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Abstract. This paper is based on dust aerosol cycle mod-1 Introduction
elling in the atmospheric model ALADIN (Aire Liméte
Adaptation dynamique &veloppement InterNational) cou- The impacts of mineral dust aerosols on climate and environ-
pled with the EXternalised SURFace scheme SURFEX. Itsment have increased substantially in recent decades, creating
main goal is to create an appropriate mineral dust emissior need to better understand and eventually predict the atmo-
parameterization compatible with the global database of langpheric dust cycle, which is involved in direct radiative forc-
surface parameters ECOCLIMAP, and the Food and Agri-ing processes (Tegen et al., 1996), nutrient transport (Mar-
culture Organization (FAO) soil type database in SURFEX.tin, 1990; Swap et al., 1992), land-use change (Nicholson et
An improvement on the Dust Entrainment And Deposition al., 1998) and ecosystem health (Prospero, 1999; Shinn et
scheme (DEAD) is proposed in this paper by introducingal., 2000). With this in mind, several numerical dust models
the geographical variation of surface soil size distribution,have been developed (Tegen and Fung, 1994; Nickovic and
the Marticorena and Bergametti (1995) formulation of hori- Dobricic, 1996; Nickovic et al., 2001) and used for studying
zontal saltation flux and the Shao et al. (1996) formulationdust emissions and transport. The first difficulty in evaluat-
of sandblasting efficiencg. To show the importance of ing the impacts of dust aerosols on climate and environment
the modifications introduced in the DEAD, both sensitivity is to correctly determine their atmospheric concentration. To
and comparative studies are conducted in 0 dimensions (0do this, it is necessary to rigorously represent emissions in
D) and then in 3 dimensions (3-D) between the old DEAD order to predict their distribution in time and space and their
and the new DEAD. The results of the 0-D simulations in- intensity/frequency.
dicate that the revised DEAD scheme represents the dust The mineral dust emissions from arid and semi-arid areas
source emission better, particularly in the Béddepression, are strongly influenced by soil and surface characteristics.
and provides a reasonable friction threshold velocity. In 3-DThe soil and surface features control three major processes
simulations, small differences are found between the DEADof dust production: the erosion threshold wind velocity, the
and the revised DEAD for the simulated Aerosol Optical wind shear-stress acting on the erodible surface, and the ca-
Depth (AOD) compared with the AErosol RObotic NET- pability of the soil to release fine dust particles. Recently,
work (AERONET) photometer measurements available inmany dust emission schemes have been developed in order to
the African Monsoon Multidisciplinary Analyses (AMMA) provide an explicit representation of the mineral dust emis-
databases. For the surface concentration, a remarkable insion processes and the influence of soil and surface features.
provement is noted for the revised DEAD scheme. These models are frequently classified according to their
representation of mobilization. Two categories of models
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Table 1. Soil texture classification following USDA (1998).

Soil texture Soil Texture
1 Sand 7 Silty clay loam
2 Loamy sand 8 Clayloam
3 Sandyloam 9 Sandy clay
4  Siltloam 10 Silty clay
5 Loam 11 Clay
6 Sandyclayloam 12 Silt

olds for particles released during sandblasting (Alfaro and
Gomes, 2001). This information can be supplied in the SUR-
FEX scheme using the ECOCLIMAP database (Masson et

o
~ al., 2003), which provides information on the erodible frac-
W ee e 9.9 % % ve tion represented by the covers COVER004 and COVERO005,
+—— Percent sand relating to bare and rock soil, and the FAO database, which

contains information on the sand and clay fractions, al-
Fig. 1. Sand/clayisilt triangle of texture composition according lowing a classification of the soil textures (Masson et al.,
USDA (1998). 2003). In this paper, a modification of the dust emission

scheme (DEAD) is proposed and consists of introducing ge-

S . ographic variation of the surface soil size distribution, the

are distinguished (Zender et al., 2003). The simpler classy1aggs relationship in the horizontal saltation flux, and Shao
named bulk mobilization schemes, calculate mobilizationg; g)'s (1996) formulation of sandblasting efficiency. To
processes in terms of the third or fourth power of the wind ey5jyate the performance of the modification introduced in
friction speed, and include those of Tegen and Fung (1994)yhe pEAD scheme, two experiments were carried out in 0-D
Mahowald et al. (1999), and Perlwitz et al. (2001). The g3nq 3-D with the old and the new schemes. The 3-D ex-
complex class uses complete microphysical specification Of)eriment was performed within the atmospheric model AL-
the erodible environment to predict the saltation mass fluxapn (Bubnova et al., 1995) coupled with SURFEX. This
and resulting sandblasted dust emissions (Marticorena angxperiment was run to simulate the 7—13 March 2006 west
Bergametti, 1995; Shao et al., 1996; Shao, 2001). Thes@trican dust storm. The results are compared with the local
schemes have given promising results at the regional scalgop and mass concentration measurements available from
(Shao and Leslie, 1997; Marticorena et al., 1997). Unfor-ine AMMA database.
tunately, many inputs for these fully microphysical schemes The paper is organised as follows: Sect. 2 summarizes the
remain unknown. DEAD is an intermediate scheme in termsieyvised DEAD scheme which is introduced into SURFEX.
of complexity, developed by Zender et al. (2003). The gection 3 describes the 0-D and 3-D sensitivity and com-
DEAD1.1.15 version used in Zender et al. (2003a) and Zenparative studies between the old and the new schemes, and

der et al. (2003b)Http://dust.ess.uci.edu/depd/as coupled  gect. 4 presents concluding remarks with a summary of the
with the externalised surface scheme SURFEX (Noilhan angyain results.

Mabhfouf, 1996) by Grini et al. (2006). This version assumes

that the soil texture is globally uniform and contains an abun-

dance of particles having a diameter of 75um, the optimal2 Update of the dust emission scheme coded in

size for saltation (Zender et al., 2003). The saltation flux cal- SURFEX

culated for this type of particle is weighted by the fraction

of sand available in the soil (Grini et al., 2006). The transfer The representation of dust emission processes is very impor-

function between the horizontal saltation flux and the verti-tant in a dust model. It depends on wind conditions, sur-

cal mass flux¢) is calculated by the Marticorena and Berga- face characteristics and soil type. The revised DEAD scheme

metti (1995) relationships (hereinafter referred to as MaB95) IS based on parameterizations of soil aggregate saltation and

DEAD uses a uniform value of clay fractioMgiay = 0.2) to sandblasting processes. The main steps for this scheme are:

determine the sandblasting mass efficieadiZzender et al., the calculation of the soil aggregate size distribution for each

2003). model grid cell, the calculation of a threshold friction veloc-
Nevertheless, some important processes able to influencd l€ading to erosion and saltation processes, the calculation

dust emission are ignored in the original version of DEAD: Of the horizontal saltating soil aggregate mass flux and, fi-

geographic variation of the surface soil size distribution nally, the calculation of the vertical tran_sportable dust parti-

(Marticorena et al., 1997) and size-dependent energy threst:® Mass fluxes generated by the saltating aggregates.

Geosci. Model Dev., 5, 581598 2012 www.geosci-model-dev.net/5/581/2012/
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Fig. 2. Percentage of claga) and sandb) for northern Africa according to FAO databases.

tion is the portion that completes the sand and clay so that

| 12-sit

38N 11-Clay the sum of the three portions (clay, sand and silt) is equal to
3 10-Silty clay 1.
9-Sandy clay . .
SO 8-Clayloam Once the percentages of sand, clay, and silt in the soil are
m ;’-gwddg’?m known, the textural class can be read from the textural tri-
2:: s angle. For example, a soil with 40% sand, 40 % silt, and
fSN 4-Sift loam 20 % clay would be classified as a loam. Thus, a map of soll
. J v’ S-Sandyloant texture can be created (Fig. 3).
Y L 2-Loamy sand ] ) . .
FIAlY 1-Sand The analysis of Fig. 3 shows that northern Africa is dom-

15w 10w 5w 0 5E 10E 15E 20E 25E 30E 35E

inated by a medium texture represented by loamy and sandy
Fig. 3. Soil texture map for northern Africa obtained by combining loam soil. These types of soil correspond to the Aridis-
the USDA sand/clay/silt textural triangle and proportions of clay ols and Entisols in the Global soil region map classification
and sand provided by FAO databases. (USDA/NRCS 1999). In second position, we find sand and
loamy sand soil; these soils correspond to shifting sands in
the USDA classification (USDA/NRCS 1999). Regions with
such soils are essentially composed of a continuous coarse
2.1 Soil texture methodology sand substratum, producing stable dunes made of coarse

Soil texture is th It of phvsicochemical tsands (median diameter 700 um) and active dunes made of
>0il texture 1S the result of physicocheémical processes acly, o oqpgg (median diameter 250 um) (Callot et al., 2000).
ing on rocks and minerals that have decomposed in situ o

. . i Silt loam occupies the major part of Hoggar and the extreme
that hf"“’e bee.n erosned by wind, water or ice (aftgr trans'east of Egypt towards the Red Sea. Finally, clay and clay
portation). It is influenced by external factors like climate,

o 4 ! loam occupies a very limited area in northern Africa espe-
topography, and living organisms. A kn_owledg(_a of the_ SO_'I cially near the Nile river and the south-eastern Sudan.
texture is necessary to determine the fine particle emission
potential of the soil and to check the soil water content. In or- . o
der to characterize the erodible fraction of different types of2'2 Soil aggregate distribution
soils, soil aggregate distributions are provided to the DEAD ) ) o
scheme. These distributions use the USDA (United State$* _three-mode log-normal soil mass size distribution
Department of Agriculture) textural classification (Table 1), M* (Dp) is related with each texture class following
for which different types of soil are classified according to an Zobler (1986):

index referring to the classic sand/clay/silt triangle of texture

composition (Fig. 1) (Buckley, 2001). Sand particles range in T inpT 2
size from 0.05-2.0 mm, silt ranges from 0.002-0.05 mm, anddM” (D)) _ Y M; 'exp<'”DP Ianec‘l)

clay is made up of particles less than 0.002 mm in diameter. dIn(D,,) = ./2-7T,|n(ng) _2,|n20jT

Gravel or rocks greater than 2 mm in diameter are not con- ' )

sidered when determining texture. The combined amounts
of clay and sand in the SURFEX scheme are provided by ) T
the global FAO database at 10 km resolution (Masson et al.\,NhereJ refers.to the mo.deT refers to theT te>.(tureMj 1S

2003). The proportions of clay and sand are shown in Fig. 2¢he mass fraction of particles for moge D, is the mass

and Fig. 2b, respectively, for northern Africa. The silt frac- median diameter, artdjT is the geometric standard deviation.

www.geosci-model-dev.net/5/581/2012/ Geosci. Model Dev., 5, 588-2012
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Table 2. The 12 basic USDA soil texture indices and corresponding soil aggregate size distribution parameters.

Mode 1 Mode 2 Mode 3

soil type % Dneddm) o % Dmeddm) o % Dmedem) o
Sand 90 1000 1.6 10 100 1.7 0 10 1.8
Loamy sand 60 690 1.6 30 100 1.7 10 10 1.8
Sandy loam 60 520 1.6 30 100 17 10 5 1.8
Silt loam 50 520 1.6 35 100 17 15 5 1.8
Loam 35 520 16 50 75 1.7 15 25 1.8
Sandy clay loam 30 210 1.7 50 75 1.7 20 25 1.8
Silt clay loam 30 210 1.7 50 50 1.7 20 25 1.8
Clay loam 20 125 1.7 50 50 1.7 30 1 1.8
Sandy clay 65 100 1.8 0 10 1.8 35 1 1.8
Silty clay 60 100 18 0 10 1.8 40 05 1.8
Clay 50 100 18 0 10 1.8 50 0.5 1.8
Silt 45 520 16 40 75 1.7 15 25 1.8

Table 2 shows the mass fraction of the quﬂ]T the in the four size domains considered. The average relative

mass median diamet®y. . ,, the standard deviation”, and ~ Surface area of each of the four populatiaftse (Dpin) is
the soil texture composition used to characterize each textuShown in Fig. 4 superimposed with the cover “COVER004"
ral class (Zakey et al., 2006). related to the fraction of erodible surface.

Following MaB95, the surface covered by each soil par- Thus, the potential dust source map obtained for the re-
ticle, with diameterD,,, is assimilated to its basal surface. Vised DEAD version is represented by the total of the average
Thus a size distribution of the basal surface can be computefelative surface areas of the four populations (Fig. 5).

from the mass distribution, assuming spherical particles With2 3 Dust mobilizati
the same density : ust mobilization

The physical basis of the revised DEAD scheme is globally
3 . 2 the MaB95 scheme, where dust is calculated as a function
5-0p-Dp of saltation and sandblasting. Fine soil particles are not di-
rectly mobilized by wind but they are injected into the at-
mosphere during sandblasting caused by saltation bombard-

dsT (D)) = M

The total basal surfac&otg is

s — [ asT(p.)iD 3 ment. According to Zender et al. (2003), the optimal size for
total = (Dp)dD, ) saltation isDg =75 um. Thus, dust mobilization starts when
Dy the friction velocityu, exceeds a threshold value named the

threshold friction velocity,,. This threshold friction veloc-

ity was parameterized as in MaB95 and was obtained for a
particle Dy of about 75 pum in diameter. Following MaB95,
we assume that all soils in the erodible region contain parti-
_ (4)  cles of sizeDo. The threshold friction velocity depends on
Stotal drag partitioning (MaB95) and soil moistureggan et al.,

In our study, the process adopted to calculate the relative surt999). N o
face area for each soil particle is based on a soil sample con- The drag partition ratig'y is calculated (MaB95) as:

and the normalized continuous relative distribution of basal
surfacesiSL, (D)) is
ds” (D)
T p
dSreI (DP) ="

taining 1000 particles with diameters in the range of 0.01 1

< D, < 2000um. So, all soil particles that contribute to In (ZO/Z )

saltation and sandblasting processes are considered. fa=|1- o 8 (5)
In order to increase the computation efficiency of the In{0.35[(0-1/z ) ‘ “

model and reduce the number of variables related to soil par- Os

ticles, the particles of our sample soil were divided into four whereZo(cm) andZo, (cm) are the roughness length for mo-
. . . . A
populations according to their size: (a) clay sizg < 2um, mentum and the smooth roughness length, respectively.

(b) small silt size 2pm< D), < 10pm, (c) large silt size The smooth roughness lengthy, is estimated following
10 um< D), <60 um, and (d) sand siZ, > 60 um. The av-

erage relative surface area of each population was calculated
according to the relative areas covered by the soil particleZo; = Dmeg/30 (6)

Geosci. Model Dev., 5, 581598 2012 www.geosci-model-dev.net/5/581/2012/



M. Mokhtari et al.: Importance of the surface size distribution of erodible material 585

b) 2um < Dp < 10pm

39N
35N
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Fig. 4. The average relative surface area for each population of soil particles with diaap&tgr< 2 um,b) 2pum< D, < 10 um,c) 10 um
< Dp < 60um, andl) D, >60 pum.

varies according to the soil texture, from 33.3 um for sand to
3 um for clay soils. The difference betwe&g, derived by
MaB95 andZp used in DEAD is significant. This gives high
fa factor. To keep the same value fgy in the original and
new versions of DEAD, a roughness length= 30 um was
chosen for the revised version of DEAD, which is appropri-
ate for the £, used.

Soil moisture generates a capillary force which is allowed
to suppress dust deflation when the soil gravimetric water
content {v) exceeds a threshold soil moisture’Y. This
threshold is defined in the revised DEAD scheme by the fol-
lowing relationship:

39N
3EN]
3N
30N 1
27N
24N
21N
18N

Fig. 5. Total average relative surface for the four populations of
particles over northern Africa. w' = b(0.17Mciay +0.001443, ) and Q053 < w’ < 0.15,
O

whereDmeqdis the median diameter of the coarsest mode for

the twelve soil textures given in Table 2. ' g -
The roughness lengths used by the Interaction Soil Bio_prowded a better fit tav predicted by the ISBA scheme and
resulted in a reasonable value of the erosion threshold veloc-

sphere Atmosphere (ISBA) (Noilhan and Planton, 1989). : . .

scheme are derived from the ECOCLIMAP data bases. Théty compared with tha_t obtained byekan et al_. (1999)'

value ofZo associated with bare soil (COVER004) is 13 mm The factor accountm_g for the effect of soil moisture con-
(Masson et al., 2003). This value is used to quantify the mo__tent on the th_reshold.frlcno.n velocity,, was calculated us-
mentum exchanges. However, this value is very large. It coniNd the following relationship (can et al., 1999):
siderably influences the drag partition factgy; X and gives

a very high threshold friction velocity, which penalizes dust » _
emissions. For that reason, DEAD adopts a uniform value Y
Zo=100pum andZp; = 33.3um. In our case, the smooth

roughness length is derived from the relation of MaB95 andw andw’ having units of kg/kg.

It was established, empirically, that setting- 3 in Eq. (7)

{1 for w<uw ®)

V1+121[w — w1 for w>w’

www.geosci-model-dev.net/5/581/2012/ Geosci. Model Dev., 5, 588-2012
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Table 3. Log-normal parameters of the AMMA size distribution used in DEAD coupled with SURFEX.

Dust mode Mode1l Mode2 Mode3
Number fraction (%) 97.52 1.95 0.52
Mass fraction (%) 0.08 0.92 99

Geometric standard deviation 1.75 1.76 1.70
Number median diameter (um) 0.078 0.64 5.0
Mass median diameter (um)  0.20 1.67 11.6

The Owen effect was calculated using the following rela-

tionship (Zender et al., 2003): = —amma

5 —kok

> 01
s = sy + 0.003 (Uto — Utoy)’ © 3
whereu, is the friction velocity corrected for the Owen ef- g 902
fect. Ujp andUig; are the wind speed and the threshold é
wind speed, respectively at 10 m. 3 0.001

The total horizontal saltating mass flaxwas calculated ;
following MaB95: S 0.0001
01 02 1 10 20

y u2 Dust aerosol diameter, Dp (um)
G=aEclud (1 + i) ( _*2[> / d Srel (Dyin) d Dpin (10)
8 * */ Dein Fig. 6. Normalized volume size distribution of emitted dust aerosol

given by AMMA distribution (blue line) and Kok theory (red line).
whereE is the fraction of the erodible surface represented by

the COVERO0O04q¢ is the global mass flux tuning factor deter-
mined a posteriori through the model experimeats, 2.61, and
g is the gravitational constanp, is the atmospheric density

anddSei(Dypin) is the average relative surface area for eachﬁ -

of the four populations shown in Flg 4. WhereDd a_ndDS arein mm andg =0.
In the original DEAD version, the horizontal saltating  p is the average diameter of the dust particles in saltation

mass fluxG is converted to a vertical dust mass flExwith (~75um), andD, is the average diameter of the suspended
a sandblasting mass efficieneywhich is parameterized fol-  dust particles 6.7 um).

lowing MaB95. This efficiency depends on the clay frac-

tion in the parent soil and is restricted Aday < 20 % At 2.4 Size distribution of transportable dust particles

the local scale, this parameterization yields reasonable re-

sults (Marticorena et al., 1997) but, at the g|oba| scale, itm the 0riginal DEAD, the emitted dust flux distribution is
proves to be overly sensitive #ay. For this reason, Zen- parameterized according to Alfaro and Gomes’ (2001) sand-
der et al. (2003) assign a constant value to the clay fractiorPlasting theory (Grini and Zender, 2004). This theory al-
(Mciay = 20%). However, this assumption provides a uni- lows emitted dust fluxes to be distributed into three modes,
form value ofa over all dust source emissions and makesaccording to the friction velocity. The measurements taken
the spatial variation of this efficiency less representative. Induring the AMMA Special Observation Period (SOP) of
order to avoid this flaw in the revised DEAD, the Shao et June 2006 (Crumeyrolle et al., 2011) confirm the existence

al. (1996) sandblasting efficiency relationship is adopted: 0f @ mode of particles centered around 0.64um but indi-
cate that almost 99% of the number concentration is in-

[oA125x 10-4In(D,) +0.328x 10*4] exp(~1407.D,+0.37) (12)

_F_2 < Pro Byg (11) cluded in other particle modes finer than that centered around
G 37 o [uu(D]? 0.64 um. Therefore, based on the AMMA measurement and

the Alfaro and Gomes (2001) sandblasting theory, Crumey-

y =25 rolle et al. (2011) proposed a new tri-modal size distribution

(AMMA) for the emitted dust fluxes in the DEAD, coupled
to SURFEX. The parameters related to the AMMA distribu-
tion are given in Table 3.

On the basis of many published measurements of size-
distributed dust flux, Kok (2011) argued that the size

Geosci. Model Dev., 5, 581598 2012 www.geosci-model-dev.net/5/581/2012/
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Fig. 7. Evolution of the surface dust fluxes (jrg m—2 s_l) depending on the friction velocity (rrTé) over: (a) Clay soil (b) loam saoil,
(c) sandy loam soil(d) loamy sand soil, an¢e) sand soil.

distribution of mineral dust emissions was independent ofin order to represent the transportable dust particles well in
the wind speed and found little sensitivity of the emitted dustthe west of Africa.

size distribution to soil textures. Furthermore, Kok (2011) Dry deposition and sedimentation of dust aerosols are
proposed a theoretical emitted dust distribution depending ormriven by Brownian diffusivity and by gravitational velocity
one median diamete); =3.4 um) and geometric standard (see Tulet et al., 2005 and Grini et al., 2006 for details).
deviation ¢, =3.0). The difference between Kok’s distribu-

tion and the AMMA distribution (Fig. 6) is very noticeable

and it is clear that Kok’s distribution is coarser and neglects3 Sensitivity study: comparison between the revised
the fine mode, which is confirmed by the AMMA observa- ~ DEAD version and the old scheme

tions. This is related to the fact that this theory is based on ) ) o ] )
measurements taken near the surface. However, the AMMAD this section, a sensitivity study is conducted in order to
distribution is based on aircraft measurements taken at an afnoW the performance and importance of the modifications
titude of around 700 m above mean sea level between Niintroduced in the DEAD scheme. This part of the study con-
amey (Niger) and Cotonou (Benin). These regions are fagains _two expe_rimgnts: the first in 0-D and the_ second in 3-D,
from dust sources and fine dust particles are more dominadf Which the situations of 7 March 2006 are simulated.

there because they have a small sedimentation velocity an . . ' .

a long atmospheric residence time. This fine mode is ver;g'l 0-D simulation configurations

E\;’&r;ag.t f.r:ad tt_he _dus; p?r'iljcflestr?ct as |c§ Ségg SO.’ th%-D simulations of the variation of surface dust fluxes de-
Istribution 1S adopted or the revise version pending on the friction velocity over a specific point were

www.geosci-model-dev.net/5/581/2012/ Geosci. Model Dev., 5, 588-2012
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conducted with the four different configurations of surface sion at a friction velocity around 0.45 m% but the EXP1
fluxes (EXP1, EXP2, EXP3 and EXP4) defined in Table 4. started at a friction velocity around 0.55 ms(Table 5).
The main objective of using the four configurations was to Concerning the surface fluxes (Fig. 7b), for a wind fric-
quantify the different processes over soil types, in particu-tion velocity of less than 0.8 m$, the evolution was nearly
lar the vertical dust flux and the threshold friction velocity. the same for the four representations. Beyond this velocity,
Figure 7 shows the variation of the vertical dust fluxes de-the surface dust fluxes obtained with EXP1 and EXP3 were
pending on the friction velocity for the four configurations greater than those calculated with EXP2 and EXP4. In con-
tested over clay soil (Fig. 7a), loamy soil (Fig. 7b), sandy clusion, the four representations found that loamy soil was a
loam soil (Fig. 7c), loamy sand soil (Fig. 7d), and sand soil relatively moderate dust emission source.

(Fig. 7e). The goal of the EXP1 configuration was to show

the influence of the &an (1999) formulation on the thresh- 3.1.3 Sandy loam soils

old friction velocity and to highlight the adapte@é&an for- ) i )

mulation (Eq. 7) used in the revised DEAD scheme. TheSandy loam soil occupies the major part of northe,rn Sudan
EXP2 configuration showed the consequences of the MaBg#gnd southern Egypt and Libya, a local part of the 8edle-
formulation in the calculation of the sandblasting efficiency Pession, southern Niger and northern Mali and Mauritania.
« when the variation of clay fraction in the soil from 0 to For these soils, the threshold friction velocity obtained by
20% was taken into account. The EXP3 configuration wasEXP2, EXP3, and EXP4 was around 0'_427h5b“t EXP1

the current version of DEAD used in SURFEX. Finally, the started dust emission at a friction veloc_lty around 0.5 s
EXP4 configuration was the revised version of DEAD pro- (Table 5). Concerning surface fluxes (Fig. 7c), EXP1, EXP3
posed in this paper. For all configurations, the same forcin nd EXP4 provided similar surface dust fluxes. In contrast,

soil wetness field given by the ISBA scheme was used. XP2 provided very weak surface dust fluxes. In conclusion,
EXP1, EXP3, and EXP4 showed that sandy loam soil was a

3.1.1 Clay sall moderate dust emission source but EXP2 excluded it from
potential dust sources. It can be seen that the sandblasting
efficiency was calculated in EXP2 by MaB95 for a varied

Sahara desert, particularly at latitude°3gorth, between clay fraction. For this type of soil, the percentage of clay is
the Algerian and Tunisian border, and in extreme south-@round 12 %, so the sandblasting efficiency ratio between this

eastern Sudan, betweerrlhd 15 latitude north. This soil  YP€ of soil and that of soil with 20 % of clay is around 10,

contains over 40% clay. This substance acts as cement igxplaining the low vall_Je of this efficiency When_the variation
the soil and fortifies the cohesion force. Over this type of Of the amount of clay in the ground was taken into account.

soil, the threshold friction velocity obtained by the EXP2
EXP3 and EXP4 configurations was 0.5Thsbut that ob-
tained by EXP1 was higher: 0.6 ms(Table 5). Concem-  age soils occupy a large part of the Bteddepression, a
ing surface fluxes (Fig. 7a), EXP1, EXP2, and EXP3 showedy,t of the Algerian and Nigerian border, and a limited area in
the same sandblasting efficienayand convergence in the ¢ \vauritanian and Algerian desert. Over loamy sand soil,
curves, depending on the friction velocity. In contrast, EXP4 £y p3 and EXP4 started dust erosion at around 0.37'ms
provided a very weak surface flux which did not exceed 1y hereas EXP1 started mobilization at around 0.48 h{Fa-

ugm 2.s~%. This underestimation was caused by the very 5). As for surface fluxes (Fig. 7d), EXP1 and EXP3
low value of the total average relative area of the four pop-ghoyed a large evolution of dust surface fluxes, whereas
ulations (Fig. 5), which did not exceed 0.05 over this soil. pyxpy presented a very large evolution of dust surface fluxes.
In conclusion, EXP1, EXP2, and EXP3 showed that the po-o the other hand, as before with sandy loam soils, EXP2
tential dust sources of clay soil were relatively weak, while gig not create significant dust surface fluxes. However, these

EXP4 excluded it from the potential dust sources. Itis truegjis are considered as the largest dust emission source in
that the sandblasting efficiency is dependent on fine particle§, i Africa. Therefore, they are very well represented by
contained in the soil but is also controlled by large particles.ihe Expa configuration.

Indeed, it is these particles that allow the release of fine parti-

cles when they are activated by saltation. However, clay soi3.1.5 Sand soils

has very few large particles and does not favour the salta-

tion motion. It is thus reasonable that a low surface dust fluxThese soils cover a large part of Mauritania and Niger, the

Clay soil occupies a very limited area of the North African

' 3.1.4 Loamy sand soils

should be obtained over this sail. eastern and western Great Erg of Algeria and a localized part
of Egypt, Libya, and Sudan. Over sand soil, EXP3 and EXP4
3.1.2 Loamy soils started the dust mobilization at around 0.28 hut EXP1

began mobilization at a friction velocity around 0.43Ths
Loamy soil is the dominant type of soil in the Sahara desert.(Table 5). As for surface fluxes (Fig. 7e), EXP1 and EXP3
Over this soil, EXP2, EXP3, and EXP4 started the dust emis{provided very strong dust flux values and indicated that this
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Table 4. Definition of the four configurations tested for five types of soils.

Compared elements EXP1 EXP2 EXP3 EXP4
Geographic size Uniform Uniform Uniform USDA
distribution texture texture texture textures
Moisture effect [ecan (1999) Ecan (1999) Ecan (1999) Ecan (1999)
with w’ given withw’ given withw’ given
by Eq. (7) by Eq. (7) by Eq. (7)
Drag partition effect MaB95 with MaB95 with MaB95 with MaB95 with
Zp=100 pm £=100 pm £=100 pm £=30pum
Zps=33.3um £s=33.3um £,=33.3um %5=Dmed30 um
Saltation fluxes White (1979) White (1979) White (1979) MaB95
Sandblasting efficiency ~ MaB95 with dy=20%  MaB95 with M,=20%  MaB95 with My5,=20%  Shao et al. (1996)
a=FIG 0<M¢jay<20%
Dust source intensity NMhnd Msand Msand Relative surface dg

(Dpin) for each
of the four populations

b) Threshold friction velocity (m/s}
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Fig. 8. Threshold friction velocity in ms! calculated by MaB95, incorporating the soil moisture effect in accordance (eijtEécan at
al. (1999) andb) adapted Ecan formulation (Eqg. 7).

Table 5. Threshold friction velocity(u;) in m.s~! obtained with ~ 3.1.6 Preliminary conclusions
EXP1, EXP2, EXP3, and EXP4 configurations over clay soil, loamy

soil, sandy loam soil, loamy sand soil, and sand soil. Through this experiment, we can conclude that the
Fecan (1999) formulation provides very low threshold soil

Soil type EXP1 EXP2 EXP3 EXP4 moisture. So this threshold is often exceeded by soil moisture
Clay o 06 05 05 05 calculated by the ISBA scheme. .Conse.quently,.a correptlon
Loamy soil 0.55 0.45 0.45 0.45 of the threshold friction velocity is applied. This explains
Sandy loam soil 0.5 0.42 0.42 0.42 the high value of the threshold friction velocity obtained by
Loamy sand soil ~ 0.48 0.37 0.37 0.37 EXP1 configuration over all soils (Fig. 8a).
Sand soil 0.43 0.28 0.28 0.28

The sandblasting efficiency (Fig. 9a) calculated by the
MaB95 formulation for a variable fraction of clay provides
very low fluxes over sandy loam, loamy sand, and sandy soils
soil is the most important dust emission source. Howeverwhich is clarified in EXP2. These soil types cover the north-
these soils have few fine partiCles and their aggregate is Vergrn part of Sudan1 the southern part of Egypt7 the @®d
coarse. In theory, these soils should provide low dust fluxesgepression, a large part of Mauritania, Mali and Niger, and
in contrast with EXP1 and EXP3. On the other hand, EXP4finally, the eastern and western Great Erg of Algeria. These
provided reasonable fluxes and classified this soil after |Oam)20nes are classified as potential dust source areas in some re-
sand and sandy loam in terms of source intensity. search (Laurent et al., 2008) but they are ignored in the EXP2
configuration.
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a)  Sandblasting mass efficiency (a x 10%) b)  Sandblasting mass efficiency (a x 5.10°)

T . 0

"0 2 4 & 8 10 12 15 18 21 24 27 30 03 6 8 12 1516 21 25 30 40 50 60

Fig. 10. Mean sea level pressure (hPa) and wind speed at (@rand geopotential (in metres) and wind speed at 850(baon
8 March 2006 at 12:00 UTC.

EXP3 and EXP4 give a reasonable threshold friction ve-
locity (Fig. 9b). The minimum value was obtained for sandy
soil (0.28 ms?1). This value is in agreement with that ob-
tained by Marticorena et al. (1997) over this soil (7 to 8ts
at 10m). This fact explains the efficiency of the adapted
Fécan (1999) formulation presented in Eq. (7). For sur-
face fluxes, EXP3 presents uniform sandblasting efficiency
for all soil types. Therefore, the only parameter which dif-
ferentiated the potential dust sources was the sand fractior
(Fig. 2b). This configuration classified sandy soil first in
terms of source intensity, loamy sand soil second, and sandy
loam soil as third. However, it was noted that sandy soil
was made up of coarse sand and had few fine particles. Th
value of sandblasting efficienay, assigned by Marticorena gy 17 MSG-SEVIRI satellite image over West Africa for

et al. (1997) for similar types of soil is very low (1:010~7 ~ 8 March 2006 at 12:00 UTC. Pink color represents dust, black:
cm1). On the other hand, EXP4 represents the potentiakirrus, red: high-level cloud, brown: mid-level cloud, and white:

dust source by the total average relative surface area (Fig. 9esert surface.
and classifies loamy sand and sandy loam as more important
dust sources. These soils contain a high percentage of large

particles supporting the movement by saltation and, at the3.2 3-D Simulation: 7-13 March case study
same time, a sufficient percentage of fine particles to ensure

vertical release. Thus they are very well represented by thq-he 7-13 March dust storm was a synoptic event affecting

EXP4 configuration. most regions of northern Africa. The wind speeds during
this event exceeded the erosion thresholds in most of the Sa-
hara. Thus it was a favourable situation for identifying and
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Fig. 12. Daily mean AOD (at 550 nm) from MODIS/AQUA satellite images ¢ ande) and simulated by ALADIN i, d andf) for 8 March
(top), 10 (middle) and 12 (bottom), 2006.

locating the essential dust emission areas over north Africaefficiencyx. EXP3 and EXP4 were as represented in Table 4.
This event has been well described by Slingo et al. (2006)The results were combined with available data from AMMA.

and Marticorena et al. (2010) and further analysed by Tulet

et al. (2008), Mallet et al. (2009), and Kocha et al. (2011).3 5 1 Model configuration and dust transport

As described in Slingo et al. (2006), it was initiated by a
cold front in the lee of the Atlas mountains, which progressed

southward and westward, producing dust emission along itér he spectral hydrostatic atmospheric model ALADIN was

path. In this section, we simulate this event by using thet’s‘ecjt_In ﬂ?'s study. i Thl's dmbOdgEW?:S developt(ajd_ with :;1
previous configurations defined in Table 4 in order to illus- ernational cooperation fed by &0 France, and IS use

trate the behaviour of each representation in three dimengperatu_)nally for wefafther predlctlon._ I.t 1sa fuIIy_ three-
sions. EXP1 and EXP2 were fused into one configuration,fj'mens'onf”‘l' baroclinic §ystem O_f pr'm't'\_/? eq_uf':mons us-
THR, known as the theoretical version, where we used thé'9 & two-time-level semi-Lagrangian semi-implicit numeri-
Fecan (1999) formulation to estimate the soil moisture ef_cal integration scheme and a digital filter initialization (Huth

fect and the MaB95 formulation to calculate the sandblastinget.al" 2003?' The physical parame.ten_zatlon pe_lckage com-
prises: gravity wave drag parameterization, semi-Lagrangian
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Fig. 13. Evolution of the AOD (at 550 nm) simulated by ALADIN with three dust emission schemes: THR (red line), EXP3 (green line)
and EXP4 (black line), between 1 and 15 March 2006, ¢agBanizoumbou(b) Soroa,(c) Mbour, (d) Capo Verde(e) Djougou,(f) llorin,
(g) Cairo, andh) Tamanrasset, compared with AERONET photometer observations AMlevel 2).

horizontal diffusion (SLDH) computed in spectral space, Surface processes are calculated by SURFEX and include:

vertical diffusion and planetary boundary layer parameteri-the ISBA scheme (Noilhan and Planton, 1989), sea (ECUME

zation, sub-grid scale deep convection and convective prefluxes), Town Energy Balance (TEB) (Masson, 2000), and

cipitations, the RRTM scheme (Rapid Radiative Transferlakes.

Model) for longwave radiation (Mlawer et al., 1997), and  pyst aerosols are transported using the log-normal aerosol
Fouquart Morcrette code for shortwave radiation with six gynamic model ORILAM (Tulet et al., 2005).

spectral bands. The simple large-scale cloudiness and pre- . e . .
o The vertical diffusion of dust aerosols is calculated in AL-

cipitation scheme was developed by Lopez (2002). For a

complete scientific description, readers are referred to BubADIN’ as are temperature and moisture diffusion (Gibelin,

nova et al. (1995), Radbti (1995), Hoanyi et al. (1996), Ge- 2284%0;?5; itsh;:g‘;harl‘igez f:fg&‘gfg;:"osseo?sfor temperature
leyn (1998), and %a (1998). PP '

The wet removal of dust aerosols is calculated using the
SCAVenging submodel (Tost et al., 2006) developed for the
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Fig. 14. NOAA Hysplit Model, backward trajectories at the 500 m level (red line), 1000 mlevel (blue line) and 3000 m level (green line)
ending at:(a) 00:00 UTC, 9 March 2006, over Mbour afio) 00:00 UTC, 10 March 2006, over Djougou.

Mesoscale Non-Hydrostatic atmospheric model (MesoNH).evolution of the AOD (at 550nm) was observed by the
For details of this formulation, refer to Tulet et al. (2010), AQUA-MODIS satellite (Fig. 12a, ¢ and e). These data
Tost et al. (2006), and Berthet et al. (2010). were obtained from the MODIS online visualization and
The horizontal resolution of the ALADIN model version Analysis System (MOVAS) tool, developed at NASAttp:
used in this study is 24 km centered over north Africa with //disc.sci.gsfc.nasa.gov/giovanni#mainconte@®n 8 March
60 vertical levels; from the surface to 67 km. ALADIN is (Fig. 12a), dust plumes did not reach the Gulf of Guinea and
forced by the atmospheric global model ARPEGE, whichwere still located north of Benin and in the center of Nige-
provides initial and lateral boundary conditions. In order toria. On 10 March, it is interesting to note that the AQUA-
minimise spin up and establish reliable dust concentratiorMODIS satellite also retrieved three AOD maxima exceed-
conditions, the simulation was started from 1 March 2006ing 3 in the same location around Nigeria (Fig. 12c). On
with a 48 h forecast with simulated dust concentration from12 March, AQUA-MODIS observed large AOD over Benin,
a previous forecast used to initialize the dust concentratiorNigeria, and Cameroon exceeding 3 in the coastal regions
for the next model run. The time interval between the previ- (Fig. 12e).

ous and next model runs was 48 h. . .
The evolution of the AOD (at 550 nm) for Sahelian dust

3.2.2 Synoptic situation simulated by ALADIN (Fig. 12b, d and f) showed a strong
band of large AOD appearing from Chad to Senegal on
The 2006, 7-13 March west African dust event was gener8 March. Various AOD were simulated in Cha8),(the
ated by a strong pressure gradient over western Africa besouthern part of Niger, northern Nigeria (3.4), and Sene-
tween 7 and 9 March (Fig. 10). The 850 hPa geopotentiabal (3) (Fig. 12b) in agreement with AQUA-MODIS obser-
field from 8 March at 12:00 UTC, forecasted by ALADIN vations. On the other hand, a delay in the initiation of the
(Fig. 10b), shows high pressure over Mauritania and lowdust event at Capo Verde, Djougou, and llorin is found. On
pressure over Libya. This strong geopotential gradient gen10 March (Fig. 12d), the dust plume spread to the south,
erated an intense Harmattan surface flux over northern Nigereaching the Gulf of Guinea. In particular, three maxima
and Chad (15mg'), northern Mali (12ms!), and Mau-  of AOD were simulated: the first maximum, around 3, was
ritania (12ms?1) (Fig. 10a). During the 7-13 March pe- simulated above Nigeria (from Benin to southern Chad and
riod, these strong surface winds led to an intense dust stormCameroon), the second and the third maxima were around
which could be readily observed on the MSG-SEVIRI satel- 2.6 and were simulated, respectively, over Mali and western
lite images (Schmetz et al., 2006; Slingo et al., 2006) onSenegal toward the Atlantic Ocean. On 12 March, the intense
8 March at 12:00 UTC (Fig. 11). A high dust plume was dust plume continued its extension to the south over the Gulf
observed, spreading from the desert regions of Mali, Niger,of Guinea and the Atlantic Ocean but decreased in intensity
and Chad to the south-western part of the domain. Theover the whole domain (Fig. 12f). Itis interesting to note that
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the coupled system ALADIN-SURFEX predicted the domi- portant dust emission source but as only a moderate source
nant features of this event well, especially the pronouncedoy EXP4. For THR, it is noted that simulated AOD was un-
dust emission over much of the Sahara, the spatial and timéerestimated during the dust storm event.

evolution of the dust storm and, finally, the southern transport Djougou and llorin were affected by the northern flux that

towards the Gulf of Guinea. transported dust aerosols toward the Gulf of Guinea. The

recorded AOD shows that the dust plume reached Djougou

3.2.3 Temporal evolution of AOD between 1 on 8 March (Fig. 13e), where AOD was greater than 1, but
and 15 March 2006 llorin was affected on 10 March (Fig. 13f). The NOAA Hys-

plit model trajectory (Fig. 14b) shows that the trajectories

The simulated AOD between 1 and 15 March 2006 wereof the air masses at the surface and at mean plume altitude,
compared with in situ AERONET photometer measurementsyhich arrived over Djougou on 10 March, came from the At-
taken at: Banizoumbou (Niger) and DMN Meine Soroa |antic Ocean and the Gulf of Guinea (red and blue lines) and
(Niger), to check the dust emission source, Mbour (Senewere thus saturated by salt aerosols. However, these aerosols
gal) and Capo Verde, to check the western transport towardgere weakly diffused and influenced the AOD less. On the
the Atlantic Ocean, Djougou (Benin) and llorin (Nigeria), to other hand, at a higher altitude (green line), the trajectory
check the southern transport towards the Gulf of Guinea, andame from the north-east, sweeping through the center of
finally, Cairo (Egypt) and Tamanrasset (Algeria) to provide Niger, and northern Nigeria, which was already affected by
supplementary data. The results are illustrated in Fig. 13the dust storm between 8 and 10 March. During this pe-
where the observed AODs are represented by blue dotsjod, ALADIN simulated this transport with a delay and un-
THR, EXP3, and EXP4 are represented by a red, a greenjerestimated the AOD. Between 11 and 14 March, the ob-
and a black line, respectively. served AOD over Djougou exceeded 2 and then decreased

Banizoumbou and Soroa mark the southern border of dusifter 14 March. These AOD were very well predicted by
source in north Africa, with a sandy loam soil type. During EXP3 and EXP4 except on 13 March, where EXP3 overesti-
the dust storm event, these two regions were simultaneouslyhated the AOD. Over llorin, strong AOD were observed dur-
fed by the local dust source and the Harmattan dust fluxing these days, with a maximum exceeding 4 on 11 March.
Over these two stations, investigation of the AOD observa-These AOD were underestimated by the EXP3 representation
tions showed that the dust storm event started on 7 Marchs in the study by Tulet et al. (2008) but the EXP4 forecast
and ended on 11 March (Fig. 13a and b). The maximumreached 4 on 11 March.
AOD was observed on 8 March, reaching 4.2 over Bani- Qver Cairo (Fig. 13g), there were two episodes for the dust
zoumbou. That observed over Soroa was on 9 March an@vent. The first, was from 7 March to 9 March, during which
reached 4.3. After 11 March, AOD decreased and becamene observed AOD attained a value of 1.7 on 8 March. The
less than 1. Concerning simulated AOD, EXP3, and EXP4second episode was observed on 13 March. These episodes
started dust ascension in agreement with the observationgere very well simulated by the EXP3 and EXP4 representa-
over Soroa but, over Banizoumbou, a difference in inten-tions, but they were not taken into account by the THR con-
sity was notable. On 9 and 10 March, the AOD simulatedfiguration. Over Tamanrasset (Fig. 13h), the simulated AODs
over Banizoumbou with EXP3 reached 3.5 but the observawere small and were in agreement with the observations.
tions did not exceed 2.8. EXP4 predicted AOD in agreement To summarize, dust storm events were well simulated over
with observations on 9 March (2.8) but, on 10 March, the Africa by EXP3 and EXP4. In terms of intensity, EXP4
predicted value of AOD was slightly over the estimate (2.6). reproduced the AOD values better than EXP3, especially
On the other hand, the AOD simulated by THR was largely over Mbour, Djougou, and llorin, but over Soroa, Cairo, and
underestimated and did not exceed 1 during the dust stornfamanrasset they converged. In terms of extension and trans-
event. port, both configurations showed a delay in the transport of

Mbour and Capo Verde were affected by the dust aerosolgjust aerosols for stations far from the dust sources, in particu-
transported toward western Africa and the Atlantic Ocean.|ar Capo Verde for the western transport and Djougou for the
Over these two stations, the maximum observed AOD wassouthern transport. It is interesting to note that the three pa-
seen on 9 March and exceeded 2.5 (Fig. 13c and Fig. 13d)yameterizations missed the beginning of the dust event over

However, EXP3 predicted a peak of AOD exceeding 5 overBanizoumbou, and also that the AOD was poorly simulated
Mbour on 9 March but that predicted by EXP4 at the samepy THR over all stations during the dust storm event.

time was in agreement with the observations. To understand

this anomaly and its origin, the trajectory of the air mass was3.2.4 Temporal evolution of dust surface concentration
reproduced with the NOAA Hysplit model at the 500 m level between 1 and 15 March 2006

(red line), 1000 m level (blue line), and 3000 m level (green

line) (Fig. 14a). This figure shows the trajectory of the air The evolution of dust surface concentration over Banizoum-
mass overflowing Mauritania and Mali. These regions arebou and Mbour between 1 and 15 March simulated by AL-
covered with sandy soil and considered by EXP3 as an im-ADIN with the above three dust emission configurations
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Fig. 16. 48-h accumulated dust fluxes (in gﬁﬁ) simulated by ALADIN with EXP3(a) and (c) and EXP4(b) and(d) for 7-9 March ,
9-11 2006 and at 00:00 UTC.

were compared with the observations. The results are showfihe third peak, i.e. the maximum (4500 ugfy, was seen

in Fig. 15. on 9 March. This peak was very well simulated by EXP4,
Over Banizoumbou (Fig. 15a), the dust surface concentralVhereas it was overestimated by EXP3. During this episode,

tions observed were high during the dust storm event, withTHR seriously underestimated Fhe dust concentratlor). After

a maximum reaching 4500 ugrd on 9 March. 7 March 10 March, I_EXP3 largely ovgrestlmated the_concentratlon and

marked the beginning of this episode with one observationEXP4 was in agreement with the observations.

of 2500 ugnT3, but the concentrations simulated by EXP3  Over Mbour (Fig. 15b), during the dust storm event, the

and EXP4 were under 1000 ugrh The second peak was THR configuration underestimated the surface concentration.

observed on 8 March and reached 3500 pgnwhich was 8 March marked the beginning of the episode over Mbour,

well simulated by EXP3, but EXP4 underestimated this peakwhere a peak around 1500 pgfwas observed. EXP4
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predicted a peak around 2500 ugfand EXP3 predicted and Gillette (1979) to estimate the size distribution and fine

a very high peak of around 5000 ugfh The second peak particle content in the soil. These data were different from

around 2500 pgre was observed on 9 March and was very the FAO database and there was no correspondence between

well predicted by EXP4 but was overestimated by EXP3. Af- the fine particles used in MaB95 and the FAO clay contents.

ter 10 March, EXP4 was in good agreement with the obser-On the other hand, the revised DEAD reproduced the loca-

vations but EXP3 overestimated the surface concentration. tion of the dust sources and the erosion thresholds satisfacto-
rily. This scheme points to loamy sand soil and sandy loam

3.2.5 Surface dust flux soil as important dust sources. These soils contain both large
particles supporting saltation and fine particles available for

In this section, 48 h of accumulated dust flux simulated bysuspension. This mixture of particles is favourable for sand-

EXP3 (Fig. 16a and c) and EXP4 (Fig. 16b and d) for 7—blasting phenomena.

9 March and 9-11 March 2006, at 00:00 UTC are compared. The 3-D simulations show that THR representation al-

The lack of surface dust flux observations led to the considerways underestimates the AOD and concentrations over all

ation of only the difference between these two configurationSAERONET photometer stations. This underestimation is

in terms of spatial distribution and intensity in this compar- caused by the incompatibility of the theoretical formulation

ison study. First, in terms of distribution, we observe thatwith the FAO and ECOCLIMAP databases. On the other

the region of dust emission provided by EXP3 is larger thanhand, DEAD and revised DEAD predict reasonable AOD

that given by EXP4, especially on 7-9 March where EXP3at the major stations. But an over-estimate of the surface

shows a continuous spatial field of dust flux over Libya, concentrations is noted for DEAD. This over-estimation is

western Egypt, northern Niger, Mali, and Mauritania, while due to the critical uniform sandblasting efficiency calculated

that found by EXP4 is scattered. In terms of intensity, thewith a clay fraction equal to 20 % for all soil types. On the

high values of the accumulated dust flux obtained by EXP3other hand, the revised DEAD satisfactorily predicts the sur-

and EXP4 are predicted over the dust source emission reface concentrations and rigorously identifies the natural dust

gion represented previously. Between 7 and 9 March, EXP3ources over Africa. These results justify the choice of the

predicted 3 important cores of dust flux (30-36¢fh all formulations used in this scheme and the representativeness

located over sandy soil, in north-eastern Libya and north-of the natural dust emission by the relative surfaces.

eastern and central Niger, but EXP4 predicted one small core Since, our study is based on a single event and a specific

located in north-eastern Niger. On 9-11 March, EXP3 pre-region, we are cautious about generalizing our conclusion to

dicted one intense core of dust flux located in the &&d the global scale. This will require long simulations and eval-

depression (30-36gm) but that provided by EXP4 was uations by skill scores, which we intend to carry out in future

very intense (40-45gnf). Studies based on simulations work.

(Laurent et al., 2008; Tegen, 2002) and satellite observations An important element that sensibly influences the dust

(Brooks and Legrand, 2000; Prospero et al., 2002) show thagémission is neglected in the revised DEAD: the temporal

the Bocklé region is a very intense dust source. This addsvariability of vegetation cover in the dust source area (Shan-

credibility to the results relating to the intense dust flux emis-non and Lunt, 2011). Another factor having an important

sion over this region simulated by EXP4. influence in dust emission is not directly considered in the re-
vised DEAD: the spatial variation of the aerodynamic rough-
ness length (Laurent et al., 2008). Because of these limits,

4 Conclusions the revised DEAD remains, like the original, a scheme of
intermediate complexity.

This work provides a contribution to the development of the The modifications and changes introduced in DEAD have

ALADIN model by introducing atmospheric dust aerosol as been included in SURFEX version 7.ht{p://www.cnrm.

a prognostic tracer. The production and emission phases amaeteo.fr/surfex)/

simulated in the ISBA scheme integrated in SURFEX. To im-
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