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Abstract 

Accessibility is, ñThe ease of reaching some destination, and include real or perceived costs in terms of 

time or money, distance travelled, level of comfort, availability and reliability of public transport, or 

combination of theseò. Addis Ababa is one of the fastest growing cities in the world, yet is constrained by 

poor accessibility of City Bus Services and people spend more time and money on travel due to 

inadequate infrastructures such as public transport routes and bus stop location, road network, poor 

transport operation, bus stop spacing, limited extent of Anbessa bus service coverage had resulted 

inaccessible service to the users. The current study identified a problem of lack of spatial information on 

Anbessa Bus Service Accessibility for each bus stop in Yeka Sub City, Addis Ababa City that peoples 

spend more time & money on travel is becoming a serious problem nowadays. The current study focused 

on evaluating accessibilityof existing bus stop and identify the spatial information of bus stop location 

and determine the best locations of bus stops in order to serve most users in its urban setting and to 

ensured optimum accessibility.The two important factors of accessibility index, which was measured 

based on three criteria: Road Density, Population Served and Trip Generation and bus stop spacing 

standard of 800meters are considered in the current study to identify the optimal locations of bus stops. 

GIS based service area analysis was used to evaluate bus stop accessibility and identify bus stop 

locations based on actual geography of pedestrian road network, road length within realistic bus stop 

service area. The current study focused on evaluating the accessibility of existing bus stops with its 

location and standard stop spacing and determined the optimal location of bus stops to ensure bus 

service accessibility. The evaluation of existing bus stops accessibility results in Yeka Sub City generally 

poor in status that most of the bus stops more than 70% in both inbound and outbound direction are 

categorized as poor & provide comparatively less accessibility. Determination of optimal location for 

bus stop accessibility by applying four mitigation measures of creating new bus stops, keeping bus stops 

in their original location, relocating and dissolving unnecessary bus stops were better than the existing 

once which increased by more than 60% in both directions of bus stops. Generally, after proposed 

optimal locations, the inbound and outbound good and moderate bus stop accessibility were improved to 

(62.21% and 75.59%) respectively. Besides poor accessibility of bus stop was diminished to less than of 

30% in both directions of bus stops. Similarly, 13,552 populations for proposed inbound and 11, 298 for 

proposed outbound direction bus stop are included and they could be served by bus.           

  Keywords: Accessibility index, GIS, Optimal Locations, Bus Stops and Addis 

Ababa City 
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CHAPTER ONE 

1. Introduction  

1.1. Background of the Study 

In the public transport industry, the public bus is an important component, which provides access to 

facilities, and contributes to social inclusion, thus becoming the backbone to a city performance 

(Yaakub et al., 2011) which is provided with the aim of improving social welfare. Simmonds (1998) 

defined accessibility as óóa way of measuring the ease with which a particular category of persons can 

reach a defined set of destinations, from a given origin (origin accessibility), or the ease with which a 

given destination (destination accessibility) can be reached by a particular set of potential individuals.ôô 

As Ross (2000) defined accessibility, ñThe ease of reaching some destination, and include real or 

perceived costs in terms of time or money, distance travelled, level of comfort, availability and 

reliability of public transport, or combination of theseò.   

Providing and improving urban public transport service was becoming highly important to meet 

the demand of rapidly growing mass mobility due to high population growth and galloping 

urbanization in and around the city of Addis Ababa  (Berhan, 2013). Due to the limited extent 

of Anbessa bus, in sufficiency of public bus route network and deficiency of Anbessa service 

people spend more time and money on travel as (Demelash, 2007) reported in Addis Ababa. 

According to Aklilu (2018) reported, the design of infrastructures such as public transport 

routes and stops, road network and availability of various land use destinations strongly 

influence the use of accessibility. Addis Ababa is one of the fastest growing cities in the world, 

yet it is constrained by poor accessibility of city bus services due to inadequate infrastructure, 

poor transport operation and ineffective performance of stakeholders had resulted in 

inaccessible service to the users (Kelbesa, 2017).  

Therefore with increased city size and population in developing country, the travel demand is 

increased very fast which calls for an efficient and effective transit to fulfill the demand of 

travelling public, accessibility is one of the most alarming factors in these cases and due to this, 

the spatial accessibility index factors of walking distance and walking time, public transport 

routes, road network and bus stop locations were considered as Balya1 et al. (2016) and Aklilu 

(2018) reported.  

 Addis Ababa is one of the fastest growing cities in the world by increasing city size horizontally 

and increasing population from year to year due to high migration from surrounding areas of 

Addis Ababa & the travel demand is increased very fast and lower income peoples spend more 
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time & money on travel which calls for an efficient and effective transit to fulfill the demand of 

travelling public, accessibility is one of the most alarming factors in these cases Balya1 et al. 

(2016).  But,  there is no clearly stated spatial information about the inaccessibility of Anbessa 

Bus Service for each bus stop in Yeka Sub City was an influenced to evaluate existing bus stop 

accessibility and determination of optimal location for bus stops by considering the spatial 

accessibility index factors of walking distance and walking time, public transport routes, road 

network and bus stop locations to ensure and address optimal bus service accessibility to most 

users in its urban setting and minimizing user cost.  

The location and spacing of bus stops and walking distance to transit stops significantly affect 

bus service performance and passenger satisfaction (with in cost of time and money), because 

they influence travel time  (Foda and Ahmed, 2010). Therefore, an average distance of 800 

meters was considerd for bus stop spacing within 4oom reasonable & comfortable universally 

accepted Threshold walking distance in densely populated areas of Yeka Sub City; any 

passenger located within the spacing distance of 800 meter can easily reach any of the two bus 

stops. 

The purpose of current study was to evaluate existing bus stop accessibility and identify the 

spatial information of bus stop location and to determine the best locations of bus stops based on 

these three defined parameters where optimum accessibility could be ensured. The outcome of 

this research will help ACTA and ACBSE to plan the optima location of new bus stops or to 

modify their locations in order to serve most users in its urban setting. 
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1.2. Statement of Problem 

The efficiency and effectiveness of transport accessibility is an important driver of urban growth 

and key to sustainable development of city to ensure quality of urban life (Alistair Dawson, 

2015). Anbesa Public Bus is the main mode of mass transit system in Addis Ababa City on 

which the low-income people heavily rely on. In public transportation system, reducing 

travelling time is an important and one-way to reduce its cost due to distance between bus stops 

and to optimize public bus stop location problem (Ziari et al., 2007). Due to the limited extent of 

Anbessa service coverage, in sufficiency of public bus route network and deficiency of Anbessa 

service people spend more time and money on travel as reported by (Demelash, 2007). Addis 

Ababa is one of the fastest growing cities in the world, yet it is constrained by poor accessibility 

of City Bus Services due to inadequate infrastructure, poor transport operation and ineffective 

performance of stakeholders which resulted in inaccessible service to the users (Kelbesa, 2017). 

Providing and improving urban public transport service is becoming highly important to meet 

the demand of rapidly growing mass mobility due to high population growth and galloping 

urbanization in and around the city of Addis Ababa (Berhan,  2013), although the enterprise has 

large coverage in and around the city of Addis Ababa, it faces a lot of challenges in providing 

adequate service. According to Aklilu (2018); the design of infrastructures such as public 

transport routes and stops, road network and availability of various land use destinations 

strongly influence the high accessibility. 

 Ziari et al. (2007), Demelash (2007) and Aklilu (2018) analyzed the bus stop location and bus 

service accessibility based on travel time and costs due to walking distance, bus stop spacing, 

limited extent of Anbessa and thus they, confirmed that there is insufficiency of public bus route 

network and deficiency of bus service in Addis Ababa City. However, there is no clearly stated 

spatial information about the inaccessibility bus stops which served by Anbessa Bus Service for 

each bus stops in Yeka Sub City of Addis Ababa.  Therefore, the current study identified a 

problem on the lack of this spatial information on Anbessa Bus Service Accessibility for each 

bus stop in Yeka Sub City, Addis Ababa City in which people are spending more time & money 

on travel is becoming a serious problem nowadays. From the interview of Anbesa City Bus 

Service Enterprise (ACBSE) managers in 2019, 550 buses are serving on 124 limited routes and 

accessed 400,000 peoples on the day that is 11.6% of people get bus service from the total 

population which indicated that few number of populations could get service by bus.  
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The current study is focused on evaluating the accessibility of existing bus stops with its 

location and standard stop spacing and determine the optimal location of bus stops to ensure bus 

service accessibility. The three parameters of interest in the current study are road density, trip 

generation and population served for evaluation of accessibility index. Therefore, evaluating 

accessibility of existing bus stop is important to identify the spatial information of bus stops 

locations and determine the optimal locations of bus stops.  

1.3. Research Questions 
Õ What is the current status of existing bus stop accessibility of Yeka Sub City in Addis 

Ababa? 

Õ Which factors could be considered to proposed optimal locations for bus stops? 

Õ What could be the optimal location of bus stops of Yeka Sub City of Addis Ababa City? 

1.4. Objectives 

1.4.1. General Objectives 

Ṡ To evaluate the accessibility of existing bus stop and determine optimal locations for bus 

stops using GIS techniques in Yeka Sub City.  

1.4.2. Specific Objectives 

× To evaluate accessibility index value for existing bus stops. 

× To determine optimal locations for bus stops. 

× To evaluate the accessibility of optimal bus stops. 

× To recommend mitigation measures for inaccessible nodes on the bus route. 
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1.5. Scope of the Study  

The current study was focused on specific areas of Addis Ababa City specifically in Yeka Sub-

City and did not consider the other Sub Cities of the City becuase of Yeka Sub City was selected 

based on two point of veiw. The first was officially interviewed ACBSE managers, in Yeka Sub 

City the traffic flow was very crowded and the bus was spend more time to travelled from origin 

to destinations. Second selection criteria was reclassifying of population density, bus route and 

bus stops with in three classes of low, medium and high within equal interval method and 

perform weighted overlay analysis, Yeka Sub City was located in high ranks on three data of 

population density, bus route and bus stops. Based on the two criterias,Yeka Sub-City was 

selected for this study.The scope of the current study is focused on only on  Anbessa City Bus 

public transport mode system and analyze & recommend based on these assumptions. It will not 

consider the competition, contribution and effect of the service provided by taxi or private 

sectors and other public services. The study evaluated Anbessa City Bus Service based only on 

its provision of accessibility to the users and optimize the optimum bus stops on each node. 

1.6. Significance of the Study 

This study will be important for different organizations such as Anbessa City Bus Service 

Enterprise, Addis Ababa City Transport Authority (ACTA), Addis Ababa City Road 

Authority(ACRA) and City Municipality either directly or indirectly.  

Anbessa City Bus Service Enterprise ï could get spatial information on the distribution of routes, 

bus stops, service accessibility and optimal bus stops for planning purpose 

Addis Ababa City Transport Authority (ACTA) ï could get awareness about city bus service in 

particular & can identify where feeder services are required to alleviate the problem of spatial 

equity 

City Municipality, as owners of the city bus organization, they could get insight into the 

operational characteristics of the bus service from this paper.  

Addis Ababa City Road Authority (ACRA) could get spatial information from the current papers 

to investigate the possibility of providing separate bus lanes with taxi and it gives an opportunity 

for further research by individuals and organizations. Therefore, the enterprise should design an 

optimum bus assignment and bus scheduling system, so as to serve passengers' need with 

maximum satisfaction and minimum operating costs. 
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1.7. Organization of the Thesis  

The whole study has been presented in five chapters which represent the followings:  

Chapter 1 elaborates the necessity of background of the study and stated the problems, 

Research question, objectives of the study, scope of the study and Significance of study and 

finally the judgment why the study should be carried out in respect of Yeka Sub City. Problems 

of the study elaborates the reasoning for which the study should be conducted. Research 

question states thequestions what will be solves. Objectives of the study state the two (main and 

specific) aims of the study. Scope of the study represents what opportunities could be availed if 

the study is taken place. All the organization of the study could be justified and the 

opportunities of the study and extent were described.  

Chapter 2 literature review was carriedout to have a clear understanding about the study. The 

chapter summarizes the list of the literatures that are reviewed to develop the concepts and 

presents the theoretical and empirical framework; all the theories that are used and considered 

are elaborated in this chapter. 

In Chapter 3, all methodology of the study that denoted step by step procedure following which 

the study was conducted. In this section the data collection, processing and analysis techniques 

will be elaborated. In addition, the procedures of data analysis and validation will be briefly 

discussed. 

Chapter 4 represents the whole data analysis part such as Evaluation of Bus Stop Accessibility 

and Optimal Locations for Bus Stops. In this section all the  analyzed parts could be described  

along with the necessary maps and findings at the end which elaborates the results of existing 

bus stops and optimal location of bus stop that have been found from the analysis. 

Chapter 5 conclusion and Recommendation includes the recommendations that are stated 

considering findings of the study and finally the conclusion which is drawn through  the whole 

research. 
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CHAPTER TWO  

2.1. LITERATURE REVIEW  

2.1.1. Concepts of Accessibility 

There are many definitions of accessibility in literature. According to Litman (2003) cited in 

Muhammad et al. (2013), ñAccessibility (or just access) refers to the ease of reaching goods, 

services, activities and destinations, which together are called opportunitiesò. According to  

Simmond (1998) asserted in Muhammad et al.(2013), accessibility can be examined primarily 

from two viewpoints: that of the individual (origin), and that of the service provider 

(destination). In case of considering people, accessibility is ñthe ease with which any individual 

or group of people can reach an opportunity or defined set of opportunitiesò; it is often referred 

to as origin accessibility. On the other hand, in case of considering service providers, 

accessibility is ñthe ease with which a given destination can be reached from an origin or set of 

originsò; which is usually referred to as destination accessibility, catchment accessibility or 

facility accessibility. Ross (2000) defined accessibility as, ñThe ease of reaching some 

destination, and may include real or perceived costs in terms of time or money, distance 

travelled, level of comfort, availability and reliability of public transport, or any combination of 

theseò. Therefore, accessibility refers to physical access to goods, services and destinations, 

which is what people usually mean by transportation.  Foda and Osman (2010) exhibited a way 

to assess the bus stop accessibility in their research. The accessibility is assessed in the research 

based on actual pedestrian road network which is more accurate compared to the prior 

assessment of accessibility based on ideal road network. Ideal road network was estimated based 

on a circular buffer analysis with a radius of the access threshold around the transit stop in order 

to identify its coverage area. However, the estimation based on circular buffer is unrealistic and 

have potential for error by measuring the access distance in terms of a rectilinear distance and 

ignoring the actual geography of the pedestrian road network surrounding the stops (Muhammad 

et al., 2013). The most limitation of this assessment is that it causes an overestimation of the stop 

access coverage. On the other hand, Foda and Osman (2010) assessed the accessibility by 

identifying all the pedestrian road network links that lie within the specified maximum walking 

distance measured along the network paths around the bus stop. In this assessment, 

overestimation of the stop access coverage can be mitigated. 
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However, it is noted for this research that the accessibility is measured based on only one 

criterion which is an accessibility index measure through the surrounding road network. Other 

criteria, which affect accessibility, were ignored in their research. Salvo and Sabatini et al. 

(2005) proposes a methodology in their research to assess public transportation access in urban 

area by using a geographical information system (GIS) based on pedestrian network with the 

presence of obstacles. The researchers plan the methodology to find out the ñoptimal locationò 

of the new bus stops or to modify their location so as to serve most of users in the urban area. 

Optimal locations were evaluated in their research by considering walkable catchments, which 

are mapped based on a five-minute walking distance from a bus stop or ten minutes from any 

major transportation stop such as a rail station. However, the researchers propose three ways of 

determining catchment areas as (Muhammad et al., 2013) reviewed and cited. 

a. The simplest approach of building transit catchment areas is to create a buffer around an 

entire route. The buffer is centered on the route of interest and is defined by the maximum 

distance that riders find convenient to walk to and from the system. In the analyses of this 

research, a distance zone of 300 meters has been used, which corresponds roughly to a 5 minute 

walk at 4.5 km/h. This approach assumes that all locations within the buffer area accessible to 

the route.  

b. The second empirical approach is to create a buffer around each individual bus stop with 

radius as walking distance. Itôs shown as a circle with a radius of 300 m drawn around a bus 

stop and requires the availability of coordinate locations for each bus stop. However, the 

limitation of the analysis is that though the approach improves the accuracy of the analysis, it 

doesnôt take into account the connectivity of pedestrian network and may make a mistake as 

well as route buffer approach. The approach is commonly used, for example, to design future 

transit routes for which bus stop locations are not yet known or when bus stop locations are not 

available in the GIS. 

c. The other approach is to identify all links in the pedestrian network around bus stop that can 

be reached by walking along the network for less than the specified maximum walking 

distance. This approach requires network analysis tools and an accurate knowledge of network 

condition which are used in this study to determine an realistic service area analysis around 

each bus stop. The network analyses (topological and metric) of the routes were carried out to 

determine their connectivity, accessibility. The GIS can then estimate potential people and jobs 
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within walking distance of a bus stop based on the fraction of each demographic area.  

Muhammad et al. (2013) classified the approaches GIS into:  

I. Travel-cost approach ï which reflects the ñspatial separationò characteristics of a 

transportation network, i.e., distance, time, generalized cost, etc; 

II. Gravity approach ïderived from the gravity model formula, it reflects both the attractiveness 

of zones and the quality of the transportation system that connects them; 

III. Constraints-based approach ï it reflects the number of activities (or opportunities) that can 

be reached from an origin point within a certain time limit; 

IV. Utility -based approachïdeveloped based on disaggregate/behavioral approach originally 

proposed by (Ben-Akiva et al., 1978) and therefore they reflect the characteristics of the 

transportation system and the utility that havd different alternatives of facilities to the users; 

V. Composite approach ï developed by combining the space-time and utility based models and 

it assumes uniform travel speed. Approaches 1 have been acknowledged by (Arentze et al., 

1994) and used in this current study. 

Balya1 et al. (2016) was conducted on Indian bus stops to present the spatial transit 

accessibility index modeling with due consideration factors with walking distance and walking 

time. Therefore, the spatial accessibility is measured on GIS base to develop ñAccessibility 

Catchmentsò through buffering process for different accessibility scales of radius of 400m and 

the catchment areas marked provide the scope to identify ñAccessibility Thirst Areasò (  Balya1 

et al., 2016). The distance walked by a passenger to get transit stop is a key indicator of a 

transit system ability to attract people in its service area Hoback et al. (2008) cited by 

Muhammad et al. (2013). The presence or absence of transit service near userôs origin and 

destination is a key factor in userôs choice to use transit service (Jumsan et al., 2005). Strategic 

planning to improve transit system coverage in order to increase the total population served by 

suitable transit stop locations and route network can contribute to the efficiency and 

sustainability of a public transport system (Murray et al., 1998). The marginal walking distance 

to transit stop is a basic parameter to estimate transit service coverage area in certain region 

(Jumsan et al., 2005). Walking or Physical access to a transit stop is interpreted in terms of the 

proximity of the passengerôs origin or destination to the nearest transit stop (Foda and Osman, 

2010). Among transit planners and researchers, it is nearly universally accepted that a 400m 

walking distance and a mean walking speed between 80-95 m/minute is the maximum distance 
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that most potential users are willing to travel to reach their nearest transit stop (Finnis and 

Walton, 2008) and (Foda and Osman, 2010). Therefore, according to above researchers, the 

400m walking distance and a mean walking speed between 80-95 m/minute is used to analyze 

bus stop service area. The researcher was conducted on Portland by Robert L and Bertini 

(2011), With the availability of high resolution archived stop-level bus performance data, it is 

shown that a bus stop spacing model can be generated and tested with the aim of minimizing 

the operating cost while maintaining a high degree of transit accessibility. In their studies, two 

cost components are considered in the stop spacing model including passenger access cost and 

in-vehicle passenger stopping cost, and are combined and optimized to minimize total cost. The 

bus stop accessibility and to describe the application of an optimal stop spacing model within 

the constraints of access and riding costs for minimizing the total user cost.  

Other researchers conducted on Helsinki, Finland and Tallinn, Estonia by Henrikki et al. (2016), 

to model more realistic urban accessibility patterns at any given point of time. In their 

presentation of a generic framework for dynamic urban accessibility modeling, the three core 

components of accessibility - spatial population distribution, transportation network and service 

network change used as a function of time. Ziari et al. (2007), analyzed and discussed the 

sensitivity of the total travel time, access, speed and the effect of the parameters on the optimum 

stop location. He stated that in public transportation system, reducing travelling time is one way 

to reduce its cost. There are various methods, to determine the distances between stations and 

optimize stop location for improved accessibility of bus stops. 

Kelbesa (2017) conducted a research on Addis Ababa to examine the factors affecting the 

accessibility of Anbessa City bus service in Addis Ababa through an analysis of the 

stakeholdersô opinions. The study found that inadequate infrastructure, poor transport operation 

and ineffective performance of stakeholders have resulted in inaccessible service to the users.  

Another research was conducted on Addis Ababa City by Demelash (2007) to investigate 

Anbesa City Bus Transport Service efficiency and bus route network deficiency, aiming for 

equitable bus service to all group of society in Addis Ababa City. Therefore, the network, 

service deficiencies under current physical, financial and institutional constraints have to be 

investigated to improve the bus service affordable transport, enhanced, access and mobility. 
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2.1.2. Accessibility Measures 

Al Mamun and Lownes (2011)  considered three primary components of accessibility viz. (1) 

trip coverage ï travelers would consider public transit accessible when it is available to and 

from their trip origins/ destinations, (2) spatial coverage ï travelers would consider public 

transit accessible when it is within reasonable physical proximity to their home/destination, and 

(3) temporal coverage - a service is accessible when service is available at times that one wants 

to travel. Spatial accessibility i.e. walking distance and walking time is only considered for the 

present research work. From these literatures reviewed above it is clear that most of the 

researchers assess the coverage area of bus stops as a circular buffer area around bus stops 

though it contains potentiality of errors. It is mainly dependent on the researchers aim, point of 

view and the parameters that, the researchers consider to assess the accessibility. The 

assessment of accessibility is depending on the spatial accessibility i.e. walking distance and 

walking time would be considered for the present research work. The parameters of road 

network, trip generated by bus and population density within spatial coverage area of bus stop 

will be considered to evaluate accessibility of bus services.  

2.1.3. Factors Affecting Accessibility  

There are number of factors that affect accessibility. Some of these factors tend to be overlooked 

or undervalued, particularly non-motorized travel demand, alternative mode service quality, user 

information, integration, affordability, prioritization and the value of inaccessibility. 

Table .2.1: Summary of factors affecting accessibility 

Name Description Current Consideration 

Transport 

Demand 

The amount of mobility and access that 

people and businesses would choose 

under various conditions (times, prices, 

levels of service, etc.). 

Motorized travel demand is well 

studied, but non-motorized demand 

is not. Travel demand is often 

Considered exogenous rather than 

affected by planning decisions. 

Transportatio

n 

Options 

The quantity and quality of access 

options, including walking, cycling, 

ridesharing, transit, taxi, delivery 

Services, and telecommunications. 

Motor vehicle options and quality 

are usually considered, using 

indicators such as roadway level of-

service, but other modes lack such 



12 
 

Qualitative factors include availability, 

speed, frequency, convenience, comfort, 

safety, price and prestige. 

indicators and some important 

Service quality factors are often 

overlooked. 

Integration The degree of integration among 

transport system links and modes, 

including terminals and parking 

Facilities. 

Automobile transport is  

generally well integrated, but  

Connection between other modes are 

often poorly evaluated. 

Affordability The cost to users of transport and 

Location options relative to incomes. 

Automobile  operating costs 

 and transit fares are usually 

considered. 

Land Use 

Factors 

Degree that factors such as land use 

Density and mix affect accessibility. 

Considered in land use planning, 

but less in transport planning. 

Transport 

Network 

Connectivity 

The density of connections between 

roads and paths, and therefore the 

directness by which people can travel 

between destinations. 

Conventional planning seldom 

Considers the effects of roadway 

connectivity on accessibility. 

Inaccessibility The value of  inaccessibility and 

isolated. 

Not generally considered in 

Transport planning. 

 Source: (Litman, 2012) cited in (Muhammad et al., 2013). 

2.2. THEORETICAL FRAMEWORK  

2.2.1. Accessibility 

There are many definitions of accessibility in literature. According to Simmonds (1998) 

asserted in Muhammad et al. (2013), accessibility can be examined primarily from two 

viewpoints: that of the individual (origin), and that of the service provider (destination). In case 

of considering people, accessibility is ñthe ease with which any individual or group of people 

can reach an opportunity or defined set of opportunitiesò; it is often referred to as origin 

accessibility. On the other hand, in case of considering service providers, accessibility is ñthe 

ease with which a given destination can be reached from an origin or set of originsò; which is 

usually referred to as destination accessibility, catchment accessibility or facility accessibility. 

Ross (2000) defined accessibility as, ñThe ease of reaching some destination, and may include 
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real or perceived costs in terms of time or money, distance travelled, level of comfort, 

availability and reliability of public transport, or any combination of theseò. Therefore, 

generally accessibility refers to physical access to goods, services and destinations, which is 

what people usually mean by transportation. Therefore, accessibility measures in general use 

the impedance effect of distance, time or generalized transport costs and the spatial distribution 

of urban opportunities to produce numerical indices of accessibility for each location. Murray 

et al. (1998) cited in Muhammad et al. (2013) distinguishes between the terms óaccessô and 

óaccessibilityô. Access is the opportunity for systematic use based on the proximity to the 

service and its cost. Accessibility is the suitability of the Public Transport network to get 

individuals from their system entry point to their system exit location in a reasonable amount of 

time. Ingram (1971) cited in Balya1 et al. (2016), stated that accessibility may be defined as 

ñthe inherent characteristic (or advantage) of a place with respect to overcoming some form of 

spatially operating source of friction (for example, time and/ or distance)ò. Therefore the 

interaction between travel time/cost and the travel behavior of people at the origin and the 

interaction with the opportunities at the destination are insignificant then this can be an 

acceptable simplification. In practice travel behavior is highly dependent on accessibility (time, 

cost, comfort, safety, distance, etc.), and service provision at destinations interacts with 

transport in many ways. Travel time and cost are often used in transport planning as a proxy for 

accessibility (Derek Halden, 2009). According to Litman (2003), Ross (2000) and Simmonds 

(1998 accessibility is the suitability of the Public Transport network to get individuals from 

their system entry point to their system exit location in a reasonable spatial accessibility i.e. 

walking distance and walking time would be considered for the present research work. From 

these literatures reviewed above it is clear that most of the researchers assess the coverage area 

of bus stops as a circular buffer area around bus stops though it contains potentiality of errors. 

Furthermore, different researchers in assessing the accessibility use various methods. The 

network analysis tools and an accurate knowledge of network condition which are used to 

determine an realistic service area analysis around each bus stop (Muhammad et al., 2013). 

Therefore, service area network analysis tools would be used for this current study. The spatial 

accessibility i.e. walking distance and walking time were considered for assessing of 

accessibility in this current study. The parameters of road network, trip generated by bus and 
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population density within spatial coverage area of bus stop were considered to evaluate 

accessibility of bus services.  

2.2.2. Estimating Bus Stop Access Coverage 

Although pedestrian access to a bus stop was achieved through the pedestrian road network 

surrounding each stop, previous research has not focused on the interaction between bus stop 

locations and their surrounding pedestrian road networks. 

 Bus Stop access coverage would be estimated using a network analysis with a radius of the 

400m access threshold around the transit stop in order to identify its coverage area. Among 

transit planners and researchers, it is nearly universally accepted that a 400m walking distance 

and a mean walking speed between 80-95 m/minute is the maximum distance that most potential 

users are willing to travel to reach their nearest transit stop (Finnis and Walton, 2008). Therefore, 

according to above researchers, the 400m walking distance and a mean walking speed between 

80-95 m/minutes used to analyze bus stop service area. 

2.2.3. Actual Pedestrian Road Length and Actual Pedestrian Road Network 

Actual pedestrian road length is the parcel of the specific length of a pedestrian road that 

measured from the originate of bus stop. In a road network, the length of the parcel may be equal 

to the specific length or may be less (if the road ends before completing the specific length). In 

this research, the specific length is considered as 400 meter pedestrian road length from bus stop. 

A number of actual pedestrian road lengths which originates from the same bus stop create the 

Actual Pedestrian Road Network. Examples of Actual pedestrian road length, Actual pedestrian 

road network and Actual bus stop access coverage  source Muhammad et al. (2013) (Figure 2.1). 

 
 Figure 2.1: Actual Pedestrian Road Length and Actual Pedestrian Road Network.  
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 2.2.4. Concept of Actual Bus Stop Access Coverage 

Coverage area of bus stop was measure from actual pedestrian road network. Coverage area 

derived from actual pedestrian road network gives more accurate service area compared to the 

earlier method from which coverage area is considered creating a circular buffer around a bus 

stop which contains error of overestimation.  However, bus stop access coverage is a critical 

measure for evaluating the stop location and accessibility by estimating the covered area and 

population lying within a suitable access distance from the bus stop (Foda and Osman, 2008). 

However, many previous researchers treated stop coverage as a simple circular buffer with a 

radius of the 400meter access threshold around each stop, which causes an error overestimation 

of the stop access coverage (Foda and Ahmed, 2010). 

The reason for such an overestimation is the implied assumption that passengers can reach the 

bus stop from any location within the circular buffer (ideal case), and neglecting the actual 

geography of the pedestrian road network surrounding the bus stop. Salvo and Sabatini (2005) 

proposed a methodology to assess public transportation access coverage in urban areas using a 

geographical information system (GIS) based on a pedestrian network with the presence of 

obstacles. In this study, using the benefits of the GIS based service area network analysis 

approach is presented for estimating transit stop access coverage based on the Actual Pedestrian 

Road Network surrounding the bus stop. The idea means that to identify all the pedestrian road 

network links that lie within the specified maximum walking distance of the 400m access 

threshold, measured along the network paths around the bus stops. Joining the ends of those links 

creates a polygonal area, which is referred to as the ñActual Bus Stop Access Coverageò for the 

bus stop. This polygonal area is considered more representative than a 400m circular buffer for 

measuring the access coverage of a bus stop.  Figure 2.2 shows the difference between the ideal 

access coverage (circular area) and the actual access coverage (polygonal area), which causes an 

overestimation in assessing the access coverage of a bus stop at a given location ( Figure 2.1) 

(Foda and Ahmed, 2010). 
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Figure 2.2: Actual Bus Stop Access Coverage.  
 

As Foda and Ahmed (2010) interpreted, accessibility to a bus stop from within the circular 

buffer zone and through the intersected road network located inside the buffer (service) area 

can be divided into two parts: the first is within the specified limit buffer length (400m) is used 

in this paper, and the other exceeds the limit will be ignored.  

 2.2.5. Ideal and Actual Stop-Accessibility Indices (ISAI and ASAI) 

The determination of ISAI and ASAI) values are more important to measure and identify more 

accurate bus stop accessible locations (Foda and Ahmed, 2010). The Accessibility indices (AI) 

can be developed and used to evaluate both the accessibility to a bus stop through the 

surrounding pedestrian road network and the ratio of actual access coverage to the ideal access 

coverage of a bus stop. First, the Ideal Stop-Accessibility Index (ISAI) can be used to evaluate 

the accessibility to a bus stop through the surrounding pedestrian road network. This is obtained 

by dividing the total length of the pedestrian road network links lying within a walking distance 

of 400m measured along the network paths (Km) by the ideal access coverage area of the bus 

stop measured as a circle or service area with a radius of 400m and having the bus stop as its 

center (km2) (Figure 2.3) (Foda andAhmed,  2010).  
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Figure .2.3: Ideal and Actual Stop-Accessibility Indices (ISAI and ASAI). 

The denominator value is then the area of a circle with a radius of 400m, which is a constant 

equal to (ˊr2= ˊĬ(0.4)2= 0.503 Km2), in which the resulting value of such an index represents 

the ideal pedestrian road network density within the access threshold from a bus stop (Km/Km2). 

An increment  in the index value means that the ideal pedestrian road network density is higher, 

which is interpreted in terms of a better connectivity between the bus stop and the surrounding 

pedestrian road network. Means the higher value of the ISAI, the more accessible the bus stop 

location. Second, the Actual Stop-Accessibility Index (ASAI) can be used as a more accurate 

measure of bus stop accessibility through the surrounding pedestrian road network. The ASAI 

provides a more accurate measurement than the ISAI to the pedestrian road network density 

around a bus stop, where the denominator represents the actual access coverage area for the bus 

stop within the 400m limit of walking. The ASAI is obtained by dividing the total length of the 

pedestrian road network links lying within a walking distance of 400m measured along the 

network paths (Km) by the actual access coverage area of the bus stop measured on basis of the 

pedestrian road network serving the same stop (km2) as shown in Figure below (Foda and 

Ahmed, 2010).  
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The value of ASAI represents the actual pedestrian road network density within the access 

threshold from a bus stop (Km/Km2). While the ASAI value estimates the actual pedestrian 

road network density within the access threshold from a bus stop, it may be misleading if used 

to compare the accessibility of different bus stop locations, as the denominator is not constant 

and depends on the surrounding road network formation. Therefore, in this study the ASAI had 

been considered than of ISAI which more accurate measure of bus stop accessibility through the 

surrounding pedestrian road network.  

2.2.6. Measuring Bus Stop Accessibility 

Foda and Ahmed (2010) asserted, the provision of bus-based transit service where accessing a bus 

stop is considered to be achieved mainly by walking. They considered spatial attributes, both the 

location and the spacing of bus stops significantly affect transit service performance and passenger 

satisfaction, as they influence travel time in addition to their role in ensuring reasonable 

accessibility. They considered that knowing every transit trip begins and ends with pedestrian 

travel, access to a bus stop is considered as critical factor for assessing the accessibility of bus stop 

location. The accessibility indices are calculated for each bus stop which has been derived from the 

only parameter-the density of pedestrian road. Density of pedestrian road around bus stops was an 

important parameter to assess accessibility in the way that it shows the amount of pedestrian roads 

which can be used to reach the bus stops. According to Muhammad et al. (2013), studied in Dhaka, 

asserted that only road density cannot ensure the accessibility of bus stops, the trip generation and 

population served are also affect the accessibility of bus stops. The trip generation is one parameter 

because there are locations where road density may be comparatively lower but may create large 

number of trips examples of commercial place or a large shopping center, marketing area. Bus 

stops beside a commercial place or shopping center, schools, hospital, & recreational areas may not 

have high density of pedestrian roads, but they generate large number of trips than any other places. 

These stops generally facilitate comparatively higher accessibility because they serve large number 

of people by ensuring direct access to these bus stops. Another parameter is the population one bus 

stop serve. Because each bus stop has a coverage area where the stop can serves its users. Coverage 

area of each bus stop indicates that people resides inside that coverage area has direct access to that 

bus stop. The bigger the coverage area, the more people will have the access to that bus stop which 

will indicate the affluence of accessibility. The bus stop located in a densely populated area will 

have more accessibility than that located in a less densely populated area though they have the same 
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coverage area. Because the stop located in the densely populated area would serve more people. 

Besides these three parameters, some other parameters such as gender, age, disability and safety 

issues affect accessibility.  Some bus stops may be less accessible for women, baby, elders & 

people with disabilities when the bus stops are always crowded or buses are packed, they may 

prefer to use another mode of transport to reach the destination, because these stops become 

uncomfortable to them and force to use them other mode.   

In this current study, three parameters of Road Density, Trip Generation and Population Served  are 

used to evaluate bus stop accessibility and located optimal location of bus stops others are omitted. 

All these parameters are calculated based on the coverage area of each bus stop. Coverage area is 

calculated based on reasonable walking distance of 400meters. Although the acceptable walking 

distances varies from person to person depending upon his trip purpose, age, and gender, elders, 

disables threshold distance of 624 m or walk time of 8 minute with average walking speed of about 

78 m/minute or 1.3 m/s (second) is used to find transit stop service in urban areas, which are about 

400meters in terms of walking distance as Levinson (1992); Foda and Ahmed (2010) and Finnis 

and Walton (2008) reported.  Most transit firms consider 400 meter as an acceptable access 

standard (Ammons, 2001). In óTransport for London, 2006ô, the ideal spacing for bus stops is also 

specified as 400 meter. In Columbus, Ohio, it is stipulated that passengers do not exceed walking 

distances of 400m to transit stops in urban areas Central Transit Authority (1999). Therefore, 

accordingly to Levinson (1992); Foda and Ahmed (2010), coverage area is measured based on 400 

meter average acceptable walking distance or speed of about 1.3m/s will be considered in this 

current research paper.  Coverage area (actual bus stop access coverage) of bus stops is derived 

from the road network of the study area and is measured using Network Analyst tool of ArcGIS 

software. Data of three parameters (road density, trip generation & population served) for each 

bus stop are derived based on coverage area. The data sets of parameters are stored in different 

shape files and contain different units of measurements (Road Density is stored as km/km² and 

population & trip generation are stored as numbers. The Accessibility Index model is used to 

identify bus stop accessibility conditions. The accessibility is primarily classified into 8 

categories based on the evaluated accessibility index for displaying  the map and further 

classified into 4 categories shown in (Table.2.2) for understanding the accessibility condition 

(source:Muhammad et al., 2013).       
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   Table.2. 1: Categorization of accessibility index  

Bus stop category Accessibility index 

Poor 3-6 

7-9 

Moderate 10-12 

13-15 

Good 16-18 

19-21 

Excellent 22-24 

25-27 

2.2.6.1. Road Density 

Road density is measured based on the coverage area. Total road length fall inside the coverage 

area of each bus stop (within service area) is measured and then calculated the road density by 

dividing by the coverage area of that bus stop. Road Density in bus stop coverage area Sum of 

Road Length inside Coverage Area (L) in Km/ Coverage Area (A) in Km²   = L/A for each bus 

stops. 

2.2.6.2. Population Served within Bus Stops Coverage Area 

Coverage area of each bus stop indicates that people reside inside that coverage area has direct 

access to that bus stop. The mobile peoples coming from any directions will be considered as 

peoples of residing inside of coverage area of bus stops. Mobile peoples are not  considered 

because of the various  number of incoming people from any directions & difficult to count it. 

The bigger the coverage area, the more people will have the access to that bus stop which will 

indicate the affluence of accessibility. Moreover, accessibility of bus stops having same 

coverage area can differ if they are located in different locations having different population 

density. For instance, the bus stop located in a densely populated area will have more 

accessibility than that located in a less densely populated area though they have the same 

coverage area. Because the stop located in the densely populated area will serve more people. 

2.2.6.3. Trip Generation  

Trip generation by bus is another criterion to evaluate the accessibility of bus stop. It is directly 

related to the land use of an area. For example, commercial and business area will produce 

more trips than any other zones. However, in order to attain the accessibility, trip generation by 
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public bus is to be calculated for each bus stop. Therefore, coverage area of each bus stop is 

used to attain the trip generation of public bus stops. So in order to obtain accessibility more 

accurately, trip generation is considered. 

2.2.7. Optimal Locations of Bus Stops 

In this current study, optimal locations for bus stops are denoted those locations where 

passengers can get highest accessibility compared to other adjacent locations. There are two 

important factors which were to be considered to identify optimal locations for bus stop in that 

bus stop coverage area. 

2.2.7.1. Bus Stop Accessibility 

Optimal locations of bus stops are identified based on accessibility index which is measured 

based on three criteria: Road Density, Population Served and Trip Generation. The measured 

accessibility of total bus stop was classified into four categories: Excellent, Good, Moderate and 

Poor. These four categorization is taken place in comparative basis for these three parameters. 

For instance, the ideal bus stops are considered which have maximum accessibility index (i.e. the 

stop which ensures maximum road density, served maximum population and ensure maximum 

trip generation). Therefore, excellent and good categorized stops are marked as those stops 

which provide comparatively best accessibility to the users and poor stops are those which 

provide least accessibility and required relocation. Therefore those categorized as excellent or 

even good have highest accessibility indicating an optimal location of bus stops.  

2.2.7.2. Stop Location and Spacing 

Another important factor which considered to determine optimal locations is bus stop spacing 

which has a major impact on transit vehicle and system performance.  The operational effect of 

bus-stop spacing has been a critical issue Li et al. (2011), Moreover, closely spaced bus stops 

disrupt the traffic flow on the bus route, particularly during peak hours because buses make 

frequent stops to provide services to customers.  

Closely spaced bus stops provide short distances for passenger access (Wirasinghe, 1981) but 

increase trip times Van Nes and Bovy (2000) and Large bus stop spacing minimizes passenger 

in-vehicle time but reduces the accessibility of the system. Stop spacing has been studied in 
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terms of minimizing transit userôs time, and evaluating trade-offs between access and in-

vehicle time Li et al. (2011). However, the standard for bus stop spacing varies from country to 

country. Different transport authority uses different standard stop spacing in urban areas and 

rural area according to the demand. According to Ammon (2001) studied, bus stop spacing 

standards for a number of agencies and found that stop spacing typical ranges from 656 - 1968 

feet (200-600 meters) in urban areas. European transit agencies have different standards for bus 

stop spacing, for each mile of distance there are at least 3 to 4 bus stops (2 to 3 stops per 

kilometer), but in United States where stops are placed so that each mile contains at least from 

7 to 10 stops (4 to 6 stops per kilometer) Reilly  (1997) cited by Muhammad et al. (2013). 

 Anthony (2001) built a model for Determining Optimum Bus-Stop Spacing in Urban Areas 

cited by Li et al. (2011). His proposed model was derived from the fundamental relationships 

that exist among velocity, uniform acceleration and deceleration, displacement, and among the 

average bus operating speed, headway, required fleet size, and potential system capacity. 

Optimal location of bus stops identification is clearly studied in Muhammad et al. (2013). So, 

there are two concepts to specify bus stop spacing. Close stop spacing will provide denser bus 

stops which will facilitate short walking distance and hence will increase accessibility. But it will 

increase travel time considerably. 

Van Nes and Bovy (2000) introduced a set of formulas for optimizations when designing new 

bus routes. Their conclusion is based on measuring costs of various bus stop spacing policies 

on both passengers and agencies. They compared their estimates of optimum stop spacing to 

average stop spacing which range between 9,144 to 13,716 feet (300 to 450 meters) and 

recommended an increase in spacing from 15,240 to 24,384 feet (500 to 800 meters). An 

average distance of 800 meter will be suitable for spacing distance between two bus stops 

within 400 meter is a reasonable & comfortable walking distance; any passenger located within 

the spacing distance of 800 meter can easily reach any of the two bus stops. Therefore, an 

average distance of 800 meter is considered for bus stop spacing within 4oom reasonable & 

comfortable walking distance in densely populated areas of Addis Ababa city. In this study, the 

model concept of bus stop spacing will be used to locate optimum bus stops for the goal of 

minimizing user cost. Four mitigation measures will be used to improve the accessibility of 

existing bus stops and determine optimum bus stop such as stops kept as it is if the bus stop 

provided high accessibility and keep standard stop spacing, creating new stops where there is 
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no existing bus stop along with long distance between stop more than 800m, relocate where the 

existing bus stops nearest to optimal locations they will be relocated and other option is 

dissolving which is done when the bus stop is situated un confortable area and very closed to 

other stops.  

2.2.8. Problems Associated with Present Bus Service 

Bus is the only mode of mass public transit available in Addis Ababa City. However, according 

to Olsson and Thynell (2004).the service is in unsatisfactory condition due to lack of proper 

maintenance, planning and management, and uncontrolled development. Some problems that are 

faced by the bus riders are presented in the below. 

 2.2.8.1. Overcrowded Buses 

Overcrowded buses and traffic are a common sight in Addis Ababa city. The passengers loses 

forces to hang out the door frames in the most extreme conditions. Among all the public buses, 

local buses almost always get crowded, and it is due to their passenger collection method. 

Overcrowded bus is one of the main drawbacks in providing an effective bus service. It impedes 

certain types of passenger, specially woman and elder people to use public buses. The buses can 

travel on the road in greater than or equal to 7m width. But these roads at the morning time and 

after noon (10 to 12hrs) are crowed by individual motorized services in Yeka sub city. In this 

case one side of the road is crowed but opposite side is almost free. This indicates are the over 

flow of motorized population at morning and afternoon are almost in the same direction. Often 

the bus is so crowded that it becomes impossible for elder people or women or children to get a 

seat or even a space inside the bus. Generally, the standing passengers congregate around the 

door of the bus for which extra delay can happen during the stop, because passengers need to 

push through large groups of people to alight and board. So, the overcrowded bus routes are the 

main case in Addis Ababa city. Consequently, these groups of vulnerable people do not have 

access to bus service during rush hours Karim and Mannan (2008). 

Overcrowd mainly happens when insufficient buses cannot meet the demand. So, adequate buses 

to be added with the existing service according to the demand. Faulty boarding and alighting 

system should be rearranged to more disciplined way. Number of seats reserved for women 

should be increased and maintained to increase accessibility for women. 
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  Figure.2.4: Overcrowded buses: 

 2.2.8.2. Problematic Boarding and Alighting Facilities 

The bus delay occurs at bus stoppages due to the way of boarding and alighting of passengers. 

It is mainly due to the overcrowding conditions inside the bus. Besides, higher vertical steps of 

the buses, higher deck to pavement height, inefficient width of doors of buses, etc. together 

increase boarding and alighting time Hasnine (2011). Most of the buses have only one door and 

mainly large buses have two doors. In most cases, the second door is not used for the boarding 

and alighting of passengers due to presence of one conductor to check the ticket in the front 

door. Moreover, the doors are narrow compared with the width of doors of standard buses used 

in developed countries. As simultaneous boarding and alighting is not possible through single 

narrow door, it however increases the delay at bus stoppages. 
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Figure.2.5: Problematic boarding and alighting into bus 

 2.2.8.3. People with Disability 

To be truly accessible, public transport must be safe, reliable, and affordable for those who 

need to use that transport. Accessible public vehicle has no value unless associate infrastructures 

(footpath, bus stop etc.) are accessible Abir and Hoque (2011). Peoples with disability need 

special provisions in transport system to travel easily from one place to another in safely and 

comfort. Peoples with disability can find some facilities like reservation of seat and grab rail.  

Therefore, necessary measures should be taken while designing bus stops to facilitate disables in 

order to board to and alight from buses comfortably and easily. For an example, the use of low 

floor buses can improve the accessibility for passengers with disabilities, including wheelchair 

users (Figure 2.6) :Source (Hoque and Abir, 2011). 
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Figure.2.6: Peoples With Disability  

2.2.8.4. Fare Affordability  

Dagnachew (2007)  indicate that 20 per cent of the population of Addis Ababa is still too poor 

to afford the standard bus fare (In contrast, the stakeholders believe that the fare of Anbessa 

city bus is affordable to the lower and middle-income group of the users that allows them to 

transit long distances between two corners of the city and neighboring towns. 



27 
 

 
 

Figure.2.7:  Fare Affordability  

According to Muhammad et al., (2013) the problems associated with in bus services in chart 

are shown in Figure, 2.9 below 

 
Figure.2.8:  Problems associated with present bus service in city (Muhammad et al., 2013). 
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2.3. CONCEPTUAL FRAMEWORK  

There are two main objectives and constraints in this current study that could be optimize the 

accessibility of bus stops. The first one was evaluating the existing bus stop accessibility and 

the next one is to locate optimal locations for bus stops based on three criteria: Road Density, 

Population Served and Trip Generation Muhammad et al. (2013). According to many 

researchers Li  et al. (2011), Van Nes and Bovy (2000) and Li et al. (2011) which asserted that 

the standard bus stop spacing of 800meter within 400 meter universally accepted walking 

distance had been a critical issue in the current study to determine optimal location of bus stop 

and optimized its accessibility in terms of minimizing passengers user time and cost. Foda and 

Osman (2010) conducted a study in India to estimate stop access coverage using a circular 

buffer analysis with a radius of the access threshold around the transit stop in order to identify 

its coverage area. In the current study, the network analysis tools was used to determine kernel 

density service area analysis (actual access coverage area of bus stop) because of ASAI more 

accurate to estimates the actual pedestrian road network density, trip generation and population 

served within the access threshold from a bus stop, and identify all links in the pedestrian 

network around bus stop that can be reached by walking along the network for less than the 

specified maximum walking distance  

In addition to this  four mitigation possible options were used to identify the accessibility of 

existing bus stops and determined optimal bus stop such as stops kept as it is if the existing bus 

stops provided high accessibility and kept standard stop spacing, creating new stops where 

there is no existing bus stop along with long distance between stop more than 800m, relocate 

where the existing bus stops nearest to optimal locations they were relocated and other option is 

dissolving which is done when the bus stop was situated unconfortable area and very closed to 

other stops.  

A clear understanding of the tool used in a study is essential for properly interpreting, analyzing 

and generation of new information on any subject or problem (Uddin, Amin and Rahman, 

2004) asserted by (Muhammad et al., 2013). The current study involves the use of GIS software 

for analysis of bus stop accessibility and determined optimal locations. GIS allows mapping, 

modeling, querying, analyzing and displaying large quantities of such diverse data, all held 

together within a single database. 
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It is difficult to define GIS because there are many different ways of defining and classifying 

objects and subjects. Given the diversity of the field, many different methods had  been applied 

to GIS. According to DoE (1987) and Parker (1988) reported by (Muhammad et al., 2013) ñA 

system for capturing, storing, checking, manipulating, analyzing and displaying both spatial 

and non-spatial data which are spatially referenced to the Earthò. In relation to public transport, 

researchers have used GIS technology to measure accessibility of public transport, creating 

public transport routes, identifying optimum route, optimizing bus stops and spatial analysis of 

service area, measuring spatial equity and public transport management (Demelash Abate 

Abreha, 2007). 

Therefore, in the current study all the spatial data were analyzed, processed and mapped using 

ArcGIS software. In ArcGIS Software, Geo processing tools and Network Analyst Extension tools 

had been used for data inputting, analyzing, processing and mapping in order to obtain the result. 

ArcGIS Network Analyst provides network-based spatial analysis, such as routing, travel 

directions, service area, and location-allocation using existing road network shape file data. The 

geometrically corrected network dataset build, the edgeïnode topology was incorporated into 

the road network dataset to remove Geometric errors through topological rule, define service 

areas based on travel time or distance and determine optimal locations for accessibility by 

performing a location-allocation analysis. 
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CHAPTER THREE  

METHODOLOGY  

3.1. Study Area Description 

Addis Ababa lies at an altitude of over 2,300 meters above sea level and is located at 9Á1ô48òN 

and 38Á44ô24òE coordinates. The city has a population size of more than 3.8 million with 3.8% 

annual growth rate (Berhan. 2013). Addis Ababa City is one of the nine autonomous regions in 

the Ethiopian federal system, located in the heart of Oromia region (UN-HABITAT, 2011) as 

Kenea (2017) reported. Addis Ababa City was separated in 10 sub-cities such as Addis ketema, 

Akaki, Arada, Bole, Gulele, Kirkos, Kolfe, Lideta, Nifas silk & Yeka. To select study areas 

from these 10 sub cities two criterias was used. The first was officially interviewed ACBSE 

managers, in Yeka Sub City the traffic flow was very crowded. Second selection criteria was 

reclassifying of population density, bus route and bus stops with in three classes of low, 

medium and high within equal interval method and perform weighted overlay analysis, Yeka 

Sub City was located in high ranks on three data of population density, bus route and bus stops. 

Based on the two criterias, Yeka Sub-City was selected for this study.Yeka Sub-City is located 

in the north east part of Addis Ababa City. The total area of the sub-city is 85.98km square and 

4,284.9 people live in one kilometer square. Moreover, its entire population of the area is 

368,418 people. Yeka Sub City has 13 woredas. 
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 Figure.3.1. Location of Study Area 

 3.2. Data Source and Collection Techniques  

3.2.1. Primary Data, Its Source and Collection Techniques 

In the primary data collected method, two type of data collection tools, oral interview and 

observation checklist were used and see annex-D. The primary data were collected through 

interviews of officials of Anbessa City Bus Service Enterprise (ACBSE), Ticket Daily Service 

Officers, and including passengers, those expected to have high relevance to the problem of 

city bus accessibility (Table 3.1). These interviews were conducted thoroughly related to bus 

scheduling and frequency that provide access to the users, the passengerôs time taken during 

waiting the bus and house hold incomes. Moreover, direct observation was conducted on the 

existing bus stops to count the bus trips on observed time and number of passengers on a 

certain bus  was shown in annex-D.  
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 Table.3.1: Primary data and Source 

Primary Data Source Data Collection 

Techniques 

Purpose 

time interval, bus frequency field direct observation For public affordability & 

income groups 

Bus scheduling,  No of 

passengers by bus, Number of 

buses & total daily trips by a 

certain bus on bus stops. 

  

ACBSE 

& ticket 

lagoons 

Through 

interview & 

direct observation 

To know bus service 

access frequency, 

No of populations  served 

by bus. 

3.2.2. Secondary Data, Its Source and Collection Techniques 

The secondary data required were Road Network of Addis Ababa City and Existing Land Use 

map, bus routes, location of bus stops, population data, and parcel data. These Secondary data 

were collected from different sources such as Addis Ababa City Road Authority, Addis Ababa 

City Transport Authority, Ethiopian Geo-spatial Agency, Anbesa City Bus Service Enterprise 

and Addis Ababa City Central Statistical Agency, using appropriate formal letters.  Road 

Network of Addis Ababa City and Existing Land Use map was extracted from DAP (Detailed 

Area Plan) or line map by using select by attribute tools of ArcGIS software and export it, a soft 

copy of which could be collected from ACRA. Bus routes were collected from Addis Ababa City 

Road Authority (ACRA).Locations of bus stops are collected from (ACBSE). The population 

data of Yeka Sub City was collected from Central Statistical Agency of Addis Ababa City 

(CSAAC) These  collected data, source and purpose was shown in the (Table 3.2). 

Table.3. 2: Secondary Data and Source  

Data Scale Source  Data collection 

techniques 

Purpose 

Boundary 

map of study 

area 

1:50000 EGA of 

AA 

Through formal 

letter 

To determine the location  

of the study area 

Existing Land 

Use map 

1:50000 EGA or 

ALA  

Through 

formal letter 

To identify the condition of  trip 

generation area. 

Road 

network 

DAP  

map or 

 ACRA   Through formal 

letter 

To extract pedestrian road network 

and determine road density to 
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line map identify availability of road 

connections   

Bus routes shape 

file 

  

ACRA 

Through formal 

letter 

To analyze & identify 

bus stop accessibility on  

bus routes in the study area  

Locations  

of bus stops 

shape 

file 

 (ACBSE) Through 

formal letter 

To fix service  area around bus stops 

& identify the bus stop accessibility 

Index values. 

Population 

data 

2017  (CSAAC) Through 

formal letter 

To know  population demand in 

surrounding  bus  stop access coverage 

area 

Parcel data AutoCA

D 

ALA  Through 

formal letter 

To know the assumptions  (average)  

number of Household living in each 

parcel by dividing total population by 

No of parcels.  

3.3. Materials Used 

3.3.1. Softwares Used 

A clear understanding of the tool used in a study was essential for properly interpreting, analyzing 

and generation of new information on any subject or problem (Uddin et al. 2004) asserted by 

Muhammad et al. (2013). GIS allows modeling, querying, analyzing and mapping large quantities 

of such diverse data for better understanding transport process, all held together within a single 

database.  In relation to public transport, researchers have used GIS technology to measure 

accessibility of public transport, creating public transport routes, identifying optimum route, 

optimizing bus stops and spatial analysis of service area, measuring spatial equity and public 

transport management (Demelash 2007). The study involves GIS software that are used to 

process the data. Therefore, in this current study, all the spatial data were analyzed, processed and 

mapped through Arc GIS. In ArcGIS Software, Geo processing tools and Network Analyst 

Extension tools have been used for data inputting, analyzing, processing and mapping in order to 

obtain the result. ArcGIS Network Analyst provides network-based spatial analysis, such as 

routing, travel directions, service area, and location-allocation. 
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3.4. Data Processing Techniques  

In this section, the data were processed to prepare easily and to analyze the three parameters 

(road density, trip generation and population served). The AutoCAD data of parcels data land 

use map would be converted into ESRI shape file then converted into point feature and export 

these data into ArcGIS 10.3 for analysis using Geo-processing tools of ArcGIS 10.3.  

Bus stop access coverage within a specified access threshold of 400m radius would be 

estimated in both directions using Network Analyst Extension. The pedestrian road network, 

bus route and bus stops are extracted using select by attribute and prepare their shape file. The 

Road Network could be split and identify road direction (F-T and T-F). Road Network 

Topology and Network Analysis would be used in order to build geometrically corrected 

network dataset, the edgeïnode topology was incorporated into the road network dataset and 

geometric errors were removed through topological rules. Then service coverage area (km
2
) 

and sum of road length (km) within service area were determined. Each shape files of obtained 

data in different units could be converted into the same unit (in number) using manually 

determined in order to convert to raster files. 

 Table.3. 3: Data processing in the current study 

Data Processing Purpose 

Land use 

map 

AutoCAD data of land use converted into 

ESRI shape file and exported into 

ArcGIS 10.3 Conversion to raster & 

reclassified  

To identify trip generation & coverage 

area of bus stop conditions 

Road 

network 

Extracted pedestrian road network using 

ñselect by attributeò 

For prepare road connection within bus 

stop access coverage, actual pedestrian 

road network, and actual pedestrian 

road length. 

Parcel 

data 

AutoCAD data of parcel converted into 

ESRI shape file, exported into ArcGIS 

10.3, and converted into point feature. 

Then extracted parcel map of study area 

was clipped using clipping tools. 

To determine the number of household 

in each parcel who were accessed by 

bus 
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3.5. Data Analysis Techniques  

In the current study, there are two parts of the analysis are applied based on the objectives of the 

study. Firstly, the Accessibility of existing bus stops was evaluate and then using the result, the next 

step optimum locations of bus stops are determined using ArcGIS software.  

The three criteria: Road density, Trip generation and Population served shape file data could be 

converted into the same unit (in number) using manually determined in order to convert raster 

files.  

The three parameters of road density, trip generation and population served are calculated using 

field Calculatorô in ArcGIS software. Road Density was derived by dividing total length of actual 

pedestrian road length by bus stop access coverage (km/km
2
) as Foda and Ahmed (2010) and 

Muhammad et al. (2013) reported. Population served in bus stop service area = (Total number of 

population in Yeka Sub City / total number of parcels in Yeka Sub City) *Number of parcels in 

bus stop coverage area Muhammad et al., (2013).  

Next, to obtained accessibility data, each parameter was reclassified into a specific scale (8 is 

considered for the current study) using geospatial tool óReclassifyô tools of ArcGIS.  

Accessibility Index was calculated by adding up of reclassified data of three parameters and was 

done by another geospatial tool óRaster Calculatorô of ArcGIS.  Reclassify these raster data into 8 

categories based on the evaluated accessibility index for displaying in the map and further classified 

into 4 categories for understanding the accessibility condition. The spatial accessibility i.e. 

walking distance and walking time (travel-distance) were considered in this study for assessing 

bus stop accessibility.  For optimal location of bus stops generated nodes on bus routes an average 

distance of 800 meters was considerd for bus stop spacing within 4oom reasonable & 

comfortable universally accepted Threshold walking distance in densely populated areas any 

passenger can easily reach any of the two bus stops. Four mitigation possible option of (as it is, 

creating new stop, relocating and dissolvation) were applied to locate optimum stops based on 

accessibility value and stop spacing. 

 The Jaccard similarity index (Jaccard similarity coefficient) was used to compared similarity 

percentage between two sets (the existing bus stop and validated bus stop accessibility values) 

to see which members are shared and which are distinct using manually calculated in Microsoft 

excel 2010. The Jaccard similarity index formulas: Jaccard similarity Index = (The number in 
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both sets)/(the number in either sets) *100. It measured the similarity for the two sets of data, 

with a range from 0% to 100%, the higher the percentage the more similar the two sets of data. 

3.6. Validation Method 

To apply validation of the current study, the primary data of trip generated by bus on selected 

bus stop, Number of buses and frequency could be collected for selected bus stops from 

passengers and ticket lagoon by interview and direct observations to identify the accessibility 

index value  (annex-D). The validation of existing bus stop accessibility was taken on the days 

which have high traffic flows. These selected days that have high traffic flows at the working 

time were the working day. Because of these working days had high populations flow from 

home to working place. However, it has different working days, in this section; Monday and 

Tuesday were selected for the validation of existing bus stop accessibility because of having 

high population flows. On the day of Monday all outbound direction bus stops could be 

validated at the same observation time and on Tuesday all the inbound direction bus stops 

could be observed at the same observation time with the outbound. The validation of existing 

bus stop accessibility was identified for each selected validated bus stops depend on the 

observation time period chosen. The bus service frequency data and high frequency of 

population flow were selected from the morning peak period between 8:00 to 9:30 and after 

noon from 4:00 to 5:30 in both validation of inbound and outbound direction of bus stops.  

The duration of observed time used for both direction bus stops was 1.5 hrs. From the result of 

existing bus stop accessibility index, 25 bus stops out of 120 for F-T (outbound road direction) 

and 26 out of 112 for T-F (inbound road direction) bus stops were taken used to validate 

existing accessibility values.  Finally, the Accessibility Index was calculated for each validated 

bus stop from raster data of road density, trip generation by bus & population served within 

coverage area. Therefore, the validation accessibility value of selected bus stop could be much 

close to the existing bus stop accessibility values which indicated that the determination of 

existing bus stop accessibility would be satisfied. 
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                           Figure.3. 2: Flow chart of the methodology of the study 
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3.7. Data Preparation 

The data preparation is an important and first step to analyze bus stop accessibility. The data of 

road network, population, parcel, trip generation by bus and bus stops were obtained from Addis 

Ababa City Road Authority, Central Statistical Agency of Addis Ababa City and Anbesa City 

Bus Service Enterprise. 

For ease of analysis, all bus stops and bus routes were categorized into two types based on traffic 

flow directions: Bus Stop (Inbound Direction) and Bus Stop (Outbound Direction.  Bus stops 

which are located on Anbesa Bus Routes for the traffic flow started from any origins to 

destinations that travelled from the direction of North to West (F-T) direction of bus route, these 

sides of bus stops were considered as Bus Stop T-F (Inbound Direction). Bus stops which are 

located on Anbesa Bus Routes for the traffic flow started from any origins to destinations that 

travelled from the direction of West to North (F-T direction) of bus route, these sides were 

considered as Bus Stop F-T (Outbound Direction). For these prepared bus stops, 112 bus stops 

located on inbound direction and 120 bus stops were located on outbound direction bus routes.  

Geometric errors were removed through topological rules e.g. must not Intersect or Touch 

Interior, must Not Have Dangles etc. to build geometrically corrected network dataset, the 

edgeïnode topology was incorporated into the road network dataset using topology tools which 

is one of the tools in ArcGIS Software. The road network was split on intersection points. 

Then, the  network dataset included length of each road segment, walk speed, F-node, T-node, 

F & T Minutes and One-way restriction attributes to depict real time road network linkage in 

the study area using ArcGIS analyst tool. The network-distance based service areas for each 

bus stop were calculated according to polygons encompassing any edge within a 400-meter 

distance from the bus stop, by a specific GIS application of network analyst tool (the so-called 

service area solver). After this service area preparation, the three parameters of road density, 

trip generation by bus and population served was prepared and detailed described below. The 

prepared parameters were stored in separate shape files through ArcGIS to evaluate bus stop 

accessibility seen below.   

 a) Road Density for Bus Stop (inbound & outbound direction) 

b) Population Served within bus stop service area for Bus Stop (inbound & outbound direction) 

c) Trip Generation by Public Bus for Bus Stop (inbound & outbound direction) 
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  Figure.3. 3: Bus Stops T-F (inbound direction)  

On the other hand, 120 bus stops were located on the outbound direction of bus routes which 

generated for buses moving from the direction of west to north direction which are an inverse 

of inbound direction, these bus stops were marked as Bus Stops F-T (outbound bus route 

direction) (Figure.3.4). Based on these bus stops, it prepared the data of three parameters such 

as road density, trip generation by bus and population served within bus stop coverage areas to 

evaluate the accessibility of existing bus stops in both directions. 
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Figure.3. 4:  Bus Stops F-T (Outbound direction)  

3.7.1. Road Density 

Density of pedestrian roads around bus stop is an important parameter to assess accessibility in 

the way that shows the amount of pedestrian roads which can be used to reach the bus stops. In 

order to determine road density using pedestrian road, the network analysis tool were used to 

develop bus stop service area around each bus stops at 400m threshold walking distance within 

5minute impedance (i.e. walking time) (Levinson, 1992; Foda and Ahmed, 2010). To build 

geometrically corrected network dataset, the edgeïnode topology was incorporated into the 

road network dataset. Geometric errors were removed through topological rules e.g. must not 

Intersect or Touch Interior, must Not Have Dangles etc. The network dataset included length of 

each road segment, walk speed, F-node, T-node, F & T Minutes and One-way restriction 

attributes to depict real time road network linkage in the study area using ArcGIS analyst tool. 

The pedestrian road network was extracted by bus stop service area using clip tool, which is 

one geo-processing toolset in ArcGIS software. From these extracted road data, the attribute 
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data of road density, the sum of road length in km and bus stop service area in square kilometer 

were calculated from extracted road clipped polyline feature field calculator option in the 

feature attribute. The road density was calculated by dividing the sum of pedestrian road length 

inside Kernel service area coverage by Kernel service area of that bus stop using field 

Calculatorô in ArcGIS software. Total sum of road length that fallen inside the Kernel coverage 

area of each bus stop (within service area analysis) and service area of bus stop was calculated 

and taken from road statistical data in attribute table. Therefore Road Density was calculated 

from attribute table of road data using field Calculator in ArcGIS by using Equation 4.1:  

 Road Density =  
╛ ╚╜

═ἕἵό
  --------------------------------------------------------------------- Equation 4.1    

Where: L  is the sum of road length inside coverage of bus stop in km; A is coverage area of 

bus stop in +Íό. The road density of 120 bus stops for F-T (Outbound) and 112 bus stops of T-

F (Inbound direction) was prepared in the same way and presented the attribute results shown in 

Annex A1 and A2 respectively.  

 
Figure.3. 5: Coverage area of Bus Stop T-F (Inbound direction)   
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Figure.3. 6: Roads inside coverage area of bus stops T-F (Inbound direction) 

 
Figure.3. 7: Coverage area of Bus Stop F-T (Outbound direction)   




























































































































































































































































