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Abstract. The predictability of Northern Africa dust events is assessed using daily numerical
forecast simulations for the next three days. The dust concentration fields, modeled with the
CHIMERE-DUST model, were first evaluated by comparison with both AERONET surface data
and OMI and SEVIRI satellite measurements. The accuracy and spread between measurements and
simulations are discussed for the first short observation period of the AMMA experiment in Western
Africa, between January and March 2006. The predictability of dust events was then estimated
by comparing model results for different leads in a forecast mode. The model performance was
evaluated with respect to its capability to forecast the surface wind speed, which is the key process
for dust emission, and the transport of mineral dust near source regions and towards remote areas.
It is shown that emissions forecast can vary up to 80% (close to the sources) but that the variability
on forecasted dust concentrations and optical thicknesses do not exceed 40% and 20%.

Introduction

Mineral dust emitted in arid and semi-arid areas
strongly affect the biogeochemical cycles (e.g., Jickells
et al. [2005]) and the Earth radiative budget (e.g., Sokolik
et al. [2001]). The assessment of these impacts requires to
use dedicated three-dimensional transport models to ob-
tain regional or global dust concentrations fields.

These models are used in several contexts, from the
study of specific dust events of a few days during field ex-
periments (e.g., Myhre et al. [2003], Bouet et al. [2007]),
to the study of the global impact of dust on climate (Miller
and Tegen [1998]). The modeling of mineral dust often
focusses on the understanding of the most oustanding dust
events (Tulet et al. [2008]) because they cause consider-
able damages on environment and health. On the con-
trary, such models are rarely used for the daily forecast of
dust events (Grini et al. [2006]). The sporadic character
of dust events is linked to the emission process, which
is strongly dependent on surface characteristics. For a
given location, the intensity of the emission depends on
the so-called saltation threshold. For wind speed below
this threshold, no dust is emitted. When the wind speed
increases, the intensity of emissions evolves non-linearly.

For moderate wind speed, dust emissions are weak but
can lead to significant background dust concentrations be-
cause of their regularity. For very high wind speed such
as those observed during intense dust events, huge dust
emissions occur in a few hours.

The model capability to properly simulate a dust event
is directly linked to the accuracy of the computed salta-
tion threshold velocity. In addition to the accuracy on the
wind speed, the surface characteristics, which are never
perfectly reproduced, also play an important role in the
simulation of dust emissions. Indeed, even for an uncer-
tainty of a few m.s~! on the surface wind speed, most
models ensure realistic emissions for intense dust events
because the wind speed is much larger than the saltation
threshold. Modeling problems occur at lower wind speed
because the system becomes very sensitive to the absolute
wind speed value.

Modeling extreme dust events is thus much easier
than modeling the day-to-day evolution of the back-
ground dust concentration. In a forecast context, it is
mandatory to account for all dust events, light or strong.
Near sources, semi-permanent background dust concen-
trations may lead to environment and health damages sim-
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ilar or even greater than those of sporadic intense dust
events. The daily forecast of atmospheric dust concen-
tration is thus the main challenge for modelers. Sev-
eral systems are currently used for the forecast of min-
eral dustsuch as the regional DREAM model in Barcelona
(http://www.bsc.es/projects/earthscience/), the SKIRON
system

(http://forecast.uoa.gr/dustindx.php) and the global NRL
model (http://www.nrlmry.navy.mil/aerosol/).

In this paper, we present dust forecast results obtained
with the CHIMERE-DUST model for a domain cover-
ing North Africa, North Atlantic and Western Europe be-
tween January and March 2006. This period corresponds
to the first Short Observation Period of the ”African Mon-
soon Multidisciplinary Analysis” (AMMA) international
field campaign (Redelsperger et al. [2006]). For each
forecasted day, modeled dust concentrations were first
compared to satellite and ground-based measurements. In
order to quantify the differences between model and ob-
servations in terms of forecast variability, dust concentra-
tions were then compared for the same time with several
forecast leads. Based on the studied three-month period,
the relative part of the forecast variability (and associated
uncertainty) on the model performance is quantified and
discussed.

The AMMA experiment

Overview of the AMMA program and observational
strategy

AMMA is a coordinated international project dedicated
to improve the knowledge of the West African Monsoon
and its variability on daily to interannual time scales (Re-
delsperger et al. [2006]). A major goal of AMMA was to
progress in the understanding of the regional and global
influence of the West African monsoon on the physical,
chemical, and biological environment. Another key as-
pect of this project was to use multidisciplinary researches
to relate climate variability to issues on health, water re-
sources, food security and demography for West African
nations. The African continent being the largest source
of mineral dust, these aerosols play a major role in ra-
diative forcing and cloud microphysics and thus are an
important component of the West African monsoon sys-
tem. The AMMA observations program relies on a mul-
tiscale approach both spatially, from local to regional and
global scales, and temporally, with three defined obser-
vational periods: the Long Term Observing Period (LOP:
2001-2010); the Enhanced Observing Period (EOP: 2005-
2007), and the Special Observing Period (SOP: 2006).

The SOP focuses on the four main phases of the mon-
soon cycle: i) the dry season (SOP-0, January-February),
i) the monsoon onset (SOP-1, May-June), iii) the well de-
veloped monsoon (SOP-2, July-August), iv) the late mon-
soon (SOP-3, August-September).

The aerosol measurements during AMMA
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Figure 1. Map of the main AERONET stations used in
this study

The ground-based measurements Biomass burn-
ing occurs during the winter dry season (November-
February) over the Sahelian region, whereas mineral dust
events are observed all year long over Western Africa,
with significant seasonal changes in intensity and trans-
port pattern (Chiapello et al. [1995]). The main ob-
jective of the SOP-0 experiment performed in January-
February 2006 was to characterize the physical, chemi-
cal, and optical properties as well as the radiative effect
of both biomass burning and desert dust particles (Hay-
wood and al. [2008]). Another aspect of the SOP-0 was
to use the deployed measurements to validate and im-
prove numerical models (global and regional) of these
two aerosol species in order to better understand their
impacts on radiation budget, hydrological cycle and cli-
mate. In this context, a wide observational network has
been established, especially for aerosol characterization.
The experimental strategy relied on the reinforcement of
the Western Africa surface sites with Sun photometers in-
stalled on a semi-permanent basis as part as the AErosol
RObotic NETwork (AERONET) (Holben et al. [2001]).
In addition, four sites were fully equipped with in-situ
and remote sensing instruments, such as lidar, radiome-
ters, cascade impactors, particle counters, and filter sam-
ples for aerosol chemistry analysis. These sites were de-
fined as the AMMA super sites. The sites of Banizoum-
bou (Niger) and Tamanrasset (Algeria) were focussed on
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mineral dust, whereas the site of Djougou (Benin) was
more influenced by biomass burning aerosols and that of
M’Bour (Senegal) was dedicated to the characterization
of the mixture of dust and biomass burning, Figure 1.
In this study, we used Sun-Photometer data acquired in
the AMMA context at Djougou (Benin), Banizoumbou
(Niger), Agoufou (Mali), Cinzana (Mali), M’Bour (Sene-
gal) and Sal Island (Cape Verde). Note that except for
the site of Djougou, all these stations are located along an
East-West transect of dust emissions and transport toward
the Northeastern Tropical Atlantic.

—— Agoufou
5| —— Banizoumbou [— T LI B T
Capo Verde 4
4| — Dakar | —
IER Cinzana

Angstrom coefficient

0
Day 0f 2006

Figure 2. Daily evolution of AOT (440 nm) and Angstrom
coefficient (440-675 nm) measured during the period
January-March 2006 for the AERONET stations. The
strongest AOT peaks, occuring on Julian days 68-70 (8,
9, and 10 March 2006) correspond to the lowest values of
Angstrom coefficients, indicating a pure dust event.

Figure 2 shows the daily evolution of the aerosol op-
tical thickness (AOT, at 440 nm) and Angstrom coef-
ficient (440-675 nm) measured from January to March
2006 at AERONET sites located along the East-West tran-
sect of dust. These measurements show that the most in-
tense aerosol peak during the period was in March 2006,
with AOT higher than 2 at all stations and was associ-
ated with low Angstrom coefficients (i.e., <0.2), which
indicate the presence of large particles of mineral dust.
It is remarkable that this major dust storm was recorded

at all the ground-based stations from the easternmost site
in Niger to the westernmost one in Cape Verde Islands,
with maximum AOT occurring between March 8th (Ban-
izoumbou) and March 10th (Cinzana). Other high AOT
events were recorded during January and February 2006,
but they were weaker and shorter than the event of March.
Moreover, in most cases the associated Angstrom coeffi-
cients were relatively high, indicating that aerosols con-
tain a significant fraction of small biomass burning parti-
cles. Specific aerosol analysis performed at M’Bour con-
firms the influence of both mineral dust and biomass burn-
ing aerosol in January-February and the presence of pure
mineral dust in March Derimian et al. [2008], Heese and
Wiegner [2008].

satellite observations In order to evaluate the spa-
tial distribution of dust simulated by CHIMERE-DUST,
the recently developed aerosol product derived from MSG
(Meteosat Second Generation)/SEVIRI observations was
used. The inversion technique developed by Thieuleux
et al. [2005] allows retrieval of both aerosol optical thick-
ness (AOT at 0.55 nm), and Angstrém coefficient using
SEVIRI measurements at 0.63 and 0.81 nm. A prelim-
inary validation from Thieuleux et al. [2005] has shown
that these two aerosol products are in good agreement
with AERONET ground-based measurements. One limi-
tation is that these MSG/SEVIRI retrievals are available
only over oceanic regions surrounding Africa, i.e., the
Atlantic Ocean and the Mediterranean Sea. Despite this
limitation, this aerosol product is particularly suitable to
monitor North African dust transport because of its tem-
poral resolution of 15 minutes. In the context of AMMA,
SEVIRI aerosol products were generated by ICARE (In-
teractions Clouds Aerosols Radiations) for the year 2006
and made available at two spatial resolutions (3 km and
12 km). For 2006, the only available satellite dust prod-
uct covering both oceanic surfaces and arid regions of
North Africa is the OMI (Ozone Monitoring Instrument)
Aerosol Index (AI). OMI, on board the Aura platform
launched in 2004 as part of the A-Train, may be consid-
ered as the successor of TOMS which was efficient to in-
fer desert dust variability over both land and ocean (Chia-
pello et al. [1999], Chiapello and Moulin [2002], Moulin
and Chiapello [2004]). The Aerosol Index product ini-
tially developed by Herman et al. [1997] and Torres et al.
[1998] for the TOMS sensors is only a semi-quantitative
product which suffers from some limitations, especially
from a dependency to the altitude of the aerosol layer and
from a low spatial resolution (here we use the 1° in lati-
tude and 1.25° in longitude grid). Another disadvantage
is that the Al detects both mineral dust and biomass burn-
ing particles, without any possible distinction between the
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two aerosol species. For all these reasons the OMI Al
product should be used with caution. An overview of
the OMI aerosol products, description of the algorithms
and summary of validation results are presented in Torres
et al. [2007].

The CHIMERE-DUST model
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Figure 3. [top] Map of the CHIMERE-DUST simulation
domains. The "ATL” domain used in this study extended
from A = —90°W to A = +90°F and from ¢ = —10°5 to
¢ = +60°N. The domain where the potential dust emis-
sions are diagnosed is noted 'Emissions area’. [bottom]
The selected areas used for comparisons.

Main model characteristics

The model consists of three elements: (i) the meteo-
rological platform with the MMS5 model forced by the
NCEP global meteorological fields, (ii) the dust emissions
model, (iii) the CHIMERE-DUST transport model. These
elements are used together and in the same manner in both
analysis and forecast modes.

The horizontal analysis data of NCEP (Kalnay et al.
[1996]) are provided on a regular 1.125° x 1.125¢ grid.
These fields are used as boundary conditions and nudging
for the MMS5 model (Dudhia [1993]).

The dust emissions scheme used in the model is the
Marticorena and Bergametti [1995] scheme. It computes

horizontal fluxes from wind velocities and surface fea-
tures for the emissions area CEMISSIONS’ area in the
Figure 3).

The dust vertical fluxes are computed using the Alfaro
and Gomes [2001] parameterization, optimized following
Menut et al. [2005]. This parameterization defines flux
distributions for three main tabulated particles diameters
which depend on the surface characteristics and on the
soil texture. The estimated three fluxes are then redis-
tributed into the model size bins using a mass partition
scheme. The wet deposition scheme is that described in
Loosmore and Cederwall [2004]. The dry deposition ve-
locity is parameterized following Venkatram and Pleim
[1999].

The dust transport model CHIMERE-DUST was de-
veloped on the basis of the chemistry-transport model
CHIMERE (Vautard et al. [2001], Bessagnet et al.
[2004]). The horizontal domain has a horizontal grid res-
olution of 1° x 1° and is displayed as the ”ATL” frame in
the Figure 3. Vertically, 15 levels are defined from the sur-
face to 200 hPa. Turbulent parameters as, u., the friction
velocity and, h, the boundary layer depth are estimated
from the mean meteorological parameters (the wind com-
ponents, u and v, the temperature T, the specific humidity
g, and the pressure p). The horizontal transport is per-
formed using the Van Leer scheme (Van Leer [1979]), the
vertical transport with the first-order upwind scheme and
the vertical mixing is estimated from the calculation of
the bulk Richardson number as extensively described in
Menut [2003]. There is no added numerical horizontal
diffusion considering that the transport scheme is diffu-
sive enough. The dust simulations are performed with a
time-step of 7°30”.

In order to compare the modeled dust to surface net-
work data, the concentrations are vertically integrated
and converted into AOT (using Mie theory and extinc-
tion coefficients calculated for the wavelengths of the
AERONET measurements used for comparisons, after
Moulin et al. [1997)).

The forecast model set-up

The CHIMERE-DUST model used for forecast is
strictly the same than the version used for analysis or sen-
sitivity studies. The meteorological fields used to drive
CHIMERE-DUST are issued from the NCEP forecast
fields (same structure as those described in Kalnay et al.
[1996]). Every day, around midnight, the meteorologi-
cal fields are downloaded for a period ranging from mid-
night of the day before, called [D-1] (the analysis pe-
riod, including data assimilation performed by NCEP)
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to three days forecast, called [D+3]. These fields are
used to run the CHIMERE-DUST model. Each day, dust
concentrations are calculated during fours days: from
the day before to three days in advance as presented
in the Figure 4. For example, for the 12 March 2006,
modeled data range from 11 march 2006 00:00 UTC
([D-1]) to 14 March 2006 23:00 UTC ([D+3]). Fore-
cast fields are provided on a web site every morning
(http://www.Imd.polytechnique.fr/dust). The dust initial
conditions are issued from the CHIMERE-DUST forecast
done the day before.

Comparisons between measurements and
simulations

Horizontal patterns

Figure 5 compares the OMI Al and the SEVIRI AOT to
the modeled AOT. Three examples are presented, to high-
light different periods during the SOP0. These examples
were chosen only to show the capability of the model to
simulate large scale dust plumes and their temporal evo-
lution.

Satellites products were projected onto the model grid
(1°x1°) in order to facilitate the comparison. For Febru-
ary 10th, a relatively weak dust event is observed, which
occured in the center of Africa and with limited spatial
extension. OMI recorded two local maxima of Al, also
prognosed by CHIMERE-DUST. For February 25th, an
intense dust plume occured in the vicinity of the Bodélé
depression, whereas a second dust plume is recorded on
the eastern side of the Mediterranean sea. High values are
also diagnosed with SEVIRI and correspond to the large
dust plume modeled with CHIMERE-DUST. March 10th
is an example of an intense dust event with dust coming
from the center of Africa and being transported eastward
across the Atlantic ocean. The simulated plume has the
same horizontal extension and location than the one ob-
served with satellite data. In addition, the measured (SE-
VIRI) and modeled AOT are very close, with maxima val-
ues of about 2. Overall, these comparisons show that for
different cases, the satellite data and the model outputs
agree very well in terms of aerosol occurences as well as
of plume shapes and intensities.

AOT time series

The focus of this section is on the AOT evolution for se-
lected areas. Using SEVIRI data and CHIMERE-DUST
model outputs, AOT is averaged over pre-defined areas:
the ”Atlantic Ocean” and the "Mediterranean Sea” as de-
fined in Figure 3 [bottom]. With SEVIRI, data are only
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Figure 6. Comparison of aerosol optical thickness

recorded by SEVIRI and modeled by CHIMERE-DUST
during the first three months of 2006 and over two spe-
cific areas: Atlantic Ocean and Mediterranean Sea as
displayed in Figure 3.

available over ocean, restricting the comparison to these
areas. The results are presented in Figure 6 as time se-
ries of spatially averaged AOT between January 1st and
March 20st, 2006. For the two areas, SEVIRI values are
always higher than the model results. This is the direct
impact of a measurement that sums up all aerosols in the
atmosphere (biomass burning, anthropogenic emissions,
sea salts and mineral dust) while the model only accounts
for mineral dust. As precised by Thieuleux et al. [2005],
the uncertainty induced by the algorithm delivering AOT
over oceans from measured radiances may be a few tenth.
In addition, sea salt may induce a relatively high and ho-
mogeneous background, recorded by the satellite but not
taken into account in CHIMERE-DUST. In this case, it
is difficult to conclude on the model ability to retrieve
the satellite value since this is in the uncertainty range.
Over the Atlantic ocean, a background value of mineral
dust leading to an AOT of about 0.1 is modeled while a
total background value of AOT =~ 0.25 is observed with
SEVIRI. Due to deposition processes during long-range
transport, the values are lower over the Mediterranean
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Study of the 14 March for several "forecast leads" /\

A "Real" date
14 March - - - - - o m o _____. D-1 I D+0 D+1 D+2 D+3
13March  ----------"------~--~---—-- D-1 I D+0 D+1 D+2 D+3
12March  -------------- D-1 I D+0 D+2 D+3
11 March ----- D-1 I D+0 D+1 D+2 D+3
"Modeled" date

Forecast run starts Forecast results available

4 4
10 W Q March 12 March 13 March 14 March 15 March 16 March 17 March

Figure 4. Principle of the CHIMERE-DUST forecast modeling system.

Sea: the averaged background value for modeled dust is
close to zero, whereas the SEVIRI total aerosol retrieval
is around 0.15. For the specific event of 8-12 March 2006,
clearly identified as a pure dust event (Figure 2), the mea-
sured and modeled AOT are very close over the Atlantic
Ocean.

Model input data and forecasted dust variability

Spread of meteorological forecast

In this section, we evaluate the ’spread” of the mete-
orological forecast which represents the degree of agree-
ment between various forecast leads. The most sensitive
meteorological parameter for dust emissions is the surface
wind speed (Menut [2008]). Since the emission scheme
was elaborated using the 10m wind speed, |U|10pm, we
compare forecasted time series with wind speeds mea-
sured at different sites.

In Figure 7 modeled wind speed are presented in
Djougou and Dakar as examples, for the first ten days of
March 2006, when the highest dust events were observed.
For one specific date, several values are reported corre-
sponding to different ’leads” (from [D-1] to [D+2]). The
forecast lead is the time between the last available anal-
ysis concentrations field and the studied forecast concen-
trations field. For example, the forecast lead called [D+2]
corresponds to the second day after the analysis data of
[D+0].

The forecast spread increases with the difference be-
tween the values, because of the uncertainty on the wind
speed forecast. In Djougou, the wind speed remains low
with values below 5Sm.s~!. Some peaks up to 6 m.s ! are

Djougou
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Figure 7. 10m wind speed modeled by the NCEP/MM5
model and for each forecast lead. The time series are for
the model cells corresponding to the Djougou and Dakar
sites and for March 2006. The legend with the ’black
curve is an example of a five days time series: this is the
same principle for all colored curves.

modeled for some leads only, leading to fluctuating esti-
mates of dust emissions. In M’Bour, at the coastline, the
wind speed was obviously higher. This location was not
a dust source but in the way of the major transport from
land to ocean. Thus the forecast variability will have an
impact on the transport of dust over the Ocean and on its
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MSG SEVIRI
10 Februa.ry 2006, 12:00 UTC

CHIMERE-DUST
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Figure 5. Maps of [left] aerosol index with OMI, [middle] optical thickness by SEVIRI and [right] modeled aerosol
optical thickness, for the 10 February, 25 February and 10 March 2006 12:00 UTC.

spatial structure. For the two sites, and for wind speed
values ranging from 2 to 6m.s~!, the forecast variability
from [D-0] to [D+2] may reach £2 m.s~!: this means
that over dust sources or during long-range transport, the
forecast may have an error of up to 100% for low values
(not very crucial for emissions) and up to 30% for highest
wind speed values.

Spread of dust emissions forecast

The significant spread estimated for the wind speed
has a direct impact on dust emissions estimated with the
model. Due to the threshold characteristics of the salta-
tion and sandblasting processes, an error on the wind
speed may decide whether dust is generated or not for
a specific location and a specific time. Figure 8 presents
an example of surface emission fluxes (in g.cm™2.day 1),
calculated with the dust production model and over the
western Africa. The two maps represent the same place
and time for two differents leads: emissions are estimated
for March 1st, 2006 and integrated over the whole day.
Results for March 1st are taken from model runs started
on the March 2nd (|D-1]) and on February 26th ([D+3]).
The [D-1] results represent the best fluxes since it was es-
timated using the reanalyzed wind fields (including the
data assimilation process). The spread is very large and

[D-1] g cm-2.day—1
: 200.0

50.0
20.0

10.0

5}
E 00
= 4.0
=
< 20
—

1.0
_ : 0.1
Dusl emlsslons (g/cmzday 1 .e9): 20060301 [D- 1'I . . : : 0.0

20 -10 0 0 20 30 50 60 70 80

Lon itude

[D+3] & g cm-2.day-1
— - 200.0
50.0
20.0
o 10.0
'g 8.0
k= 6.0
= 4.0
— 2.0
1.0
0.1
Dusl emlsslons (g/cm2/day*1 e9): 20060301 [D+’i1 . : . . 0.0

20 <10 0 10 20 30 40 50 60 70 80

Longitude
Figure 8. Daily integrated dust emissions fluxes

(g.cm*Q.dayfl)from different leads ([D-1] and [D+3])
on 1st March 2006.
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showed that, three days in advance, the dust emissions
fluxes are much more important than the day before using
the analyzed wind fields. In this case, overestimated wind
speeds associated with the threshold process of dust emis-
sion lead to a spread of a factor of 3 to 4 on dust emission
fluxes for some parts of the domain. The analysis of these
changes is difficult because the effects are not spatially
homogeneous.

Dust surface concentrations forecast variability
The coupled impact of the forecast variability of wind
speed and of dust emissions is quantified using the surface
dust concentrations modeled with CHIMERE-DUST.
Figure 9 presents surface dust concentration time series
for selected sites: Banizoumbou, M’Bour, Djougou, Cin-
zana in western Africa, Cape Verde in the Atlantic Ocean
and Roma in Europe. The results are not displayed with
the same time scale in order to focus on the most signifi-
cant dust event. For all sites in Africa (except Djougou),
the higher dust concentrations are estimated for the farest
proceeded forecast. This tendancy is clear since maxi-
mal concentrations can vary from 2000 to 3000 xg.m ™2 in
Banizoumbou or from 2500 to 4500 pxg.m~3 in M’Bour,
which corresponds to a forecast overestimation of more
than 100%. Over remote sites, as Cape Verde and Roma,
it clearly appears that the spread is not regular in time:
while some days exhibit a dust variability of more than
100% (day 79 in Roma for example), some others are very
stable for the forecast (day 80 also in Roma). Compared
to the European air quality standards the spread in dust
forecast (up to 40 pg.m~?) is considerable. Therefore,
the current state of regional dust forecast is unsatisfying.

Aerosol optical thickness forecast variability Re-
sults are presented in Figure 10 for the whole SOPO pe-
riod and for the same sites than in Figure 9. In addi-
tion to errors on modeled wind speeds and emissions, the
conversion to AOT adds new potential errors related to
the estimation of the dust size distribution. These addi-
tional uncertainties in the forecast could increase the po-
tential variability and errors in the results compared to the
AERONET data. Surprinsingly, the spread of AOT is less
clear between the different leads that it was for concen-
trations: this may be the impact of the modeled dust size
distribution times the extinction coefficient for a specific
wavelength.

Figure 11 presents the dust concentrations as a function
of the bins used in the model: 12 bins ranging from 0.1 um
to 40um. The sites are the same than in Figure 10 and
the results are presented for the March 10th, 2006. For
the sites located near dust sources, two modes are clearly
present: a fine mode (D, ~ 1um) and a coarse mode (D,

~ 8um). The highest variability is observed for the fine
mode, but also exists for the coarse mode, mainly for sites
near sources such as Djougou, M’Bour and Cinzana. For
the M’Bour site, this modeled size distribution is in ac-
cordance with the experimental results of Derimian et al.
[2008].

Even if the variability of the coarse mode is lowest, its
contribution to the total mass is preponderant. For the
wavelenght used to estimate the AOT, the maximum value
of the efficient extinction coefficient is for a particle di-
ameter of 0.5pm. Compared to the dust concentrations in
Figure 11, this corresponds to a size bin with a relatively
low concentration variability: the peak of concentration
varies as a function of the forecast lead but not for the
most optically efficient part of extinction coefficient pro-
file. This explains the fact that dust concentrations can
have similar errors than AOT but with a larger variability.

For remote sites such as Roma, measured AOT are
higher than model results. This is due to the fact that the
model calculates dust emissions only over western Africa
(due to its spatially restricted emissions inventory). The
long range transport of dust is responsible for a fraction
of the locally measured aerosol optical thickness com-
pared to locally emitted aerosols (traffic, industry). If we
consider that the model gives realistic results (in analysis
mode), an additional information can be deduced here:
the difference between the modeled and the measured
AOT can be attributed to the locally emitted dust. Dur-
ing the studied period, the local contribution may reach
50% of the total recorded AOT.

Forecasted dust scores

The results previously discussed for selected sites and
periods are finally displayed as forecast scores in the Ta-
ble 1. For each parameter (surface emission flux, dust
load, surface concentration and AOT), the results are av-
eraged over areas defined in Figure 3. In order to estimate
the spread of the forecast as a function of time, the ratios
of model results for the first day (D-1, i.e., the day of the
calculation using the analyzed wind fields) to the results
for the studied day are presented.

The value of this ratio increases with the time period
between two leads. For example, if the ratio [D+2]/[D-
1] is equal to 1.5, this means that the calculated param-
eter was 50% higher when forecasted three days in ad-
vance than the parameter calculated the current day. For
the major part of all scores, values are logically increas-
ing, representing error accumulations. Some exceptions
are however shown, highlighting the fact that meteoro-
logical forecast may drastically change from one day to
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Figure 9. Time series of surface dust concentrations for African (Banizoumbou and Djougou) and European (Roma
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Figure 10. Time series of aerosol optical thicknesses modeled (all leads are superimposed) and recorded by the
AERONET sunphotometers network (symbols) during the SOPO period (from the 1st january to the 22 march 2006)

the next. For the sites in Africa, the tendency is to have
increasing scores for surface emissions: this means that
the wind speed is systematically overestimated compared
to the analyzed values. This is observed for the whole
’emissions area’, with errors reaching 8% for emissions
and 4% on dust concentrations, dust load and AOT. Re-
sults are much more variable for zooms in emission areas
such as ’Bodele’, *Niger’, Mali-Mauritania’ and *Mauri-
tania. WS’ (WS for West-South part of), ’Soudan’: the last
lead has always errors larger than the first one (there is no
“stabilization of the forecast with time) and larger errors
may reach values of 85% as in "Bodele’ for example, for
emissions. For Bodélé, this leads to a spread of 26% in
dust load, 42% and 18% for surface concentrations and

AOT respectively.

Far from these sources, in the northern part of Africa
(Egypt, Lybian desert, Tunisia) and in the Canary Islands
(Izana), the scores can be under- or over-estimated. In
Egypt, for example, the spread reaches 40% for emissions
but very low values for surface concentrations (-7%) and
finally gives a spread of 0% for AOT.

This case clearly demonstrates that the errors on emis-
sions may strongly affect the size distribution in mass.
This is less significant for the surface concentration scores
due to fast deposition of the coarse particles. Since the
optically active part of the size distribution (the fine parti-
cles) has a higher residence time in the atmosphere, the
AOT appears to be less variable than the total emitted
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Figure 11. Dust size distribution (ug.m=3) for selected sites and for the 10 March 2006, 12:00 UTC.

Surface emissions Dust load Surface conc. AOT

Site D+0" D+l D+2 D40 D+l D42 D40 D+l D42 D40 D+l D42

D—1 D-1 D-1 D—-1 _D—1 D-1 D-1 D-1 D-1__D—1 _D—-1 __D-1
Emissions area 1.01 1.05 1.08 101 1.02 1.04 103 1.04 104 101 103 1.04
Bodele 143 161 185 111 1.18 126 123 131 142 107 115 1.18
Niger 1.13 125 1.16 1.08 1.21 126 1.19 139 134 1.10 1.19 1.23
Mali-Maur. .19 133 126 111 109 109 118 110 1.15 1.07 1.08 1.10
Maur.WS 092 093 097 094 08 090 094 091 094 1.02 098 0091
Soudan .17 1.19 141 1.03 104 104 106 109 107 1.03 1.07 1.07
Egypt 1.01 129 140 098 1.01 097 098 098 093 1.00 1.00 1.00
Lybiandesert 094 096 094 094 097 095 099 1.03 097 097 097 0091
Tunisia .19 106 115 076 097 090 08 1.07 099 074 089 0.77
Izana 086 072 079 098 1.08 098 093 093 087 092 092 090
Atlantic area 1.01 102 103 100 101 104 1.02 1.03 1.04
Med. area 1.14 088 078 093 088 087 08 077 089 09 091 0.89

10

Table 1. Dust emissions fluxes, dust load and surface concentrations ratios integrated over the whole period (1 January
to 20 March 2007) and over specific restricted areas (see map in Figure 3).

mass or the surface concentration.

Interestingly, in Tunisia the scores do not evolve simi-
larly from day to day: the spread decreases from the first
to the second forecast day and increases from the second
to the third. This leads to oscillating scores of surface
concentrations and AOT. In this case, the wind speed vari-
ability associated with possible wind direction changes
with leads shows that forecast becomes very uncertain far
away from the main sources.

Over the Atlantic ocean, very stable scores are derived
with spread never exceeding 4%: in this case, the fore-
cast of the meteorology is certainly sufficiently stable to
ensure a low variability of dust plumes transport. This is
not the case for the Mediterranean area, where the scores
are higher. In contrast to the Atlantic Ocean (downwind
the African dust sources), this area is smaller, and after

long-range transport of dust across various land types, the
scores are higher. Finally, the more intense spread is al-
ways on dust emissions. The dust load and dust surface
concentrations followed the same tendency of spread than
emissions but to a lesser extent. This aspect is related to
a larger error in the emissions of the coarsest particles.
They are first emitted by the wind but quickly deposited
and thus not accounted for in the budget of surface con-
centration and dust load. Due to the dust size distribu-
tion, with a maximum of particles in the fine mode (D,, ~
1m), and the shape of the efficient extinction coefficient
(with a maximum at D, ~ 0.5um), the spread of AOT
remains lower than the one of dust concentration.
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Conclusion

From January to March 2006, the first Short Obser-
vation Period SOPO of the AMMA experiment was per-
formed in Western Africa. In this study, we first analyzed
this period by comparing surface stations and satellite
measurements to dust concentrations fields of the trans-
port model CHIMERE-DUST. In January and February,
aerosols were dominated by biomass burning particles,
whereas a huge dust event occured in early March.

This analysis showed that the model is able (i) to simu-
late the correct timing of dust emissions over West Africa,
with a hourly temporal resolution, (ii) to properly prog-
nose the shape and intensity of the dust plume transported
from Africa towards the Atlantic Ocean in March 2006.

After the analysis of this three-month period used for
model validation, we focused on the accuracy of the
model in a forecast mode. The CHIMERE-DUST model
was operated during this SOPO as a help for the exper-
imental set-up (mainly as alert tool for measurements).
The goal was to estimate the spread of the daily dust fore-
cast at a regional scale up to three days in advance. We
showed that the very high spatial and temporal variabil-
ity of the wind speed forecast prevents from extracting an
unique and constant tendency in the forecast scores over
the whole model area. Depending on the region and on
the meteorological situation, a variability of up to 80%
was observed for dust emission fluxes over specific areas,
such as the Bodele area. This led to an averaged vari-
ability of about 40% for dust concentrations in western
Africa. After long-range transport, the spread reached 40
ug.m~3 in the South of Europe, which is larger than the
required accuracy for air quality forecast. This shows that
this regional dust model may be used with a good confi-
dence for hourly emissions and long range dust transport,
but that some improvements are still required to reach cur-
rent air quality criteria for surface concentrations forecast
in western Europe, far away from sources.

The main lacks concern (i) the accuracy of the mean
wind speed used to estimate surface emission fluxes, (ii)
the model ability to represent the long range transport of
thin but very dense layers and (iii) the ability of regional
models to correctly estimate the daily mixing convection,
responsible of the re-integration of mineral dust into the
boundary layer, (Colette et al. [2008]). At local scale,
some additional improvements would be necessary to bet-
ter represent local resuspension of already present min-
eral or terrigeneous material. This means a more accurate
representation of soil and surface characteristics in the re-
gional models used for forecast in Europe, as in Honoré

et al. [2008].
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