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Abstract 

Spatio-temporal Land-Use and Land-Cover (LULC) changes has been affecting geo-

environmental and climate change globally. These extreme changes affect Land Surface 

Temperature (LST). The present study analyzed the impacts of LULC changes on the distribution 

of LST in Bahir Dar town and its surrounding. Land-use and land-cover, Normalized Difference 

Vegetation Index (NDVI) and LST were analyzed from Landsat 5 TM (1987), Landsat 7 ETM+ 

(2002) and Landsat 8 OLI/TIRS (2017) using remote sensing techniques. Land-use and land-cover 

changes between 1987 to 2017 were analyzed using remote sensing techniques and the results were 

validated using ground truth data. Land surface temperature from Landsat 5 TM (1987) and 

Landsat 7 ETM+ (2002) was analyzed using a Mono-Window Algorithm (MWA). Split-Window 

Algorithm (SWA) used to generate LST from Landsat 8 TIRS (2017). The result indicates that 

LULC has been changing in space and time. During 1987-2017, cropland was the dominant land-

use which was covered more than 50%. Settlement areas increased from 3.3% in 1987 to 9.13% 

in 2017. Service, industrial and paved surfaces areas also increased. However, wetland vegetation, 

shrubland, grassland, forest and water body are degraded. This study shows that LST has been 

increasing from 1987 to 2017 and its distribution varies spatially due to LULC variation, proximity 

to Lake Tana and Abay River, wind direction, and nature of topography and elevation. During the 

study periods, LST of Bahir Dar town and its surrounding varies from 12.35℃-43.01℃. 

Normalized difference vegetation index and LST have indirect relationship. Cropland located in 

the east, west, south and southwest parts of Bahir Dar town have high LST. Settlement areas 

located along Lake Tana and Abay River, and some places in Deq Istifanos Island and Kibran 

Gebriel Island have low LST. Most central parts of Bahir Dar town and Deq Istifanos Island 

relatively have high temperature. Land-use and land-cover is a serious problem and it cause raise 

in LST, particularly rapidly urban expansion increase urban heat island (UHI). Therefore, there 

should be sound environmental management and thermal refreshing mechanisms.   

Keywords: Remote Sensing, Bahir Dar Town, LULC change, NDVI, LST, MWA, SWA  
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CHAPTER ONE 

1. INTRODUCTION 

1.1 Background of the Study 

Currently, more than half of the world’s population live in urban areas, and is expected to be 66% 

in the year of 2050 (United Nations, 2014). This figure indicates that the urban dwellers have been 

increasing from time to time.  Developing countries especially Africa and Asia contribute more to 

this rapid increase of urbanization (UN-HABITAT, 2010, 2013). Mainly, from 2010-2015 

urbanization in Africa is continuously increasing and predicted to be 56% with the annual 

increment of 1.1%. In the same way, Ethiopia is one of the nations in Africa where urban dwellers 

have been increasing from 19% in 2014 and expected to be 38% in 2050. According to 2014 UN 

report, the urban growth rate of Ethiopia between 2010-2015 was 2.3% (United Nations, 2014).  

Such a fast human population growth in urban area (Peter, 1994) has been increasing land-use and 

land-cover (LULC) changes globally from time to time in magnitude and spatial extent (Defries et 

al., 2004; Hansen et al., 2013; Lambin et al., 2001; Lambin and Meyfroidt, 2011; Mustard et al., 

2012). Because as the population increase the demand for resource utilization increases 

proportionally and put pressure on natural resources and damage them. Besides, the land has been 

continuously and extremely depleting due to anthropogenic factors (Brink et al., 2014; Niamir-

Fuller et al., 2012) since people could not take care of their land. Besides, rapid population growth 

exploitation both natural and manmade resources (Bhattacharjee and Nayak, 2003; Sarma et al., 

2008). 

Changes in land-use and land-cover affect the overall functioning of the  earth system at local, 

regional, and global levels (Defries et al., 2004; Foly et al., 2005; Lambin et al., 2001; Lambin and 

Meyfroidt, 2011). This in turn brings global change (Feddema et al., 2005; Foly et al., 2005; 

Kueppers and Snyder, 2012), particularly temperature (IPCC, 2007; Wang et al., 2013) and rainfall 

(Woldemichael et al., 2012). This is because of global changes affects many parts of geo-

environmental systems. In addition to this, changes in the condition and composition of land-cover 

affect climate, bio-geochemical cycles and energy fluxes, and livelihoods of people. Consequently, 

such kinds of problems contribute to the climate change (McCarthy et al., 2010) like global 

warming and absolute change of environmental landscape (Donato et al., 2016).  
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In most Eastern African countries, LULC has been happening due to the increase of both human 

and livestock population (Pomeroy et al., 2003).  For instance, overpopulation damaging land 

through overutilizing of land for agricultural activities such as cropping and grazing by their 

livestock. As a result, land covered by natural vegetation is converted to urban area and built-up 

lands, farmlands, and grazing lands. Consequently, these cause soil erosion, deforestation, land 

degradation, loss of biodiversity, (Maitima et al., 2009) and climate change and contributing more 

to global warming.  

As Ethiopia is one of the East Africa countries, the problem of LULC change is very high and it 

has been increasing from year to year. This is mainly due to population growth (Hurni et al., 2005) 

and perceptions of local communities towards land management (Belay et al., 2014) which 

contributes a lot for conversion of landscape and depletion of resources, for instance, forest and its 

biodiversity, water and soil resources. Furthermore, the country is vulnerable to surface runoff and 

flooding, and sedimentation (Hurni et al., 2005). Therefore, the land is very dynamic in all parts 

of the country particularly in Amhara regional state the problem is very severe because the land is 

not sufficient to support the population of the region. Because of this, forest, shrubland, bushland 

and grasslands has been heavily damaged and depleted to obtain additional land for settlement, 

farmland and grazing land.  

Therefore, to ensure sustainable LULC and maintain global climate changes, it is crucial to 

monitor paths of land-use and land-cover change and its dynamism, and predict their possible 

future conditions (Aadil et al., 2014; Reenberg, 2006). Landscape analysis is, therefore, a suitable 

approach for monitoring distinct LULC patterns and their changes (Arvor et al., 2013; Defries et 

al., 2004). Assessing LULC changes is also very significant to analyze its impacts on the Earth’s 

surface, for example, land surface temperature (LST) changes and distributions. 

This could be done using remote sensing technology since it is capable of acquiring satellite 

imageries that help in conducting LULC change detection analysis. It is also capable of acquiring 

surface temperature synchronously over large areas and allows to assess spatio-temporal 

distribution of LST. Satellite-based surface thermal information also efficient to analyze spatial 

and temporal variations between LST and LULC, and their relationships  through analyzing data 

obtained from sensors spectral reflectance (Feyisa et al., 2016; Gluch et al., 2006; Mundia and 
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Aniya, 2005; Pham and Yamaguchi, 2011; Weng, 2001; Zhao et al., 2016; Zhou et al., 2014). 

Remote sensing is also very crucial to predict the future conditions of land-use and land-cover and 

land surface temperature and their resultant effect on the earth’s environment.  

1.2 Statement of the Problem 

The patterns of land-use and the types of land-cover of Bahir Dar town and its surrounding has 

been changing from time to time due to anthropogenic factors. Land-use and land-cover change 

particularly rapid increase of built-up areas and impervious surfaces such as asphalt and parking 

lots at the expense of other land-covers like grassland, forest, shrubland, marshlands and 

agricultural land of the surrounding areas, increases solar radiation absorption and thermal 

conductivity. This high radiation on the biophysical surface material makes the town warmer and 

warmer from time to time. These are the driving cause for the variations of LST, which is very 

vital to the study of urban climates (Voolgt and Oke, 2003; Wei et al., 2015) like UHI. 

Thus, such higher surface temperatures in the urban area increase the demands for air conditioning, 

and consumptions of both water and electricity, and may change precipitation patterns that lead to 

alterations to biotic communities. An excess amount of heat may also affect the comfort of urban 

dwellers and lead to greater health risks (Claus and Mushtaq, 2011). Land surface temperature also 

modifies the air temperature of the atmospheric boundary layer and is a key component in the 

surface energy balance of the town and the surrounding areas even though it is influenced by the 

Lake Tana breathe. Change in urban LST, therefore, can have significant effects on local weather 

and climate (Claus and Mushtaq, 2011) of Bahir Dar town. This is because the land surface 

temperature is highly correlated with the patterns of the land-use and, land-cover types their 

changes (Barsi et al., 2014; Sobrino et al., 2004a; Wang et al., 2015; Weng et al., 2004). These 

changes, in turn, can have negative effects on landscape aesthetics, energy efficiency, human 

health and quality of living in urban environments (Yue et al., 2007).  

Hence, for sustainable environmental resource management, assessing the land-use practice and 

the types of land-cover and its impacts is very significant to analyze LST and monitoring and 

assessing climate change and its related problems. This is because LULC is the most important 

variable of global changes which affects ecological systems. As a result, the characteristics of 

LULC and its patterns have imperative impacts on climate, biogeochemistry, hydrology, the 
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diversity and abundance of terrestrial species, and peoples’ livelihoods (Sandra et al., 2017). 

Moreover, LULC change has become a central component in current plans for monitoring 

environmental changes and managing natural resources. The study on LULC change, therefore, 

provides precise information on the spread and status of the world’s water bodies, wildlife, forest, 

grassland, and agricultural resources. 

Therefore, in order to alleviate these problems and forwarding better solutions, analyzing LULC 

change and LST using remote sensing technology is very significant. This is due to the fact that 

remote sensing is very capable to retrieve LST, land surface emissivity (LSE) and normalized 

difference vegetation index (NDVI) using different algorithms and analyze the relationship 

between these parameters as well as the impacts of LULC change on earth’s ecosystem. Currently, 

advanced remote sensing technologies especially provide high-resolution satellite imageries, that 

enable the system to be powerful in environmental resources monitoring and management. So, by 

doing this research, it is possible to show the degree to which the environment and climate in Bahir 

Dar town and its surrounding have changed. Thus, this study aims at assessing the impacts of 

LULC changes on land surface temperature distribution and changes in Bahir Dar town and its 

surroundings from 1987-2017.  

1.3 Objectives of the Study 

1.3.1 General Objective 

The general objective of this study is to assess land-use and land-cover changes in Bahir Dar town 

and its surroundings and to analyze its impact on the distribution and changes of land surface 

temperature from 1987 to 2017 using remote sensing techniques.  

1.3.2 Specific Objectives 

The specific objectives of the study were 

• To assess land-use and land-cover changes of Bahir Dar Town and its surrounding; 

•  To examine spatio-temporal variations of land surface temperature of Bahir Dar town and 

its surrounding;  

• To analyze the impacts of land-use and land-cover changes on land surface temperature 

changes in Bahir Dar town and its neighboring places.   



M.Sc. Thesis on: Impacts of Land-use and Land-cover Changes on Land Surface Temperature Distribution in Bahir Dar Town and 

its Surrounding Using Remote Sensing                                                                                                                                  [June 2018] 
 

Abel Balew                                                       Remote Sensing and Geoinformatics, AAU Page 5 

 

1.4 Significance of the Study 

As Bahir Dar town is the fastest growing town in the Amhara Regional State, the pattern and the 

type of land-use and land-cover changes have been proportionally rapid. Such fast changes on 

landscape affect LULC of the area and cause land surface temperature increase; and therefore, they 

entail different land-use and land-use planning, and LST mitigation, adaptation strategies and 

options. In order to see the change in LST, the types of LULC and their changes have to primarily 

analyze through applying change detection analysis. Here, satellite data and remote sensing 

techniques play a great role. Thus, preparing up-to-date LULC map helps for proper land-use and 

land-use planning, and environmental protection. The result of this study will also be used in 

decision making and planning with regard to mitigation measures of the impacts of LULC change. 

Furthermore, the study is significant to analyze spatio-temporal variations of LST, how it may 

change and why it changes; examine the relationship between LST with NDVI. Information 

obtained from this study may also be used for spatial planning especially land management and 

hydrology. Therefore, the result of the study can be used by researchers, environmental and 

hydrologic expert, policymakers and other stakeholders. 

1.5 Scope of the Study  

The focus of this study is Bahir Dar town and its surrounding, in the Amhara Regional State of 

Ethiopia. This area is chosen because on one hand for the past decades Lake Tana and its 

catchments have been seriously affected by severe and continuous LULC changes. On another 

hand, Bahir Dar town is currently a rapidly growing town and there is an expansion of built-up 

areas and impervious surfaces at the expense of other LULC types. Due to the process of 

urbanization and improper land-use and management and its related problems, LST has been 

increasing and this causes various socio-economic, environmental and climatic problems. Thus, 

this study can provide information about the impacts of LULC change on the change and 

distribution of LST through give emphasis only for the year 1987 to 2017.  

1.6 Limitation of the Study  

This study made an effort in acquiring all the necessary data collection and processing, interpretation 

and analysis. However, the thesis work has encountered some restrictions. Google Earth image 

resolution in 1987 and 2002 were one of the challenges in image classification of the study.  However, 

to solve this problem, Bahir Dar town master plan map and aerial photograph were used as an aid for 
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image classification. Taking ground control points and observing the type of LULC around the secured 

place was also another limitation. The tedious process to get data from different governmental 

organizations was also another limitation of the study.   

1.7 Organization of the Thesis 

This thesis is organized into six chapters. The first chapter presents the introduction part of the 

study including the background of the study, statement of the problem, objectives of the study, 

significance of the study, scope, and limitation of the study. The second chapter describe literature 

review which give emphasis on concepts about LULC change and their impacts, NDVI, and LST 

and its algorithms. Chapter three explain the data needed for the research and methods followed 

to obtain results from the input data. The fourth chapter explains about the major LULC types and 

their change, spatial and temporal distribution and change of NDVI and LST, and influence of 

Lake Tana and River Abay for LST distribution. The relationship between LULC with NDVI and 

LULC with LST, and the correlation between NDVI and LST also present in this chapter. The fifth 

chapter explains the main discussion on LULC changes, distribution and change of NDVI and 

LST, and influence of Lake Tana and Abay River to the distribution of LST in the study area. The 

final chapter presents conclusions and recommendations. 
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CHAPTER TWO  

2. LITERATURE REVIEW 

2.1 Basic Concepts of Land-use and Land-cover Changes  

According to FAO (2000) and Gregorio (2005), land cover refers to the biophysical cover of the 

surface of the earth or land, for instance, vegetation covers such as forest, shrub/bushland, and 

grassland and water. Land cover can also be defined as the attributes of the earth’s land surface 

covered by vegetation, desert, water bodies like lake, sea, ocean, bare soil and ice (Chrysoulakis 

et al., 2004 and Lambin et al., 2003). Whereas land-use is characterized by the activities, 

arrangements and inputs people undertake in a certain land cover type to produce, change, modify 

or maintain it (Gregorio, 2005). Land-use also refers to land is used by humans for different 

purposes, for example, settlement, industrial area, cropping and grazing. According to 

Chrysoulakis et al. (2004) and Zubair (2006), land use is the land which employed by human 

beings for their various needs and exploiting of land cover for different activities like residential 

and industrial zones, farm and grazing land and mining.  

Land-use and land-cover change is, therefore, the modification of Earth’s surface (both water 

bodies and terrestrial areas) through human activities. Land-use and land-cover change can also 

be expressed as any biophysical change of land-cover like vegetation cover and waterbodies and 

improper use of land for different activities; for example, for grazing, cropping and irrigation 

(Quentin et al., 2006). Changes in land-use and land-cover can be grouped into two categories as 

conversion and modification (FAO, 2000; Gregorio, 2005). Land-use and land-cover conversion 

refers to change from one land-use and land-cover to another, for example, wetland and water 

bodies to agricultural fields, forest to residential and industrial areas, cropland and grassland. 

Modification of LULC refers to some alteration of on the same land-use and land-cover or it is a 

gradual change of land-use and land-cover; for instance, dense forest to open forest, open forest to 

scattered tree.  

Furthermore, land-use and land-cover changes vary in spatial extent and time. The spatial extent 

of land-use and land-cover change indicate the location or place where there is a change whereas 

temporal change refers to the variation of changes from time to time with their attribute. 
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2.2 Causes and Impacts of Land-use and Land-cover Change  

Land-use and land-cover changes occurred due to natural and anthropogenic factors. As the United 

States Environmental Protection Agency (EPA) (1999) states there were three main driving causes 

for land-use and land-cover changes. These are (1) natural processes, such as wildfire, climate and 

atmospheric changes, and pest infestation; (2) direct effects of human activity such as 

deforestation, soil erosion and reduction of biodiversity which brings land degradation, and 

construction like road and buildings.; and (3) indirect effects of human activities, like depletion or 

lowering of water table and contamination of groundwater.  

Anthropogenic factors are the major driving forces of land-use and land-cover changes (Brink et 

al., 2014; Niamir-Fuller et al., 2012) even though there is also a contribution from the natural 

processes. Land-use and land-cover change is a very complex process (Abate, 2011; Belay, 2002) 

because its causes and impacts are very closely related; for example, land degradation. Currently, 

the human-related causes of land-use and land-cover changes are very serious (Agarwal et al., 

2002). There are many types of human induced problems for the changes of the surface of the 

earth.  

For example, expansion of agricultural land (Bongers and Tennigkeit, 2010; Brink et al., 2014, 

Cotula, 2009; Maitima et al., 2009) due to rapid population growth responsible for massive 

collapse of natural vegetation, loss of biodiversity and land degradation (Donato et al., 2016; 

Sandra et al., 2017; William and Turner, 1992). Exhausted land is also vulnerable for soil erosion 

which causes for declining of organic matter in the soil, soil structure degradation and reduction 

in soil nutrients (Sandra et al., 2017; Shukla et al., 1990; William and Turner, 1992).  Extreme 

land degradation has a severe impact on the productivity of agricultural fields (Aadil et al., 2014). 

Extreme transformation of forests, grassland, bushland and shrubland brings a reduction of plant 

species diversity and continuously shrinking of natural wildlife. Intensification of agriculture such 

as crop and pastoral land towards the natural ecosystem which is related to population growth also 

contribute for extreme changes of LULC and environment (Lambin and Meyfroidt, 2011). 

Moreover, rapid population growth reduces forest areas (since they use as fuelwood and timber) 

and woodlands (grazing by their livestock). This destruction affects biological diversities and 

functions ecosystems (Peter, 1994) and causes for climate change which raises the risk for wildfire 
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(Donato et al., 2016). Yadvinder et al. (2008) also agreed that population expansion causes 

deforestation and create pressure on forest resilience. This extreme destruction of forestland is a 

root for climate change at local, regional and global level (Peter, 1994).  Deforestation also affects 

the process of atmosphere and thermodynamics at the earth-atmosphere interface and water storage 

capacity and soil hydraulic conductivity (Shukla et al., 1990). Besides, changes in land-use and 

land-cover affect hydrological cycles and its parameters (Shukla et al., 1990; Zhenglei et al., 2009).  

Population growth and economic development also destructing wetlands (Zhenglei et al., 2009), 

which strongly influence hydrological cycles (Yanagi, 2008; Zhao and Lai, 2007), and cause for 

environmental change (H. Liu et al., 2004; Y. Liu et al., 2004). Furthermore, the hydrological 

condition of the earth surface changes the physicochemical property of wetland. The scarcity of 

water, drop of the freshwater source and depletion of the existing groundwater are also problems 

related to land-use and land-cover changes. These directly or indirectly affect food production, 

human health, and economic development (Zhenglei et al., 2009). 

Moreover, exhaustive use of land and change of land-cover and its patterns vulnerable to soil and 

land degradation (Temesgen et al., 2014; William and Turner, 1992). This leads for increasing 

poverty and migration, failure of land productivity, damage of biodiversity and natural resources, 

deterioration of groundwater recharge and carbon storage capacity, change in population size, and 

spatial distribution (Abate, 2011). Land-use and land-cover changes also have consequences of 

soil and land degradation, soil erosion, salinization and desertification (Abbas et al., 2010; William 

and Turner, 1992). According to William and Turner (1992), soil and land degradation results in 

soil erosion, salinization, compaction, acidification, nutrient impoverishment, waterlogging and 

dehumification  

Desertification is also another effect of extreme land-use and land-cover. It increases the 

concentration of carbon-di-oxide in the atmosphere and brings wildfire. Therefore, incidences of 

forest fire related to land-use and land-cover degradation/change increase the emission of toxic 

gasses (GHG) such as carbon monoxide and nitric oxide which alter the chemistry of the 

atmosphere causing air pollution, affecting energy balance and climate and global warming (Peter, 

1994). Land-use and land-cover change have impacts on hydrology. It changes the quality of water 

and water flows, cause surface water pollution, depletion of groundwater aquifers. Land-use and 
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land-cover changes also increase the frequency and severity of flooding which is due to continuous 

and serious deforestation (William and Turner, 1992). 

In addition, urban expansion due to rapid population growth is another factor for LULC change 

since it brings a dramatic change of landscape patterns and types (Fenglei et al., 2009; Jianga and 

Tiana, 2010). This dynamics has been changing the availability of different biophysical resources 

and lead to decreased availability of different products and services for human, livestock, and 

damage the environment (Hussien, 2009).  Liu et al. (2002) and Wilson et al. (2003) also agreed 

that the rapid urban expansion is the result of population growth and socio-economic development. 

Therefore, such kind of enlargement around urban areas and the surroundings has massive impacts 

on the environment (Jianga and Tiana, 2010), for instance cause for the warming of urban and its 

surrounding areas (Jianga and Tiana, 2010; Qijiao and Zhixiang, 2015).  

Rapid and uncontrolled urbanization causes many environmental problems, such as air pollution 

(Wu et al., 2013), urban heat island effect (Jianga and Tiana, 2010; Qijiao and Zhixiang, 2015; Wu 

et al., 2013), and vegetation loss (Jianga and Tiana, 2010; Taubenböck et al., 2012; Weng, 2012). 

These result in the degradation of the environment and affect the quality of human settlements 

(Goldewijk and Ramankutty, 2004). Increase in the population and built-up areas brings trouble 

on the carrying capacity. Expansion of built-up areas due to urbanization cause destruction of the 

ecological environment (Jianga and Tiana, 2010; Zhu et al., 2016). 

Further, LULC change due to urban expansion causes urban heat island (UHI) (Jianga and Tiana, 

2010) that has adverse social, economic and environmental effects both at local, regional and 

global scale (Du et al., 2007, Luber and McGeehin, 2008 and Zheng et al., 2014). Thus, higher 

urban temperatures increase the demand for air conditioning, change urban thermal environments 

and ultimately lead to thermal discomforts and incidence of heat-related illnesses (Qijiao and 

Zhixiang, 2015).  

2.3 Land-use and Land-cover Change in Ethiopia  

Land-use dynamics is one of the major environmental problems in Ethiopia (Berhan, 2010). Land-

use and land-cover changes in Ethiopia, particularly in the highland areas caused by a combination 

of various factors though it depends on the conditions of the area (Eyayu et al., 2009; Hassen et 
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al., 2015; Mohammed, 2011; Woldeamlak, 2002; Woldeamlak and Sterk, 2005; Yeshaneh et al., 

2013). Even tough causes of LULC changes varies from place to place human-induced factors are 

the main driving forces, and create a complex system and troubles (Agarwal et al., 2002; Verheye, 

2007). This complexity ranges from biophysical attributes to social and economic drivers of 

changes. (Veldkamp and Lambin, 2001). These driving forces change the landscape patterns and 

land-cover types, for instance, change and modification of topography, climate, vegetation and soil 

characteristics. Cultural factors such as habits of logging vegetation cover, exposing of soil for 

erosion and degrading land may also trigger LULC changes (Lambin et al., 2003). Besides these, 

institutional causes like political, legal, economic, and traditional factors and their interaction with 

individual decision making are important for LULC change and management (Lambin et al., 

2003). 

In Ethiopia, vegetation cover is decreasing due to the expansion of cultivated land (Abate, 2011; 

Belay, 2002; Gessesse and Kleman, 2007; Gete and Hurni, 2001). Estimates of deforestation in 

Ethiopia, which is mainly for expansion of rain-fed agriculture that varies from 80,000 to 200,000 

ha per annum (EPA , 1997). As EFAP (1993) stated that the extent of the forest was much higher 

from 40% at the beginning of the twentieth century, 16% in the 1950s, 3.1% by 1982, only 2–3% 

in 1990s, and 3.56% in 2004 (Badege, 2001; Wubalem, 2012). Accordingly, some remnant stands 

of natural forests are mainly restricted to religious sites, along rivers and streams, and on peaks of 

hills where crop cultivation is difficult in the highlands of Ethiopia (Warra et al., 2013). This is 

due to the rapid expansion of agriculture and rural and urban settlement. 

Therefore, rapid increase in deforestation as well as poor practices of managing farmlands 

accelerating soil erosion and land degradation in the Ethiopian highlands (Hassen et al., 2015, 

Hurni et al., 2005; Mohammed et al., 2005), principally common where high population exist and 

their livelihoods directly depend on the exploitation of natural resources (Woldeamlak and Sterk, 

2005). Such fast rates of vegetation conversion, unsustainable agricultural land-use and severe soil 

erosion are the effects of LULC changes and land degradation in the highlands of Ethiopia 

(Mekuria, 2005). Because of population pressures, economic factors and policy issues, settlements, 

farmland and degraded lands have been expanding while grasslands and forest areas have been 

diminishing largely (Alemu et al., 2015; Eleni et al., 2013; Getachew et al., 2011; Hassen et al., 
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2015; Tsehaye and Mohammed, 2013; Woldeamlak, 2002). Further, there is an expansion of urban 

built-up areas at the expense of forest, grass and shrublands (Mohammed, 2011).  

Moreover, LULC changes are associated with deforestation, biodiversity loss and land degradation 

(Maitima et al., 2009). Land-use and land-cover change is a serious problem in changing the 

environment (Abate, 2011). Similarly, land-use and land-cover change aggravate soil erosion and 

its related problems (Belay, 2002; Desta et al., 2000; Tilahun et al., 2001). The major causes of 

land degradation in Ethiopia are rapid population increase, severe soil loss, deforestation, low 

vegetative cover and unbalanced crop and livestock production (Girma, 2001). In this case, the 

Ethiopian highlands are highly affected by land degradation, which has eroded the natural resource 

bases of the area (Tilahun et al., 2001). 

Therefore, LULC changes have diverse impacts on soil quality, water supply, reservoir storage 

capacity, agricultural productivity and ecology of a region (Sharma et al., 2011). Land-use and 

land-cover changes affect life and human livelihoods (Lambin et al., 2003, 2001; Lambin and 

Geist, 2006; Lambin and Meyfroidt, 2011).  

2.4 Land Surface Temperature and its Algorithm 

According to Srivastava et al. (2010), land surface temperature (LST) is defined as the surface 

radiometric temperature corresponding to the instantaneous field of view of the sensor. Land 

surface temperature can also define as the temperature emitted by the surface and measured in 

kelvin (Rajeshwari and Mani, 2014). Moreover, LST is the temperature measured at the Earth’s 

surface and is regarded as its skin temperature (Dash et al., 2002). Land surface temperature is 

defined as the surface radiometric temperature corresponding to the instantaneous field-of-view of 

the sensor (Prata et al., 1995) or the ensemble directional radiometric surface temperature (Norman 

and Becker, 1995). land surface temperature can be defined as the temperature felt when the land 

surface is touched with the hands or it is the skin temperature of the ground. 

land surface temperature is a key parameter for many environmental models, for example, energy 

and water exchange between atmosphere and surface (Yuan and Bauer, 2007); numerical weather 

prediction; global ocean circulation; climatic variability (Valor and Caselles, 1996). It represents 

the combined result of all energy exchange processes between the atmosphere and the land surface 

(Albin et al., 2017 and Voolgt and Oke, 2003). Thus, LST has become a basic requirement for 
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model validation or model constraining in surface energy and water budget modeling on various 

scales (Kalma et al., 2008; Kustas and Anderson, 2009). It serves as a metric for soil moisture and 

vegetation condition in ecological and hydrological modeling and environmental monitoring 

(Czajkowski et al., 2000; Kustas and Anderson, 2009). Further, LST has been used in the area of 

thermal anomalies and high temperature events detection (Sobrino et al., 2009). Land surface 

temperature is also useful to predict the energy and water exchanges between land surface and 

atmosphere, which plays an important role in human-environment interactions (Qijiao and 

Zhixiang, 2015). 

Furthermore, LST is widely used in urban climate studies to quantify the surface urban heat island 

and to explore its relationship with urban surface properties and air temperature variability as well 

as for surface-atmosphere exchange processes in urban environments (Voolgt and Oke, 2003; 

Weng, 2009). Land surface temperature is a vital variable in the physical processes of land surface 

energy and water balance on regional and global scales, is widely used in a range of hydrological, 

meteorological, and climatological applications (Duan et al., 2014; Karnieli et al., 2010; Li et al., 

2009; Vlassova et al., 2014). Land surface temperature is also one of the key parameters controlling 

the chemical, physical and biological processes of the earth surface and is an important factor for 

the study of urban climate (Pu et al., 2006). 

Therefore, LST can be easily derived from remotely sensed data (Lazzarini et al., 2013; Li et al., 

2013; Mohan and Kandya, 2015) such as Landsat, NOAA-AVHRR, MODIS. For a given sensor 

viewing direction, LST depends on the distribution of temperature and emissivity within a pixel 

and the spectral channel of measurement (Becker and Li, 1995). In order to obtain LST from space 

radiometry images, there should be atmospheric, angular and emissivity correction. Absorption, 

upward atmospheric emission, and the downward atmospheric irradiance reflected from the 

surface are the main effects of the atmosphere (Franca and Cracknell, 1994).  

Several atmospheric correction approaches have been established depending on sensor 

characteristics though mono-window and split-window algorithm is commonly used for retrieving 

land surface temperature. 

Mono-window algorism: Mono-window algorism use radiance measurements in one infrared 

window channel and correct the atmospheric effects to determine land surface temperature (Price, 
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1983; Susskind et al., 1984). Therefore, single-channel methods can be applied to sensors with 

only one infrared channel thought it is also used for multi-channel thermal sensors. For example, 

Atmospheric correction for Landsat TM is done based on Landsat TM 5 (Qin et al., 2001a; Sobrino 

et al., 2004a), DAIS (Digital Airborne Imaging Spectrometer) (Sobrino et al., 2004b). The method 

requires that the vertical and horizontal distribution of temperature and water vapor in the 

atmosphere is accurately known (Dash et al., 2002; Ottle’ and Vidal-Madjar, 1992). To estimate 

land surface temperature through mono-window algorithm, ground emissivity, atmospheric 

transmittance and effective mean atmospheric temperature are critical parameters (Qin et al., 

2001a).  

Split-window algorism: The split window technique is used for multi-channel sensors (Becker 

and Li, 1990; Price, 1984; Sobrino et al., 1991), in which radiance differences observed by each 

atmospheric window of the respective thermal infrared channel. The SWA uses differential 

absorption between two channels within one atmospheric window in order to eliminate the 

atmospheric influence and calculates the temperature at the sensor as a linear combination of two 

brightness temperatures (Dash et al., 2002). For example in Landsat-8 (Du et al., 2014; Jimenez-

Munoz et al., 2014; Meijun et al., 2015; Rozenstein et al., 2014; Xiaolei et al., 2014), DAIS 

(Sobrino et al., 2004b) and NOAA-AVHRR (Qin et al., 2001b). The algorithm assumes that the 

land surface emissivity  values in both thermal infrared channels are Known (Meijun et al., 2015).  

2.5 Normalized Difference Vegetation Index   

Normalized difference vegetation index (NDVI) is an index based on spectral reflectance of the 

ground surface feature. Each feature has its own characteristic reflectance varying according to the 

wavelength. Normalized difference vegetation index can be developed using near-infrared and red 

bands of the remote sensing data and value ranges between -1 to +1. A Higher value of NDVI 

(close to +1) infers the presence of healthy vegetation in the area while its lower value (-1) is the 

indicator of the absence of vegetation. Hence, the NDVI is very crucial induces for assessing the 

health of vegetation, the greenness of the earth surface, crop monitoring and yield forecasting, and 

forest cover assessment and deforestation and desertification. Normalized difference vegetation 

index is very essential used for analyzing and mapping land-use and land-cover (Ahl et al., 2006; 

De Boer, 2000; Huang and Siegert, 2006; Lunetta et al., 2006; Woodcock et al., 2002). 
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Furthermore, NDVI is very essential for analyzing urban green environment and urban climate 

since it indicates the level of dryness and warmness of the area.  

2.6 Relationship of Land-use and Land-cover Types with Normalized Difference 

Vegetation Index and Land Surface Temperature 

Land surface temperature, normalized difference vegetation index and land surface emissivity are 

significant factors in energy budget assessment, land cover valuation, and other related studies to 

earth surface characteristics (Fei et al., 2016). This provides a better understanding of the overall 

land-use and land-cover classes and environmental studies (Biro et al., 2013; Mallick et al., 2012). 

Normalized difference vegetation index and land surface emissivity can be used to assess and 

evaluate the spatial relationship between LST and different LULC in urban areas and environments 

(Amiri et al., 2009; Maimatiyiming et al., 2014).  

As the land surface temperature is sensitive to the vegetation and the content of moisture in the 

soil, it can be used to detect the LULC changes (Dash et al., 2002). Land surface temperature varies 

in LULC types (Jianga and Tiana, 2010; Sun et al., 2012; Weng et al., 2004; Yue et al., 2007), for 

instance urban green spaces has high NDVI and low LST than industrial zone. Land surface 

temperature has inversely related with NDVI (Jianga and Tiana, 2010; Sobrino and Raissouni, 

2000; Sun et al., 2012; Yue et al., 2007). This means that the higher the NDVI value the lower in 

the value of surface temperature and the lower the NDVI the higher the LST. This indicates that 

spatial distribution of LST and NDVI vary with the variation of LULC types (Sobrino and 

Raissouni, 2000; Weng et al., 2004; Wilson et al., 2003; Yue et al., 2007). For example, LST 

increases with the expansion of built-up areas (Jianga and Tiana, 2010; Sun et al., 2012) while 

normalized difference vegetation index is lower. Therefore quantifying and assessing the 

interrelationship of LST and NDVI is very important for evaluating environmental zonal 

influences in urban ecosystems (Wilson et al., 2003).  
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2.7 Impacts of Land-use and Land-cover Change on Land Surface Temperature 

Distribution 

Population expansion and its spatial distribution have an impact on the destruction of land-cover 

and exhaustive use of land (Jianga and Tiana, 2010; Small, 2004). This affects the ecosystem of 

the earth surface and reduction in plant species biodiversity. Land-use and land-cover change, 

therefore, has a great impact on the change and distribution of land surface temperature. Because 

the surface composition of the types of LULC varies which determine materials emissivity, means 

the surface is very hot and reemit high amount of energy when it exposed for the incoming 

radiation due to high surface reflectance. For instance, because of low evaporative cooling and low 

heat transfer capacity of bare land especially salinized soil domination has a high surface 

temperature. Besides, the modification and change of vegetation cover, agricultural and grazing 

land, and water bodies have a great influence on the changes and variation of the earth’s surface 

temperature (Fei et al., 2016). Such extreme kinds of LULC change contribute to the variation of 

climate change and influence the distribution and changes of LST. 

Though forests have an extensive influence on local, regional and global climates, loss of forest 

due to deforestation results in increased insolation; decreased cloudiness and approximately 

compensating the effect of cloud; amplified reflectance of land surface; change the large-scale 

convergence of atmospheric moisture which influence precipitation and modify rainfall patterns; 

and changes in surface roughness and wind speeds and direction (Yadvinder et al., 2008). 

Deforestation also contributes directly and indirectly to the loss of terrestrial marine ecosystems. 

Therefore, it accelerates diminution forest area, loss of complexity and diversity (Donato et al., 

2016) as well as affect volume of water, increase surface water heat due to sedimentation and rise 

evaporation. Besides, it increases in soil and land degradation, desertification (Abbas et al., 2010, 

Temesgen et al., 2014, 2009; William and Turner, 1992), wetland degradation (Zhenglei et al., 

2009) and cause for fluctuation of rainfall and humidity, and change surface temperature. This 

instability affects the thermodynamic processes at the earth-atmosphere interface and the dynamic 

processes in the atmosphere (Shukla et al., 1990).  

Deforestation also increases greenhouse gases (GHG) emission, for instance, carbon-di-oxide, 

methane nitrous oxide and others into the atmosphere (Rajeshwari and Mani, 2014), increases 

albedo and decreases canopy roughness (Peter, 1994), minimize rainfall availability and increase 
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surface temperatures (William and Turner, 1992). This increase land surface temperature of the 

surface of the earth. Consequently, the change in the value of land surface temperature changes 

the climate and its elements.     

Rapid urban expansion and industrialization increase buildings, gases released from vehicles and 

industries (Manea et al., 2013), non-evaporating impervious surfaces like concrete and asphalt 

(Jianga and Tiana, 2010; Qijiao and Zhixiang, 2015; Tang et al., 2014), which heats up the urban 

environment directly. Subsequently, urbanization leads to the reduction of green spaces in urban 

areas (Jianga and Tiana, 2010), which modifies urban surface water content and vegetation cover 

(Qijiao and Zhixiang, 2015; Tang et al., 2014). Physical change of the urban surface (albedo, 

thermal capacity, heat conductivity) can affect urban surface temperatures by altering the sensible 

and latent heat exchange between the urban surface and boundary layers (Frey and Parlow, 2012; 

Mohan and Kandya, 2015). Therefore, these urban biophysical changes increase UHI (Fenglei et 

al., 2009; William and Turner, 1992) a phenomenon of higher atmospheric and surface 

temperatures occurring in urban areas than in surrounding rural areas (Gluch et al., 2006; Voolgt 

and Oke, 2003). These  are responsible for climate change (Du et al., 2007; Luber and McGeehin, 

2008; Zheng et al., 2014) and increasing energy consumption (Sevgi et al., 2009) finally, these 

bring global warming at local, regional and global scales.  

2.8 The Importance of Remote Sensing for Land-Use and Land-Cover and Land 

Surface Temperature Analysis  

The land is becoming degraded and the pattern and types of land cover are changed at local, 

regional and global levels. Therefore, efficient way of analyzing what, why, where and when land-

use and land-cover are changed is very essential for sustainable land management and economic 

development. Furthermore, assessing and mapping the consequences of LULC change and the 

possible solution is very significant. Monitoring temporal land-use and land-cover changes is also 

very important for environmental management. 

In this regard, remote sensing has been playing a crucial role in provides satellite imageries assess 

natural resources and monitor environmental changes. For example, Landsat is one of the satellites 

which providing synoptic, repetitive and global coverage data freely since 1972. Landsat imageries 

have been used for the various terrestrial application. Therefore, Remote Sensing allows analyzing 
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land-use and land-cover change dynamics using time series of remotely sensed data by integrating 

it with socio-economic or biophysical data. Remote sensing is also efficient in land-cover mapping, 

detecting and monitoring land-cover change over time and space, identifying land use attributes 

and land cover change hot spots (Abate, 2011; Abbas et al., 2010; Temesgen et al., 2014). With 

the advancement of technology, reduction in data cost, availability of historic spatio-temporal data 

and high-resolution satellite images, remote sensing technologies are now very useful for 

conducting land cover change detection analysis and predicting the future scenario (Agarwal et al., 

2002). 

Moreover, land surface temperature and NDVI can be easily computed by using satellite data 

specifically thermal remote sensing is very crucial for assessing and measuring urban thermal 

environment (Sun et al., 2012; Yue et al., 2007). It also provides a tool for analyzing thermal 

variation (Weng, 2003) measurements of physical, environmental and socioeconomic variables in 

urban settings (Small, 2004). Remote sensing data is also significance for analyzing the 

relationship of LULC change with LST and NDVI. Therefore remote sensing is very useful for 

studying urban environment (Yue et al., 2007) and rural environment  As a result, it possible to 

extract information about the earth’s surface from the satellite imageries and analyze and make an 

informed decision. 
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CHAPTER THREE  

3. MATERIAL AND METHODS 

3.1 Description of Study Area  

3.1.1 Location and Area 

This research was conducted in Bahir Dar town and its surroundings which is the capital of Amhara 

National Regional State. The geographical location of the study area extends from latitude 11° 30' 

11" to 11° 58' 11"N and longitude 37° 2' 2" to 37° 29' 4"E. It has a total of 1,073.53 km2, from 

which the terrestrial part was about 243.07 km2 (215.57 km2 was an area of Bahir Dar town, and 

27.41 and 0.09 km2 was Deq Istifanos and Kibran Gebriel Islands, respectively). An area of 830.46 

km2 was covered from Lake Tana. Bahir Dar town is far from Addis Ababa at the distances of 567 

km along Bure road and 465 km along Motta road (Figure 3.1).  

 

Figure 3.1: Geographical location of the study area 
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3.1.2 Topography  

Bahir Dar town is bounded by Lake Tana from the north. The topography of Bahir Dar town and 

its surroundings is relatively flat. The elevation of the study area varies from 1,708 m in the 

southeast to 2,007 m in eastern and western peripheries of the town (Figure 3.2).  

 

Figure 3.2: Elevation map of the study area 

Even though the topography of the study area is relatively flat, there are some places which are 

characterized by deep river gorge. Therefore, the slope of the area abruptly increases to more than 

20% towards southeast following the drainage of River Abay. However, most of the areas of the 

town, as well as Deq Istifanos Island, has a slope in the range of 3-10% and the slope of some 

places in the town and Island varies from 13-24% (Figure 3.3).  
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Figure 3.3: Slope map of the study area 

3.1.3 Population  

Based on the 1984 population and housing census of Ethiopia, the population of Bahir Dar town 

was about 54,773 (CSA, 1991). 25,136 male and 29,637 females. Ten years later in 1994 census, 

this population was 96,140 of which 45,436 and 50,704 were male and female respectively (CSA, 

1998). Whereas in the third national population and housing census which has taken in 2007, the 

population of the town was 221,991, from this male was 108,456 while the female was about 

113,535 (CSA, 2008). Besides, as estimated by CSA the population of the town could be 362,297 

in 2017 (CSA, 2013). The detail of the population is presented in Figure 3.4.   
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Figure 3.4: Population distribution of Bahir Dar town and its surrounding (1987-2017) 

3.1.4 Climate  

3.1.4.1  Temperature 

As temperature recorded at Bahir Dar town meteorology station from the year 1987-2017, the 

maximum mean monthly temperature was very high in Belge season, that is, from February-May 

(NMA, 1996). Nevertheless, of the Belge season months, the maximum mean monthly temperature 

was very high during April which was 30.2 ℃. Whereas the lowest maximum mean monthly 

temperature recorded during Kiremt season (from June-September), mainly in July which was 24.3 

℃. Moreover, highest minimum mean monthly temperature of the place was 15.5 ℃ which was 

occurred in the month of May while the lowest was in January which was about 8.4 ℃. Therefore, 

April and January are warmest and the coldest month respectively (Figure 3.5). 

 

0

50000

100000

150000

200000

250000

300000

350000

400000

Male Female Total

1984 25136 29637 54773

1994 45436 50704 96140

2007 108456 113535 221991

2017 181,308 180,989 362297

P
o

p
u

la
ti

o
n

Year



M.Sc. Thesis on: Impacts of Land-use and Land-cover Changes on Land Surface Temperature Distribution in Bahir Dar Town and 

its Surrounding Using Remote Sensing                                                                                                                                  [June 2018] 
 

Abel Balew                                                       Remote Sensing and Geoinformatics, AAU Page 23 

 

 

Figure 3.5: Maximum, minimum and mean monthly temperature distribution (1987-2017) 

Even though there were variations in temperature from month to month in a year due to the 

variations in climate parameters, on average the temperature was increased from year 1987 to 

2017, particularly, the temperature has been sharply increasing since 2008 (Figure 3.6). 

 

Figure 3.6: Maximum, minimum and mean annual temperature distribution (1987-2017) 
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3.1.4.2 Rainfall  

As data recorded from 1987-2017 at Bahir Dar town meteorological station, monthly average 

rainfall of the town was 1416.62 mm and the maximum monthly average rainfall was 419.5 mm 

recorded in the month of July. On average, rainfall was very high in the months of June, July, 

August and September since these are rainy months in most parts of Ethiopia (NMA, 1996). 

Whereas January, February, March, April, November and December are the dry months (Figure 

3.7). 

 

Figure 3.7: Mean monthly rainfall distribution (1987-2017) 

The mean annual rainfall of Bahir Dar town from 1987 to 2017 ranges from 89.7 mm to 142.6 
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Figure 3.8: Mean annual rainfall distribution (1987-2017) 

During 1987 to 2017, the maximum recorded annual rainfall in Bahir Dar town and its surrounding 

was 1711.6 mm, and this was recorded in 2014 and the minimum annual rainfall was 1076.5 mm 

in 1994. From 1987 to 2017, the average annual rainfall recorded was 1416.62 mm while it was 

1397.4 mm and 1442.8 mm from 1987 to 2002 and 2002 to 2017, respectively. The distribution of 

annual rainfall of Bahir Dar town and its surrounding from 1987 to 2017 is presented in Figure 

3.9. 

 

Figure 3.9: Annual rainfall distribution (1987-2017) 
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42.2 Octa which was in March. Generally, as Figure 3.10 below illustrates relative humidity was 

continuously increasing from April to August and declining from September to March.  

 

Figure 3.10: Mean monthly relative humidity distribution (1987-2017) 

For 31 years relative humidity data which recorded at Bahir Dar town meteorology station 

indicates that the maximum mean annual relative humidity of the study area was 64 Octa, which 

was in 2009 and minimum was 54.9 Octa in 2012. The relative humidity of Bahir Dar and its 

surrounding was continuously declining from 2014-2017 (Figure 3.11). 

 

 

Figure 3.11: Mean annual relative humidity distribution (1987-2017) 
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3.1.4.4 Wind Direction 

Based on meteorological data of 2016, it was observed that the wind direction was to south, 

southeast, east and northeastwards throughout the year during the daytime. Whereas in the year 

2017, the persistent wind direction was towards southeast and south. In both years it was observed 

that the wind was blowing from Lake Tana and River Abay towards Bahir Dar town during the 

daytime (Figure 3.12). This is because at daytime the lake is cooler than the town and its 

surrounding and there is high pressure on the surface of the lake. As a result, the wind blows from 

high to low-pressure body.   

 

 
 

Figure 3.12: Monthly daytime wind direction distribution (2016-2017) 
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Figure 3.13: Monthly night time wind direction distribution (2016-2017) 
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Table 3.1: Remote sensing datasets used for the study and their source 

Path & row Acquisition 

date 

Satellite Sensors Resolution 

(PAN/MS/TIRS) 

Source 

170-052 27 March 1987 Landsat TM 15/30/120 m USGS 

12 March 2002 ETM+ 15/30/60 m 

13 March 2017 OLI 15/30/100 m 

275/125,127,130,132 

300/125,127,130,132 

325/125,127,130,132 

2005 SPOT 5 HRG 5 m EMA 

 14 March 2017 Terra MODIS 1k m LP DAAC 

  SRTM DEM  30 m USGS 

 

A. Landsat Thematic Mapper (TM)  

Landsat Thematic Mapper (TM) sensor was carried on Landsat 4 and Landsat 5 from July 1982 to 

May 2012. It consists of seven spectral bands; three in the visible, three in infrared and one in the 

thermal region of the spectrum. Thematic Mapper image has a spatial resolution of 30m MS (band 

1 to 5 and 7) and 120 m in thermal (band 6). Therefore, TM Band 6 is specifically sensitive to 

thermal infrared radiation to measure the surface temperature of the earth surface. Moreover, TM 

has a temporal resolution or repeat the cycle of 16 days. Scene size of TM images is approximately 

170 km north-south and 183 km east-west. Detail about thematic mapper sensor bands and other 

descriptions are provided in Table 3.2.   

Table 3.2: Landsat 4 and 5 TM sensor description 

Landsat 4 & 5 Bands with description Wavelength 

(µm) 

Temporal 

resolution 

(days) 

Spatial 

Resolution 

(meters) 

Thematic 

Mapper (TM) 

Band 1-Blue 0.45-0.52 16 30 

Band 2-Green 0.52-0.60 16 30 

Band 3-Red 0.63-0.69 16 30 

Band 4-NIR 0.76-0.90 16 30 

Band 5-Shortwave IR (SWIR) 1 1.55-1.75 16 30 

Band 6-Thermal 10.40-12.50 16 120 

Band 7-Shortwave IR (SWIR) 2 2.08-2.35 16 30 
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B. Landsat Enhanced Thematic Mapper Plus (ETM+) 

Landsat Enhanced Thematic Mapper Plus sensor (ETM+) was carried on Landsat 7 since July 

1999. Landsat 7 ETM+ images consist of eight spectral bands with a spatial resolution of 30 m for 

bands 1-5 and 7 which are Multi-spectral (MS) images. While band 8 is panchromatic with 15 m 

resolution and band 6 is thermal with a resolution of 60 m. 16 days is a revisit period of the ETM+ 

sensor. All ETM+ sensor bands can collect one of two gain settings (high or low) for increased 

radiometric sensitivity and dynamic range whereas ETM+ Band 6 collects both high and low gain 

for all scenes. The approximate size of the scene is 170 km north-south by 183 km east-west. Detail 

descriptions about Landsat 7 ETM+ are given in Table 3.3. 

Table 3.3: Landsat 7 ETM+ sensor description 

Landsat 7 Bands with description Wavelength 

(µm) 

Temporal 

resolution 

(days) 

Spatial 

Resolution 

(meters) 

Enhanced 

Thematic 

Mapper 

(ETM+) 

Band 1-Blue 0.45-0.52 16 30 

Band 2-Green 0.52-0.60 16 30 

Band 3-Red 0.63-0.69 16 30 

Band 4-NIR 0.77-0.90 16 30 

Band 5-Shortwave IR (SWIR) 1 1.55-1.75 16 30 

Band 6-Thermal 10.40-12.50 16 60 

Band 7-Shortwave IR (SWIR) 2 2.09-2.35 16 30 

Band 8-Panchromatic 0.52-0.90 16 15 

C. Landsat Operational Land Imager (OLI) and Thermal Infrared Sensor (TIRS) 

Landsat 8 was launched on February 11, 2013, with Landsat Operational Land Imager (OLI) and 

Thermal Infrared Sensor (TIRS). It has 11 bands; from bands 1 to 7 and 9 are MS, and band 8 is 

panchromatic while band 10 and 11 are thermal. The spatial resolution of Landsat 8 is 30 m, 15 m 

and 100 m for MS, PAN and TIRS. Ultra-blue Band 1 is useful for coastal and aerosols studies 

while Band 9 is useful for cirrus cloud detection. The approximate scene size of Landsat 8 images 

is 170 km north-south by 183 km east-west. Detail descriptions about OLI and TIRS are presented 

in Table 3.4. 
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Table 3.4: Landsat 8 OLI and TIRS description 

Landsat 8 Bands with description Wavelength 

(µm) 

Temporal 

resolution 

(days) 

Spatial 

Resolution 

(meters) 

Operational 

Land Imager 

(OLI) and 

Thermal 

Infrared Sensor 

(TIRS) 

Band 1-Ultra Blue 

(coastal/aerosol) 

0.43-0.45 16 30 

Band 2-Blue  0.45-0.51 16 30 

Band 3-Green 0.53-0.59 16 30 

Band 4-Red  0.64-0.67 16 30 

Band 5-NIR 0.85-0.88 16 30 

Band 6-Shortwave IR (SWIR) 1 1.57-1.65 16 30 

Band 7-Shortwave IR (SWIR) 2 2.11-2.29 16 30 

Band 8-Panchromatic 0.50-0.68 16 15 

Band 9-Cirrus 1.36-1.38 16 30 

Band 10-TIRS 1 10.60-11.19 16 100 

Band 11-TIRS 2 11.50-12.51 16 100 

3.2.2 Meteorology Data  

Meteorological data such as wind direction, humidity, temperature and rainfall data were gathered 

from National Meteorological Agency (NMA) of Ethiopia. Wind direction was used to evaluate 

the influence of Lake Tana on LST distribution of Bahir Dar town and its surrounding while 

temperature, relative humidity and rainfall data were used to describe the climate of the study area 

during the study periods (Table 3.5). 

Table 3.5: Meteorology data description 

Data type Year Source 

Rainfall  1987-2017 

 

NMA 

Temperature 

Humidity  

Wind direction 2016-2017 
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3.2.3 Aerial Photograph and Master Plan  

Google Earth images for the year 1987 and 2002 are not visible and clear to develop LULC 

thematic layers. Therefore, to aid image classification for these two study years, aerial photographs 

acquired in 2003 and Bahir Dar town master plan prepared in the same year were used.  

3.2.4 Ground Truth Data  

Ground truth data were collected from the field using GPS after stratified sample points generated 

from the image of 2017 and their coordinates from Google Earth. Field data is therefore used for 

validating the LULC classified image into different classes by observing the real LULC of the 

study area. Besides, ground truth data was used for accuracy assessment for an image acquired in 

2017. In order to minimize errors in classification, pictures showing different LULC classes in the 

study area were captured. 

3.2.5 Google Earth Data 

Google Earth map was used as a base map for 2017 Landsat 8 OLI image classification. Google 

Earth was also used to extract coordinates for sample points, which were selected based on 

stratified sampling technique to verify LULC classes of 2017 image. It was also used to extract 

reference points for inaccessible areas. 

3.3 Software 

To process satellite imageries and analyze land-use and land-cover changes, normalized difference 

vegetation index and land surface temperature, the following software packages were used (Table 

3.6). 
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Table 3.6: Software packages used for this study  

 

3.4 Methods 

This study had three main methods. The first was land-use and land-cover analysis from Landsat 5, 7 

and 8. Estimation of land surface temperature from Landsat imageries was the second step. Finally, 

zonal and correlation statistics were done for NDVI and LST. Relationship analysis were done for 

LULC and NDVI, and LULC and LST. The overall methods are presented in the following schematic 

flow chart (Figure 3.14). 

Software Type Application  

ENVI 5.1 Image preprocessing and TM and ETM+ atmospheric correction, and 

computation of NDVI, PV, LSE, and LST  

ERDAS IMAGINE 

2015 

OLI atmospheric correction, and change detection analysis 

ArcGIS 10.5 Image digitizing, split and merge polygons, zonal statistics, 

reclassification, LST zonation and mapping, and mapping NDVI 

Google Earth Pro 2017 Use as a base map in visual image interpretation, and generate 

coordinate points for the image of 2017 

EasyGPS 5.7 Transfer field data from GPS to computer (for 2017) 

MS Excel 2016 To develop correlation statistics of LST and NDVI  

6S 2.1 To process near air surface temperature, and atmospheric 

transmittance  
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Figure 3.14: Schematic methodology flowchart of the present study 
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3.4.1 Digital Image Preprocessing  

In remote sensing, digital numbers are very important since they represent reflectance of surface 

materials when they are detected by a sensor and tells about the properties of an object. The objects 

are represented in the form of a pictorial element called pixels. Therefore, to obtain meaningful 

information from those pixels, they should be processed and corrected digitally before using them 

for further analysis. Digital image processing involves manipulation and interpretation of digital 

image through the help of computer application software. It is helpful to increase the quality of an 

image and maintain the quality image for the purpose of interpretation and classification; therefore, 

it is possible to minimize interpretation errors since the image can easily be manageable in a 

computer. Digital image processing starts from image layer stacking to image enhancement and 

prepares them for classification. 

Image sub-setting: image sub-setting is a process by which image is extracted from a particular 

image based on the boundary of the area of the interest. Therefore, the images which lay in between 

11° 30' 11"-11° 58' 11"N and 37° 2' 2"-37° 29' 4"E were processed from the stacked images.   

Image sharpening: To improve the resolution of the images and enhance image interpretation, 

resolution merge or image sharpening technique can be used. For instance, using high-resolution 

images like SPOT, QuickBird, and IKONOS the quality of low-resolution images such as Landsat 

can be improved. Among many image sharpening techniques, Gram-Schmidt spectral sharpening 

algorithm was used. Because Gram-Schmidt method is typically more accurate because it uses the 

spectral response function of a given sensor to estimate what the panchromatic data look. SPOT 5 

image was used to sharpening Landsat images since it has a 30 m resolution, therefore, the refined 

Landsat images were visible and better than the original images.  

3.4.2 Multispectral Radiometric Correction 

Atmospheric image correction or preprocessing is very significant in order to get an accurate image 

because radiation which comes from the source always interacts with the atmosphere. The energy 

which is reflected back to the sensor after its contacts with the target objects is useful for remote 

sensing. Therefore, in atmospheric preprocessing, DN should be converted into spectral radiance. 

To do so, Quick Atmospheric Correction (QUAC) algorithm was carried out in the ENVI image 

processing program version 5.1 for Landsat 5 TM and Landsat 7 ETM+ images. Quick 
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Atmospheric Correction is a visible-near infrared through shortwave infrared (VNIR-SWIR) 

relative atmospheric correction method for multispectral and hyperspectral imagery. It estimates 

atmospheric compensation parameters directly from the information contained within the scene 

(observed pixel spectra) without ancillary information (Bernstein et al., 2005) 

Like Landsat 5 TM and Landsat 7 ETM+ images, Landsat 8 OLI  image was also radiometrically 

corrected and spectral radiance converted to radiance in ERDAS IMAGINE using the formula 

given by USGS (2016): 

𝐿λ = 𝑀λ ∗ 𝑄cal + 𝐴𝐿                                                                                                                                    (1)  

Where; Lλ = Spectral radiance (W/ (m2 * sr * μm)); 𝑀λ= Radiance multiplicative scaling factor for 

the band (RADIANCE_MULT_BAND_N from the metadata); AL = Radiance additive scaling 

factor for the band (RADIANCE_ADD_BAND_N from the metadata); Qcal = Level 1 pixel value 

in DN. 

Then, level 1 pixel DN values were converted to  top of atmosphere (TOA) reflectance using the 

equation (USGS, 2016):  

 ρλ
′ = 𝑀ρ ∗ 𝑄cal + 𝐴ρ                                                                                                                                   (2) 

Where;  ρλ′ = Top-of-Atmosphere Planetary Spectral Reflectance, without correction for solar 

angle; 𝑀ρ= Reflectance multiplicative scaling factor for the band; 

(REFLECTANCEW_MULT_BAND_N from the metadata); 𝐴ρ = Reflectance additive scaling 

factor for the band (REFLECTANCE_ADD_BAND_N from the metadata); Qcal = Level 1 pixel 

value in DN. 

Once a solar elevation angle is chosen, then conversion to true TOA reflectance is given by:  

ρλ =
 ρλ′

cos θSZ
                                                                                                                                                 (3) 

where: ρλ = Top-of-Atmosphere Planetary Reflectance; θSZ = Local solar zenith angle. 
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3.4.3 Image Classification 

Image classification is a technique of extracting information from the image based on the 

reflectance value of an object (Gao, 2009, Lillesand et al., 2004; Richards and Jia, 2006). The 

information class can be grouped into a thematic layer of having similar LULC in the image. 

Though there are automated image classification techniques, manual or visual image interpretation 

procedure was used. This is because there is a problem of pixel mixing especially in low-resolution 

imageries such as Landsat and this has seriously affected the land-use and land-cover classification 

accuracy of the study. To aid visual image interpretation and maintain classification accuracy, 

Google Earth map, Bahir Dar town master plan and aerial photo were used. Thus, to generate land-

use and land-cover thematic layers image digitizing and split and merge functions were employed.   

3.4.3.1 Accuracy Assessment 

Accuracy assessment is a comparison of image interpretation by a computer with the aid of ground 

truth data (Gao, 2009; Richards and Jia, 2006). For this comparison, training sites which used for 

accuracy assessment were identified based on the stratified method of sampling because the 

classified image has virtually been thematically stratified. Stratified sampling technique 

guarantees that a specified number of evaluation pixels that can be selected from a given land 

cover, that is all LULC classes can be adequately represented in the evaluation samples. No matter 

how small a land cover is in size or limited in its spatial distribution, this specified number of 

evaluation pixels can always be selected, although not in a single pass (Gao, 2009). Therefore, 

stratified training pixels for validation were selected based on the number of bands and LULC 

classes, i.e., N(N + 1) is the formula which used for taking the total samples for validation and for 

each LULC class (N+1) training pixels is required (Lillesand et al., 2004; Richards and Jia, 2006).  

Based on the aforementioned formula, eight samples were taken for each thematic layer and 112 

for all LULC classes for each study images (1987, 2002 and 2017). Using these training sites, each 

LULC classes of the study area checked and classification accuracy was assessed. The overall 

accuracy, producer’s and user’s accuracy were calculated based on the error matrix derived from 

each classification result. 
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3.4.3.2 Land-use and Land-cover Thematic Layer  

After classification accuracy was conducted, final land-use and land-cover thematic layers were 

identified and mapped for three study periods (that is, 1987, 2002 and 2017). So, Bahir Dar town 

and its surrounding has the following land-use and land-cover classes (Table 3.7).   

Table 3.7: Land-use and land-cover classes and description of the study area. 

LULC Classes  Description  

Cropland  Areas used for annual crop cultivation. 

Forest Areas covered with large trees with woodland and dense shrubland. 

Grassland The area which used for grazing and spare trees and bushes.  

High density settlement  The area occupied by dense house buildings including mixed and pure 

residence. 

Industrial area  Areas used for factories and their Wearhouse. 

Low density settlement  The area occupied by low density house buildings. 

Open space Areas used for recreation, and sport field, and land covered with green 

areas, and bare land (Areas covered with dry soil, sand/rocks and, dry salt 

flats, beaches, sand dunes, exposed rocks and gravel pits/non-vegetated 

area dominated by rock, eroded and degraded lands). 

Paved surface The area covered with road networks, vehicle parking areas, bus station. 

Plantation  Area cover with perennial agriculture like chat, Banana, Mango, and tree 

plantations such as eucalyptus tree.  

Riparian vegetation Vegetation which grows along the seasonal river banks. 

Service area The area covered with offices, churches, schools, mosques, hospitals, 

hotels, garage and open marketplaces. 

Shrubland  Areas covered with shrubs, bushes and small trees, mixed with some 

grasses and less dense than forests.  

Water body  Areas covered with rivers and ponds.  

Wetland vegetation The area covered with aquatic vegetation, bushes, shrubs, woodland and 

wetlands or marshland. 
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3.4.4 Change Detection Analysis 

Change detection is a process of detecting differences with the objects or phenomena which are 

observed in the different time intervals. DeltaCue is an application designed to help to identify 

changes of interest in remotely sensed imagery acquired on two dates. The DeltaCue change 

detection process operates on co-registered image data and performs a differencing operation as 

its core change detection process. In order to analyze the total area of LULC changed from 1987 

to the 2017 year, the following formula was used. 

𝐿𝑈𝐿𝐶 𝑐ℎ𝑎𝑛𝑔𝑒  (%) = (𝐴𝑟𝑒𝑎 𝑜𝑓 𝑟𝑒𝑐𝑒𝑛𝑡 𝑦𝑒𝑎𝑟(%) − 𝐴𝑟𝑒𝑎 𝑜𝑓 𝑓𝑜𝑟𝑚𝑒𝑟 𝑦𝑒𝑎𝑟(%))                   (4) 

3.4.5 Thermal Atmospheric Correction 

During 1G product, rendering image pixels were converted to units of absolute radiance using 32-

bit floating point calculations. Pixel values were then scaled to byte values prior to media output. 

Hence, spectral radiance of TM, ETM+ and OLI images were converted into radiance using the 

equation (Markham and Barker, 1986):  

𝐿λ = ((𝐿𝑀𝐴𝑋λ − 𝐿𝑀𝐼𝑁λ) /(𝑄𝐶𝐴𝐿𝑀𝐴𝑋 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁)) ∗ (𝑄𝐶𝐴𝐿 − 𝑄𝐶𝐴𝐿𝑀𝐼𝑁) + 𝐿𝑀𝐼𝑁λ   (5) 

Where:   Lλ = Spectral radiance received by the sensor (W/ (m2 * sr * μm)) 

              QCAL = the quantized calibrated pixel value in DN 

               𝐿𝑀𝐼𝑁λ = the spectral radiance that is scaled to QCALMIN (W/ (m2 * sr * μm)) 

               𝐿𝑀𝐴𝑋λ = the spectral radiance that is scaled to QCALMAX (W/ (m2 * sr * μm)) 

              QCALMIN = the minimum quantized calibrated pixel value (corresponding to      

𝐿𝑀𝐼𝑁λ in DN which is 1 

              QCALMAX = the maximum quantized calibrated pixel value (corresponding to      

𝐿𝑀𝐴𝑋λ in DN which is 255 

 

3.4.6 Land Surface Temperature Computation  

Land surface temperature can be computed in different ways based on the parameters (for instance, 

normalized difference vegetation index, emissivity, water vapor, air temperature and mean 

effective temperature) and resources (data and software) used. 
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3.4.6.1 Normalized Difference Vegetation Index  

Normalized Difference Vegetation Index (NDVI) is very important to discriminate vegetation 

from no-vegetation and indicates the amount of vegetation present on the surface. Normalized 

difference vegetation index also used to infer general vegetation condition and to determine the 

LST. Besides, NDVI computation is important because it used to calculate the proportion of the 

vegetation (𝑃V) and emissivity (𝜀) since these parameters are highly related with the NDVI (Weng 

et al., 2004). Normalized difference vegetation index is obtained by using red band (high 

absorption of radiation or low reflection) and infrared band (low absorption of radiation or high 

reflection). Accordingly, NDVI can be computed as 

𝑁𝐷𝑉𝐼 =
ρ𝑁𝐼𝑅 − ρ𝑅𝑒𝑑

ρ𝑁𝐼𝑅 + ρ𝑅𝑒𝑑
                                                                                                                                 (6) 

Where; ρ𝑁𝐼𝑅 reflectance in near infrared band; ρ𝑅𝑒𝑑 reflectance in red band 

3.4.6.2 Land Surface Emissivity 

Emissivity is the ratio of the radiance which is emitted by the real surface materials at their 

temperature and the radiance emitted by the black body at the same temperature (Becker and Li, 

1995). Emissivity is the efficiency of transmitting thermal energy across the surface into the 

atmosphere. In contrast to that of the ocean, the emissivity of land is significantly different and 

varies with the heterogeneity of vegetation, surface moisture, roughness, and viewing angle 

(Rozenstein et al., 2014) and wavelength. Since LSE can change substantially over short distances, 

it is important to estimate its value for every pixel through applying LST algorithms. Therefore, in 

order to estimate LST the land surface emissivity (LSE (𝜀)) must be known, because LSE is a 

proportional factor that scales blackbody radiance (Planck’s law) to predict emitted radiance.  

In satellite images, pixels representing the land surface which are usually mixed pixels, that is, 

they are a combination of surfaces-types such as water, vegetation and soil. Therefore, the effective 

emissivity of a pixel can be calculated by summing up the contributions from those surface types 

because the emissivity value change from surface to surface. Though to estimate the emissivity 

from satellite thermal band data quite a lot of methods have been suggested, NDVI threshold 

method was used in this study. According to Van De Griend and Owe (1993), there is a high 
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correlation between measured ℇ and NDVI. Emissivity value can be considered in four NDVI 

cases (Sobrino et al., 2001; Wang et al., 2015). 

a) NDVI < 0- Water pixels with negative NDVI values were set to LSE values of 0.67,0.63 

0.99 and 0.986 for TM, ETM+, OLI band10 and band11, respectively. 

b) NDVI < 0.2 - Pixel with NDVI values smaller than 0.2 is considered as soil and the 

emissivity is obtained from reflectivity values in the red region. It is possible to extract the 

mean value for the emissivity of soils from ASTER spectral library 

(http://asterweb.jpl.nasa.gov) and will be filtered according to band TM, ETM+ and OLI 

10 and 11 filter functions. Accordingly, soil emissivity in TM, ETM+, OLI 10 and 11 is 

0.974, 0.973, 0.964 and 0.970, respectively.   

c) NDVI>0.5 - Pixel with NDVI values higher than 0.5 is considered as vegetation, and the 

emissivity value is assumed to be 0.98, 0.99, 0.984 and 0.980 for TM, ETM+, OLI 10 and 

11 respectively. 

d)  0.2≤ NDVI ≥ 0.5 - Pixel with NDVI values between 0.2 and 0.5 is considered as a mixture 

of soil and vegetation (Barsi et al., 2014), and the emissivity is calculated according to the 

equation suggested by (Price, 1984, 1983). 

ℇλ = ℇ𝑉P𝑉 + ℇ𝑠(1 − P𝑉) + (1 − ℇ𝑠)(1 − ℇ𝑣)Fℇ𝑣                                                                              (7) 

where ℇ𝑉 and ℇ𝑠are the vegetation and soil emissivity, respectively, F = 0.55 shape factor 

considering different geometrical distributions, P𝑉 proportion of vegetation which is given by 

equation (8).  

According to (Meijun et al., 2015) proportion of vegetation (P𝑉) can be  calculated using the NDVI 

values for vegetation and soil which presented as follows  

P𝑉 = (
𝑁𝐷𝑉𝐼 −  NDVI𝑚𝑖𝑛

NDVI𝑚𝑎𝑥 − NDVI𝑚𝑖𝑛
)

2

                                                                                                                (8) 

Where; P𝑉is proportion of vegetation or the scaled NDVI value, whereas  NDVI𝑚𝑎𝑥and 

NDVI𝑚𝑖𝑛are the NDVI values for fully vegetated and non-vegetated land covers. 
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3.4.6.3 Land Surface Temperature Algorithms 

After spectral radiance is converted to radiance, the raw digital numbers of the thermal bands are 

converted to Top of Atmosphere (TOA) brightness temperatures, which are the effective 

temperature viewed by the satellite under an assumption of emissivity (Chander et al., 2009) using 

Planck's equation as stated below: 

𝐵𝑇 =
𝐾2

ln( 
𝐾1
𝐿λ

+ 1)  
                                                                                                                               (9) 

Where; 𝐵𝑇 is effective at-sensor brightness temperature (K); 𝐾2 is calibration constant 2 (K); 𝐾1 

is calibration constant 1 (W/ (m2 * sr * μm)); 𝐿λ is spectral radiance at the sensor's aperture (W/ 

(m2 * sr * μm)); ln is natural logarithm 

Table 3.8: Thermal constants of Landsat images 

Satellite  sensors  Categories  Band 6 Band 10  Band 11  

Landsat 5 TM K1 607.76   

K2 1260.56 

Landsat 7 ETM+ K1 666.09 

K2 1282.71 

Landsat 8  OLI/TIRS  K1   774.8853  480.8883  

K2         1321.0789 1201.1442  

3.4.6.3.1 Mono Window Algorithm  

Mono-window algorism (MWA) also called single-channel algorithm use radiance measurements 

in a single thermal infrared channel and correct the atmospheric effects to determine land surface 

temperature. This algorithm requires that the vertical and horizontal distribution of temperature 

and water vapor in the atmosphere is accurately known (Dash et al., 2002). Thus, the single-

channel algorithm was used to compute land surface temperature for 1987 and 2002 images which 

are acquired by TM and ETM+ sensors. The mono-window algorithm for Landsat TM and ETM+ 

requires three critical parameters to estimate LST: ground emissivity, atmospheric transmittance 

and effective mean atmospheric temperature. The mono-window algorithm used by Jiménez-

Muñoz and Sobrino (2003), Qin et al. (2001a), and Sobrino et al. (2004a, and 2004b) to retrieve 

LST from satellite data. Land surface temperature computes from TM and ETM+ using single 

channel algorithm developed by (Qin et al., 2001a). 
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Ts =  
1

𝐶
[𝑎 (1 − 𝐶 − 𝐷) + (b( 1 − 𝐶 − 𝐷) + 𝐶 + 𝐷) 𝐵𝑇 − 𝐷Ta ]                                         (10) 

Where 𝜀 is LSE, 𝜏 is the total atmospheric transmissivity, 𝐵𝑇is brightness temperature at-sensor, 

Ta is the mean atmospheric temperature, and  𝐶 =  𝜀𝜏,  𝐷 = (1 − 𝜏)[1 + (1 − 𝜀)], 𝜀 = 0.99, 𝜏 =

0.9   

𝑎 = −67.355351, 𝑏 = 0.458606  𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡𝑠 𝑎𝑑𝑜𝑝𝑡𝑒𝑑 𝑓𝑟𝑜𝑚 Qin et al. (2001a)    

Ta =  17.9769 +  0.91715T0                                                                                                             (11) 

T0 being the near-surface air temperature (376.46 K which was processed from 6S software).  

3.4.6.3.2 Split Window Algorithm 

Split window algorithm (SWA) also called multi-channel algorithm uses different absorption 

between two thermal infrared channels within one atmospheric window in order to eliminate the 

atmospheric influence and calculates surface temperature as a linear combination of two brightness 

temperatures (Dash et al., 2002). The algorithm assumes that the land surface emissivity (LSE) 

values in both thermal infrared channels are known (Meijun et al., 2015). This algorithm is 

functional for sensor where there are two TIR channel, for instance, OLI in Landsat-8 (TIRS band 

10 and 11), which was used by Du et al. (2014), Jimenez-Munoz et al. (2014), Meijun et al. (2015), 

Qin et al. (2001b) and Rozenstein et al. (2014).  

The general algorithm of the split window is given by 

Ts =  TB10 + 𝐶1(TB10 − TB11) +  𝐶2(TB10 − TB11)2 + 𝐶0 + (𝐶3 + 𝐶4𝑊) (1 − 𝜀)

+ (𝐶5 + 𝐶6𝑊) ∆𝜀                                                                                                        (12) 

Where: 𝑇s =Land Surface Temperature  

             𝐶0 up 𝐶6 =Split Window Coefficient Value  

             TB10=Brightness Temperature of band 10  

             TB11=Brightness Temperature of band 11  

          𝜀 =Mean Land Surface Emissivity of thermal infrared bands (mean of band 10 and band 11)  

𝜀 =
𝐿𝑆𝐸10 + 𝐿𝑆𝐸11

2
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𝑊 =Atmospheric water vapor content (0.005) from Earth science reference table (ESRT) Relative 

humidity table.  

∆𝜀 =Difference in Land Surface Emissivity (LSE); ∆𝜀 = 𝐿𝑆𝐸10 − 𝐿𝑆𝐸11 

Table 3.9: Split window algorithm constant value 

Constant  Value 

C0  -0.268 

C1  1.378 

C2  0.138 

C3  54.3 

C4  -2.238 

C5  -129.2 

C6  16.4 

Land surface temperature computed from Landsat TM, ETM+ and OLI/TIRS was converted into 

degree Celsius, by subtracting 273.15. Therefore, to convert temperature in degree Kelvin to 

degree Celsius equation 14 was used.  

℃ = K − 273.15                                                                                                                                        (13) 

Where: ℃: LST result in degree Celsius; K: LST result in degree Kelvin  

3.4.7 Land Surface Temperature Zonation  

Besides, land surface temperature was divided into three temperature zones that are low, average 

and high temperature zones based on minimum, maximum, mean and standard deviation. Each 

zone was identified using a pair of temperature thresholds that was determined based on the lowest, 

highest and mean temperatures of the study area (including all land-use and land-cover types) and 

its standard deviation. The range of the average zone was determined by subtracting the standard 

deviation from the mean and adding the standard deviation to the mean. Therefore, the lower limit 

of the average zone was obtained by subtracting the standard deviation from the mean and its upper 

limit is calculated by adding the standard deviation to the mean. The lowest temperature and lower 

limit of the average zone were used to determine the range of low zone, while the range of high 

zone was determined by the upper limit of the average zone and the highest temperature of the 

study area (Wei et al., 2015). Finally, the distribution of the three temperature zones were mapped 

in comparison to LULC maps.  
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3.4.8 Zonal Statistics  

A zone is all the cells in a raster that have the same value. Zonal statistics is used to calculates 

statistics for each zone of a zone dataset based on values from another dataset, a value raster. It 

divides the raster data based on the zone and calculates statistics for the raster data in the same 

zone, the cells in the same zone will be assigned the same value and output to a new raster dataset. 

A single output value is computed for each cell in each zone defined by the input zone dataset. To 

analyze NDVI and LST and to understand their spatial distribution in each LULC type and their 

variation, zonal statistics (Zonal statistics as table) was applied in ArcGIS 10.5 environment. Land-

use and land-cover, NDVI and LST maps were prepared for the year 1987, 2002 and 2017 and 

statistics were generated. Therefore, to analyze the spatial distribution and temporal variation of 

LST in each LULC and analyze the impacts of LULC change on LST data were summarized using 

MS Excel 2016.  

3.4.9 Land Surface Temperature Validation   

Land surface temperature results extracted from Landsat 5 TM, Landsat 7 ETM+ and Landsat 8 

OLI/TIRS was verified using MODIS data. The MODIS land surface temperature and emissivity 

product at 1km spatial resolution and 8-day temporal resolution retrieved in the Hierarchical Data 

Format (HDF-EOS), which accessed from the NASA Land Processes Distributed Active Archive 

Center (NASA LP DAAC) website (https://earthdata.nasa.gov/about/daacs/daac-lpdaac).  

 

. 

 

 

https://earthdata.nasa.gov/about/daacs/daac-lpdaac
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CHAPTER FOUR  

4. RESULTS AND ANALYSIS 

4.1 Land-use and Land-cover of Bahir Dar Town and its Surrounding  

As indicated in the land-use and land-cover classification result of 1987 image (Figure 15), 

cropland was the main land-use class in the study area. From the total study area, cropland 

accounted for 143.49 km2 (59.03%). Whereas wetland vegetation, grassland, and shrubland 

accounted for 21.27 km2 (8.75%), 19.17 km2 (7.89%) and 18.06 km2 (7.43%), respectively. 

Furthermore, out of the total area, service area, low density settlement, forest, open space, water 

body, and plantation accounted for 9.21 km2 (3.79%), 7.7 km2 (3.17%), 7.53 km2 (3.1%), 6.72 km2 

(2.76%), 4.04 km2 (1.66%), and 3.85 km2 (1.58%), respectively (Table 4.1). Riparian vegetation, 

paved surfaces, industrial area and high-density settlement area together accounted for 2.03 km2 

(0.84%). From the total LULC classes of 1987 high-density settlement covered the smallest area. 

Details of each LULC class of the study area for 1987 are illustrated in Table 4.1 and Figures 4.1 

and 4.4. 

Table 4.1:  LULC classes and their area coverage in 1987, 2002 and 2017 

LULC Classes 1987 2002 2017 

Area 

(km2) 

Area 

(%) 

Area 

(km2) 

Area 

(%) 

Area 

(km2) 

Area 

(%) 

Cropland 143.49 59.03 146.58 60.3 122.63 50.45 

Forest 7.53 3.1 4.62 1.9 4.43 1.82 

Grassland 19.17 7.89 16.97 6.98 13.22 5.44 

High density settlement 0.31 0.13 1.47 0.6 3.74 1.54 

Industrial area 0.44 0.18 0.59 0.24 2.12 0.87 

Low density settlement 7.70 3.17 11.14 4.58 18.44 7.59 

Open space 6.72 2.76 8.13 3.34 13.27 5.46 

Paved surface 0.61 0.25 0.71 0.29 1.45 0.6 

Plantation 3.85 1.58 7.5 3.09 15.52 6.38 

Riparian vegetation 0.67 0.28 0.66 0.27 0.67 0.28 

Service area 9.21 3.79 12.42 5.11 17.23 7.09 

Shrubland 18.06 7.43 10.58 4.35 9.39 3.86 

Water body 4.04 1.66 4 1.65 3.91 1.61 

Wetland vegetation 21.27 8.75 17.7 7.28 17.05 7.01 

Total 243.07 100 243.07 100 243.07 100 
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Figure 4.1: LULC map of Bahir Dar town and its surrounding in 1987 

The LULC classification results of 2002 image (Figure 4.2) showed that cropland covered the 

largest surface in the study area again. It accounted for 146.58 km2 (60.3%) followed by wetland 

vegetation, grassland, service area, low density settlement, shrubland, open space, plantation, 

forest and water body accounted for 17.7 km2 (7.28%), 16.97 km2 (6.98%), 12.42 km2 (5.11%), 

11.14 km2 (4.58%), 10.58 km2 (4.35%), 8.13 km2 (3.34%), 7.5 km2 (3.09%), 4.62 km2 (1.9%) and 

4 km2 (1.65%), respectively (Table 4.1). Riparian vegetation, paved surfaces, industrial area and 

high-density settlement were other LULC classes together accounted for 3.43 km2 (1.4%). Unlike 

in 1987, from the total LULC classes of 2002, the smallest area was covered by industry. Details 

about each LULC class of the study area for 2002 are presented in Table 4.1 and Figures 4.2 and 

4.4. 
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Figure 4.2: LULC map of Bahir Dar town and its surrounding in 2002 

As observed in 1987 and 2002 classification map, cropland was again the leading land-use and 

land-cover class in 2017 having an area of 122.63 km2 (50.45%) though it has decreased by 23.95 

(9.85%) from 2002. Further, 2017 investigation indicated that from the total area of the study, 

18.44 km2 (7.59%), 17.23 km2 (7.09%), 17.05 km2 (7.01%), 15.52 km2 (6.38%), 13.27 km2 

(5.46%), 13.22 km2 (5.44%), 9.39 km2 (3.86%), 4.43 km2 (1.82%), 3.91 km2 (1.61%) and 3.74 

km2 (1.54%), respectively covered by low density settlement, service area, wetland vegetation, 

plantation, open space, grassland, shrubland, forest, water body and high-density settlement (Table 

4.1). Riparian vegetation, paved surface, and industrial area were also other LULC classes together 

covered 4.24 km2 (1.75%). Details about LULC classes of the study area for 2017 are presented in 

Table 4.1 and Figures 4.3-4.4. 
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Figure 4.3: LULC map of Bahir Dar town and its surrounding in 2017 
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Figure 4.4: Temporal LULC changes in 1987, 2002 and 2017 

4.2 Spatio-temporal Land-use and Land-cover Changes  

The results of the study indicated that there was a significant change in the pattern of LULC in 

Bahir Dar town and its surrounding from 1987 to 2017. From the total LULC classes, half of the 

study area was cropland though it has reduced from 143.49 km2 (59.03%) in 1987 to 122.63 

(50.45%) in 2017. Shrubland has also declined from 18.06 km2 (7.43%) by 1987 to 10.58 km2 

(4.35%) in 2002 and reached to 9.39 km2 (3.86%) in 2017. Grassland diminished from 19.17 km2 

(7.89%) in the year 1987 to 16.97 km2 (6.98%) in 2002 and 13.22 km2 (5.44%) in 2017. Besides, 

the area extent of wetland vegetation has reduced since 1987 which was 21.27 km2 (8.75%), then 

reduced to 17.7 km2 (7.28%) in 2002 and 17.05 km2 (7.01%) in 2017. Similarly, the spatial extent 

of forest cover has been decreasing from 7.53 km2 (3.1%) in 1987 to 4.62 km2 (1.9%) in 2002 and 

4.43 km2 (1.82%) in 2017. Further, the cover of water body reduced from 1987 to 2017. It was 

4.04 km2 (1.66%), 4 km2 (1.65%) and 3.91 km2 (1.61%) in 1987, 2002 and 2017 respectively.  

However, landscape covered with plantation has increased from 1987-2017. It increased from 3.85 

km2 (1.58%,) in 1987 to 7.5 km2 (3.09%) in 2002 and 15.52 km2 (6.38%), in 2017. Moreover, low-

density settlement changed from 7.7 km2 (3.17%) in 1987, 11.14 km2 (4.58%) in 2002 to 18.44 
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km2 (7.59%) in the year 2017. The service area was another land-use class that showed continuous 

increment from 1987 to 2017. It was 9.21 km2 (3.79%) in 1987 and this has increased to 12.42 

km2 (5.11%) in 2002 and 17.23 km2 (7.09%) in 2017. Open space type of urban land use and land-

cover has also increased from 6.72 km2 (2.76%) by 1987 to 8.13 km2 (3.34%) in 2002 and 13.27 

km2 (5.46%) in 2017. High-density settlement has increased from 0.31 km2 (0.13%) by 1987 to 

1.47 km2 (0.6%) in 2002 and 3.74 km2 (1.54%) by 2017. Furthermore, industrial area has increased 

from 1987 to 2002 and 2017 with 0.44 km2 (0.18%), 0.59 km2 (0.24%) to 2.12 km2 (0.87%) 

respectively. The paved surface has expanded in 2017 which was 1.45 (0.6%) while it was 0.61 

km2 (0.25%) and 0.71 km2 (0.29%) in 1987 and 2002, respectively. However, riparian vegetation 

has not changed during the study periods. Details of spatial and temporal land-use and land-cover 

change of Bahir Dar town and its surroundings are presented in Table 4.2 and Figures 4.5-4.8. 
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Table 4.2: LULC change in Bahir Dar town and its surrounding in 1987, 2002 and 2017 

LULC 

Classes 

1987 2002 2017 
Net-

Change 

1987-2002 

(km2) 

Net-

Change 

(1987-

2002) % 

Net-

change 

2002-2017 

(km2) 

Net-

change 

2002-2017 

% 

Net-

change 

1987-2017 

(km2) 

Net-

change 

1987-2017 

% 

Area 

km2) 

Area 

(%) 

Area 

(km2) 

Area 

(%) 

Area 

(km2) 

Area 

(%) 

CL 143.49 59.03 146.58 60.30 122.63 50.45 3.09 1.27 -23.95 -9.85 -20.86 -8.58 

FO 7.53 3.10 4.62 1.90 4.43 1.82 -2.91 -1.20 -0.19 -0.08 -3.1 -1.28 

GL 19.17 7.89 16.97 6.98 13.22 5.44 -2.2 -0.91 -3.75 -1.54 -5.95 -2.45 

HDS 0.31 0.13 1.47 0.60 3.74 1.54 1.16 0.48 2.27 0.93 3.43 1.41 

IN 0.44 0.18 0.59 0.24 2.12 0.87 0.15 0.06 1.53 0.63 1.68 0.69 

LDS 7.7 3.17 11.14 4.58 18.44 7.59 3.44 1.42 7.3 3.00 10.74 4.42 

OP 6.72 2.76 8.13 3.34 13.27 5.46 1.41 0.58 5.14 2.11 6.55 2.69 

PS 0.61 0.25 0.71 0.29 1.45 0.60 0.1 0.04 0.74 0.30 0.84 0.35 

PL 3.85 1.58 7.5 3.09 15.52 6.38 3.65 1.50 8.02 3.30 11.67 4.80 

RV 0.67 0.28 0.66 0.27 0.67 0.28 -0.01 0.00 0.01 0.00 0 0.00 

SA 9.21 3.79 12.42 5.11 17.23 7.09 3.21 1.32 4.81 1.98 8.02 3.30 

SH 18.06 7.43 10.58 4.35 9.39 3.86 -7.48 -3.08 -1.19 -0.49 -8.67 -3.57 

WB 4.04 1.66 4 1.65 3.91 1.61 -0.04 -0.02 -0.09 -0.04 -0.13 -0.05 

WV 21.27 8.75 17.7 7.28 17.05 7.01 -3.57 -1.47 -0.65 -0.27 -4.22 -1.74 

Total 243.07  243.07  243.07  

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation, 

PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body, 

WV=wetland vegetation 
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Figure 4.5: Temporal LULC distribution and changes in 1987, 2002 and 2017 

Land-use and land-cover transformation matrix presented in Table 4.3 shows that cropland in 1987 

converted into service area, low-density settlement, plantation, open space, and grassland in 2002. 

The major cropland transformation made by the expansion of service area (2.03 km2) and low-

density settlement (1.79 km2). In contrary to this, 5.35 km2 cropland area was gained from 

shrubland in 2002. Shrubland also changed to grassland, open space, plantation, service, and low-

density settlement. Furthermore, 3.33 km2 grassland were converted to cropland in 2002. 

Grassland in 1987 was also changed to high and low-density settlement, open space, plantation, 

service area, and cropland. Wetland vegetation was converted to cropland, service area, open space 

and low-density settlement particularly places along the shore of Lake Tana and Abay River, 

places found in the side of Bahir Dar University, and some place in the west of Bahir Dar general 

market. Wetland vegetation also transformed to grassland, plantation, and shrubland. In the year 

1987, from the total forest cover change, 1.28 km2 and 0.34 km2 were converted to low and high-

density settlement respectively. In the same year, forest cover also changed into plantation, service 

area, cropland, open space, shrubland, and grassland. In addition, water body receded and the area 

was covered with wetland vegetations (bushland and grassland) in 2002. Details about land-use 

and land-cover transformation matrix from 1987-2002 are illustrated in Table 4.3 and Figures 4.6. 
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Table 4.3: LULC changes matrix of Bahir Dar town and its Surrounding during 1987-2002 (in km2) 
L

U
L

C
 1

9
8
7

 

LULC Class LULC 2002  

CL FO GL HDS IN OP PL PS RV SA SH LDS WB WV Class Total 

CL 136.32 0.03 0.02   1.39 1.94   2.03  1.79   143.49 

FO 0.25 4.59 0.07 0.34  0.22 0.33   0.30 0.15 1.28   7.53 

GL 3.33  14.72 0.06  0.26 0.39   0.22  0.14  0.05 19.17 

HDS    0.31           0.31 

IN     0.44          0.44 

OP 0.01   0.10 0.15 5.38 0.02 0.12  0.40  0.53   6.72 

PL 0.02      3.82        3.85 

PS      0.04  0.57       0.61 

RV         0.66      0.67 

SA    0.08      9.13     9.21 

SH 5.35  1.02   0.37 0.61   0.13 10.34 0.24   18.06 

LDS    0.57      0.07  7.04   7.7 

WB             3.98 0.05 4.04 

WV 1.30  1.14   0.49 0.39   0.14 0.10 0.11  17.62 21.27 

Class Total 146.58 4.62 16.97 1.47 0.59 8.13 7.50 0.71 0.66 12.42 10.58 11.14 4 17.7 243.07 

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation, 

PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body, 

WV=wetland vegetation 
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Figure 4.6: LULC changes of Bahir Dar town and its surrounding from 1987-2002 

As Table 4.4 shows that, from the total area of cropland in 2002, 7.88 km2, 7.59 km2, 5.43 km2 

were respectively converted to low-density settlement, plantation, open space in 2017. During 

2002-2017, cropland also converted into service and industrial areas, grassland, high-density 

settlement, wetland vegetation, and paved surface. Further, place covered with grassland in the 

year 2002 transformed to open space (1.58 km2) and cropland (0.82 km2) after fifteen years. In 

2017, service area, plantation, low-density settlement, shrubland, high-density settlement, and 

wetland vegetation were expanded at the expense of grassland. Shrubland also changed into open 

space, plantation, cropland, service area, grassland, low-density settlement, forest and wetland 

vegetation. Table 4.4 and Figure 4.7 present the detail information of land-use and land-cover 

transformation/change from 2002 to 2017.   
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Table 4.4: LULC changes matrix of Bahir Dar town and its Surrounding during 2002-2017 (in km2) 
L

U
L

C
 2

0
0
2

 

LULC Classes 

 

LULC 2017 

CL FO GL HDS IN OP PL PS RV SA SH LDS WB WV Class Total 

CL 121.10  0.19 0.04 1.33 5.43 7.59 0.01  2.95 0.03 7.88  0.03 146.58 

FO  4.41    0.04 0.06   0.04 0.03 0.04   4.62 

GL 0.82  12.65 0.14  1.58 0.54   0.54 0.22 0.45  0.04 16.97 

HDS    1.47           1.47 

IN     0.59          0.59 

OP 0.09  0.03 0.15 0.20 4.99 0.04 0.74  0.76  1.04 0.10 0.01 8.13 

PL 0.06  0.01   0.09 6.66   0.11 0.02 0.54   7.50 

PS        0.69       0.71 

RV         0.66      0.66 

SA       0.01   12.40  0.01   12.42 

SH 0.31 0.02 0.07   0.51 0.43   0.12 9.04 0.07  0.01 10.58 

LDS 0.25   2.00  0.36 0.05 0.01  0.22 0.05 8.19   11.14 

WB       0.02  0.01    3.78 0.17 4 

WV 0.12  0.26 0.01  0.28 0.12   0.09  0.02  16.81 17.7 

Class Total 122.63 4.43 13.22 3.74 2.12 13.27 15.52 1.45 0.67 17.23 9.39 18.44 3.91 17.05 243.07 

Where: CL=cropland, FO= forest, GL=Grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation, 

PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body, 

WV=wetland vegetation 
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Figure 4.7: LULC changes of Bahir Dar town and its surrounding from 2002-2017 

Moreover, wetland vegetation areas in 2017 were reduced due to the expansion of open space, 

grassland, cropland, plantation, service area, low and high-density settlement particularly place 

along the shore of Lake Tana and Abay River, and place found in the adjacent of Bahir Dar 

University. During 2002-2017, forest cover was converted to plantation, service area, open space, 

low-density settlement, and shrubland. In the same year, areas covered with water body were 

converted to wetland vegetation, plantation and riparian vegetation. During 1987-2017, cropland, 

grassland, shrubland, forest, wetland vegetation, water body was converted into other land-use 

types. Land-use and land-cover change matrix of Bahir Dar town and its surrounding from 1987-

2017 is illustrated in Table 4.5 and Figure 4.8.  

 

 

 



M.Sc. Thesis on: Impacts of Land-use and Land-cover Changes on Land Surface Temperature Distribution in Bahir Dar Town and its Surrounding Using Remote Sensing                                                                                                                                  

[June 2018] 
 

Abel Balew                                                       Remote Sensing and Geoinformatics, AAU Page 58 

 

Table 4.5: LULC changes matrix of Bahir Dar town and its Surrounding during 1987-2017 (in km2) 
L

U
L

C
 1

9
8
7

 

LULC Class 

LULC 2017 

CL FO GL HDS IN OP PL PS RV SA SH LDS WB WV Class Total 

CL 113.45 0.01 0.19 0.32 1.47 5.77 7.70 0.02  5.05 0.03 9.52   143.49 

FO 0.02 4.40 0.02 1.17  0.31 0.37   0.42 0.15 0.64   7.53 

GL 3.23  11.04 0.22  1.73 1.25 0.03  0.78 0.06 0.81  0.01 19.17 

HDS    0.31           0.31 

IN     0.44          0.44 

OP    0.24 0.16 3.61 0.02 0.75  0.84  0.99 0.10 0.01 6.72 

PL 0.05     0.04 3.54   0.05  0.17   3.85 

PS        0.61       0.61 

RV         0.67      0.67 

SA    0.08      9.12     9.21 

SH 4.64 0.02 0.82 0.08 0.06 0.71 1.78   0.38 9.09 0.49  0.01 18.06 

LDS 0.24   1.34  0.26 0.05 0.01  0.27 0.05 5.47   7.69 

WB       0.02      3.78 0.21 4.04 

WV 1.15  1.15 0.04  0.85 0.78 0.02  0.32  0.15  16.82 21.27 

Class Total 122.63 4.43 13.22 3.74 2.12 13.27 15.52 1.45 0.67 17.23 9.39 18.44 3.91 17.05 243.07 

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation, 

PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body, 

WV=wetland vegetation 
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Figure 4.8: LULC changes of Bahir Dar town and its surrounding from 1987-2017 

4.3 Accuracy Assessment 

Land-use and land-cover accuracy assessment for 1987, 2002 and 2017 years produced the overall 

classification accuracy of 85.71%, 86.61%, and 92%, respectively. The overall land-use and land-

cover classification Kappa statistics for the study periods were 0.854, 0.864 and 0.92, respectively. 

Table 4.6 presents the details of land-use and land-cover accuracy assessment of the study period. 
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Table 4.6: Error matrix of land-use and land-cover for 1987, 2002 and 2017 

LULC 

Class 

1987 2002 2017 

Producers 

Accuracy 

(%) 

Users 

Accuracy 

(%) 

Producers 

Accuracy 

(%) 

Users 

Accuracy 

(%) 

Producers 

Accuracy 

(%) 

Users 

Accuracy 

(%) 

CL 66.67 75 75 75 100 87.5 

FO 88.89 100 88.89 100 87.5 75 

GL 77.78 87.5 83.33 62.5 83.3 62.5 

HDS 72.73 100 100 100 100 100 

IN 80 100 80 100 89.89 100 

LDS 100 75 100 62.5 87.5 87.5 

OP 100 87.5 72.73 100 80 100 

PL 88.9 100 88.9 100 100 100 

PS 100 75 100 75 100 87.5 

RV 100 62.5 100 62.5 100 100 

SA 100 62.5 88.89 100 88.89 100 

SH 70 87.5 70 87.5 87.5 87.5 

WB 100 87.5 100 87.5 100 100 

WV 88.89 100 88.89 100 88.89 100 

Overall 

Accuracy 
85.71 86.61 92 

𝐾̂ 0.854 0.864 0.92 

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial 

area, OP=open space, PL=plantation, PS=paved surface, RV=riparian vegetation, SA=service 

area, SH=shrubland, LDS=low density settlement, WB=water body, WV=wetland vegetation,  𝐾̂= 

kappa coefficient 

 

4.4 Spatio-temporal Distribution of Normalized Difference Vegetation Index 

The result of this study indicates that the spatial extent of vegetation cover was very high in 1987 

than 2002 in the study area. Hence, NDVI values were higher in 1987 with its maximum of 0.61 

than 2002 which was 0.45. This indicates that there was high healthy vegetation cover in 1987 

than in 2002. In 2017, vegetation cover was slightly increased and this made the NDVI value to 

increase from 0.45 to 0.48 (Table 4.7).  
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Table 4.7: Normalized difference vegetation index results in 1987, 2002 and 2017 

Year MIN MAX MEAN STD 

1987 -0.48 0.61 0.09 0.09 

2002 -0.66 0.45 -0.20 0.10 

2017 -0.19 0.48 0.15 0.07 

Where: MIN = Minimum, MAX = Maximum, STD = Standard deviation 

Figure 4.9-4.11 illustrated that places along the shore of Lake Tana and its neighboring areas and 

Abay River bank and in some surrounding places, some places in the northeast of Abay waterfall 

(the place where Abay River leaves from Lake Tana), the western and southern tip of Bahir Dar 

town have higher NDVI values. Further, in Deq Istifanos Island, some places along Lake Tana 

shore and southeast part of the Island have higher NDVI. Some parts of central Deq Istifanos which 

were covered with service areas like Monasteries and churches also have high NDVI values. 

Kibran Gebriel is another island found in Lake Tana which had higher NDVI values. However, 

most parts of the south, southeast, west along airport, southeast, east, northeast of the town had 

low NDVI values. Central parts of Bahir Dar town where there were more settlement areas and 

most parts of central Deq Istifanos Island also have low NDVI values.  
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Figure 4.9: NDVI map of Bahir Dar town and its surrounding in 1987 
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Figure 4.10: NDVI map of Bahir Dar town and its surrounding in 2002 

Nevertheless, NDVI value in 2017 has somewhat increased as compared to that of the year 2002 

due to the expansion of plantation and green spaces. Therefore, some region in the northeast and 

northwest of the town that is close to the lake and places on both side of Abay River, and marshland 

areas located southern and western tip of Bahir Dar town had exceptionally high NDVI values. 

Besides, central, eastern and southern parts of the town had relatively low NDVI value than in 

1987 and 2002 (Figure 4.11).  

Contrary to terrestrial bodies, NDVI values of water bodies such as ponds which are located along 

Addis Ababa Gateway road and Abay River, and marsh area (more water than small grass) in the 

northwest tip of Bahir Dar and Deq Istifanos and Kibran Gebriel islands were below zero.  
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Figure 4.11: NDVI map of Bahir Dar town and its surrounding in 2017 

4.5 The Relationship between Land-use and Land-cover Types and Normalize 

Difference Vegetation Index Values  

Figure 4.12 illustrates that forest had high NDVI values because of high chlorophyll concentration 

and green leaf and dense canopy. Areas covered with wetland vegetation, plantation, shrubland, 

riparian vegetation and grassland also have higher NDVI values. Open space (a region which was 

covered with green areas, recreation sites), and service area (covered with tree such as green parks) 

relatively have high NDVI value. Croplands have low NDVI values (below 0.2). Further, high and 

low-density settlement, paved surfaces like asphalt, roads, car parking and industrial area also have 

low NDVI values.  The NDVI value for waterbody was below zero.  
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Figure 4.12: NDVI of LULC classes of Bahir Dar town and its surrounding in 2017 

4.6 Spatial and Temporal Distribution of Land Surface Temperature in Bahir Dar 

Town and its Surrounding  

The land surface temperature of the study area from 1987 to 2017 ranges from 12.35 ℃ to 43.01 

℃. In 1987, most locations in the southwest, west, east and southeast region of Bahir Dar town 

had high temperature (Figure 4.13). The majority of those areas were cropland with some barren 

rock which was exposed directly to incoming radiation during the month of March. The influence 

of Lake Tana and Abay River on the LST decreases away from this water bodies. The areas that 

were not included in the influence zone of Abay River and Lake Tana had recorded the highest 

LST reaching up to 34.93 ℃. In the central part of Bahir Dar town where there was high-density 

settlement mainly the surrounding areas of bus station have higher LST. In addition, most of the 

central parts of Deq Istifanos Island which were dominated by cropland have also recorded a higher 

temperature (i.e. 30.59 ℃) than places covered by plantation, shrubland, forest and wetland 

vegetations. In contrary, places close to Lake Tana and Abay River, and west and southern tip of 

the town have a low temperature (i.e. 12.35 ℃). Kibran Gebriel Island also has a low land surface 

temperature with the range of 12.35 ℃-15.32 ℃. Spatial distribution of LST of Bahir Dar town 

and its surrounding for the year of 1987 is presented in Figure 4.13. 
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Figure 4.13: LST map of Bahir Dar town and its surrounding in 1987 

The spatial extent of LST in 2002 was higher than the year 1987 with its maximum value of 

38.87℃, 34℃ and 20.32℃ in Bahir Dar town, and Deq Istifanos and Kibran Gebriel islands 

respectively. These areas were found in west, south and east of the airport (around Debir Duda, 

and Weramit), southwestern (area along Yibab, Gudo Bahir and Dishet) and eastern zone 

(Zenzelima town and its surrounding) of the town as well as central Deq Istifanos Island. However, 

some places which covered with plantation, green area and shrublands particularly north of Abay 

waterfall and most of the airport have a low temperature. In the year 2002, the neighboring places 

of Lake Tana and River Abay such as the low density settlement close to Bahir Dar University and 

the surrounding areas of Bahir Dar Felege-Hiwot Hospital, recreation areas along the lake and the 

river, and plantation, shrubland and marshland areas along these places had low temperature even 

though minimum temperature in 2002 was higher than 1987 (Figure 4.13 and 4.14). 
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Figure 4.14: LST map of Bahir Dar town and its surrounding in 2002 

The land surface temperature analysis in 2017 showed that still east, southeast, southwest and 

central region of Bahir Dar town and central Deq Istifanos Island were warmer than place located 

on the side of River Abay and surrounding place of Lake Tana. Besides, high urbanization in south 

(Addis Alem and Kutatit), southwest (Yibab, Gudo Bahir and Dishet) and eastern region (northeast 

and east of Abay Minch Lodge) of the town and increase in industrial areas in southwest contribute 

significantly to the warming of Bahir Dar town in 2017 (Figure 4.15).  
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Figure 4.15: LST map of Bahir Dar town and its surrounding in 2017 

4.7 Influence of Lake Tana and Abay River for Land Surface Temperature 

Distribution  

Bahir Dar town is situated along the southern shore of Lake Tana. This is valuable for the town 

since it gets fresh air condition from the lake especially during daytime, and this situation modifies 

or regulates the surface temperature of the town. During the daytime as the Lake surface is cooler 

than the town and its surrounding, the prevailing wind blows from the lake towards the town. Thus, 

such wind brings cooler air and that can refresh the town. Therefore, settlement found along the 

shore of Lake Tana, for example, places located north of Felege-Hiwot Hospital, and Abay Minch 

Lodge and major areas in the north and west of the lodge get more moist and cold air from the lake 

and have low LST. However, distant areas could not get enough cold air from the lake. As the 

distance increases cold air blowing over the town is gets warm before reaching to those areas. So, 
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far place such as west of Debanke, Yebab, Weramit, Dishet and its eastern part, Addis Alem and 

its southern part, Zenzelima and its surrounding, Werb Tsion and its south and eastern parts had 

high land surface temperature. River Abay also influences the land surface temperature of the 

surrounding areas. Further, places along Abay River and wetland adjoining areas like Bahir Dar 

University, textile factory, Abay lodge and neighboring areas had relatively low land surface 

temperature. In addition, the amount of humidity from Lake Tana and the direction of the wind 

control the LST of the town. As Figure 4.16 indicates that on 13 March 2017 during the daytime 

wind blowing towards N130° (southeast), N180° and N190°(south) directions. Details of 

prevailing wind direction is presented in Figure 4.16.  

 

Figure 4.16: Prevailing wind directions and LST distribution (on 13 March 2017) 

The red arrow indicates daytime wind direction (sea breeze) and yellow arrow indicates night 

wind direction (land breeze) 
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The surrounding and closest areas of the town got moist air and therefore, the temperature of those 

areas was low. However, during the night time, Bahir Dar town is relatively cooler than the lake 

and hence, the prevailing wind blows from high pressure and cooler body (town) to low pressure 

and warmer body (Lake Tana).  

The nature of topography and elevation of places also have an effect on the variation of the land 

surface temperature of Bahir Dar town and its surrounding. For instance, high escarpment areas 

covered with riparian vegetation, shrubland, and grassland in the northeast, east (west and east of 

Zenzelima town), southeast parts of the town had high land surface temperature. There is also a 

ridge in the west and southwest part of the study area that are characterized by higher LST. 

Moreover, the topography of central part of Bahir Dar town is relatively flat and its elevation 

ranges from 1755-1826 m, and LST values of the area are relatively high heat island. Places located 

along Lake Tana and River Abay have similar elevation with central Bahir Dar town, however, 

LST values were low due to the influence of these water bodies.  

4.8 Verification of Land Surface Temperature Result  

The land surface temperature extracted from Landsat thermal band of the study area for the study 

periods were validated based on MODIS data that was acquired during similar period, though, 

MODIS has a coarser resolution. The LST result extracted from 2017 MODIS ranges from 23.97℃ 

to 44.55℃. The maximum land surface temperature obtained from 2017 Landsat image varied 

from 20.43℃ to 43.01℃. The ranges of LST observed using both sensors over the study area were 

close to each other. As indicated in Figure 4.17, places which are close to Lake Tana shore and 

Abay River had a low temperature on LST derived from MODIS as well. Most west, southwest, 

south, southeast, and east parts of Bahir Dar town had a high land surface temperature. The LST 

result derived from Landsat 8 indicates that central Deq Istifanos Island and the major place in the 

south and east of the town exhibited high temperature, and places found along the water body and 

wetland vegetation, and plantation and forest cover had low temperature. 
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Figure 4.17: MODIS (1km) based LST used to validate the LST derived from Landsat 8 

4.9 Land Surface Temperature Distribution and Zonation in 1987, 2002 and 2017 

Based on the results obtained from this study, it was observed that the LST has been gradually 

increasing from 1987 to 2017. Basically, in the study periods, land surface temperature of Bahir 

Dar town and its surrounding was in the range of 12.35ºC-43.01ºC. The land surface temperature 

was classified into three zones, namely Low, Average and High zones (Table 4.8 and Figure 4.18-

4.20). As Table 4.8 illustrate, in 1987 most of the places of Bahir Dar and its surrounding had an 

average temperature range from 25.01ºC -32.73 ºC, and it covered an area of 201.65km2. In the 

same year, low temperature zone that ranges from 12.35 ºC -25.01 ºC was covered an area of 28.64 

km2. From the total study area, 12.78 km2 was covered with high temperature zone in 1987. The 

ranges of temperature for this zone was from 32.73 ºC -34.93 ºC.  This temperature was radically 

changed to 38.78℃ in 2002. As a result, low, high and average temperature zones, respectively 
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had covered 12.78 km2, 109.99 km2 and 103.94 km2. In 2017, maximum LST was higher than 

40℃ and larger parts of the study area were covered by high temperature zone. The details of LST 

zone and their aerial coverage are presented in Table 4.8.   

Table 4.8: LST zones and their aerial coverage in 1987, 2002 and 2017 

Year LST Zone in ℃ Area km2 Total Area 

1987 

12.35-25.01 (Low zone) 28.64 

243.07 

25.01-32.73 (Average zone) 201.65 

32.73-34.93 (High zone) 12.78 

2002 

16.96-26.76 (Low zone) 29.14 

243.07 

26.76-34.16 (Average zone) 103.94 

34.16-38.78 (High zone) 109.99 

2017 

20.93-30.69 (Low zone) 27.42 

243.07 

30.96-38.49 (Average zone) 89.32 

38.49-43.01 (High zone) 126.33 

 

Figure 4.18 indicates that in 1987 most parts of west, southwest, east and southeast Bahir Dar town 

was categorized in high temperature zone. Some places in the central Bahir Dar town also have 

high land surface temperature. Besides, some place in east, southeast and central part of the town 

and the major area of Deq Istifanos Island, had high temperature and fall under average land 

surface temperature zone. Besides, places located along Lake Tana shore and Abay River, wetland 

vegetation in the west, and Kibran Gebriel Island had low LST and were grouped in the low 

temperature zone.  
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Figure 4.18: LST zone of Bahir Dar town and its surrounding in the year 1987 

In 2002, the land surface temperature had increased both in spatial distribution and its amount. 

However, due to tree plantation in the airport area, it was found that the area was in the highest 

zone in 1987 was categorized as average land surface temperature zone in 2002. Except in spatial 

extent and temperature values, the region of low, average and high temperature in 2002 was similar 

with 1987 (Figure 4.19).  
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Figure 4.19: LST zone of Bahir Dar town and its surrounding in the year 2002 

Further, in 2017 average temperature zone was expanded to the central Bahir Dar and surrounding 

places of Abay River as well as some place in the west and south (Figure 4.20). Lowest temperature 

zone also found in wetland vegetation along the water bodies of River Abay and Lake Tana as well 

as some place in the west and central Bahir Dar town, and Lake Tana shore and Kibran Gebriel 

Island. Whereas, highest temperature zone was found in southwest, west, east, southeast and 

northeast Bahir Dar town as well as some settlement areas in the central parts of the town. 
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Figure 4.20: LST zone of Bahir Dar town and its surrounding in the year 2017 

4.10 The Relationship between Normalized Difference Vegetation Index and Land 

Surface Temperature 

According to the results of this study, it was observed that NDVI and LST have indirect 

relationships for the year 1987, 2002 and 2017. This shows that the analysis and LST derivation 

was undertaken correctly. The higher the NDVI, the lower the LST, and the lower the NDVI value 

the higher the LST. In the case of the water body, however, NDVI and LST have a direct 

relationship because the reflectance of water body in the infrared region is lower than red spectrum 

and it emits radiation in thermal region. The correlations between NDVI and LST in 1987, 2002 

and 2017 were expressed by the R² values of 0.9016, 0.9572 and 0.9804, respectively (Figure 4.21-

4.23).  
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Figure 4.21: NDVI and LST correlation in 1987 

 

Figure 4.22: NDVI and LST correlation in the year 2002 

 
 

Figure 4.23: NDVI and LST correlation in the year 2017 
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4.11 Impacts of Land-use and Land-cover Changes on Land Surface Temperature 

Distribution 

This study showed that there was conversion of forest, shrubland, grasslands, and plantations to 

settlement, industrial and service areas, and agricultural lands (Figure 4.1-4.3).  Mainly, expansion 

of urban areas in the west (around Debanke and Felege-Hiwot Hospital), east (Bezawit, Ayer Tena 

and Zenzelima town) and south as well as the change of land into industrial area in south (Kutatit) 

and southwest (Yebab, Dishet and Gudo Bahir) part of the town made the area warmer. 

Furthermore, huge degradation or conversion of wetlands along Abay River and Lake Tana to 

other land-use made, western and northwest, south and central parts of the town warmer from 1987 

to 2017. Such land-use and land-cover conversion caused the increase of land surface temperature 

in Bahir Dar town and its surrounding regions. Therefore, the way to use the land and the type of 

land-cover have an impact on the change and distribution of land surface temperature though LST 

of the town is also influenced by Lake Tana and Abay river. 

 As illustrated in Table 4.9, agricultural land recorded higher land surface temperature than other 

land-use and land-cover. Small barren land accompanied with cropland and the nature of 

topography also made them warmer even more than urban settlements, paved surface and 

industrial areas. Land surface temperature of cropland in 1987, 2002 and 2017 was 34.93 ℃, 38.87 

℃ and 43.01 ℃, respectively. Other land-use and land-cover such as plantation, shrubland, open 

space, riparian vegetation, paved surface, grassland, and service and industrial areas have equally 

higher LST. Moreover, high-density settlement areas exhibited maximum land surface temperature 

of 31.15 ℃, 33.04 ℃ and 38.27 ℃ while low-density settlement had LST of around 30.07 ℃, 

32.13 ℃ and 36.94 ℃, respectively in 1987, 2002 and 2017. 

The land surface temperature of water bodies and marshlands has been increasing relatively fast 

from 20.21 ℃ to 29.51 ℃ and 21.21 ℃ to 30.50 ℃ in 1987 and 2002 respectively. However, in 

2017 the temperature of water bodies and wetlands was 30.88 ℃and 38.33 ℃, respectively. On 

the other hand, forest cover areas had relatively low land surface temperature. It was 25.34 ℃, 

28.02 ℃ and 34.18 ℃ in 1987, 2002 and 2017 respectively.  The details information about LULC 

classes and their land surface temperature are presented in Table 4.9.
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Table 4.9: LST statistical information of Bahir Dar town and its surrounding in 1987, 2002 and 2017 (in °C) 

LULC 1987 2002 2017 

MIN MAX MEAN STD MIN MAX MEAN STD MIN MAX MEAN STD 

Cropland 16.77 34.93 30.35 2.07 20.40 38.87 32.58 2.75 23.02 43.01 36.68 2.42 

Forest 12.35 25.34 20.58 3.90 16.96 28.02 23.19 4.37 20.34 34.18 29.31 4.33 

Grassland 18.69 34.93 29.21 2.06 20.40 38.87 31.54 2.76 23.27 40.98 35.74 2.73 

High density settlement 24.30 31.15 28.35 0.94 26.51 33.04 29.31 2.32 28.05 38.27 32.11 0.82 

Industrial 18.69 29.26 25.99 1.71 24.87 33.00 28.54 2.08 27.89 37.40 33.63 1.50 

Low density settlement 20.11 30.07 29.52 1.96 24.87 32.13 30.15 3.20 23.40 36.94 33.41 2.41 

Open space 14.83 34.50 29.48 2.62 19.26 37.43 30.85 4.42 23.39 41.31 34.77 3.33 

Paved surface 18.69 33.64 28.78 2.36 21.53 38.87 30.37 3.69 25.38 41.03 32.81 1.91 

Plantation 18.69 33.64 28.57 2.34 20.40 36.48 30.03 3.62 22.08 41.84 32.57 3.56 

Riparian vegetation 20.59 32.77 29.18 1.62 24.87 37.01 32.02 2.21 27.31 39.99 35.87 2.48 

Service area 12.35 34.93 29.59 2.04 16.99 38.87 30.17 3.67 21.93 40.68 32.23 2.12 

Shrubland 14.83 34.07 28.36 2.65 18.97 36.43 30.11 3.38 23.81 41.62 34.19 3.22 

Water body 12.35 20.21 17.20 4.09 16.95 29.51 20.72 3.51 20.43 30.88 26.29 3.55 

Wetland vegetation 12.35 21.21 19.47 4.90 16.95 30.50 21.35 5.49 20.79 38.33 28.15 3.79 

(Where: MIN = Minimum, MAX = Maximum, STD = Standard deviation)
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4.12 The Relationship between Land-use and Land-cover and Land Surface 

Temperature 

Land-use and land-cover and LST maps of the study area showed how LULC and land surface 

temperature have changed during the study period. This change was mainly due to the high rate of 

land transformation. Land surface temperature increased from 1987 to 2017 and varied with the 

variation of LULC. Among the LULC classes, forest cover regions of the study area had low land 

surface temperature and high radiation was emitted by cropland. From the year 1987-2017, the 

mean land surface temperature of Bahir Dar and its surrounding has increased by 5.94 °C (Table 

4.10). Details information about LULC classes and their mean LST are presented in Table 4.10 

and Figure 4.24. 

Table 4.10: Mean land surface temperature and change in 1987, 2002 and 2017 (in °C) 

LULC 

  

Mean LST LST Change   

1987 2002  2017 1987-2002 2002-2017 1987-2017 

Cropland 30.35 32.58 36.68 2.23 4.1 6.33 

Forest 20.58 23.19 29.31 2.61 6.12 8.73 

Grassland 29.21 31.54 35.74 2.33 4.2 6.53 

High density settlement 28.35 29.31 32.11 0.96 2.8 3.76 

Industrial area 25.99 28.54 33.63 2.55 5.09 7.64 

Low density settlement 29.52 30.15 33.41 0.63 3.26 3.89 

Open space 29.48 30.85 34.77 1.37 3.92 5.29 

Paved surface 28.78 30.37 32.81 1.59 2.44 4.03 

Plantation 28.57 30.03 32.57 1.46 2.54 4 

Riparian vegetation 29.18 32.02 35.87 2.84 3.85 6.69 

Service area 29.59 30.17 32.23 0.58 2.06 2.64 

Shrubland 28.36 30.11 34.19 1.75 4.08 5.83 

Water body 17.2 20.72 26.29 3.52 5.57 9.09 

Wetland vegetation 19.47 21.35 28.15 1.88 6.8 8.68 

 

Figure 4.24 illustrates mean LST of all land-use and land-cover classes has increased during 1987-

2017. For example, mean LST of cropland in 1987 was about 30 °C and it raised to 37 °C. During 

the study periods cropland had high land surface temperature. However, water body had minimum 

land surface temperature, it was 17 °C in 1987 and increased to 26 °C in 2017. 
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Figure 4.24: Mean LST in each LULC class in 1987, 2002 and 2017 
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CHAPTER FIVE  

5. DISCUSSION 

5.1 Land-use and Land-cover Change of Bahir Dar Town and its Surrounding from 

1987-2017  

Bahir Dar town and its surroundings have experienced major land-use and land-cover changes. 

These changes were mainly attributed to human population growth and its effect on the 

environment. Studies conducted by Agarwal et al. (2002), Brink et al. (2014) and Niamir-Fuller et 

al. (2012) revealed that human activities (anthropogenic effects) seriously affects land-use and 

land-cover pattern. Jianga and Tiana (2010) and Fenglei et al. (2009) also discovered that urban 

expansion contributes to the dramatic change of LULC. Population growth and economic 

development also extremely change LULC (Zhenglei et al., 2009).  

The present study revealed that LULC has been changing from 1987 to 2017. In 2017, both high 

and low-density settlement areas increased to 22.18 km2 from 8.01km2 in 1987. This increase was 

made at the expense of land-cover like forest, grassland, cropland, shrubland, open space and 

wetland vegetation. Service areas also increased from 9.21km2 in 1987 to 17.23 km2 in 2017. Such 

rapid urban growth brings environmental problems such as pollution. Wu et al. (2013) stated that 

urbanization causes for air pollution. Zhu et al. (2016) and Jianga and Tiana (2010) stated that 

expansion of built-up areas due to urbanization cause the destruction of the ecological 

environment. The study also revealed that change in the pattern and type of LULC increase urban 

heat island. Qijiao and Zhixiang (2015) and Wu et al. (2013) stated that urban heat island extremely 

increases because of rapid urban expansion.  

The result of this study also shows that other land-cover such grasslands, wetland vegetation, 

forest, water body were depleted. For example, shrubland reduced from 18.06 km2 in 1987 to 9.39 

km2 in 2017. Wetland vegetation which was 21.27 km2 in 1987 but decreased to 17.05 km2 in 

2017. Grasslands also decreased from 19.17 km2 (7.89%) in 1987 to 13.22 km2 (5.44%) in 2017. 

This land-cover depletion resulted from agricultural land expansion (mainly plantation) due to 

rapid population growth. Increased settlement, service and industrial areas, recreation, and paved 

surface were also causes for depletion of grasslands, wetlands, and shrublands. Therefore, the 

study revealed that such land-cover transformation has contribution to climate change and 
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environmental degradation. The study conducted by Y. Liu et al. (2004), H. Liu et al. (2004), 

Hussien (2009), Lambin and Meyfroidt (2011) and Donato et al. (2016) indicated that LULC 

dynamics is a risk for environmental degradation. Further, forest cover has declined from 7.53 km2 

(3.1%) in 1987 to 4.43 km2 (1.82%) in 2017. Therefore, forest cover degradation/depletion was 

interrupted as the main cause for the loss of ecosystem and warming of the surrounding 

environment. The investigation made by Abate (2011) revealed that extreme LULC change harm 

biodiversity and natural resources. Waterbody also slightly decreased from 4.04 km2 (1.66%) in 

1987 to 3.91 km2 (1.61%) in 2017. This is due to receding of water and covered with wetland 

vegetation. Increased plantation agriculture along the water body also has contribution for 

retreating of water. Qijiao and Zhixiang (2015) and Tang et al. (2014) revealed that urbanization 

modifies urban surface water content and vegetation cover. 

5.2 Influence of Lake Tana and Abay River 

This study revealed that Lake Tana and River Abay influence the heat island of Bahir Dar town 

and its surrounding. Thermal accumulation in the town particularly for places that are very close 

to the lake and the river is lower because of the influence of moist air. As a result, recreation areas 

along the lake and on the bank of river exhibits low land surface temperature. In addition, 

settlement areas located in the central part of the town have relatively high temperature. However, 

places which are very far from the lake and the river exhibited high land surface temperature. 

Besides to the distance from the lake, the direction of wind has a significant influence on the 

distribution of heat island in the study area. Therefore, the central area of Bahir Dar town is mainly 

dominated by the influence of the lake and river than peripheral places.  

5.3 Normalized Difference Vegetation Index 

Normalized Difference Vegetation Index is an index that shows the condition of vegetation, and 

greenness of the earth surface. Therefore, it is used to analyze the urban environment and urban 

heat island since it indicates the level of dryness and warmness of the area. The result of this study 

confirmed that places along the shore of Lake Tana and Abay River have high NDVI because areas 

were dominated by vegetation like green grass, woodland, shrub and forest. Besides, marshland 

areas in the south and west, plantation, open space, shrubland and forest cover have high NDVI 

values. Some parts of central Deq Istifanos also have high NDVI values because there was higher 

vegetation cover with service areas like Monasteries and churches.  
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However, cropland, settlement, industrial area, and paved surface have low NDVI values. This is 

because of dry nature of those surface and their high thermal emittance property. Thus, NDVI 

indicates the land surface temperature of the area though they have an indirect relation between 

them. Sobrino and Raissouni (2000), Sun et al. (2012) and Yue et al. (2007) revealed that LST has 

inversely related with NDVI. However, LST values of water bodies increase with the increase of 

NDVI values because of its large heat emitting capacity in thermal spectrum. The study conducted 

by Fang et al. (2018) revealed that surface temperature of water bodies raises with increases of NDVI 

because the heat capacity of water is relatively large.  

The result of this study indicated that NDVI was slightly higher in 1987 than in 2002 due to high 

vegetation cover in 1987. Urban expansion and depletion of vegetation cover in 2002 were 

responsible for decline NDVI values. In 2017, NDVI values increased due to high expansion of 

green spaces and recreation areas in urban areas, and tree plantations both in rural and urban places. 

But in 2017, there was urban expansion in east, southeast and southwest and industrial areas 

increased in the southeast of the town. This made NDVI value to be lower in the year 2017 than 

1987. Moreover, seasonal variations in vegetation condition, in particular, the canopy depth and 

leaf structure made the NDVI values in 2017 to be higher than that of 2002. Therefore, regions 

having more vegetation cover have higher normalized difference vegetation index than non-

vegetation areas. 

The correlations coefficient of NDVI and LST in 1987 was 0.9016, therefore, 90.16% of LST 

distribution was influenced by NDVI. However, in 2017 the coefficient was R2 = 0.9804 and 

98.04% of the change and distribution of LST in the study area was controlled through NDVI 

(vegetation cover). Thus, there is a strong relationship between NDVI and LST. However, 

proximity to lake, wind direction, topography and elevation also influence the land surface of the 

study area. Hence, NDVI is not the only factor for the distribution of LST in the study area. 

5.4 Land Surface Temperature of Bahir Dar Town and its surrounding  

The study revealed that LST of Bahir Dar town and its surrounding varies in space and time. 

Landscape dynamics have been contributing to the spatio-temporal variation of land surface 

temperature, especially, the development of urban settlement with impervious surface material and 

industries at the expense of other land-use and land-cover types. The influence of Lake Tana and 
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Abay River, wind direction, elevation, and nature of topography also contribute to land surface 

temperature variation. Research undertake by Jianga and Tiana (2010) revealed that land-use and 

land-cover change strongly affect the urban heat island depending on the type of change. This 

study indicated that NDVI in the study area varies with land-use and land-cover types. Thus, land 

surface temperature distribution and change vary with the variation in LULC type though it was 

also controlled through other parameters. Sun et al. (2012), Jianga and Tiana (2010), Weng et al. 

(2004) and Yue et al. (2007) have indicated that land surface temperature varies with the variation 

in LULC types. Sobrino and Raissouni (2000), Weng et al. (2004), Wilson et al. (2003) and Yue 

et al. (2007) also revealed that spatial distribution and temporal change in LST and NDVI vary 

with the variations of LULC types 

This study revealed that cropland exhibited high heat island. Its maximum temperature in 1987 

was 34.93 °C and in 2017 it reached 43.01 °C. Grassland, open space, riparian vegetation, 

shrubland, and plantation exhibited relatively high heat island, though the NDVI of these LULC 

types was relatively higher. This is partly attributed to their distance from the lake and river, and 

nature of the surrounding topography and elevation. However, forest, water body and wetland 

vegetation exhibited low land surface temperature. Buyadi et al. (2014) revealed that green areas 

and trees have a vital role in regulating urban heat islands. 

Because of high thermal emission, paved surfaces, settlement, industrial and service areas 

relatively have high temperature, and thus classified under average temperature zone. Increased 

built-up areas, impervious surface, emission from vehicles and industry increased the temperature 

in 2017. Manea et al. (2013) stated that industrialization and rapid urban expansion increase the 

level of urban heat island. Jianga and Tiana (2010) and Sun et al. (2012) revealed that land surface 

temperature increases with the expansion of built-up areas. Jianga and Tiana (2010), Qijiao and 

Zhixiang (2015) and Tang et al. (2014) also agreed that non-evaporating impervious surfaces like 

concrete and asphalt contribute to the urban environment heat accumulation. Fenglei et al. (2009) 

confirmed that the changes in urban biophysical composition increase urban heat island.  

The result of this study indicated that Bahir Dar town and its surrounding land surface temperature 

vary spatially. Therefore, places which are very close to Lake Tana and Abay River have low LST 

than areas located far from the water bodies. Besides, the wind blowing from Lake Tana during 
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daytime refreshes the interior parts of the town and made them cooler than peripheral areas. 

Because the amount of humidity carried by the cold wind reduced away from the lake and as a 

result, the LST gradually increases. Temporal variation of LST in the Islands was also higher even 

though they are within the influence of the lake, for instance, Deq Istifanos Island had a maximum 

temperature of 30.59 ℃, 34 ℃, and 38.1 ℃ in 1987, 2002 and 2017, respectively. This is because 

most of the area of the Island was covered with cropland. Moreover, Kibran Gebriel Island had a 

maximum land surface temperature of 15.32 ℃, 20.32 ℃ and 24.02 ℃ in 1987, 2002 and 2017, 

respectively.  

The result of the study revealed that the land surface temperature has been increasing from 1987 

to 2017. For example, in 1987 minimum and maximum LST of Bahir Dar town and its surrounding 

was 12.35 ℃ and 34.93 ℃. However, it was increased to 16.95 ℃-38.87 ℃ in 2002 and 20.43 

℃-43.01 ℃ in 2017. Such continuous increase of heat island affects living condition and elements 

of climate. The study done by Qijiao and Zhixiang (2015) also confirmed that higher urban 

temperatures change urban thermal environments and finally lead to thermal discomforts and 

incidence of heat-related illnesses.  

High heat island in the study area also affects ecological and physical cycles. Yanagi (2008) and 

Zhao and Lai (2007) indicated that high thermal incidence strongly influences hydrological cycles. 

H. Liu et al. (2004) and Y. Liu et al. (2004) also agreed that higher land surface temperature is the 

cause of environmental change. As Qijiao and Zhixiang (2015) and Tang et al. (2014) revealed 

higher urban heat island modifies urban surface water content and vegetation cover. The study 

revealed that rapid increase in urban heat island cause for the change of urban climate. The study 

conducted by Du et al. (2007, Luber and McGeehin (2008) and Zheng et al. (2014) confirmed that 

warming of surface water content and its surrounding contribute to climate change. 
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CHAPTER SIX  

6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 Conclusions  

Remote sensing data is very essential for analyzing land-use and land-cover change and its 

dynamics, monitoring and forecasting global climate changes, and landscape analysis and 

modeling. It has been used effectively in assessing spatio-temporal distribution and changes of 

land surface temperature and monitoring hydro-climatic circulation and environmental changes.  

The study used Landsat 5 TM, Landsat 7 ETM+ and Landsat 8 OLI/TIRS data to analyze the 

impacts of land-use and land-cover change changes on the spatio-temporal distribution and 

changes of LST. The study revealed that NDVI, LST and LULC analyzed from those images 

provide crucial information about the current conditions of land-use and land-cover, landscape 

dynamics and environmental changes. Furthermore, the study indicated that Landsat imageries are 

very significant for assessing and mapping LULC, NDVI and LST of Bahir Dar town and its 

surrounding. 

The LULC of Bahir Dar town and its surrounding has been changing in space and time. Rapid 

population growth associated with exploitation of land-cover and urbanization responsible for the 

change. Therefore, LULC changes has an impact on land surface temperature. The finding of this 

study showed that there is a significant spatial variation of LST in the study area. Places found in 

south, southwest, west, southeast and east Bahir Dar town are characterized by high LST. Low 

LST areas are located along the shore of Lake Tana and on the bank of River Abay. Central part 

of Bahir Dar town is characterized by high-density settlement and service areas and have high 

thermal accumulation. The sub-urban settlements and some areas particularly around general 

market and bus station have high risk of urban heat island effects. Moreover, croplands located in 

the southwest, west, east and south Bahir Dar, and central Deq Istifanos Island have high thermal 

heat island. This is attributed to the barren land (bedrock exposed) effect, and these areas are 

located relatively far from the Lake Tana and River Abay that major role in refreshing the LST. 

Industrial areas which are located in the southwestern part of the town also exhibits high heat 

island. Forest, wetland vegetation and water body areas have low LST.  
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The finding of this study also revealed that LST has been increasing from 1987 to 2017. This is 

because of the rapid change of LULC that is driven by human activities, the influence of Lake 

Tana and Abay River, wind direction, nature of topography and the effect of climate variabilities. 

Therefore, LST the study area varies with the type of LULC. Normalized difference vegetation 

index is also a good indicator of the condition of LULC and LST. Hence, using satellite data for 

analyzing LULC and LST is very effective. 

6.2 Recommendations  

The study emphasized on the assessment of the impact of land-use and land-cover changes on the 

distribution and spatio-temporal variations in land surface temperature in Bahir Dar town and its 

surrounding from Landsat imagery. This study revealed that LULC transformation was one of the 

major factors that contributed to the increasing of LST from time to time and place to place. Thus, 

the following recommendations have been forwarded based on the results obtained from this study. 

• Land-use and land-cover changes are serious problems, and it result in raise land surface 

temperature. Therefore, land and urban management, ecology and environmental 

management experts should focus on strategies and policies that governs proper and 

environmental use of land and its cover.  

• Some place in the center of the town and peripheral settlement areas have higher urban 

heat islands. Therefore, urban planner should focus on how to expand tree plantation and 

green parks in those vulnerable areas.  

• High heat islands are found on cropland. Hence, tree plantation should be expanded along 

the agricultural land in order to refresh thermal accumulation effects in the area. 

• The effect of industrial areas on thermal emission is increasing. Therefore, there should be 

thermal refreshing mechanisms such as introducing green areas and continuing tree 

plantation around the industrial zones.  

• Urban areas have been highly expanding towards the south, southwest, east and west parts 

of the town. However, these areas are already exhibiting high heat island. Therefore, urban 

expansion should not take place towards those regions. Besides, while expanding urban 

areas, effective LULC assessment and environmental monitoring should be made.   

• The study can be used for further research in the area of land-use and land-cover and its 

impact. 
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Appendices 

Appendix 1: Sample LULC photographs 
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Appendix 2: 2017 Landsat image with its LULC photo 
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Appendix 3: Ground truth points map 
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Appendix 4: Accuracy assessment for 1987 

  Reference Data  

C
la

ss
if

ie
d

 D
at

a 

 CL FO GL HDS IN LDS OP PL PS RV SA SH WB WV RT UA 

CL 6 0 1 0 0 0 0 1 0 0 0 0 0 0 8 75 

FO 0 8 0 0 0 0 0 0 0 0 0 0 0 0 8 100 

GL 1 0 7 0 0 0 0 0 0 0 0 0 0 0 8 87.5 

HDS 0 0 0 8 0 0 0 0 0 0 0 0 0 0 8 100 

IN 0 0 0 0 8 0 0 0 0 0 0 0 0 0 8 100 

LDS 2 0 0 0 0 6 0 0 0 0 0 0 0 0 8 75 

OP 0 0 1 0 0 0 7 0 0 0 0 0 0 0 8 87.5 

PL 0 0 0 0 0 0 0 8 0 0 0 0 0 0 8 100 

PS 0 0 0 0 2 0 0 0 6 0 0 0 0 0 8 75 

RV 0 0 0 0 0 0 0 0 0 5 0 3 0 0 8 62.5 

SA 0 0 0 3 0 0 0 0 0 0 5 0 0 0 8 62.5 

SH 0 1 0 0 0 0 0 0 0 0 0 7 0 0 8 87.5 

WB 0 0 0 0 0 0 0 0 0 0 0 0 7 1 8 87.5 

WV 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 100 

CT 9 9 9 11 10 6 7 9 6 5 5 10 7 9 112  

 PA 66.67 88.89 77.78 72.73 80 100 100 88.9 100 100 100 70 100 88.89   

 OA 85.71                

  

0.854                
 

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation, 

PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body, 

WV=wetland vegetation, PA=producer accuracy, UA=user accuracy, OA= overall accuracy, = kappa coefficient 
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Appendix 5: Accuracy assessment for 2002 

  Reference Data  

C
la

ss
if

ie
d

 D
at

a 

 CL FO GL HDS IN LDS OP PL PS RV SA SH WB WV RT UA 

CL 6 0 1 0 0 0 0 1 0 0 0 0 0 0 8 75 

FO 0 8 0 0 0 0 0 0 0 0 0 0 0 0 8 100 

GL 0 0 5 0 0 0 3 0 0 0 0 0 0 0 8 62.5 

HDS 0 0 0 8 0 0 0 0 0 0 0 0 0 0 8 100 

IN 0 0 0 0 8 0 0 0 0 0 0 0 0 0 8 100 

LDS 2 0 0 0 0 5 0 0 0 0 1 0 0 0 8 62.5 

OP 0 0 0 0 0 0 8 0 0 0 0 0 0 0 8 100 

PL 0 0 0 0 0 0 0 8 0 0 0 0 0 0 8 100 

PS 0 0 0 0 2 0 0 0 6 0 0 0 0 0 8 75 

RV 0 0 0 0 0 0 0 0 0 5 0 3 0 0 8 62.5 

SA 0 0 0 0 0 0 0 0 0 0 8 0 0 0 8 100 

SH 0 1 0 0 0 0 0 0 0 0 0 7 0 0 8 87.5 

WB 0 0 0 0 0 0 0 0 0 0 0 0 7 1 8 87.5 

WV 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 100 

CT 8 9 6 8 10 5 11 9 6 5 9 10 7 9 112  

 PA 75 88.89 83.33 100 80 100 72.73 88.9 100 100 88.89 70 100 88.89   

 OA 86.61                

  

0.864                
 

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, PL=plantation, 

PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, WB=water body, 

WV=wetland vegetation, PA=producer accuracy, UA=user accuracy, OA= overall accuracy, = kappa coefficient 
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Appendix 6: Accuracy assessment for 2017 

  Reference Data  

C
la

ss
if

ie
d

 D
at

a 

 CL FO GL HDS IN LDS OP PL PS RV SA SH WB WV RT UA 

CL 7 0 1 0 0 0 0 0 0 0 0 0 0 0 8 87.5 

FO 0 6 0 0 0 1 0 0 0 0 0 1 0 0 8 75 

GL 0 0 5 0 0 0 2 0 0 0 0 0 0 1 8 62.5 

HDS 0 0 0 8 0 0 0 0 0 0 0 0 0 0 8 100 

IN 0 0 0 0 8 0 0 0 0 0 0 0 0 0 8 100 

LDS 0 0 0 0 0 7 0 0 0 0 1 0 0 0 8 87.5 

OP 0 0 0 0 0 0 8 0 0 0 0 0 0 0 8 100 

PL 0 0 0 0 0 0 0 8 0 0 0 0 0 0 8 100 

PS 0 0 0 0 1 0 0 0 7 0 0 0 0 0 8 87.5 

RV 0 0 0 0 0 0 0 0 0 8 0 0 0 0 8 100 

SA 0 0 0 0 0 0 0 0 0 0 8 0 0 0 8 100 

SH 0 1 0 0 0 0 0 0 0 0 0 7 0 0 8 87.5 

WB 0 0 0 0 0 0 0 0 0 0 0 0 8 0 8 100 

WV 0 0 0 0 0 0 0 0 0 0 0 0 0 8 8 100 

CT 7 7 6 8 9 8 10 8 7 8 9 8 8 9 112  

 PA 100 85.7 83.3 100 88.889 87.5 80 100 100 100 88.889 87.5 100 88.8889   

 OA 92                

  

0.92                
 

Where: CL=cropland, FO= forest, GL=grassland, HDS=high density settlement, IN=industrial area, OP=open space, 

PL=plantation, PS=paved surface, RV=riparian vegetation, SA=service area, SH=shrubland, LDS=low density settlement, 

WB=water body, WV=wetland vegetation, PA=producer accuracy, UA=user accuracy, OA= overall accuracy, = kappa 

coefficient 
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