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Long-range transport of Saharan dust and 

chemical transformations over the Eastern Mediterranean

Introduction 
The dust events detected at the lower troposphere of the Eastern Mediterranean (EM) contribute to the 

50% of the days with PM10 loads above the EU limits (Kallos et al., 2007; Astitha et al., 2008) and are 

found concomitant with 10 % (urban sites) - 67 % (background sites) of the excesses (Contini et al., 2014). 

Also, a recent study at the southmost border of EM (Nastos et al., 2016) declares dust intrusions 

responsible for acute health impacts and adverse biometeorological conditions.  

The need to systematically investigate the changes in the atmospheric chemical composition 

during the transport of African dust towards the Mediterranean basin is pointed out by a 

synthesis of several experimental studies (e.g. Metzger et al., 2006; Formenti et al., 2011 

Rodriguez et al., 2012; Schulz et al.,2012). Model findings are usually based on (multi-)annual, 

coarse resolution averages, thus they do not reflect dust transport and chemistry during 

different seasons and transport modes (e.g. Ginoux et al., 2001; Zender et al., 2003; Trebs et al., 

2005; Kallos et al., 2007; Astitha et al., 2012; Karydis et al., 2015; Abdelkader et al., 2015).  

The present effort updates the model setup (i.e. PMCAMx, WRF and GEOS-CHEM) of two 

previous studies (Tombrou et al., 2009; Athanasopoulou et al., 2015) to study 3 recent and 

important Saharan dust events over the EM. The synergistic use of synoptic patterns, aerosol 

optical depth retrievals, back-trajectories and ground aerosol measurements confirm its ability 

to reproduce source regions of dust, transport pathways, vertical structure and aerosol chemical 

composition over the EM. Sensitivity tests aim at investigating the role of dust as condensation 

surface for inorganic gases during different seasons and counting on different dust source 

regions, pathways, loads and vertical extents. 

 

Methodology and data 
The model system used is composed of a regional photochemical model (PMCAMx), which provides the aerosol 

predictions over the EM, a regional atmospheric model (WRF/ARW), which feeds PMCAMx with the necessary 

meteorological fields and a global chemistry transport model (GEOS-CHEM), which provides the African dust 

input to the regional aerosol modeling (Table 1). Model simulations are realized during the periods of 04-

07.02.2009 (winter case), 27.11-02.12.2010 (late autumn case) and 18–21.07.2011 (summer case).  

Supplementary data: usage & outcome 

●NCEP/NCAR synoptic patterns: origins and transport paths of Saharan dust towards the EM (Fig. 1). ●Online 

available outputs (maps and profiles) of the BSC-DREAM8b model v1.0 (e.g. Pérez et al., 2006a; 2006b; Basart et 

al., 2012) ●Aerosol chemical composition at  Finokalia, Crete (35.34° N, 25.67o E, 250m a.s.l.) and at Penteli, 

Attica (38.04° N,  23.86° E, 495m a.s.l., 13 km northeast the Athens city center) ●Online available (NASA) 

satellite retrievals of Aerosol Optical Depth values (AOD at 550 nm) ●Back-trajectories (HYSPLIT): the current 

model system is found competent to reproduce African dust production, long-range transport and chemical 

transformations over the EM. 

 

Table 1. Main characteristics of the WRF meso-scale meteorological model, the GEOS-Chem v8-03-01 global and the 

PMCAMx regional CTM applications. 

Fig. 1. The dust optical depth (DOD) 

calculated by GEOS-CHEM during the 

3 peak days of the selected dust 

events: a) 07.02.2009, e) 01.12.2010, 

i) 20.07.2011) s. Red rectangle: GEOS-

CHEM domain B; Black rectangle: 

PMCAMx domain 
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Conclusions 

The dust loads during the cold (summer) period events were high (light) and vertically extended (in the free 

troposphere). In all cases, dust originated from the northwest and/or west Saharan desert and reached the EM 

from the west/southwest. 

The strongest dust influence (winter case) led to high daily surface concentrations of calcium (e.g. 5 and 3.4 μg 

m-3 in PM10 model outputs and observations respectively, at Finokalia). The respective concentrations during the 

late autumn event are significantly lower (approximately by half), while the values during the summer case are 

below1 μg m-3. From those quantities, the predicted African dust fraction accounted for more than 70 % (90 % 

during the cold period cases) and its surface gradient (dissipation ratio for the cold period cases) downwind the 

dust flow is ca. -10 % per 100 km. 

Surface particulate nitrate concentrations over the EM are reversely affected by the approaching dust loads. The 

highest total absolute concentrations (up to 6 μg m-3), as well as their dust fraction (ca. 70 %) occur during 

summertime, while the dust-bound nitrate mass during the cold period events is insignificant (below 0.5 μg m-3). 

This is attributed to a combination of reasons: the availability of nitric acid is higher during summer, thus, the 

potential for its heterogeneous and irreversible reaction with mineral dust species is higher. Accumulation of 

aerosol particles in the atmosphere is favored by the low precipitation rates during summertime. The low 

deposition rates over the sea create a homogeneous field of nitrate over the EM, which is gradually built towards 

the Aegean Sea and downwind. Consequently, mineral species dominate the dust-related PM10 concentrations 

(up to 98 %) during the cold period events, while the effective formation of nitrate salts during summertime 

makes them account from 20 to 60 % of the dust-bound aerosol mass.  

PM10 sodium over the Aegean Sea is apportioned to the Saharan dust intrusions by 50% and the rest originates 

from sea-salt, while the fraction of sulfate bound to dust is found insignificant. 

 

Fig. 2. Spatial 

distribution of the daily 

average total PM10 

(left), PM10 Ca (center) 

and NO3 (right) 

concentrations 

(PMCAMx outputs, in μg 

m-3) over the EM during 

representative days of 

the dust events of winter 

(a, b, c), late autumn ( d, 

e, f) and summer (g, h, i). 

Isopleths show the 

contribution (values from 

0 to 1) of dust to the 

daily average surface 

concentrations. They 

refer to the results 

presented in Fig. 3, i.e. 

the boundary (0), 

Finokalia (I), Aegean (II) 

and Athens (III). 

Fig. 3. The surface gradient rate of the dust mass of total PM10 and PM10 Ca2+ and PM10 NO3
- 

(normalized to the boundary values; a-c) and the mass fractions (%) of the dust part of PM10 (mass 

concentrations in μg m-3 are labeled; d-f), as the dust plume penetrates to the EM during the 3 dust 

events. The location of the four sites is marked in Fig. 2, at the map of each event (0, I, II and III). Their 

distance from the selected site with the representative boundary values (at site 0 or at 0 km) is also 

given at the bottom. 


