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Abstract: Air pollution problems over mega cities differ greatly and are
influenced by a number of factors, including topography, demography,
meteorology, level and rate of industrialization and socioeconomic
development. Cairo is considered a key city for economy, education, politics
industry and technology in the Middle East.Increasing business and
industrial activities in the city accompanied by shortage of the institutional
capabilities for monitoring and control, in addition to environmental impact
negligence that prevails over many of the production sectors, have
contributed to excessive air pollution problems that have reached the level of
crisis. A contributor to this problem is natural and man made effects such as
dust and aerosols uptakes. Such pollution episodes are observed during the
months of October showing the' so called "Black Cloud". Such pollution
leads to wide variability of aerosols behavior over Cairo. Hence, aerosol
related parameters obtained from' satellite measurements have been studied
here. Aerosol optical depth (AOD) behavior showed a dual maxima nature in
each year from 2000 till 2005 during the months of (April, May) and
October confirming dust and air pollution events, respectively. Such
behavior is confirmed by the high negative correlation with the aerosol fine
mode fraction (FMF) reaching -0.75. FMF product confirms a higher value
during the months of October representing the Black Cloud episodes due to
fine particles contribution in these events rather than during the dust events.
However, lower values are observed in the last two years due to the new
control measures enforced by the government for the environment
protection. The difference between the AOD and FMF showed a higher
contribution of the fine grains during the Black Cloud events rather than
coarser grains during dust events as expected. Among the sources known to
contribute to the black cloud formation is the fire burns over the Nile Delta
region during the months of September and October of each year. Using the
fire count product locations of hot spots showing a high thermal anomaly are
identified during the months of October of the years 2001-2004. The
monthly variability of the fire count showed sudden abrupt changes during
the months of October compared to other months of the year confirming
burns contribution in the Black Cloud formation.

c_

INTRODUCTION

Cairo is one of the most polluted cities in the world in terms of air pollution with major
impact on the environment and health of its inhabitants (Westing, 1994). Air quality in
Cairo has reached dangerous levels of lead, carbon dioxide, sulfur dioxide, and suspended
particulate matter concentrations due to decades of unregulated car emissions, urban
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industrialization, chaff and trash burning. The overall problem is the degradation
of air quality over Cairo. World Health Organization (WHO) reports that air
pollution in downtown Cairo reached 10-100 times what is considered to be a safe
limit. A contributor to this problem may be due to natural and man made effects;
namely dust and smoke uptakes.
Dust storms and the so-called "Black Cloud" phenomena have significantly
increased within and around Cairo over the last five years. The major source of
natural and anthropogenic mineral dust aerosols over Cairo and the greater Delta
region is wind laden dust transported from arid or desert regions of the Middle
East (Tegen and Fung, 1995; Tegen and Miller, 1998), and from Sahara during the
summer season (El-Askary et al., 2004, 2006; Prasad et al., 2004, 2006).
Black Cloud, on the other hand, is a phenomenon that describes fine particles
which originate from the fire burns, as one of different contributors in this hazard,
over the greater Delta region during the months of September and October of each
year. It is an important source of airborne fine particulate matter in the form of
elemental and organic carbon aerosols. Fire count product locations of hot spots
are identified during the months of October of the years 2001 to 2004. The
monthly variability of the fire count showed sudden abrupt changes during the
months of October compared to the other months of the year confirming the burns
contribution in the Black Cloud formation.
Both phenomena (dust storms and Black Cloud) cover Cairo City at particular
times of the year (April, May for the dust and September, October for the dark
cloud). They cause air pollution, leading to severe health problems as well as a
negative impact on monuments and tourist sites. Understanding the conditions and
dynamics of these phenomena, including meteorological factors such as
temperature inversions, direct and indirect forcing on atmospheric parameters is
important for the proper understanding and mitigation of the impacts of this cloud
(El-Askary and Kafatos, 2006).
In this research we are focusing on studying the impact of such phenomena on the
aerosol behavior and its variability over Cairo and the greater Delta region using
different parameters obtained from the Moderate Resolution Imaging
Spectroradiometer (MODIS), Onboond Terra satellite. This sensor is characterized
by wide spectral range, having 36 channels, and moderate spatial resolution that
range from 250 m to lkm.
Here we use the Aerosol Optical Depth (AOD) at 550 nm computed over land as
well as the aerosol Fine Mode Fraction (FMF), also computed over land (Chu et
al., 2002). Figure (1) shows MODIS images of the two phenomena.

f,

Figure 1: MODIS satellite images showing the dust storms blowing during April
2005 (left image) and very dense smog during October 2005 over the
Delta region (right image).
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AEROSOL VARIABILITY

The aerosol retrieval algorithm from MODIS radiometric observations determines
the type of aerosol as pure-dust, pure non-dust, or a mix of both types. The
decision is based on the FMF ratio, defined as the ratio of optical depth at 470 nm
to optical depth at 660 nm. FMF is set to 0 for the pure dust case, 1 for the
non-dust case. The final retrieval then proceeds using either the dust aerosol
model, the non-dust aerosol model assigned to that geographical location, or a
mixture of the two (Remer et al., 2005).
Studying aerosol variability and regional climate impact of air pollutants requires
some knowledge of aerosol amount and an ability to discriminate natural from
anthropogenic aerosol constituents. Such challenge is approached through the
satellite measurements which can be converted into different aerosol parameters

,,4 (Kaufman et aI., 2002). For instance, the aerosol amount is represented as
midvisible AOD showing the intensity of, the present constituents along the
vertical column of the atmosphere. However, discrimination between natural
aerosols (mechanically generated dust and sea salt) and anthropogenic ones
(combustion-generated sulfates, organics, and black carbon) has not yet been
achieved. Using FMF renders such aerosol discrimination and hence
differentiating between dust and non dust events i.e. Black Cloud in our case along
the AOD profile. In other words using the AOD observation alone can not render
the differences between the fine and coarse grained events. However, upon
introducing the FMF product discriminating dust from Black Cloud events has
become valid. Land fire and biomass burning also emit gaseous pollutants and
trace gases (Andrae and Merlet, 2001).

RESULTS AND DISCUSSION

In this section, we examine MODIS sensor monthly observations, namely -AOD
and FMF from 2000 till 2005 through their variable behavior over land, in the
vicinity of Cairo and the greater Delta region. The atmosphere in this region
through different seasons is heavily impacted by a combination of dust and
pollution aerosols in varying mixtures during different times of the year. As a
result, the case study presented here exhibits relatively large optical depth and a
wide range of particle size from fine-mode to coarse-mode particles representing
non dust and dust events. Aerosol size is important in determining the optical
properties, which are needed to evaluate backscattering of the solar radiation for
the direct effect, and also in determining the fraction of particles that become
cloud condensation nuclei (CCN), which is needed to evaluate cloud albedo and
lifetime for the indirect effect (Lesins et al., 2002).

1. Aerosol Optical Depth

AOD is a measure of the opaqueness of air, where high values of AOD indicate
more absorption of the radiation, and hence poor visibility. We have used MODIS
data for obtaining the AOD, which becomes an indicator of the dust storm
andBlack Cloud impacts on the optical properties of the aerosols forming up the
atmosphere. AOD data from the MODIS sensor is used to measure the relative
amount of aerosols suspended in the atmosphere and hence how much light is
blocked by airborne particles. Among these aerosols that can be detected using the
AOD are the dust, sea salts, volcanic ash, and smoke either being solid or liquid
particles. Dust and smoke are the main constituents of the vertical column in our
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case where they reflect the visible and near infrared radiation preventing them
from passing through the atmospheric column. The presence of the dust and
smoke particles during certain time periods through the year results in optical
depth increase over Cairo and the Delta region as shown in Figure (2) and hence,
high absorbance of sun light leading to reduction of visibility creating a hazardous
situations.
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Figure 2: MODIS monthly Aerosol Optical Depth (AOD) over Cairo Lat =
[29.660 - 30.430 N] Long = [30.640 - 31.840 E] from April 2000 till
November 2005. Peak values are circled.

The monthly variations of aerosol optical depths indicate seasonal variations with
relati vity higher aerosol optical depth or atmosphere turbidity in the su_mmerand
very low aerosol optical depths during the winter. The MODIS AOD product
correctly indicates high AOD (>0.5) during dusty and highly polluted time
periods, where high AOD is expected and low values during well known clear
periods. AOD peaks are observed over the months of (April, May) and October,
where (April, May) represent the most frequent time of dust storms occurrence
and October represents the time of Black Cloud occurrence over the past few
years.

2. Aerosol Fine Mode Fraction

Dust and different anthropogenic pollutants forming the Black Cloud vary widely
in grain size distribution and hence have varying optical characteristics. Using the
FMF derived from radiance measurements by MODIS, aerosols can be partitioned
between the fine and coarse mode. This partitioning result in the reduction of the
averaged aerosol optical depth to values below those retrieved from MODIS. This
is described by the fact that the MODIS retrieved column AOT at 550 nm (t550) -::
is the sum of maritime (tm), dust (td), and anthropogenic (ta) components. The
fraction of t550 contributed by fine mode aerosol (f550) is also reported from the
MODIS retrievals. Kaufman et al (2005) used the MODIS aerosol measurements
separately in regions with high concentrations of dust, smoke, and largely
maritime aerosol to determine the fraction of fine aerosol for each one of these
aerosol types.
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AOD values showed the intensity of the events either dust or Black Cloud and
revealed high dust presence during the months of (April, May) than the Black
Cloud during the months of October of each year. This is attributed to the fact that
dust originate from a wider pool and are characterized by higher grain sizes
compared to pollutants contributing to the Black Cloud formation. Fine particles
with effective radii 0.10, 0.15, 0.20, and 0.25 11mtogether with the dust particles

"'. with effective radii 1.5 and 2.5 11mcontribute to the value of the AOD intensity.
However, FMF shows only the fine particles contribution in the AOD intensity
which is low during the dust storms season as coarser grains dominates these dust
events. On the other hand, FMF shows high values during the stable times of the
years as well as a matching value with the AOD value during the months of
October during the years 2000 - 2003. This is due to the fine nature of the
atmosphere during the stable months of the year as well as the months of the
Black Cloud events. The later is evidenced by the fine particles dominancy due to

\4 the emissions during this month of the year as proposed with the matching season
of the Black Cloud events. However, a lower matching is observed in the years
2004 and 2005 which might be due to the lower emission rates forced by the
governments for a cleaner environment. 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 as shown in Figure
(3). AOD data represent the presence of a combination of fine and coarse
particulates over the greater Delta region during the dust and Black Cloud seasons.
However, the FMF product through its inverse behavior with respect the AOD
product showed the dominancy of the fine particulate during the Black Cloud
events as expected while lower FMF values are observed during the dust episodes.
This is attributed to the fact the dust is characterized by a greater grain size
distribution as compared to the particulates forming the Black Cloud. Calculating
the difference between the AOD and the FMF revealed the oarse grains
dominancy during the months of April and May of each year. Such high
differences correspond to the dust season during these months is shown in Figure
(4). On the other hand, finer grains dominate the rest of the months through the
whole years. Low difference values are observed during the months of January of
each year because of the clear atmospheric column and the hence the dominancy
of the fine particles comprising the vertical column of the atmosphere.
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Figure 3: Aerosol Fine Mode Fraction (FMF) versus Aerosol Optical Depth
(AOD) over Cairo Lat = [29.66 - 30.43 N] Long = [30.64 - 31.84 E]
from April 2000 till November 2005
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Figure 4: Difference between Aerosol Optical Depth (AOD) and Aerosol Fine
Mode Fraction (FMF) over Cairo Lat = [29.660 - 30.430 N] and Long =
[30.640 - 31.840 E] from April 2000 till November 2005.

3. Thermal Anomalies and Fire Pixel Count

Fires are a common occurrence in Egypt due to trash burning and other industrial
activities. Owed to the high pollution during the month of October we detected the
active fires occurred over the region under study for the verification of their
contribution in the Black Cloud episodes. MODIS thermal Anomalies/Fire
products detect fire locations (i.e., hotspots) using 4- and 11- micrometer
brightness temperatures assuming the emissivity equals 1 (Justice et al., 2002). The
detection strategy is based on absolute detection, i.e. if the fire is strong enough
relative to the background to account for variability of the surface temperature and
reflection by sunlight. A corrected fire pixel layer count is produced over Egypt
during the month of October of years 2001-2004 as shown in Figure (5). It is clear
that MODIS-derived fire pixel emissions were accurately located in terms of fire
occurrences. We allocated 90% of the emissions using the spatial and temporal
distribution of the MODIS-derived fire pixel count. However, the remaining 10%
of the emissions were left intact, to account for fires missed by the MODIS
platform since satellite-determined fires are detected at an efficiency of less than
100%. In that sense we feel that this is a reasonable approximation because,
MODIS-derived data account for at least 90% of the burned area. The coarse
resolution of the product resulted in interpolation over some regions where least
fire pixels were counted due to oil extraction activities present in the Western
Desert and along the Red Sea and Mediterranean coasts. High anomalous fire
counts are detected over the Delta region in the fours years, however with different
strengths where the years 2002 and 2004 showed the highest count in the order of
50-100 counts as shown in Figure (6).
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Figure 5: MODIS Corrected Fire Pixel Count over Egypt during the month of
October from 2001 to 2004.
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Figure 6: MODIS monthly Fire Count over Cairo Lat = [29.660 - 30.430 N] and
Long = [30.640 - 31.840 E] from November 2000 till October 2004.

The monthly counts of the fire pixels revealed high anomalous events during the
months of October. However, with different intensity mentioning the years 2001
and 2003 whose values are lower than those of the years 2002 and 2004.
Nevertheless, these months still suffer the Black Cloud event occurrence. This can
be attributed to the fact that different factors contribute in the Black Cloud
formation amongst are the fire burns but not the only one. We have studied the
fire counts as a contributing factor however; more research is still in progress
looking at the other different factors, namely the temperature inversion
phenomena.
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CONCLUSION

It is clear that pollution episodes have an impact over the optical characteristics of
the aerosol vertical column. This is observed through the estimation of the AOD
and the FMF obtained from the MODIS data. The fine grains concentrations are
found to dominate through the year except for the months where the sand storm
events are observed. In this case they dominate the AOD observations. However,
the FMF showed high correlation with the AOD during the Black Cloud episodes
over the months of October. As a contributing factor (but not the only factor) to
the Black Cloud formation,fire burns are monitored through the fire count product.
High fire anomaly is found over the greater Delta region during the months of
October corresponding to the well known burning habits carried out by farmers
and participating in the pollution problem creation.
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