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[1] In the past decade, episodes of severe air pollution, known as the “black cloud,”

have occurred in Cairo, Egypt, in the early autumn. In this study, data from the Moderate
Resolution Imaging Spectrometer (MODIS) and the Multi‐angle Imaging Spectroradiometer
(MISR) are used with meteorological data and trajectory analyses to determine the cause of
these events. MODIS fire counts put the source as the burning of agricultural waste after
harvest season in the Nile delta region. Synchronous MISR data show that these fires create
low altitude (<500 m) plumes of smoke and aerosols which flow over Cairo in a few hours,
as confirmed by Hybrid Single‐Particle Lagrangian Integrated Trajectory (HYSPLIT)
forward trajectory analyses. Much of the burning occurs at night, when an inversion
constrains the plumes to remain in the boundary layer (BL). Convection during the day
raises the BL, dispersing these smoke particles until the next night.
Citation: Marey, H. S., J. C. Gille, H. M. El‐Askary, E. A. Shalaby, and M. E. El‐Raey (2010), Study of the formation of the
“black cloud” and its dynamics over Cairo, Egypt, using MODIS and MISR sensors, J. Geophys. Res., 115, D21206,
doi:10.1029/2010JD014384.

1. Introduction
[2] Cairo, the capital of Egypt, is located on the Nile in the
north of Egypt, at 31°21′E, 30°2′N. Greater Cairo extends for
more than 50 km along the sides of the Nile (Figure 1). It is the
largest city in Africa and the Middle East [Molina and
Molina, 2004] with a population of 16,250,000 in 2006. In
addition, it is categorized as the 10th‐largest among the world
urban areas, with a high population density of 12,800 per
square kilometer, based on 2006 population data (Demographia World urban areas & population projections: 6th
comprehensive edition (rev. March 2010), http://www.
demographia.com/db‐worldua.pdf). The gradual increase in
the population is accompanied by remarkably high pollutant
levels that have been noticed recently in Cairo, which can be
attributed mainly to the intensification in human activities
[Abu‐Allaban et al., 2007]. El‐Metwally et al. [2008] analysis
(from the end of October 2004 to the end of January 2006)
revealed that Cairo’s aerosol has three main sources, “background pollution,” “pollution‐like” (local urban activities and
biomass burning), and “dustlike” aerosols coming from the
Sahara. There are also natural factors that exacerbate the
deterioration of the air quality, such as the topography of
Cairo, which lies between two elevated areas: the 6 October
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heights on the west side and Moqattam Mountain on the east
side. This topography keeps the emissions trapped in the
middle of the city and hence intensifies the air pollution
problem (EGYPT: Efforts to fight “black cloud” in Cairo,
http://www.irinnews.org/Report.aspx?ReportId=80831)
(hereinafter IRIN, online report, 2008). There are numerous
sources of air pollution, such as vehicles, power plants, open
air waste burning, and the cement industry. It is reported that
Cairo has more than 2 million vehicles and more than
12,000 factories. The World Bank ranked Cairo as the worst
city for particulate matter pollution [World Bank, 2007]. The
air pollution problem today has become a serious issue,
especially since Greater Cairo and some delta cities have
suffered from severe autumn air pollution episodes since
1999 (J. Fleishman, EGYPT: Cairo’s hovering “black
cloud,” Babylon & Beyond, http://latimesblogs.latimes.com/
babylonbeyond/2009/10/fires‐burn‐in‐the‐provinces‐and‐
mornings‐break‐smoky‐in‐the‐cityits‐harvest‐time‐the‐rice‐
has‐been‐gathered‐and‐farmers.html). During these events,
Cairo is hidden by a blanket of pollutants known as the “black
cloud.”
[3] A 1999 World Bank report mentioned that the economic cost of pollution in Egypt is 4.8% of gross domestic
product. Moreover, the air pollution increases the number of
patients with bronchial asthma and respiratory obstruction.
The hospitals that deal with respiratory diseases have noticed
at the time of air pollution episodes (fall season) a doubling in
the number of bronchial asthma patients (IRIN, online report,
2008).
[4] Previous studies have highlighted the need for additional data sources to monitor air pollution as it moves in
multiple dimensions, both spatially and temporally. Satellite
data can add synoptic information and visualization to ground‐
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one that detects fires globally on a daily basis with 1 km
spatial resolution [Justice et al., 2006]. The quality of the data
is specified by the confidence limit parameter associated with
each fire pixel. The confidence values range from 0% to 100%
as explained by Giglio [2007]. The threshold limit for fire
pixel confidence that is used in this study is 20%.
[8] In the first section of this study, we used the MODIS fire
data in the shape file format in order to use them in GIS
(geographic information system) maps. These were obtained
from the University of Maryland; more information on
archived fire data is described by Davies et al. [2009]. In the
transport study, the fire product MOD14 Collection 5 data
have been utilized where fire pixels were combined with the
smoke plume image from MISR.
Figure 1. The spatial distribution of fire points over the Nile
delta for September and October 2006. Green square represents the Nile delta area.
based air quality data [Engel‐Cox et al., 2004; Engel‐Cox et al.,
2006; Kaskaoutis et al., 2010]. Although numerous studies
have been performed [Moussa and Abdelkhalek, 2007;
El‐Metwally et al., 2008; El‐Askary et al., 2009; Mahmoud
et al., 2008], the exact causes of black cloud formation are
still uncertain and authorities have offered a variety of possible
sources. This phenomenon continues to occur cyclically every
year up to the present. Similar severe air pollution phenomena
are shown over Indo‐Gangetic Plains (IGP) and in India
mainly during postmonsoon and winter [Ramanathan et al.,
2005; Badarinath et al., 2009a; Badarinath et al., 2009b].
[5] The objective of the current study is to investigate the
probable reasons of the so‐called “black cloud” phenomena
and to study its dynamics over Greater Cairo, based on the
conjunction between satellite data forward trajectory analysis.
The paper is organized as follows. Section 2 briefly describes
the data sets and tools that are used in this study. Section 3 is
the analysis of the results, divided into three parts. The first
explains the possible main sources of the so‐called “black
cloud” phenomena. The second part examines the dynamics
of the air pollution emissions over the delta region. The third
part aims to study the pollutant transport at the time of the air
pollution episodes over Greater Cairo. Section 4 contains
discussion and conclusions.

2. Data Sets and Methods
[6] This study uses data from two satellite instruments,
MODIS (Moderate Resolution Imaging Spectroradiometer),
and MISR (Multi‐angle Imaging Spectroradiometer).
2.1. MODIS Thermal Anomaly Products
[7] MODIS sensors are located on the Terra and Aqua
satellite platforms. They were designed to offer a broad range
of information about land, oceanic, and atmospheric conditions [Kaufman et al., 1998a and Masuoka et al., 1998].
MODIS active fire data, designated MOD14, is one of the
land products that is used in this study. The fire detection
algorithm has been described by Kaufman et al. [1998b] and
Giglio et al. [2003]. The MODIS sensor is currently the only

2.2. MISR Products
[9] The MISR instrument is also on board the Terra satellite. It obtains nine angular views of the surface, at 26.1, 45.6,
60.0, and 70.5 degrees forward and aftward of the local vertical and one nadir view [Diner et al., 1998]. Those views
have been used to retrieve a number of physical parameters,
such as smoke plume and other aerosol layer heights above
the terrain. They are also used to retrieve motion vectors with
a typical vertical resolution of 500 m or better [Moroney et al.,
2002; Muller et al., 2002] as well as aerosol microphysical
properties [Martonchik et al., 2002]. The MISR team has
supplied an IDL (Interactive Data Language) application
called MINX (MISR Interactive Explorer), for the visualization and analysis of MISR data, where the main target is the
digitization of smoke, volcanic, or dust plumes interactively
[Nelson et al., 2008a]. Further details explaining the operation
of MINX for the MISR data are available at Nelson et al.
[2009] and Nelson et al. [2008b].
2.3. Meteorological Data and HYSPLIT Trajectories
[10] The HYSPLIT (Hybrid Single‐Particle Lagrangian
Integrated Trajectory) model version 4 was used in to generate air mass forward trajectories. The HYSPLIT model is
the latest version of an integrated system for computing air
parcel trajectories, dispersion, and deposition simulations
[Draxler and Hess, 1997; Draxler et al., 2009]. In addition,
the meteorological observations from the GDAS‐1 (Global
Data Assimilation System), which is one of the operational
system series of NCEP (the National Center for Environmental Prediction) data, have been employed to assist in the
interpretation of results. It has a horizontal resolution of 1 ×
1 degrees in latitude and longitude and a 3 h temporal resolution
with 23 vertical levels (http://www.arl.noaa.gov/gdas1.php).

3. Results and Discussion
3.1. Analysis of the MODIS Fire Product
[11] In this study, the MODIS Active Fire Product, version
2.3, from both Aqua and Terra satellites was acquired and
analyzed for 8 years from 2002 through 2009, where the data
availability of those years is more than 90%, which is high
enough for the analysis. GIS maps were employed to display
the spatial distributions of active fire points using ArcGIS
software version 9.3. Analysis of the spatial distributions of
the fires over Egypt, from 2002 through 2009, shows that
most of the fire locations are distributed over the Nile delta
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Figure 2. Monthly average fire counts over Nile delta from 2002–2009.
region. Accordingly, time series plots for the fire counts over
just the Nile delta region were produced. The delta region
boundaries are 30°N to 31.5°N and 30°E to 32°E as shown by
the green square in Figure 1. Figure 2 demonstrates the
monthly fire counts over the Nile delta region for the years
2002–2009. Monthly variations of the fire counts indicate a
very distinct increase in number of fires each fall, with the
maximum value in October. The years 2006 and 2007 recorded
the maximum number, which exceeded 450 fire counts. Small
peaks in the summer season can be seen every year. These
might be due to some false detection in the desert areas
[Giglio et al., 2003]. Consequently, we have chosen the years
2006, 2007, and 2009 to show the specific locations of the fire
counts using a GIS map. The years 2006 and 2007 are selected
because they showed higher fire activity, and 2009 is selected
to get recent data. Figures 1, 3a, and 3b illustrate the spatial
distributions of the September and October, 2006, 2007, and
2009 fire points over the Nile delta area, respectively. It is
apparent that most of the fires occurred in the northeast area of
Cairo, especially in the neighboring area of El Mansura city.
[12] Because most of the delta region is agricultural land,
we expect those fires to originate from intense biomass
burning activities. Such fire events are common in these
regions due to the prevailing practice of burning open field
wastes during September and October each year, sometimes
extending into November [El‐Askary et al., 2009]. It is likely
that those fire locations resulted from the annual burning of
rice husks at this time of year to prepare the agricultural land
for the next season. The same phenomenon was found in Asia
[Gustafsson et al., 2009; Lee et al., 2008], where agricultural
fire is a cheap way to enhance crop rotation and manipulate
insidious weed species [Hays et al., 2005]. MODIS records
similar agricultural fires in the southeastern United States, as
reported by McCarty et al. [2007]. This is also the case over
northern India and IGP, where biomass smoke from crop
residue burning is transported over central India and Arabian
Sea [Ramanathan et al., 2005; Badarinath et al., 2009a;
Badarinath et al., 2009b].
[13] To analyze in further detail the variability in fire counts
during the “black cloud” episodes, daily time series of the
MODIS fire counts from September to October were carried
out for 2006, 2007, and 2009, and they are shown in
Figures 4a–4c, respectively. It is obvious that in 2006 the
number of fires was the highest on 18 October, where it exceeded 55, while 2007 recorded the maximum on 23 October
with more than 40. In 2009, the fire counts registered a
maximum on 11 October, where it was more than 30. To

understand how these variations can cause the severe air
pollution episodes, additional analyses of the boundary layer
dynamics and transport of biomass burning smoke are illustrated in the following sections.
3.2. FAO Statistics of Total Rice Harvest Area
and Its Production
[14] To understand why the “black cloud” phenomenon has
emerged since 1999, the total area that has been harvested with
rice and the production quantities has been retrieved from the

Figure 3. The spatial distribution of fire points over the Nile
delta for September and October (a) 2007 and (b) 2009.

3 of 10

D21206

MAREY ET AL.: STUDY FORMATION OF ‘BLACK CLOUD’

D21206

Figure 4. Daily time series of fire counts for (a) September–October 2006, (b) September–October 2007,
and (c) September–October 2009 over the Nile delta region.
Food and Agricultural Organization (FAO) database. Yearly
variations of area harvested (Ha) and the production quantity
of rice (tons) are plotted in Figure 5 for 1970 to 2007. It is
obvious that the area harvested has a descending trend from
1970 to 1989, where it was 4.8 × 105 Ha in 1970 and then
decreased to about 4.1 × 105 Ha in 1989. The same trend was
observed for the production quantity, when it was 27 × 105 tons
in 1970 and decreased to 26 × 105 in 1989. This trend has
changed since 1990, when an abrupt increase in the area and
production has taken place from 1990 to 2007. In addition,
farmers in the past used the rice straw as a fuel for cooking;
however, in recent years, they have switched over to use gas,
so they no longer need the rice residuals for domestic use and
they dispose of them by burning them in the open fields. Thus,
these trends are consistent with the increase in air pollution
episodes over the last 10 years.
3.3. Analysis of Smoke Plume Dynamics Using
the MISR Sensor
[15] The previous section has indicated that 2006 and 2007
were the worst years in terms of fire activity, so it was decided
to focus on 2007 as a main study case due to MISR data
availability, as well as 2009 to include data from the most
recent year. To study the dynamics of the air pollution

emissions from their sources, the MISR smoke plume product
has been applied [Kahn et al., 2007].
[16] In general, no database exists for the specific dates of
the black cloud phenomenon; however, for 2009, we have an
estimated starting time of 9 October with a length of about 10
days over Greater Cairo based on visual observations (M. E.
Elraey, private communication, 2009). Analyses of the MISR
smoke product were done for the years 2007 and 2009. For
the year 2007, we carried out analyses of the MISR images
from September to November to get examples of the existence of the smoke. This analysis resulted in 30 October 2007
as an instance of the black cloud formation. We then used this
MISR smoke plume date (30 October 2007) as a reference for
the time of occurrence of the air pollution episode in 2007.
For the year 2009, we used 10 October as a case study.
Figures 6a and 7a exhibit the MISR‐derived smoke plumes
combined with MODIS‐identified fire pixels (red points) for
30 October 2007 and 10 October 2009, respectively. In this
study, we used MISR Bf and Cf images (acquired by forward
viewing cameras pointed at 45.6° and 60.0°, respectively)
because they proved to be the most sensitive to the smoke
plumes [Kahn et al., 2007]. It is clear that most of the red fire
points are included in or headed the smoke plumes, indicating
that the plumes originated from those fires. The MINX tool
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Figure 5. Yearly variations of (a) total area harvested with
rice (Ha) and (b) the total production quantity (tons). Data
are from FAO (faostat.fao.org/).
was then used for digitization, and Figures 6b and 7b show the
digitized plume wind corrected heights, for 30 October 2007
and 10 October 2009, respectively. They indicate that most
of the plume smoke heights are less than 500 m, whereas
10 October 2009 (Figure 7b) shows a few points that have a
1 km plume height. Thus, most of the smoke plumes are
progressing in the planetary boundary layer (PBL). Additionally, it is obvious that most of those plumes originated from
northeast area as it is indicated by the black arrow direction.

D21206

3.4. Pollutant Transport
[17] Meteorological data are utilized to inspect the atmospheric conditions at the time of air pollution episodes as well
as the chance of temperature inversion creation. Additionally,
HYSPLIT forward trajectory analysis was carried out to
investigate the transport of the air masses from the point
sources and to validate the MISR smoke plume location and
heights.
3.4.1. Atmospheric Stability Conditions
[18] We used meteorological observations from the GDAS‐1
to determine the atmospheric stability structure at the locations of the plumes. To confirm the direction of the smoke
plumes, analysis of the wind direction for 30 October 2007
and 10 October 2009 at 10 m above the surface was retrieved
at the time of the MISR image (10.30 am). The direction of the
dominant winds on 30 October 2007 and 10 October 2009
were from the NNE and N, respectively. These directions are
consistent with the evolution of the plumes as observed in the
MISR data. Wind speed at the surface level (10 m) was less
than 3 m/s for both October days and was almost calm for
30 October 2007. In addition, we examined the relationship
between smoke plume heights and boundary layer height. The
PBL heights were retrieved from GDAS1 data and mapped
for the study area on 30 October 2007, for the three times
1800 UTC, 0000 UTC, and 0600 UTC, where local time over
Egypt is UTC+2. Figure 8a displays the PBL over Egypt
at 1800 UTC and it shows that the PBL around Cairo
(represented by yellow star sign) ranges from 75 m to 100 m
in the north and less than 75 m in the east side. Then at
midnight (0000 UTC) the PBL decreased to less than 75 m,
and less than 50 m in the east area of Cairo as shown in
Figure 8b. In the morning (0600 UTC), the situation improved
as far as air pollution is concerned, where the PBL height
increased to more than 350 m, as illustrated in Figure 8c. The
lower PBL at midnight and the calm conditions allowed the
emissions to stay within the boundary layer and inhibit horizontal and vertical mixing. Hence, the emissions would be
accumulated in the boundary layer. In the morning, when the
PBL height begins to rise and the wind speed increases by

Figure 6. MISR smoke plume for 30 October 2007 based on measurements at forward angle of angle 45.6°
(Bf ): (a) plumes with fire points as indicated by red circles and (b) smoke plume heights of two plumes that
are located in the black square subset. Black arrow represents the transport direction.
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Figure 7. MISR smoke plume for 10 October 2009 based on measurements at forward angle of 60.0° (Cf ):
(a) plumes with fire points as indicated by red circles and (b) smoke plume showing the heights of the plume
that is located in the black square subset. Black arrow represents the transport direction.
3 m/s, advection of the pollutants will be driven by atmospheric
processes. To corroborate the MISR smoke plume heights and
the transport direction of the emissions of biomass burning,
HYSPLIT trajectories are studied in the following section.
3.4.2. Temperature Profile and Lapse Rate
[19] Temperature profiles were plotted to show the role of
the formation of the temperature inversion and poor vertical
mixing in the generation of air pollution episodes and to
compare with MISR smoke plumes of that day. The days of
30 October 2007 and 10 October 2009 were chosen to demonstrate the temperature profile variations as shown in
Figures 9a and 9b. Figure 9a (30 October 2007) shows that the
temperature at 1200 UTC decreased with a normal lapse rate,
which explains the disappearance of the black cloud phenomenon. By 1800 UTC surfaces had cooled, such that the
atmospheric temperature increased from the surface up to
250 m, above which it remained constant until 500 m before

decreasing. The situation is more stable at 0000 UTC, when
the temperature remained constant up to 700 m. However, in
the morning (0600 UTC), the inversion phenomenon started
to disappear at 250 m. Figures 9b and 9c demonstrate temperature profiles at 10 October 2009 from GDAS‐1 and
radiosonde data, respectively, to see how well the assimilated
GDAS‐1 temperature could capture the surface structure.
Unfortunately, the available radiosonde data for that day is
just for the time 0000 UTC, so comparison will be carried out
between the two temperature profiles at 00. It is apparent from
the radiosonde data that there is a small decrease of temperature
from 0 to 250 m, and then a stable layer was formed from
250 m to 500 m. The same trend was observed in GDAS‐1
temperature profile at 0000 UTC; however, the lapse rate from
0 to 250 is smaller than that of the radiosonde, which could be
due to the vertical resolution of the GDAS‐1 data. Additionally
the GDAS‐1 temperature profile at 0000 stays stable from

Figure 8. Planetary boundary layer plots for 30 October 2007 over Egypt at (a) 1800 UTC, (b) 0000 UTC,
and (c) 0600 UTC. The yellow star indicates the location of Cairo.
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Figure 9. Cairo temperature profiles (a) at four times on 30 October 2007, (b) on 10 October 2009, and (c)
using GDAS‐1 analyses and the radiosonde data profile at 0000 UTC on 10 October 2009.
250 m up to 1 km, where the radiosonde data show the stability
just to 500 m. Accordingly, the GDAS‐1 data sets are good
indicators of temperature inversions on a qualitative basis,
where both of them (GDAS‐1 and radiosonde datasets) explained the buildup of haze over Cairo city at this time of the
year. At 1800 and 600, there is a small temperature decline
followed by a stable layer from about 500 m to 1000 m.
[20] To show that this phenomenon is repeated through the
fall period every year, a time series of lapse rates have been

calculated using GDAS‐1 meteorological data. The calculations were done for September to 10 November 2007 and
2009 (the usual time of the occurrence of the black cloud)
over Cairo to show the temperature inversion events in this
time. Figure 10 shows the time series of lapse rate versus
altitude at four different times: 1200, 1800, 0000 and 0600
UTC over Cairo; the left side is for 2007 and the right side is
for 2009. For Figures 10a–10d, it is obvious that all lapse
rates at noon (1200 UTC) have positive values, where the

Figure 10. Time series plots of lapse rate versus altitude over Cairo from September to 10 November at
four times per day, for (left) 2007 and (right) 2009 at (a, e) 1200 UTC, (b, f) 1800 UTC, (c, g) 0000
UTC, and (d, h) 0600 UTC.
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Figure 11. HYSPLIT 24‐h forward trajectories over Egypt starting from 0600 UT on (a) 30 October 2007
and (b) 10 October 2009. Green circles represent the 6 h time interval; AGL, above ground level.
warm air rises in the atmosphere, expands and cools, causing
the convective air to be diluted. At 1800 UTC, the surface
began to cool off, producing a stable layer which started to
increase at 0000 UTC (midnight) and lasted until the morning
(0600 UTC). The height of the inversion layer is about from
the surface up to 500 m at 1800 and up to 1000 m at 0000 UTC
and 0600 UTC. The long duration of the inversion layer as
well as the proximity to the surface may allow the air pollutants to remain in the air until the next day as ventilation is
minimal due to the persistence of the inversion. The combination of a very low altitude temperature inversion layer and a
high number of fires (Figures 1 and 2) may result in a “black
cloud” event. A MISR‐detected smoke plume on 30 October
2007 is consistent with this scenario where smoke plumes are
confined under 500 m height. Figures 10e–10h illustrate the
time series lapse rate of 2009. In this year, the air pollution
episode began at 9 October and then became worse after about
1 week, which almost coincides with the lapse rate variations.
At the time of the beginning (9 October), it is obvious that
there was a weak temperature gradient followed by a strong
temperature inversions in the period of about 13–20 October.
3.4.3. HYSPLIT Trajectories
[21] HYSPLIT forward trajectories analyses were performed for 30 October 2007 and 10 October 2009. The
starting conditions for these analyses included three fire points
chosen from the MODIS fire data; the analyses were carried
out for a 24‐hr period. Figures 11a and 11b illustrate that all of

these points are located north of Cairo; for Figure 11a specifically (30 October 2007), the first point is close to Tanta, the
second one is next to Elmansoura, and the third one is in the
neighborhood of Zagizig as illustrated in Figure 3a. Analysis
was done for a 50 m height, and it seems that the plumes
descend during night and then ascend during the day hours;
however, they accumulate at heights below 500 m. Thus, the
smoke plumes were in the PBL, which is consistent with MISR
stereo heights. Liu et al. [2009] used the 24 HYSPLIT forward
trajectories on 26 August 2007 to illustrate the pathways of
forest smoke plumes over Athens and to evaluate the MISR‐
retrieved plume top height values. Their study also showed
agreement between MISR observations and the model results.
[22] The blue circles in the trajectories represent time
interval of 6 h. According to them, air pollutant emissions
reach Cairo city and its surroundings after 6–9 h from the
starting point. Moreover, the trajectories indicate that the air
parcels traveled from a NE direction toward Cairo and around
some delta cities. Therefore, the HYSPLIT forward trajectory
analysis provides evidence that Cairo and some delta cities
could be affected by the rice husk burning emissions after a
short time (6–9 h), resulting in the formation of a black cloud.

4. Discussion and Conclusions
[23] There are numerous factors that contribute to the deterioration the of air quality of Cairo, including anthropogenic
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sources such as vehicles, power plants, open air waste burning,
and the cement industry as well as natural sources. A unique air
pollution episode called a “black cloud” has emerged in the last
10 years in the fall. Several studies have been conducted to
comprehend the cause of this phenomenon [Moussa and
Abdelkhalek, 2007; El‐Metwally et al., 2008; El‐Askary and
Kafatos, 2008; Mahmoud et al., 2008]. However, to the best
of our knowledge, no firm reasons have been previously
identified and the problem still exists. Additionally, it is reported that the health impact of this problem is substantial,
especially for children and people with impaired lung function. Thus more investigations are needed to examine and
hopefully reduce and mitigate the primary causes of black
cloud formation. This study identifies the most likely sources
and transport modes of the “black cloud” as smoke from
biomass burning to the northeast.
[24] Time series analysis of the MODIS fire counts from
2002–2009 revealed the highest value in fall months each
year. Spatial distributions of these fires implied that most of
them are located in the delta region, especially in the area NE
of Cairo. As most of these areas are agricultural land, it is most
probable that these fires arise from biomass burning of crop
residuals. The time of maxima coincides with the postharvest
season for rice, when farmers burn the rice straw to advance
the crop rotation and control the weed species. Moreover,
abrupt increases in the area and production of rice crops have
taken place from 1990 to 2007, which may explain the sudden
emergence of severe air pollution episodes over Cairo and
some Nile delta cities.
[25] Dynamic analysis of MISR smoke products for
October 2007 and 2009 have confirmed that most of the
plumes originated from fire points. Therefore, it is concluded
that biomass burning of agricultural waste is the main cause of
the occurrence of the “black cloud” phenomenon over Greater
Cairo each fall. Furthermore, time series of lapse rate exhibited a surface temperature inversion at the same time as the
occurrence of the air pollution episodes. Thus, creation of
temperature inversions which result in low mixing depth layer
from night until the morning assist in accumulation of the
aerosol emissions and hence the formation of black haze.
Forward trajectory analysis of some fire locations in October
2007 and 2009 have explained how the air parcels from those
fires can transport combustion products from their original
locations and affect the air quality of Cairo and some delta
regions in a few hours. Additionally, it indicates a consensus
agreement with MISR wind‐corrected heights. However, the
model results show that air parcels initiated from fire area at
50 m AGL rise to not more than 500 m. Thus, combined use of
satellite (e. g., MODIS and MISR) data and model outputs
(HYSPLIT trajectories) is vital or crucial in air quality analysis
[Liu et al., 2009; Chen et al., 2009].
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