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Abstract

We applied a parameterization for the emission of mineral dust particles which takes into account the relevant
processes such as saltation and combines previous, physically based parameterizations. The size distribution
of the soil particles is taken into account to describe the saltation. The emitted particles are described by
three log-normal distributions with fixed standard deviations. A comparison of the results of a stand alone
version of our parameterization with observations shows that despite tuning of model parameters there are
still differences. Finally, we included the parameterization within our three-dimensional mesoscale model
system for the area of the Dead Sea. The channelling effect of the Jordan Valley and stable stratification
during the day modifies the horizontal distribution of the dust particles. At greater distances the size and
the mass distributions of the particles is shifted towards smaller diameters due to sedimentation which is
important for radiative feedback mechanisms. Sensitivity runs show the advantage of the parameterization
which allows a time dependent ratio of the saltation and the emission flux at each grid point.

Zusammenfassung

Wir haben zwei bereits vorhandene physikalische Parametrisierungen zur Beschreibung der Emission von
Mineralstaub kombiniert. Bei der Beschreibung der Saltation wird die Gro3enverteilung der am Boden liegen-
den Partikel berticksichtigt. Dies geschieht unter Verwendung dreier Moden. Die emittierten und dem at-
mospharischen Transport unterliegenden Partikel werden ebenfalls mittels dreier Log-Normal Verteilungen
beschrieben. Ein Vergleich von berechneten und gemessenen Saltations- und Emissionsfliissen, die mit einer
“stand alone” Version der Parametrisierung durchgefiihrt wurde, zeigt dass in einzelnen Fallen noch im-
mer gréRBere Abweichungen bestehen. Schlie3lich haben wir die neue Parametrisierung in ein dreidimensio-
nales Stromungs- und Ausbreitungsmodell integriert und das so erweiterte Modell auf das Gebiet des Toten
Meeres angewendet. Es zeigt sich, dass der Kanalisierungseffekt des Jordantales und die im Bereich des
Toten Meeres auch tagsiber auftretenden stabilen Schichtungsverhéltnisse zu einer Modifikation der Konzen-
trationsverteilungen fuhrt. Mit gréRer werdendem Abstand von der Quellregion verschieben sich auf Grund
der Sedimentation die GréRenverteilungen zu kleineren Radien hin. Diese Modifikation der Grof3enverteilun-
gen gilt es richtig zu beschreiben, wenn die Wechselwirkung mit der Strahlung quantifiziert werden soll.
Sensitivitatsuntersuchungen zeigen den Vorteil unserer Parametrisierung, die ein zeitlich variables Verhaltnis
zwischen Saltations- und Emissionsfluss an jedem Gitterpunkt zulésst.

1 Introduction oceans leads to an impact on the ecosystera{BP et

al. 2002). Microorganisms can be transported on mineral
Mineral dust particles are lifted into the atmosphere indust particles over long distancesg®FIN et al., 2003).
great amount during impressive dust storm events. Bsirborne mineral dust particles are found in a size range
sides sea salt mineral dust is the most important sougfd.1 to 50um. Those particles have a mean lifetime of
of aerosol mass for the atmospheree(®ELD and 3 to 7 days (ENDER et al. 2004). Therefore, the spa-
PaNDIS, 1998). Not only natural but also human adial and temporal distribution is very inhomogeneous.
tivities as farming, stone crushing, transportation, af@portant source areas for mineral dust are the Sahara
desertification due to anthropogenic climate change cggpecially the Bodele Depression in Chad, the Gobi and
contribute to the emissions of mineral dust. In the sourd@kla-Makan desert in Asia (8.0, 2000).
areas wind erosion often causes a loss of agricultural Mineral dust particles have an influence on the radi-
soil, while in other areas (e.g. the big cities in Ea&tion budget of the earth not only on the global scale but
Asia) high dust loads are leading to a remarkable red@so locally (direct effect). However, this impact is not
tion of visibility. The deposition of mineral dust in thequantified yet. Depending on the size distribution and
the chemical composition mineral dust scatters and ab-
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and WHITE (1979). GREELEY and VERSEN(1985) and
SHAO (2000) give an overview on individual theories
on saltation, dust emission and dust dispersion. In gen-
eral one has to distinguish between two particle fluxes.
The first is the horizontal saltation flux of larger parti-
cles close to the surface; the second one is the vertical
emission flux of the smaller size particles which is the
source term for atmospheric modelling (see Figure 1).

The first numerical models that treated the dust trans-
port on the regional and global scale did not explicitly
account for the saltation process. Instead they used a
parameterization where the vertical emission flux de-
pends directly on the friction velocity or on the wind
Figure 1: lllustration of the vertically integrated horizontal flux ofSpeed CIO_Se to_the surface. Examples for those models
saltation particle$y, and the vertical flux of emitted dust particlesare described in GLETTE and RASsI (1988); GEN-
R THON (1992); TEGENand FUNG (1994); GNOuUX et al.
(2001), and N and RARK (2002).

A more detailed description of the mineral dust emis-

leads to an increase of the greenhouse effent(@eAE, Sions was introduced by the work of ARTICORENA
1996). However, the modelled quantitative effect of mifind BERGAMETT! (1995). They included an explicit
eral dust on the global scale depends strongly on the gigmeter-dependent parameterization of the saltation
sumptions made for the particlesgGEN, 2003). qux._ The vertical emission flux is _then assumed pro-
Mineral dust has an impact on cloud formation (inRortional to the saltation flux. The improvement of the
direct effects). However, there is no clear picture at ti€Scription of these processes is connected with the ne-
moment. While RSENFELD et al. (2001) suggested aC€SSity of addltlpnal input parameters as the size dlstrlb-
positive feedback to desertificationiMER et al. (2004) ution of the particles at the ground. Further model appli-
found a negative one.RvIN et al. (1996) studied the ef-cations that took into account saltation and vertical emis-
fect of desert particles coated with sulphate on rain fotlon fluxes are those of MRTICORENA et al. (1997),
mation. They found that this coating converts the dust and $1A0 (1999, 2001), 840 and Lu (2000), and
particles into giant cloud condensation nuclei. Nickovic et al. (2001). However, these studies did not
In order to describe the spatial and temporal distf@ke into account the size distribution of the emitted par-
bution of mineral dust particles it is necessary to décles. The dependence of the size of the vertically emit-
scribe the source term in an accurate way. This hast@sl particles on the size of the saltation particles was
be done in a parameterized form and is the most crucdi@ken into account by 0 (2001) and AFARO and
point in mineral dust modelling. Airborne mineral dusPOMES (2001) who made individual assumptions for
particles are not lifted directly into the atmosphere t}ge size-dependent relation between the saltation and
the Bernoulli effect, since the binding energies due 8€ vertical emission flux instead of a simple propor-
Coulomb forces are too high. Instead, they are broudnality. Both formulations were applied in model sim-
into the atmosphere by the so called saltation procediations by G®NG et al. (2003), ®INI and ZENDER
Particles with a diameter larger than approximately 38004), and &NG (2004). o
um, which can be lifted into the atmosphere due to the Most of the previous model applications were per-
Bernoulli effect but fall rapidly back down to the surformed on the global or the hemispheric scale. Since the
face due to gravitational forces, release smaller pafirect input of the mineral dust particles happens on the
cles which have a small settling velocity and therefof€9ional scale and below, we used the non-hydrostatic
can remain in the atmosphere. For example, measuR&soscale model system KAMM/DRAIS Q&EL et
ments of the horizontal sand transport in the atmosphefe 1995; REMER et al., 2003) to calculate the at-
surface layer have been reported byH®NFELDT and mospheric variables and the transport of mineral dust.
VON LOEWIS (2003). They measured count rates of gased on the work of €0 (2001) and AFARO and
saltiphone and tried to quantify the sand transport in réOMES (2001) we combined two parameterizations of
sponse to shear stress and wind speed fluctuations. Eif- threshold friction velocity and the vertical flux of
ther, the threshold velocity for the initiation of the saltaMineral dust to a new microphysically detailed parame-
tion process was measured(SNFELDT, 2004). terization for the emission of mineral dust as will be
BAGNOLD (1941) derived a first theoretical frame®utlined in section 3. We will compare this parameter-
work for the treatment of emissions of mineral dustzation in a stand alone version with available observa-

Further theories were developed by e. gvil (1964) tions. The parameterization of the mineral dust emission
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was included in the modal aerosol model MADEsoot The number and mass distributions are assumed to
(RIEMER et al., 2003) which is based on the work obe log-normal distributions. The number distribution is
ACKERMANN et al. (1998) and SHELL et al. (2001). given by
We then coupled this improved aerosol model (MADE-

dust) with the three-dimensional version of the model Ni (In dp—In dg;)?
system KAMM/DRAIS in an online mode that meand (IN dp) = VZramno CPlTT g

all processes were treated at the same time by the model. _

KAMM/DRAIS/MADEdust was then applied for the =13
greater area of the Dead Sea to treat mineral dust trans- (2.3)

port which origins from the Negev desert. Unfortunatel{V!th the diametedy, the number median diametey;,

the lack of the necessary input parameters for the soufd the geometric standard deviatmnThe latter is as-
parameterization for this region represents a major uimed to be constant for each mode. o
The corresponding equation for the mass distribution

certainty.
reads as:
. — 2
2 The regional scale model system nd) — M (In dp— Indgs,i)
m (In dy) V2-1In o P 2-1n? g
According to MADEsoot we are using the modal ap- i—1.73
proach to describe the dispersion of the mineral dust par- ’ (2.4)

ticl_es. Following ALFARO and GOMES (2001) we are dgs;i is the mass median diametel; anddgs; are re-
using thiee modes. fons describe the t t rﬁted bydy; = dga.; - exp(—3-In?a7). The median diam-

1€ Toflowing equations describe the transport alder of the log normal distributions can vary with time
the diffusion of mineral dust particles: and space and is determined from:

N _ N NN m
ot ox oy 0z doi = &+ s>~ = 1=13 (25)
i . 2. pp-exp(3-In“gy) - N
09 (kg Y 9 (0N P
X X ox oy ay pp is the bulk density of the particles.
0 Ny oveyi - N _ The sedimentation velocities for the number and the
ta <Khzz‘ 0z> — 5, * Eni 1=1,3  massdensity are given by Stokes Law with Cunningham

2.1) slip correction, integrated over the log-normal distribu-
tion (BINKOWSKI and SHANKAR, 1995, and references

therein):
om _ _so0m - om o om g
ot ox y 0z VN = 79—
0 o\ o oy 18-V pa
m m )
T ox <Khxx' dx) Ty (Khyy' ay> : [exp(2~|n2 ) +1.246 Zd)\a -exp <;In2 ai)]
o g,i
7] om OVami -} o (2.6)
+dz( Zz'dz> — 57 + Eni i=13
(2.2) .
The indexi refers to the different moded\; and  vgy; = _9Pe_
m arethe Reynolds averaged number density and the 18-V pa
Eeynolds averaged mass der_lsity, respectiv_?elv, and ) exp(8-|n2 Ui) 1 1.246 2:-Aa .exp Z,Inz o
w arethecomponents of the wind velocity. It is assumed dg,i 2
that the turbulent exchange coefficient for higatthat is (2.7)

taken from the meteorological part of the model is idenly; is determined from equation (2.5, is the air den-

tical to those of number and mass density.; andvsy,;  Sity, g the acceleration of gravity, the kinematical vis-

are the sedimentation velocities for number and maggsity of air, andA\; mean free path of air.

density.En; andEn,; are the temporal changes of num-

ber and mass densities due to emissions. In case of he Parameterization of the emission

mineral dustEn; andEnj are greater than zero only at

the surface. In order to calculate the emission of dust particles it is
All equations are transformed into a terrain followingecessary to calculate two individual fluxes namely the

coordinate system. vertically integrated flux of saltation particles parallel to
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the surfaceq, (in kg m—t s71) and the vertical flux of for n > n’ and 1 elsewhere.
smaller particles injected into the atmosphBke(in kg n denotes the gravimetric soil water content inffbthe
m~2 s71). For an illustration see Figure 1. In the folminimal value of) which is related to soil clay content:
lowing the vertically integrated flux of saltation particleg’ = 0.0014 (% clay)2 +0.17- (% clay). In this study
parallel to the surface is named horizontal saltation fluxe assumed,, = 1 for all cases i.en’ = n.

The source term of mode i in equation (2.2) is then The horizontal saltation fluk,(dp) of particles with
given by the divergence of the vertical mass fla%, diameterd, is now parameterized as follows (WrE,

calculated on the numerical grid. 1979):
 ORyi Ry . d 2 (d
Emi ==, “ng = b3 GL F(dp) =C~lz;‘-ug-<l+w>-<l—u*tl§2p)>
(3.7)

Az is the thickness of the lowest model layer above the
surface. The corresponding source term for the parti%le
number concentration is given by: 0

F, is to be interpreted as the vertically integrated
rizontal saltation flux. This makes sense since after
a short time all saltation particles return to the earth’s
6 9 _ surface. The corresponding unitffis kg m* s1. For
Eni = M-exp(—z-ln Gi> ‘Emi 1=1,3 llustration see Figure 1.
pYd (3.2) Under idealized conditions, the constaBthas a
dg,i is the initial mass median diameter at the source value of 2.61. To match field measurementsigf C
i " has to be adjusted to much lower valuefEs et al.,
2003). For the total saltation flux, equation (3.7) has to
be integrated over all saltation particle sizes, weighted
with their cross sectional area and the size distribution
The onset of the saltation process can be parameterigéthe soil particlesps(Indp) .
by a size-dependent threshold valug(d,) of the fric-
tion velocity u,. For ideal (smooth and dry) conditions
SHAO and Lu (2000) derived

3.1 Calculation of the horizontal
saltation flux

_ dnd,
o [z
Usts(dp) = \/An <pp‘9‘dp+y> (3.3) - (3.8)

Pa Pa-dp o . :
Thesizedistribution of the number density of the soil
with the empirically determined parameterparticles is replaced by the size distribution of the mass

A, =0.0123 and/=3-10*kg s 2. density applying the following relation:
For non-ideal conditionsy.s(dp) has to be modified
in order to account for varying soil roughness and hu- s _ 6
midity. In a simplistic approach, it is modified by two Ns(Indp) = mg (In dp) - pp-d3 (3.9)

factors,fo and f;:
In addition we assume that the size distributgnis the

fr - U, SN
Uyt (dp) = n Ufts(dp) (3.4) SuUm of up to three log-normal distributions:
b4)
3
Forthe influence of varying soil roughness on the thresh- m; (Indy) = Z Mg (In dp) (3.10)
old friction velocity, we use an empirical relation by A =1

FARO and GOMES (1995).
with
f,, = 1—0.55:(2)%* In (ZZ;’) (3.5) aj-m

S mgj(Indp) = —(———
Zp is theroughness length in mm. The roughness length 2- I 0 (3.11)
for smooth conditionszos , is approximated by 1/30 of (In dp — In dgms )* 13 '
the diameter of the biggest soil particles (in mm). Soil B 2.1n? Osj =4
humidity also increases; (dp). FECAN et al. (1999) de- ’
rived the following expression:

ms is the total mass density of all dust particles at the
surfacea is the mass fractiongs j the geometric devi-
f, = \/1+ 1.21-(n —n")%*® (3.6) ation, anddgms j the mass median diameter of moge
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Table 1: Properties of the three dust modes.fARO and GOMES, Applying equation(3.9) in (3.15) results in:

2001).
Mode 1 Mode 2 Mode 3 o
1 Ind
i 15 6.7 142 Fui = /F"’i(dp)'dil @ e dindp
dg3>i 1n pm . : : — oo P _f d*lpng (In dp) d In dp
5, 1.7 1.6 1.5 i=1,3.
. 2 s (3.16)
¢ ingem”s 3.61 3.52 3.46 The final equation of the vertical dust flux for the
three modes then reads as:
3.2 Calculation of the vertical dust flux Fvi = /Fv.i (dp).dl
e ;

For the calculation of the vertical dust fli&,, we follow
the approach of AFARO and GOMES (2001) basing on 3 g cexpl — (In dp—In dgm )
partitioning of the available kinetic energy into the three z In o5 2In” o5

dust modes. The vertical mass flux of dust modee- "~ 3 (In dp—11 e ) dindp
leased by saltation particles of diamedgy is given by: 7fm d—lp , jgl |naals,,- -exp(—W) dind,
. _nI 3 Pi(dp)-E(dp) i=1,3
Ri(dp) = & pprdai-——o—— (312 (3.17)

L _ . ltisimpossible to solve this integral analytically. For
E(dp) denoteshekinetic energy flux of saltation parti-the nymerical integration the integral is split up into in-

cles with diameted, and is approximately proportionakeryals of Inds. Below a certain diametep(dp) and

to the horizontal saltation flux: therefore the integrand equals zero. In order to optimize
the calculation of this integral, summation starts at the
E(dy) = B-F(d 3 . : ' o
(dp) = B -Fn(chp) ( ) diameter where the integrand first assumes a positive
with B = 163 m s2. g is the binding energy of modeVvalue and the first interval of Id, is not fixed but varies
i, dg; its mass median diametgwi(d,) is the fraction in function ofu... For the remaining range of b, a rel-
of E(dp) that is available to release particles of mod@ively small number of intervals is then sufficient.
i. The dimensionless functiors(d,) have been deter- ~ For discussion in section 3.3, the saltation and verti-
mined by ALFARO and GOMES (2001) with the follow- cal emission fluxes are summed up over the three modes:
ing assumptions. The mean kinetic energy of the salta- 3
tion particles with diameted, is given by: Ry = ZiFth’i (3.18)
i=

&(dp) = 15-Pp-d3-(17-u.)? (3.14)
Fui (3.19)

|
M w

pi(dp) depends ore(dy) and on the binding energies Fv =
€. These energies are assumed to have a constant value

for each of the three dust modes, as listed in Table 1. The essence of this parameterization is as follows:
The smallest mode has the highest binding energy. Pian-is driven by the friction velocity., whereashy is
ticles of mode i can be emitted only whep(d,) > &, driven byFn. Itis only Ry that enters, in form of its
and the higher (dp) , the larger the fraction availableVertical divergence, equation (2.1) and (2.2) as emission
to release the finest dust particles. The functipnas in the lowest layer.

determined by AFARO and GOMES (2001) are listed in . . .
Table 2. y ( ) 3.3 Comparison with observations

For the total vertical dust fluxes, equation (3.12) hags 5 next step we compare the results of our parame-
to be integrated over all saltation particle sizes, weightgg}i-ation with observations in a stand alone version.

with their cross sectional area and the size distribution GfOMEs et al. (2003) carried out measurements in Spain

i=1

the soil particlesps(In dp) : and in Niger. They measured, Zy, i, andky. Eleven
o T4 n(ind data sets are available for Spain and 31 for Niger, respec-
Fui = /Fvi (d) 7-d5-ns(Indp) dln d, tively. Since the humidity at the surface and in the soil
o f T.d2.ng(Indy) dind was not measured we assunigo= 1. For the particle
” e A PSP P bulk density, we always assurpg = 2.65 g cn3. The

(3.15) vertically integrated horizontal saltation flux, averaged
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Table 2: The partitioning functiong; (ALFARO and GOMES, 2001).

P, P> Ps3
ek(dp)<ea 0 0 0
e, <e, (dp)<e2 0 0 1
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Figure 2: Measured and calculatdg, for two sites. Figure 3: Measured and calculatégl, for two sites.

ticles. The differences between simulated and measured
over the particle diameters, has been given in equatituixes are similar to those of @vES et al. (2003). In
(3.8). In order to calculate this formula the parametensost cases the differences are less than a factor of 3 but
in equation (3.11) have to be specified. These parametersindividual cases differences up to a factor of 10 are
were measured by @vEeset al. (2003) and are given infound. This shows that there is still the necessity of im-
Table 3. Finally we used (equation 3.7) as a tuningprovement of the parameterization which requires addi-
parameter. tional measurements.

Figure 2 shows computed versus observed values ofFigure 2 shows that in the case of Spain the scatter
FRh. We usedC = 0.02 in case of Spain and = 1 for is larger than in the case of Niger. Similarandz, val-
Niger for maximum agreement between observed ands coincided with large differences in the saltation flux.
simulated saltation flux. This is in agreement with th@oMES et al. (2003) relate this to supply limitation, i.
results of GMES et al. (2003) who used the parametee. the fact that at the beginning of a dust event there is
ization by ALFARO and GOMES (2001). This parame- looser material available at the surface than later on. This
terization and ours differ with respect to the calculatiogffect is not covered by our parameterization but will be
of u.s Where ours is an extensiono®ES et al. (2003) taken into account by future improvements.
suggest that small values of the paramé&erre related Finally, we compared the measured vertical dust flux
to crusting of the soil and to limited supply of loose pai, values with the results of our parameterization (equa-
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Table 3: Parameters of the soil particle size distribution for two individual soileN&s et al., 2003).

Spain Niger
Mode 1 Mode 2 Mode 3 Mode 1 Mode 2
d,,; inpm 115 280 529 160 372
o, 1.8 1.5 1.2 1.9 1.5
a, 0.46 0.32 0.22 0.44 0.56
35 36

2w m1sLinFigure 2, kg m? s 1in Figure 3). Again the
differences between simulated and measured fluxes are
oFerusalen similar to those of ®@MES et al. (2003). Here in most
¥ cases the differences are less than a factor of 5 but again
for individual cases differences up to a factor of 10 are
found. In case of the Niger data the binding energies
given in Table 1 had to be divided by a factor of 3 to ob-
tain the agreement shown in Figure 3. This shows the ne-
cessity to adopt the parame€and the binding energies
to the local values, that means, when the parameteriza-
tion is used in a three dimensional model, for each grid
point. Since a lot of source areas on the global scale are
located in very remote areas such data are not available

a1

km at the moment. A comparison of Figure 2 and Figure
(B =m0t VAR OME- st i 0510 3 shows that in general the agreement for the saltation
Figure 4: Model domain. The thick line indicates the area wherflux is better than for the vertical dust flux. Keeping in
emissions of dust are allowed. mind the complex processes between saltation and dust

emission this behaviour could be expected.
Table 4: Parameters of the soil particle size distribution for a typical

Saharan soil (from GATENET et al., 1996). 4 3-D case studies

Mode 1 Mode 2 The above described source parameterization has then
been incorporated into the full three-dimensional model
dyy; inpm 210 690 KAMM/DRAIS/MADEdust. The source terms for num-
ber and mass concentrations are calculated frgrac-
s 16 16 cording to equations (3.1) and (3.2). Advection, diffu-

sion and sedimentation are calculated from equations
(2.1) and (2.2). As an application, we present a case
3 0.1 0.9 study for the Dead Sea region. The Dead Sea is a saline
lake in a narrow valley. Its surface lies 406 m below sea
level. The lake is often covered by a haze layer. Min-
eral dust concentrations are often elevated in this region,
tion 3.17). In order to calculate these fluxes additiondue to local contributions and long-range transport from
parameters have to be specified. These parameters wiNohth Africa. SNGER et al. (2004) report dust loads up
are necessary for equation (3.12) are given in Table$al400 g m~2 during individual dust storms in spring
and 2. Figure 3 shows the comparison of measured &@D1, for which the particle size distribution indicated
calculated values of, again for the data of GMES long-range transport. Singer et al. (2003) have analyzed
et al. (2003). Note that the physical dimensions of thmineral dust particles deposited during three years on a
horizontal and vertical flux components are different (Kguoy in the Dead Sea. By their mineral composition, the
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Figure 5: Horizontal wind at 20 m above ground at 3 p.m.
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Figure 6: Ry at 3 p.m.

Negev, Egyptian and Libyan deserts and Sinai could bize varies between 20 m close to the surface and 500
identified as the particles’ main source areasDULKO m at the top of the model domain which is located 8 km
et al. (2002) used the model described inP&RT et al. above surface. The area covers the Dead Sea valley, part
(2002) to simulate a dust storm in the eastern Meditart the Mediterranean Sea, and the northern part of the
ranean. For these simulations the horizontal grid spaciNggev desert (see Figure 4). A sandy region in the Beer-
was 50 x 50 krA. In order to resolve the Dead Sea on theheba Depression in the western Negev and in the neigh-
model grid, a higher resolution is essential. This togethieouring Sinai was chosen as source area for mineral
with computing time restraints in turn limit the possiblelust emission. Other parts of Negev where not used as
extensions of the model region. source areas because they are mainly stony and our pa-
D . fth del rameterization probably does not describe the emission
4.1 Description of the model set-up processes in such environments appropriately. The rec-
We therefore chose a region extending from 34E to 36iinear limits of the source area were roughly estimated
and from 30.75N to 32N over 190 x 141 EnThe hor- from maps and are also depicted in Figure 4. Only 70 %
izontal size of the grid cells is 1.58 x 1.88 kn®5 lay- of this area was admitted as effective sources. Emission
ers are used in the vertical direction. The vertical grisdas suppressed along the model boundaries to avoid re-
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03 4.2 Model results
90 3
80 3 The distribution of the horizontal wind (Figure 5) shows
] a strong channelling effect in the Dead Sea valley. Fig-
ure 6 depicts the total vertical emission fligy at 3 p.m.
The strong variations within the source region are due
to different values ofl,, while all soil parameters are
constant over the whole area. The maximum emission
strength in the south-western corner might be related to
boundary effects. The source flux varies strongly with
time, as can be seen in Figure 7 for two selected grid
points. Point A represents a grid cell where the highest
e emission flux occurs while B represents moderate emis-
20 sion conditions. Dust is emitted from 9 a.m. to 5 p.m.
at the point with higher total emission and at only from
10 p.m. to 5 p.m. at the second point. The proportions
of the three dust modes vary during emission, as is in-
tended by our parameterization. Still, the variations are
rather small (Figure 8). The smallest mode which makes
up only around 1 % in mass but around 80 % in number
flection. To the extent of our knowledge, no other mod@not shown) has a maximum contribution at 2 p.m. The
elling studies have been undertaken for dust emissilangest mode, on the other hand, behaves reciprocally
in this region. Therefore we had to resort to simplifiednd contributes most at the beginning and ending of the
assumptions about the parameters which enter the diisst event, whem, and therefore the kinetic energy of
emission parameterization. For the soil particle size ditie saltation particles are smaller. During the emission
tribution, we used a typical Saharan soil (coarse mediyariod about 807 t of mineral dust are emitted.
sand) determined by KATENET et al. (1996) (see Ta- The spatial and temporal distribution of the dust
ble 4).C (equation 3.7) is set to its original value otloud is depicted in Figure 9. Maximum concentrations
2.61 and the binding energies given in Table 1 are uséuvicinity of the source are above 438 m3. Con-
The source area is attributed to the vegetation class “baemtrations in some distance still reach 116 m 3.
soil” with a roughness lengtfy (equation 3.5) of 21074  The colour scale on Figure 9 however has been chosen
m. with respect to the following interesting feature. Trans-
The model has been run for 24 hours, but resulpert of the dust is disturbed near the Dead Sea. At 3
have been analysed only from 9 a.m. to 12 p.m. Fpmm. a part of the dust cloud is redirected in a northern
the large scale pressure field we assumed a westéimection by the channelled winds. At 6 p.m. concentra-
geostrophic wind (15 mg) with a small southern com-tions in the Dead Sea valley are still elevated. The cross
ponent (1 ms?). ISRAELEVICHet al. (2003) studied the section which is shown in Figure 10 shows the strong
optical properties of dust particles over Israel based arodification of the concentration distribution due to the
TOMS und AERONET data. Although they found théopography. From model results not presented here we
dust sources to be located in North Africa they fourkhow that the Jordan Valley in the vicinity of the Death
westerly flow conditions for the situation in April. Ra-Sea causes a stable thermal stratification. This stable
diation was specified for a day in the middle of Aprilstratification is due to the subsidence inside the valley
Surface temperatures and start profiles were selectedaawd the constant temperature of the Dead Sea during
cordingly. From NCEP-reanalysis dataAKNAY et al., the course of the day. This stable stratification leads to
1996) the surface temperature of the Mediterranean $eamall vertical mixing and also supports the hypothe-
was determined to typically 28C, whereas the Deadsis that the topography hinders eastward transport. Size
Sea is already much warmer in this seasort @p The distributions in the source region at 12 a.m. and at the
initial surface temperature of bare soil is 17@. Alin- Dead Sea at 5 p.m. are finally shown in Figure 11. Sedi-
ear profile was assumed for the basic state of the potementation of the dust particles changes the size distribu-
tial temperature (22C at ground level, 42C at 6000 tions of the number density and the mass density respec-
m above ground). These values correspond to long-yégely. Since the total mass density decreases during the
averages from NCEP reanalysis data for 35E, 31N. Ralansport the size distributions were normalized by their
ative humidity was assumed to vary linearly from 50 %maximum value in each case. While the total mass den-
at ground level to 10 % in 2000 m above ground and &ity at a typical gridpoint in the source area is 204
remain constant above. m~3 it decreases to ug m~2 in the Dead Sea region.
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Figure 7: Ry at points A (solid line) and B (dotted line) from Fig-
ure 6.
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Figure 9: Total mass density 20 m above ground at 12 a.m. (top
left), 3 p.m. (top right) and 6 p.m. (bottom left).

The effect of the size dependent sedimentation veloc#y3 Comparison with other o
is clearly shown. The relative contribution of larger par- parameterizations and sensitivity study

ticles to the total number density decreases at larger dig mentioned at the beginning there are several models
tances. This is an important effect with respect to the Igocumented in literature that treat the emission of air-
diative effects of the particles and cannot be reproducggne mineral dust particles. With respect to the emis-
by a model that uses only one mode to represent t§igs g Iot of them are based on the parameterization of

mineral dust particles. From our modelled size distribye sajtation flux. The vertical emission flux is then often
tions we got a mass median diameter ofti. OFFER  caculated using the following relation:
and GOOSSENS(2004) carried out long term measure-

ments in the Negev desert. They found median diameters Rv = a-hn (4.1)
around 25um or less. This shows that we underestimata that casex has to be specified and is kept constant
the fraction of larger particles in the source area. in time at each grid point. Then the total emission flux
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Figure 10: Vertical cross-section of mass densitytig m—2 aty = 60 km at 5 p.m.

is distributed to individual modes. For the individuak " 7 wmper source
modes the percentage contribution Rg, the median % 7 = number, Dead Sea
diameters and the standard deviations have to be ppe®® 4 = "E
scribed. QUTENET et al. (2000) distribute 0.1 % &%, ]
to a 0.105um mode, 57.9 % to a m mode, and 42
% to a 35um mode. For the global model ECHAMS5- ]
HAM (STIER et al., 2005) fixed distributions to a 0.37% o4
ummode anda 1. 75m mode are prescribedEGENet E 1
al. (2002) are distributing the emission into 8 size ClaSSESo P
ranging from 0.1um up to 220um. The percentage con- E 1
tribution of the total emission flux is not documented iff 00 -1
the paper. The advantage of our parameterization is that
neithera nor the percentage contribution of the indi-
vidual modes to the total emissions is kept constant, but
depends on the friction velocity and if the mformatloﬁlgure 11: Normalized size distributions for number and mass den-
is available on the water content of the soil. This will L&Y In the source region and the Dead Sea area.
shown in the following. Based on the results presented
in Figure 6 and the corresponding saltation flux we cal-
culateda at each grid point. Figure 12 shows the hor#ifferences in the emission flux compared to our para-
zontal distribution otx and its frequency distribution. Inmeterization. Especially, with the parameterization by
that casex varies between 0 and 2.207°> m—, MARTICORENA et al. (1997), the vertical dust emission
In order to elucidate the variation af we carried starts immediately when the saltation flux is greater than
out simulations with the stand alone version of our emigero. This is not the case for the parameterization we
sion module. We are using the same soil type and conagplied. The lower part of Figure 13 shows the verti-
guently the same parameters as we did in the Dead 8ahemission flux as a function of the friction velocity.
case. The only difference is that the fraction of erodiFhe total flux and the percentage contribution of the in-
ble surface is set equal to 100 %. Figure 13 shows tidual modes are depicted. When the friction veloc-
variation of o with u,. Whenu, is greater than a cer-ity is close to the threshold value the biggest mode con-
tain valuea starts to increase reaching a maximum &tibutes about 95 % to the total emission flux while the
u, = 0.44 m st and is then decreasing when the frictiosontribution of the finest mode is almost zero. At a fric-
velocity is increasing. Most of the commonly used pargien velocity of 0.8 m s* the percentage contribution of
meterizations use a constant value doror the source the fines mode reaches almost 18 % of the total emission
type we used for the sensitivity runsATICORENA et flux and the contribution of the biggest mode decreases
al. (1997) usedr = 3.3-10~°> m~L. This causes large down to 65 %. This behaviour seems to be quite reason-
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able since the smallest particles have the highest binding2.5-10-
energy.

In the case study described in section 4.1 we did not 2.0-10*
take into account the dependency of the emission flux on
the soil water content. However, the parameterization vie 1.510°
used in our study would allow such a dependency. Agaia
we used the stand alone version of our emission model 1.0-10*
to present the effect of soil water content on the emis-
sion flux. Figure 14 shows as a function of the soil ~ 0.510°
water content;. In this case study we used a constant
friction velocity of 0.4 m s'. In that casex decreases  0.0-10° 4T
almost linearly with the soil water content and the emis- 0 1 2 3 4 5 6 7
sion stops when it reaches 5 %. The increasing soil wa- nin%
t_er conten_t goes along with a.de_creasing fraction of t\g%ure 14: & versus the soil water content.
finest particles to the total emission.

5 Summary studies, some of the parameters had to be adjusted to ob-
tain an optimal agreement. Nevertheless, in some cases
We have included a parameterization scheme of thigy differences are found between the observed and
emissions of dust particles in our regional scale modelitte modelled fluxes. This shows that still experimental
combines the parameterization of the threshold frictiamork is hecessary to improve the currently used emis-
velocity of Lu and S41A0 (1999) and the parameteri-sion models for mineral dust particles. We included this
zation of the saltation process ofLBARO and GOMES parameterization into the three dimensional mesoscale
(2001). This parameterization was compared in a stambdel system KAMM/DRAIS/MADEsoot (REMER et
alone version to observed data of the saltation flux aatl, 2003). The extended model system was applied to
the emission flux, respectively. As it was shown in othéihe Dead Sea area. It was shown that the complex mod-
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ification of the flow field due to Jordan Valley has aGENTHON, C., 1992: Simulation of desert dust and sea-salt
impact on the distribution of the mineral dust particles. aerosols in Antarctica with a general circulation model of
The model results show that the size distributions of thehe atmosphere. — Tell4siB, 371-389. _
number and the mass density are modified by the size §-LETTE, D. A., R. Pssi, 1988: Modeling dust emis-
pendent sedimentation. This is an important aspect Wheﬁfzngéa_ﬁezigy wind erosion. — J. Geophys. R&D11),

the radiative effects of mineral dust particles are quag '

- _ o - “GINoux, P., M. CHIN, I. TEGEN, J. M. PROSPERQ B.
tified. Finally we compared our parameterization with apo gen. 0. Dusovik, S.-J. LIN, 2001: Sources and dis-

very commonly used one. The advantage of our parameributions of dust aerosols simulated with the GOCART
terization is that it allows a time dependent ratio of themodel. — J. Geophys. ReB)6(D17), 20255-20273.
saltation and the emission flux and a varying size distriBOMES, L., J. L. RAJOT, S. C. ALFARO, A. GAUDICHET,
ution of emitted particles at each grid point which seems?003: Validation of a dust production model from measure-
to be physically more reasonable. However, as for all pa_ments performed in semi-arid agricultural areas of Spain

A . : and Niger. — Catens2, 257-271.
rameterizations, it suffers from the lack of input data. GONG. S. L.. X. Y. ZuANG, T. L. ZHAO, I. G. McK-

ENDRY, D. A. JAFFg, N. M. Lu, 2003: Characteriza-
tion of soil dust aerosol in China and its transport and
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