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vapour, which may go on to form clouds. Some energy also powers convection cycles, which 

may further affect clouds (Busemeyer,2017). 

Cloud cover (also known as cloudiness, cloud age, and cloud fraction and cloud amount) 

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

An Oktas, a unit of measurement used to describe cloud cover. In meteorology, an Okta 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).  Cloud cover with low clouds is estimated 

at a level of 0-2 km, middle clouds at 2-6 km and high clouds above 6 km high. Clouds are a 

frequently observed natural phenomena. They are estimated to cover between 60 and 70 % of 

the globe at any given time. At most, locations on Earth some clouds will occur on every 

single day. Clouds exist in a great variety of forms and on a large range of both temporal and 

spatial scales. Individual small cumulus clouds for instance cover a few hundred metres in the 

horizontal and vertical and normally have a lifetime of less than an hour. In contrast, the vast, 

virtually ubiquitous stratocumulus decks covering the eastern parts of the subtropical oceans 

have a horizontal extent of several hundred kilometres, while being no more than a few 

hundred metres thick. The processes involved in the formation and dissipation of clouds span 

an even larger range of scales from micrometres for the condensation of individual droplets to 
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summer months, the amount of moisture brought into the highlands from the south was 

increased; it was also the release of moisture in the region. Southerly anomalies along the 

coast of East Africa were also associated with increasing transport from the Indian Ocean. 

The intensity of the rains depends on the amount of moisture brought into or recycled in the 

region, and the extent to which ascent within the region leads to the formation of clouds 

(Ellen and Asgeir, 2011). 

1.2 .Statement of the Problem 

Clouds are important in that they can form precipitation and bring rain to crops and plants. 

They also shade the Earth, affecting the temperature and keeping sunlight from directly 

hitting plants. Clouds can take on all sorts of shapes and sizes, ranging from thin wispy 

clouds (cirrus) to large, dark clouds (cumulonimbus). While there are several factors that 

affect clouds, the sun (heat) and moisture plays a major effect in producing clouds. The 

formation and dissipation of clouds are, in general, poorly understood, there is neither a 

sound theory nor an observational database, which can be used to relate cloudiness to the 

large-scale variables. Clouds are a product of complicated interactions of moisture with larger 

scale circulations, radiation (heat budget) and microphysical processes (Randall et al., 

1996).The effect of heat and moisture budget on clouds from ocean moisture with regard to 

heat is indicated from different authors in different countries e.g. over Asia in China by 

Jinghua and Xiaoqing ,(2015) , Hongli and William, (2000)  and Dejager ,(2008) ,over 

Europe in Slovakia by Sandra , (2011) ,over South America in Ecuador by  Stephens,(2005) 

and Jörg et al., (2006). In the context of our continent Africa, Upper Blue Nile Basin, 

Ethiopia, effect of heat and moisture budget on clouds has not been studied. Hence, it is our 

motivation to study the effect of heat and moisture budget on clouds over Upper Blue Nile 

Basin, Ethiopia. 

 1.3. Objectives of the Study  

1.3.1. General Objectives 
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the thermal forms at the surface, it is warmer than the surrounding air. Warm air has a 

tendency to rise while cold air sinks, and since the thermal is warmer than the air around it, 

the air in the thermal will rise. As it rises, it will begin to expand and cool, and will continue 

to do so until its temperature is the same as the surrounding air temperature.  Air pressure 

decreases with height, and as the thermal rises, there is less pressure on it. Additionally, the 

internal energy inside the thermal wants to expand it. Therefore, as the pressure decreases 

while the thermal is rising, the thermal is able to expand more easily. However, by doing this, 

the thermal will begin to cool as its temperature is proportional to its internal energy. As the 

parcel cools and expands, it eventually reaches the saturation point where the relative 

humidity is 100 percent and condensation starts to occur.  When water condenses, it goes 

from a gas to a liquid droplet. To visualize this, think of a glass of ice-cold water sitting 

outside on a hot summer day. You may have noticed that little tiny drops of water collect on 

the side of the glass. The cold glass of water is actually cooling the air nearby it, and it causes 

the water vapour that is in the air nearby to condense. The droplets that form in clouds, 

though, is very tiny (unlike the ones that form on the glass) and are light enough to float in 

the air. Once the air reaches saturation (the point at which the water vapour condenses), 

clouds can begin to form. Sometimes, thermals do not become fully saturated and never 

produce clouds. In this case, dry convection is taking place. Warmer air at the surface is 

transported into the cooler air in the atmosphere, but no clouds form.  
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   Figure 1: Basic cloud formation (Source: https://climate.ncsu.edu/edu/Cloud Formation) 

2.2. Cloud Formation  

Clouds are formed when moisture saturated air comes in contact with cool air or relatively 

colder land surface. When water vapours are cooled into micro-droplets during movement 

along rising slopes of mountains, clouds are formed. Such sights of rising cloud formations 

lifting to the skies are very common in the hills, valleys and mountains. Alternately, clouds 

are also formed when warm air, saturated with moisture blows over cooler surface and 

condense moisture into micro-droplets (Ani, 2012). The air is normally cooled by expansion 

during its upward movement. Upward flow of air in the atmosphere may be caused by 

convection resulting from intense solar heating of the ground; by a cold wedge of air (cold 

front) near the ground causing a mass of warm air to be forced aloft; or by a mountain range 

at an angle to the wind. Clouds are occasionally produced by a reduction of pressure aloft or 

by the mixing of warmer and cooler air currents. 
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2.2.1. Causes of Cloud Formation 

The five basic ways by which air, landed with water vapour, rises up in the atmosphere and 

form clouds are known in meteorological terms as;  

Surface heating - This happens when the ground heated by the sun, which heats the air in 

contact with it causing it to rise. The rising columns often called thermals. Surface heating 

tends to produce cumulus clouds. Topography or orographic forcing - The topography - or 

shape and features of the area - can cause clouds to be formed. When air forced to rise over a 

barrier of mountains or hills it cools as it rises. Layered clouds often produced this way. 

Frontal - Clouds formed when a mass of warm air rises up over a mass of cold, dense air 

over large areas along fronts. A 'front' is the boundary between warm, moist air and cooler, 

drier air. Convergence - Streams of air flowing from different directions forced to rise where 

they flow together, or converge. This can cause cumulus cloud and showery conditions. 

Turbulence - A sudden change in wind speed with height creating turbulent eddies in the air. 

 

 

                    

 

 

          (a)                                                                                                              (b) 

Figure 2: Cloud formation due to topographic lifting air (a) and convergence (b) 

(Source:http://www.atmo.arizona.edu/students/courselinks/fall12/atmo336) 
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evolved from detached anvil or generated in situ by the synoptic scale uplift of a humid layer. 

The convective detrainment of water vapour and ice crystals may  be  a  dominant  source  of  

cirrus  clouds  in  the  tropics,  while  those  generated  by  synoptic motions may dominate in 

the mid and high latitudes  (Jensen et al., 1996; Wang et al.,1996; Mace et al., 2006). 

Mid-level clouds 

The bases of mid-level clouds typically appear between 2 km to 6 km. Because of their lower 

altitudes, they are composed primarily of water droplets; however, they can also be composed 

of ice crystals when temperatures are cold enough. Middle level clouds are to be found at 

elevations ranging between 2,000 and 6,000 m. Altostratus and altocumulus clouds belong to 

this category, but at these heights, we often find clouds that are moving from the lower layers 

to the higher ones. 

 Low-level clouds 

Low clouds are of mostly composed of water droplets since their bases generally lie below 2 

km. However, when temperatures are cold enough, these clouds may also contain ice 

particles and snow. Low clouds reach a maximum limit of 1,800 m, while the low limit can 

even be at ground level.  Stratus, nimbostratus, stratocumulus and cumulus clouds belong to 

this category. Considerable areal variation was exhibited in the annual frequencies of the 

four types of low clouds. The average number of occurrence per year of these low clouds, 

expressed as a percentage of the total possible observations (Changnon et al., 1957). 
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                              Figure 3: Cloud types (Source: http://www.youtube.com) 

 

2.4. Cloud Variables 

This section provides brief description of cloud cover, moisture budget and heat budget. The 

interaction of moisture budget with regarding to heat budget affects the amount of cloud 

cover. 

2.4.1. Cloud Cover 

Cloud cover (also known as cloudiness, cloud age, or cloud amount) refers to the fraction of 

the sky obscured by clouds when observed from a particular location. Okta is the usual unit 

of measurement of the cloud cover. The cloud cover correlated to the sunshine duration, as 

https://en.wikipedia.org/wiki/Sky
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the least cloudy locales are the sunniest ones while the cloudiest areas are the least sunny 

places. The global cloud cover averages around 0.68 when analysing clouds with optical 

depth larger than 0.1. This value is lower (0.56) when considering clouds with an optical 

depth larger than two and higher when counting sub visible cirrus clouds. 

  2.4.2. Moisture  

Moisture is the presence of a liquid, especially water, often in trace amounts. Moisture also 

refers to the amount of water vapour present in the air. When, invisible water vapour 

circulates, through the atmosphere and when conditions are right, they form clouds and 

precipitation. Clouds formed when air contains as much water vapour (gas) as it can hold 

moisture. This is called the saturation point and it can be reached in two ways. First, moisture 

accumulates until it reaches the maximum amount volume of air can hold. The other method 

reduces the temperature of the moisture-filled air, which in turn lowers the amount of 

moisture it can contain. Therefore, Saturation is reached through evaporation and 

condensation, respectively. When saturation occurs, moisture becomes visible water droplets 

in the form of fog and clouds. The first requirement for cloud formation is moisture. This 

moisture is constantly recycled through the Earth-atmosphere system by means of the 

hydrologic cycle. Moisture in this cycle exists normally in the three states of water: solid, 

liquid, and vapour. Clouds intrinsically coupled with the chaotic moist atmospheric 

circulations. Aside from directly interacting with air, motions through latent heat (Zhang et 

al., 2005). The northern hemisphere summer constitutes the main rainy season in most of 

Ethiopia, as air masses carrying moisture from various continental and oceanic sources, 

converge and ascend above the Ethiopian mountain plateau (Mohamed et al.,2005; Korecha 

and Barnston,2007; Segele et al., 2009). 
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Figure 4: Hydrology cycle ( http://www.srh.noaa.gov/jetstream/atmos/hydro_cycle.htm) 

                                                                                  

2.5. Clouds in the ITCZ Climate System 

The intertropical convergence zone (ITCZ) describes zonally oriented bands of heavy 

precipitation in the tropics where surface winds converge. The ITCZ is important for the 

precipitation, but it is also a critical factor in simulating the global energy and moisture 

distributions and transports. Its location has a strong impact on the trade winds and ocean 

circulation. On average, Earth has a single ITCZ across the tropical Pacific that is displaced 

into the Northern Hemisphere. 

The equatorial tropics, which are dominated by the ascending branch of the thermally direct 

Hadley circulation in the Inter-Tropical Convergence Zone (ITCZ), exhibit a maximum of 

cloud cover of more than 65 %. The dominant cloud types in this region are clouds formed by 
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moist convection. Those include cumuliform clouds, as defined in the World Meteorological 

Organization (WMO) International Cloud Atlas (1987) such as cumulonimbus, cumulus 

congestus and large organized complexes of clouds generated by a number of convective 

cells, often referred to as mesoscale convective systems as well as various types of cirrus 

clouds that form in the upper-troposphere outflow regions of the deep convective systems or 

in regions of ascending motion. It is the latter cloud types that are generally thought to 

contribute to the high values of cloud cover in this region. Although, some extent, the land-

sea contrast in cloud cover at tropical latitudes is small, since the relatively wet surfaces over 

tropical land areas can support significant amounts of convection. 

The most important factors influencing Ethiopian summer clouds and rainfall are indicated in 

Figure 5, showing the mean atmospheric circulation in July. The surface level ITCZ is 

located north of Ethiopia throughout the summer, and convergence above the Ethiopian 

plateau occurs as humid air from the south meets air flowing in from the mainly dry regions 

to the north and northeast, as well as from the Red Sea (Viste and Sorteberg,2011). The 

most prominent pressure features are the anticyclonic systems centered above St. Helena and 

the Mascarene Islands, and the low pressure trough overlying North Africa, and the Arabian 

Peninsula (Figure 5). The Mascarene anticyclone is coupled to a weak, semi-permanent 

surface ridge, extending through the Mozambique Channel to the Ethiopian highlands. This 

ridge appears to limit the southern range of the Intertropical Convergence Zone (ITCZ) 

during the summer (Segele et al., 2009). 
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Figure 5: Zone of ITCZ over Ethiopian northern mountain plateau (Source: Viste and 

Sorteberg,(2011)). 

 

 

 

 
















































































