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Abstract

Accessibility is, AThe ease of reaching some des:!

time or money, distance travelled, level of comfort, availability and reliability of public transport, or
combinati on of t he ste fastestymawirig sitiedithebvarld,iyet is consgainedfby
poor accessibility of City Bus Services apdople spend more time and money on trals to
inadequate infrastructures such as public transport routes lausd stop locationroad network,poor
transport operationbus stop spacingimited extent of Anbessa bus service coverhge resulted
inaccessible service to the userbe current study identified a problem of lack of spatial information on
Anbessa Bus Service Accessibility for eaal stop in Yeka Sub City, Addis Ababa City that peoples
spend more time & money on travel is becoming a serious problem nowakagsirrent study focused

on evaluatingaccessibilityofexisting bus stop and identify the spatial information of bus statitot

and determine the best locations of bus stops in order to serve most users in its urban setting and to
ensured optimum accessibilithe two important factors of accessibility index, which was measured
based on three criteria: Road Density, PopulatiServed 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 determinedajbigmal location of bus stops to sme bus

service accessibilityThe 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 accessiblligtermination 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 andissolving 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 weredrtgprov
(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. Similad@,552 populations for proposed inbound and 11, 298 for

proposed outbound direction bus stop areluded and thegould be served by su

Keywords Accessibility index, GIS, Optimal Locatis, 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 aimrmapioving social welfareSimmonds(1998)
defined accessibility as 6béa way of measuring th
reach a defined set of destinations, from a given origin (origin accessibility), or the ease with which a
gvendestination (destination accessibility) can be
As Ross( 2000) defined accessibility, ARThe ease of
perceived costs in terms of time or money, distanceelled, level of comfort, availability and
reliability of public transport, or combination
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 Abafizerhan 2013). Due tothe limited extent

of Anbessa bus, in sufficiency of public bus route network and deficiency of Anbessa service
people spend ore time and money on travel @3emelas, 2007 reported in Addis Ababa.
According toAklilu (2018) reported the design of infrstructures such as public transport

routes and stops, road network and availability of various land use destinations strongly
influence the use of accessibilityddis Ababa is one of the fastest growing cities in the world,

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

poor transport operation and ineffective performance of stakeholders had resulted in
inaccessible service to the us@felbesa2017)

Thereforewith 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 iretbases and due to this,

the spatial accessibility index factors of walking distance and walking puoi#ic transport

routes, road networind bus stop locationvgere considered &alyal et al(2016) andAklilu

(2018 reported.

Addis Ababa is one dhe fastest growing cities in the woldgt increasing city sizhorizontally

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 m

1



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 dagal et al

(2016) But there is no clearly stated spatial inf@tion about the inaccessibility of Anbessa

Bus Service for each bus stop in Yeka Sub Gi&gan influenced to evaluate existing bus stop
accessibility and determination of optimal location for bus stmpsonsidering the spatial
accessibility index faors of walking distance and walking timayblic transport routes, road
networkand bus stop locations to ensure and address optimal bus service accessibility to most
users in its urban setting amdnimizing user cost.

The location and spacing of bus gsoand 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 Ahmed2010). Therefore, an average distance of 800
meters was considerd for bus stop spacing within 40oom reasonable & comfortable universally
accepted Threshold walking distance in densely populated areas of Yeka Sub City; any
passenger located within the sparidistance 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 stdpmnbase
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 urbangett



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 systé&mdis Ababa City on

which the lowincome people heavily rely onin public transportation system, reducing
travelling time is an important and em&y to reduce its cost due to distance between bus stops
and to optimize public bus stop location probl@iari 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 travedpasted by(Demelash2007) 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 insgibée service to the usdiselbesa2017)
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 tlegy of Addis AbabaBerhan 2013), alhough the enterprise has

large coverage in anaround the city of Addis Ababa, it faces a lot of challenggzrawiding
adequate serviceAccording to Aklilu (2018); the design of infrastructures such as public
trarsport 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 (2018nalyzed 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 deficiencof bus service in Addis Ababa City. However, there is no clearly stated
spatial information about the inaccessibilitys stopsvhich served byAnbessa Bus Servider
eachbus stops in Yeka Sub City of Addis Ababa. Therefore, the current study erdifi
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 eweofi 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
populationwhich indicated that few number of pdations could get service by hus
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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 thregarameters of ietrest in the current study are road density, trip
generation and gpulation served for evaluation of accessibility index. Therefore, evaluating
accessibility of existing bus stop is important to identify the spatial information of bps sto

locations and determine thetamal locations of bus stops.

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

Ababa?
Which factors could be consideremproposed optimal locatigrior busstops?
What could be the optimal location of bus stops of Yeka Subo€iyldis Ababa Cit¢

O O

1.4. Objectives

1.4.1. General Objectives

S To evaluate the accessibility of existing bus stop and determine optimal locations for bus
stops using GIS techniquesYreka Sub City

1.4.2. Specific Objectives

x  To evaluate accessibility index value for existing bus stops.
x  To determine optimal locations for bus stops.
x  To evaluate the accessibility of optimal bus stops.

x  To recommend mitigation measures for inaccessibties on the bus route.



1.5. Scope of the tBdy

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 pat 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 dénsitsoute 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 theriterias,Yeka Suktity was
selected for this studijhe 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, contributicand 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 ofthe 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 eithedirectly or indirectly.

Anbessa City Bus Service Enterpriseould get spatial information on the distribution of routes,
bus stops, service accesstyiland optimal bus stops fptanning purpose

Addis Ababa City Transport Authority (ACTA)xould getawareness about city bgsrvice 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 servicenfthis paper.

Addis Ababa City Road Authority (ACReéguld 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 orgatians.Therefore, the enterprise should design an
optimum bus assignment and bus scheduling system, so as to serve passengers' need with

maximum satisfaction and minimuaperating costs.



1.7. Organization of the Thesis
The whole study has been presentefive chapters which represent the followings:

Chapter 1 elaborates the necessitybatkground of the study and stated the problems
Research question, objectives of the study, scope of the studgigamficance of studwand

finally the judgment why the study should be carried out in respetelad Sub CityProblems

of the studyelaborates the reasoning for which the study should be conducted. Research
guestion states thequestions what will be sol@dgectives of thetudystate the two (main and
specific) aims of the studycope of the studgpresents what opportunities could be availed if
the study is taken placedll the organization of the study could be justified and the
opportunities of the study and extevere described.

Chapter2 literature review was carriedt to havea 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;haltheories 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 sectiba data collection, processing and analiesthniques

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

Chapter 4 represents the whole data analysisspaht as Evaluation of Bus Stop Accessibility
andOptimal Locations for Bus Stops this section all the analyzed parts could be described
along withthe 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 5conclusion andRecommendatiorncludes the recommendations that are stated
considering findings of the study and finally tb@nclusion which is drawthrough the whole

research.



CHAPTER TWO
2.1. LITERATURE REVIEW

2.1.1. Concepts of Accessibility

There are manylefinitions of accessibility in literature. According to Litman (2003) cited in
Muhammad et al . (2013) , AAccessibility (or
services, activities and destinat icoordieg to whi cF
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). Il n case of eecasawithwdhich anyigdivigualo pl e
or group of people can reach an opportunity

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

accessibility dhagvenhdedinatoa cae beweachdd fromhan origin or set of
originso; which is wusually referred to as d
facility accessibility. Ross (2000) defined

destinaion, 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

t heseo. Therefore, accessi bil i tey and debtiaations, t o [
which is what people usually mean by transportatiboda 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 netwwtkich 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 thedestrian road network surroundimg istopgMuhammad

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 speaifiadimum walking

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

overestimation of the stop access coverage can be mitigated.



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 reseg8elivo and Sabatini et al.
(2005) proposes a methodology in their research to assess publottatisn access in urban

area by using a geographical information system (GIS) based on pedestrian network with the
presence of obstacles. The researchers pl an
of the new bus stops or to modify their [doa 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 finenute walking distance from a bus stop or ten minutes from any
major transportatio stop such as a rail station. However, the researchers propose three ways of
determining catchment areas(&hammad et al., 2013) reviewadd cited.

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

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 wal ki ng adrcleswitaarradais of 300 i draws hroundna bass
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
doesndt adcaukt the donmectvity 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 locainos a
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 ysialtools 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 carectivity, 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%)assified the approaches GIS into:

|. Travelcost approachi which r ef | ect s t he Aspati al separ a
transportation network, i.e., distance, time, generalized cost, etc;

Il. Gravity approach derived from the gravity model formula, it reflects both the attractiveness

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

lll. Constraintsbased approachit reflects the number of activities (or opportunities) that can

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

IV. Utility -based approathkeveloped based on disagguggbehavioral approach originally
proposed by(BenAkiva 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 approachdevelogd by combining the spad¢ene and utility based models and

it assumes uniform travel speed. Approaches 1 have been acknowled@&ckiitye et al.,

1994)and used in this current study.

Balyal et al. (2016)was conducted orindian bus stops to present thepatial transit
accessibility index modeling with due consideration factors with walking distance and walking

ti me. Therefore, the spati al accessibility i
Catchmentso through b wécésshilily acgles pfrradlioseos480mfarmdr d i
the catchment areas marked provide (tBalgalscope
et al., 2016) The distance walked by a passenger to get transit stop is a key indicator of a
transit system abilityto attract people in its service area Hoback et al. (2008) cited by
Muhammad et al. (2013Y he presence or absence of transi
destination is a key factor i retal 8085). 8teatag hoi c e
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 systékturray et al.,1998). Themarginal walking distance

to transit stop is a basic parameter to estimate transit service coverage @gain region

(Jumsaret al, 2005). Walking or Physical access to a transit stop is interpreted in terms of the
proximity of the passengerds origin or desti
2010). Among transit planners and researchers, it is nearly universedigted that a 400m

walking distance and a mean walking speed betweedb88/minute is the maximum distance



that most potential users are willing to travel to reach their nearest transit stop (Finnis and
Walton, 2008) and (Foda and Osman, 2010). Therefmeoprding to above researchers, the
400m walking distance and a mean walking speed betwe®b &UYminute is used to analyze

bus stop service ared@he researcher was conducted on Portland by Robert L and Bertini
(2011), With the availability of high rekdion archived stogevel 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 compoants 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 stopgspamilel within

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

Other researchers conducted on Helsinki, Finland and Tallinn, Estorlartyikki et al. (2016)

to model more realistic urban accessibility patterns at angngpoint of time. In their
presentation of a generic framework for dynamic urban accessibility modeling, the three core
components of accessibilityspatial population distribution, transportation network and service
network change used as a function iofie. 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 (2017xconducted a research d@xddis Ababa to examine the factors affecting the
accessibility of Anbessa City bus service in Addis Ababa through an analysis of the
stakehol dersdé opinions. The study found that
and ineffective performaecof stakeholders have resulted in inaccessible service to the users.
Another research was conducted on Addis Ababa CityDbsnelash (2007)o investigate

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

10



2.1.2. Accessibility Measures

Al Mamun andLownes (2011)considered three primary componeatsaccessibility viz. (1)

trip coveragei travelers would consider public transit accessible when it is available to and
from their trip origins/ destinations, (2) spatial coverdg&avelers would consider public
transit accessible when it is within reasblegphysical proximity to their home/destination, and

(3) temporal coveragea 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
presat 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 errodsis mainly dependerdn the reseahers aim, point of

view and the parameters thahe researchers consider to assess the accessibility. The
assegsentof accessibility is depending on the spatial accessibility i.e. waltlistgnce and
walking time wouldbe 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 Accesibility

There areaumber of factors that affect accessibility. Some of these factors tend to be overlooked
or undervalued, particularly nemotorized travel demand, alternative mode service quality, user
information, integration, affordability, priorititi@n and the value of inaccessibility.

Table .21: Summary of factors affecting accessibility

Name Description Current Consideration
Transport The amount of mobility and access| Motorized travel demand is well
Demand people and businesses would choog studied, but nomotorized deman

undervarious conditions (times, pric{ is not. Travel demand is often
levels of service, etc.). Considered exogenous rather th

affected by planning decisions.

Transportatiq The quanty and quality of access Motor vehicle options and quality

n options, including walking, cycling, | are usually considered, using

Options ridesharing, transit, taxi, delivery indicators such as roadway level
Services, and telecommunications. service, but other modes lack su
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Qualitative factors include availability| indicators and some important
speed, frequency, convenience, com| Service quality factors are often

safety, price and prestige. overlooked.

Integration | The degree of integration among Automobile transport is

transport system links and modes, | generally well integrated, but

including terminals and parking Connection between other modes
Facilities. often poorly evaluated.

Affordability | The cost to users of transport and | Automobile operating costs

Locationoptions relative to incomes| andtransit fares are usually

considered.
Land Use Degree that factors such as land us{ Considered in land use plann
Factors Density and mix affect accessibility.| but less in transpoglanning.
Transport The density of connections betweerny Conventional planning seldom
Network roads and paths, and therefore the | Considers the effects of road

Connectivity | directness by which people can trav, connectivity onaccessibility.

between destinations.

Inaccessibility] The value ofinaccessibility and Not generally considered in

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

2.2. THEORETICAL FRAMEWORK

2.2.1. Accessibility
There are manydefinitions of accessibility in literature. Accondj to Simmonds(1998)

asserted in Muhammad et aR0(3), accessibility can be examined primarily from two
viewpoints: that of the individual (origin), and that of the service provider (destinationsdn ca

of considering peopl e, accessibility is fAthe
can reach an opportunity or defined set of
accessibility. On the other hand, in case of considering sepviceo vi der s, accessil
ease with which a given destination can be r
usually referred to as destination accessibility, catchment accessibifagility accessibility.

Ross2000) defined accessibility as, AThe ease
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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 combinatioh o t h €herefare,

generally acessibility refers to physical access to goods, services and destinations, which is
what people usually meaby transportation. Thereforec@essibility measures in general use

the impedance effect of distance, time or generali@port costs and the spatial distribution

of urban opportunities to produce numerical indices of accessibility for each location. Murray
etal ( 1998) cited in Muhammad et al . (2013) di
6accessi bi | the opgortunityh forcsgstematici 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 afnount o
time. Ingram (1971) cited iBalyal et al. (2016)stated that accessibility may be defined as
Athe inherent characteristic (or advantage)
spatially operating source of friction (for example, time and/ odi st ance) 0. 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 teA\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 glaararproxy for
accessibity (Derek Halden2009). According toLitman (2003), Ros$2000 and Simmonds

(1998 a@cessibility is the suitability of the Public Transport network to get individuals from

their system entry point to their system exit location in a reasoisghlial acessibility 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 tasghough it contains potentiality of errors.
Furthermore,different researchers in assessing the accessibility use various metinads

network analysis tools and an accurate knowledge of network condition which are used to
determinean realisticservice area analysis around each bus @Wyhammad et al., 2013)
Therefore, service areaetwork analysis tools would be used for this eatrstudy.The spatial
accessibility i.e. walking distance and walking timeere consideredfor assessing of

accesibility in this currentstudy The parameters of road network, trip generated by bus and
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population density within spial coverage area of bus stop re@econsidered to evaluate

accessibility of bus services.

2.2.2. Estimating Bus Stop Access Coverage

Although destrian access to a bus stopsvaghieved 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 accessoeerage would be estimated using a network analysis with a radius of the
400m access threshold around the transit stop in order to identify its coverag@raoem

transit planners and researchers, it is nearly universally accepted that a 400m wat&mze dis

and a mean walking speed betweer@80n/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 destand a mean walkinspeed between

80-95 m/minutesused 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 40 medestrian 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 bissop access coveragmurce Muhammad et aR@{13)(Figure 2.1)

Legend

° Bus Stop
D Actual Bus Stop Access Coverage
Actual Pedestrian Road Length (400m each)

Actual Pedestrian Road Network

Pedestrian Road Network

Figure2.1: 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 svmeasurdrom actual pedestrian road network. Coverage area
derived from actual pedestrian road network gives more accseateearea compared to the

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

stop which contains error of overestimation. However, bus stop access coverage is a critical
measure for evaluating the stop locatamd accessibilityoy estimating the covered area and
population lying within a suitable accesstdige from the bus stofiFoda andOsman 2008).
However, maw previous researdrs treated stop coverage as a simple circular buffer with a
radius of theA00meteraccess threshold around each stop, which causes@mverestimation

of the stop accesoveraggFoda and Ahmed010)

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 roaetwork surounding the bus stop. Salvo and Sabg2ai05)
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. Inthis study using the benefits of the GIBased service areaetwork analysis
approach is presented for estimating transit stop accessage based on the Actual Pedestrian
Road Network surrounding the bus stop. The idea means that to identify pddéstrian 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 agithec t u a | Bus Stop Access
bus stop.This polygonalarea is considered more representative than a 400m circular buffer for
measuringhe access coverage of a bus stémure 2.2 shows the difference between the ideal
access coverage (cilem area) and the actual access coverage (polygonal area), which causes an
overestimation in assessing the access coverage of a bus stop at a given (dtgtion 2.1)

(Foda and Ahmed010.
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Legende

. Bus stop

Pedestrain road network within actual access
=== coverage or 400m access threshold from the bus stop

== Road network

actual access coverage (polygonal area) or 400m access
threshold based on actual pedestrail network

ideal access coverage (circular area) oe access

threshold based on a circular buffer

Figure2.2: Actual Bus Stop Access Coverage

As Foda and Ahnme (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 StopAccessibility Indices (ISAI and ASAI)

The determination ofSAI and ASAI) values are more importanteeasure andlentify more

accurate bus stop accessible locatidgrmdé and Ahmed, 2010Jhe Accessibility indices (Al)

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 bugap. First, the Ideal Stog\ccessibility 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 withual&ing 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\ang tee bus stop as its
center(km?2) (Figure 2.3Foda andAhmed2010.
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\ Legend

| Pedestrian network within 400 m
access threshold from the bus stop

400 m access threshold based

\ / E:] on circular buffer

S o

SR oo

Figure .23: Ideal and Actual Stepccessibility Indices (ISAl and ASAI)

The denominator value is then the area of a circle with a radius of 400m, iwlacbonstant
equal t o ( r 2Km2), in wiich the r2salting valiiedsBich an index represents

the ideal pedestrian road network density withinabeess threshold from a bus stop (Km/Kmz2).

An incrementin 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 Stéycessibility Index (ASAI) can & 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 repteske 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) byhe actual access coverage area of the bus stop measured on basis of the
pedestrian road network serving the same stop2jkas shown in Figure beloyoda and
Ahmed,2010)

Legend
Pedestrain networls within buffer access
threshold from the bus stop

Buffer zone access threshod based
e on actual pedestrain network
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The value of ASAI represents the actual pedestrian road network density vi¢hiactess
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 locatiaaghe denominator is not constant
and depends on the surrounding road network formation. Theref this study the ASAI had
beenconsidered than of ISAI which more accurate measure of bus stop accessibility through the

surrounding pedestrian road netwo

2.2.6. Measuring Bus Stop Accessibility

Foda and Ahmed2010) asserted, the provision of Hussed 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 servift@rpance 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 considegedritical factor for assessing the accessibilitpa$stop

location. Theaccessibilityindices are calculated for each bus stop which has been derived from the
only parametethe density of pedestrian road. Density ofi@gtrian road around bus stopssvem
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 thesbiiy 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 oftrips 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 nunityes tifan any other places.

These stops generally facilitate comparatively higher accessibility because they serve large number
of people by ensuring idict access to these bus stofsother parameter is the population one bus

stop serve. Because eaclslstiop 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 atltasbus 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 stamled in the densely populated area would serve more people.
Besides these three parameters, some other parameters such as gendssbédg,achd safety

issues affectaccessibility. Some bus stops may be less accessible for wonisn, diders &

peope with disabilitieswhen the bus stops are always crowded or buses are packed, they may
prefer to use another mode of transport to reach the déstindiecause these stops become
uncomfortable to them and force to use them other mode.

In this currentstudy,three parameters 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 boieatbp. Coverage area is
calculated based on reasonable walking distaricg00meters Although the acceptable walking
distances varies from person to person depending upon his trip purpose, age, and gender, elders,
disables threshold distance of 624omwalk 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
400metes in terms of walking distancas Levinson(1992; Fodaand Ahmed (2010and Finnis

and Walton (2008) reported Most transit firms consider 400 meter as an acceptable access
standard (Ammons, 2001) . I n 6Transport for Lor
specified as 400 meter. In Columbus, Ohio, it is stipulatedphsgengers do not exceed walking
distances of 400mottransit stops in urban are@&entral Transit Authority(1999). Therefore,
accordingly to levinson (1992); Foda and AhmgD10), coverage area is measured based on 400
meter average acceptable walkinigtance or speed of about 1.3m/s will be considered in this
current research pape€overage 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
softwae. 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 Disnstityed as km/kmz2 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 aiioiisy index for displaying the map and further
classified inb 4 categories shown in (Tale?) for understanding the accessibility condition

(sourceMuhammad et al., 2013).
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Table2. 1. Categorization ohccessibility index

Bus stop category Accessibility index
Poor 3-6
7-9
Moderate 10-12
1315
Good 16-18
19-21
Excellent 22-24
25-27

2.2.61. Road Density

Road density is measured basedthe 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.

2.2.62.Population Served whin 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 wdh&idered as

peoples of residingnside of coverage area of bus stolkbile peoples are not considered
because of the variousumber of incoming people from any directidagifficult 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 locatedifferent 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 thapdocated in the densely populated area will serve more people.

2.2.63. 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 edlamcommercial and business area will produce

more trips than any other zones. However, in order to attaiacttessibility, trip generation by
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public busis to be calculated for each bus stop. Therefore, coverage area of each bsis stop
usedto attain the trip generation of public bst®ps. So in order to obtain accessibility more

accuratéy, 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 $ostbp in that

bus stop coverage area

2.2.7.1. Bus Stop Accessibility

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

based on three criteria: Road Density, Population Served and Trip Generation. The measured
accessibility of total bus stop waassified 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 haweuma 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 accedgipito the users and poor stops are those which
provide least accessibility andgugred relocation. Therefore thosategorized as excellent or

even goodhavehighest accssibility indicatingan optimal location of bus stops.

2.2.7.2. Stop Location and Spacing

Another important factor whichonsidered to determine optimal locations is bus stop spacing
which has a major impact on transit vehicle and system performariee operational effect of
busstop spacing has been a criticssle Li et al. (2011) Moreover, closely spacdulis stops
disrupt the traffic flow on the bus route, particularly during peak hbacsause buses make
frequent stops to provide services to customers.

Closely spaced bus stops provide short distancegafsenger accegd/irasinghe, 1981put
increase trip time¥an Nes ad Bovy(2000) and_arge bus stop spacing minimizes passenger

in-vehicle time but reduces the accessibility of the systetmp spacing has been studied in
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terms of minimizing transiu s er 6 s t i me, a-offd betweera dceesstandnigp  t r a

vehicle tmelLi et al. (2011) However,the standard for bus stop spacing varies from country to
country. Different transport authority uses different standéog@ spacing in urban areas and

rural areaaccording to the demandccording to Ammon(2001) studied, bus stop spacing
standards for a number of agencies anthfl that stop spacing typiaainges from 656 1968

feet (200600 meters) in urban areas. European transit agencies have tgtaretards 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 stop (4 to 6 stops per kilometer) iRg (1997)cited by Muhammad et al. (2013)

Anthony (2001)built a model for Determining Optimum Bi&top $acing in Urban Areas

cited byLi et al. (2011) His proposed model was derived from the fundameastationships

that exist among velocityniform acceleration and deceleratiaiisplacement, and among the
average bus operating speed, headway, requirecsiletand potential system capacity.

Optimal location of bus stops identification is clearly studieduthammad et al. (201350,

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 (00) 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 twopsus s
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 spathigy 40o0m reasonable &
comfortable walking distance in densely populated areas of Addis Ababmditys study, the

model concept of bus stop spacing will be used to locate optimum bus stops for the goal of
minimizing user costFour mitigation measusewill 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 stoplong 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 veryoclosed t
other stops.

2.2.8 ProblemsAssociated with Present Bus Service

Bus is the only mode of mass public transit available in Addis AbabaHkbtyever,according
to Olsson and Thynell2004).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.

2.2.81. Overcrowded Buses

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

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 actef 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 wed 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 stepube 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 tdus service during rush hours Karand MannanZ008).

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 disciplinag. viwumber of seats reserved for women

should be increased and maintained to increase accessibility for women.
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Figure.24: Overcrowded buses:

2.2.82. 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 widttioofs of buses, etc. together
increase boardingnd alighting time Hasnin@011). 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 tegance 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 doorjt however increses the delay at bus stoppages.
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Figure.25: Problematic boarding and alighting into bus

2.28.3. People with Disability

To be truly accessible, public transport must be safe, reliable, and affordaif®dgerwho
need to use that transport. Accessible public vehicle has no value unless associate infrastructures
(footpath, bus stop etc.) are accessible Abir and Hoqz@11). Peoples with disability need
special provisions in transport system to travellgdsbm 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 boarda 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
usergFigure 2.6).Source(Hoque and Abir, 2011)
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Figure.26: Peoples With Disability

2.28.4. Fare Affordability

Dagnachew (2007)ndicate 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 mid@tdeome group of the users that al® them to

transit long distances between two corners of the city and neighboring towns.
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Figure.27: Fare Affordability

According to Muhammad et al., (2013) the problems associated with in bus services in chart
are shown irFigure, 2.9 below
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Figure.28: 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 constrintthis current study that coul optimizethe
accessibility of bus stop3he first one wa evaluating the existing bus stop accessibility and
the next one is to locate optimakations forbus stops based dhree criteria: Road Density,
Populaton Served and Trip Generation Muhammad et (2013). According to many
researchersi et al.(2011) Van Nes and Bovy (2000) andl et al. (2011)which asserted that

the standard us stop spacing of 800metenthin 400 meter universally accepted walking
distancehadbeen a critical issue in the curresttidy to determine optimal location of bus stop
and optimized its accessibility in terms of minimizing passengers user timmand-oda and
Osman (2010konducteda studyin India to estimatestop access coverage using a circular
buffer analysis with @adius of the access threshold around the transit stop in order to identify
its coverage area. Indlturrentstudy, thenetwork analysisoolswasused to determinkernel
densityservice area analys{actual accessoverage area of bus stdpdcause oASAI more
accurate teestimates the actual pedestrian road network demsgiygeneration and population
servedwithin the access threshold from a bus stapd identify all links in the pedestrian
network around bus stop that can be reached by waltomg the network for less than the
specified maximum walking distance

In addition to this dur mitigation possible options we used tddentify the accessibility of
existing busstops and determideoptimalbus stop such as stops kept as it is if thistiamg 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 locati@yswthrerelocated and other option is
dissolving vhich is done when the bus stop was situatembofortable area and very closed to
other stops.

A clear understanding of the tool used in a study is essential for properly interpreting, analyzing
and genertzon of new information on any subject or problem (Uddin, Amin and Rahman,
2004) asserted byyluhammad et al., 2013The current study involves the use of GIS software

for analysis of bus stop accessibility and determined optimal locations. GIS allowsg)ap
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. Givehe diversity of the &ld, many different methods haaeen applied

to GIS. According to DoE (1987) and Parker (1988) reportedvimhémmad et al., 2013) A

system for capturing, storing, checking, manipulating, analyzing and displaying both spatial
andnoas pat i al data which are spatially referenc
researchers have used GIS technology to measure accgssibitiublic 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 currérstudy all the spatial data were analyzed, processed and mapped using
ArcGIS softwareln ArcGIS SoftwareGeo processingols andNetwork Analyst Extensiotools

had been used for data inputting, analyzing, processing and mapping in order to ol&snlthe

ArcGIS Network Analyst provides netwoblased spatial analysis, such @siting, travel
directions, service area, and locat@liocationusing existing road network shape file dafae
geometrically corrected network databeild, the edgi nodetopology wa incorporated into

the road network dataset to remove Geometric errors through topologicalefites service

areas based on travel time or distance and determine optimal locations for accessibility by
performing a locatiorallocation analysi.
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CHAPTER THREE
METHODOLOGY

3.1. Study Area Description

Addis Ababa Ilies at an altitude of over 2,
and 38A446240E coordinates. The city has a
annual growh rate (Berhan2013). Addis Ababa City is one of the nine autonomous regions in
the Ethiopian federal system, located in the heart of Oromia regiorHABITAT, 2011) as
Kenea(2017) reported. Addis Ababa City was separated in 1&sigs sich as Addis ketema,
Akaki, Arada, Bole, Gulele, Kirkos, Kolfe, Lideta, Nifas silk & Yekeo select study areas
from these 10 sub cities two criterias was used. The firstoffasally interviewed ACBSE
managers, in Yeka Sub City the traffic flow was vergwded.Secondselection criteria was
reclassifyng of population density, bus route and bus stops with in three classes of low,

medium and high within equal interval method gumatform weghted overlayanalysis Yeka

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

Based on the two criteria¥eka SubCity was selected for this stutfeka SubCity is located
in the north east part of Addis Ababa City. The total area of theisuls 85.98km square and
4,284.9 people live in one kilometer squakéoreover,its entire population of the area is
368,418 people. Yeka Sub City has 13 woseda

30

30

p



ETHIOPIA 38°46'24"E

38°49'36"E

38°52'48"E

9°5'20""N

o

YEKA SUB CITY

N

A |

9°1'0""N 9°3'10""'N

8°58'S0''N

Z

|

&

=)

ADDIS ABABA

Z

el

o

a

z Legend

= *Bus Stop

% [  “Anbesa Bus Route 0 1 2 4 Kilometers

e sYeka Boundary % I I

w 1 1 1
38°46'24"E 38°49'36"E 38°52'48"E

9°5'20""N

Figure.31. Location of Study Area

3.2 Data Source andCollection Techniques

3.21. Primary Data, Its Source and Collection Techniques

In the primary data collected method, two type of data collection tocds,nterview and

observation checklist weresed and seannexD. The primary data were collectedrough

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

Officers, andincluding passengers, tb@expected to hae high relevancéo the prokem of

city bus accessibilityTable 3.1). These interviews were coothd thoroughly related to bus
scheduling and frequency that provide access to taer us , t he
waiting the busand house hold incomeMoreover, direct observation was conducted on the

existing bus stops to count the bus trgos observed timend number of passengers on a

certain buswas shownn annexD.
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Table3.1: Primary data an&ource

Primary Data Source | Data Collection | Purpose
Techniques
time interval, bus frequency | field direct observatior| For public affordability &

iIncome groups

Bus schedulingNo o f ACBSE | Through To know bus service
passengeMwsmlber| & ticket | interview & access frequency,
buses & tot al lagoons | direct observatior] No of populationsserved
cerbasnon bus by bus.

3.22. 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 parceT lueta. Secondary data
were collected from different sources such as Addis Ababa City Road Authority, Addis Ababa
City Transport Authority, Ethiopian &»spatial Agency, Anbesa City BusrSice Enterprise
and Addis Ababa City Central Stattstl Agency, usig appropriate formal letter 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 collectdcbm 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 collded data, source and purpose was shown in the (Table 3.2).

Table3. 2: SecondaryData and Source

Data Scale Source | Data collection| Purpose
techniques
Boundary | 1:50000; EGA of | Throughformal| To determine the location
map of study AA letter of the study area
area
Existing Lan({ 1:50000{ EGA or | Through To identifythe condition oftrip
Use map ALA formal letter generation area.
Road DAP ACRA | Throughformal| To extract pedestrian roatwork
network map or letter

and determine road density to
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line mag identify availability of road

connections

Bus routes| shape Throughformal| To analyze & identify

file ACRA | letter bus stop accessibility on

bus routes in the study area

Locations | shape | (ACBSE)| Through To fix service area around bus stc
of bus stop) file formal letter & identify the bus stop accessibilit
Index values.
Population 2017 | (CSAAC)| Through To know population demand in
data formal letter | 5 ;rrounding bus stop access cove
area
Parceldata | AutoCA| ALA Through To know the assumptiong@verage)

D formal letter | mper of Household living in each

parcel by dividing total population b

No of parcels.

3.3. Materials Used
3.3.1. Sofwares Used

A clear understanding of the tool used in a study was essential for properly interpreting, analyzing
and generation of new information on any subjecpmblem (Uddin et al2004) asserted by
Muhammad et ak2013) GIS allows modeling, querying, analyzing and mapping large quantities
of such diverse dattor better understanding transport procedisheld together within a single
database. In relation to public transport, researchers have used GIS technology soirmea
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 maagement (DemelasB007). The study involves GlSoftware thatare used to
process the datdherefore, in this current study, all the spatial data were analyzed, processed and
mapped through Arc GIS. In ArcGIS Softwar@eo processingools andNetwork Analyst
Extensiontools have been used for datgutting, analyzing, processing and mapping in order to
obtain the result. ArcGIS Network Analyst provides netwbased spatial analysis, such as

routing, travel directions, service area, and locasitbocation.
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3.4. Data Processing Techniques

In this section, the data were processed to prepare eamilio 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 @durefand export

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

Bus stopaccess coverage within a specifiadcess threshold of 400m radius would be
estimated in both directions using Network Analyst Extension. Thespaah road network,

bus route and bus stops are extracted using select by attribute and prepare their shape file. The
Road Network could be split andentify road direction (H and TFF). Road Network
Topology and Network Analysis would be usedorderto build geometrically corrected
network dataset, the edgede topology was incorporated into the road network dataset and
geometric errors were removed through topological rulegn service coverage area (m

and sum of road length (km) withgervice 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.

Table3. 3: Data processing in the ¢ant study
Data Processing Purpose

Land use AutoCAD data of land use converted il To identify trip generation & coverag
map ESRI shape file and exped into | area of bus stop conditions

ArcGIS 10.3 Conversion to raster

reclassified
Road Extracted pedestrian road network us| For prepare road connection within b
network | fiselect by attribuie stop access coverage, actual pedes]
road network, and actual pedestr
road length.
Parcel AutoCAD data of parcel converted in| To determine the number of househ
data ESRI shapefile, expored into ArcGIS| in each parcel who were accessed

10.3, and converd into point feature| bus
Then extracted parcel map of study &

was clippedusing clipping tools.
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3.5. Data Analysis Techniques

In the current studythere are two parts of the analysis are applied based on the objectives of the
study. Firstly, the Accessbility of existing bus stops was/aluateand then using the result, the next

step optimum locations of bus stops are determirsanig ArcGIS software.

The three criteria: Road density, Trip generation and Population served shape file data could be
converted intahe same unit (in numbedsingmanually determined in order torort raster

files.

The three parameters of road density generation and population served are calculated using
fi el d CiaArcAlS saftivaraRéad Densitywas derived by dividing total length of actual
pedestrian road length by bus stop access coverage (Rneknfroda and Ahme@010 and
Muhammad et a2013) reportedPopulation served in bus stop service area = (Total number of
population in Yeka Sub City / total number of parcels in Yeka Git)) *Number of parcels in

bus stop coverage arbtuhammad et al., (2013)

Next, to obtained accessibility dateach parameter was reclassified into a specific scale (8 is
considered for the current w®dsofdgGIS . usi ng geospat
Accessibility Index was calculated by adding up of reclassified dathre¢ parameters and was
done by another geospati al t ool O6Raster Cal cul
categories based on the evaluated accessibility index for displaying in the map and further classified
into 4 categories for undeemding the accessibility conditiormhe spatial accessibility i.e.
walking distance and walking time (trawdistance) were considered in this study for assessing
bus stop accessibility-or optimal location of bus stoggenerated nodes on bus rouesaverage
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.dtopsmitigation posdile option of (& itis,

creating new stop, relocating and dissolvatiarere applied to locate optimum stops based on
accessibility value and stop spacing.

The Jaccard similarity index (Jaccard similarity coefficient) was used to compared similarity
perentage 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 similadgx = (The number in
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both sets)/(he number in either sets) *100. It measured the similarity for the two sets of data,

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

3.6. Validation Method

To applyvalidation of the current study, the primary data of trip generated by bus on selected
bus stopNu mb er of b u s e suldabe dolletted oy setecten] Yous stops from
passengers and ticket lagoon by interview and direct observations to ideatiiycessibility

index value (anne-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 Iboigsscould 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 selectedlated 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 inlmoliand 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-Todatbound road direction)

and 26 out of 112 foif-F (inbound road direction) bus stop&ere taken used to validate
existing accessibility values. Finalihe Accessibility Index wa calculated for each validated

bus stop from raster data of road density, trip generation by bus & population sernied with
coverage area. Therefore, the validation accessibility walgelected bus stop could be much
close to the existing bus stop accessibility valwbich indicated that the determination of

existing bus stop accessibility would batisied.
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Figure.3.2: Flow chart of the methodology of the study

37



3.7. Data Preparation
The data preparation is an imrant and first step to analybeis 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 easef 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 DirectBus stops
which are located oAnbesaBus Routes for the traffic flow started frommyaorigins to
destinations that travelled from the direction of North to Wesk)(Birection of bus route, these
sides of bus stops were considered as Bus StBIbound Direction). Bus stops which are
located onAnbesaBus Routes for the traffic flowtarted from any origins to destinations that
travelled from the direction of West to North-{Fdirection) of bus route, these sides were
considered as Bus StopTF(Outbound Direction). For these prepared bus stbp3,bus stops
located on inbound diréion 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
edgé node topology was incorporated into the road network dataset using topologwyaxis

is oneof the tools in ArcGIS SoftwareThe road network was split on intersection points.
Then, the network dataset included length of each road segment, walkispeeé, Fnode,

F & T Minutes and Onavay restriction attributes to depict real time road network linkage in
the study area usingrcGIS analyst toolThe networkdistance based service areas for each
bus stop were calculated according to polygons encaimgasny edge within a 400eter
distance from the bus stop, by a specific GIS application of network analyst tool -thkesb
service area solver After this service area preparation, the three parameters of road density,
trip generation by bus amabpulation served was prepared and detailed described bEhaw.
prepared parameters were stored in separate shape files through ArcGIS to evaluaie bus s
accessibility seen below.

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

b) Populabn 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 Sops T-F (inbound direction)

On the othehand, 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 Stop&uibound bus rote
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 batttons.
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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 pedestraads which can be used to reach the &tops. In

order to determineoad 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 impedancéi.e. walking time) (Levinson, 1992; Foda and Ahmed, 2010p build
geometrically corrected network dataset, the edgde 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 speedndéle, Tnode, F & T Minutes and Ongay restriction
attributes to depict real time road network linkage in the study area AiGS analyst toal

The pedestrian road network was extracted by bus stop service area usioglchyhich is

one gecprocessing toolsah ArcGIS software From these extracted road data, the attribute
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data of road density, the sum of road length in kohlaus stop service area in square kilometer
were calculated from extracted road clipped polyline feature field calculator option in the
feature attribute. fie road density was calculated by dividing the sumeadlestriamoad length

inside Kernel service area coverage by Kernel service area of that bus stopfielding
Cal c uih ArecGéSrsdftware. Total sum of road length that fallen inside the Kernel coverage
area of each bus stop (within service area analysis) anidesarea 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 usiirgjd Calculatorin ArcGIS by using Equation 4.1:

L4 Ly _
Road Density =— Gy T e --- Equation 4.1

Where:L is the sum of road length inside coverage of bus stdminA is coverage area of

bus stop int [ 6. Theroad density of 120 bus stops feiTHOutbound) and 12bus stops of T

F (Inbound direction) was prepared in the same way and presentattrifwte results shown in
Annex Al and A2respectively.
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Figure.3.5: Coverage area of Bus StopFT(Inbound direction)
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Figure.3.7: Coverage area of Bus StoplHOutbound direction)
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