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ABSTRACT 

Impact of Land Use Land Cover Change on Land Surface 

Hiwot Abraha 

Addis Ababa University, 2012 

For the past decades, an increase 111 population pressure, policy, institutional and 

economic development influences caused changes in LULC of city and periphery. This 

was mainly due to urban expansion and densification. The effects of land use and land 

cover changes have impacted the urban climate by altering the surface energy and water 

balance. Although there are few studies on land use and land cover changes in Addis 

Ababa, studies related to the impact of such change on urban climate are missing. As a 

result, this study tries to examine the influence of LULCC on urban climate in Addis 

Ababa city from 1986 to 2010 by analyzing Landsat TM satellite data, meteorological 

records , and census data by integrating remote sensing and GIS technologies. The results 

show that grass land, agricultural land, forest land and bare land declined by 43.32km2
, 

16.03km2
, 9.74km2

, and 9.65 km2
, respectively, on the other hand, built-up areas was 

dramatically expanded from 100.13k.m2 in 1986 to 180.13km2 in 2010 that is almost two 

times from initial year. Changes in LULC were accompanied by changes in LST. The 

average LST in 1986 was 28.88°C and it increased to 30.88°C in 2010 with average value 

2°C. The change in LST was mainly associated with changes in impervious surface and 

in vegetation abundance. In addition, the annual average air temperatures increase in the 

entire Addis Ababa city by 1.5 °C over the study period. Therefore, clear and effective 

policy with necessary institutional set up is important to guide the growth of city. 

Key words: Remote sensing, GIS, LST, LULC, Addis Ababa 
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1. Introduction 

1.1. Background 

Land use and land cover change is a dynamic, widespread and acce lerating process, 

mainly driven by natural phenomena and anthropogenic acti vities, which in turn drive 

changes that would impact humans and natural ecosystem (Agarwal et aI. , 2002; Liu et 

aI. , 2003). Human actions rather than natural forces are the source of most present-day 

change in the biosphere (Turner and Meyer, 1994). Scientists estimate that about one­

third to one-half of our planet's land surfaces has been transformed by human 

development. Thus, anthropogenic LULCC is increasingly recognized as significant 

driver of environmental change on all spatial and temporal scales (Turner and Meyer, 

1994). There is also emerging evidence that land use and land cover change is having a 

significant impact on climate at regional scales (Zhao et aI. , 200 1). LULCC influence 

surface climate, both through biophysical interactions that affect surface energy and 

water balance and through biogeochemical interactions that affect the carbon cycle 

(Pielke et aI. , 2002). 

In urbanizing areas, the rapid urbanization and accelerated urban sprawl have led to the 

transformation of the natural landscape into a largely impervious landscape (Zhou et aI. , 

2004). Urbanization, the conversion of other types of land to uses associated with growth 

of populations and economy, is a main type of land use and land cover change in human 

history, that has had a great impact on cl imate and climate change (Gao et aI. , 2003). 
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These man induced changes of the natural ecosystem have dramatica ll y changed 

radiative, thermal , moisture, roughness and emission properties of the earth 's surface and 

the atmosphere above (Kalnay and Cai , 2003). Built-up areas covered with buildings, 

roads, and other impervious surfaces, generally have hi gher absorption of solar radiation 

and greater thermal capacity and conductivity, thereby affecting the thermal environment 

(Zhou et aI. , 2004). These urban surface modifications resulted in increased local 

atmospheric and surface temperatures in urban areas (Voogt and Oke, 2003). While cities 

grow both "in physical and population size due to urbanization, the urban-rural difference 

in atmospheric and surface temperature al so increased, which have sign ificant effects on 

urban climate, environmental change and the quality of human li fe . As a result, land 

surface temperature change in response to urban land use change has been the maj or 

concern of many urban climate studies. 

In urban areas, land surface temperature is a flmction of several surface and subsurface 

properties: albedo, emissivity, thermal properties of urban construction materials, 

moisture, and the composition and structure of urban canopy (Goward, 1981). In 

particular, the composition and structure of urban canopies is a crucial factor In 

determining the reception and loss of radiation (Oke, 1982). Land sur face temperature, 

which heavily influenced by urban surface structures and composition and that modulates 

the air temperature of the lowest layers of the atmosphere. LST is al so important for 

environmental studies and management of the Earth's resources because its key role in 

the surface energy balance. LST not only helps to determine the internal climate, but al so 

influences energy exchanges that affect the comfort of city dwellers (Voogt and Oke, 
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2003; Wang et aI. , 2004). Because of its significance, literature has witnessed a gro wing 

interest in the relationship between LST and urban material s and landscape compositions 

and land cover changes, especially between LST and vegetation abundance (e.g., Ca rl son 

et aI. , 1994; Gallo and Owen, 1998; Gillies and Carl son, 1995; Gillies et a I. , 1997; Lo et 

aI. , 1997; Goward et aI., 2002; Weng, 2001; Weng et aI. , 2004), and between LST and 

impervious surfaces (Lu and Weng, 2006). 

Research conducted in Ethiopia has shown that there were considerable land use and land 

cover changes in the country during the second half of the 20th century (Crummey, 1998; 

Kebrom and Hedlund, 2000; Rembold et aI. , 2000). It has been well documented that 

obvious land use change, especially with regard to urban expansion, loss of cultivated 

land, and natural vegetations has occurred in the processes of environmental changes, 

industrialization and urbanization in the whole country. The fundamenta l changes in land 

use and land cover patterns in urban areas were due to socio-economic, political and 

physical factors. Urban growth has been speeded up, and tremendous pressure to the 

enviroru11ent has occurred. This is predominantl y happening in Addis Ababa city and its 

peripheries where a considerable agricultural , grass land and green areas are being 

convelted into urbani built-ups. In the process, natural vegetation cover is largely 

replaced by impervious surfaces such as buildings, roads, park ing lots, sidewalks and 

other built surfaces . This conversion of natural land into impervious areas has resulted in 

many envirorunental consequences, mainly has great impact on cl imate. 
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In the previous times very few studies mainly focussing on the impact of land use land 

cover changes on the enviornment and some related to urban expansion and squatting in 

different part of Addis Ababa were carried out. But, there are no specific research works 

inline with this topic conducted to address the above mentioned challenges.This implies 

there is a gap in terms of spatial representation and impacts of land use and land cover 

change studies in the city. Thus, the rationale of conducting thi s research in the 

aforementioned area was to fill the existing knowledge gap about the environmental 

challenges of the land use and land cover change and their impacts on the community, 

environment and particularly on climate. Therefore, this study mainly focussed on the 

analysis of the impact of land use and land cover changes on the surface tempretures in 

Addis Ababa. 

1.2. Statement of the Problem 

Anthropogenic land use change including urbanization, deforestation, desertification and 

agricultural practices, which cause changes in the land cover, has a significant impact on 

climate and climate change, by altering land surface properties and carbon fluxes (P ielke 

et aI. , 2002). Owing to high migration, natural increase and administrative reclassification 

of rural areas in the periphery to urban settlements, urbanization is creating continuing 

outward spread of built-up areas caused by their expansion and associated problems in 

cities of developing countries. African cities are experiencing rapid urbanization which 

leads to unsustainable development of the urban areas of the continent. Ethiopia, is one of 

countries experiencing rapid urbanization at rates of (about 4-5%) in the world, and the 
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countries urban population is expected to increase from 15% in 2000 to almost 30% in 

2030 (UN-HABITAT, 2004). 

This is mainly due to accelerated population explosion, political , institutional and 

technological factors, and economic development. In the last century, Addis Ababa has 

emerged as the premier commercial , industrial, and transportation urban area and capital 

city of the nation. The rapid growth of the city, particularly within the last 20 years, has 

made it one of the fastest growing metropolitan areas in the region. The population of the 

metropolitan area increased in remarkable growth rate in the last two decades. 

Concomitant with this high rate of population growth has been an explos ive growth in 

retail, industrial, commercial , and transportation services within the city. This has 

resulted in tremendous land cover change dynamics within the metropolitan region, 

wherein urbanization has consumed vast acreages of land adjacent to the city proper and 

has pushed the rural/urban fringe farther and farther away from the original urban core. 

An enormous transition of land from forest and agriculture to urban land uses has 

occurred in the area in the last 24 years, along with subsequent changes in the land­

atmosphere energy balance relationships. 

The speeding up of the urban growth has caused stress to the urban and rural 

enviromnent. This is particularly true in the city and surrounding areas where substantial 

agricultural land and green areas converting to urban or related uses. This involves the 

removal of natural land cover and the introduction of urban materi als in form of clearance 

of natural vegetation; reclamation of swampy areas; construction of buildings, roads, and 
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other impervious surfaces, such as metal, asphalt, and concrete. Hence, there is a 

continual replacement of the highly beneficial and pleasing rural green spaces and trees 

with bricks, concrete, and ejection of poisonous pollutants into the atmosphere. This 

coupled with the social and teclmological involvedness, lead to radical changes in the 

nature of the surface and atmospheric prope11ies of cities. There are therefore, changes 

from precious, homogeneous countryside climate characterized by clear air and water to 

highly polluted, unpleasant, noisy, heterogeneous and unpredictable atmospheric 

conditions of urban areas as they grow. It is such deliberate and/or inadvertent 

modifications of the natural environment that result to the transformations of the 

radioactive, thermal , and aerodynamic characteristics of the city envirolUllent thereby 

altering the natural solar and hydrologic cascades of urban areas. 

Addis Ababa City, like other large cities, often experience a distinguished climate termed 

the "Urban Climate" . Urban climates are characterized by differences in climatic 

variables (air temperature, humidity, wind speed and direction, and amount of 

precipitation) from those of less built-up areas. The major factors contributing to these 

differences are the land use and land cover transformations due to different driving 

forces. These land use changes often includes replacements of natural surfaces which 

affecting the thermal envirolUllent in cities and climate variables. Urban climate changes 

and effects in the city will be sure to influence the urban environment, and socio­

economic development. This leads to the impairment of human health, economic and 

other welfare losses and damage to the urban ecosystem. In line with thi s, in the last few 

years, the dwellers of Addis Ababa are suffering from high temperature flare . 
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Temperature increase is fe lt unanimously by all dwellers and its intensity is growlllg 

rapidly in the last few years. If we keep on irresponsive on what is happening to the city, 

then we might end up tormenting ourselves from high temperature burn and contribute to 

the local and regional climate change. This, in turn, might change the city to the harshest 

place to live and lead to other human health problems and economy. In thi s regard, 

therefore, it is impOliant to study the link between land use and land cover change and 

temperature rise, and propose a feasible so lution. 

The dynamic nature of land use emanating from increasing population size and 

di stribution, technology, economic development, human institutions and other factors is 

of paramount stage in Ethiopia that needs primary concern. Expansion and intensification 

of agriculture, growth of urban areas, and extraction of timber and other natural resources 

will likely accelerate over the coming decades to satisfy demands of increasing 

population (McColl , 2007). These changes in land use and land cover have become a 

central component for managing natural resources and monitoring environmental changes 

(Bottomley, 1998). 

Studying the extent and dynamics of Addis Ababa's urban land use and land cover 

change and its impacts is an urgent need. This is to generate information that could help 

in tack ling some of the problems that accompanied rap id land use and land cover change 

and to assist for future plan in rehabi litati ng the area. Moreover, it helps to eva luate urban 

growth patterns and land use and land cover changes in Addis Ababa city and to analyze 

the impact of such change on surface temperature, its drivers, feed backs to climate, and 
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its environmental , social, economic and human health consequences. Specificall y, the 

study was to investigate changes in land use and land cover, as a result of urban 

expansion and densification over time (1986-2010) using Landsat TM imagery and how 

this relates to urban micro-climate by integrating remote sensing and GIS technologies, 

meteorological measurements and census analysis. The results presented in thi s paper 

may lead to a better understanding of the local climate of Addis Ababa city stemming 

from its UHI and support further investigation into the subject of LULCC induced LST. 

1.3. Objectives ofthe Study 

General Objectives 

:» The overall objective of thi s study is to examine the changes in land use and land 

cover in Addis Ababa city, with a focus on its impacts on urban climate. 

Specific Objectives 

:» To detect the changes in land use and land cover of Addis Ababa city; 

:» To identify the driving forces ofland use and land cover changes; 

:» To assess the potential feedbacks of changes in land use and land cover to land 

surface temperature; 

:» To assess the impact ofLULCC on Urban climate; and 

:» To examine the relationship between LULCC and LST. 
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1.4. Research Questions 

In order to address the stated problem and objectives, the study was attempted to answer 

the fo llowing questions: 

~ What were the major changes in the urban envi ronment of the study areas or not 

during the study period? 

~ What was the spatial extent of the land cover change and where was the highest 

rate of changes? 

~ How was the pattern of urban growth? 

~ What are the factors responsible for land use and land cover change in the city of 

Addis Ababa? 

~ Which areas are susceptible to LST effect? 

~ What are the impacts of land use and land cover change on land surface 

temperature in particular and urban climate in the study area? 

~ What is the relationship between LULCC and LST? 

1.5. Significance of the Study 

At present, one of the challenges faci ng Ethiopia is environmental change which results 

in severe degradation and/or losses of ecosystem services due to unsustainable changes in 

land use and land cover specially change in urban climate due to land use and land cover 

change experienced in many urban centers of the country. Yet the rates and extent of the 

problem are still debatable due to limitations of reliable data and the processes involved 

are not clearly understood . This study would provide information about the impact of 
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land use and land cover change on land surface temperature (the main contributor to 

urban climate). Specificall y, the result of the study is expected to have the following 

contributions:-

~ Will provide an insight towards an understanding of the dynamics of land use and 

land cover change processes and its impact in the city of Add is Ababa for land use 

planners, policy makers, other concerned government bodies to evaluate their 

developments programs and strategies. 

~ Generate information on the status and dynamics of LST of the area for 

environmentali sts, governmental and NGOs institutions, and local dwellers that are 

involved in development process so as to have appropriate interventions on the issue. 

~ Generate first hand information on the prob lem of land use and land cover change in 

the study area for those who are interested to conduct further research on the issue. 

1.6. Scope and Limitation ofthe Study 

One of the Impacts of land use and land cover change on the environment is the impact of 

land use and land cover change on urban cl imate . In thi s study, much emphasis was given 

to the factors, extent and patterns of land use and land cover changes of Add is Ababa city 

and its impact on land surface temperature (the main changeable element on urban 

climate). LULC changes were assessed by combining different spatial data sources 

(remotely sensed satellite images and ground based surveys). 
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This study faced several chall enges resulting in some limitations. The cha llenges mainy 

emanate from the fact that thi s study is the first of its kind in Addis Ababa and Ethiopia. 

The following are some of the major causes of the limitations: 

);> Frequent change of the structure of governmental institutions relevant to the 

study, rusulting in interruption and poor recording of data abo ut the demographic, 

socio-economic and physical changes in and around the city. 

);> Poor data management system; there were no well organized and reliable data in 

most institutions relevant to the research under the study. 

);> Reluctance of the respondents during the socio economic survey. 

);> Insufficient and improperly documented time series meteorological data such as 

relative humidity, wind speed and other climate elements and insufficient of data 

to see the impact of land use and land cover due to few number of stations. 

);> Limitation on getting related works for reference in line of the topic. 

Despite these challenges, the researcher has exerted maximum effort to lower their 

effects and search sufficient and reliable data. 

1.7. Conceptual Framework 

As it has been di scussed, on the theoretical literature review land use and land cover 

change is the resu lt of different factors and it has impact on environment. These different 

factors are integrated with one another. Therefore, the conceptual framework has been 

designed by the researcher to clarify the basic concepts such as proximate factors and 

underlying deriving forces and their effects on land use and land cover change, and the 
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impact of the resulted changes on urban climate 111 general and on land surface 

temperature in Particular. 

Land usc and land cover chan ge 

1\ 0 Built up areas 

~ 
0 Cover with 

impervious 

surface. Ca uses of land usc and land 

Consequences of LULCC bu ildings. roads cover chiln ge 

and etc 
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Social 
Planning 
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0 General landscaping. 

0 Policy 
0 Design and 
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select ion 
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Figure I: Conceptual Framework 

Source: Designed by researcher 

1.9. Organization ofthe Thesis 

The thesis is organized into five chapters. The fi rst chapter introduces the background of 

the study, problem statement and justification, the main objectives and sub-obj ectives of 

the study, research questions, significance, the scope and limitation of the study and the 

conceptual framework. 
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The Second chapte r is describing a ll theoretical and related literatures for thi s study. The 

third chapter is devoted to the description of the state of the art of the study, the major 

methodologies fo llowed for land use and land cover class ification and land use and land 

cover change detection, multi-temporal data sources, land cover classes and reference 

data, retrieving land surface temperature. In general methodologies used to assess the 

problems and data analysis were stated in thi s chapter. The phys ical and socio­

economical state of the study area described in words and portrayed graphically in this 

chapter. 

Chapter Four discusses the findings and di scussions of thi s thes is covenng Image, 

quantitative and qualitative analysis of the survey data. The chapter descri bes the land use 

and land cover change, causes of land use land cover change, effects of the land use and 

land cover change on urban climate and goes on to discuss the reason behind these 

changes. The last chapter tries to convey the major contents and concepts in the previous 

chapters and the basic research question posed in the introduction. To thi s effect, this 

chapter provides conclusions and recommendation of the study. 
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2. Literature Review 

2.1. Land Use and Land Cover Change Concepts 

Land is defi ned as part of the earth's surface, the characteristics of which embrace all 

stable, or inevitable cyclic attributes of the biosphere vertically above and below thi s area 

including those of the atmosphere, the so il and underlying geology, the hydrology, the 

animal and plant populations, and the results of past and present human action, to the 

extent that these attributes exert a significant pressure on present and future uses of the 

land by people (FAO, 2000). 

Every tract of land on the Earth 's surface is unique on the way it used and in the cover it 

possesses. Land use and land cover are di sti nct yet closely correlated characteristi cs of 

the Earth 's surface. Land cover is de fined as the attributes of the earth 's land surface 

confi ned in the di stribution of vegetation, water, desert and ice and the immediate 

subsurface, including soil , topography, biota, surface and groundwater, and it also 

includes those structures created exclusively by human acti vities such as mining 

exposures and settl ement (Lambin et aI. , 2003; Clu·ysoulaki s et a I. , 2004; Baulies and 

Szejwach, 1998). On the other hand, land use can be defined as the intended employment 

of management strategy placed on the land cover by human agents, to exploit the land 

cover and reflects human activities such as industrial zones, commercia l zones, 

residential zones, agricultural fi elds, grazing, logging, and mining among many others 

(Zubair, 2006; Chrysoulakis et aI. , 2004). 
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In addi tion, to the above definition (FAO, 2000) defines "Land cover as the observed bio­

physical cover on the earth 's surface"; the same document also defines "Land use as the 

arrangements, activities and inputs that people undertake on a certain land cover type". In 

other words, land use can be broadly defined as the level of spatial accumulation of 

activities such as production, transaction, administration and residence with highl y 

dynamic relationships between them. Urban land use reflects the nature of social and 

economic activities in an area, as well as interactions with other areas. It results from the 

complicated interactions between the land system and the social econom ic systems 

(J ianquan, 2003). 

The above definitions ascertain a direct link between land cover and land use. Land use 

differs from land cover because of the intended ro le of people to adapt the natural land 

cover to their benefit. The land use entails both the manner in which the biophysical 

attributes of the land are manipulated, and the intent underl ying that manipulation, 

namely, the purpose for which the land is used. 

Land use affects land cover and changes in land cover affect land use as wel l. The natural 

land cover is generally a good expression of the soil and vegetation pattern that goes with 

the natural environment. However, changes in the nature of land use activities often 

results in land cover changes. Land use change is defined to be any physical, biological 

or chemical change attributable to management, which may include conversion of 

grazing to cropping, conversion of forest, change in fertili zer use, drainage 

improvements, insta llation and use of irrigation, plantations, conversion to built-up, 

pollution and land degradation, vegetation removal, changed fire regime, spread of weeds 
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and exotic species, and conversion to agri cul tural and non-agricultural uses (Quentin et 

ai. ,2006). 

Land use and land cover changes may be grouped into two broad categori es as 

conversion and modification. Land cover conversion invo lves a change from one cover 

type to another. Land cover modification engrosses alterations of structure or function 

without a comprehensive change from one type to another; it could invo lve changes in 

Phenology, productivity, or biomass (Skole et ai. , 1994). Land cover changes are the 

results of natural processes such as climatic variations, volcan ic eruptions, changes in 

river channels or the sea level, etc. However, nearly all of the land cover changes of the 

present and the recent past are due to human actions - i.e. to uses of land for production 

or settlement (Turner et ai. , 1996). "Land use (both deliberatel y and inadvertently) alters 

land cover in three ways: converting the land cover (changing it to a qualitati vely 

different state) i.e. changes in the mix and pattern of land uses in an area; modi fy ing it 

(quantitatively changing its condition without full conversion) or it may invo lve changes 

in the intensity of this use as well as alterations of its characteri stic qualities/attributes -

such as changes from low-income to high-income res idential areas, from single story to 

multi story dwellings, changes of suburban forests from their natural state to recreation 

uses (the area of land staying unchanged); and maintaining it in its cond ition against 

natural agents of change" (Meyer and Turner, 1994). 

2.2. Major Causes of Land Use and Land Cover Changes 

Land use and land cover changes may occur due to diverse facto rs, which may be 

generally divided into natural and human induced or anthropogen ic causes. United States 
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Envirolllilental Protection Agency (USEP A, 1999), identified the general causes of land 

use and land cover changes, which are: (I) natural processes, such as climate and 

atmospheric changes, wildfire, and pest infestation; (2) direct effects of hu man activity, 

such as deforestation, urban and agricultural expansion, and road-bui ldi ng; and (3) 

indirect effects of human activity, such as water diversion lead ing to lowering of the 

water table. Even though, natural processes may also contribute to changes in land cover, 

the major driving force is human induced land uses (A llen and Barnes, 1985). These 

antlll'opogenic causes of land use and land cover change, which are critical and presentl y 

growing in alarming rate, and can be grouped into two broad divisions: proximate and 

underlying causes. Proximate (d irect) causes are immediate actions of local people in 

order to execute their des ires from the draw on of the land (Geist and Lambin, 2002); 

whereas driving causes are causes which drives behind the immediate causes. These two 

major categories of causes work at diffe rent levels . Proximate causes operate at the local 

leve l (indi vidual farms, householders, or communi ties); on the other hand, the sources of 

underlying causes are at regional and national levels such as districts, provinces, or 

countries. Underl ying causes are external and beyond the control of local communities 

(Lambin et a!. , 2003). 

2.2 .1 Proximate Causes of Land Use and Land Cover Changes 

Land use and land cover is never static; it continuall y transforms in response to the 

dynamic interaction between underlying drivers and proximate causes (Lambin and 

Geist, 2006). In the past two centuries, the impact of human activities on land has grown 

enormously because of population increase, urbanization, technological and economic 

development and the requirements thereafter, altering enti re landscapes, and ultimately 
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affecting the biodiversity, nutrient and hydrological cycles as we ll as climate. 

Historically, expansion of agriculture into forests, grasslands, and wetlands has been the 

greatest source of land cover conversion. Within the last century, however, expansion of 

urban areas with their associated roads, power grids, and other infrastructure, has also 

become a persuasive cause of land transformation. 

Today close to a third of the earth's land surface is devoted to pastures or croplands, 

which amounts to approximately one-half of a ll lands suitable for agri culture. Since the 

dawn of plant domestication the progression of cropland was relatively slow. The past 

century observed over half of the worldwide increase in agricultural lands, and in the 

developing countries, half the land cover conversion occurred in the past 50 years 

(Houghton, 1994). 

A documentation of global patterns of land use change from 1700 to 2000 is presented in 

(Goldewijk, 2001); and he reports on worldwide changes ofland to crops of 136, 412 and 

658 Mi ll ion ha in the periods 1700-1 799, 1800-1899 and 1900-1 990, respectively. 

Convers ion to grazing land was 418, 101 3 and 1496 mill ion hectares in the above pointed 

out three periods. All totaled, agriculture has displaced one-third of temperate and 

tropical forests and one-quarter of natural grasslands. Agricultural land conversion is still 

an important pressure on natural ecosystems in many developing nations; however, in 

some developed nations agricultural lands themselves are being converted to urban and 

industrial uses (WRI, 2000). 
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Urbanization is one of the most significant and long-lasting cause of land use and land 

cover change and its extent of increase are linked to population growth, technological and 

economic development. In the last decades, the world has experienced unprecedented 

urban expansion, especially in developing countries. By now Urban and built-up areas 

occupy more than 471 million ha which accounts about 4 percent of land area. Just about 

half of the world' s population that is about 3 billion people lives in cities. Urban 

populations increase by another 160,000 people daily, adding pressure to expand urban 

boundaries (UNEP, 2002). Suburban sprawl amplifies the effect of urban population 

growth, particularly in North America and Europe. In the United States, the percentage of 

people living in urban areas increased from 65 percent of the nation' s population in 1950 

to 75 percent in 1990, but the area covered by cities roughly doubled in size during the 

same period (PRB, 1998). Future trends in land conversion are difficult to predict, but 

projections based on the United Nations' intermediate-range population growth model 

suggest that an additional one-third of the existing global land cover could be converted 

over the next 100 years (Walker et aI. , 1997). 

In Ethiopia, most studies indicated that the proximate causes of land cover change 

particularly natural forest destruction are urban expansion and agricultural expansion, 

both through shifting cultivation and the spread of sedentary agriculture, the demand for 

increasing amounts of construction material , fuel wood, charcoal and need of areas for 

built-up and other uses (Belay, 2002). In case of Addis Ababa city due to notable increase 

in human population shown in the city demographic history and the associated demand 
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for residential and industrial area contributed much of the high vegetation destruction, 

conversion of agricultural land and other uses to urban land use (Dendena, 1995). 

2.2.2. Underlying Driving Forces of Land Use and Land Cover Change 

Underlying (indirect or root) driving forces are fundamental socio-economic and political 

processes that push proximate causes into immediate action on land use land cover (Geist 

and Lambin, 2002). Underlying driving forces, i.e. including demographic pressure, 

economic status, technological, cultural, political and institutional factors, that influence 

land use land cover in combination rather than as single causations (Turner and Meyer, 

1994). 

Urban land use and land cover change is an inevitable process due economIc 

development and rapid population growth. Aspects of the economy that can affect in 

urban land use and land cover change include the level of economic development, 

difference in household incomes, exposure to globalization, the level of foreign direct 

investment, the degree of employment decentralization, the level of real estate finance 

markets, level and effectiveness of property taxation and presence of high inflation and 

acute shortage of housing (Angel et aI., 2005). In most cases, improved living standards, 

the GDP per capita and investments have increased urban growth. Higher income 

residents generally stipulate larger quantity of housing and the economical land to build it 

on is more likely on the fringe of developed urban areas (Ewing, 1994). 
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The understanding of institutional causes (i.e. political , lega l, economic, and traditional) 

and their interaction with individual decision making are significant in explaining land 

use changes (Lambin and Geist, 2003). Institutional factors such as policies on land use 

and economic development, transportation, or subsidies for land-based activities, lack of 

adequate governance structures, land tenure and propeliy rights issues, issues of open­

access resources, squatting by landless farmers and squatter settlements (urban) are the 

major driving causes of land cover change. Many believe that land cover and land use 

change in urban areas may facilitate due to lack of strong and well defined policies and 

weak institutional enforcement. Cities are expanding very rapidly and are growing for 

non productive reasons. Some scholars believe that new policies and regulations on land 

acquisitions and illegal land markets might have encouraged the extensive shifts of 

cultivated area in to built up area (Yeh et aI., 1995). 

Technological changes in sectors such as transport, industry, wood and agriculture are 

playing significant role in changing land cover. Aspect of the technology in transport 

system and others that affect urban expansion and urban land use and land cover changes 

may include the introduction of new transport technologies and most notably the private 

automobile, transportation costs vis-a-vis household incomes, the level of government 

investment in roads, the existence of city centers that were already developed before the 

advent of the automobile, and the existence of a viable public transport system. 

Consumer preferences that may affect the form of urban expansion include: preferences 

for proximity to open space, for single-family dwellings, or for home ownership; 
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preferences for urbanism as a way of life, for proximity to other people and to urban 

amenities, or for proximity to one's place of work. 

Cultural factors include attitudes and perceptions such as less concern for forests due to 

low morale and frontier mentalities, lack of stewardship values, and di sregard for 

"nature", profit-orientation of actors, traditional or inherited modes of cultivation or land­

exploitation, and a commonly expressed sentiment that it is necessary to clear the land to 

establish an exclusive claim. 

Demographic factors such as natural increase or migration are other dri ving factor. Most 

of its explanatory power tends to be derived from inter linkages with other underl ying 

fo rces, especially in the fu ll interplay of all five major dri vers. Studies conducted at 

longer time scales show that land cover change had and still has tremendously been 

influenced by both the increase and decrease of a given population (Lambin et aI. , 2003). 

In most developing countries population growth has been a dominant cause of land use 

and land cover change than other forces (Sege, 1994). There is a significant statistical 

correlation between population growth and land cover conversion (forest change) in most 

of African, Asian, and Latin American countries (Turner and Meyer, 1994). 

In urban land use and land cover change natural population growth is a major element for 

all countries, but rural urban migration contributes more in many developing countries 

(Gugler, 1996). Migration contributes fast growth of urban population due to the relative 

economic development that attracts people to urban nuclei for commerce, employment, 
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and education. In general, scholars believe that there are economic and non-economic 

factors that are encouraging the expansion of urban to non urban areas. 

2.3. Impact of Land Use and Land Cover Change on Climate 

Land use and land cover change is increasingly acknowledged as an important driver of 

environmental change on all spatial and temporal sca les (Turner and Meyer, 1994). It 

contributes significantly to earth atmosphere interaction, forest fragmentation , and 

biodiversity loss. Changes in land cover do not necessarily imply a degradation of the 

land. However, many shifting land use patterns, driven by a vari ety of social causes, 

result in land cover changes that affect biodiversity, water and radiation budgets, trace 

gas emissions and other processes that, cumulatively, affect global climate and biosphere 

(Turner and Meyer, 1994). 

Climate is the interaction of all of the components of the Earth 's system and it includes 

the so lar and infrared radiation and sensible and latent heat fluxes that are all impacted by 

changes in the Earth' s surface. Human induced land use change, that causes changes in 

the land cover, includes urbanization, deforestation, and agricultural expansion, all of 

which have been shown to have an important effect on climate and climate change 

(Pielke et aI. , 2002). Many observational studies have shown the impact of land cover 

change on regional climate. For instance, an analysis of observations has revealed that 

urbanization and the related heat island contribute regionally to the warming trend of the 

last 50 years over the United States (Gallo et aI. , 1999), and that the contributions of 

agricultural expansion and urbanization combined account for as much as half of that 
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trend (Kalnay and Cai, 2003). In addition, satellite observations explain an increase in the 

seasonality of clouds and convection over the Amazon basin associated with 

deforestation (Durieux et a!. , 2003). Other observational studies confirm that the 

conversion of land in southwestern Australia has been linked with increased formation of 

cumulus clouds in that region (Ray et a!. , 200 1), Due to land use and land cover change 

climate records in Australia are also showing an increase in climate extremes wi th 

considerable regional variations (Alexander and Arblaster, 2008 ; Ga llant et a!. , 2007). 

Since, the middle age the deforestation of southern Spain is associated with a regional 

desertification and change in the regional hydrological regime (Millan et aI, 2005). 

Land use and land cover changes influences surface cl imate, both through biophysical 

interactions that affect surface energy and water balance and through biogeochemical 

interactions that affect the carbon cycle (Pielke et a!. , 2002). Biogeochemical influences 

are linked with changes in the net carbon uptake by plants and soi Is and tend to have 

positive feedbacks on climate (Lucht et a!. , 2002). The Earth system is composed of a 

number of biogeochemical cycles, all powered by the sun 's energy. These global cycles 

include the circulation of certain elements, or nutrients, upon which life and the earth' s 

climate depend. Biophysical influences are typically caused by changes in the radiati ve 

properties of the land surface (e.g. , albedo) and the properties directly affecting the 

surface water budget and turbulent exchanges (e.g., root and stomata properties, 

roughness length). Changes of vegetation type and surface cover can modify the 

characteristics of the regional atmospheric circulation and the large-scale external 

moisture fluxes. Changes in surface energy budgets resulting from land surface change 
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can have a profound influence on the Earth's climate (WMO, 2005). For instance, the 

presence of urban areas causes local heating (e.g. , Brazel et aI., 2007) and can even alter 

the path of individual thunderstorms (e.g., Changnon, 2001). 

Urbanization has been a major force of LUCC throughout human history that has had a 

great impact on climate and climate change (Gao et aI., 2003). It affects surface climate 

by altering the carbon, water, and energy budgets through several physical mechanisms: 

1) the reduction in the fraction of vegetated area, which reduces photosynthesis and 

consequently reduces transpiration and interception loss, 2) the modification of surface 

roughness and albedo, and 3) the change in surface hydrology. These physical 

mechanisms are tightly coupled land-atmosphere processes and their alteration may have 

important impacts on local and regional climate. For instance, in cities existing vegetation 

covered removed and replaced by non- evaporating and non- transpiring surfaces such as 

asphalt, concrete and metal etc. These impermeable materials would affect the climate 

tlU'ough disrupting evaporation, evapo-transpiration and infiltration. Most importantly; 

the amount of heat flux trapped by surface material would increase significantly at the 

expense of latent heat flux, and this would increase the surface temperature (Oke, 1982; 

Owen et aI., 1998). As a result, urban areas often experience high temperature rise 

compared to rural areas of the same elevation. The heat island is one of the examples of 

inadvertent climate modification when urbanization changes the characteristics of earth 

surface and atmosphere (Voogt and Oke, 2003). UHI effects are exacerbated by the 

anthropogenic heat generated by traffic, industry and domestic buildings, impacting the 

local climate through the city's compact mass of buildings that affect exchange of energy 
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and levels of conductivity. The impacts of urban heat island ranges from local to global 

scale and highlight the effects of urbanization to environmental change. Some of its effect 

on the local community includes increasing summer time energy, air conditioning cost, 

air pollution, green house gas emission, and modification of precipitation patterns. 

Heat islands can be characterized for different layers of the urban atmosphere and for 

various surfaces and divided into three categories: canopy layer heat island (CLHI), 

boundary layer heat island (BLHI), and surface urban heat island (SUHI). The urban 

canopy layer extends upwards from the surface to approximately mean building height, 

whereas the urban boundary layer is located above the canopy layer (Voogt and Oke, 

2003). The CLHI and the BU-II are atmospheric heat islands since they denote a warming 

of the urban atmosphere, whereas the SUHI refers to the relative warmth of urban 

surfaces compared to surrounding rural areas. It is known that atmospheric UHIs are 

larger at night while surface UHIs are larger during the day (Roth et aI. , 1989). While 

atmospheric heat islands are normally measured by in situ sensors of air temperature via 

weather station networks, the surface UHI is typically characterized as land surface 

temperature (LST) measured through the use of airborne or satellite thermal infrared 

remote sensing. 

2.4. Importance of LST to Study Urban Climate 

Land use and land cover change can importantly influence climatological elements such 

as maximum, minimum and diurnal temperature (Gallo et aI. , 1999; Hale et aI. , 2006). 

LST is generally defined as the skin temperature of the surface which refers to land 

26 



temperature for bare soil, canopy surface temperature for densely vegetated ground and 

combination of two in case of sparely vegetated ground (Qin and Karnieli, 1999). Land 

surface temperature (LST), controlled by the surface energy balance, atmospheric state, 

thermal properties of the surface, and subsurface mediums, is significant factor 

control ling mainly physical , biological, and chemical processes of the Earth (Becker and 

Li, 1990). Land surface temperature is important for environmental studies and 

management of the Earth's resources because it determines the effective rad iati ng 

temperature of the Earth's surface. This controls the surface air temperature as well as the 

clear sky outgoing long wave radiation, which is important in the energy balance of the 

Earth. It is also a major factor in determining the partition of the avai lab le energy into 

sensible and latent heat fluxes. For example, the rate of change of LST is sensitive to the 

characteristics of the land surface such as soil moisture, impervious surface, land use and 

vegetation (Gillies et aI., 1997; Verstracten et aI., 2006). 

The surface temperature is of prime importance to the study of urban climate, not only in 

obtaining boundary conditions of the atmosphere, but al so in understanding the 

environmental conditions necessary to sustain human beings. Urbanization, including 

residential , commercial and industrial developments, creates one of the most dramatic 

human-induced changes on a natural ecosystem, causing the local ai r and surface 

temperature to ri se several degrees higher than the temperatures of the surrounding rural 

areas. The interactions of urban surfaces with the atmosphere are governed by surface 

heat fluxes, the distribution of which is drastica lly modified by urbanization. The major 

contributing factors are alteration in the physical characteristics of the surface (albedo, 
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thermal capacity, heat conductivity), owing to the replacement of vegetation by asphalt, 

non-porous material and concrete; the reduce of surface moisture ava ilable fo r evapo­

transpiration; changes in the radiative fluxes and in the near surface fl ow, due to the 

complicated geometry of streets and tall buildings, and anthropogenic heat (Dousset and 

Gourmelon, 2003). According to Streutker (2003), the most significant among these is 

the difference in the thermal properties of surface areas resulting from the changing 

character of the urban landscape. 

As a result, a large number of studies have sought to analyze the relationship between 

surface temperature and land use and land cover. Unger et ai. , (200 I) applied regression 

analys is to examine the influences of urban and meteorological facto rs on the surface air 

temperature in Szeged, Hungary. Dousset and Gourmelon (2003) investigated the effects 

of downtown surface physical properties, especiall y in industrial and business di stricts 

that display heat island effects larger than 7°C. Wcng (200 1) examined LST pattern and 

its relationship with land cover in the Zhuj iang Delta, China. Work by Nichol (2005) also 

ind icated that different land uses present different thermal behaviors between day and 

night. Voogt and Oke (1998) found strong directional variations in apparent surface 

temperature over each of three urban land use areas (light industrial, residential, and 

downtown). These researches have contributed to our understanding of the thermal 

patterns created by individual land use land cover within a city such as parks, water, 

industrial complexes, vegetation cover, and so on. 
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2.5. Change detection and Its Approach 

Change detection is the process of identify ing diffe rences in the state of an object or 

phenomenon by observing it at different times. Fundamentally, it involves the ability to 

quantify temporal effects using multi tempora l data sets (Singh, 1989). Change detection 

is an important process in monitoring and managing natural resources and urban growth 

because it gives quantitative analysis of the spatial distribution (Tardie and Congal ton, 

2004). Change detection is also helpfu l in such di verse applications as land use change 

analysis, monitoring shifting cultivation, assessment of deforestation, and study of 

changes in vegetation conditions, seasonal changes in pasture production, damage 

assessment, crop stress detection, urban and environmental changes (Bottomley, 1998). 

A number of approaches have emerged and applied in various studies to determine the 

spatial extent of land cover changes. Various researchers have attempted to group change 

detection methods into different broad categories based on the data transformation 

procedures and the analysis of tecluliques applied. For example, Singh ( 1989) classified 

change detection methods into two types, namely, classification comparison and direct 

comparison. Deer (1995) proposed a classification of three categories, including pixel­

based, feature-based and object-based change detection. Lu et aI., (2004) generalized the 

change detection methods into seven types, namely, arithmetic operation, transfo rmation, 

class ification comparison, advanced models, GIS integration, vi sual analys is and some 

other methods. 
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No single approach is optimal and applicable to all cases each of them has its own merit 

and demerit. The selection of an appropriate tecimique depends on knowledge of the 

algorithms and characteristic fea tures of the stud y area (Elnazir et aI. , 2004), and accurate 

registration of the satellite input data. Among a number of change detection approaches 

post class ification comparison, which is ava ilable in various software platforms, is used 

in this research fo r its simplicity and suitabili ty to detect land use land cover change. 

2.5.1. Post Classification Comparison Approach 

Post class ification comparison is among the most widely applied techniques for change 

detection purpose. N umerous studies have been carried out llsing post classification 

approach. In post classificat ion change detection approach two images from different 

dates are classified and labeled (Jensen, 2005). The area of change is then extracted 

through the direct compari son of the classificat ion resu lts (Lunetta and Elvidge, 1999). It 

has its own advantage and di sadvantages. The main advantages of post classification 

includes 

)> Detai led "from-to" information (Chen, 2000) can be obtained. 

}> It bypasses the d ifficu lties associated with the analys is of images acqui red at 

diffe rent times of year or sensor (Chen, 2000). 

}> It does not require data normalization between two dates (e.g. Si ngh, 1989) as 

the two dates of imagery are separately class ified; and 

}> It provides information about the nature of change (including trajectories of 

change) (Song et a I. , 200 1; Coppin et aI. , 2004). 

The main disadvantage of the post classification approach is 
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>- The dependency of the land cover change results on the indiv idual 

classification accuracies (Chen, 2000). 

This approach can produce a large number of erroneous change indications since an error 

on either data gives a false indication of change (Singh, 1989). Therefore, it is imperati ve 

that the individual classification be as accurate as possible (Chen, 2000). 

2.6. Related Works on LULCC and Its Impact on LST 

Studies have shown that there remain only few landscapes on the Earth those are still in 

their natural state. Due to anthropogenic acti vities, the Earth surface is being significantly 

altered in some manner and man 's presence on the Em1h and hi s use of land has had a 

profound effect upon the natural environment thus resulting into an observable pattern in 

the land use and land cover over time. Studies of the detailed history of LULC change in 

an area can help explain the spatial extent and the degree of the change itse lf, and help to 

assess the directions and degree of other human-related environmenta l changes. The 

integration of remote sensing and geographic informat ion systems (GIS) has been widely 

applied and been recognized as a powerful and eVective tool in detecting of both urban 

and rural land use and land cover change (Ehlers et aI. , 1990; Treitz and Hobbs 1992; 

Harri s and Ventura,1995). Satellite remote sensing collects multi spectral, multi­

resolution and multi -temporal data, and turns them into information va luable for 

understanding and monitoring urban land processes and for building urban land cover 

datasets. 
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A number of related studies were conducted uSll1g GIS and Remote Sensing. For 

example, Xiao and Weng (2007) used Landsat TM imagery to examine LULC changes 

and to assess the impact of these changes on the local ecosystem in terms of the change in 

land surface temperature focuses on the Chinese Karst area. The study has examined 

LULC changes in four counties of Karst area in Guizhou Province, of Chi na, from 199 1 

to 200 I. The results indicate that urban/built-up areas expanded dramaticall y, while 

agricultural land declined. Naturally vegetated areas decreased from 1991 to 1994, but 

increased from 1994 to 200 I. Barren land increased, mainly in the boundary areas 

between forest and dry agricultural fields, especially in steeply sloping areas. The 

observed changes in LULC were largely attributed to population pressure on the land, a 

rapidly growing economy, poor land use plmming, and the inconsistency in the 

governmental policies. Changes in LULC were accompanied by changes in LST. From 

1991 to 1994, the urban or built-up surface temperature climbed at all four counties, and 

continued to increase in Guiyang and Anshun between 1994 and 200 I. Moreover, 

temperature differences between the urbani built-up and the surrounding rural areas 

significantly widened, especially in Guiyang and Qingzheng. This could lead to an 

intensified urban heat island effect in the urban areas. 

Yonghong et ai. , (2003) integrated Landsat MSS/TM/ETM+ and MODIS satellite imagery, 

meteorological records, and census data, Topo-sheets to examine the influence of land use 

change on UHI in greater Guangzhou from 1980-2007 and an integrated and modified 

single-channel method was used to retrieve land surface temperature (LST). Decadal 

changes in land use fraction m1d UHI pattern show that cropland decreased in parallel to 
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the increase in built-up area and the correlation coefficient reached 0.97. The UHI effect 

expanded from urban areas to surrounding suburban areas and countrys ide with an 

increase in land surface temperature (mean LST increased by 2.48 from 1990 to 2007) 

and a decrease in the green vegetation fraction (GVF) (mean GVF decreased by 0.16 

from 1990 to 2007). The spatial heterogeneity of UHI expansion can be explained by 

spatial patterns of economic development, population increase, and abundance of 

vegetation cover. Suthinee Dontree (2010) combines the techniques of remote sensing 

and geographic information system (GIS) to detect the spatial variation of LST and 

determine its quantitative relationship with LULC and elevation in Chiang Mai-Lamphun 

basin. Zemba et aI., (2010) apply remote sensing and geographic information systems 

(GIS) for detection urban growth and assessing its impact on surface temperature in 

Jimeta city, Nigeria. Remote sensing teclmiques were uti lized to carry out land use and 

land cover change detection by using multi-temporal Landsat Thematic Mapper data. 

Urban growth patterns were analyzed by using a GIS-based modeling approach. The 

integration of remote sensing and GIS was further applied to examine the impact of urban 

growth on surface temperatures. The results revealed a notable and uneven urban growth 

in the study area. This urban development had raised surface radiant temperature by 9°C 

from 1986 to 2008 in the urbanized area. The integration of remote sens ing and GIS was 

found to be effective in monitoring and analyzing urban growth patterns, and 111 

evaluating urbanization impact on surface temperature. There are many examples of 

related woks to mention. However, it is important to understand that there is no any 

standard technique that can be used to analyze impact of land use and land cover change 

on land surface temperature. 

33 



3. Background of the Study Area: Addis Ababa 

3.1. Historical Background of Addis Ababa 

Addis Ababa - the capital of Ethiopia - is a relatively new city compared to older 

religious, administrative and commercial centers like Axum, Yeha and GondaI'. It is 

located at 09° 02' 00' 'N Latitude and 38° 44' 00" E Longitude. The city overlies at the 

western margin of the Main Ethiopian Rift and is a part of the western highland of 

Ethiopia. 

It is not exactly agreed as to when Addis Ababa was establi shed as a city, but it became 

emperor Menelik 's residence between 1886 and 1891 (Horvath, 1966; Solomon 1985) . 

As documented in many literatures, it was around 1886, when Menelik, the king of Shoa, 

permeate with the desire to build the great Ethiopian empire by conquering the southern 

part of the country and settled at Entoto, strategic area for his governance. In November 

1886, while Menelik was off in a distant corner of the empire, his wife Taytu moved the 

encampment from the hill s down onto the current site of Addis Ababa. She repOitedly left 

the Entotto mountain camp because of the unpleasantly cool temperatures at that high 

elevation and was drawn to the site of Addis by the Fel Weha hot springs (Zewde, 1991). 

More impoltant than the comfort of the Addis Ababa site, was its potential for expansion. 

The Entotto site was suspended on a ridge and offered little room for development of the 

grand city Menelik envisioned. The hills were also limited in proximity to water and 
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business routes (Pankhurst, 1962). Upon his return, Menelik apparently became fond of 

the new location and in 1892 named the settl ement, Addis Ababa, proclaiming it the new 

and permanent capital of the Ethiopian Empire (Pankhurst, 1962). 

The first land use and land cover patterns of Addis Ababa thus evolved by expell ing the 

neighboring farming community to the periphery as a serf (Tesfaye, 1987). Subsequentl y, 

Add is Ababa became the political, religious and administrati ve centre of the coun try 

extending hori zontally to the periphery covering large areas. Plan fo r the city's 

development has begun after coronation of Menlik 1I as a king of Ethiopia that formed 

the base for the present structure of Addis Ababa. The fo undation and early expansion of 

the city was started at the Meneli k' s Gebbi (palace) at the highest point around the hot 

spring which served as a political centre and extended to areas of St. George Cathederal 

that served as a religious centre, adjacent to the church the main local market centre 

opened in the Arada district (Pankhurst, 1962). Today's Addis Ababa is the result of 

sprawl to all direction arou nd these centers. 

With the introduction of modern public servIces and technologica l advancement, 

establishment of institutions and different small and large scale manufacturing fi rms, 

Addis Ababa increased in physical size and population. Currentl y, Addis Ababa also 

serves as diplomatic capi tal of Africa, housing numerous embassies and International 

Organizations including the Uni ted Nation Economic Commission for Africa (UN-ECA) 

and the Afri can Union (AU) and many other development organi zations. By and large, 

after becom ing the capital of Ethiopia, Addis Ababa has been growing by leap ing and 

bounding in phys ical, social, economic and environmenta l changes. 
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3.2. Physical Expansion and Trend Profile of Addis Ababa 

The rapid increase of population associated with economy has lay great pressure on the 

demand for urban space in the city. In response to this demand, efforts are being made by 

the city government to incorporate the neighboring areas of the city, which is resul ting in 

speeding up the sprawl of the bui lt-up area of the city. Consequentl y, Addis Ababa has 

experienced rapid physica l expansion and densification. Table I shows the physical 

growth of the total municipal areas of Addis Ababa since 1984. 
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Table I: Area Covered by City Administration of AA 

Years Area in hectares Growth in hectares 

1984 22,200 -

1994 53,01 4 30,8 14 

2000 53,014 -

2005 54,000 986 

Sources: Com puted fi·o m data fo und from OPH CC ( 1987); ORA AM P ( 1999) 

On the other hand, the Office fo r the Revision of the Addis Ababa Master Plan 

(ORAAMP) has assessed the expansion trends of Add is Ababa in diffe rent periods. The 

assessment indicates bui lt-up areas of the city in different physical expansion period 

(Table 2). 

The early development of the city was from 1886 to 193 6 and is known for its haphazard 

and extended settlements of the land lords and mil itary camps' occupation of large 

compound as 'sefer ' . The built up area of the earl y period of development covered 

1863. 13 hectares that is 12.7 of the present. Following Italian occupation in 1937, the 

process of physical development of Addis Ababa was characterized by infill development 

and consolidation of the former fragmented settlements (ORA AMP, 1999). The physical 

expansion of the buil t-up area of the city during the period 1937 to 1975 was 

characteri zed by a compact type of development except some fri nge developments. 

Fragmented developments occurred along major outlets and around the industries 

established as satellite development. From 1976 to 1985, the built-up area increased by 

4788 hectares, thus increasing the cumulative total to 10,838 hectares. During th is period, 
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the expansion took places in all directions except the north . The general character of the 

expansion is consolidation of Akaki and Kality with the core city, infill the former 

fragmented development, elongation along Deberzeit Road , and addition of well 

structured fabrics in other parts of city. 

The next period of physical expansion of the city was between 1986 and 1995, when the 

built-up area expanded by 2925 .3 hectares, increasing the cumulative total to 13,763.3 

hectares. Simultaneously, horizontal expansion took place in all peripheral areas of the 

city, where both legal and squatter settlements were establi shed. Out of the total 94,135 

housing units built in the city between 1984 and 1994, 15.7% (14,794 housi ng units) 

were buil t by squatters (ORAAMP, 200 1). This period was the period where Dergi 

regime became feeble and the change of government took place . Due to such reasons, 

squatar settlenment increased and these contributed to the phys ical expansion of the city 

in thi s transition period. 

During the most recent period of physical expansIOn, between 1996 and 2000, the 

phys ical built-up area of Addis Ababa increased by 909.4 hectares, reaching a cumulative 

total of 14,672.7 hectares. Expansion of the city was characterized by the development of 

scattered and fragmented settlements in the peripheral areas of the city, with both legal 

residents and squatters . In 2000, Addis Ababa had an estimated total of 60,000 housing 

units with squatter settlements. This figure accounted for 20% of the total housing stock 

of the city and the total area occupied by squatter settlements was estimated at 13.6% of 

the total built-up area (MiI1l.vuyelet, 2005). 
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Table 2: Physica l Growth of Addis Ababa (\986-2005) 

Period Area covered Total built-up area (ba) Rate of increment 

1886- 1936 1869.13 1869.13 -

1937-1975 4 186.87 6050.00 3.1 

1976-1985 4788.00 10838.00 6.0 

1986-1995 2925.3 0 13763.30 2.4 

1996-2000 909.40 14672.70 1.6 

Source: Based 0 11 data obta ll1ed from ORAAMP (2001). 

3.3. Land Use and Land Cover of the City 

The land use of Addis Ababa has been changed rapidly due to extensive urbanization as a 

result of socia -economic, political , and physical factors. The ex tensive urbanization 

results in replacement of vegetated land, cultivated land, grass land and wet land by built 

up. Urban land stretched out on the undulating topography with some flat land areas. 

Forest lands, grassland, wet lands and cultivated land are found on the fringes and some 

patches of other than built-up found on the city center. The greatest part of forest land 

covered by Eucalyptus, and other endemic and endanger species such as Juniperious 

procera (Yehabesh Tid), Hyperi cum revol ution, Olinia rochetiona, Myrsine africana and 

Erics arbrea(Asta). Even though, the environment is not suitable for wild life habitat due 

to encroachment of forest land and change of land cover, but some wi ld animals like 

spotted hyena, common jackal, white tailed mongoose, velvet monkey, baboon and 

antelopes and many others ex ist in forest area. During, the field survey, forest land and 

cultivated land have been observed changing to built up, single story building to 

multi story buildings and from extensive use to intensive use. The increase in the demand 
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of, land for urban, fuel and construction materials has highly affected the land cover in 

recent years. 

The above mentioned land use land cover types were identifi ed from observation of the 

study area during field visit and from AAEP A. The classification was modi fied based on 

Anderson level I classification. 

3.4. Demographic Background of Addis Ababa 

Based on the 2007 census results, Addis Ababa has a tota l population of 2,73 8,248, 

consisting of 1,304,5 18 men and 1,433 ,730 women. The city is fully urban, with no rural 

dwellers with in the city's administrative boundaries. For the capital city 662,728 

households were counted living in 628,984 housing units, wh ich results in an average of 

4.2 persons to a household. Addis Ababa contains 22.9% of all urban dwellers in Ethiopia 

and for about 3.7% of the total population of the country. The City is divided into 10 Sub 

cities; again the sub cities are divided in to 99 Kebles. There is a dispari ty in Sub city 

population distribution which shows lmeven distribution. The majority of the city population 

lives in Kolfe Keranyo (15.6%), Yeka (12.6%), Nefas Silk Lafto (II .5%), Bole (11.2%), Gullele 

(9.76%), Addis Ketema(9.3%), Kirikos(8%), Lideta(7.4%), Arada(7.7%) and Akaki 

Kal ity Sub City (6.7%) Arada and Akaki Kal ity have the smallest share from the City's total 

population. 

Addis Ababa, the capital city of Ethiopia, is among the fast growing cities of Africa in 

terms of both population and physica l size. In 19 10 the population of the city was onl y 
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65 ,000 and in 1935 the population of the city grew to 100,000 (Solomon, 1985). The 

primary census result of the city held in 1961 indicates that the city had a population of 

443 ,728 (OPHCC, 1987). The following Table 3 illustrates the population growth 

patterns of Addis Ababa since its establishment. 

As shown in Table 3. Addis Ababa 's population growth pattern has been irregular during 

the greater part of its hi story, largely due to changes in the country's social, economic 

and political conditions. Natural increase and substantial migration are mai n facto rs 

contributing to the fast growing popUlation of the city. The data revealed that there was 

exceptionall y high average annual rate of growth between the years 1935 and 1956. This 

was perhaps due to establi shed road network and work opportlU1ity created by Italian 

Administration in its short rule of the country that attracted people to urban sett lement. 

During the period 1956-1961 the average annual growth rate of the population decreased. 

From 1961-1967 and 1967-1978 the population grew at an average rate of abo ut 7.9 and 

9 percent per annum, which has dropped by about 3 percent per annum between 1978 and 

1984. This decline seems due to the political umest in the country since February 1974 

revolution. 

The data also indicates an upward trend in between 1984 and 1994. Thi s was perhaps 

partly due to instability and civi l war in the country so that people fl ew to the city 

because of war displacement. From the 1994 census onwards the city is experiencing one 

of it 's slowest-ever growth rates, just slightly below three percent per annum. Even with 
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thi s low growth rate, the capital continues to attract 90,000 to 120,000 new res idents 

every year (ORAAMP, 1999). 

Table 3: Patterns of Change in Population Size and Growth Rate of Addis Ababa 

Years Population size Abso lute Change Average ArulLla! 
Growth Rate 

1900 50,000 - -

1910 65,000 15,000 3.00 

1935 100,000 35,000 2. 15 

1941 143,000 43 ,000 7. 17 

1956 318,000 175,000 8.16 

196 1 443 ,728 125,728 7.9 1 

1967 683,530 239,802 9.0 1 

1978 1,167,3 15 483,785 6.43 

1984 1,423, 111 255,796 3.0 

1994 2, 112,73 7 689,626 3.3 

2007 2,738,248 625 ,511 2. 1 

20 10 2,958,839 151,910 2. 1 

SOllrces: Compiled ifom data found in Solol11on (1985): OPHCC ( 1987); CSA ( 199.\) ; CSA (20 10) 

Migration has direct effect on the geographic distribution of the population and change of 

land use land cover. Moreover, migration in interaction with other demographic forces as 

we ll as other aspects of social and economic changes. Addis Ababa, the capita l ci ty of the 

country, attracts a number of migrants from all reg ions in the nation due to different 

reasons. According to the country's 2007 population and housing census, out of the total 

population of the city, 1,3 02,966 (47.6%) were migrants from rural and other urban areas 

in Ethiopia (CSA, 20 I 0) . Drought and famine demobilize army of the Derg goverrunent, 

the Ethio- Eritrea conflict du ring 1998-2000, and di splacements of people due to confli cts 

have increased the level of migration in Addis Ababa city in all these years. For instance, 
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113, 4 18 migrants flooded Addis Ababa during Ethio- Eritrea conflict and at the end of 

1997 there were 53, 000 migrants in the city (AACA, 1997). Migrants driven out of their 

regular location due to adverse socio-economic and culture grounds and became the 

burden to the city and the dwellers and are the causes of LIl·ban expansion. 

Generally, the overall picture of Addis Ababa city' s population growth pattern reveals 

accelerated urban growth and subsequentl y high conversion of land from other uses to 

urban. Thus hi gh population growth and haphazard nature, which has unleash tremendous 

agglomeration of unplanned and shanty settlements in the periphery with high population 

density in some parts of the center typifies the City. 

3.5. Climate Characteristics 

3.5.1. Rainfall 

The mean annual rainfa ll in the Addis Ababa ranges between I 132mm and 1 1 79mm. 

There are marked inter and intra-annual variations in rainfall. There were notable periods 

of above average rain in 1989, 1993 , 1996,2005-07, and 20 10 and periods of below 

average rainfa ll in 1994, 1997, 1999-2000, and 2002. The peri od 1994 to 2000 is one of 

rainfall deficit, as indicated by the cumulative departure from the mean (F igure3). 

The ra infall reg ime in the study area is bi -modal, and has strong seasonal variations due 

to the passage of the !TCZ (Inter Tropical Convergence Zone) . The mean monthl y 

rainfall in Addis Ababa is above 162.11 111m between April and September inclusive, 

with the highest mean monthly rainfall recorded in August at 265.99 I1lm and the months 
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with the lowest rainfall are November, December and January with 6.35, 7.73 and 13.65 

mm mean monthly rainfall, respectively. 
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Figure 3: Annual Mean Rainfall and Mean Annual Temperature of Addis Ababa 

Source: National Meteorological Services Agency, 2012). 

3.5.2. Temperature 

Latitude, alti tude, winds and humidity, with varying magnitude have significant impacts 

on temperature conditions in Ethiopia. The overall temperature in Ethiopian highlands is 

lower than those in tropical lowlands. The average fall in temperature is 0.6°C for every 

100m ri se in elevation. The average temperatures are typically tropical and fluctuate by 

5°C between the coldest and warmest months. The annual variation is from 2 to 6°C in 

the Ethiopian highlands (Akundabweni , 1984). Highest temperature was observed for the 

months of March, April , May and June. While the months of October, November and 

December had the lowest temperatures in the years under study. 
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(Source: National Meteorological Se rvices Age ncy, 2012) 

The city expenences a temperature of moderate type of climate with an average 

max imum of 23 .Soc to an average minimum of 9.6°c. The mean aru1llal temperature in 

Addis Ababa lies between IS.SSoC -1 7.Sl oC at the study periods. The average monthly 

temperature of the hottest month (May) and the co ldest month (November) is IS.6 °C and 

15.6 DC, respectively with an annual range of a mere 3 °C (Figure 4). 

3.6. Physiography of Addis Ababa 

Ethiopia can be di vided into fo ur major phys iographic regions widely known as the 

Western plateau, Southern plateau, the Main Ethiopian Rift and Afar Depression 

(Mengesha et aI. , 1996). 

Addis Ababa is situated on a plateau with an elevation ranging from 2131 to 3 193m a.s.1. 

on the summit of the western Main Eth iopian Rift escarpment. The morphology of Addis 
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Ababa is a di rect reflection of the different volcanic stratigraphic successions, tectonic 

acti vi ties and the action of erosion between successive lava flows (Tamiru et a\. , 2006). 

The city is bounded by high ri sing mounta in systems in all directions and the center of 

the city lies on an undulating topography with some fl at land areas . The buil t-up area of 

the city is deeply di ssected by numerous vall ey formed by the river systems crossing the 

city from nOl1h to east. 

Entoto mountain ridge fo rms the northern boundary of the city fo llowing the East-West 

trending Ambo-Kassam major fa ul t system. The elevation of th is ri dge ranges fro m 2600 

to 3200masl. The vo lcanic mountains; Mt. Furi in the south-west, Mt. Yerer in the 

southeast and Mt. Wechecha in the west are the high massive volcanic centers ri sing to 

elevations of 2839m, 31 OOm and 33 85masl respectively 
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Figure 5: Physiographic Model of Addis Ababa 
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Undulating to flat topography is dominant within the city boundary. The occurrence of 

domes and stream valleys create this undulating topography. Further south wards, the 

topography becomes very gentle and a very wide area fa ll s under a smaller elevation 

range of I 960masl and 2 160masl (Figure 5). 

Addis Ababa lies within the Awash River Basin. The water divide between A wash Basin 

and Blue Nile Basin lies on the top of Entoto Ridge. The catchment area of Akaki River 

basin that totally includes Addis Ababa area is divided into two sub basins - the Big 

Akaki River (Eastern) sub basin and the Little Akaki River (Western) sub basin. 

The streams of Addis Ababa drain towards south from Entoto ridge, south east from Mt. 

Wecheca and Mt. Furi and towards south west from Mt. Yerer and other elevated areas of 

the eastern outskirts of the city. The potential streams in the city are Little Akak i, 

Bantyiketu, Kurtume, Kebena, Ginifile, and Big Akaki. Other streams are intermittent in 

nature. Streams are dense with deep valleys on top of mountains such as Entoto ridge 

forming radial and dendritic drainage patterns (Figure 2). In the southern part of the city 

the density of the streams is reduced and the main ri vers show meandering type of flo w. 

This is due to the decrease in the gradient of the valley floor. 

3.7. Geology 

The situated hill chain (Entoto and Yeka) in the northern part of Addis Ababa is 

composed of Termaber basalts. It is called Entoto Cilcic and it is covered with volcan ic 

topsoil materials of about one to two meters thick. The urban area is composed of 
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younger basalts called Addis Ababa basalts which are also covered with vo lcanic topsoil 

material s. The western part of Addis Ababa belongs to the younger age stratum ; the 

northern part is mainly composed of Trachey basalts. In the Bole area, a kind of basalt, 

called ignimbrites, is partly found. The topsoil materials in the western part are thick and 

soft compared to those of the northern and eastern pm1s. 

3.B. Socioeconomic Characteristics 

The economic activities in Addis Ababa are diverse. According to official statistics from 

the federa l government, some 119,197 people in the city are engaged in trade and 

commerce; 113,977 in manufacturing and industry; 80,391 homemakers of different 

variety; 71,186 in civil administration; 50,538 in transport and communication; 42,5 14 in 

education, health and social services; 32,685 in hotel and catering services; and 16,602 in 

agriculture. In addition to the residents of rural parts of Addis Ababa, the city dwellers 

also participate 111 animal husbandry and cultivation of gardens. 677 hectares ( 1,670 

acres) of land IS irrigated annually, on which 129,880 quintals of vegetables are 

cultivated construction boom with tall buildings rising in many places. Various luxury 

services have also become available and the construction of shopping malls has recently 

increased. According to Finance and Economic Deve lopment Bureau GDP study document 

contribution of sectors in Addis Ababa to the national economy is 77% Service, 22 % Industry 

and the rest I % is Agriculture . 
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According to the 2007 nat ional census, 98.64% of the housing units of Addis Ababa had 

access to safe drinking water, while 14.9% had flu sh toilets, 70.7% pit to ilets (both 

ventilated and unventilated), and 14.3% had no toilet fac ilities. Values for other reported 

common indicators of the standard of li ving for Addis Ababa as of 2005 include the 

following: 0.1 % of the inhabitants fa ll into the lowest wealth quintile; adult literacy for 

men is 93.6% and fo r women 79.95%, the highest in the nation for both sexes; and the 

civic infant mortality rate is 45 infant deaths per 1,000 live bi11hs, which is less than the 

nationwide average of 77; at least half of these deaths occurred in the infants' first month. 
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4. Research Methodology and Design 

This section explains the research methodology that was used in the study. It gives detail 

explanation of methods of data collection and its data source. Subsequently, it outlines 

the sampling procedures and techniques that were employed in the study. Finall y, it 

presents the method of analysis and interpretation. General methods and techniques of 

data co llection and data analysis used in thi s study were illustrated in Figure 6 

(Methodological flow chart) . 

4.1. Materials and Data Collection 

4.1.1. Materials 

To meet the objectives of the research satellite images (Multi temporal Landsat TM, 

Spot-5 and Google Earth images), topographic maps, GPs for ground verification and 

digital camera where used. In addition, software's such as ArcGlS 10 (analys is and image 

processing), ERDAS IMAGINE 2011(image processing), ENVI 4.7(change detection 

and classification), Ms Excel (charts and graphs), Ms Word for word processing and 

others were used. 

4.1.2. Data Collection 

Both quantitative and qualitative types of data from both primary and secondary sources 

were co llected in thi s study.Two cloud-free Landsat TM scenes, acquired on December 

23, 1986, and December 10, 20 I 0 with Row/Path: 54/168, were obtained to quanti tatively 

measure land surface temperature and to observe the trends and patterns of land use and 
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land cover of the stud y area. The two images were taken at a similar time of year to 

minimize phenological effects. All images bands 1- 5 and 7 have a spatial resoluti on of 

30 m, and the thermal infrared band has a spatial reso lution of 120 m. The image was 

acquired through the USGS Earth Resource Observation and Science (EROS) through 

http://glovis.usgs. gov/ free of charge, which had been geo-referenced by supplier to the 

Uni versa I Transverse Mercator (UTM) map projection (Zone 37), WGS 84 datum and 

e llipsoid. In order to see the clear change in land use and land cover both satellite images 

of 1986 and 2010 were clipped by the same current boundary shape fil e. Due to this 

reason may be hinterlands in 1986 were added to city boundary. 

A city boundary fil e, I :50,000 scale topographic maps, Spot -5 image acquired 2005 , 

Google Earth image , Digital elevation model (OEM) with 30*3 0 ground reso lution, 

Road map of AA, hi storical LULC maps and documents related to study were also 

co llected from different data sources for the study. 

In order to make a closer investigation of the effects of land use and land cover change, 

driving forces of LULCC , patterns and trends of LULCC, and its impacts on local 

community and environment, data were collected from the study area by means of 

structured and unstructured interviews and participatory di scussions. Accordingly, the 

required data were obtained from both primary and secondary sources. The primary data 

were co llected through p31ticipatory approach, which included focus group discuss ions 

and key informants interviews. The secondary sources of information were collected and 

used from publ ished, unpubli shed, and other related works. Data on rainfall , temperature 

and humidity and other c limate elements over a peri od of 24 years from 1986 to 20 I 0 
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were co llected from Nat ional Metro logy Agency. Demographic data were co llected from 

Central Statistics Agency. Guidelines covering a wide range of topics relevant to the 

central issue of interest were deve loped to conduct interview and group discussion 

(Appendi x I and 2). 

4 .1.2 .1 Socioeconomic Data Collection 

Broader issues on economic, social , environmental and political effects of land use and 

land cover change and deri ving forces for these changes were raised and di scussed with 

the key informants from the community, kebele administration and relevant sectoral 

offices of the City Administration including Addis Ababa, urban plmming and 

information Agency, Land Development Agency, EPA and other stakeholders. Purposive 

and area sampl ing methods were employed to pick individuals in the process of 

conducting interview and di scussion in the study area. First the city was geographica ll y 

divided in to tlu'ee area clusters based on their location and setting: city center (Addis 

Ketema, Arada, Kirkos, and Lideta), upper catchment (Gullele, Kolefe Keranyo and 

Yeka) and lower catclullent (Nifasilk Lafeto , Bole and Akaki Ka lity). 

Second, samples were purposely selected one from each cluster that are Ki rkos, Yeka , 

Nifas Silk-Lafto sub-cities based on their proportion and representativeness. And then, 

the interview was conducted with three key info rmants one from kebe le administration 

two from community in each kebele from the se lected sub cities. Furthermore. tlu'ee key 

informants from each sector of relevant departments have been interviewed. 
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Group di scussion with different stakeholders and social groups were conducted to elicit 

pertinent data. To thi s end , two focus group di scuss ions one fi·om community (Elders, 

community based organization leaders, Women, Youth) and one from stakeholders with 

minimum of eight and maximum of ten in each selected sub ci ty overall six group 

di scuss ions were conducted. 

4.2. Data Analysis 

4.2.1. Analysis of Socioeconomic and Meteorological Data 

Qualitati ve data gathered through participatory assessment involving key informant 

interviews, focus group di scussions, and observation and assessment of the researcher 

were processed and analyzed qualitatively in line wi th the obj ecti ve of the stuei y. The 

meteorological data were analyzed using several quantitative techniques such as mean, 

annual, and time seri es averages (five year and ten years moving averages) . 

4.2.2. Analysis of Satellite Images for Land Use and Land Cover Change 

4.2.2 .1. Image Pre-processing 

Preprocessing of satell ite images has been eione to create more fa ith fu l representation of 

the ori ginal scene. Different preprocess ing methods were implemented before the 

classification and the change detection and LST retrieval. These include layer stacking, 

geometric, rad iometric, atmospheric, and topographic correct ion. Some of the 

preprocess ing steps to be followed in this research are briefly described below. 
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Layer Stacking 

All five bands of TM, excluding the thermal band, were considered for layers stacking. 

The nature of these different bands had to be considered to make a decision as to which 

three band combination would be most helpful for classification and visual interpretation. 

The Band 4 reflective infrared wavelength (0 .76-0.90 flm) is absorbed by water 

(appearing dark) and reflected by vegetation (appearing bright), wh ile mid-infrared bands 

5 (1.55- 1.75f!m) and band 7 (2.08-2.35f!m) contrast well, revealing differences in types 

and conditions of vegetation and soil (McHugh, 2006). By taking all these facts into 

consideration, band 4 in the green, band 5 in the red and band 7 in the blue wavelengths 

were used to create a fa lse co lor composite from TM images). After layer stacking, all 

the scenes were registered to topographic maps of the UTM coordinate system. 

Geometric Correction 

Raw digital image cannot be used as map without correcting geometrically as well as 

radometrically. The geometrical distortion of raw digital image is caused by two ways. 

The first one is systematic (predictable) and the second one is random (unpredictable) 

di sto rtion. The former is caused by the Earth as it rotates from West to East direction 

during the sate llite imagine from North to South direction. As a result of this, the full 

scene image has declined the South part to west and the North part decline to East. For 

this study, In order to reach an acceptable geometric accuracy and eliminate the 

discrepancy between the imageries and other underl ying layers, Satellite imageries were 

georeferenced to their actua l latitude and longitude using approximately 60 GCPs. 

primari ly road intersections which are evenly distributed across the entire image, taken 
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from topographic map and georeferenced road map of the city. These images were re­

projected to the local level projection system datum of Adindan, reference sphero id of 

Clarkl880 and projection type of UTM Zone 37 North and masked by the study area 

boundary shape file . To subset both images of 1986 and 20 I 0 the current boundary shape 

fil e was used and to perform th is ERDAS Imagine 2011 software was utilized. Due to 

rugged topography of the city, ortho-correction was seemed to be important and therefore 

the nearest neighbor resampling method was used to avoid altering the original pixel 

val ues of the image data. The images were re-sampled using the nearest neighbor 

algorithm with a pixel size of 30 m by 30 m for all bands, including the thermal band. 

The RMSE of rectification was less than 0.5 in thi s study. 

Radiometric, Atmosp/ieric aud Topograpflic Correctioll and Haze Reduction 

Radiometric corrections serve to remove the effects that alter the spectral characteristics 

of land features, except for actual changes in ground target. Rad iometric correction 

methods of satellite images can be grouped in two major categories: absolute and relative 

(Ou et ai , 2002). Absolute radiometri c correction converts the digital counts (Q), in 

which satellite image data are distributed, to at sensor radiance (Qcal) and then , through 

atmospheric correction, to reflectance at the surface of the Earth. Relative radiometric 

correction normali zes multiple satellite scenes to each other. Most forms of absolute 

rad iometric correction rely on any combination of sensor calibration coefficients, 

atmospheri c correction algo rithms, and illumination and observation geometry 

coefficients. These data are used in a radiative transfer model to correct the imagery to 

reflectance values. So for this study absolute radiometri c correction method was used. 

Radiometric calibrat ion of the 1986 and 20 I 0 TM sensor involves rescaling the raw 
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digital numbers (Q) transmi tted from the satellite to calibrated digital num bers (Qcal), 

which have the same radiometric scaling for all scenes processed on the ground for a 

specific period. Radiometric calibration was done using ATCOR fo r ERDAS imagine 

201 1. 

Atmospheric correction IS an important preprocessmg step 111 remote senS ll1g digital 

Image analys is , especia lly when multi-temporal data are applied to extract such 

information as biomass; land use and land cover features and their changes. Atmospheric 

correction methods employed to remove atmospheric attenuation are grouped under 

rad iometric corrections. The methods to be used for atmospheric correction are the 

function of nature of problem, the type of remote sensing data, the amount of in situ 

hi storical atmospheric information available, how accurate the biophysical information to 

be extracted from the remote sensing data (Jenth,1996). To Process multi spectral image 

data sets, statistical based relative atmospherc eorrcction methods and physics based 

abso lute correction models are avai lable. 

Statistical based relative atmosphere correction methods used reflectance as the basis of 

change detection over time such as FFC (Flat Line Correction), Internal Average 

Relative Reflectance (IARR) and Empirical calibration technique (i i) by using refl ectance 

in physics based on absolute models used such as (A TCOR) Atmospheric CORrection 

Now (Vermote et aI. , 1997), Fast Line-of sight Atmospheric analys is of spectral 

Hypercube (FLAASH), (MODTRAN) Moderate Resolution Atmospheric Radiance 

Transmittance Model (Berk et aI. , 1999), Atmospheric REMoval Program (ATRIM), 

High accuracy Atmospheric Correction for Hyperspectral data, ( 6S Code) Second 
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Si mulation of the Satellite Signal 111 the Solar Spectrum (Vermote et aI. , 1997), and 

COST (Chavez, 1996) etc. 

As mentioned above several atmospheri c correction models have been developed to 

eliminate atmospheric effects to retri eve correct physical parameters of the earth. Despite 

the vari ety of available teclmiques, for this study to eliminate the effects of atmospheric 

scattering and absorption in the image and to increase the accuracy of land use and land 

cover class ification, the ori ginal DN values was converted to surface refl ectance by 

atmospheric and topographic correction model ATCOR 3 for ERDAS Imagine 20 11 . 

Topographic correction is equally important processing step as atmospheric correction to 

enhance the data quality, help the interpreter, and improve the performance of subsequent 

processing. Mainly, two different approaches have been used to correct for varying 

illumination and reflection geometry caused by the topography. The first employs band 

ratio (Holben and Justice, 1980) and statistical transformation such as Principal 

Component or regression techniques (Civco, 1989) to get a band specific and scene 

dependent correction. The second approach employs a radiative transfer code to get a 

deterministic description of the topographic effect (Conese, 1993). While, A TCOR 3 is a 

method using for radiometric correction of satellite Imagery over rugged and 

mountainous terrain and removes atmospheri c and topographic effects and haze 

reduction. Addis Ababa is by its nature rugged and mountainous city it needs topographic 

correction. So, due to such reason atmospheric and topographic correction as well as haze 

reduction were performed by A TCOR 3 model for ERDAS Imagine 20 I I that for this 

study. The haze red uction was done before atmospheric and topographic correction. 
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4.2.2.2. Reference Data 

To acquire a land use and land cover map precisely, reference data were deve loped for 

each of the years and then randomly divided for classifier training and accuracy 

assessment. Due to the retrospective nature of study, it was necessary to employ a vari ety 

of methods to develop reference data sets for training and accuracy assessment. Training 

areas/sample objects which are typical representatives of the classes were collected using 

high resolution images; existing land cover maps, analyst's personal experiences and 

knowledge of the physiographical nature of the area. 

Large scale ( I: 50,000) topographic map acquired in 1984 were used as reference data for 

the 1986 classification. Stratified random sampling was used for se lecting samples. More 

specifically, the Addis Ababa was divided into 19 columns and 18 rows resulting in 342 

cells, and a 600*600 m site was randomly sampled from each cell. The topo map 

corresponding with the sample sites were then interpreted and 20 polygons of cover types 

were delineated. These polygons included approximately 1.66 % of the total pixels; 63% 

were used for training and the remainder for accuracy assessment. 

The reference data for the 20 10 classification were acquired from different sources. The 

primary data was a field verified set of reference sites collected in the February of 20 I J. 

This data set was created by collecting cover type information for a stratified random 

sample of 350 points with 70 points per level 1 class (excluding bare lands). At each 

sample point ArcGIS and GPS was used to digitize a polygon of the area of the 20 I 0 

cover type identified, along with other cover types in the vicinity of the randomly 
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area of the impervious sur face polygons by the total area of the AO!. Originall y 150 

random samples were generated for the entire image. Samples outside of the study area 

were subsequently exc luded, leaving 14 1 va lid samples representing varying percentages 

and kinds of impervious surfaces. 

4 .2.4. Computation of Normalized Difference Vegetation Index (NDVI) 

Normali zed d ifference vegetation index (NOV!) may be used as an indicator of 

abundance of biomass and greelmess (Chen and Brutsaert, 1998). When standardi zed, it 

may also be used as a method fo r comparing vegetation greenness between satellite 

images (Gi llies et aI., 1997). The index value is sensitive to the presence of vege tation on 

the Earth' s land surface, and is also highly correlated with climati c variables. such as 

precipitation (Schmidt and Karnieli , 2000). Many studies have revealed temperature to be 

the leading climatic [actor in controlling the vegetation greenncss in the northern 

hemisphere (Zhou et aI., 200 1; Lucht et aI. , 2002; lchii et aI. , 2002). Others have related 

NOVI to ecological quantities such as terrestria l net primary productiv ity (Kaufmann et 

aI. , 2004), and soil organic carbon at the local, regional, and global scales (Fung et aI., 

1987). In th is research, NOVI was calculated to infer general vegetation conditions and 

describes the greenness of areas. In addition, to examine the relationshi p between LST 

and greenness and to see how vegetation abundance has effect on urban climate. NOV! 

was calculated as the ratio between measured reflectance in the red (R) and near infrared 

(NIR) spectral bands of the images using the following formula: 

N DV I = Nea)' I R Band - Red Band 

Neal"IR Band+Red Band 
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4.2.5. Retrieval of Land Surface Temperature 

The conceptual framework used in thi s study fo r LST retrieval from Landsat TM 5 data 

fo llows that proposed by Qin et a!. , (200 I). It requi res rad iometri c calibrat ion (spectral 

radiance conversion to at-sensor brightness temperature), co rrection for atmospheri c 

absorption and re-emission, and emissivity estimation prior to LST estimation. 

4.2.5.1. Radiometric Calibl'ation for the Thermal Band 

The actual measurements acq uired by a TJR sensor will be in units of spectra l radiance 

that reaches the sensor for a certain wavelength . However for reasons of storage, the 

rad iance values are usuall y scaled and stored as DN values. So to retrieve effec tive at­

sensor brightness temperature from the thermal band data (Band 6 on TM) a two step 

process is needed. The first step is to convert the DNs to radiance values that is 

rad iometric correction and the second step converts the radiance data to degrees Kelvi n 

Atmospheric correction. 

Radiometric calibration was performed by converting the Digita l Number (DN) values to 

radiance based on sensor calibration parameters. The conversion {-i'om Qw' to at-sensor 

spectra l rad iance (Lsen) is performed using sensor calibration parameters publ ished by 

Chander et a!. , (2009) and in image header fil e by following gain and bias method Eq 3. 

Lsen = G rcsc:l h" X Q c, l1 + B I' f.'scate 

Where Lsen = Spectral rad iance at the sensor's aperture ~1! /(/11 ' srpl11)J 

Qca'= Quantized calibrated pixe l value [DN 1 
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4.2.5.4. Land Surface Temperature Computation 

[n this study, the LST was retrieved using a LST software tool developed by Zhang et aI. , 

(2006), which includes three major steps: (i) NDVI Calculation, (ii) Emissivity 

preparation and the (iii) LST calculation. In the LST software two method of calculating 

the surface temperature has been programmed namely the Qin et aI's Mono window 

Algorithm and Jimenez Munoz and Sobrino's algorithm. In this study, the Qin et aI 's 

mono window algorithm has been used to retrieve LST because it uses the atmospheric 

water vapor and the near-surface air temperature for retrieving the LST and va lidity. The 

model used for obtaining LST by Qin et aI. , (200 I) mono-window algorithm was 

expressed as follows: 

T = a6(1- c6+ 06)+[b6(1+C6 - D6)+C6+D6]Tsesor-D6Ta 
s ~ 

(10) 

where Ts is the land surface temperature in K, T sensor is the brightness temperature in K 

computed from Landsat TMlETM+ band6, Ta is the effective mean atmospheric 

temperature (K), a6 and b6 are constants with values of -67.355351 for a6 and 0.458606 

for b6 when the LST is between 273.5 and 343.5 K. C6 and D6 can be calculated by the 

following equations: 

(II) 

Where E IS the ground surface emissivity and T6 IS the atmospheric 

transmittance. Ta , E, and T6 are the three parameters needed to convert the brightness 

temperature to LST. According to the work of Qin et aI. , (2001), T6 could be estimated by 
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western part of the study area which is higher in altitude (Figure 7). Generally, in the 

1986's result as indicated in Table 6 the area was mostly covered with agricu lture, grass 

land, urban and forest where as bare land and wet lands covered smallest part of the area. 

In 20 I 0 agriculture, was the largest LULC category in the study area. It accounted for 

36.72% of the total land . Urban land was the second largest category, covering 33.97%. 

Grass land was widely distributed, accounting for 14.87% of the land, while forest land 

and bare land covered 9.63% and 3.57%, respectively (Table 6) . 

1986 LULC MAP 
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Figure 7: Land Use and Land Cover Map of 1986 
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Forest was almost exclusively located at the top of Entoto ridge and di stributed unevenly 

in the stud y. A high proportion of agricultural land was located in the south, south east, 

south west and east part of the study area, on the flat floor of the city. There also existed 

many narrow strips and small patches of cultivation areas di stributed in the study area. 

Bare land often have a scattered pattern and was discovered mainly along the boundary 

line between forest, built up areas and agri cultural fields , especially in steeply sloping 

areas and outskirt of the city ( Figure 8). Urban! built-up land was mainly found in the 

floors of Entoto hill stretched to all direction. Figure 7 and 8 show patterns and classes of 

land use and land cover over the study period. 

2010 LULC MAP 
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Figure 8: Land Use and Land Cover Map of2010 
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5.2. Land Use and Land Cover Changes 

Analyzing the change at di fferent times, help in determining the causa l factors, the level 

of the change, impact of change and the respective management techniques. The rate of 

change (difference in area from the final to the initial state of each land use and land 

cover category over the specified time period or number of years in each period) across 

the study period has also been analyzed based on the stati stical data deri ved from the 

images (Table 7). 

In order to put a clear picture and understanding of the land use and land cover dynamics, 

change matrix has been generated on the basis of the class ified image data Crable 8). 

These tables show the areal di stribution of each land category that has undergone 

conversion and transformation from one category to the other. 

5.2.1 Trend and Rate of Land Use and Land Cover Change 

The data revealed that the land cover in two different times showed significant changes. 

Urban coverage was drastically changed from 18.88% in 1986 to 33.97% in 20 10 that is 

almost two times from initial year (Table 6). UrbanI built-up expanded to all directions 

particularly to the south, east and North West side. 

Overall , the built-up land had the highest change rate among the land use classes, with 

3.3 Km2 (0.63%) per year of other land use classes changing into built-up land (Table 7 

and Figure 10). It was suggested that the expansion of the urban area to the surrounding 
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environ ment had an impact on the decrement of agricultural, fo rest, grass land and bare 

fi elds. Thus, agri cultural land, which consti tuted 39.76 % of the total area in 1986, 

reduced to 36.72% in 20 10 (Table 6) . It was continuously encroached, with an average 

annual loss of 0. 13% per year. 

Table 7 : Change in Extents and Rate of LULCC 

LULC Category Change 1986-201 0 Annual rate of Change 1986-
2010 

Area (Km") Area (%) Area (Km") Area (%) 

Built-up 80 15 .09 3.3 0.63 
Forest -9.74 -1. 83 -0.40 

-0.08 
Agri culture -1 6.09 -3.04 -0.67 

-0.13 
Grass Land -43.32 -8 .17 -1. 8 1 

-0.34 
Wet Land -1.1 9 -0.23 -0.05 

-0.0 I 
Bare Land -9.65 -1.82 -0.4 1 

-0.08 

Bare land and fo rest land showed significant changes; the first one decreased in 9.65 

kI112 with 0.4 kIn2/yr (0 .08%) rate of change, the later one also lessened with 9. 74km2 by 

0.4km2/yr. Grass lands showed major changes in that has declined with 43.32 kIn2 

(0.34% per year negative rate of change) . Wet land in showed very small contraction 

(l.1 9km2) and the rate of reduction over the period has been estimated as 0.05kIn2/yr 

(0.0 I %per year) which is relative ly the lowest rate of change Table 7 and Figure 10). 
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LULC change between 1986 and 2010 

100 

80 

60 

N 40 E 
'" 20 III 
OJ 
~ 

0 <t 

-20 

-40 

-60 

LULC Category 

• Change 1986-2010 Area (Km2) • Change 1986-2010 Area (%) 

Figure 9: Land Use and Land Cover Change over the study period 

Generally the trend and rate of land use and land cover between the 1986 to 20 I 0 shows 

that a reduction in agriculture, grass land, forest, bare lands and wet lands , whereas 

urbani built-up highly increased from 1986 to 2010. Thus, at the expense of other land 

use and land cover such as agricultural land, forest , bare land, grassland and wet land, the 

built up areas including continuous and discontinuous urban fabrics, industrial , 

commercial and residential units with other associated urban facilities dynamically 

increased in the period under discussion. This might be due to high acceleration of 

population increment with high demand for land and urban provisions, land allocation 

policy of the goverrunent and unplanned (slum) urban sprawl at the periphery of the 

conurbation. Figure 9 and 10 show the area extent of change and rate of land use land 

cover change. 
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Rate of LULC Change between 1986 & 2010 

Figure 10: Rate of Land Use and Land cover Change 
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Note: Rate of change in percent is calculated as change in between the two study years per total change of 

these years divided by the time interva l times 100. 

5.2.2. Land Use and Land Cover Dynamics 

The matrix of change detection result shows results from one class change to another. 

This method is useful to understand how classified land covers have changed over time. 

Table 8 shows the land use land cover dynamics between 1986 and 20 lO.ln the table the 

diagonal cells indicates the stab le land c lasses' which were not changed to other classes 

between 1986 and 20 I O. But the off diagonal areas of each class indicate the changes of 

one class to the other by losing or gaining from the initial state. The column total of the 

table indicates the total area of that particular land use and land cover class of the initial 

state (1986); whereas the row total indicates the area of that particular land use land cover 

class of the final state (20 I 0). 
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Table 8: Land Use Land Cover Change Transition Matrix 

LULC Change Initial State Imaoe ( 1986) 
Detection Statistics Urban Forestry Agriculture Grass Wet Bare Class 

Land Land Land Total 
Urban 81.77 7.70 47.74 35.15 1.1 3 6.64 180.13 

" Forestry 5.33 28.23 8.49 6.75 1.02 1.22 51.04 bIl 

" A oricu Iture 8.92 14.54 127.02 37.1 I 0.98 6.16 194.74 E 

" 
Grass L. 2.86 7.18 23. 11 35.43 1.18 9.07 78.83 - Wet Land 0.38 1.18 0.88 1.08 1.48 1.07 6.07 " ~6 Bare 0.87 1.95 3.59 6.63 1.47 4.94 19.45 ,,-
Class Total 100.13 60.78 210.83 122.15 7.26 29.10 530.26 = 0 

{i:(:! 
Class Chanoe 18.36 32.55 83 .81 86.72 5.78 24.16 

Based on the land use land cover transition statistics between 1986 and 20 10, 47.74 km2 

of agricultural land, 7.7 km2 of forest, 35.IS km2 of grass land, 6.64 km2 bare lands and 

1.13 km2 of wetlands were converted to built-up area. From 1986 to 20 10, about 8.49 

km2 of agricultural land was converted to forest, 23 . llkm2 to grass land, 47.74 km2 to 

urban development 3.S9km2 to bare land and 0.88 km2 to wet land. Almost the majority 

part of the urban expansion resulted from the conversion of agricultural land. On the 

other hand agri culture gain from, urban 8.92km2 
, forest 14.54 km2

, grass land 37.11 km2
, 

wet land 0.98 km2
, and bare lands 6. 16 km2 and 127.02 km2 of the area of agriculture 

remains stable. The conversion of built-up area to other land cover classes is unlikely to 

happen. These changes may seem to be classification errors due to the heterogeneous 

nature of urban area and the existence of mixed pixels on different objects which become 

spectrally similar one another (e.g. built areas and bare land), mapping inconsistencies 

and smoothing and generali zation appl ied. The conversion of built-up to other LULC also 

may be due to the redevelopment and densification program in the inner city built-up 

areas were demolished and these areas may be observed as bare land and grass land. 
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Grass land losses 86.72 km2 form 1986 and changed to 6.63 km2 bare land, 37. 11 km2 

agriculture, 6.75 km2 forests, 35. 15km2 built-up and 1.08 km2 wet lands. In contrast it 

gains 43.4 km2 in 2010 from 1986 land use land cover classes: 2.86 km2 urban, 7.18 km2 

forests, 23.11 km2 agriculture and 9.07 km2 bare lands and the rest 1.18 km2 from wet 

lands. Within the study time frame, wet lands are converted to other land use land cover. 

For instance wet lands with 1.1 3 Km2 were converted to urban land , 1.02 km2 to forest, 

0.98 km2 to agriculture and the rest to grass land and bare lands. Most of the grass land 

change occurred in the peripheries of urban in all direction. 

Between 1986 and 2010, about 7.7km2
, 14.54km2

, 7. 18 km2
, 1.18 km2 and 1.95 km2 of 

the forested area was converted into urban, agriculture, grass land, wet land and bare 

land, respectively. In contrast, other land use land covers were converted to forest in the 

period under study. So that forest gain 5.33 km2 from urban, 8.49 km2 from agriculture, 

6.75 km2 from grass land 1.02 km2 from wet land and 1.22 knl from bare land. All of 

these encroachment occurred at the edges of fo rested land and in areas around Lebu, west 

and east out skirts, and at city center. Likewise, bare land in city decreased from 1986 to 

2010, from an initial 29.km2 to the final stage 19.45 km2
. Bare lands was converted to 

6.63 km2 urban, 1.22 km2 forest, 6.16 km2 agriculture, 9.07 km2 grass land and 1.07k.t112 

wet land. Most of the changes in bare land were detected at the edges of forested and 

agricultural lanels on the slopes of the mountains and in areas placed in the southwest and 

southeast of the study area. The majority of the conversions between agricultural lanel, 

grass land and bare land or forest were in the mountains, and periphery especially along 

boundaries between these three LULe types. 
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Among these changes, the most prominent was the conversion between agri cul ture and 

grassland, and the next dominant change was between agriculture and forest. Conversion 

of other land use land covers to urban land use took huge share within the years of stud y. 

This increment of the built-up area is predominantly at the expense of grass land, 

agri cultural area, and forest cover in the surroundings. The major and significant scales of 

land conversion to urban functions have mainly been observed along the highway 

connecting Debrezeit (Gelan and Dukem areas) to the south, Jimma (Sebeta and Alem-

gena area) to the west, Dess ie (Sendafa area) to the east, and Ambo (Asko area) to the 

north west, where a great many manufacturing plants and associated housing units were 

concentrated. 

Dandena (1995) pointed out that the demographic, social and policy issues are major 

cause for land cover change of the area. In addition, due to the improvements in 

infrastructures, high value of land at the center of the city, housing policy and program, 

development of new industri al and recreational zones and population explosion, the rate 

of urban growth has expanded into the rural-urban fringe. 

5.3. Causal Factors of Land Use and Land Cover Changes 

5.3.1. Proximate Causes 

The discussions earlier in this document indicate that Addis Ababa city is experiencing 

fast LULC changes especially in thi s decade. Enormous extent of grass land and 

agricultural land has been converted to built-up. Significant successive modificati7- and 

conversions among the land uses and land cover were al so evidenced. M,94'¢~\e 
.. <" , ~.~.l. / 

<~\" ,» / 
/ 

/ 
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encroachment and establishment of built-up in forest areas, bare lands and wet lands is 

al so major LULC change in the city. However, urban expansion and densification has 

been the most important proximate cause of land use land cover change in the study area 

between 1986 and 20 10. 

5.3.1.1. Urban expansion of Addis Ababa 

Addis Ababa city has experienced a serIes of drastic changes in its administrative 

boundaries. The current city jurisdiction came into effect in 1980s at the Oerge regime, 

as a result of the increasing demand for residential use forced the Oerge administration to 

adopt self-help housing cooperative system. Accordingly, the city outskirts occupied by 

farmers were allotted to new settlement for houseless urban dwellers. It was in this 

system that more than 25 Peasant Associations (PAs) of rural farming community 

administered under adjacent Woredas were included under the Addis Ababa 

Administration. In addition, the Master Plan of Addis Ababa prepared in 1986 has 

influenced the current city boundary and urban expansion. 

It was discovered that Addis Ababa started growing faster as an urban centre, since the 

late 1960s, Addis Ababa being the seat for the administration of the country, head office 

of Organization of African Unity (OAU), branch offices of the United Nations, and head 

office of the United Nation Economic Commission for Africa (UNECA), and diplomatic 

machines and residence. The city expanded from 101.13 km2 in 1986 to 180.13 km2 in 

20 10 (Table 8). Most of the new developments during this study period, took place in the 

suburbs as organized clusters for accommodating especially residential expansions, 
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industrial, commercial , condominium, emergll1g settlements, warehouses, or external 

transportation faci lities, in addition to rapid developments on the outskirts of the old city 

core. Growth of small urban centers along the outlet roads like Kotebe, Akaki , Kality, 

Repi led to massive construction of new residential buildings in these areas. By this time, 

new developments were mostl y directed to the suburbs in order to contain the growth of 

the ilmer city. 

In late 1980 and early 1990, the inner city became densely populated with no 

improvement in house provision to meet the increasing demand, latter squatter settlement 

and ill ega l land transaction intensified in the peripheries. Along with, housing 

construction with low bank interest set by the system that was induced many dwellers to 

construct houses, due to such reason the expansion of the city took places on all 

peripheries of the city, the major areas of expansion were to the east to Kotebe area along 

Dess ie Road (for residence both informal and formal and some industries); to the south 

Kali tti and Makkanisa area (dominantly planed for both residence and industry), to the 

West along the road to Jimma Road and Keraniyo (mainly housing both formal and 

informal), and along the road to Ambo (mainly formal housing) .. [n this time, Derge 

reg ime became feeble and the change of government took place for this reason squatter 

settl ement increased more and contributed to the physical expansion of the city. 

Dramati c urban development was also observed in the early 2000s. The reconstruction, 

expansion and upgrading of Bole airport to international status; buildings of different 

factory in industrial area ; establ ishment of private College of Education, Office buildings, 
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hotels, and recreational facilities played greater role in shaping and added attribute to a 

modern Addis Ababa city. Ring road was constructed to provide the fo undation for future 

expansIOn. 

In the late 2000, Addis Ababa witnessed yet another significant expansion in terms of 

both land area and population. This is evident in areas like Ayat, Lebu, Summit, Asko, 

l emo, and other areas where various stages of land development like condominiums, 

single and multistory residential and other types of constructions have been taking place. 

Furthermore, a number of renewals, upgrading or slum improvement strategies 

undertaken such as redevelopment Lideta area, Arat Killo area, Merkato area, and etc. 

Moreover, the land use and land cover maps derived from the Landsat images show that 

the urban and built-up area increased by 80 km2
, or by 15.09% in the 24-year period 

(\ 986-20 I 0) (Table 6 and Figure 7&8). Generally, the city has shown rapid Vertical and 

horizontal expansion both plallJled and unplanned. The overall expansion of city shows 

long fringes along four outlets of the city excluding Gojam road mainly due to its 

topography (Fig ll ). These areas can be characterized as "Zone of Discard", which 

hinders further urban development as oppose to "Zone of Assimilation". This indicates 

that other land cover types were massively conve11ed to urban land use at an annual rate 

of3.3km2 
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f igure 11: Major Expans ion Areas 

5.3.1.2. Urban Densification in Addis Ababa 

Map of 2010 

Analysis of the population density reveals that the density of population in Addis Ababa 

increased substantially between 1986 and 2010 (Table 9). The density of population was 

3062 in 1986 which increased to 5499 persons per sq. km. in 20 10. It is evident from the 

map and table that there was a densification gradient diminished from the Central 

Business District (CBD) outward into the countryside over the study periods. From the 

analysis some high density zones, can be easily identified, for instance, a notable increase 

in population and physical density occurred in the central pmi of the CBD. Regarding, 

physical density sub cities in the center Addis Ketema, Arada, Kirkos and Lideta about 
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75-89% of their land occupied by built-up (Table 9). From thi s it can concluded that city 

center not only experi encing population density but al so physical density. The main 

reason behind the physical density may be due to 1986 master plan of the city because the 

interventions proposed in the master plan were redevelopment, infill and densification of 

the centre to do so the city becomes denser. 

Table9: Population Distribution and Population Density at Sub city Level 

rrotal 1986 

Sub City Area Built-up Pop. I'D of A PD ofB Bu ilt-up 

Km' 
~rea km' rea 1cm2 

Addis Kelcma 9.44 6.99 22 t226 23435 3 1649 7.40 

Arnda 11.54 8.38 13772 1 11 934 16434 9. 2 1 

Lidela 11.9 8.64 173579 14562 20090 9.25 

Kirkos 15.59 13.08 15648 1 10037 11 963 13.99 

Gu llele 32.18 11.06 17 1534 5330 15509 11.42 

Kolfe Keranio 64. 85 11.33 17677 1 2726 15602 24.12 

Ni fas Silk Laflo 60.1 11.6 207753 3456 17910 26.06 

Yeka 83 .18 11.67 169788 204 1 14549 2 1.25 

Bole 119.5 9.9 126845 106 1 128 13 32 .73 

Akaki Kality 12 1.98 7.48 81848 67 1 10942 24.68 

Total -30.26 100. 13 1623545 3062 16214 180. 13 

SOlll ce o complied and computed based on popu latIOn data of CSA 2007 

Note: Pd of A=Populati on/Total area and I'd of B= Popul ation/ Built-up 
A rea % of built-up= Area occupied by bu ilt-up/Total Area * I 00 

2010 

Pop. PD of A I'D ofB 

27 1937 28807 36748 

22522 1 19517 244 54 

2 14798 18020 23221 

235585 15111 16840 

284984 8856 24955 

456716 7043 18935 

336799 5602 12924 

369151 4438 17372 

329039 2753 10053 

193029 1582 782 1 

29 1587 5499 16 188 

y, Built-

Ip 

78.4 

79.8 

7H 

89.7 

35.5 

37.2 

43.3 

25.5 

27.4 

20.2 

34.0 

The density decrease was equally evident in all direction towards north, west, south, and 

east side of the city center. Kebeles of peripheral sub cities are sparsely occupied less 

than 7500 persons per km2 and kebeles of the city center are highly populated specially 

kebele 14/21, 1311 5, Oll02/03 and 04/05 of Addis Ketema and 09/ 10and 04,06 of Lideta 

sub city (Figure 12) . Akaki Kality, Yeka and Bole,Yeka sub cities are the less density 

occupied below 2050 persons per k.m2 in 1986 , and Akaki Kality and Bole in 201 0 with 
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value lower than 2750 persons per km2 Gulele, Ko lefe Keranio and Nifas Si lk Lafi to are 

medium populated sub ci ti es with value ranging from 2050- 5550 persion per km2 in 

1986. J n 20 10, Yeka subcity as well added to the medi um populated sub cities with value 

ranged 2750 to 8850 person per km2 As usual in all cities, central areas have higher 

densities and are sometimes very densely occupied districts. In 1986 and 20 10, Araela, 

Kirkos and Lideta are high populated sub cities ranged 5550 to 15000 and 8850 to 19000 

persons per km2
, respectively. Addis Ketema is the most densely populated sub city 

23435 and 28807 persons per km2 in 1986 and 20 10, respectively. The analysis reveals 

that sub cities such as Nifas Lafito , Aakaki Kality, Bole, Kolefe Keranio anel Yeka their 

bui lt-up coverage as well as population density increases from 1986 to 20 I 0 (Table 9). 

This is evident that agricultural land and other land use converted to buil t- up in peripheral 

sub cities. In add ition, open areas and bare lands in center city (1986) were converted to 

built-up in 201 0. In general, the high population density act ivates the demand for urban 

service and intensifies demand of land fo r res idence anel economy. To accommoelate thi s, 

the city has practiced physical density by converting single story houses to high 

skyscraper buildings and condominiums anel by converting open fi elds and bare lands to 

build-up in the city center which all have impact surface temperature. 
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Figure 12: Population Density Map 

5.3.2. Underlying Driving Forces 
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Land means a combination of nature-human factors. LULCC is constrained by both the 

natural driving force and the social , economic, technical and hi storical factors. It is both 

comprehensive and geographical (Turner et aI., 1996; Lambin et aI. , 200 1; Togtohyn and 

Dennsi, 2002). [n areas with complicated natural conditions, such as plateau and 

mountainous areas, various natural driving forces have a great impact on the change of 

land use. Whereas in areas with little natural constraints, such as developed areas, the 

land use changes are mainly contro ll ed by the human driving force such as economic 

development, population growth and policies (Gobin et aI., 2002; Yu and Yang, 2002). 

92 



What has been the dri ving forces underl ying the urban expansion that caused the land use 

changes documented above? 

A case in point is what an age 73 years elderly key informant said (Nefas Sil k Lafeto Sub 

city): 

" .. .J was born and grown up here. This area was covered by forests and coarse 

grasses during my early days. Giant trees and woody plants were plentiful in the 

area. I am a living witness fo r the fact that the forest coverage has been 

d iminishing gradually all over my age. Woodlands are severely deforested and 

converted into cultivated and buil t-up areas. Most vegetation areas and cul tivated 

are plummeted into almost built-up these days . Particularly, due to the urban 

expansion and redevelopment of the city other land uses and land covers have 

been converted to urban that exerted heavy pressure on the environment and 

climate ... " 

At thi s juncture, one may rai se a question regarding the dri ving forces of LULC changes 

in Addis Ababa. As point out above, LULC changes are the result of a number of 

interacti ng variables and processes. Correspondingly, the series of key info rmant 

interviews and group di scussions conducted with the community, with reference to the 

suggest ions from experts, literature reviews and data available. The major driving forces 

of the rapid urban expansion and densification of the stud y area are categori zed as 

population growth, informal settlements, "economic development , and unplanned 

development and absence of clear policy of the ci ty. 
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5.3.2 .1. Population G.-owth 

Population gro\o\1h has long been considered as a major factor leading to land use and 

land cover change. Natural increase and substantial migration are main factors 

contri buting to the fast growing population. The population of Addis Ababa has shown a 

dramatic increase over the years since its fo undation in 1886. According to (Techeste, 

1987), "it is reported that the city had a population of 65,000 inhabitants in 19 I 0 which 

grew to 100,000 in 1935. After some years, it had increased to I , I 67,315" . From the time 

of its establislmlent it has taken about seven decades to reach hal f a million, whi le it took 

it to reach a million city populations in less than two decades between 196 I and 1978 

(Techeste, 1987).The population of Addis Ababa at initial stage of the study period was 

around 1,423, 11 I has grown to abo ut 2,112,737 in 1994 with 4.85 % per year annual 

growth rate . The growth of the city continued to grown-up to 2,738,248 in 2007, with 

annual growth 2.28% per year, which was a lower than that of the prcvious periods. And 

also it continues to grow to around 3 million in 20 10. Hence, population growth of Addis 

Ababa in about three decades was doubling its self (CSA, 2006). 

Moreover, Addis Ababa with the highest concentration of basic servIce fac ilities per 

population than other centers in Ethiopia enjoys a ' privileged position ' (Tegenge, 2000). 

In addi tion to natural increase, the pri vileged position of Addis Ababa has played an 

important role in attracting migrants from different areas. The high population 

concentration triggers the ever-growing demand for urban service: demand of land for 

residence, economic and industrial acti vities and other public services and it al so 

intensify the problem of housing demand. Demand for housing increased at higher rate 
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than its supply encouraging both unplanned settl ement and planned urban expansion in 

the periphery. To accommodate thi s, Addis Ababa city has experienced rapid physical 

expansion in all directions. This horizontal expansion might be both legal and squatter. 

Generally, the overall picture of Addis Ababa city's population growth pattern reveals 

accelerated urban growth and subsequently high conversion of land from other uses to 

urban. This rapid expansion of urban is at the expense of forest, agriculture land, grass 

land and other types of uses 

5.3.2.2. Informal Settlements and Unplanned Development 

According to key informants and focus group di scussions, one of the main causes the 

rapid physical expansions of Addis Ababa city to the periphery is informal settlement. 

Squatting is one of the factors that accelerate urban expansion. For instance, in Egypt 

more than 10% of the nation ' s most productive land has been lost to city expansion; 

much of it through squatter settl ements (l-Iardoy et aI. , 2001). The expansion of informal 

settlement in the study area is generally taking place on agricultural land and forest area 

occupied by peasant association and green areas. Squatter settlements are mainly located 

in the peripheral areas of the city, where they are numerous, and irregular in shape. In 

most cases they are characterized by large plot sizes and have greatly contributed to the 

unplanned and rapid horizontal expansion of the built-up area of the city. 

According to the city administration, Out of the total 94,135 housing units bui lt in the 

city between 1984 and 1994, 15.7% (14,794 housing units) were built by informal 

(ORAAMP,2001). In 2000, Addis Ababa had an estimated total of60,000 housing units 
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with squatter settlements. This figure accounted for 20% of the total housing stock of the 

city and the total area occupied by squatter settlements was estimated at 13.6% of the 

total built-up area. This was much contributed by the emergence and development of 

squatter settlements that caused rapid urban settlement expansion of the city to the 

periphery. 

5.3.2 .3. Economic Development and Investment 

Economic development obviously spurred land use land cover change. It should be noted 

that since Ethiopia adopted free market economy and open-door for large investment and 

commerce in the country, economic development has increased greatly. The city GOP 

has reached Birr 20,367.75 million and per capital income Birr 6,857. 8 in the year 

200911 o. Its economy is growing arl11ually by 9.2%. According to the World Bank 2007 

Report Standard set for medium income person is 13,500 birr (997USO). Table 10 shows 

Trend of GOP and Per capita Income of Addis Ababa (2000-2010). 

Due to the remarkab le increase of GDP and per capital income the potential income of 

municipality to provide services to the residents increase. This factor also triggered the 

preference of people for single family dwellings and urbanism way of life that increase 

demand of land. This is ev ident that highly standard single family dwellings in areas li ke 

Ayat, Oiaspora sefer, Woyera sefer , Lebu, Summit, Asko , lemo and other areas, 

constructed in the last decades in the expense of other land use land covers. 
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temperature spots scattered in all direction in the city. Numerous strip-shaped high 

temperature spots were al so detectable in the south east, close to quarry si te and in areas 

where there has been a rapid growth in settlements. There were also many tiny hot spot 

along the busy highways like Deberezeit road , Churchill, Ring road and others. The non-

existence of extensive land surface temperature in the extreme west and northern parts of 

the city could be attributed to the cooling effect of forests. 
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Figure 14: Land Surface Temperature 0[2010 
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The distinctive land surface temperature patterns are associated with the thermal 

characteristics of land cover classes. To better understand the impact of urban 

development on land surface temperatures, the thermal signature of each land cover type 
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was obtained by overl aying a land surface temperature image with a land use and land 

cover map of the same year. The average value of land surface temperature by land cover 

types is summarized in Table II . Of all the LULC categories, urban and built-up had the 

highest LST for both years. This implied that urban development, due to the replacing of 

natural vegetation with non-evaporating, non-transpiring surfaces, such as stone, metal, 

and concrete, did have an effect on raising LST. The lowest LST in 1986 was observed in 

forest, followed by wet land, grass land, agriculture, and bare land. The pattern in 20 I 0 

has slight difference, the lowest LST was fo und in forest, followed by wet land, 

agri culture, grass land, and bare land probably due to spectral reflectance similarity and 

so il moisture content between grass land and agriculture in the two study years. These 

results in line with the results of research entitle Evaluation of The Impact of Urban 

Expansion on Surface Temperature Variations Using Remote Sensing-GI S approach 

conducted in Jimeta by Zemba et a!. , (2002). 

Table II : Derived LST for each LULC type 

Land Use & land LST 1986 (OC) LST 20 I 0 (OC) dT(OC) 
cover 

Urbani built-up 30.4±2.88 31.42±3.0 1 1.02 
Forest 23.5 1±3.3 22±2.99 -1. 5 1 
Agriculture 29.93±2.69 29.98±2.92 0.05 
Grass Land 29.79±2.28 30.81 ±2.46 1.02 
Wet Land 28.53± 1.45 29.48± 1.68 0.95 
Bare Land 30.3±2.27 31.25±2.64 0.95 
dT IS the Mean temperature difference between 1986 and 20 I 0 

The average LSTs for urban and built-up land 30.4°C in 1986, thi s number changed to 

31.42°C in 20 I 0, meaning an increase by 1.02°C. For forest land LSTs had a decreasing 

change trend , changes from 23.5 1°C in 1986 to 22°C 20 I 0 by 1.5 1 0c. In the study area, 
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Table 13: Monthly Minimum, Maximum, Mean Temperature at Both Stations 

Jan Feb Mar Apr May Jun lu i Aug Sep Oct Nov Dec 
Monthly Temperature at AA Observatory in 0 C 

Mean Min. 8.97 10.25 11.45 12.16 12.34 11.45 11.36 11.46 I 1.2 7 10.26 8.59 8.44 

Mean Max. 24 .02 25.07 25.30 24.70 25.20 23.35 21. 15 21.21 2 1.94 23.0 1 23.30 23.42 
Mean of 
Mean 16.50 17.66 18.38 18.43 18.77 17.40 16.25 16.33 16.60 16.63 15.95 15.93 

Monthlv TClllocrature at Bole ill ° C 

Mean Min. 7.72 9. 10 10.53 11.38 11.24 10.8 1 I 1.1 6 11.20 10.35 8.34 6.25 6.53 

Mean Max. 2382 24.93 25.45 25.02 25.36 23.53 21.39 21.1 I 21.88 23 .12 23 .16 23 .39 
Mean of 

Mean 15.77 17.02 17.99 18.20 18.30 17. 17 16.27 16. 16 16. 12 15.73 14.70 14.96 

Monthlv Tcmoeraturc at Add is Ababa City in 0 C 

Mean Min . 8.35 9.68 10.99 11.77 11.79 11.1 3 11.26 11.3 3 10.81 9.30 7.42 7.49 

Mean Max. 23.92 25 .00 25.38 24.86 25.28 23.44 21.27 2 1.1 6 21.9 1 23.06 23.23 23.4 1 
Mean of 
Mean 16. 13 17.34 18. 18 18.32 18.54 17.29 16.26 16.25 16.36 16. 18 15.32 15 .45 

Source: National Meteoro logical Agency, (2011) 

The analys is of average monthly temperature di stribution of the weather stations of Addis 

Ababa city (1986 and 2010) reveals that the temperatures are more or less uniform 

throughout the year with a very little distinction between the hottest and coldest months 

at both the stations (Table 13). The average monthly temperature of the hottest month 

(May) and the coldest month (November) at Bole are 18.3 °C and 14.7 °C, respectively 

with an annual range of a mere 3.6 °C. Similarly, the monthly average temperature during 

the hottest month (May) at Addis Ababa Observatory is 18.77°C and the average for the 

co ldest month (December) is 15.95 °C wi th the annual range of only 2. 82 °C. It also 

revea led that the annua l average temperatures are higher near Addis Ababa obs. station 

(1 7.4 0c) than at Bole station (16.5 0C), which means that the city centre records 0.9 °C 

higher temperature than the surrounding areas . 
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Figure 16: Almual Temperatures at AA Observatory Station 

Source: National Meteorological Service Agency, 20 I I 

The seasonal distribution of temperatures indicates that the city centre records maximum 

temperature during Belg with 18.31 °C followed by Kiremt (16.65 0c) and Bega (16.25 

0C). Similarly, of all the three seasons Belg season records maximum temperature in the 

Bole area withl7.88 °C followed by Kiremt (16.43 0c) and Bega (15.29 °C).The analysis 

indicated that within the city, the city centre (Addis Ababa Observatory) records more 

temperatures in all the three seasons than at the Bole station in the peripheral area (Table 

13). 

Even if, there were fluctuations in some years intermittently, the annual average 

temperature of the Addis Ababa city as a whole has an increasing trend during the study 

period and reached its peak in the year 2002(Fig17 and 18). The same figures reveal that 

the trend in average aru1Ual temperature as well as 5 and 10 years moving average graphs 
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at Bole and Addis Ababa indicated a clear increasing trend in temperature between 1986 

and 20 I 0, but the diffe rence is Addis Ababa observatory records higher temperatures 

than Bole. 
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Figure 17: Annual Temperatures at Bole Station 

Source: National Meteorological Service Agency, 20 I I 

From Figure 17 and 18 therefore, the annual average temperatures indicate an increase in 

the entire Addis Ababa city by 1.5 °C in the study period. The increase in the average 

temperature was 1.2°C and 1.8 °C in the city periphery (Bole) as well as in the city center 

Addis Ababa Observatory, respectively. On the other hand, maximum temperature 

increase in daytime is more at the city centre (0.8°C) than in the peripheral areas (0.4°C). 

In contrast, minimum temperatures increase is more at the city periphery (3.2°C) than the 

city centre (l.rC). Since the air temperature is the result of the process of atmosphere 

heat from the sun radiation and from the earth surface, the high LST resulted fi'om change 
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in land use and land cover may contribute in high increase of the air temperature in the 

city center than the surrounding. For example, average air temperature difference of the 

two stations was 1.2°C in 1986, but this difference jumped to 1.4°C in 20 10, which 

indicates the warming effect of land use and land cover change. The LST differences 

between the two stations urban center (AA. Obs.) and periphery (Bole station) (Figure 

18) shows a maximum of 8°C difference in temperature in 1986. The same figure shows 

the land surface temperature in the urban center (AA Obs.) was of 15 °C wanner than 

that in surrounding rural areas (Bole station) in 20 I O. Both the results of land surface 

temperature and air temperature shows that UHls existed significantly in the city of 

Addis Ababa. This meteorological data ana lysis reflects the same result as of the LST 

resu lts. 
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,F igure 18: Diffe rence in LST between around AA Obs. and Bole Stations of 1986 and 
'20 10 

Land use and land cover change due to urbanization can also alter regional precipitation. 

The climate of Addis Ababa as well as getting warmer, it is also getting wetter. The rising 

motions over urban centers draw cool , moist low-level air into the ci ty from surroundi ng 
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rural areas. This combined with increased amounts of aerosols in the polluted urban air 

that act as cloud condensation nuclei, can lead to increased rainfall and increased 

frequency of severe weather. For example, the dail y precipitation records of two stations 

at 2010 reveals that storms resulting in over 20 mm of rain were more frequent over 

urban center areas than suburban. Figure 19 and 20 shows an approximate 20% and 9.6% 

increase in annual precipitation over the past 24 years at the city center and periphery, 

respectively. And also, the annual precipitation shows an increasing trend in both 

stations, but city center records greater amount of rainfall in every year than periphery. 

The same figures al so shows how the precipitation record has been di stributed over the 

three seasons: Bega (October- January), Belg (February-May) and Kiremt (June-

September). It is interesting to note that at Bega, and Kermt seasons of the two stations 

from 1986 to 2010, are showing a trend of increased precipitation; however, the trend is 

most pronounced in Kiremt records in both stations. But the Belg season reveal 

decreasing trend in the years of study. 
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Figure 19: Annual, Seasonal Precipitation and Relative Contribution of each season at 
AA Observatory Station 
Source: National Meteorological Service Agency, 20 1 I 
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The relative contribution of precipitation to the annual total from each season is reflected 

in Figure 19 and 20. These show how the relative contribution of the seasons to allnual 

precipitation is changing. Even though, there is some fluctuation in the proportion of the 

relati ve contribution to the annua l total. The overall trend RC has an increasing trend in 

Bega and Kiremt at the expense of the Belg at both stations. But, the relative contribution 

of Kirmet at city center is greater than the suburbs and RC of Bega at Bole is greater than 

city center. For instance, city center and Bole average relative contribution of Kiremt are 

73% and 70% respectively, on the other hand, Bole and city center average RC of Bega 

24% and 20% respectively. The decreasing trend of Belg rain fall and shift of rainy 

season is a clear indicator of urban climate change. In addition, the increasing trend of 

precipitation of city center greater than periphery is may be due to LULCC. 
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Figure 20: Annual, Seasonal Prec ipitation and Relative contribution of each season at 
Bole Station 
Source: National Meteorologica l Service Agency, 20 [ I 

Atmospheric hWllidity also had a strong relationship with land use land cover change. Rl-I 

at both stations measured three times a day and it shows a decreasing trend when we see 

the long term data of Rl-I (1986-2005). Even though, the trend of Relative humidity at 

both stations shows a decreasing trend, the rura l site was more humid than the urban 
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station in the central business district (62% versus 52%). On average, the humidity in the 

city is about 10% less than in the surrounding areas on a yearly basis. This difference 

was strongest from 12:00pm to 6:00 with a difference of 10-15% (Figure 2 1). 

A special characteristic of the city is the change in wind patterns with regards to both the 

direction and the velocity of wind. The larger su rface area and irregularity of a built area 

causes increased fr iction that reduces wind velocity - up to 30% less on average per year. 

Particularl y, the frequency of zero-wind conditions is increased by up to 20%, which 

leads to a reduction in air circulation and thus hinders the dispersal of pollutants 
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Figure 21: Annual Mean Relative Humidity and Wind Speed at Both Stations 

Source: National Meteorological Service Agency, 2011) 

Figure 19 depicts the wind profiles of the inner city. The differences in the wind profiles 

of the inner city and the city's priphery could not be dipicted because, the data of Bole 
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station is not available at NMSA. However, the inner city wind profile shows decreasing 

trend in the years. 

Based on the data analysis the evaporation of the two stations shows a decreasing trend 

with some year's fluctuation. Since pan evaporation is greater than evaporation from 

outside, pan coefficient of 0.8 is used to correct the various effects during evaporation 

from the pan. As a result the mean annual evaporation of city center and the periphery is 

1152.3mm and 1415.6Imm, respectively (Figure 22). In this regard, evaporation at the 

city center is lessen by 233.3mm than the evaporation at periphery, because the city 

center has less water and greater runoff due to the pavement are largely nonporous and 

impermeable (except by the pot holes). 
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Figure 22 : Annual Average Evaporation Trends 

Source: National Meteorological Service Agency, 2011) 
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5.6. Relationship between LULe and Biophysical Parameters 

To understand the relationship between land use and land cover and thus vegetation 

abu ndance indicators (NOVI), emiss ivity and impervious surface area the thermal 

signature of each LULC type must be investigated. The stati stics of NOV I, emiss ivity 

and impervious surface area by LULC type were obtained by superimposing LULC 

image with the three images (Figure 23, 24, and 25). The result of the GIS overlays is 

shown in Table 14. 

Table 14: Descripti ve Statistics of Biophysical Parameters of each LULC 

Land Use land NDVI 1986 NDVI Emissivity Emissivity Impervious Impervious 
cover 2010 1986 2010 Surface % Surface % 

1986 2010 
Urbani built-up 0. 134±0.095 0.O82±O.O83 O.98 1±O.OO9 O.977±O.0 11 6.4 1±4.56 IO,48±5. 19 

Forest O.294±O.122 OJ59±O.098 O.988±0.OO3 0.988±O.O07 1.04± 1.49 1.28 ± 1.86 

Agriculture n I.; I±OO83 0.142±0.11 0.984±0.00S 0.980+0.008 5.44'!-3.46 5.79±3.82 

Grass Land 0.1 70±0.O84 0.121 ±o.o76 0.985±0.OO5 0.98 I ±0.009 3.75±4.1 5.32±4.54 

Wei Land O.249±0. 1 0 1 0.330±0.124 0.9851 ±0.044 0.985±0.006 2.1O±2.09 2.8 1±4.21 

Bare Land 0.171 ±0.OS6 0." 8±0.72 0.984 1 ±0.005 0.9SI±0.00S 3.36±4.94 4.87±5.91 

The NOV! values estimated are in the range of -0.24 1 to 0.676 ha vi ng a mean value of 

0.220 with standard deviation of 0.102 in 1986. Similarly, the NOV! va lues in 20 10 

ranged from -0.228 to 0.698 (mean of 0. 14 and standard deviation of 0.12 1). The average 

NOVI value decreased from 0.170 in 1986 to 0. 139 in 20 10 in the city. Forest had the 

highest average NOV] value 0.294 and 0.359 in 1986 and 2010, respectively. The NOV I 

value of forest increased significantly by 0.065 from 1986 to 2010.These higher NOV I 
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values are observed around mount Entoto (forest) , north-west and North-east part of the 

two images (Figure 23). The increase in average NDYI value in forest land may be the 

reflection of ecosystem restoration measure taken by government. The re-greening 

campaign (afforestation and reforestation) for the mountainous and hill y slopes of Enlolo 

was observed in the study. So this greening campaign led to a slight increase in NDYI in 

the forest land. Wet lands exhibited the second highest average va lue of NDYI over the 

years of stud y. The lowest NDYI value shows in built-up areas with mean value of 0. 134 

(ranging from -0.2 to 0.664 with standard deviat ion of 0.0698) in 1986 and with 

significance declination to mean NDYI value is 0.082 (ranging from -0.228 to 0.574 with 

standard dev iation of 0.083) in 20 10. This observed lower NDYI va lue corresponds to 

bui lt-up areas placed on the city center and in areas have high impervious surface all 

around the city. According to interviews with officials and group di scussion with 

stakeholders, even though, there were some attempts by the city government to urban 

green and there is accredited direction to use the land 80% fo r construction and 20% 

greening, the greening was impractical by individua ls owners due to their greediness of 

land of using for bui lding . So the NDYI of the city that is the abundance of vegetation on 

built-up areas declined. Medium NDYI values are observed over agricultura l. grass lands 

and bare lands with mean value 0.151 , 0.170 and 0. 171 in 1986, it decreased to 0. 142, 

0.121 and 0.118, respectively in 20 10. NDYI va lues shows an increment in wet land and 

fo rest land covers and a decline trend in other land use land covers probably because of 

the decreases in vegetation in all LULe. Thi s decline in NDYI in agri culture and grass 

land may be due to lack of land ownership security in agri cultural land and grass lands 

and clear direction in the ri ght to cut and sell trees of private and communal property. 
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Ind ividuals do not have courage to plant trees around agricultural and grass land. As 

result, the trees around these LULC were frequently cut down to bui ld houses, for fire 

wood as well as market purposes, due to of this type deforestation activity NDVI 

decrease in these land use types. The result of NDVI values over different LULC of this 

research is in line with other works ofXiao and Weng, (2007) and Weng et aI., (2004). 
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Figure 23: Spatial and Temporal Patterns Map ofNDVI 
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From the derived emissivity values, the maximum values are observed over fo rest and 

range from 0.964 to 0.994 (mean of 0.9877 and standard deviation of 0.0037) in 1986. 

Similarly, forest in 20 10 depicted emissivity values in the range 0.968 to 0.995 (mean of 

0.9884 and standard deviation of 0.0066). The emissivity values over agricultural land, 

grass land and bare land are found to be in the range of 0.962 to 0.990, 0.963 to 0.991 and 

0.963 to 0.992 (mean of 0.984 0.985 and 0.985 1 and standard deviation of 0.0047, 0048 

and 0.0044), respectively in 1986. The values over agricultural land, grass land and bare 
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land decreased in 2010 to 0.980, 0.981 and 0.9817, respectively. The deri ved emissivity 

values over different features have been compared with those in the literature (Salisbury 

and D' Aria, 1992; Rubio et a!. , 1997; Van de Griend and Owe, 1993) and found to be in 

agreement. Table 14 shows the derived emissivity value in respective LULC categories, 

with their mean emissivity value over urban varies from 0.9550 to 0.99 (mean 0.981 1 and 

standard deviation of 0.009) in 1986 and shows decl ination to average value of 0.977 and 

standard deviation 0.0 I I in 20 I O. This decl ination of emissivity in urban areas and other 

land use land cover may be due to increment of impervious surface as the result of urban 

expansion and densification. Figure 24 shows the spatial and temporal pattern and 

distribution of emissivity and it shows suburbs around mount Entoto which is mainly 

covered by forest have high emissivity. 
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Figure 24: Spatial and Temporal Patterns of Emissivity 
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The percentage of land covered by impervious surfaces vari es significantl y with LULC 

categori es and sub-categories (Soil Conservation Service, 1975). A LULC type with a 

higher NDVI and Emissivity appeared to have a lower impervious fraction. The highest 

impervious coverage was di scovered in urbani built up ranging from 0.0 to 89.93 with a 

mean value of 10.48 and standard deviation 5.19 in 20 10. Likewise, urban areas exhibit 

highest impervious surface with mean value of 6.41 and 4.56 standard deviation in the 

year 1986 (Table 14). The mean impervious surface was increased substantiall y from 

1986 to 20 I O. The spatial and temporal impervious surface percentage map shows the 

city center accommodate high impervious surface rather than the suburbs (Figure 25). 

The reason of the increment of impervious surface in urban areas, according to group 

di scussion and interview from officials is due to lack of clear direction and rules of using 

construction materials and impermeable materials to build houses and infrastructure such 

parking lots, multi and single story residences, roads etc 

Agricultural land and Grass land came in second and third, with a value of 5.44 and 3.75 

and standard deviation 3.46 and 4.1 in 1986, respectively. [n 2010, agricultural and grass 

land also took the second and third place with mean value 5.79 and 5.32 and standard 

deviation 3.82 and 4.54, respectively. Bare land perceived medium value of impervious 

with mean val ue of 3.36 and 4.87 with standard deviation 4.94 and 5.91 in 1986 and 

2010, respectively. In 1986 and 2010, a lower value of impervious surface of an average 

value of 2.10 and 2.81 with a standard deviation of 2.04 and 4.21 respectively were 

observed on wetland. Forestland received a minimal impervious value 1.04(1986) and 

1.28(2010). The highest standard deviation va lue in bare land and urban I built up may 
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due to various amount of emerged vegetation and urban green. In general, impervious 

surface percentage increase in all land use land covers over the study period. The end 

result of the percentage impervious surface values over di ffe rent land use land cover have 

been similar with those in the literature Li et aI., (20 II) and Rong-bo et aI. , (2007). 
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Figure 25: Spatial and Temporal Pattern Map oflmpervious Surface 

5.7. Relationship between LST and Biophysical Parameters 

Research over the past two decades has shown that the surface radiant temperature 

response is determined by both surface soil water content and vegetation cover (Carlson 

et aI., 1994; Gillies and Carlson, 1995; Goward et aI. , 1985; Nemani and Running, 1989; 

Owen et aI. , 1998; Price, 1990; Weng et aI. , 2004). In the urbanized area of the study site 

where bare soil is limited, the resultant temperatures variation depend on the rel ative 
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proportions of surfaces that are vegetated and non-vegetated surfaces, mainly impervious 

surfaces. In addition, previous studies have demonstrated that LULC changes, especially 

urban development, can alter LST patterns (Lo et al. 1997; Weng 2001 ). Since changes in 

LULC would lead to changes in the composition of image fractions, the magnitude and 

spatial distribution of each fraction image should be related to LST patterns. Therefore, to 

better understand how LST dynamics were associated with LUCC, Pearson's co rrelation 

analysis was conducted to explore the relationships between LST, and biophysical 

descriptors (i.e. , vegetation abundance and impervious surface). 

The correlation ana lysis was conducted between the LST maps with NDVI and 

impervious surface images using all pixels in the images as observation units. The 

significance of each correlation coefficient was determined using a one-tail Student ' s t­

test. It is apparent from Table IS that LST was positively correlated with impervious 

surface percentage (coefficient=0.5 I) in 1986 and coefficient = 0.57 in 20 10 respective ly 

but negatively correlate with NDVI (coefficient= -0.97 and -0 .92) in 1986 and 20 10, 

respecti vely, both significant at 0.05 level. LST generally increased with percent ISA, 

opposite to the pattern between vegetation abundance and LST because ISA and 

vegetation fraction are mutually exclusive. The main reason for this correlation is that 

vegetation or water covering and an increased rate of evapotranspiration in the non­

impervious surfaces, which could contribute to decreasing surface temperature. On the 

other hand, impervious surface (non- evaporating, non-transpiring surface) such as stone, 

metal, and concrete enhance land surface temperature by absorbing the sun ' s rays (heat), 

dec line evaporation and boost runoff. 
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Table 15 : Correlation Coefficient between LST and Biophysical Parameters 

LST NDVI ISA 

1986 -0.92 0.51 

2010 -0.97 0.57 

The correlation between LST and the NOV] and ]SA promises a potential success for 

using linear regression models and a scatter plot to predict the LST. The modelling 

resu lts and scatter plots of LST versus NOV I are displayed in fi gu re 26. NOV I showed a 

negative relation with LST where NOV] value was above zero, denoting that densely 

vegetated areas were associated with a lower LST. For NOV! values below zero, there 

were some scattered points deviated from the trend line, largely due to the presence of 

water which has a lower LST than that of any other land use types. LST displayed a 

uniformly positive relationship with impervious surface percentage, suggesting that 

densely distributed built-up areas and highly impervious surfaces experi enced a higher 

LST (Figure 26). 

Areas with high vegetation cover were generally cooler, while most of the high LST 

areas were located over paved roads and bui lding blocks. The pattern of LST was largely 

determined by increasing evaporation and roughness, decreasing albedo, and changes in 

the land surface heat flux that were affected by vegetation cover (Oke, 1982; Stabler et 

aI. , 2005 ; Small , 2006). The rapid urbanization in Addis Ababa from 1986 to 20 I 0 led to 

a decline in the urban vegetation cover and expansion of the urban thermal environment. 

Generall y, 0.08 decreases in NOVI (vegetation cover) was correspondent to I K increase 

in LST over the area (Table 14 and 16). The spatial pattern of NOVI (Figure 23) 

demonstrated that a large fraction of green vegetation including cropland and grass land 
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was converted to urban land surface 111 the period, which extended UI-Ils rapidly to 

suburban and rural areas. 

To better understand the relationship between LST and urban surface biophysical 

descriptors, the statistics of LST, impervious surface percentage, and NOVl by LULC 

type were obtained by superimposing LULC image with the images of LST, impervious, 

and NOV!. A pixei-by-pixel correlation analysis was conducted by computing Pearson's 

correlation coefficients between LST and NOV!, and between LST and impervious 

surface percentage. Results are displayed in Table 16. 
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Figure 26: Scatter Plots of LST Vs NOV! and LST Vs [SA 
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For all LULC types, LST values were negati vely correlated with NOVl values, but were 

positively correlated with impervious percentage values. The strongest negative 

correlation ex isted between LST and NOV! values in forest (-0.481 and -0.518), and 

agricultural land (0.47 and -0.561). Urbani built-up areas followed wi th values of (-0.293 

and -0.281 ).The correlation coefficient values dropped slightly for bare land (-0.253 and-

0.283), with a considerable decrease for grass land (-0.1 76 and -0.121 ) and wet land (-
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0. 196 and -0.127) in both years under study, respectively. The resul t suggests that urban 

green space such as shade trees would have an effect on lowering LST. 

On the other hand, the highest positive correlation between LST and impervious 

percentage was fo und in urbani built-up (0.456 and 0.691 ) and bare land (0.451 and 

0.44 1), fo llowed by agricultural land (0. 158 and 0.2 16) fo rest land (0. I 89 and 0.266). The 

lowest con'elations were observed in grass land (0.0 I 53 and 0.056 and wet land (0.0 17 

and 0.059) in 1986 and 20 I 0, respectively. The pattern of changing correlation 

coefficient values is observed in all of the LULC categori es in relation to change in 

vegetation abundance and surface imperviousness (Table 16). Yuan and Bauer (2007) 

and Li et al. (20 11 ) reported a linear relationship between LST and percent ISA based on 

regional mean values. In this analysis also fo und a similar linear relationship between 

LST and percent I SA. 

Table 16: Correlation of Biophysical Parameters by LULC type with LST 

Land Use land cover LST VsNDVl LST Vs NDVI LST Vs ISP LST Vs ISP 
1986 2010 1986 20 10 

Urbani bu ilt-up -0.293 -0.28 1 0.456 0.0691 

Forest -0.48 1 -0.5 18 0. 189 0.266 

Agricu ltu re -0.47 -0.56 1 0.158 0.216 

Grass Land -0.176 -0.121 0.0153 0.056 

Wet Land -0. 196 -0.127 0.017 0.059 

Bare Land -0.253 -0.283 0.481. 0.441 

The vegetation indicator show, negative correlation with land surface temperatures, and 

impermeable surface indicator shows positive correlation with land surface temperature. 

So, it can be concluded that the higher biomass/vegetation abundance a land cover has, 
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the lower the land surface temperature. On the other hand, land cover which has high 

impervious exhibit high temperature. Therefore, thi s shows that land use lands cover 

changes that are conversion of natural vegetation, forests and other uses to other land 

uses land cover have impact on land surface temperature through biophysical interactions 

that affect surface energy balance. 
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6. Conclusion and Recommendation 

6.1. Conclusions 

In this paper, qualitative and quantitative analyses techniques have been applied to study 

the impact of land use and land cover change on land surface temperature . Several 

conclusions were made peltaining to the research questions posed in the objectives of the 

study. Based on the analysis of the input data the study area is composed of six major 

land use and land cover types; urban! built-up, forest, agriculture, grasslands, wetlands 

and bare lands. The results of years over study indicate that agriculture was primarily 

practiced throughout the study area followed by urbani built-up. Grass land and bare land 

also widely distributed over study area to built-up. Forest covers considerable area 

around northern and north western part of the study area which is higher in altitude, 

where as wet lands covered smallest part of the area. 

Over the last three decades Addis Ababa city has experienced huge change in its land use 

and land cover. In the period from 1986 to 20 I 0 the land use and land cover that are 

subjected to gigantic changes are built-up and agricultural land. The urban/built-up areas 

expanded dramatically, while agricultural land declined. Urban coverage was drastically 

changed almost two times from initial year. It was suggested that the expansion of the 

urban area to the surrounding envirolmlent had an impact on the decrement of 

agricultural, forest, grassland, wet land and bare fields. The general trend observed was a 

decreased in grass cover and forest cover at considerable rate per year. A corresponding 

decrease was also observed in bare land and wet land. Besides, agricultural was also 
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continuously encroached, at significance rate. In general, there has been a dramatic 

increase of the built up areas including continuous and di scontinuous urban fabrics , 

industrial, commercial and residential units with other associated urban facilities at the 

expense of agricultural land and vegetated areas including natural and manmade fo rest, 

and sparse forest during the study period. The city of Addis Ababa as expanded out ward 

it also densified both in population and in physical. The densification gradient diminished 

from the Central Business District (CBD) outward into the countryside over the study 

periods. 

Thus, the observed changes in LULC were largely attri buted as a consequence of human 

acti vities such as urban expansion and densification. Although urban expansion and 

densification are generally seen as two of the most important factors of land use and land 

cover change in the study area. It is a combination factors such as population pressure, 

improvements in infrastructures, informal settlements, a rapidly growing economy and 

investment, poor land use planning and the inconsistency in the governmental policies 

that actually drive the change, at the back of the phenomenon of urban expansion and 

densification. These underlying factors have triggered urban expansion and densification, 

which in turn appears to be the main proximate cause ofland use land cover change. 

Examination of the relationship between LUCC and the modification in LST showed that 

the change of land use and land cover types caused a spatial redistribution of LST. 

Changes in LULC were accompanied by changes in LST. From 1986 to 20 I 0 surface 

temperature was climbed with considerable value in the entire city. Buil t-up and bare 

lands are the highest contributors to the rise in LST in the city during the snldy period. 
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LST shows an increasing trend for areas where fo rests, agricultural lands, grass lands and 

bare lands converted into built-up areas. LST dropped when buil t-up, agriculture land, 

grass land and bare land returned back to fo rest, but rose when forest turned into 

agri culture land, grass land , wet land, and bare land. A small fraction of the built-up land 

changed to forest, grass land and agricultural land accompanied by a decreased LST. This 

demonstrated that the decrease of biomass and increase of built-up primarily triggered the 

impacts ofland use and land cover change on LST. 

Furthermore, the changes in LULC have al so considerably widened the air temperature 

difference between the urban and the surrounding areas. The average air temperature 

difference between Addis Ababa city center and outskirt (rural) increased significantly in 

the years under study, which indicates that, the warming effect of LULCC. Since, air 

temperature is the result of the process of atmosphere heat from the sun radiation and the 

earth, the high LST contribute in raising air temperature. The results of land surface 

temperature and air temperature shows that UHIs existed significantly in the city of 

Addis Ababa. If this difference in temperature between the bui lt-up and the surrounding 

rural areas extend it could lead to intensify urban heat island effect in the urban center. 

The time-series analysis of temperatures in Addis Ababa city indicated that the increase 

in temperature is higher in the densely populated city centre rather than the low populated 

fringe areas. 

Change in land use and land cover not only has an effect on temperature but also on 

urban climate in general. The climate of Addis Ababa as wel l as getting warmer, it is al so 

getting wetter. The annual precipitation shows an increasing trend in both stations, but 
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city center records greater amo unt of rainfall in every year than periphery. The relati ve 

contribution of the seasons to annual precipitation is changing. Even though, there is 

some fluctuation in the proportion of the contribution to the annual total , but in general 

has an increasing trend in Bega and Kiremt season at the expense of the Belg at both 

stations. The decreasing trend of Belg rain fall and shift of rainy season is a clear 

indicator of urban climate change. The trend of relative humidity at both stations shows a 

decreasing trend , the rural site was more humid than the urban station at the central 

business district. The evaporation of the two stations shows a decreasing trend, but 

evaporation at the city center is less than the evaporation at periphery. 

The change in LST was mainly associated with changes in urban surface properties such 

as impervious surface and vegetation abundance. Spatial patterns of IS and NOVI 

exhibited changing gradients across different land use and land covcrs , with LST values 

showing an increasing trend as land use land covers converted to built-up and decreasing 

trend land cover converts to forest. The positive linear relationship model between the 

LST and %lSA suggests that impervious surface area accounts for most of the variation 

in land surface temperature dynamics. The strongest negative correlation ex isted between 

LST and NOVl values shows that the decrement of surface temperature in LULU is due 

to vegetation abundance and higher biomass. 

In general , land use and land cover changes that are conversion of natural vegetation , 

forests and other uses to other land use and land cover, speciall y to urbani built-up have 

impact on urban climate paIiicularly for land surface temperature through biophys ical 
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interactions that affect surface energy balance. The increase of surface radiant 

temperature was related to the decrease of biomass. The spatial pattern of radiant 

temperature mcrease was correlated with the pattern of urban expansion and 

densification. With Addis Ababa city Development Plan, Addis Ababa is hav ing a great 

opportunity to develop. The findings and lessons learned from the study, in the most 

developed areas in the country may be applicable to other areas in order to preserve the 

land and to minimize the loss of agricultural land and green areas to urban development. 

6.2. Recommendations 

Based on the outcome of these research findings, the researcher would like to forward the 

following suggestions to mitigate the impact of land use and land cover change on land 

surface temperature and urban climate in general. 

:» Addis Ababa is expanding at an alarming rate changing large productive 

farmlands and green areas. Consequently, brought social, economic and 

environmental problems. To alleviate these problems, there should be a clear and 

effective policy with the necessary institutional set up to guide the growth of the 

city and monitor the proper implementation of the master plan. 

:» Diffe rent plans such as environmental plan, infrastructures plan, and serVice 

proviSion plan and others should be integrated with land use plan to build 

effecti ve land use management system. 

:» The city Administration should have clear and consistent policy and directives to 

regulate of development patterns and unplanned deve lopment. 
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~ Addis Ababa city the foci of investors and the majority of the investors need to 

invest in the city due concentration of basic service facil ities. Thus, in order to 

minimize pressure on the primate city, strengthening of the regional capitals and 

other small urban centers should be enhanced. 

~ One of the causes of the land use and land cover change is the high rate of rural­

urban migration; therefore, the government needs different deve lopment 

interventions to improve the livelihoods of the rural population to minimize out 

migration. 

~ Awareness should be created among the society concernmg optimum use of 

natural resources, conservation systems, urban greening, driving forces including 

population pressure and their respective benefits is vi tal for sustainable land 

resource management 

~ Fast growing trees, slu'ubs and grasses should be planted to increase the forest 

coverage of upper catchment mountain so that flooding problem and 

environmental degradation on the lower catchment areas wi ll get minimized and 

could provide a buffer zone between the urban and rural areas to absorb excess 

heat generated by automobiles and factories. 

~ Grasses and permeable structures should be used on gardens, vacant areas, river 

and road sides to increase infi ltration, reduce flooding hazards and to enhance 

evaporation. 

~ Wet lands should be developed and urban agriculture should be encouraged in and 

around the city to minimize the warming effect. 
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>- The buffer zones of rivers set by the AAEPA should be implemented for the 

sustainab le urban drainage management of rivers thereby then avoid the ever 

existing pollution problem and reduce temperature (due to its cooling effect). 

>- Construction of buildings, parking lots and roads should be accompanied with 

eco friendly methods such as water retention pavements and the heat shield 

pavements, cool roof, cool pavements, and etc. 

>- Finally there should be participatory urban land use management which involves 

all actors to minimize the negative consequences of rapid and uncontrolled urban 

growth and densification which affects the socio-economic and environmental 

sustainability of the city. 
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Appendices 

1. Guideline for Key Informants 

Kifele Ketema ________ Woreda _______ _ 

Name of the Respondent. _______ ____ Occupation ______ _ 

Position ifany ______________________ _ 

Age __ Sex ___ Marital Status _______ Religion, ______ _ 

Level of Education __________ _ 

I. What does the term land use land cover change mean to you? Would you say that 

urban land use land cover change has taken place in city over the last 20- 30 years? 

If so, what wo uld be some characteristics of changes as fa r as you are concerned 

2. If changes were recognized, which land cover has been made susceptible and why? 

3. What are the major drivers for land use land cover change in city? 

4. What are the major consequences of land use land cover change? 

5. Discuss the impact of urban land use land cover change on social, economic and 

envirolU11ent. 

6. What change have you observed 111 temperature when land use land covers 

changes? 

7. Which land use land cover change is highly susceptible to land surface temperature 

change in the city? 

8. Why urban land use land cover change subject to change in temperature? Mention 

the poss ible reasons? 
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9. What do yo u think about the possib le so lution to all ev iate the current problem of 

temperature increase which leads to local climate change? 

10. What do you think about the possible so lution to alleviate the current problem of 

Land use land cover change? 

II . What are the deve lopment insti tutions / organi zations available in the area? Which 

are in support the land admi nistration? 

12. Is there any policy and direction in relation to land use land cover? 

13. Which strategies the Municipality should adopt in order to contain urban sprawl 

and densification to achieve a more sustainable city in its Comprehensive Plan? 

14. In what measures do yo u think the Municipality of Addis Ababa is inOuenced by 

the stakeholders, investors and citizens in the decision making process of the urban 

planning strategy? 

' These questions were used in the interviews with key info rmants from community, 

kebele admin istration and relevant sectorial offices of the City administration including 

Addis Ababa, Urban Planning and Information Agency, Land development Agency, EPA 

and other stakeholders. Each interview has been unique with each respondent answering 

the question in a different way and also these questions tailored duri ng each interview 

according informants. Probing was important in exploring further deep in to ideas of 

people. 
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2. Guideline for Focus group Discussion 

Warm-up: List the main land use land covers, changes and causes in your area. 

1. Discuss on trends and patterns of land use land cover change compared to the 

conditions before 1986 and after 1986? 

2. Discuss on the factors that contribute to urban land use land cover change (urban 

expansion and urban densification) to your area and level of the community 's 

participation in the planning and implementation of the urban land use plan. 

3. Discuss the impact of urban land use land cover change on urban climate Il1 

general and on land surface temperature in particular. 

4. Discuss on the possible reasons behind urban land use land cover change that is 

subject to change in temperature. 

5. Discuss on the possible so lution to alleviate the current problem of temperature 

increase which leads to local climate change? 

6. Discuss on which strategies and policies the Municipality should adopt in its 

comprehensive plan in order to hold urban sprawl and densification to achieve a 

more sustainable city. 

7. Discuss on the responsibility and participat ion of the community to contain the 

impact ofLULCC. 
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3. Spot-S Image of Addis Ababa 

4. Mosaic Topographic Map ofthe study area and surroundings 

l 

L 
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S. Google Earth high resolution image of Addis Ababa 

ulli::::i~_3 =4 ~ometers 
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