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Summary:  
The main objective of this thesis is to develop the knowledge of usages of remote 

sensing data for monitoring aerosols (pollutants) over Egypt. This has been achieved 

by addressing the following items:    

-  Acquiring daily-average aerosol data from two space-borne sensors: NASA’s 

MODIS and MISR as well as the ground-based AERONET station in Cairo over 12-

year period (2003-2014).  

-  Inter-comparison of derived aerosol optical parameters from the three data 

sources, MODIS, MISR and AERONET station in Cairo, for the purpose validating 

MODIS and MISR Aerosol products, considering AERONET data as being truth data  

- determining aerosols optical and microphysical characteristics from three data 

sets. 

-  Identify spatial and seasonal patterns of aerosols optical parameters over five 

selected cities: Alexandria, Cairo, Asyut, Hurghada and Aswan as well as two 

regions: Western Desert and Nile Delta then the entire country.  

-  Using the available optical properties as proxy indictor of aerosol types. 

Approximate aerosol type maps are generated 

-  Identifying days of severe events (high aerosol loading) during the study 

period (2003-2014) and identify the aerosols type(s) that characterize these events.

 



 

i 
 

 

 

  



 

ii 
 

Acknowledgments 

First and foremost, I would like to express my deepest appreciation to my mentor, 

Prof. Dr. Mohammed Shokr, for offering me  the opportunity to fulfil my dream of 

continuing on research work and obtaining my master degree. His tremendous 

knowledge of the subject has always inspired me to achieve higher goals, and many of 

my achievements would not have been possible without his support. During the period 

of my thesis writing, he proposed a lot of scientific opinions on the layout of the thesis 

and spent a lot of time on the laborious task of polishing up the work. In other words, 

without his effective push and effort, there would never have been this final thesis. 

I would also like to sincerely acknowledge Prof. Dr. Mohamed Bahai ElDeen 

Argoun who supervised my work during these four years. I am grateful that he gave me 

the opportunity to conduct this Master. I have surely learned a lot from his experience. 

Thank you for guiding me carefully through all steps. Thanks for your patience when 

you were reading and correcting this manuscript. 

There are several other persons to whom I am grateful to, as they have made 

important contributions to the work presented in this thesis. I am very much indebted to 

Muhammed Samir El-Tahan for his technical assistance and for his tremendous help. I 

am also grateful to Dr. Alaa Ibrahim for leading me to the scientific research work on 

aerosols and offering me the opportunity to work with him in research project.  

I am very grateful to all members of the master degree examining board for 

accepting and fulfilling this role. 

Last but not least, I would like to thank my family for their understanding and 

support during my four years of study. I am grateful to my wife, Mariam Adel, for her 

patience and support to accomplish my target of carrying on research work and 

obtaining my master degree. 

 

Nashaat Gad, 

  



 

iii 
 

 

  



 

iv 
 

Table of Contents 

ACKNOWLEDGMENTS .............................................................................................. I 

TABLE OF CONTENTS ............................................................................................ IV 

LIST OF TABLES ....................................................................................................... VI 

LIST OF FIGURES AND APPENDIX .................................................................. VIII 

NOMENCLATURE ................................................................................................. XIV 

ABSTRACT ........................................................................................................... XVIII 

CHAPTER 1 : INTRODUCTION ................................................................................ 1 

CHAPTER 2 : ATMOSPHERIC AEROSOLS ........................................................... 7 

2.1.AEROSOL TYPES AND SOURCES ................................................................................ 7 

2.1.1.Natural sources of primary aerosols .................................................................................. 11 

2.1.2.Natural sources of secondary Aerosols ............................................................................. 11 

2.1.3.Anthropogenic sources of primary Aerosols ..................................................................... 12 

2.1.4.Anthropogenic sources of secondary aerosols ................................................................... 12 

2.2.IMPACTS OF AEROSOLS ON CLIMATE, HUMAN HEALTH, AND VISIBILITY ................. 12 

2.2.1.Impact on climate .............................................................................................................. 12 

2.2.2.Impact on human health .................................................................................................... 14 

2.2.3.Impact on visibility ............................................................................................................ 15 

2.3.AEROSOL CHARACTERISTICS AND  PREVIOUS STUDIES IN EGYPT ........................... 15 

CHAPTER 3 : OPTICAL AND GEOMETRICAL PARAMETERS OF THE 

AEROSOL..................................................................................................................... 17 

3.1.INTERACTIONS OF THE ELECTROMAGNETIC WAVE RADIATION WITH AEROSOLS ..... 17 

3.1.1.Absorption……………………………………………………………………………….. 17 

3.1.2.Scattering………………………………………………………………………………… 18 

3.1.3.Extinction (total loss) ........................................................................................................ 18 

3.2.CHARACTERISTIC AEROSOL OPTICAL PARAMETERS ............................................... 19 

3.2.1.Aerosol optical depth (AOD) ............................................................................................ 19 

3.2.2.Single scattering albedo (SSA) .......................................................................................... 20 

3.2.3.Ångström exponent () ..................................................................................................... 20 

3.2.4.Aerosol particle size distribution ....................................................................................... 21 

CHAPTER 4 : REMOTE SENSING OF AEROSOLS ............................................ 23 

4.1.MEASUREMENTS OF AEROSOL PROPERTIES ............................................................ 23 

4.2.TERRA SATELLITE SENSOR ..................................................................................... 24 

4.3.AQUA SATELLITE SENSOR ...................................................................................... 28 

4.3.1.MODIS…………………………………………………………………………………... 29 

4.3.2.MISR……………………………………………………………………………………...31 

4.4.OPTICAL AND MICROPHYSICAL PARAMETERS FROM MODIS AND MISR ............... 33 



 

v 
 

CHAPTER 5 : STUDY AREA AND DATA SET ...................................................... 37 

5.1.THE STUDY AREA ................................................................................................... 37 

5.2.MODIS DATA ....................................................................................................... 38 

5.3.MISR DATA. .......................................................................................................... 41 

5.4.AERONET. ........................................................................................................... 46 

CHAPTER 6 : AEROSOL PARAMETERS OVER EGYPT .................................. 47 

6.1.INTER-COMPARISON OF MODIS/MISR AGAINST AERONET AEROSOL 

PARAMETERS ...................................................................................................... 48 

6.2.INTERPRETATION OF THE DIFFERENCES BETWEEN SATELLITE AND AERONET 

PARAMETERS ...................................................................................................... 52 

6.2.1.Difference between AOD from AERONET and satellite data in relation to 

month/season…………………………………………………………………………………... 52 

6.2.2.Difference between AOD from AERONET and satellite data in relation to the dominant 

aerosol size……………………………………………………………………………………...55 

6.2.3.Difference between SSA from AERONET and satellite data in relation to 

month/season…………………………………………………………………………………... 56 

6.2.4.Difference between AE from AERONET and satellite data in relation to month/ season.58 

6.3.SPATIAL AND SEASONAL VARIATION OF AEROSOL PARAMETERS OVER EGYPT ....... 61 

6.3.1.Mapping Aerosol Optical Depth from MODIS .............................................................. 62 

6.3.2.Mapping Ångström Exponent from MODIS .................................................................... 64 

6.3.3.Mapping Single Scattering Albedo from MODIS ............................................................. 65 

6.3.4.Aerosol parameters from MISR ........................................................................................ 68 

6.4.AEROSOL OPTICAL PARAMETERS OVER SELECTED CITIES/REGIONS ........................ 71 

6.4.1.Aerosol Characteristics over Cairo .................................................................................... 71 

6.4.2.Aerosol characteristics over Alexandria ............................................................................ 74 

6.4.3.Aerosol characteristics over Asyut. ................................................................................... 77 

6.4.4.Aerosol characteristics over Aswan .................................................................................. 79 

6.4.5.Aerosol characteristics over Hurghada ............................................................................. 80 

CHAPTER 7 : AEROSOL TYPES AND SEVER EVENTS .................................... 83 

7.1.ESTIMATION OF AEROSOL TYPES ............................................................................ 83 

7.1.1.Criteria and method of aerosol classification .................................................................... 83 

7.1.2.Synoptic of aerosol types over Cairo ................................................................................. 84 

7.1.3.Synoptic of aerosols over other regions ............................................................................ 86 

7.2.ANALYSIS OF SEVERE EVENTS ............................................................................... 90 

7.2.1.Severe aerosol events ........................................................................................................ 91 

7.2.2.Maps of aerosol parameters during severe events ............................................................. 97 

7.2.3.Aerosol parameter statistics during severe events ........................................................... 101 

7.2.4.Biomass burning events ................................................................................................... 103 

DISCUSSION AND CONCLUSIONS ...................................................................... 107 

REFERENCES ........................................................................................................... 109 

APPENDIX A: STEPS TO DOWNLOAD DATA FROM SATELLITE SENSORS

 ...................................................................................................................................... 119 



 

vi 
 

List of Tables 

Table 2.1 Major aerosol types and categories .................................................................. 9 

Table 3.1 values of 𝝉 for different values of fraction of transmitted radiation .............. 19 
Table 4.1 The history of platforms and sensors used to derive aerosol properties from 

space ............................................................................................................................... 24 
Table 4.2 Some specification parameters of the MODIS instrument ............................. 31 

Table 4.3 Some specification parameters of the MISR instrument ................................ 32 
Table 4.4 Parameters estimated from MODIS ............................................................... 34 
Table 4.5 Parameters estimated from MISR .................................................................. 34 
Table 6.1 Number of matching days of aerosol parameters between AERONET and 

satellite data MODIS or MISR). Different parameters are available for different number 

of days. ........................................................................................................................... 47 
Table 6.2 monthly correlation between AOD from MODIS and MISR, each against 

AOD from AERONET at 550 nm. ................................................................................. 54 
Table 6.3 number and probability of occurrence of AOD values, averaged over the 

entire country from the 12-year study period ................................................................. 61 
Table 6.4 statistics of AOD, single scattering albedo and Angstrom exponent over the 

entire country for the different seasons .......................................................................... 62 
Table 6.5 number and probability of occurrence of AOD values, averaged over the five 

cities from the 12-year study period ............................................................................... 72 

Table 7.1 Cross-correlation between AOD from different areas with time lag varies 

between −2 and +2 days. ................................................................................................ 87 

Table 7.2 Threshold that define SAPE and background AOD over each city/region and 

the entire country, calculated from MODIS AOD estimates through the 12-year stud 

period. The total number of days of SAPEs is also included. ........................................ 91 
Table 7.3 Number of days of SAPEs over the 12-year study period for the selected 

cities and regions in addition to the entire country. The number of events is shown 

between brackets; an event may last for more than one day. ......................................... 92 
Table 7.4 Chronology of the aerosol severe events (SAPEs) over the five cities, the two 

regions and the entire country, from January 2003 to December 2014.......................... 93 
 Table 7.5 Aerosol parameters from MODIS, MISR over Nile delta and AERONET 

over Cairo for randomly selected biomass burning days over Nile delta region. ........ 103 
 

 

  



 

vii 
 

  



 

viii 
 

List of Figures and Appendix 

Figure 1.1 Different sources of aerosols over Egypt. (A) is sand storm over the Nile and 

Pyramids regions (natural aerosols), (B) is carbonaceous from cars in street and 

factories in Cairo (anthropogenic aerosols), and (C) is the burning of rice straw on 

October month for each year on Nile Delta region (anthropogenic aerosols) .................. 3 
Figure 1.2 Examples of aerosol-particles (a) Sub-micrometer-sized quasi-spherical 

ammonium sulphate and dust aerosols [10]. (b) A soot aggregale [11]. (c) Sahara-desert 

soil particles [10]. (d) Dry sea-salt particles [12]. ............................................................ 4 
Figure 2.1 Effect of different climate forcing over the period from year 1880 to 2010.  

The vertical axis represents the changes in irradiance received at the earth’s surface in 

Watt/m2. Group of aerosol types are included in the bottom legend. (Image courtesy of 

NASA GISS). ................................................................................................................. 13 

Figure 3.1 Three particle size of diameter 1, 2 and 3 m and their volume size 

percentages (note the total volume is 0.52+4.2+14.1=18.8). Most of the volume is 

occupied by the 3 m diameter particles. ....................................................................... 22 

Figure 3.2 Volume particle size distribution of aerosols in the range 0.05m ≤ r ≤ 15 

m from AERONET data over Cairo on April 3rd 2013 ................................................ 22 
Figure 4.1 Terra spacecraft image .................................................................................. 27 
Figure 4.2 Aqua instruments .......................................................................................... 29 

Figure 4.3 MODIS parameters ....................................................................................... 30 
Figure 4.3 MODIS schematic ......................................................................................... 30 

Figure 4.5 MISR sensor specification ............................................................................ 32 
Figure 4.6 Cimel sunphotometer on the roof of the EMA at Cairo (Egypt) .................. 36 

Figure 4.7 Locations of stations in the AErosol RObotic NETwork (AERONET) ....... 36 
Figure 5.1 Map of Egypt showing the sites included in the analysis. The Western Desert 

region is marked by the rectangle (base map from Google Earth). ................................ 38 
 Figure 5.2 Spatial distribution of AOD over Egypt from combining the two maps in 

Figure A.6 Non-gridded and gridded maps are shown in the left and right panels, 

respectively. .................................................................................................................... 40 

Figure 5.3 Spatial distribution of AOD over Egypt from combining maps from two 

orbits on 5 January 2004. Non-gridded and gridded maps are shown in the left and right 

panels, respectively. Note that parts of the gap between the two orbits in the non-

gridded map (left) are filled with interpolated values in the gridded map (right). These 

values are not verified. ................................................................................................... 40 

Figure  5.4 Daily swath of MISR instrument ................................................................. 42 
Figure 5.5 An example of a set of maps of spectral AOD from MISR (three different 

spectral bands), with fractions binned into small and large size particles, as well as 

spherical and non-spherical particle shapes. .................................................................. 44 
Figure 5.6 Rest of aerosol parameters from MISR showing spectral SSA, false color of 

size and shape. Color composite for the size data: RGB is constructed from coarse, 

medium and fine, and for shape data: RGB is constructed from spherical, spherical, and 

non-spherical. Aerosol particles fractional number binned by size and shape and 

Angstrom Exponent are also shown. .............................................................................. 45 
Figure 6.1 Daily average of AOD over Cairo from AERONET (550 nm wavelength) 

data, versus MODIS (550 nm) and MISR (558 nm) data.  The slope of the regression 

line is shown. Note that the number of available points from MISR is less than that 

from MODIS. ................................................................................................................. 49 


