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Fig. 3. GOCART model outputs of sea salt AOD during March–May 2003–2010. 
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Fig. 4. Average monthly Deep Blue Aqua MODIS AOD (vertical bars), Angstrom Exponent (dashed line) during March–
May from 2003 to 2010 over the Kingdom of Saudi Arabia, and precipitation during December– February from 2003–
2010 (solid line). 
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Fig. 5. a) Angstrom exponent during March–May of 2003 to 2010 over Saudi Arabia, b) (0.2–0.6) and (> 0.6–1.2) Angstrom 
exponent percentage during March–May 2003–2008 and 2009. 
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Grain Size Distribution Analysis over the KSA during the 
Period 2003–2010 

In this section, we investigate the variation of the 
volume size distributions (VSD) as a function of the 
particle geometric mean radius for the KSA aerosols using 
the AERONET data from the Solar Village located ~450 
km from dust loading zone (46–50°E, 25–29°N) at the East 
Province of the KSA, during the spring season of the 
period 2003 to 2010. The VSD helps understanding local 
aerosol properties and variation (Yang and Wenig, 2009; 
Park et al., 2015). Fig. 6(a) displays a bi-modal log-normal 
variation of the VSD (dV/dlnR) with a high magnitude of 
coarse mode peaking during the years 2006 to 2009 as 
compared to the other years. The year 2009 has the highest 
concentration of coarse particles at the Solar Village due to 

the dust storm of 9, 10 March, 2009. The VSD peaks to 
0.36 µm3 µm–2 at ~3 µm geometric mean radius with less 
significant contribution for the fine particles fraction. The 
substantial increase in the coarse particles concentrations 
at ~3 µm dominated the aerosol loadings during 2009 as a 
result from the major dust events over the KSA during that 
year. The overall fine particles concentration is minimal 
yet, the year 2010 over Solar Village exhibits the highest 
concentration of fine particles where the VSD peaks at 0.1 
µm with a loading of 0.19 µm3 µm–2. Fig. 6(b) on the other 
hand shows the daily plot of the VSD for March 7, 9, 11, 
and 12 where the loading jumped to > 1 on March 11 with a 
higher dominancy at coarse mode fraction as a result of the 
dust outbreak in the previous two days and a significant drop 
and shift on the following day owed to excess deposition. 

 

(a)  

 
(b)  

Fig. 6. a) Variation of aerosol volume size distribution of AERONET station at solar village during March-May of 2003–
2010 for N = 69, b) Daily average variation of aerosol volume size distribution of AERONET station at solar village 
during March 7, 9, 11 and 12, 2009 for N = 1. N is the number of days used. 
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To further exploit aerosols characteristics during major 
dust events CALIPSO data are compiled over the KSA on 
daily basis at (36–55°E, 17–30°N) during March–May of 
2009 and 2010. The mean AOD profile from CALISPSO 
indicates similar aerosol loading during the two years (Fig. 7). 
The mean AOD profile (not shown in the figure) shows 
that dust loading during March 2009 is ~15% less than 
March 2010, dust loading in April 2010 decreased to ~23% 
of its value during April 2009; while May 2009 dust 
loading is ~13% less than May 2010. In addition to the 
CALIPSO AOD latitudinal profile, we also use the CALIPSO 
backscattering measurements to derive volume depolarization 
ratios (VDR) (Liu et al., 2008) during the two dust events 
in 2009 and 2010 (Fig. 7). The VDR as a ratio between the 
perpendicular and parallel component of the attenuated 
backscattering signal is used here to distinguish the physical 
properties of aerosols (spherical and non-spherical). Higher 
VDR values suggest greater amount of non-spherical particles 
like dust as compared to smoke and pollution aerosols results 
in small VDR values. The mean VDR values are 1.31 and 
1.32 during March–May of 2009 and 2010, respectively. 
The unexpected close to similar VDR values during 2009 and 
2010 can be attributed to the dust outbreak on March 4, 
2010 and to the clear mixed scenarios observed over Saudi 
Arabia as shown from Table 1. 

It is also noteworthy the big difference in the AOD values 
of 2009 versus 2010 suggests a bigger mixing scenarios as 
mentioned above. To further investigate the aerosols’ physical 
properties, the mean aerosols latitudinal VDR values were 
grouped in three different bins to overcome the aerosols 
mixing (Figs. 8(a) and 8(b)). In March–May of 2009 ~4.9% 
of the particles have VDR values between 0.2 and 0.4; 22.3% 
are between 0.4 and 0.6, and about 72.0% of the aerosols 
particles have VDR values > 0.6. The corresponding VDR 
values during March–May of 2010 are 2.8, 15.7, and 
81.5%, respectively. This suggests a significant contribution 
of dust aerosols during 2009 and 2010. The moderately 
high VDR values (between 0.2–0.6) suggesting the existence 
of anthropogenic particles mixing with the dust. The 

moderately high VDR values are found be higher during 
2009 than in 2010.  
 
CONCLUSIONS 
 

The mean AOD during the spring season (March–May) 
for the years 2003–2010 showed high aerosol abundance 
as expected due to combined natural and anthropogenic 
sources. AOD during recent years exhibits higher values as 
compared to early years owed to possible higher pollution 
scenarios as evidenced from the Angstrom exponent values. 
The drop in dust loading in 2010 is observed as suggested by 
the higher angstrom exponent value (0.62) in 2010 compared 
to (0.56) in 2009. Therefore, pollution has been contributing 
lately to the mixed scenarios as compared to natural aerosols. 
The size distribution showed coarser particles dominance 
during 2009 as compared to 2010 suggesting a role for the 
March 9 and 10 major blown dust storms, hence affecting 
the air quality over the KSA. The significant anthropogenic 
emissions, mainly from oil and cement industry, and from 
significant urban areas composed of a significant amount of 
carbonaceous aerosols, sulfate, and nitrate favor the existence 
of hazy conditions over the KSA during the most of the 
year. During the spring season from March onwards the high-
land temperatures over the majority of the KSA favors the 
convection and uplift of dust aerosols forming dust storms 
that affects the region. 

The low precipitation rate during December 2008–
February 2009 and December 2009 to February 2010 
enhanced the strong dust activities on March 2009. Dust 
plumes appeared as translucent beige blurs over the KSA. 
On March 2010, an opaque dust plume with 100 km in 
width extended from the KSA across eastern Kuwait into 
Iran. This study integrated observations from MODIS, 
CALIPSO, and data from the GOCART to shed some light 
on the aerosols’ characterization over the KSA. Taking 
into consideration, the frequent dust storms, unprecedented 
infrastructure activities, overusing governmental subsidized 
energy, water desalination, heavy traffic in large cities, and 

 

 
Fig. 7. Mean aerosol optical depth (AOD) and volume depolarization ratio (VDR) over Saudi Arabia during March–May 
2009 and 2010.  
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Fig. 8. Mean volume depolarization ratio separated in three bins based indicated by different colors in the vertical bars a) 
March–May 2009, b) March–May 2010. 

 

cement plants, it is very important to monitor dust aerosols 
over the KSA. It is also important to understand the spatial 
and temporal distribution using satellite and ground station 
as it affects the hydrological cycle and the radiation budget 
by intercepting sunlight. 
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