting from the complete eyele of nerosol
avolutions, ond the analysis of the walidnted flelds against
obsarvatlons would help to estlnte the effects on clouds, on
radintive charncteristices (Patterson, Cilleotte and Stockton, 19773

Carlsen and Caverly, 1977}, and on vigsibility.
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THEORETICAL STUDIES OF THE THANSPORT AND REMOVAL PROCESSES
OF SAIARA DUST

A subsynoptic scanle nerosol model hag been dveloped during the
Ingt six month at Ames Resenrch Conter to study the long term fate of
the Soharan dust which may play an important role in alfecting
the cllmnte over the Atlantic and Europe Ly cooling the ntmogphere
due to the incrense of the earth's albedo eor conversely warming the

ntmosphere due to the enhancement of the greenhouse effect.

!
The processes controlling the evelution of aerosol particies may

be dlwvided into dynamic processes concerned with the metions of air
currents ond microphysical processes conecerned with the prowth of the
individual particles. Jf dust particles are introduced Inte the
atmosphere, the particles will be diffused through a ecertain lIsyer
and transported along the air currents. At the 800 nb level over the
Atlantic (sece Fignre 1. Gates, 1976) the dust particles originating
from Horth Afrlen will be transported west at inland, southwest near
African coast and then be transported northwest passing the ridge.
However, the situntion is quite different at the 480 mb level (see
Figure 2. Gates, [976) at which the particles wlioge concentration may

be quite small will be trnnsported'along the westerly Jet to Europe

and IMNid-East.

The main hody of the dust clouds may be contained in the
convactive laver and transported east to reach the ecastern coast of
Nortl: and Centtral America. The rate of production of the large
particles depends on the collision'efficicney which depsnds in turn
¢n the flow of air inlwhich the particles are imbedded and the

dynamies &f the particles in respopse to the drag force exerted by



the nir (Langmulr,1948; Pearcey and 1Uil1, 1937; lNoeking, 1969; Shafrir
and %Yelburger, 1963; Davis nnd Sartor,1967; Davis, 1972) as well os
their conlesecence efficiency, Studies have been made in order to
parame torize tyc removal processes due to coagulation and

sedimentation.

A transport model hins been devecloped based on ths Ames Planetnry
Boundary Lnver Model (Lee and Svan, |977: Swan and Lee, 1978). The PBL
mwodel hons been wodified to Include dust transport in the convectlve
layer, Therefore, the model consists of three layers; mixed layer,
convective laver and free ctmosphere. The dust primarily blows off
the Africon desert in an westerly directlon and the dust lnyer
thickuess seems to pe controlled by the davtime depth pf the
planetary boundary layer over Afriea, and remains constant over the
ocenn, Dy the addition of o third layer to the model, this

conveetive layver transport ean be taken {into account.

The results from a preliminary test run are presented in
Figures 3 to 6. Tor this test run, simple initlal and bounndory
conditions were assumed to provide PBL wind as southeasterly with 6
m’/gacec, slgma value at interface ns 0,85 (about 1200 meters above
surfnce), PBL and surface potentinl temperature as 295 K, potentlal
temperature jump at interface as 10 K, stabillty in the convective
layer as 50 degrees per sigma and vertical gradients of = and y-
comporent wind as —40 and 40 mr/scec per sigma, respectively., These
slmilated fields which represent the subsynoptic‘scale motions for
4:00 a.m. of July 15 were obtained after 48 hours of real time
sinnlation in order to pass the transient periocd. The surface
pressure field (Figure 8) shows the topographic features of the
target area as well as the mass distribution of air due to the
initial southeasterly wind, The wvertically averaged parameters of PBL
depth, potential température and wind are shown in Figures 4 to 6.

The wind pattern over ocean was quite uniform with about § m’/sec, but

-



the wintd over lond wus clhinnnelled, blceted ond dralned due mainly io
the topugraphic features. The actuzl simnlatlon of thesec parameters
will be quite different if the initinl and boundary values that

vorles with time ond spnce are introduccd.

In order to gimulate the renl sitvation as closely ns possibla,
Cthe Inltin! volues cud the stendy staote Loundary values are provided
from various souwrces of obsérvntlonnl and numericnl studies (Posey
and Clapp, 1964; Espenshade, Jr., 1970; Alexander and Mobiey, 1970;
Gates, 1976) and these row dnta were interpolated and smoothed to fit
properly to the coordinate system employed by the model and to_the
complex terrain of the target aren, in Figures 7 and 8, the surfnece
albedo constructed hy Posey and Clapp(1964) and the suriace heat .
capacity fleld congiructed accounting the soil properties
(Espenshnde, 1970) over the torget arcen are shown, respectively. In
Tlguros ¢ threugh 22, the gelf—explanatory initlal fields constructed
to fit the model nre shown (Gates, 9763 Alexander and lobley, 1976)
for varlous parameters. The actual simnlatlons using these initinl
values nre not available at this time. However, we can dlscuss o few
intereseting fectures found from them. As expected, the ot and dry
gpo ts ﬁFigurcs 10 and 13) are located over most of Afrien. The PIL is
shallow over land., In portiecular it is shallowor over Saharan
desert. It is guite moist in the PBL (Figure 18) and quite dry in
the convective laver (Figure 14). The PRL momentum fleld (IMigurees 15
and 16) ean be explained considering the surfaece pressure pattern

(Figure 9). .

In the future, this model may be oxercised extensively to
understand various dynamic and physical processes charncterising the
behavior of the dust and to wvalidate the results against
observations., The surface dust Inventory, if available, will be used
to parameterize the dust {lux i{n terms of mesoscale parameters such -

ns momentum, drag and stmospheric stiability and of surface
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Figure 2. Geopotential Height at 400 mb in meters.
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Figure 5. PBL Potential Temperature in K (Test Run)
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Figure 6. PBL Wind with Maximum 10 m/sec (Test Run)
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Figure 7. Surface Albedo in Z%.

Figure 8. Surface Heat Capacity in cal/cmzldeg.



BN
80 W 0E
Figure 9. Surface Pressure in mb.
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Figure 10. Surface Potential Temperature in K.
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Figure 13. PBL Water Vapor Mixing Ratioc in g/kg.
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Figure 14. Moisture Drop at Interface in g/kg.
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e 15. PBL X~-Component Wind in m/sec.
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Figure 16. PBL Y-Component Wind in m/sec.
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Figure 19. Stability in Convective Layer in deg/sigma.
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Figure 20. Vertical Gradient of Moisture in g/kg.
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