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The Nile Delta is situated on the eastern side of the Sahara desert and receives numerous dust
storms along with local emissions and/or transported anthropogenic aerosols from biomass
burning or industrial activities during different seasons. A combination of these aerosols results
in poor air quality and poses significant health hazards for the population in this region. We used
remotely sensed observations of aerosols based on more than a decade long (1997-2010),
MODIS and SeaWiFS measurements supplemented by CALIPSO (since 2006) and some
ground-based data from Microtops, AERONET, to study the aerosol characteristics and their
sources. The CALIPSO measurements were used to characterize the vertical structure of aerosols
and their characteristics (spherical and non-spherical) for major dust storms and biomass. To
partition the contribution of different sources of aerosols we also used a combination of
meteorological data and a dust transport model. We used MODIS derived aerosol parameters (at
10km resolution, level 2, version 5.1) to study seasonal changes in aerosol parameters due to the
influence of dust storms, anthropogenic pollution and biomass (crop residue) burning. MODIS
derived deep blue (DB) Atmospheric Optical Depth (AOD) provided better representation of
aerosol loading over the northern Africa (Sahara region) along with dark-target AOD and related
parameters. AERONET data provided aerosol parameters such as optical depth, angstrom, fine
mode fraction, size fraction, volume, effective radius, refractive index, single scattering albedo,
and radiative forcing during different seasons dominated by dust storms, anthropogenic pollution
and biomass burning (black cloud phenomena). We used meteorological data including vertical
profiles of wind vector to identify major dust transport pathways, their altitude, source and sink
regions. The meteorological data from NCEP reanalysis and the Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT) model were used to identify major aerosol
transport pathways (trajectories) over the study area. The pathways are clustered into seasonal
low and high (polluted: dust or biomass or anthropogenic) aerosol days. Trajectory statistics
coupled with seasonal aerosol statistics provided critical information on the aerosol source and
type and allowed identifying high aerosol loading days over Nile Delta during biomass burning
events during 2000-2010. We found that the natural dust from Mauritania and Algeria
transported at high altitude over a long distance by following the westerly wind patterns and
contributed to the dense black cloud events during the Fall season. Our study results show that
the air quality over the Nile delta region is subject to a complex mixture of aerosol types, during
the Fall season, when biomass burning contributes to a background of urban pollution coupled
with long range transport of desert dust from the Sahara regions.
Introduction:
Generally speaking, understanding the origin (natural versus anthropogenic) and movement of
aerosols in various parts of the Earth will provide more knowledge on the impacts of aerosols at regional
levels and therefore regional climate and its ultimate connections to the Earth’s global climate system. For
that and because of the complicated scenario over the Delta region I worked with others on investigating
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the regional pattern of pollution and dust aerosols exchange from and to Europe with the Delta region
using satellite and ground observations namely ground Microtops II sun photometer, over Alexandria,
Egypt, which is centrally situated within the region of interest. We have also studied the biomass burning
contribution and long range transport of dust and other pollutants using Hybrid Single-Particle
Lagrangian Integrated Trajectory (HYSPLIT), Dust REgional Atmospheric Model (Dream), Navy
Aerosol Analysis and Prediction System (NAAPS) and The Goddard Chemistry Aerosol Radiation and
Transport (GOCART) models. In this research line we have used satellite data from Moderate Resolution
Imaging Spectroradiometer (MODIS), Multiangle Imaging SpectroRadiometer (MISR), Total Ozone
Mapping Spectroradiometer (TOMS), Atmospheric InfraRed Sounder (AIRS) data over the Delta region.
Over the greater delta region I have analyzed aerosol and cloud properties, using MODIS data during the
spring and fall seasons in a trial to examine dust versus pollution optical properties by studying
parameters such as aerosol optical depth (AOD), fine mode fraction (FMF) and cloud properties (cloud
top temperature (CTT), cloud top pressure (CTP), AIRS temperature profiles and water vapor column.
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AOD is a measure of the opaqueness of air,
and high values of AOD indicate poor visibility. 0.6
We have used MODIS data for obtaining the AOD
used for showing the dust storm and black cloud
0.5
impacts on the optical properties of the aerosols.
The great presence of the dust and smoke particles 0.4
during certain time periods all over the year results
in the optical depth increase and hence, high 0.3
absorbance of sun light leading visibility reduction
creating a hazardous situations (Figure 1).
0.2
Dust and different anthropogenic pollutants
forming the black cloud vary widely in the grain
size distribution and hence have varying optical
Month
characteristics. Using the fine mode aerosol optical
depth fraction derived from radiance measurements
Figure 1. MODIS monthly AOD over Cairo Lat =
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[29.66 N, 30.43 N] Long = [30.64 E, 31.84 E]
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between the fine and coarse mode.
This
partitioning result in the reduction of the averaged 14
aerosol optical depth to values below those retrieved
from MODIS. However, FMF shows only the fine 12
particles contribution in the AOD intensity which is
10
minimum during the dust storms season in the
8
months of April and May all over the whole time
domain. On the other hand FMF shows high values
6
during the stable times of the years as well as a
4
matching value with the AOD value during the months
of October during the years 2000 – 2003. This is 2
because of the fine emissions during these months of
0
the year as proposed with the matching season of the
black cloud events as manifested from the fire pixel
Month
counts observed. High anomalous fire counts are
Figure 2. MODIS monthly Fire Count over Cairo
detected over the Delta region in the four years studied,
Lat = [29.66 N, 30.43 N] Long = [30.64 E, 31.84
E] from November 2000 till October 2004

2

however with different strengths where the years 2002 and 2004 showed the highest count in the order of
50-100 counts (Figure 2). The dominant presence of the FMF particles during the most stable months of
the year is validated by the high negative correlation between AOD and FMF of value -0.75 (Figure 3).

Figure 3. Aerosol Fine Mode Fraction (AFMF) versus Aerosol Optical Depth (AOD) over Cairo
Lat = [29.66 N, 30.43 N] Long = [30.64 E, 31.84 E] from April 2000 till November 2005

Higher AOD persists over northern Egypt, Cairo and the Greater Delta region; this is a distinct
pattern that is not present over the rest of Egypt, with dust aerosols dominating the spring, while
urban/industrial emissions prevail during the autumn months as reflected from the FMF (Figure 4).

MAM AOD

SON AOD

MAM FMF

SON FMF
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Figure 4. TERRA/MODIS Time-Latitude map averaged over longitude showing the temporal variability of
daily AOD and FMF over Cairo and Greater Delta Region during a) spring time (MAM) and b) fall time (SON)

Figure 4 shows the AOD and FMF variations during MAM and SON of 2005 over Cairo and the Greater
Delta region. The AOD shows a high dominancy of the pollutants and dust aerosols during the months of
September and October and April and May, respectively. Anthropogenic pollutants during SON belong to
the fine mode size category, while dust particles belong to the coarse mode category. Hence, higher AOD
values during MAM than during SON are attributed to large dust loading in the atmosphere, while higher
FMF in SON than MAM are due to the urban/industrial car and fuel emissions. A sharp boundary at 32u
N, with little variation north and south of it, is observed due to the fact that, at this cut-off point, we
entered the Mediterranean, which is not a part of the Greater Delta region that is characterized by a highly
vegetated and not bright surface. Fine mode aerosols constitute the majority of the haze during SON
months and are found to be significantly coupled with an increase in the water vapour column and the
strongly decreasing CTT (Figure 5). The CTT during MAM of the three years shows a slightly increasing
trend when departing from March (low dust) and entering April and May (high dust), reflecting the
increase in the aerosol content towards the dust season.

Figure 5. Temporal variability of CTT over Cairo and Greater Delta Region during spring time (MAM)
showing dust impact on the increasing trend of CTT (gray line) and during fall time (SON) showing
anthropogenic impact on the decreasing trend of CTT (black line) for years a) 2004 b) 2005 and C) 2006
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Dust aerosols during MAM are found at higher altitudes, yet are low compared to the anthropogenic
aerosols revealed from the CTP values (Figure 6).

a) MAM 2004, 2005, 2006

b) SON 2004, 2005, 2006

Figure 6. CTP over Cairo and Greater Delta Region during a) spring time (MAM) of 2004, 2005, 2006 showing dust
occurrence at higher altitudes ~ 750 - 800 mb and b) during fall time (SON) of 2004, 2005, 2006 showing anthropogenic
aerosols occurrence at lower altitudes > 900 mb
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The reason that they are found at higher altitudes as compared to SON aerosols is due to the normal
temperature gradient during this particular time of
the year over Cairo. Hence, in the absence of the
inversion layer and, in the case of occurrence,
would be an elevated type inversion, which is not
found to be the case during the black cloud season.
This is evident from the vertical temperature
profiles obtained from the atmospheric infrared
sounder (AIRS) level 3 daily global girded data
products during the month of October over Cairo
and Alexandria, the second biggest city, for
comparison (Figure 7). This profile revealed the
occurrence of an inversion layer in the lower
troposphere in the vicinity of less than 1km above
the ground’s surface over Cairo. Meanwhile, over
the same day, a regular negative temperature
gradient is observed over Alexandria, which is
located 250 km away from Cairo. Such a
temperature inversion layer, together with the continuous unregulated emissions, harvest by-products
burning, traffic and other human activities, contributes, to a great extent, to the higher aerosol emission,
as observed from the AOD and FMF products. However, the CTT during SON of the three years shows a
decreasing trend from September to November, reflecting the higher levels of aerosols at the beginning
and decreasing in concentration towards November (Figure 5). It is evident that, during the pollution
episodes, lower CTTs were achieved due to the decreasing trend, as compared to the dust episodes that
show an increasing trend in the CTT values. This implies that anthropogenic aerosols have an indirect
impact in the thermal infrared, compared to the dust aerosols. Anthropogenic pollutants during SON are
found at a very low altitude, less than 1km closer to the earth’s surface, as revealed from the CTP values
(>920 mb). Such low elevation is occupied because the pollutants are being prevented rising by an
inversion layer, which keeps the air from
naturally being ventilated. This, in turns, keeps
any aerosol and pollution below the temperature
inversion layer, resulting in an increase of the
concentration of pollutants. This creates a
permanent haze that develops a hazardous
situation, causing severe respiratory problems. It
has been found that thermal inversion persists
during the fall season of each year during the
locally know black cloud episodes. Thermal
inversion occurs when a layer of warm air settles
over the cooler air that is closer to the ground,
trapping it there. There is little to no wind in an
inversion layer, so pollutants stay in one place
instead of being blown away. In other words we
can say that the air is already polluted, therefore,
the particles remain in the layer close to the
ground. The occurrence of an inversion layer
during the season of Black cloud is examined
using vertical temperature profiles obtained from
AIRS (Figure 8). Although it is commonly known that local biomass burning causes most of the
experienced pollution episodes during the fall season over major cities and rural regions of the Nile Delta.
Previous studies have attributed the increased pollution levels during the black cloud season to the bio-
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mass or open burning of agricultural waste, vehicular, industrial emissions, and secondary aerosols.
However, new multi-sensor observations (column and vertical profiles) from satellites, dust transport
models and associated meteorology present a different picture of the autumn pollution. In one of my
research papers we showed, for the first time, the evidence of long range transport of dust at high altitude
(2.5-6 km) from Western Sahara and its deposition over the Nile Delta region unlike current Models. The
desert dust is found to be a major contributor to the local air quality which was previously considered to
be due to pollution from bio-mass burning enhanced by the dominant northerly winds coming from
Europe. Three consecutive day aerosol composite loadings from MODIS Terra show very high
concentration over the Mediterranean Sea especially over the Nile Delta region on October 2 and 3, 2008.
The high AOD zone was observed over the Libya coast on October 1, west of the Nile Delta on October
2, and over the Nile Delta and river valley on October 3, 2008, indicating an eastward movement of the
aerosols (Figure 9). The observed aerosol layer extends from 2.5 to 6 km high above the surface as shown
in the Lidar profile from CALIPSO (Figure 9).

Figure 9. The high aerosol loading over Nile Delta and surrounding region as seen in the three
day composite of MODIS Terra level-2 AOD (at 10 km spatial resolution) during October 1-3,
2008. The vertical profile of feature mask obtained from CALIPSO on October 2, 2008 show
aerosols at 2.5-6 km height.

The large increase in AOD (>0.9), with a corresponding drop in the Angstrom Exponent (0.8-1 to 0.4-0.6)
suggest that the particles were relatively coarser on October 2-3, compared to September 28. It is
noteworthy that nearby areas such as Cyprus and Turkey also exhibit similar patterns of change in the
AOD and Angstrom Exponent (September 28 and October 3). The results imply dust-like characteristics
of these aerosols compared to aerosols produced by biomass burning. Owed to the Terra MODIS
algorithm limitations over land due to high surface reflectance, we combined aerosol loading information
available from other sensors and algorithms such as Deep Blue AOD from MODIS Aqua (over land) and
AOD from MODIS Aqua (over ocean) that clearly shows continuity of high AOD from the arid regions
of Mauritania, Algeria, extending into Libya, Egypt and the Mediterranean Sea (Figures 10a). The three
day composite of UV – AI from OMI AURA corroborate the findings (Figure 10b). Similar high aerosol
events over the Nile Delta have been found for other years (2002-2007) during September-October.
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Overlay of wind field at 600mb (~4.4 km from the surface) shows the presence of favorable wind pattern
for transportation of soil dust from the presumed source (Western Sahara) to the sink (Egypt, northeastern Sahara). Satellite derived AOD from other sources (Parasol AOD, daily MISR AOD) also shows
similar aerosol distribution. However, such transport pathways deduced from aerosol or dust distribution
during this season are not visible in dust transport models (DREAM) over northern Africa and
surrounding region (Figures 10c, d). DREAM only shows high AOD over the Niger-Chad area while it
misses the other major source (Mauritiana-Algeria-Mali) (Figure 10c). A comparison of MODIS and
DREAM AOD (at 550nm) over Nile Delta and Nile Fan region show AOD to be >0.8 and <0.15,
respectively (Figures 10a, b). Further, the satellite and DREAM model estimates of AOD show strong
disagreement over Western Sahara (marked as broken ellipse, Figures 10a, b). The NAAPS show high
dust AOD (> 0.8) during September 29-30 over Algeria (Tamanrasset station) and October 1-2 over the
Mediterranean Sea (Forth station, Crete) (Figures 10e, f). Such pathways which are apparent in high
frequency (daily) data are also not visible in monthly mean from MODIS Terra and Aqua AOD, and
MISR AOD due to various limitations of temporal-spatial coverage and limitations of the algorithm itself.
Thus, the detection of dust transport during the biomass burning season presently remains undetected in
model runs and monthly composites from satellite observations. Our present analysis from multi-satellite
data coupled to meteorological data, reveals the origin of high aerosol loading during biomass burning
season over the Nile Delta region.

Figure 10: (a) The distribution of aerosols on October 2, 2008 over the study region using a combination of MODIS Aqua Deep
Blue AOD and AOD over land and ocean, respectively. The vectors represent wind field at 600 mb. (b) The 3 day maximum
composite of OMI AURA derived Aerosol Index showing the source of aerosols around Mauritania-Algeria-Mali region.
DREAM model derived (c) dust AOD (550 nm) and wind field at 3000 m, and (d) dust loading (g/m2) on October 2, 2008 at
12z. NAAPS model derived (e) total optical depth, and (f) surface concentration of dust (µg/m3) on October 2, 2008
8 at 12z.
(Source: DREAM - http://www.bsc.es/projects/earthscience/DREAM/, and NAAPS - http://www.nrlmry.navy.mil/aerosol/).

The transport pathways and altitude from source to the sink region is discussed using the HYSPLIT
transport model, whose back-trajectory for 3 days, shows that the air mass originated from NNE direction
at 100 and 500 m from the surface. The autumn season (October–November) is generally known to be
largely dominated by the northern winds (<65%). However, at high altitudes (especially 2.5-6 km or 700500 mb pressure level) the air mass is originating from Western Sahara (Figure 11a). A 3-day forward
trajectory from the source (Western Sahara) shows that the air mass at high altitude (2.5-6 km) was
moving towards the Nile Delta region from September 30 to October 2, 2008 (Figure 11b). The transport
model shows that a west-to-east pathway from the source to the sink was evident at 2.5-6 km height from
the surface (Figures 11a, b). This matches aerosol distribution observed by the Deep Blue AOD from
MODIS Aqua (Figure 10). It is notable that another 3 day forward trajectory at a region 10 °S (or 1100
km) from the source shows completely different trajectories for air mass at 1-6 km (Figure 11c). This can
explain the presence of other aerosol plumes over Western Sahara coast reaching into the Atlantic Ocean.
In other words, the HYSPLIT model shows that there are two different pathways for transport of dust
aerosols from Western Sahara: one extending westwards into the Atlantic Ocean and the other eastwards
towards NE Africa (Egypt). The eastward arm of the air mass trajectory can potentially affect the Nile
Delta, provided the dust can be lifted high-up in the air. The Lidar profile obtained from CALIPSO on
October 2 corroborates the height of aerosol layer (2.5-6 km), in agreement with HYSPLIT model. The
model and observations confirm the vertical structure and high altitude transport height of the aerosols.
Furthermore, the wind vectors at the 600 mb height are shown to be westerly, matching with other
observations (HYSPLIT, CALIPSO, and MODIS Aqua) (Figure 10).

Figure 11. (a) The HYSPLIT model derived (a) 3 day back-trajectory from Sink region
(Cairo, Nile Delta), (b) 3 day forward trajectory from Source (Mauritania-Algeria-Mali)
region, and (c) 3 day forward trajectory from southern Mali showing transport of dust
towards the Altantic ocean. The HYSPLIT trajectories are shown at 100, 500 m (near
surface) to up to mid troposphere (1, 2, 3, 4, 5, 6 km above surface).

The meteorological profiles of vertical component of the wind (W wind or omega or vertical velocity)
show strong downward movement of air mass at pressure level 500-700 mb (2.5-6 km height) on October
2 and 3 (Figure 12a). This suggests that the dust transported from Western Sahara at 2.5-6 km height was
deposited over the Delta region as conditions were favorable. The horizontal components of wind (U and
V wind) also show contrasting features for this period (Figures 12b, c). The temperature profile shows
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strong change (up to 8.4 °K) in air
temperature near surface (up to 925 mbar
or 775 m height) on October 3-4, 2008.
The warming of the air (over 300 °K) is
unique compared to the entire month
(Figure 12d) and shows contrasting
changes over the Nile Delta region during
the dust deposition period.
The regional map of omega at 600
mb on October 2 shows positive values
(subsidence conditions) over the Nile
Delta (Figure 13a). A west to east (source
to sink, Figures 13b, c) vertical profile of
omega shows evolution of the favorable
meteorological conditions for this dust
transport. On October 29-30 (at 0, 12z),
strong uplift conditions are observed over
the source (Mauritania, Mali, and Algeria)
from ground up to mid troposphere (Figure
13c). The sink region shows the presence
of strong downward movement of airmass, especially over Egypt, leading to
deposition of transported dust. The
favorable wind vectors (westerly winds)
at mid-troposphere facilitates transport of
the dust uplifted from source to the sink
region (Figure 10a). The Deep Blue AOD
from MODIS Aqua corroborates that the
aerosol loading is very high over the
source during this period, which in turn
can be transported to the sink region far
away, if the meteorological and
topographic factors are favorable. The
presence of high mountains NW and SE
of the source (Figure 13b) forms a
topographic channel for the transport of
dust along this west-to-east axis
(Mauritania-to-Egypt). In part of my
work, we have discovered for the first
time a dust transport pathway along the
Mauritania-Mali-Algeria-Libya-Egypt
axis that significantly affects NE Africa,
especially the Nile Delta region, during
the biomass burning season. The increase
in aerosol loading (A0D >0.9) along with
corresponding decrease in the Angstrom
Exponent, a typical feature of desert dust,
point towards the presence of desert dust
over the Nile Delta region. The high
aerosol concentration episodes cannot be
solely attributed to biomass burning or

Figure 12. The vertical profile of meteorological parameters (wwind or omega, u-wind, v-wind and temperature) over Nile Delta
using 6-hourly National Centers for Environmental Prediction
(NCEP) reanalysis data. The meteorological parameters show
conspicuous changes during the dust transport event.

Figure 13 : (a) The regional map of omega or vertical velocity
(Pa/s) show presence of strong subsidence conditions (marked as
red zone) over Nile Delta on October 2, 2008 at 6z. (b) The map
showing west-to-east (source to sink, A to B) transect along which
cross section of omega have been extracted. (c) The source-to-sink
cross section of omega from September 30 to October 2 (at 0 and
12z) show uplift conditions near source (Mauritania-Algeria) and
subsidence conditions over sink (Egypt) region.
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local pollution. Our results show that the long range transport of dust at high altitudes is a major
contributing factor to the black cloud pollution during the biomass burning season. To further investigate
the regional pattern of exchange of pollution and dust aerosols between Europe and North Africa, we
have used multi-year remotely sensed aerosol data acquired both from satellites and from the ground, over
Alexandria, Egypt, which is centrally situated within the region of interest during the periods of October
1999-August 2001 and July 2002-September 2003 due to ground observations limitations. The spectral
aerosol optical thickness at a given wavelength λ (τλ) represents the extinction of radiation at wavelength
λ as a result of the presence of atmospheric aerosols. AOT measurements in two wavelengths can be used
to calculate the corresponding Ångström exponent (α) given in Eq. (1), which represents the slope of the
wavelength dependence of the AOT in logarithmic coordinates.
  
 
 1 , 2    ln  2  ln  2 
(1)
 
 1 
 1
In the solar spectrum, α is a good indicator of the size range of the atmospheric particles
responsible for the AOT: α >1 when fine mode (submicron) aerosols are dominant, while α <1 for
aerosols dominated by coarse or super micron particles. The spectral variation of the Angstrom exponent
can provide further information about the aerosol size distribution. Many satellite-based and groundbased measurements provide retrievals of spectral AOT, but no direct size distribution retrievals.
Therefore, analysis of α is important in the interpretation of these data and in providing further
information on particle size. High α value indicate a higher abundance of smaller aerosol particles, while
low α values reflect coarser particle sizes. The coarse mode aerosols are mainly from sea salt and mineral
dust, whereas the mainly anthropogenic submicron aerosols are mostly carbonaceous and sulfate aerosols
generated from biomass burning and urban/industrial activities in addition to those from gas-to-particle
conversion mechanisms. Therefore, either an increase in the number of smaller particles or a decrease in
the number of larger particles can cause an increase in the value of α. In that context, we classified the
months into different categories (clean / dust / pollution / mixed) according to the number of days that fall
into each (Table 1). This categorization is based on the aerosol optical thickness τa675 values and the
Ångström exponent α675/440. Cases with τa675 ≤ 0.06 were classified as “clean” conditions. For those
with τa675 > 0.06, further classification was based on the values of the Ångström exponent, being
categorized as “dust” for α675/440 < 0.25, “pollution” for α675/440 > 1.0, and “mixed” otherwise (Table
2). Figure 14 shows sample 3-day air mass back trajectories at three vertical levels ending over
Alexandria for the four aerosol categories: dust, pollution, clean, and mixed for highlighted days during
2003 taken from Table 2. The wind directions observed during dusty days were found to be variable.
However, the major dust wind directions were W, S, and SW when the air mass comes from the Sahara or
from North Africa during spring. We observe that when the wind directions are from N and NW, although
the source of the wind may be from Europe, it passes (typically) over North Africa where it becomes
loaded with dust before reaching Alexandria. Therefore, the air mass back-trajectory allows for the
visualization of a sizeable segment of the air-mass path, giving an indication of where the dust may have
been collected. Dust situations with elevated water vapor content are often cases where an air mass
collects dust from the Sahara before or after it collects some moisture over the Mediterranean, after which
part of it is blown back by headwinds toward Alexandria. During the pollution days, (summer and fall
seasons), the air masses come predominantly from different regions of Eastern, Central or Western
Europe mainly due to the well-known convection patterns and the associated prevailing meteorology.
While passing over the Mediterranean toward North Africa, there is a high chance for cloud nucleation
and indirect radiative forcing due to the associated sea breeze. During the days with mixed aerosols, the
air masses come from two sources, one that brings pollution from Europe and the other that brings dust
from the Sahara and North Africa. The wind directions during the mixed days are from all directions.
These different directions reflect the convergence of air masses from diverse source areas. During the
clean days, the air masses mainly come from the Atlantic Ocean via the Mediterranean. Therefore, the
wind directions during the clean days typically fall between N and W. We carried out further
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investigations by exploring what appears to be significantly high sea salt, dust, sulfates and black carbon
concentrations over the Delta region as indicated by GOCART model outputs (Figure 14).
Table 1. Percentages of occurrence for different aerosol categories and their corresponding Ångström exponent.

Date
Oct-99
Nov-99
Dec-99
Jan-00
Feb-00
Mar-00
Apr-00
May-00
Jun-00
Jul-00
Aug-00
Sep-00
Oct-00
Nov-00
Dec-00
Jan-01
Feb-01
Mar-01
Apr-01
May-01
Jun-01
Jul-01
Aug-01
Aug-02
Sep-02
Oct-02
Nov-02
Dec-02
Jan-03
Feb-03
Mar-03
Apr-03
May-03
Jun-03
Jul-03
Aug-03

Dust%
23.1
19.2
24.0
26.3
26.1
25.0
34.5
3.6
0.0
25.8
0.0
0.0
0.0
0.0
11.1
25.0
17.4
32.0
52.2
50.0
10.0
10.0
0.0
6.9
17.2
6.7
11.5
13.0
24.1
19.0
8.7
29.2
4.0
0.0
0.0
0.0

Pollution%
15.4
30.8
12.0
10.5
17.4
3.6
10.3
10.7
26.7
25.8
66.7
36.7
50.0
58.3
33.3
35.7
21.7
0.0
8.7
9.1
3.3
15.0
33.3
51.7
31.0
36.7
46.2
34.8
27.6
9.5
47.8
29.2
20.0
74.1
65.5
75.9

Clean%
7.7
11.5
0.0
5.3
0.0
0.0
0.0
21.4
13.3
3.2
6.7
0.0
7.1
0.0
11.1
10.7
4.3
4.0
8.7
0.0
6.7
0.0
0.0
0.0
0.0
0.0
7.7
0.0
13.8
0.0
0.0
0.0
0.0
0.0
0.0
3.4

Mixed%
53.8
38.5
64.0
57.9
56.5
71.4
55.2
64.3
60.0
45.2
26.7
63.3
42.9
41.7
44.4
28.6
56.5
64.0
30.4
40.9
80.0
75.0
66.7
41.4
51.7
56.7
34.6
52.2
34.5
71.4
43.5
41.7
76.0
25.9
34.5
20.7

α675/440
0.61
0.88
0.90
0.68
0.87
0.70
0.62
1.03
1.29
0.59
1.41
1.12
1.19
1.24
0.96
1.04
0.88
0.63
0.37
0.46
0.97
0.96
1.16
0.89
0.69
0.85
0.87
0.76
0.48
0.47
0.83
0.42
0.67
1.11
1.09
1.18
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Table 2. Characterization of aerosol types over Alexandria, Egypt, for selected dates. Back ward trajectories’ are
shown for dates in bold (Figure 14). Shaded cells represent great variations associated with the specified
atmospheric scenario in the highlighted parameters.

Date

τa675

α675/440

W

0.24
0.12
0.02
0.17
0.22
0.05
0.19
0.08

1.96
2.51
1.94
2.25
2.86
1.52
1.32
1.77

1.29
1.13
1.34
1.29
1.09
1.22

2.66
3.16
2.77
2.32
3.41
2.82

0.28
0.36
0.54
0.25
0.85
0.46
0.44
0.88
0.63

2.45
1.79
2.18
1.37
1.70
2.61
2.92
1.77
2.14

0.49
-0.22
0.79
0.81
0.81
1.40
0.63
1.47

1.76
2.21
1.09
1.64
1.12
1.95
1.04
1.30

Dust
March 29 2000
April 06 2000
April 01 2001
May 5 2001
September 29 2002
November 10 2002
March 2 2003
April 24 2003

0.61
0.55
0.36
0.71
0.31
0.32
0.6
0.82

August 24 2000
October 20 2000
August 20 2001
September 20 2002
July 1 2003
August 8 2003

0.18
0.31
0.23
0.15
0.27
0.21

Pollution

Mixed
October 23 1999
February 22 2000
April 29 2000
March 1 2001
April 4 2001
July 30 2002
September 26 2002
March 10 2003
June 15 2003

0.23
0.14
0.57
0.29
0.09
0.43
0.37
0.28
0.16

November 30 1999
January 3 2000
June 23 2000
Januray 5 2001
February 09 2001
November 14 2002
January 04 2003
August 17 2003

0.05
0.05
0.05
0.05
0.05
0.06
0.04
0.06

Clean
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(a) April 24 2003

(c) June 15 2003

(b) July 01 2003

(d) January 4 2003

Figure 14. Hysplit back trajectory analysis at different vertical levels over Alexandria showing a) dusty b)
pollution c) mixed d) clean weather conditions
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Figure 15. GOCART model outputs of (a) Sea salt, (b) Dust, (c) Sulfates, and (d) Black Carbon AOD
respectively showing potential sources and relative concentrations of these aerosol types during (a) winter (b)
spring (c) summer and (d) fall, 2003, over and around Alexandria and the Delta Region.
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