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Abstract

The study of air pollution is recent in West Africa. There is a lack of data on
air pollution. However, some studies conducted in West Africa show that air
quality is a concern. Population growth and massive vehicles imports are
contributing to the deterioration of this air quality. In this work, we present
the modelling of desert aerosols using a CTM Polair3D-SIREAM. The objec-
tive is to evaluate the ability of Polair3D-SIREAM to reproduce observations
of PM,, and Aerosol Optical Thicknesses (AOT). A simulation with Po-
lair3D-SIREAM was carried out in West Africa, focused on Ouagadougou
(Burkina Faso) for 2007. The model of Marticorena and Bergametti (1995),
MB95, was used to estimate desert aerosols emissions. The total emission of
dust modelled is 52.2 Tg. For the evaluation of PM,,, the simulated averages
remained within the same orders of magnitude as the observed averages.
Correlations are low in all the observation sites. The other indicators are sim-
ilar to those found by Schmechtig et al. (2011). Performance criteria of Boy-
lan and Russel (2006) are met for the observation sites of Ouagadougou and
Ilorin (Nigeria). For the AOTs, the correlations are significantly improved, in
particular, at the sites of Ouagadougou and Ilorin. Performance criteria of
Boylan are met for all observation sites. However, the performance goals are
only achieved for Ouagadougou and Ilorin.
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1. Introduction

The World Health Organization (WHO) estimates that in 2012, about 7 million
people died prematurely due to air pollution. This estimation represents more
than twice than many previous estimates and confirms that air pollution is now
the main environmental health risk in the world [1]. In Africa, the problem of
air pollution is recent, and there is a lack of data on pollutant emissions in cities.
However, WHO also shows that more than 90% of air pollution-related deaths
are in low-income countries such as sub-Saharan Africa. Studies previously
conducted in West Africa showed that air quality is more and more deteriorating
as a result of rapid population growth and the massive import of second-hand ve-
hicles with an average age of 15 years; that is a source of major pollution [2] [3]
[4].

Nana [5] and CREPA [6] showed that in the case of Burkina Faso, in particu-
lar the city of Ouagadougou, air pollution related to hydrocarbons and desert
aerosols is a major concern. Desert aerosols contain more than 80% dust [7] [8].
These aerosols come from Sahara emissions and are transported to the Sahel
area. Studies by Marticorena and Bergametti [9], Laurent et al. [10], Engelstaedter
et al. [11], Miller et al [12], Ginoux et al. [13], Formenti et al. [14] and Goudie
[15] have shown that the Sahara is the largest source of dust emissions in the
world. This dust, in addition to its impact on health, acts on the attenuation of
solar radiation and therefore on the Earth’s climate [16].

The total quantity of dust particles displaced by the wind, called horizontal
flux (Q), depends mainly on wind velocity and the size distribution of soil par-
ticles. The intensity or dust flux, Ze. the vertical flux (F), also called the emission
rate, is rather influenced by the soil’s ability to release fine transportable particles
[17] [18].

Several dust emission schemes exist to evaluate horizontal and vertical flux.
All these schemes take into account three processes for dust emission, i.e. ero-
sion threshold, saltation and sandblasting. The difference between these schemes
lies in the parameterizations used to calculate each factor. A common physical
basis for these schemes includes the idea that the vertical dust emission rate Fis
proportional to the saltation flux Q. For the schemes proposed in Marticorena
and Bergametti [9], Marticorena et al [19], Alfaro et al [20], Alfaro et al. [21],
Alfaro and Gomes [22] and Gong ef al. [23], this proportionality depends on the
binding energy of the dust particle. For the emission scheme of Shao et al [18]
[24] [25], this proportionality depends on the plasticity pressure of the soil. In
our study, the emission scheme developed by Marticorena and Bergametti [9]
[19] (MB95 model, here after) was chosen to estimate dust emission because it is
less sensitive to the particle size distribution on the ground. Indeed, the authors
In and Park [26], Gong ef al. [23] and Shao [25] show that the models developed
by Alfaro and Gomes [22] and Shao [25] are very sensitive to input data on soil
grain size distribution. Given that the size distribution of soil particles in arid re-

gions is poorly known [27], the use of these models will generate uncertainties in
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the size and mass distribution. In addition, Zhao et al. [28] show that the scheme
Marticorena and Bergametti [9], better reports surface concentrations in most
deserts in East Asia compared to other schemes.

Several studies have been conducted to estimate dust emissions in the Sahara
region above 15° north latitude [10] [29] [30] [31] [32]. Schmechtig et al [32]
simulated desert dust transport using the chemistry-transport model (CTM),
CHIMERE-DUST model [33] [34] in the area between the latitudes 15°N and
39°N. Observation data from the African Monsoon Multidisciplinary Analysis
(AMMA) project [35] stations were used for evaluation.

The final aim of our study is to focus on the city of Ouagadougou in Burkina
Faso, located below 15°N latitude. In this article, we however consider simula-
tion at the regional scale, over West Africa, centered on Burkina Faso, between
the latitudes 4°N and 24°N. The objective is to generate concentrations fields for
the boundary and initial conditions of a smaller domain over Ouagadougou. It
should also be noted that in our study area, there are no data on desert aerosol
emissions. The data that exist come from global models [36] [37] that do not
necessarily reflect the reality on the field. In our case, we use another CTM, Po-
lair3D-SIREAM (which we will describe below) for the simulations.

This work is a contribution to the study of the impact of desert aerosol emis-
sions on air quality modelling in West Africa. The Polair3D-SIREAM CTM from
the Polyphemus system (http://cerea.enpc.fr/polyphemus/) was used to evaluate

the dispersion of pollutants. The purpose of this study is to assess the ability of
Polair3D-SIREAM to reproduce ground observations of PM,, and aerosols opti-
cal thicknesses (AOT). The model MB95 [9] was used to estimate the desert
aerosol emissions in the study domain. Observational data of PM,, from the
AMMA measurement campaign were used for evaluation of the concentrations
simulated at ground level. Observational data of the AERONET (AErosol RO-
botic NETwork) were used for evaluation of the Aerosols Optical Thicknesses
(AOT) simulated.

2. Materials and Methods

This section describes the emission model used to estimate the quantities of dust
emitted in the study area. It also presents Polair3D-SIREAM and the input data.

2.1. Dust Emission Model

The emission of mineral dust by wind in arid regions is a process, which de-
pends on the characteristics of the soil surface and meteorological conditions.
The emission of a dust particle is a power function which depends on the wind
friction velocity U”, but which only occurs if a threshold value of the wind fric-
tion velocity (U: ) , is reached. This threshold of the wind friction velocity de-
pends mainly on the size distribution of soil particles, roughness induced by the
presence of non-erodible elements on the soil surface and soil moisture. Once

the threshold of wind friction velocity is reached, the soil particles start moving
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in a horizontal direction, which is called saltation. It should be noted that the
horizontal movement of particles depending on wind velocity and their sizes, is
done not only by salting but also by creeping which consists of a rolling on the
ground of large particles of diameter > 1000 um [38]. However, “sandblasting” is
the main process of dust production source: it consists of the release of fine dust
particles by the impact of soil particles on the surface and/or into a disintegra-
tion of the aggregated particles on the ground. The grains of sand that are in sal-
tation, provide the kinetic energy necessary to overcome the forces that retain

dust particles on the ground.

2.1.1. Horizontal Flux
The horizontal dust flux Qin (g-cm™-s™"), defined as the mass of particles pass-
ing through a vertical surface per second perpendicular to the ground flux is

calculated by Marticorena and Bergametti [9] from the Equation (1).

U:(Dp’ZO’ZOs) :|__U:(|:)P’Z°’ZOS)2
U’ u™

Q:E%aU“ZDp 1+ ds,, (D, )dD, (1)

where FEis the fraction of the erodible surface (it corresponds to the part of the
surface which is not protected against wind erosion by surface elements (rocks,
trees, houses, etc.)), dS,, (Dp) is the area covered by the particles of diameter
D,,and [dS,(D,)dD, =1.

This Equation (1) is derived from the equation of White [39]. But, here Mar-
ticorena and Bergametti [9] makes a modification to take into account the thre-
shold wind friction velocity, U, (Dp Ly, ZOS) (in cm-s™). Z,, the roughness
length, z,, ,the smooth roughness length, pa, the air density.

To take into account the soil moisture w, which increases U, we use a cor-
rection that is calculated according to Fécan ef al [40], as a function of residual

moisture w'.

2.1.2. Vertical Flux (or Emission Rate)

Vertical flux is defined as the mass of particles that pass through per unit of time
a surface of unit width, parallel to the surface. Basing on Gillette’s experimental
results [17], Marticorena and Bergametti [9] have established an empirical rela-
tionship of proportionality of the vertical flux F (g-cm™s™") in relation with the

horizontal flux @, for clay contents between 0% and 20%:

0.134(%clay)-6)

o= 10
Q

a is the efficiency coefficient of fine particle production by sandblasting (or

(2)

sandblasting efficiency). The flux measured by Gillette [17] is a particle flux with
a diameter less than 20 um. It should be noted that one of the major limitations
of this expression, in addition to its empirical character, it only provides the total
mass emitted flux, without any information on the distribution of this flux in the

different aerosol size classes.
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2.1.3. Input Data of the MB95 Model

The main input data of the model are the surface properties and meteorological
data. For surface properties, these were determined from data calculated by
Laurent et al [10] in the Sahara desert and a part of Sahel.

Surface property data: the surface data are mainly the aerodynamic roughness
length (Z)), smooth roughness (%), soil size distribution and texture, including
the clay percentage. Marticorena et al [41] and Laurent et al. [42] have estab-
lished a mapping of aerodynamic roughness length for North Africa (latitude:
16°N to 39°N, longitude: 19°W to 40°E), at a spatial resolution of 0.25° x 0.25°.
These roughness data were used for the present simulations. In this study, we
used the soil parameters initially mapped by Marticorena et a/. [19] and Callot et
al. [43] at a resolution of 1° x 1° for North Africa and adjusted by Laurent et a/.
[10] at a resolution of 0.25° x 0.25° using the same geomorphological approach.
The data of Laurent et al. [10] is used to establish texture, residual moisture and
the coefficient a (cm™) of the different types of soils found in the northern zone
of Africa (latitude > 16°N) were established following Laurent ef al [10]. We use
the fraction of erodible surface E calculated according to Laurent et al [27]
who estimated £ as a linear logarithmic function of Z, when Z is greater than
3.107° cm (Equation (3)):

Z,<3.10°cm;E =1

3
Z, >3.10"°cm; E =0.7304 (0.0804x log,, (Z, )) ®

Our study domain is West Africa, focused on Burkina Faso. It extends in lati-
tude (4°N - 24°N) and longitude (12°W - 7.5°E) (Figure 1). Note that this area is
not fully covered by the study of Laurent et al [10]. For surface property data
below latitude 16°N, we assumed that there was nodust emission, so the surface

properties are set to zero.

16°N A M J Agbinou
; anizoumbo
Cmia.na \de/. A (‘-Lr\r

I N R . P by
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12°W 8'W 4°

‘E
Figure 1. Study domain covering West Africa. Red
triangles show the locations of observation stations.
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Meteorological data: the meteorological data used by the dust emission model
are surface wind velocities and soil moisture. The meteorological data used in
this work are provided by the database of the European Centre for Me-
dium-Range Weather Forecasts (ECMWFE).

These data are results of the ECMWF operational model, provided with a spa-
tial resolution of 0.25" (Ax = 0.25; Ay = 0.25). Approximate domain: [-20; 3] x
[505 80] (X, = —20; NV, = 2815 ., = 3; NV, = 309); vertical resolution: 54 hybrid
levels (from 38 to 91 model levels) (V, = 54).

2.2. Polair3D-SIREAM Description and Input Data

The study domain is the same as the one used to calculate dust emissions. We
considered five (5) vertical levels over 3 km (0; 50; 600; 1200; 2000; 3000) for a
horizontal resolution of 0.5° x 0.5° (see Figure 1). The simulated year is chosen

to be 2007 due to the availability of specific observation in Ouagadougou.

2.2.1. Model Description
In our simulations, we used the Eulerian CTM of the Polyphemus system [44]
which is Polair3D, implemented with the SIREAM (Size Resolve Aerosol Model)
aerosol module [45]. The Polair3D model solves the chemistry transport equa-
tion in an Eulerian framework. The numerical strategy implemented to solve
advection by mean wind, the turbulent diffusion, scavenging by rain and dry
deposition are described in [45]. The SIREAM module separates the particle size
distribution into sections and solves the general dynamic equation by separating
coagulation, condensation/evaporation and nucleation. SIREAM solves aerosols
according to their size. It is coupled to the Hydrophilic/Hydrophobic Organic
model (H?O) for the formation of Secondary Organic Aerosols (SOA) [46],
ISORROPIA [47] for the thermodynamics of inorganic aerosols. The Carbon
Bond mechanism (CB05) is used for chemical kinetics in the gas phase [48] [49]
[50].

Dry deposition of gaseous species is described using the Zhang et al [51]
model with modifications proposed in Simpson et al [52]. The dry deposition of
aerosols is calculated according to Zhang et al [53] parameterization. Dry depo-

sition rates are calculated for 24 USGS soil types.

2.2.2. Input Data
Polair3D-SIREAM input data are essentially meteorological data, land use data,
emissions data, boundary conditions and initial conditions.

The meteorological data are derived from the ECMWF numerical prediction
model on a 54-level hybrid vertical coordinate, and a horizontal grid in lati-
tude/longitude of 0.25" x 0.25° resolution. They are available with a frequency of
3 hours.

Land cover data are from the USGS (The United States Geological Survey)
database. 24 different soils types are defined. These types of soils are also used

for the models of deposition and biogenic emissions.
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The anthropogenic emissions data for CO, NO,, SO, and NMVOCs are from
the EDGAR (Emission Database for Global Atmospheric Research), the versions
used are EDGAR-v3.2 and EDGAR-v4 [36] [37] [54]. These data are available
for a spatial resolution of 1° x 1° for each country. We have extracted the data
corresponding to the countries that are in the interest domain of study. Note
that EDGAR-v3.2 and EDGAR-v4 versions do not contain data for desert aero-
sols. Therefore, the desert aerosol data are estimated from our simulation with
the MB95 model. The model gives the total flux of dust particles with a diameter
of less than 20 um without specifying the distribution of the particles according
to their sizes. To solve the problem of the distribution of emissions in the dif-
ferent sizes, we used the statistical parameters of the size distribution proposed
by Alfaro and Gomes [22] in their Dust Production Model (DPM). This model is
used to calculate the emission fluxes and size distribution of particles emitted
from a soil by the saltation and sandblasting processes. Alfaro and Gomes [22]
have shown that the particle size of a mass of dust particle through a desert
source region can be represented by three lognormal modes center on particle
diameters of 1.5; 6.7 and 14.2 ym (Table 1). From the parameters of Table 1, we
found by a detailed method exhibited in Nana [5], the emission percentage of
each diameter class in the total emissions by summing up the contribution of
each diameter within the limits of the class, as presented in Table 2. Thus to ob-
tain the desert aerosol emissions in each class of diameters, the total emission
has been multiplied by the percentage of each class of Table 2. These emissions
distribution is used as input data to the Polair3D-SIREAM model for the study
of dispersion.

Biogenic emissions are constituted of Terpenes (separated into a-pinene
(67%) and Limonene (33%)), Isoprenes and nitrogen monoxide (NO). Sea salt
emissions are calculated according to Monahan et al. [55] model. Sea salt emis-
sions are made up of sodium (Na*), chloride (Cl7), and sulphate (SO;2 ). They
are distributed (in the model) according to of their sizes.

Table 1. Statistical parameters of a given mass, size distribution of dust particles in an
emission source according to Alfaro and Gomes [22].

Median mass diameter Standard deviation Total mass percentage
(omed) um (o) )
Mode 1 1.5 1.7 2
Mode 2 6.7 1.6 27
Mode 3 14.2 1.5 71

Table 2. Contribution of each particle class in the emissions (%). In our simulation, only
the PM,, are considered, then only a fraction of the total emissions is considered.

PMD, PMD, PMD, PMD, PMD,
7.92E-13 1.86E-5 0.10 2.06 35.28
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The initial and boundary conditions are derived from the global model
MOZART-4/GEOS-5. The data MOZART-4/GEOS-5 are provided with a 1.9° x
2.5° horizontal resolution and 56 vertical levels

(https://www2.acom.ucar.edu/gcm/mozart-4).

2.2.3. Observational Data
PM,, observational data are obtained during the measurement campaign of

AMMA project in the Sahel (http://amma-international.org/). There were sever-

al measurement sites, but we selected the Banizoumbou (Niger) and Cinzana
(Mali) sites that are in the study domain. We extracted the data of year 2007
(daily frequency) which is also the reference year of the simulations. We chose
the year 2007 for our simulations because it is the year where the air quality
campaign in the city of Ouagadougou was carried out. Details of the AMMA
campaign can be found in Marticorena et al [35]. We also used the observation-
al data of PM,, from measurement campaign performed in Ouagadougou. This
measurement campaign took place in 2007 over a period of five months, from
February to June. For this campaign, two sites were chosen: a peak site (near
traffic) and a background site (near housing). Two 24-hour measurements were
taken each month during the five months of measurement. This campaign was
financed by the World Bank as part of the project: Clean Air Initiative. The re-
sults of the campaign are found in Nana ef al [56].

The aerosols optical thicknesses (AOT) were estimated from the PM,, con-
centrations modelled with the Polair3d-SIREAM. These estimated AOT data
were evaluated with the observational data from the AERONET network. The
five stations of AERONET network of the domain are Cinzana (Mali), Agoufou
(Mali), Banizoumbou (Niger), Ilorin (Nigeria), Ouagadougou (Burkina Faso)
(Figure 1).

2.2.4. Statistical Indicators

To evaluate the performance of the model in relation to the observations, we use
the following statistical parameters: the Root Mean Square Error (RMSE) to es-
timate the error compiled (in absolute value) by the model. The correlation be-
tween the measurements and the model results is given by the regression coeffi-
cient (R). The Normalized Mean Error (NME) (included between 0% and +o0
quantifies the average error of the modelled data compared to the observation
data. The Normalised Mean Bias (NMB) (included between —100% and +o0
evaluates the model over-estimates (in case the bias is positive) or underesti-
mates (in case the bias is negative) of the observed values. In addition to these
statistical indicators, Boylan and Russel [57] suggested two other indicators that
are more robust and less biased for the evaluation of simulations of the particles.
These are the mean fractional error (MFE) (between —200% and +200%) and the
mean fractional bias (MFB) (between 0% and 200%). For PM, Boylan and Russel
[57] suggested that the performance goal is met if both MFB < +30% and MFE <
50%, and that the model performance criterion is met if both MFB < +60% and
MFE < 75%. Table 3 defines these different statistical indicators.
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Table 3. Defnition of the statistical indicators (o; observed value, s; modelled value, 0 :
observed average, S :modelled average, n number of data).

Indicators Definition
1& s-0
Root Mean Square Error (RMSE) n W
i=1 i |
" (0,-0,)(s -5
Correlation Coefficient (R) \/zz(ll( — )é ( ) 3
" (0-5) xY (s, -5,
. Zi":l S‘ B Ol )
Normalized Mean Error (NME) -
2.0
. . Zi":l(s‘ B Ol )
Normalized Mean Bias (NMB) -
2.0
. ) 1 Js-o
Mean Fractional Bias (MFB) FZ (S 5 ) /2
T (S +0
1& |s —o
Mean Fractional Error (MFE) FZ (Sl 5 ) /2
T (S +0

3. Results and Discussions

3.1. Emission of Dust

Figure 2 presents the dust emissions in the study domain. By calculating the to-
tal amount of dust emissions, we obtain 56.2 Tg for the year 2007. This value
remains in the order of magnitude of dust emissions calculated in North Africa
according to the compilation of Engelstaedter et al [11], presented in Table 4.
However, it should be noted here that our domain is not the same as the calcu-
lated emissions domain in Table 4. The areas where the emissions are the most
important are between latitudes 15°N and 24°N. This zone also corresponds to
the one found by many authors Marticorena and Bergametti [58], Laurent et al.
[10], Goudie and Middleton [29], Schmechtig et al [32] to be the most impor-
tant emission zone. The high emissions, at coordinates around 7°W of longitude
and between latitudes 16° to 20°N correspond to high surface winds, as pre-
sented (see Figure 3). These dust emissions are used for the Polair3D dispersion
model. Note that we have modelled the dust emissions using wind speeds from
the ECMWF database without modification. Schmechtig et al [32] and Song et

al. [59] showed that dust emissions are the most related to surface winds.

3.2. Evaluation of PMyo Simulated

This section presents the results of the simulations obtained with Polair3D-SIREAM.
These results are compared with observational data by using statistical indica-
tors. Table 5 exhibits the result of the statistical evaluation. One can notice that
the simulated averages are in the same order of magnitude as the averages ob-
served for almost all sites. However, the model simulated values are slightly un-
derestimated compared to the observed values for the Banizoumbou and Cinza-

na stations. On the other hand, the simulated values are slightly overestimated

DOI: 10.4236/jep.2019.101006

88 Journal of Environmental Protection


https://doi.org/10.4236/jep.2019.101006

B. Nanaetal.

compared to the values observed for the two stations of Ouagadougou. The cor-
relation coefficients are overall low and range from 5.6% to 15.8%. Schmechtig et
al. [32] obtained better correlation coefficients that were ranged from 45% to
58%. The worse correlations in this study can be explained by the correction of
surface winds performed in Schmechtig et al [32]. In our case, we used the
ECMWEFE surface winds without correction. It would be interesting in perspective
to correct surface winds velocity with the method of Schmechtig ez al. [32]. The
other statistical parameters are 67% < NME < 83.4%; —44% < NMB < 4%; 64% <
MEFE < 86%; 19% < MFB < 44%. In Table 6, we compared these statistical indi-
cators with the results of Schmechtig et al. [32] derived for the same sites (Bani-
zoumbou and Cinzana). We notice that the NME, NMB, MFE and MFB indica-
tors are the same order of magnitude in both studies. Our values are slightly
better than those of Schmechtig et al. [32]. For the performance criteria of Boy-
lan and Russel [57], they are met for the Cinzana and Ouagadougou sites and
not achieved for the Banizoumbou site. Performance goals are not met for all

sites.

2000000

500000

450000

41000

L L . L LJo

Figure 2. Dust emission estimated using MB95 model for the si-
mulation domain (in tons).

Figure 3. Wind average used to calculate dust emission (in m-s™).
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Table 4. Estimates of mean annual dust emission (E) for North Africa. The data
compilation is based on the works of Middleton and Goudie [29], Zender et al [31]
andMahowald et al [30]. The estimate is based on the sum of emissions from the
individualsource regions (W. Africa, C. Africa and E. Africa).

References E for North Africa (Tg-yr™)
Schiitz et al (1981) [60] 260
Miller et al. (2004) [12] 479 - 589
Ginoux et al. (2004) [13] 1430
Marticorena and Bergametti [58] 586 - 665
Prospero (1996) [61] 170
Swap et al. (2000) [62] 130 - 460
Ozer (2001) [63] 1600
Callot et al. (2000) [43] 760
Kaufman et al. (2005) [64] 240
Laurent et al. (2008) [10] 580 - 760

Table 5. Polair3D-SIREAM performance evaluation with surface PM,, concentrations
atAMMA observation sites (Banizoumbou et Cinzana) and Ouagadougou observation
sites (background and peak sites of Ouagadougou).

MeanObs MeanSim RMSE R NME NMB MFE MFB
Observation sites

(ugm?)  (ugm™) (ugm) (%) (%) (%) (%) (%)
Daily-Banizoumbou 259.1 2450 3476 158 834 -54 86 44
Daily-Cinzana 229.0 1945 2394 94 690 -151 70 19

Hourly-Background
166.6 239.8 158.2 5.6 819 -440 68 42
Ouagadougou

Hourly-Peak

231.9 241.3 219.5 13.7  67.0 4.0 64 19
Ouagadougou

Table 6. Comparison of statistic indicators from Schmechtig et a/ [32] and this study.
Daily concentration of PM,, are used to estimate the statistic indicators.

Observation sites R (%) NME (%) NMB (%) MFE (%) MFB (%)
Banizoumbou 55 % 3 0 49
(Schmechtig et al. [32])
Banizoumbou (this study) 15.8 83.4 -5.4 86 44
Cinzana (Schmechtig et al [32]) 58 75 -36 86 -53
Cinzana (this study) 9.4 69 -15.1 70 19

Figures 4(a)-(d), presents the dispersion diagrams on all sites. These dia-
grams show the low correlations already observed in Table 5. In addition, it is
generally observed that for PM,, concentrations between 0 and 200 pg-m, the
simulated values are higher than the observed values. For concentrations above

200 pg-m™’, the observed values are higher than the simulated values.
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Figure 4. Scatter plots from all stations: (a) Banizoumbou (Niger), (b) Cinzana
(Mali), (c) Background Ouaga (Burkina Faso), (d) PeackOuaga (Burkina Faso).

Figures 5(a)-(d) presents the comparison of the temporal evolution between
the simulated and observed values for the measurement stations. High concen-
trations of PM,, are observed from November to July and low concentrations are
observed from August to October at almost all sites, because of the rainy season.
However, for the sites of Ouagadougou, there is no measurement from July to
December. This temporal evolution has also been observed in the work of
Schmechtig et al. [32], Laurent et al [10], and Marticorena and Bergametti [9].
We also notice that for periods of high concentrations, the observed values are

well above those of simulated values.

3.3. Evaluation of Aerosol Optical Thickness

The purpose of the evaluation with aerosol optical thicknesses is to verify that
the underestimation of surface PM,, concentrations is not a problem of disper-
sion. AOT are estimated from simulated PM,, concentrations at five vertical le-
vels. We present below in Table 7, the results of the evaluation. The simulated
averages of AOT are slightly higher than the averages observed for all the sites
except for Ouagadougou. The correlation coefficients obtained for the simulated
and observed AOTs are significantly better than those of the simulated and ob-
served surface PM,, concentrations. These coefficients are between 37.4% and
67.2%. This better correlation can be explained by the low influence of surface
winds at height. Indeed, Schmechtig et al [32] and Menut et al [65] explained
that global meteorological models are not able to reproduce surface winds well
enough, which is a source of error in simulated dust concentrations on the
ground. We also note that the correlations for Ilorin (67.2%), Agoufou (52.2%),
Ouagadougou (52%), are better than those for Banizoumbou (37.4%) and Cin-

zana (49.6%). The latter sites (Banizoumbou and Cinzana) are closer to the main
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Figure 5. Series of observed (red lozenges) and simulated (blue lines) PM,, con-
centrations at 4 sites: (a) Banizoumbou, (b) Cinzana (Mali), (c) Background
Ouagadougou (Burkina Faso), (d) Peack Ouagadougou (Burkina Faso).

L L 1

Table 7. Statistics obtained by comparing AOT data (1= 550 nm) calculated from output
data simulated by Polair3D-SIREAM and data from AERONET observation stations
(Daily observations).

MeanObs MeanSim RMSE R NME NMB MFE MFB
Observation sites

(ugm™)  (ugm?)  (ugm?) (%) (%) (%) (%) (%)

Agoufou 0.6 0.8 0.5 52.2 70.9 46 65 53
Banizoumbou 0.6 0.8 0.5 374 66.2 30 59 35
Cinzana 0.5 0.7 0.4 49.6 57.6 32 52 33
Tlorin 0.8 0.8 0.4 67.2 36 -1 40 -2
Ouagadougou 1.2 1.1 0.6 52.9 39 -7 42 8

sources of dust emissions than the other sites Ze. Ilorin and Ouagadougou.
Schmechtig et al [32] have concluded that correlations between simulated and
observed AOT values are better when the observation site is further away from
the main sources of dust emissions. In general, we notice that the other statistical
indicators in Table 7 (for AOTs) are significantly better than those in Table 5
(surface concentrations of PM,,). The statistical scores in Table 7 are signifi-
cantly better for Ilorin (R = 67.2%, NME = 36%, NMB = —1%, MFE = 40%, MFB
= —2%) and Ouagadougou (R = 52.9%, NME = 39%, NMB = -7%, MFE = 42%,
MFB = 8%) than those of Agoufou (R = 52.2%, NME = 70.9%, NMB = 46%,
MFE = 65%, MFB = 53%) Banizoumbou (R = 37.4%, NME = 66.2%, NMB =
30%, MFE = 59%, MFB = 35%) and Cinzana (R = 49.6%, NME = 57.6%, NMB =
32%, MFE = 52%, MFB = 33%) because of their longer distance away from the
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main sources of dust emissions. By comparing the statistical scores of Schmech-
tig et al. [32] for AOTs from the Banizoumbou (R = 44%, NME = 82%, NMB =
12%, MFE = 75%, MFB = —31%) and Cinzana (R = 49.4%, NME = 74%, NMB =
—14%, MFE = 73%, MFB = —41%) with our scores for the same sites, we notice
that our NME and MFE values are better. On the other hand, the values of NMB,
MEFB of Schmechtig ef al [32] are better than ours. However, the correlations are
approximately the same in both studies. In the evaluation of Table 7, the per-
formance goals of Boylan and Russel [57] are met for the Ilorin and Ouagadou-
gou sites and not met for Agoufou, Banizoumbou and Cinzana. On the other
hand, the performance criteria of Boylan and Russel [57] are met for all sites.

Figures 6(a)-(e) presents the temporal evolution of AOT values at the differ-
ent sites. We observe that the temporal profiles of the simulated values are very
similar to those of the observations with a first period of high values between
February and May and a second period in November and December. As a result,
high AOT values are observed in the dry season and low values in the rainy sea-
son. This temporal variation was observed by Marticorena et al. [35], Schmech-
tig et al [32]. We notice that the maximum measured values are between 3.5
(Cinzana and Ilorin) and 4 (Banizoumbou and Agoufou) while the simulated
values by the model are around 1.5 for almost all sites. We notice that the model
does not succeed in reproducing the peaks of AOT values which are often due to
local dust inputs caused by high surface winds and therefore difficult to be
represented by the meteorological models (Schmechtig et al. [32]; Menut et al
(65]).

4. Conclusion and Perspectives

In this study, we tested the ability of Polair3D-SIREAM to reproduce the desert
aerosols observations in our study domain. The MB95 model (Marticorena and
Bergametti [9]) was used to estimate dust emissions. We used the observations
data of surface PM,, of the AMMA measurement campaign and the observation
data of AOT from the AERONET network for validation. Our results were
compared with those of Schmechtig et al [32]. The comparison between simula-
tions and observations was with statistical indicators commonly used to evaluate
the performance of air quality models.

The total emission of dust modelled in our domain is 52.2 Tg for the year
2007. For the evaluation of the Polair3D-SIREAM model with PM,, observa-
tions; we obtained low correlation coefficients (5.6% to 15.8%) at all observation
sites which are lower than those obtained by Schmechtig et al. [32]. For the other
statistical indicators, we obtained better results than those of Schmechtig et al
[32]. The criteria of performance of Boylan and Russel [57] are achieved for the
observation sites of Ouagadougou and Cinzana and not achieved for Bani-
zoumbou. However, performance goals are not met for all sites. We also ob-
tained that the temporal evolution is well correlated with the observations. High

dust values are observed in dry season and low values in rainy season.
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Figure 6. Series of observed (red lozenges) and simulated (blue lines) AOT at 5
sites: (a) Banizoumbou (Niger), (b) Agoufou (Mali), (c) Cinzana (Mali), (d) Ilorin
(Nigeria), (e) Ouagadougou (Burkina Faso).

For validation with AOTs, the model reproduces well the observed values.
Correlation coefficients (37.4% to 67.2%) are better than those for surface PM,,.
Better correlations are obtained for Ouagadougou and Ilorin observation sites
which are far from the main sources of dust emission. Performance goals and
criteria of Boylan and Russel [57] are achieved for the Ouagadougou and Ilorin
sites. On the other hand, only performance criteria are met for the Agoufou, Ba-
nizoumbou and Cinzana sites.

In the future we will complete the evaluation of Polair3D-SIREAM by inves-
tigating its ability to reproduce the deposition fluxes. The results will also be

used to provide boundary conditions for a simulation over the city of Ouaga-
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dougou. Through this simulation on a regional scale (West Africa), we can gen-
erate the initial and boundary conditions of the local scale (Ouagadougou) that

was the objective of this study.
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