Transport of dust particles from the Bodele region to the monsoon layer: AMMA case study of the 9-14 june 2006 period.
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In Affica, the air mass circulation is formed by south and north trade winds converging toward the
Inter Tropical Discontinuity (ITD). The continental north easterly trade is called Harmattan and the

south westerly trade is called monsoon flux. These

characterized by different aerosol properties: the monsoon layer (ML) and the Saharan Air Layer (SAL)
(Carlson and Prospero, 1972). In the ML, the monsoon flux transports marine air masses over the
continent where they are mixed with anthropogenic, biogenic and other sources of aerosols. North of
the ITD and above the ML is the SAL, which can be characterized by high dust content (Karyampundi
et al,, 1999). The SAL is decoupled from the surface below and is more closely linked to the desert

regions (Parker et al., 2005).

The goal of the present study is 1. to improve the aerosol size distribution 2. to quantify the
sedimentation process that involve the presence of dust particles in the monsoon layer by combining
aerosol airborne measurements along a meridian between Niamey (Niger) and Cotonou (Benin) and
two meso-scale simulations (one with sedimentation process [SED] and another one without
sedimentation process [NOSED] using an explicit representation of acrosol processes.
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Introduction

two major fluxes create two distinct layers
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Description of the Model (MESO-NH, Lafore et al. 1998)
« Cloud Resolving Model (Two way nesting).

* ECMWE Re-Analysis nudging (every 6 hours).

* Dust : DEAD module (Grini et al., 2005) / ORILAM (Tulet et al. 2005)
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Experimental and Numerical Strategy
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Used Strategy
* Two domains : 1) Over the whole AMMA Domain centered at 15°N
and 5°E 2) One over the Benin and Niger centered at 11°N and 4°E

* Resolution : 1) 36 km 2) 5 km

« Simulation over 8 days between 9 and 15 of June 2006
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MESOSCALE MODELLING

Parameterization of dust size distribution - Table 1 : Log normal parameters of the number size distribution
“la 51 measured by the ATR-42, given by AGO1 and determined for this study
Based on the Alfaro and Gomes 2001 (AG2001) parameterisation and on ATR-42 measurements, a new | (New SD).
scheme of dust size distribution has been constructed by summing 3 modes (a coarse mode derived from , ATR-42 AGO1 New SD
X Ny 1
AGO1, a finer mode derived from observations and a mode in-between common to observations and AG01). & | Dp o Dp o Dp o
This multimodal log-normal distribution has been developed and implemented to modelize a dust event that § 'y n m
. s Fine mode 87.9 2 78 175
has been observed over Niger from 9 to 14 June 2006. ® w0
Accumulation mode 645 1.8 | 640 1.7 641 1.76
AG 2001 size distribution : The size distribution measured with the ATR-42 M Cannotbe | 3540 | 1.6 | 5000 | 170
> Two coarse mode of particles > No coarse mode of particles (instrumental limit) - = = <+ . . : ) Coarse mode observedin [~ T
A I I o I o the ATR .
> No fine mode of particles > One fine mode of particles Diametr (om) Diameter ()
4 Dynamical validation N Aerosol validation
Angs. Coeff.
" Dropsonde F-20 vs MESONH : 5000 0 05 !
ﬁ\\/ . s a) b) 3 c) d) In the boundary layer (< 1200m) :
{ . irecion temperature ion = imi
B o il wnpen 4500 CO concentration = 180 ppb (similar to values
b - 4000 over savannah fires, Cofer et al. 1996) = local
3 -\ e . pollution  or  biomass  burning  events.
1 ) N - 3500 Underestimation can  be attributed to  the
: : " : ’é‘ 3000 simulatiu.n’s restriction to one type of particle; i.e.
i i . N e dust particles.
\ ’ S 2500
- ‘ o - 3
The comparison of the 5 = 2000
q X < In the SAL:
ropsondes data  (black - - - - % .
dashed line) and the  |m| e | le| = 1500 - Between 1200 and 2300 m C‘O concentration
MESONH  vertical cuts ) ) ol ) 1000 and the Angstrém coefficient highlight that the
(red line) shows some - - - b £ SAL is subject to strong exchanges with the
differences between =y (= = = 500 boundary layer (Parker et al., 2005) = Presence of
observation and simulation T T T 0 different types of particles in the SAL =
results, but the vertical oT e R e T 0 20004 0:?0 0 204060 80 100 150 200 0 = 100 200 underestimation  of the particle number
structure is well CN (cm™) PM (ug.m™) CO (ppb) Scat. Coeff. (M.m™) concentrations in the simulation.
represented  12°N and % = Profile of the particle number (a) and mass (density of 2.5 g.cm?, b) concentration _Between 2500 and 3100 m : increase in the
10°N. el e | fel| e El M B I observed by the ATR-42. The simulated number (2) and mass (b) concentration of particle number concentrations (~1000 cm)
. ) “ : The Aerosol Optical Depth (AOD) particles (blue lincs): The blue areas correspond to the spatial V?riabﬂxt?v (1° around associated with an increase in the CO
Souther 8.5°N, the wind modelised and observed (Aeronet data) at the ATR-42 sounding zone) of dust concentration for particles with diameter i
iecti ML A . . . . - concentration (140 ppb) = long range transport of
direction and the wind Djougou (Benin), Banizoumbou (Niger) lower then 2.5um. Profiles of the CO concentration (c) and the scattering biomass burning from Central and South Africa =
speed observed are not - - N - and Maine-Soroa (Niger, closed to the coefficient for three wavelengths (450nm, 550nm, 700nm) (d) are also plotted. The Und 55 burning £ 1; imulated .
well represented by the |7 )T ) Bodélé region) are represented during the black line (d) represents the calculated Angstrom coefficient and the coloured nderestimation of - the simulated concentration
\ _MESONH model. oot sennte sl )\ 6 day of dust event in june 2006. areas cotrespond to the instrument’s internal variability. (630 em). J
i : imulati : . ; . . ) . . . . .
i Observatlons 4000 S ulatons 3000 \ 415 study describes the impact of vegetation anomalies on mineral dust particle sedimentation and entramme}
3500 0 observed during the AMMA experiment by using a combination of airborne observations and simulation exercises.
2000 2000 1 Airborne measurements of aerosol characteristics were carried out along the meridian from Niamey (Niger) to Cotonou
3 — 8 (Benin) and performed by two aircraft (ATR-42 and F-F20) on 13 and 14 June 2006. Observations were then
£, 2 15 ; . . L . R
g % 0 ” 8 interpreted using a mesoscale model simulation in order to explain the presence of high dust content over an area
£ e 32 00 g where local production is largely restricted by the surface cover.
E £ w0 oo 8
@ 20 =
e 1000 o E Consistent with model simulations, we infer that the relationship between dust particle concentration and BL
g, 500 500 6 temperature occurs due to the deepening of the BL over warmer surfaces, by entrainment. The sedimentation process
é::rﬂ' N “N\A *}‘\m. og m m — 1000 leads to the vertical transport of dust particles (1000 pg.m?) from the Harmattan layer (or SAL) to the monsoon layer.
2% 5 “\“"7 B Latitude (°) This mechanism may involve deep vertical transport (up to 800m) of dust particles in the monsoon layer. Thus, the
Latitude ) Difference of dust mass concentration between the comparison results confirm how the sedimentation and entrainment processes are linked with the mesoscale vegetation
(a) Scattering coefficient observed on-board the ATR-42 simulation  without sedimentation (NOSED) and the anomalies observed in the region.
for 3 different wavelengths are represented using blue simulation including sedimentation (SED). Negative mass
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