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Ethiopia is one of the East African countries. Its population is more than 70 millions. Majority of 

the people (> 85%) live in rural area, where modern energy sources have not reached yet. The 

population produces energy from biomass burning which results in introduction of particulate 

matters like soot and ash. Ethiopia has been affected by droughts in different years which are 

caused by climate change. The drought might be partly due to reduction in forest cover which 

can be related to increase in aerosol concentration in the air. However, as a developing country, 

Ethiopia is also undertaking different activities in industrial plantations and constructions in all 

parts of the country. Therefore, it is now the right time to give attention to air quality and climate 

change impacts. The Earth's atmosphere consisting primarily of a mixture of gases also contains 

particles, such as aerosols and clouds (Etyemezian et al. 2005). 

Cloud parameters such as cloud fraction, cloud top pressure, cloud top temperature and water 

vapor. Cloud top pressure (CTP) is the average pressure at the top of all clouds (liquid and ice) in 

a given region. The unit is in hector Pascal (hPa). Cloud top temperature (CTT) is the 

atmospheric temperature at the level of the cloud top. It is potential for rainfall. Furthermore, if 

the cloud-top temperature is below O°C, then ice is possible. The unit is in Kelvin degree (k) and 

Water vapor (WV) is varies with time and space in the atmosphere. The unit is in centimeter 

(cm). In order to understand the aerosol impact and the process of the hydrological cycle, we 

investigated the change in column water vapor in relation to aerosols (Myhre et al., 2007; 

Balakrishnaiah et al., 2012).  

Cloud fraction (also known as cloudiness, cloudage, and cloud cover and cloud amount) refers to 

the fraction of the sky obscured by clouds when observed from a particular location. In 

meteorology an oktas is a unit of measurement used to describe the amount of cloud cover at any 

given location such as a weather station. Sky conditions are estimated in terms of how many 

eighths of the sky are covered in cloud, ranging from 0 oktas (completely clear sky) through to 8 

oktas (completely overcast). Oktas only estimate cloud cover in terms of the area of the sky 

covered by clouds. It is calculated by dividing the number of cloud pixels by total number of 

pixels. The amount of sky estimated to be covered by a specific cloud type (cirrus, cirrostratus, 

cumulus), cloud particle phase (water, ice, liquid, mixed), cloud height (low, mid, high) or all 

cloud types (total cloud fraction). An increase in the amount of aerosols increases the amount 

total cloud fraction, and an increase in the amount of aerosols increment the amount of 

cloudiness (Pfister et al, 2003).  
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1.4 Significance of the study 
The significance of this thesis is the effect of aerosols on cloud cover important to decide Surface 

energy budget, Global warming, Global energy budget, Agriculture, Climate change, Aviation 

Weather Prediction, Navigation, Greenhouse effect and Polar Wind estimates. Generally to 

contributes to understanding climatic changes. 

1.5 Outline of the thesis 
This thesis consists of 5 Chapters. Chapter 2 deal shortly introduction to aerosol-cloud 

interactions (ACI) in addition to the source of aerosols and types of clouds. Chapter 3 provides 

description of the study area, data types and methodology. Chapter 4 deals the results and 

discussions, effect aerosols on cloud parameters. Recommendation and Conclusions provided by 

chapter 5. 
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                  CHAPTER TWO 

2. Aerosol-Cloud Interactions 
Aerosols that can absorb or adsorb water molecules from the ambient atmosphere are important 

for cloud formation. Since these aerosol particles act as embryos for the formation of cloud 

droplets, the number of cloud droplets that form is a function of the number of aerosols with 

affinity for water present in the atmosphere. Because the water-affinity of these aerosols depends 

on their chemical composition, the chemical composition of the aerosols becomes another 

important factor in cloud formation. Further, the sizes of the cloud droplets that form also depend 

on the sizes of the aerosols. If the drops that form are smaller, precipitation formation via 

collision coalescence is retarded, and the long living clouds reflect the incoming solar radiation 

longer. Twomey (1977) argued that increases in aerosol concentrations result in smaller cloud 

droplets that enhance the colloidal stability of the clouds leading to longer living clouds. Thus 

increased aerosol concentrations lead to cooling the atmosphere as less solar radiation reaches 

the ground this is the aerosol indirect effect.   

At the end of the 19th century, Aitken (1880) and Courier and Mascart (1875) discovered that 

cloud droplets only form when aerosol particles serve as cloud condensation nuclei, CCN. This 

was consistent with the finding of Thomson (1871), who showed that the water vapor pressure 

for which a droplet is in equilibrium with its environment increases massively with decreasing 

droplet size, causing small droplets to evaporate very quickly. Aitken (1880) also noted that the 

activation of these particles depends on their chemical composition. He found that natural salts 

as well as particles produced by burning sulfur, which is the case when burning fossil fuels, are 

very efficient CCN. As a consequence, he hypothesized that the optical and microphysical 

properties of fogs and clouds are influenced massively by anthropogenic activities. The 

theoretical basis of the activation of hygroscopic aerosol particles was derived by Köhler (1936), 

who described the water vapor pressure at which a solution droplet is in equilibrium with its 

environment as a function of its size and chemical composition. 

Clouds are crucial understanding of weather and climate. It reflects the sunlight, which cools the 

earth and also traps the long wave radiation resulting in earth warming, same as that of green 

house effect. The net effect depends upon cloud type, cloud depth and height of the cloud base 
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Figure 2: Showing the various tropospheric aerosols sources in the atmosphere (Source: SASAS 

Conference, 2013). 

2.2.1 Natural aerosols 
Natural aerosols originate from natural occurrences such as dust storms, sea spray, volcanoes, 

and forest and grassland fires. 

1. Marine aerosols 

These are either formed mechanically by the sea waves or by gas-to-particle conversion process 

of precursor gases over the marine atmosphere. These oceanic origin aerosols are estimated to 

form 30% of total aerosol loading. Those that are formed by mechanical process are termed sea-

salt aerosols while those by gas-to-particle are non-sea salt aerosols e.g dimethyl sulphide 

(Charlson et al., 1987; Hoppel, 1979). 

2. Mineral dust aerosols  

These are very common in desert areas where there exists either a low or sparse vegetative cover. 

Surface winds over these areas often inject the dry soils into the atmosphere (Tegen &Fung, 

1994) and at other times they can result from human activities such as construction, agriculture, 
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transportation and deforestation. Their lifetime is affected by their size.In dealing with these 

types of aerosols; their radiative effect can only be quantified when their microphysical 

properties are known. 

3. Volcanic aerosols 

During a volcanic eruption dust and gaseous sulphur are emitted. The sulphur thus produces 

more efficient in producing sulphate aerosols (about 4.5 times) than those of anthropogenic 

origin because they have lower deposition rate (Benkovitz et al., 1994; Graf et al., 1997). 

2.2.2 Anthropogenic aerosols 
Anthropogenic aerosols come from man-made activities such as industrial emissions, vehicular 

emissions and burnings from biomass and fossil fuels. 

1. Sulphates 

Sulphates are produced from activities such as oil refining and smelting, coal and oil combustion 

and though they are mainly submicron particles, they are capable of being conveyed from their 

sources to long distances. SO2 can be quantified as 72% from fossil fuel burning, about 2% from 

biomass burning, about 19% from dimethyl sulphide emission by phytoplankton and about 7% 

from volcanoes (Haywood &Boucher, 2000).They can indirectly influence the optical properties 

of clouds by forming cloud condensation nuclei because they are hydrophilic (Takemura et al., 

2000). 

 2. Nitrates  
They are formed by the oxides of Nitrogen like NO2, N2O, N2O4 and volatile acids of nitrogen 

which originates from biomass burning, fertilizers, bacterial actions on soil and vehicular exhaust 

(Hidy, 1984). The most predominant type is the ammonium nitrate (Pruppacher &Klett, 1978).  

3. Carbonaceous Aerosols (soot)  

This is a formation arising from a complex mixture of organic carbon (OC) and elemental carbon 

(EC).Organic carbon (OC) and black carbon (BC) comes from incomplete combustion of 

carbonaceous materials (Gundel et al., 1989; Reddy & Venkataraman, 1999). They are most 

significant for their absorption properties and their inhibition of cloud formation (Ackerman et 

al., 2000; Kaufman & Nakajima, 1993).  







12 
 

al., 2003). Studies on ice clouds show that the number of ice nuclei is potentially influenced by 

anthropogenic aerosols (Lohmann and Feichter, 2005).  

2.4.2 Cloud top pressure 
Cloud microphysical processes that determine cloud effective radius (CER) inside a cloud, are 

influenced by the microphysics. Besides, this microphysical process is initiated at the cloud base, 

and its influence proceeds throughout the cloud as air parcels rise upward, which in turn changes 

the phase from liquid to ice. Cloud top pressure decreases with AOD, because the cloud effective 

radius increases with a decreasing cloud top pressure of convective clouds. This is supported by 

the cloud fraction increase with AOD and cloud top pressure decrease with cloud fraction 

(Massie et al., 2007).  

 2.4.3 Cloud top temperature 
The cloud top temperature was found to be insensitive to the change in the aerosol number, 

although there was a distinct negative correlation between the aerosol number and cloud 

temperature at which the cloud particle grows to a radius of 14 mm.This particular dependency 

of the cloud temperature suggests that aerosols acts on clouds so as to change cloud particle size 

near the cloud top, optical thickness, and fraction but to keep their cloud-top temperature without 

causing a significant long wave radiative forcing (Sekiguchi et al., 2009). 

2.4.4 Water vapor 
The changes in column water vapor in relation to aerosols are examined and this investigation 

gives an insight to understand the aerosol impact and the speed of the hydrological cycle The 

hygroscopic nature of aerosols therefore depends upon the particular mixing of different types of 

particles as well as on meteorological parameters such as humidity, wind speed, wind direction, 

and temperature (Myhre et al., 2007). The effect of moisture on the scattering behavior of 

aerosols. Cloud formation also depends on the amount of water vapor available for condensation 

onto hydrophilic aerosols. Changes in aerosol water uptake behavior can therefore, at least 

potentially, lead to changes in both direct and indirect radiative forcing on climate (IPCC, 2001). 
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        CHAPTER THREE 

3. DATA AND METHODOLOGY 

3.1 MODIS satellite observation system 
The Moderate Resolution Imaging Spectroradiometer (MODIS) is an instrument designed by 

NASA (The National Aeronautics and Space Administration) to provide improved monitoring 

for land, ocean, and atmosphere research (NASA, 2016). MODIS instrument was designed to 

remote sense the properties of aerosols and clouds (King et al., 1992). From polar orbit 

approximately 700 km above the surface.  MODIS views the Earth with a swath of about 2330 

km, by observing the entire globe on a daily basis and repeating orbits every 16 days. MODIS 

measures radiance in 36 wavelength bands, ranging from 0.41 to 14.2 µm with nadir on ground 

spatial resolutions between 250m and 1km. MODIS is a cross-track scanning radiometer 

constructed to obtain information about many biological and physical processes within the 

Earth/atmosphere system through visible and infrared measurements. The MODIS measurements 

are more wide-ranging and multipurpose. The MODIS data will be used to obtain information on 

atmospheric temperatures and humidities, cloud coverage, cloud properties, aerosol properties, 

land and sea surface temperatures, ocean color, ocean sediments, chlorophyll fluorescence, 

vegetation indices and land cover change, natural and human caused fires, continental snow 

distribution and depth, and sea ice distribution and surface temperature. MODIS sensor is on 

board two NASA satellites, Terra and Aqua (Salomonson et al., 1989).  









http://modis.atmos.gsfc.nasa.gov/

















































