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Abstract

Nowadays almost all over the world especially in developing countries, the influence of
rapid urbanization results in rapid motorization that leads to traffic congestion in urban
mobility. Traffic congestion hotspots are a dynamic phenomenon in urban life
characterized by a high traffic delay in the transportation system. Traffic demand is the
over-dependence of people in transportation. Adama has experienced an alarming rate of
urbanization and growth. Over the past years, the city has observed an amazing expansion
and an increment in population size. Traffic congestion and traffic demand in the city are
due to rapid urbanization, increased transport demands, and increment of private vehicle
ownership, leading to significant motorization in the urban center. The study aims to
analyze traffic congestion hotspots and traffic demand in Adama City's downtown using
travel demand modeling. Cordon count which is a manual field count of traffic volume
was employed to identify the most congested route in the traffic analysis zone. Survey,
interview, and questionnaire was the major instrument for primary data collection for
origin-destination analysis, household travel survey, and for travel demand modeling
analysis. The study carries out a trip generation and attraction model analysis to examine
the volume of trip production in the study zone of Gurmmu Kebele. Households, private
car owners, and public transport users who commute regularly to the central business
district are the representative target of this study. A sample of 210 was chosen which was
stratified into 70 samples for each target group. Data were analyzed by using descriptive
statistical tools, network analysis, and analysis of relationships. For all chosen routes in
the traffic analysis zone, the study found that the route from Franco to Posta Bet was
extremely congested especially at peak hour (morning and evening), with a total peak hour
volume of 1946 vehicles per 15-minute interval, resulting in a Level of Service grade of F
(constrained maneuverability at peak hour). The Franco to Posta Bet route experiences
increased travel times and decreased speeds during morning and evening peak hours, with
a higher travel time in the evening compared to the morning. During evening peak hours,
covering the distance takes an average of 250.5 seconds. The overall origin-destination
trips of households are held within the traffic analysis zone, with an average work distance
of 1.5km. The study found that a trip of household origin-destination in the traffic analysis
zone made an average of 7.8 trips per weekday and household members averaged 3.0 trips
per weekday. The trip production and attraction results show a total trip production of
9007 per weekday across the four study zone. The highest trip production was in Gurmmu
Kebele's zone two, with 3,236 trips generated in weekday travel. As a mitigation measure
modeling traffic and flexible work schedules can spread traffic volume across the day,
reducing peak-hour demand and improving overall traffic conditions.

Keywords: Congestion, hot-spot, households, origin-destination, transportation, and
travel demand modeling.
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CHAPTER ONE
1. INTRODUCTION

1.1. Background of the Study

Nowadays almost all over the world especially in developing countries, the influence of
rapid urbanization results in rapid motorization that leads to traffic congestion in urban
mobility (Edwards, J. D. 2012). Traffic congestion hotspots are a dynamic phenomenon in
urban life characterized by high traffic delays in the transportation system in urban mobility
(Downs, A. 2000). This phenomenon is dominated in some particular areas in the city we
call the congestion hot spot area (Bast, Funke et al. 2007). In addition, these hotspots are
usually located in the city Centre, with high motorized movement which magnifies the
problem (Solé-Ribalta, Gomez et al. 2018).

Human activities have been delayed by traffic congestion in the city center which harms the
mobility of the urban and development of the city (Afolabi, Oluwaji et al. 2017). Therefore,

rapid urbanization in the city had been affect traffic congestion (Nurdden, 2007).

Traffic demand nexus urbanization and mobility, traffic demand is a crucial aspect of nexus
urbanization and mobility planning. As urban areas grow and evolve, the demand for
transportation services increases, leading to greater pressure on existing infrastructure and
systems (Ibrahim—Adedeji, K. J. J. 0. E. I. et al. 2014). Understanding and managing traffic
demand is essential to ensure efficient and sustainable mobility in the urban environment
(Bose, R. K. 2019).

Travel demand analysis is a systematic process of understanding and forecasting the travel
pattern and behavior of individuals or groups within a geographic area (Smith, J. 2022). It
involves studying the factor that influences travel demand such as population characteristics,
socioeconomic factors, land use pattern, transportation infrastructure, and policies (Kanu,
K. E. 2015).

The current global traffic congestion levels (condition) increased slightly compared to
previous years. The city with the world's worst traffic congestion was Bengaluru, India,
followed by Manila, Philippines, and Bogota, Colombia. Daily, weekly, and annual patterns
of congestion vary greatly depending on the region, city, and local conditions (Houyengah,
M. 2020).



Traffic congestion in developing countries is primarily due to factors such as rapid
urbanization, economic growth, insufficient transportation infrastructure, illegal parking,
inadequate land use planning, and a mismatch between traffic demand and route capacity
(Nurdden, A. M. 2007). This issue is particularly prevalent in developing countries where
transportation systems are not designed in accordance with future population forecasts
(Kumar, R. &. 2021). The most congested African city was Cairo, Egypt, followed by
Johannesburg, South Africa, and Cape Town, South Africa. Traffic in Lagos, Nigeria, has
also become notoriously problematic (Organization, 2021).

Modeling traffic flow had been a hot field since the late 1970s for congestion analysis in
worldwide congestion studies. Gipps’ model and other car-following models, Treiber,
Hennecke, et al. (2000) have evidenced the necessity of modeling traffic flows to improve
road network efficiency. Consequently, varied suggestions have been made by various
scholars on how to reduce the effects of traffic congestion. Some of these suggestions
include the expansion of the road network (lbrahim—Adedeji and Countries, 2014).
Improved traffic management and staggering working hours Dor, (2019) improvement in
public mass transportation.

Adama is one of the largest cities in Ethiopia. It has an alarming rate of urbanization and
growth in the city. Over the past years, the city of Adama has observed an amazing
expansion of the city size and an increment in population size. As the city is growing fast to
the surrounding of the city, the mobility and traffic demand of the people also increased
significantly. People prefer to use private vehicles to go work in the center of the city.
Despite this urban expansion the city face delay and congestion of transportation in the TAZ.
The concentration of workplaces in areas like Central Business Districts (CBDs) leads to

morning rush hours.

Previous studies had been conducted in developing countries, such as Nigeria's Lagos-
Ikorodu Road, congestion in this research corresponded only to link-based analyses, this
research is just on the congestion segment level (Kanu, K. E. 2015). Here, this research was
done based on the idealized model using travel demand model analysis for transportation
analysis in traffic analysis zone by disaggregating the trip source area for traffic congestion
and travel demand assessment. This research aimed to identify congestion hotspot locations
in the city by measuring the level of congestion on the selected route and utilizing travel

demand model analysis to examine the travel behavior and pattern of households.



1.2. Statement of the Problem

Addis Ababa, the capital of Ethiopia, has experienced urban growth, resulting in increased
traffic congestion. Inadequate transportation infrastructure and high growth in vehicle
ownership contribute to this congestion. The Ethiopian government has initiated projects to
alleviate congestion in Addis Ababa, including the construction of a light rail and the

expansion of road networks.

Traffic congestion in Adama is caused by rapid urban expansion and the increment of the
traffic demand, rapid motorization, an increasing number of private car ownership, an
imbalance between traffic demand and road capacity, population growth, diverse activities

(economic, administrative, social), and incompatibility of land use.

Adama has experienced significant urban expansion, leading to increased demand for
transportation. Many people prefer using private vehicles to travel to the city center for
work, causing congestion and delays on major traffic routes during morning rush hours. The
availability of working areas that concentrate on the CBD brought congestion that the
individual commuting there in the morning rush hour by using a similar route leading to the
work at the same peak hour. The increment in transport demand has a significant influence
on transportation because the city's existing road network, which was constructed and built
before the period of mass automobile ownership, is grossly insufficient to satisfy travel
demands. Traffic congestion in the city greatly impacts residents, workers, students, and
people commuting to the central business district. Delays and long travel times result in loss
of working hours and missed events. Passengers relying on taxis, public transport, and

private vehicles are most affected by this issue.

The researcher initiates addressing the severe vehicle congestion in downtown Adama by
developing traffic management strategies. The study uses a unique approach, involving
detailed transportation analysis, trip analysis of people's origin-destination, and household

travel survey analysis.

Similar research was conducted in numerous developing nations, including Nigeria and
Ghana. Traffic congestion in the Lagos metropolis specifically within the lkeja Local
Government Area is a result of the imbalance in the number of vehicles which has increased
geographically. They only analyze congestion at a specified link in the area's road network
by assessing the available level of mobility congestion in the road to investigate traffic

volume.



Previous research which has been done only in the link-based assessment of congestion
without assessing the trip nature and their demand for transportation by the level of traffic
analysis zone in some developing countries like Nigeria has taken as a gap and was used
and answered by this research. Especially including traveler characteristics in addition to
population and land use character and traffic zone analysis of congestion rather than link-
based were the base of this research. Trip source area assignments in other land use were

carried out rather than only in the residential zone.
1.3. Objectives

1.3.1. General objective

The general objective of the research is to assess traffic congestion hot-spot areas and traffic
demand by using travel demand modeling in traffic analysis zones in Adama City

downtown.

1.3.2. Specific objective

The specific objective of the study is to:

e Investigate the current traffic volume and movement pattern in Adama City;

e Analyze the origin-destination pattern of people trips in the study area;

e Estimate the study area travel demand using a travel demand model; and

o Identify traffic congestion hot spots by measuring the level of congestion in a selected
network of traffic analysis zone.

1.4. Research Question

e What is the current traffic volume and movement pattern in Adama City?

e What is the origin-destination pattern of people’s trips in the study area?

e How can the study area travel demand be estimated using a travel demand model?

e How can traffic congestion hot spots be identified by measuring the level of congestion

in a selected network of traffic analysis zones?
1.5. Significance of the Study

The research will have to make its own empirical and theoretical contributions, as well as

fill a research gap on the subject.

This research will have developed an in-depth understanding of the theory and concept of

transport analysis especially in travel demand analysis for the study of road conditions that



mitigate the problem of congestion and how to identify its hot-spot region through this travel
demand analysis. And fill the gap in earlier research about congestion that is only link-

based.

This study will have to make beneficial to the policymakers, transportation planners, road
infrastructure, urban planner and local government. It helps for Policy development, it
informs the development of transportation policies, strategies, and regulations to reduce
congestion and improve mobility. Based on the impact assessment of this finding, this
transportation analysis finding can be used by the transportation sector in planning
suggested development plans and it can make beneficial to policymakers and transportation
planners for transportation planning. Moreover, this research finding can be used as a
reference for future research, and it contains academic contributions that guide anyone who
initiates traffic congestion analysis. Furthermore, it serves as a guideline for numerous

transportation sectors' planning processes for demand assessment.
1.6. Scope of the Study

The research has been confined to Adama City's downtown, with a focus on the downtown
traffic network. The analysis takes advantage of the existing road network in the city center,
which includes all types of access in the analysis zone. The research was carried out with a
major selected network of traffic analysis named as, route from Franco to Posta bet, route
from Addis Ababa Meneharia to Posta bet, route from Tikur Abayi to Posta bet, route from
Amede Gebeya to Posta bet, and route from mebrat hail to Posta bet. Moreover, the research
focuses on the vehicle which enters and departs from the analysis zone and moves within
the TAZ.

The purpose of the study is to identify congestion hotspot areas and analyze traffic demand
by carrying out a transportation analysis and travel demand modeling of existing
transportation facilities in the city center. The themes of this research are to investigate the
volume of traffic flow to identify hotspots in the traffic network and assess the travel
behavior, origin-destination, and household travel survey in the study area. Further, the
research examines the significant impact of traffic congestion on stakeholders. It evaluates
the average driving speed and time to explore the transportation system's road design

capabilities.



1.7. Operational Definition

Traffic congestion: Traffic congestion is a road condition characterized by slower speeds,
longer trip times, and increased queuing. It occurs when roadway demand is greater than its
capacity (Kayithi, 2020).

Hot spots: The locations or those areas of the city, which are regularly congested and where
the flow of traffic is very slow. In hot-spot areas a condition of breakdowns in the traffic
flows. Queuing and congestion are the norm for this area.

Travel demand: according to Hougendoorn and Bovy (2001) observe that traffic flow, traffic

growth, and congestion are some of the main economic and societal problems related to
transportation.

Transportation analysis: A transportation study examines the flow of traffic on a network of
roads. A unique application of the "network flow issues,” which are a component of linear
programming theory, is a road network. Determining a static maximum flow from one point
to another in a network, subject to network capacity restrictions, is the mathematical

foundation of network analysis (Fulkerson & Ford, 2012).

Traffic Analysis Zones: A study area is divided into areas, instead of points. Those areas are
called Traffic Analysis Zones (TAZs).

O-d analysis: Traffic flows between TAZs are normally expressed in an origin-destination
(O-D) matrix. Origin-destination flows (O-D flows, i.e. the number of trips between two

locations.
1.8. Structure of the Research

The research has been organized into five chapters. Chapter One explores the study's
background and provides a broad introduction to the subject, focusing on the paper's goal.
It illustrates the objective of the research. The second chapter covers the literature review,
which includes both a theoretical and empirical examination of the subject. The third chapter
is on the research method, which is the study's blueprint. Some sections in this chapter
include the study area description, research design, study approach, data type and source,
study population, and sample technique. This chapter majorly explores methods for data
collection, processing, and data analysis. Chapter four presents the result and its brief
discussion. The last chapter, chapter five describes the general conclusion and

recommendation of this study. This is the overall structure of this paper.



1.9. Limitation of the Study
Some of the most common challenges faced during these research operations include:

This researcher primarily relies on manual field counting to measure traffic volume, travel
time, and speed. This approach is due to the incapability of automatic recording machines
in capturing these parameters accurately in the study area. Consequently, these factors
present significant challenges in conducting this research effectively.

Access to information and data: Gathering sufficient and relevant data from primary or
secondary sources was difficult, as certain information is inaccessible due to privacy,
security, or logistical reasons. One of the significant challenges faced while gathering
information from representative households is their reluctance to share information freely.
This reluctance stems from concerns regarding security issues associated with disclosing
personal information. To address this challenge, it becomes essential to incorporate a
mediated approach when interacting with respondents to build trust and ensure the privacy
of the information being shared.

Time constraints: Adequate time is required to carry out thorough research, and present and
analyze data.

Funding and resource allocation: Limited funds and resources was a big challenge in the
research process leading to inadequate facilities, information, and for recruiting data

collector.

Due to time and budget constraints, researchers often focus on trip generation and attraction

models to assess travel behavior and the volume of trips produced in specific zones.



CHAPTER TWO

2. LITERATURE REVIEW

2.1. Theoretical Review

2.1.1. Travel demand modeling

A travel demand model is a quantitative tool used by urban planners, transportation
engineers, and policymakers to estimate and analyze travel behavior and patterns within a
specific region or city (Sivakumar, 2007). The model forecasts the demand for
transportation infrastructure and services by simulating the decision-making processes of
individuals and households related to various travel choices, such as modes of transport
(private cars, public transit, walking, biking), trip origin-destination, travel routes, and time
of travel and speed. These models help in understanding and predicting transportation usage,
evaluating the impacts of various transportation policies and infrastructure investments, and
supporting the planning and management of sustainable transportation systems (Ortlzar,
2011).

2.1.2. Hot-spot

Hot-spot areas are where there is frequent traffic congestion, collapsed urban mobility, and
restricted right of way. It is the point where motorized movements are impossible and it is
a location where vehicular queuing occurs (Colak, 2018). Congestion is the issue of
planning and transportation analysis which study about the road condition of the city. Stuck
in traffic and peak hour traffic congestion in the street network and nodal point of the city

is becoming a serious problem for the urban environment (Downs, 2000).

The failure of the public transportation system in the cities has led to an increment in private
motorization. cities have been characterized by overcrowding and the use of already
overused and rickety vehicles imported from other parts of the world, incessant traffic
congestion due to continuous deteriorating conditions of roads that inadvertently slow down

traffic, and increasing vehicular and pedestrian accidents (Badejo, 2008).

2.1.2. Traffic congestion

Harriet, Poku et al. (2013) states that congestion can be perceived as an unavoidable

consequence of scarce transport facilities such as road space, parking area, road signals, and



effective traffic management. They argue that urban congestion mainly concerns two

domains of circulation, passengers and freight which share the same infrastructure.

Downie, (2008) also opines that traffic congestion occurs when the volume of vehicular
traffic is greater than the available road capacity, a point commonly referred to as saturation.
He describes several specific circumstances that cause or aggravate congestion. The over-
dependence on cars has tremendously increased the demand for transport infrastructure.
Consequently, several vehicles spend most of their time in traffic as a result of traffic space
limitations (Yan, 2010).

In the cities of the developing world, traffic congestion is worse than those in developed
countries with many times vehicles. The situation in developing countries however is at the
peak of collapse, because increasing urban drift is still far from being under control and the
problem of providing transport facilities is not in sight in developing countries as the case

in developed countries (Bose, 2019).

Ikporukpo & Filani. (2000) Vehicular traffic problems in intra-urban mobility became
significant in some areas, especially in trip destinations such as work zone, central business
districts, and other government institutions. Nodal (roundabout), intersection and junction
are the area of this congestion take place. Hudson. (2010) in his study on bicycles, planning
pointed out that integrating bicycles into the transportation system will make a greater

contribution to the solution of the problem of traffic in towns.

2.1.3. Traffic demands and delays

According to Houyengah, (2020) traffic flow, traffic growth, and congestion are some of
the major economic and societal concerns associated with transportation in developed
countries. This is due to the city's fast growth. These issues appear as environmental
pollution, delays and accidents, and land use severance, among others. Ayeni. (2013) also
supports this view and observes that these problems are some of the most pressing and

perhaps most visible urban problems
The Need for Demographic Analysis:

Population projections are the base for many planning activities, such as producing land use
and transportation plans, determining the direction of future economic development, and
guiding housing, school, and shopping center developments. Population projections often
become the centerpiece of comprehensive plans and the future vision of localities
(Fernandez-Martin, 2021).



Transportation planning: Growing cities and metropolitan regions face the challenge of
coping with increases in transportation demand. More automobiles on the streets and
highways and higher demands for public transportation systems have their origins in
growing populations (Kumar, 2021).

2.1.4. Transportation analysis

Transportation analysis is one of the four planning analytical methods. Various economic
activities for a given population in an area occur at different locations, which are associated
with different land uses (Deal, Brian et al. 2013). The interaction of those activities requires
a network to connect places for moving people and goods. The function of such a system is
the focus of transportation analysis (Edwards, 2012). In addition to the mode of
transportation, a transportation system consists of networks such as roads, and supporting
facilities, such as traffic lights (Murray, Davis et al. 2014).

Transportation planners estimate the amount of traffic associated with the planned land use
allocation, the options of travel modes, the alternative routes, and the required roadway

features to support the estimated traffic volume (Banister, 2001).

The time of departure, mode of transportation, and route may be used to categorize people's
travel preferences. Morning rush hours are the busy times when many people drive to work.
People may decide to go to work in their vehicles or via public transportation. This leads to
route choice as the only major factor affecting the traffic volume (Beirdo & Cabral, 2007).
Travelers can easily switch routes on the way. This switch of routes, modes, and time is

called “triple convergence” (Downs, 2000).

2.1.5. Basic concept in transportation analysis

A transportation study examines the traffic conditions on road networks. Road networks
represent a specific application of "network flow problems,” which fall under the domain of
linear programming theory (Ford & Fulkerson, 2015). The fundamental concept in network
analysis involves calculating the maximum steady flow between two points in a network

while considering the capacity constraints of the network (Ford and Fulkerson, 2012).
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A node is the termination of a street or a junction where two or more streets converge. For

example, in Fig.2-1, four street intersections are labeled as nodes 1 through 4.

Figure 2.1: Illustration of a Street Network (source: research method in urban and
regional planning book,page 329)
2.1.6. Traffic analysis zones

A study area is divided into areas, instead of points. Those areas are called Traffic Analysis
Zones (TAZs). A traffic analysis zone is delineated as the smallest area of the study region.
Although there may be numerous residential locations in a TAZ, including each location in
the model would be rather difficult in practice. Therefore, travelers within a TAZ are treated
in the same way as an aggregated group (Oppenheim, 2015). Traffic generated from a TAZ

or ending at a TAZ is connected to street networks through one or more connectors.

Legend

Connectors
#*  Centroid
® Node

Roads

Figure 2.2: Traffic analysis zones and a Traffic Network (source: research method in

urban and regional planning book, page 331)
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One end of a connector is a node on the street network (Binetti & Ciani, 2002). The other
end is the centroid of a TAZ. Connectors may not be real roads. Figure 2.2 illustrates TAZs

and their connectors to the street network.

A trip is normally the focus of a transportation analysis. It represents the path people make
from one place to another, for instance, from home to office (Hensher, D. A., & Reyes, A.
J. J. T. 2000). One type of trip is a vehicle trip-the number of automobile trips traveling in
a transportation system. Another type of trip is a person trip-the number of people traveling
through the transportation system, Hensher & Reyes, (2000). The two places connecting a

trip are called trip ends (origin-to-destination).

2.1.7. Origin-destination (0-d) analysis

Traffic flows between TAZs are normally expressed in an origin-destination (O-D) matrix.
Origin-destination flows (O-D flows, i.e. the number of trips between two locations in a
certain period) and traffic volumes (the number of vehicles that cross a street over a given
time interval (Imai, Ryuichi et al. 2021). Traffic volume can be observed through
measurement devices, while O-D flows are usually estimated by household travel surveys.
Several mathematical models have also been proposed to estimate parameters for these two
variables, such as models to estimate mean O-D flows based on observed traffic flows and

traffic assignment methods to estimate mean routes (Wright & Ashford, 2019).

2.1.8. Basic terminology of transportation analysis

Table 2.1: Basic Transportation Planning Analysis Terminology

Terminology Description Measure

Design capacity | The maximum number of vehicles that | Vehicles per hour, such as
can pass the end of a link. 1,000 vehicles per hour.

Design speed Maximum travel speed for a given link | Kilometer per hour

when there is no delay.

Number of lanes | Represents the lanes available for travel | number of lanes

Volume The actual number of vehicles going | Daily volume (24-hours) or
through the link one-hour volume

Average Daily | Represents the typical daily traffic | Weekday and weekend
Traffic (ADT) | volume for a link volume.

12



Peak
Traffic

Average
Hour
(PHV)

Traffic data are collected only during

peak hours on multiple days.

The average is calculated
from the data

Vehicle
occupancy

Some people travel together in one

mobile vehicle.

Number of travelers divided
by the number of traveling

Source: A Policy on Geometric Design of Highways and Streets, American Association of
State Highway and Transportation Officials, Washington, DC 1994.

2.1.9. Trip purpose

In transportation analysis trips are normally classified by trip purpose based on the location

of the origin and destination.

Table 2.2: Origin -Destination of a Trip based on Trip Purpose.

Trip purpose

Description

Example

Home-based work
(HBW)

One of the trip ends is home
and the other trip end is a
workplace

Home to work in the morning or
vice versa

Home-based-non-
work (HBNW).

One of the trip ends is home
and the other trip end is not a
workplace

When a family goes to a restaurant
for dinner

Non-home-based
(NHB)

Neither of the two trips ends is
home, the trip

A person to go shopping during
lunch break. One trip end is the
office and the other trip end is the
store.

Round trip

Two trips between two trip end
(back and forth)

A person goes to work from home
in the morning and returns home

Source: Research method in urban and regional planning book, (Transportation analysis)

The above-discussed trips can be called simple trips. As the trip-making behavior becomes
more complex, people may make intermittent stops on a trip. Trip chaining is the succession

of trip segments (Hensher & Reyes, 2000).

2.1.10. Overview of transportation analysis

Transportation planning consists of two tasks. The first task is to estimate the traffic flow
based on population and economic activities. Human activities are normally reflected in
land use composition. The second task is to evaluate the social, economic, and

environmental impacts of transportation projects (Rosenbloom and Black, 2014).
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Traffic demand analysis (freight and passenger) aims to derive the traffic volumes of a
traffic network. The volumes are calculated from a set of origin-destination matrices related
to a proper traffic analysis zone subdivision (Winkler, Mocanu et al. 2020). Computer
models are often developed to simulate traffic demands (Gibson, 2013).

2.1.11. Level of Service to measure the level of congestion

The travel quality of a road is normally expressed with the measurement of the level of
service (LOS) (Maitra, Bhargab et al. 1999). In the United States, there are six LOS
categories represented by the letters “A” to “F”, where A is for the best traffic condition and
F, is for the worst. It can be used to measure different modes of transportation. It should be
noticed that LOS measures the quality of traffic flow or the levels of congestion by

volume/capacity ratio (Imran 2015).

Table 2.3: Level of Service Classification

Level of service Description

A Represents free-flow operations. A traveler can travel at the
designed speed almost completely unimpeded.

B A condition in which a motorist still can experience reasonably free
flow at free-flow speeds.

C The ability to maneuver is noticeably restricted.

D Depicts a condition in which motorists can experience reduced travel
speeds. The ability to maneuver is severely limited.

E A condition in which traffic is at its design capacity. There is no
room for any disruption of traffic flow.

F A condition of breakdowns in the traffic flow. Queuing and
congestion are the norms for LOS F.

Source: Research method in urban and regional planning book (Transportation analysis)

2.1.12. Travel demand modeling

A travel demand model is used to forecast the transportation arrangement. To estimate the
traffic associated with different human activities, a region is divided into TAZs, and the
TAZs are connected to the transportation network. TAZs are the smallest unit of analysis in
travel demand modeling (Oppenheim. 2015). Two general rules are normally used in
delineating TAZs:
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(1) A zone should be bounded by the transportation network or natural boundaries,

such as rivers.

(2) The zone boundaries enclose a relatively homogeneous area in terms of land use
characteristics and traffic conditions and separate the areas that are different. TAZ

boundaries may follow community or neighborhood boundaries.

This travel demand modeling encompasses significant travel behaviors influencing
travelers' decisions regarding travel choice, destination, mode of transportation, and
route selection. The modeling procedure comprises four distinct components, often

known as the four-step travel demand forecasting model (Chang & Meyers, 2014).

1. Trip Generation: Forecast the number of trips that originated from and attracted
to each TAZ.

2. Trip Distribution: Allocate the trips within and between the TAZs.
3. Mode Choice: Divide trips among different modes of travel.

4. Trip Assignment: Assign the trips to different routes connecting the TAZs. These
four steps were developed in the 1950s and 1960s.

Trip generation

A trip is defined as a connection between an origin (O) and a destination (D). Consequently,
trip generation is a process to determine the number of trips from and to a particular site or
area. Trip generation establishes the connection between transportation analysis,

demographic analysis, and economic analysis (Gazis, 2002).

To predict trip generation, an assessment of land use types is necessary. For instance, the
Institute of Transportation Engineers releases information on trip generation rates
corresponding to distinct land use categories (Engineers, 2003). The trip generation rate can
be calculated as daily trips or peak-hour trips. Trip generation rates are presented as vehicle
trips or personal trips. A vehicle occupancy variable can be used to convert the two rates:

QG €] Y4 T — )

Where, TGv-vehicle trip generation rate; TGp -person trip generation rate; VO -vehicle

occupancy rate.

Trip Production
A common practice of estimating trip production from a TAZ is based on variables related

to the population in the zone. The most commonly used variable is number of households.
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Some of the variables commonly used in calculating trip production are as follows (DOT,
2016).

1. Workers per household: Workers are the most likely people who travel. The more
workers in a household the more trips will be made.

2. The number of households: Trips are generated by residents. The more households
in a zone the more trips will be made.

3. Family income: Costs are associated with travel. The higher the family. income, the
more trips will be made.

4. Number of automobiles available: People with a car likely travel more than those
without a car.

5. Family size: Large families likely travel more than smaller-sized families.

6. Residential density: The residential density on the one hand reflects the number of

residents in a zone.

Two methods are used most often in estimating trip production from traffic analysis zones.

The first method uses aggregated zonal characteristics.

Trip Production =f (median family income, residential density, the mean number of

automobiles per household) ----=-======mmmmm e 2

The second method, the cross-classification method, addresses this deficiency by classifying

zonal households based on socio-economic characteristics.

Normally, no more than three to four variables such as family size, automobile ownership,

or household income, are used in household classification.
Trip Attraction

Trip attraction predicts the number of trips to be attracted to (end in) each zone. The
attractiveness of a zone is related to the size and type of land use that are the destination of
trips (Yulianto, Purnomo et al. 2020). The majority of such land uses are non-residential
land, such as stores, offices, libraries, etc. The trip attraction is normally expressed as the
number of vehicle trips per household or unit area of non-residential land use (Taplin & Qiu,
2015).

All trip-attracting zones in a region compete for the number of trips produced in the region.
More attractive zones will attract more trips than the zones that are less attractive.

2.1.13. Congestion measure
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Traffic congestion is a persistent problem faced by urban areas worldwide, resulting in
longer travel times, increased fuel consumption, and environmental pollution (D. Erath, M.
A. 2018). This literature review aims to discuss some of the most significant congestion
measures, including the level of service (LOS), volume-to-capacity (V/C) ratio, travel time,

and delay, based on existing literature (Kim, 2020).
Level of Service (LOS)

Level of Service (LOS) is a congestion measure defined by the (Manual, 2016). The measure
categorizes the performance of a transportation facility into six letter grades (A to F),
considering factors such as speed, density, and delay. LOS is a widely accepted measure
among transportation planners and researchers in assessing roadway congestion (Chester,
2013). However, the limitation of LOS is that it does not take road users' perceptions into

account.
Volume-to-Capacity (V/C) Ratio

The VIC ratio is another congestion measure used to compare the demand (volume) to the
available supply (capacity) in a transportation system (Gonzales, 2017). A V/C ratio greater
than one signifies that a roadway is oversaturated, leading to higher congestion levels (H.
N. Koutsopoulos, 2008). However, like LOS, the V/C ratio may not always accurately
reflect users' experiences due to its static approach and assumption of equilibrium in travel
demand (Henderson, 2019).

Travel Time

As a congestion measure, travel time is a direct indicator of mobility, reflecting the time
required by road users to traverse a specific distance (D. Erath, 2018). Using travel time
data can provide insights into congestion patterns and help prioritize transportation
improvements (Jin, 2018). While travel time is an essential measure, it is dependent on
various data sources like GPS data and manual field surveys, affecting its accuracy and
reliability (Zheng, 2016).

Travel speed

Travel speed refers to the rate at which a person or vehicle moves from one point to another
while covering a distance. It is usually measured in units of distance per time, such as

kilometers per hour (km/h), miles per hour (mph), or meters per second (m/s). Travel speed
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helps determine the time it takes to reach a destination and plays a significant role in

transportation planning, route optimization, and traffic management (Baiocchi, 2021).

The World Health Organization (WHO) has published a set of global speed

recommendations. For urban roads, speed limits of 30-40 km/h (19-25 mph) are suggested,

while limits of 50 km/h (31 mph) are suitable for non-urban arterial roads, and 80-100 km/h
(50-62 mph) for highways (Organization, 2021).

2.1.14. Summary of literature review

Table 2.4: Literature Review

Title of the paper

Description

Solé-Ribalta, A., Gomez, et al.
(2016). A model to identify urban
traffic congestion hotspots
in complex networks

The study proposes an idealized model, based on the
critical phenomena arising in complex networks, that
allows to analytical predict congestion hotspots in urban
environments.

Nijkamp, P., & Blaas, E. W.
(2012). Transportation analysis for
transportation planning

This paper presents an estimation of the amount of traffic
associated with the planned land use allocation, the options
of travel modes, the alternative routes, and the required
roadway features to support the estimated traffic volume
for travel demand.

Tripathi, J. P., & Garg, D. G.
(2010) Algorithm for detection of
hot spots of
traffic through analysis of Gps data

This report presents the method of detecting these areas,
which we call ‘Hot-Spots’ in terms of road traffic, and
analyses the impact of these ‘Hot-Spots’ on traffic, both in
terms of time and space. In the report, we present
algorithms for the detection of the ‘Hot-Spots’, based on
the speed of the probe vehicle and clustering (Fuzzy c-
means algorithm) algorithm.

Yao, L. et al. (2008). Trip
Generation Model Based on
Destination Attractiveness

This paper gives a method for calculating the trip
efficiency
and the effect of traffic zones combined with a destination
selection model based on disaggregate theory for a trip
generation.

Jain, V., Sharma, A. et al (2012,
March) Road Traffic Congestion in
the Developing World

In this paper, we first present a simple automated image
processing mechanism for detecting the congestion levels
in road traffic by processing CCTV camera image feeds.
Our algorithm is specifically designed for noisy traffic
feeds with poor image quality.

Pulugurtha, S. S. et al. (2013).
Traffic analysis zone level crash
estimation models based on land use
characteristics

The objective of this paper is to develop crash estimation
models at the traffic analysis zone (TAZ) level as a
function of land use characteristics.
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Barroso, J. M. F., Albuquerque-
Oliveira, J. L. et al (2020).
Correlation analysis of day-to-day
origin-destination flows and traffic
volumes in urban networks

This study analyzed the autocorrelation of a set of day-to-
day series of traffic volumes and OD flows generated from
a large collection of traffic sensors, identifying the data’s
correlation structure over different locations and OD pairs
in an urban network.

Mei, B. (2002). Development of
trip generation models of hurricane
evacuation.

In this study, alternative trip generation models for
hurricane evacuation movement were developed using
logistic regression and neural networks. The southwest
Louisiana post-Andrew survey data were used for model
estimation, validation, and comparison.

Ibrahim—Adedeji, K. B. (2014).
Traffic Demands and Delays on
Lagos - Ikorodu Road in Nigeria

This survey assesses the nature of passengers’ traffic
demands and delays to identify its effects on the users of
Lagos Ikorodu Road.

Harriet, T., Poku, K., et al.
(2013). An Assessment of Traffic

This study attempts to assess the extent to which
congestion affects worker productivity. The study focuses
on the transportation system in Kumasi Metropolis, Ghana.

Congestion and Its Effect on
Productivity in Urban Ghana

Source: Own computation 2015, E.C.
2.2. Empirical Literature Review

Previous work has been done related to traffic congestion hot spot area analysis by analyzing
the nature of population and land use characteristics for mitigation of traffic congestion.
Some research has been conducted in the analysis of congestion in link and segment levels
of traffic networks. Moreover, this trip production-attraction model and origin-destination
analysis of trips have also been performed in prior studies for the analysis of traffic
congestion by estimating the volume of traffic in the analysis zone. Traffic analysis zone for
congestion study is performed in some research like level of crash estimation in traffic
analysis zone. They develop a model of traffic to increase the efficiency of traffic
management for the transportation sector. In this study, we have divided the study area into
traffic analysis zone which is surrounded by the transportation system, assigned other trip
source area, and assessed traveler characteristics in addition to population and land use
characteristics. The trip production-attraction model of this research address this assignment
and assessment, so the motivation of the study is just to see the limitation of the previous
work and theoretical gap and then develop an effective model for the traffic demand of travel

for the study area.
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Table 2.5: Summary of Related Work and their research gap

Research Gap

The traffic demand study is limited
to the Ikorodu Road section, which is
a link-based analysis. This is just
concerned with  the  segment
network's traffic flow. It does not
conduct origin-destination analysis.

This model is based on population
profiles and land use kinds. This
computation may contain
inaccuracies since it does not
account for other crucial elements
influencing people's travel habits.
Trip source areas are limited to
residential areas only.

The behavior of each traveler was
studied instead of the characteristics
of the traffic zone population and
land use. But still lack assigning
multi-trip source areas.

This assessment only focused on the
effect of traffic congestion on worker
productivity. But it does not consider
the cause for the delay of workers
which means land use characters,
travelers, and the nature of the path.
Work zone analysis in the metropolis
is also not analyzed which is usually
located in the CBD of the city.

Author Title Method
Ibrahim— | Traffic Traffic count and
Adedeji, K. | Demands and | interview of
B, (2014) | Delays on | passengers on the
Lagos - | selected junction
Ikorodu Road | on the network
in Nigeria
(Engineers, | Case Study For | Assign several
2003). Estimation of | workers to trip
Trip attraction zone,
Production and | Airports, and light
Trip Attraction | industrial facilities.
in Boone
County
YAO Liya, | Trip A method of trip
GUAN Generation efficiency
Hongzhi et | Model Based | and destination
al. (2008) | on Destination | selection  model
Attractiveness | based on
disaggregate
theory for
trip generation.
Takyi An Assessment | The study
Harriet, of Traffic | adopted a survey
Kofi Poku | Congestion and | strategy on five
et al. | Its Effect on | major road links in
(2013) Productivity in | the metropolis.
Urban Ghana
Srinivas S. | Traffic analysis | Socio-economic
Pulugurtha | zone level | characteristics and
a et al |crash trip generation and
(2013) estimation attraction model as
models based | traffic indicator for
on land use | the level of crash
characteristics | analysis in TAZ

This survey lacks some other
considerations for driving behavior
difference and the difference in
vehicles’ accelerations between the
moving state and the starting state
are not taken into account at the
model level.

Source: Own computation 2015, E.C.

The primary gap identified in the review shows that the majority of traffic demand studies

concentrate on a single road section by analyzing traffic flow within the segment network,

without taking into account origin-destination analysis and household travel behavior. The

traffic model, which is based on population profiles and types of land use, may include
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inaccuracies because it does not consider other factors that influence travel habits. However,
these studies used a unique approach to analyzing traffic congestion by utilizing detailed
transportation analysis starting with a trip analysis of people and their origin-destination and
household travel survey analysis by utilizing one of the four-step travel demand analysis,
which is the trip production and attraction model. This review aids in gaining a deeper

understanding of traffic congestion and traffic demand assessment.

2.3. Conceptual Framework for Travel Demand Model

Independent variable

—l Household number }"-

Dependent variable

—{  Private car ownership | | Private car demand)

1
777777 A,

_| Income level | —_— |Trafficdemand I—E—)”Parkingdemand |

Number of worker per | — : | :,ITraveIdemand |
— household __. Traffic Congestion : |

J l

Quantitative Data collection for | |Travel time delay |

individual independent Variable, l
—I Surveying I | Delay from work |
—I Interview I ----------------------------
—I Questionnaire |

J R

Quantitative Data analysis for
collected data

Identify
Congestion hotspot

| Descriptive statistical tool
| Forcast travel

demand in the city

i

[ Analysis of relationship | |
; I

Figure 2.3: Conceptual Framework for Travel Demand Model Analysis
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CHAPTER THREE
3. DESCRIPTION OF THE STUDY AREA AND RESEARCH METHODS

The purpose of the research is to identify the congestion hotspot area by measuring the level
of congestion in the majorly selected traffic routes in the analysis zone and conducting a
travel (transportation) demand analysis model to estimate the volume of trips generated in
the study area and to estimate the volume of vehicular traffic on the selected routes. Traffic
congestion in the area is due to the increase in private vehicle motorization and the enormous
demand for transportation and private car demand. The problem that arises from the
incompatible organization of land uses, unsystematic growth, illegal parking, unbalanced
traffic demand, and existing route capacity, and rapid urbanization has brought increasing

travel demands and preferences for using private vehicles.
3.1. Description of the Study Area

3.1.1. Location of the study area

Adama, also known as Nazret or Nazareth, is a city in central Ethiopia. It is located in the
Oromia region, about 100 kilometers southeast of the capital, Addis Ababa. Adama is the
administrative center of the East Shewa Zone and is a major transportation and economic
hub for the region. It has an Elevation, Adama is at an elevation of approximately 1,713

meters (5,620 feet) above sea level.

Adama City, which was officially established as a transportation hub along the Addis
Ababa-Djibouti railway, has economic ties with various regions and municipalities. Djibouti
port is a destination for agricultural supplies, manufacturing, and commercial items. Arsi,
Bale, and Borana contribute grain and animals to the city, while Kereyu and Afar are the
key suppliers of natural resources (fuel wood, charcoal). According to the 2015 Census, the
estimated overall population is 324,000. Adama's economy was built on hospitality and the
Eth-Djibouti port transit infrastructure. Hospitality and Eth-Djibouti transportation are
becoming back bone of Adama economy, it is a hub of several congress in the town from
Addis Ababa and other part of the country. Despite its recent rapid expansion, Adama's
urbanization is moving toward the rural region, and the city has numerous industrial zones

in comparison to other cities.
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Figure 3.1: Location Map of Study Area

3.1.2. Physical environment

e Topography

The topography of Adama is fairly flat with slight undulations. The area is composed mainly
of plains with occasional hills and mountains in the surrounding regions. To the west, the
landscape rises to the Ethiopian Highlands which are part of the Great Rift Valley system.
Adama has a geographical wide area of approximately 29.86 square kilometers (11.53
square miles). Adama has an elevation of approximately 1,712 meters (5,617 feet) above
sea level. Adama lies alongside the Awash River, which provides essential water resources
for agriculture and human consumption.
e Climate

Adama has a tropical savanna climate with a pronounced wet and dry season. The hot and
wet season runs from June to September, while the drier season spans from October to May.
The average annual temperature in Adama is around 18.5°C (65.3°F), with average monthly
highs ranging from 25-27°C (77-80°F) and lows of 11-15°C (52-60°F).

The natural vegetation surrounding Adama mainly consists of mixed savanna grasslands

and scattered acacia trees.
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3.1.3. Socioeconomic conditions

e Population

Adama has a population size of around 300,000 to 400,000 people according to the 2015
census, it ranks among the most populous cities in the country. The city is an important

commercial, transport, and industrial center.

The population density of Adama, Ethiopia, according to the 2007 census, the city had a
population of approximately 220,000 people. The area of Adama is roughly 29.86 square
kilometers. Based on this data, the population density would be approximately 7,366 people
per square Kilometer.

e Economic activity

Adama serves as a major hub for transportation and trade, and its economy largely revolves
around commerce and industry. There has been significant investment in infrastructure in
recent years, including the development of the Eth-Djibouti Railway which passes through

the city, thereby enhancing the city's connectivity and economic importance within Ethiopia.

The economic activity in Adama is driven by a mix of agriculture, manufacturing, trade and
commerce, and the service(hospitality) industry. Its strategic location and proximity to

Addis Ababa further strengthen its economic growth and development prospects.

e Administrative condition
Adama serves as the capital of the East Shewa Zone and is a key administrative center. It
has 6 sub-cities' administrative centers with sub kebele or woreda. The administrative
condition of Adama involves governing affairs related to urban planning, provision of public
services, infrastructure development, and management of public utilities. It operates under
the jurisdiction of the Adama City Administration, which is accountable for the overall

administration and policy direction in the city.
3.2. Research Methods

3.2.1. Approach and research design

The study employed a quantitative and qualitative research approach. quantitative
approaches aim to collect and organize relevant data which are number based that help to
answer the research question and to address the objective of the study. These studies assess

the condition of the issue by conducting a stepwise data collection process quantitatively.
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The research focused on a quantitative approach that is deductive and begins with theory to
realize a world scenario about the subject. In this study, statistical data is relevant, which
describes the objective of the study. This research approach clearly describes the quantity
of the household characterstics that is the cause of the increase in the traffic congestion.
Although, qualitative data from the questionnaire were also used to determine whether the
congestion in the center of Adama city is significant or not, select routes, and assess other

related parameters.

The research design consists of the following process, evaluating the overall travel behavior
of households within the study area. This involves examining various aspects of traveler
behavior, including residential location, trip origin, trip destination, mode of transportation,
departure and arrival times, and chosen travel routes, as illustrated in Figure 3.2. A single-
method (quantitative) research approach was employed to quickly analyze the issue's status.
To gather relevant data for the study, the researchers utilized an objective data collection

method and strategy.

Study area Zone 1 ‘ Travel mode used ‘
—>
l Zone 2 l
Zone 3 .

TAZ Zone 4 ‘ Travel route choice ‘
Location  of Trip origin area Distance travel and
residence 1 time to cover distance

! Departure and

‘ Gurmmu kebele }— Arrival time Trip destination area ‘

Figure 3.2: Workflow for Evaluation of Household Trip Behavior

3.2.2. Data type and source

The study was focused on primary and secondary sources of data. Primary sources of data
necessarily require an on-site survey of the problem or issue to obtain accurate information
about the real-study area phenomena. Secondary data, such as census data and data from the
sub-city that are relevant to the study were collected. To collect data wisely, the necessary
method and technique had been established. For example, survey data was obtained by

distributing formal questionnaire paper for representative households to obtain information
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about their trip behavior and obtaining the population number of the study area from the

census.

The necessary data for each objective of the study are categorized as follows: For the first
objective, information on traffic volume on the selected route of the TAZ is needed. The
second objective requires data on the origin-destination trips of people, as well as the
locations of their residences and the purpose of their trips. For the third objective, essential
data includes household travel patterns, times of day for travel, modes of transportation, trip
purposes, and origin-destination information. Lastly, the fourth objective relies on data
related to congestion level in the selected network. These are the primary data types used

and required by this research.
The primary source of data

Data for traffic congestion assessment and travel demand analysis, such as population
characteristics, land use data, traffic volume, travel time data, and the TAZ component (trip
production and attraction) for the year 2015 EC, were obtained through surveying,
interviews, and questionnaires in the study area. Traffic volume data at the selected route is
used to detect hotspot areas of vehicle volume. Origin-destination analysis data in the TAZ
that help link level volume calculation were conducted, which raise a question such as,
where is the source of origin (land use), destination node, and work zone (attraction) in
TAZ? In this study, trip production and attractiveness of a traffic analysis zone were used
as traffic indicators for modeling purposes of traffic.

The secondary source of data

Population data, land use, number of vehicles and Traffic data from the transportation office,
and census data which are counted and surveyed at a particular period were collected from
the Aba Gada sub-city. These were used as input for traffic volume study in the area of
research, this is based on population number and variety of activity of land use character.
Examples Map data like the boundary of the study area, code of land use, percentage of land
use classification, street network number, name of selected routes, and socio-economic data

of the area.

Study population

The study area population size and the number of households were determined from census

data and the household survey. According to the 2015 census, the total population of study
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woreda, Aba Gada sub-city-Gurmmu Kebele is 12,214. The total number of households in
Gurmmu Kebele is 1,492 and the median family size is 4-5 and most of their work zones
are located in downtown. The household that lives in Gurmmu Kebele, Aba Gada sub-city
is the representative target of this study. Especially People who work in the central business
district of the city, and private vehicle owners that regularly commute by using the selected
network in TAZ are the representative target of this research. The representative target of
this study is households which gives information regarding travel patterns. Households,
private vehicle owners, and public transport users in this study are sample frames that

represent all elements in the target population.

Sample size

The researcher chooses Aba Gada Sub City, located in the center of Adama. Aba Gada Sub
City consists of four kebele: Badahatu, Gadaa, Gurmmu, and Odaa. The researcher further
selects Gurmmu kebele, which is divided into four zones. From these zones, a representative
target is randomly selected based on their geographical location to form a sample size within
the stratum (zone). According to Neyman, J. (1934), the method of stratified sampling
principle was used for sample size determination. A stratified random sampling technique

was used to get representative targets. The following diagram illustrates the method of

Study Area

A 4

‘ Traffic analysis zone (TAZ) in CBD ‘

L

‘ Aba Gada Sub-city, Gurmmu kebele in TAZ ‘ Geographical

sub-groups
J’ l l Representative
‘ Zone 2 ‘ ‘ Zone 3 ‘ ‘ Zone 4 ‘—> household

Figure 3.3: Sample Determination of Representative Target by Stratifying Study Area to Zone.

stratification in the study area.

Based on Neyman, J. (1934) Sample size determination for stratified sampling, samples

were chosen from Gurmmu kebele from each stratum or zone by the following formula.

n-h = (N-h/ N) * n- e (3)
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where:

n-h = Number of households to be chosen from stratum (zone) h
N-h = Number of population in stratum h

N = Total number of population

n = Total number of households to be chosen in the sample

The researcher aims to get a total of 70 representative samples from each target group of
households, private car owners, and public transport users in Gurmmu Keble which became
a total of 210 sample sizes from a population of 12,214 which is from each stratum (zone).

Sample for zone 1= (N-zone 1/ N) * n= (2,565/12214) *70=15
Sample for zone 2= (N-zone 2/N) *n= (4,275/12214) *70=24
Sample for zone 3= (N-zone 3/N) *n= (2,443/12214) *70=14
Sample for zone 4= (N-zone 4/N) *n= (2,931/12214) *70=17
Finally, the sample size of=15+24+14+17=70, For each target group.

In this situation, the number 70 is the desired total number of representative samples that
the researcher wants to obtain from each target group of households, private car owners, and
public transport users in Gurmmu Keble. This number was likely chosen by the researcher
based on their judgment considering the population size, resource constraints, or desired

level of precision for the study.

The researcher intends to collect a total of 210 sample sizes, with each of the three target
groups providing 70 samples. In order to achieve this, the researcher uses a stratified
sampling method and the formula mentioned above. This ensures that the samples are
proportionally representative of the population across the different zones (strata) in Gurmmu
Keble. The samples from each zone are calculated using the provided formula and then
summed up to obtain a total of 70 for each target group with a total of 210 sample sizes.

Sampling technique
Stratified random sampling techniques were used to get the sample size. This technique was
used by dividing the population into geographical locations, or strata. It involves random

selection from each stratum (zone) proportionately, allowing you to make strong statistical
inferences about the whole group. Taking a sample from a sample frame of households
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(especially workers), private car owners, and public transport service users to gain relevant
data.

3.2.3. Method of data analysis

Quantitative data analysis techniques were employed to address the study's objective as

follows:

The traffic volume and movement pattern in Adama City were investigated using a Data
analysis method of descriptive Statistics and network analysis. The cordon count of traffic
data was collected at different routes and road sections in Adama City. Descriptive statistics
such as mean, median, and range were used to summarize traffic volume data. GIS software
was used to create a traffic flow map that visualized movement patterns and identified trends
and patterns in traffic volume during different times of the day and week. Divided the city
center into different traffic analysis zones based on movement patterns.

The origin-destination pattern of people's trips in the study area was analyzed using a data
Analysis Method of Survey Data Analysis and Matrix Analysis. Household travel surveys
were conducted to collect origin-destination data for individual trips. The data was
organized in an origin-destination matrix, with rows representing origins and columns
representing destinations. The matrix was analyzed to identify patterns and trends in trip

distribution.

The study area's travel demand was estimated using a travel demand model, which was
developed through a data analysis method of relationship analysis and travel demand
modeling. To create this model, variables such as land use, population, employment, and

infrastructure were used.

Traffic congestion hot spots were identified by measuring the level of congestion in a
selected network of traffic analysis zones, using a data analysis method of traffic flow
analysis and LOS analysis. This involved measuring traffic flow at various points in the
selected network using cordon counts of traffic at each selected route, calculating a
congestion index based on the ratio of traffic volume to the capacity of the road, and
identifying sections of the network with a high congestion index as traffic congestion hot
spots. GIS software was used to visualize the locations and severity of the identified hot
spots on a map. In general, the study employed Excel software to present the graphical and

tabular representations of the results.

3.2.4. Method of data collection
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Quantitative data collection was employed for a primary source of data as follows:

To address the specific objective of the inquiry and to answer the question, data has been
collected from primary and secondary sources. For the collection of the primary source of
data, the recommended technique and steps have been followed to minimize inquiries.

The primary data were collected using the following techniques; Surveys, Questionnaires,
Manual traffic volume counts, Interviews, Manual travel time measures, Cordon count

(cordon point traffic count survey), and photography for vehicle count.

Questionnaires were distributed randomly to road users (workers in the household member,
private car owners, and public transport users) to gather information on the perception of
road users about the traffic congestion level and severity especially in peak hour movement
of people at major select routes or corridor in the CBD area. The questionnaire response
helps to determine possible causes of congestion and to identify the most congested six

routes in the central business district transport network.

The cordon count is a method of counting traffic volume manually on the field. For this
research cordon counts were used for traffic volume count on the major selected routes in
the traffic analysis zone by locating collection points on these routes (refer to Figure 3.6
below). Traffic volume counts, travel time and speed data were gathered manually for the
analysis zone. These measurements were obtained using a stopwatch and field survey sheet
operated by a driver and a recorder, the researcher also documented the information by pen

and paper method.

Household travel surveys by questionnaire, and household interviews survey were used for
the survey of household characteristics, trip details, and origin-destination for both public
transport and private vehicles movement was conducted in the traffic analysis zone to

investigate their travel behavior.

The secondary data which are; household numbers, the total population of the study zone
(Gurmmu kebele), and the employment status of households are obtained from the Aba
Gada sub-city. The reason that the researcher choose Aba Gadaa sub-city is because it is
located in the central business district area. The resident in this sub-city access all the
selected routes. The total number of the vehicle is obtained from the city transportation

sector.
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Survey design

Surveying for primary data collection to address the objective and answer the question,
surveying the study area was conducted for the level of service analysis, origin-destination
analysis, and household travel survey. To acquire necessary information, define the study
area, divide the area into TAZ, TAZ to a zone of residents, and discuss the characteristics
of households and their trip pattern in TAZ.

The exterior cordon, often known as the cordon line, defines the study area's
boundaries.

Study area

-

Traffic analysis zone (the smallest
unit of transportation analysis

Figure 3.4: Study Area to Traffic Analysis Zone
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Figure 3.5: Traffic Analysis Zone of the Study Area (a) and Cordon line Survey of
the Study Area (b).
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The large point in Figure 3.5 (a) in the center of the city indicates the roundabout
around the post office in downtown Adama City. A total of four nodes and six-

segment are available in the TAZ

Zones, particularly traffic analysis zones, should correspond to other administrative
divisions. Zones should have homogeneous characteristics, especially in land use.
Population etc. Once the study area is defined, it is then divided into some small units
called traffic analysis zones (TAZ) or simply zones. As you can see in Figure 3.4 the study

area is divided into four traffic analysis zone.

3.2.5. Traffic volume surveys

Traffic volumes were inventoried on all selected major routes by manual field surveys.

The Required traffic surveys are described in Table 3.1 as follows.

Table 3.1: Survey Items for Traffic Volume Surveys

Survey method Description

Cordon Survey A cordon survey is a manual field traffic count survey on a
major cordon line or point that shows the volume of traffic

entering or departing a target area or a city center.

Survey of route movement Measures vehicular movements at selected routes during the

morning, midday, and evening peak hours.

Conduct travel speed and time surveys on main corridors in
Travel Speed and Time Survey TAZ refer to Figure 3-5 above and strategically important

measure roads to assess the efficiency of the road network at both

peak and off-peak times.

Level of service of the existing Levels of congestion or quality of traffic flow were checked

transportation system by measuring the LOS of the selected route.

Source: Own computation 2015, E.C.

Description of traffic analysis zone or central business district (CBD) cordon count

A cordon survey is a traffic count survey on a major cordon line (point) that shows the
volume of traffic entering or departing a target area or Adama city center. This central
business district cordon count is done manually on the field to count the mobility inside and
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outside the CBD. This data involves both volumes by different modes of transportation. It
is an important performance metric used to monitor changes to travel in to and out of the
city’s downtown. The field data was collected manually at the selected location (refer to
Figure 3.6 below), it was involving 15-minute time interval recording by pen and paper
counting method at peak hours (morning peak, midday peak, and evening peak) for 6 days
with five other data collectors. Since Sunday is not a working day and few individuals
commute to work on this day, it was not included in the data collection for the five regular
working days from Monday to Friday and Saturday from non-working days. The focus of
the traffic count is primarily on weekdays. Pedestrian walking has changed to a vehicle-by-
vehicle occupancy rate of people per vehicle (Gan, 2005).

The cordon count traffic volume survey on six major selected routes in TAZ is discussed in
chapter four and the recorded row data can be found in the attached Appendix A.

This cordon count is focused on the major travel mode of travelers (Automobile, Mini-bus,
Bajaj, public bus, other 4WD, and walking). The tabular data presentation about the traffic
volume on the selected major route named; Nuho Gobena Street, Abebe Bikila Street, Mamo
Mazamir Street, Jira Aba Gada Street, Auraro Street, and Aba Jifar Road which are the main
link leads from neighborhood to the center of the city from the different area were

summarized by the percentage of the user for each mode.

The city of Adama Adama Downtown cordon count collection point

Cordon collection point
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Figure 3.6: Adama Town Central Business District Cordon Count Collection Point
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Description of the level of service of a major selected network of the study area

Level of Service (LOS) is a measure of congestion levels on major traffic routes. LOS data
is collected by examining traffic flow quality in specific analysis regions. This information
is gathered through cordon counts of total traffic volume on selected routes, as shown in

Table 3.2. This data helps identify hot spots of congestion.

Table 3.2: Major Selected Segments of the Analysis Zone for LOS Analysis

Segment Name of the route
From Franco to Posta bet (segment-1) Nuho Gobena Street
From Tikur Abayi to Posta bet ( Segment -2) Mamo Mazamir Street
From mebrat hail to Posta bet (Segment-3) Derartu Tulu Street
From A.A Meneharia to Posta bet (Segment -4) Abebe Bikila street
From Amede Gebeya to Posta bet (Segment -5) Jara Aba Gada street
From Abebech Gobena Street to Posta Bet (segment 6) Aba Jifar Street

Source: Own computation 2015, E.C.

Description of the selected routes in the traffic analysis zone of the study area

A route in a Traffic Analysis Zone (TAZ) is a road or pathway connecting different TAZs,
which are used for transportation planning and analysis. These routes help analyze travel
patterns, demands, and various scenarios related to congestion, safety, and efficiency. The
major selected routes are found in the central business district of Adama, as listed in Table

3.3 below.

Table 3.3: Name of Major Selected Route in Downtown the City and its Rank of

Congestion
No | Name of route Level of congestion (rank)
1 From Franco to Posta bet (Nuho Gobena Street) 1st
2 From Tikur Abayi to Posta bet (Mamo Mazamir Street) 2nd
3 From mebrat hail to Posta bet (Derartu Tulu Street) 3rd
4 From Peacock Meneharia to Posta Bet ( Abebe Bikila Street) | 4th
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5 From Amede Gebeya to Posta bet (Jara Aba Gada street) 5th

6 From Abebech Gobena Street to Posta bet (Aba Jifar Street) | 6th

Source: Respondent survey

The congestion ranks of the major selected six routes in Table 3.3 were based on the road

user experience through a questionnaire in the study zone.

The study focuses on understanding road user perceptions of traffic congestion and
determining major route selections. This is done through questionnaires distributed to daily
commuters to the CBD, who provide information about road conditions and rank routes
based on their experiences. The gathered data represents users' perceptions, transportation
dependencies, and real-life experiences on the roads.

The primary motivation for inviting the populations to participate in the study is because the
definition of traffic congestion is largely dependent on the interpretation of individual road
users (Lomax, 1997). According to the report by Lomax et al. (1997) the extent of traffic
congestion relies heavily on the perceptions of various road users. With this in mind, the
researcher sought to examine the viewpoints of different road users through the use of

questionnaires.

The study analyzes movement at key routes in the area by examining the behavior of these
routes. Data was collected by assessing traffic on major selected routes within the traffic
analysis zone. Surveys were conducted at peak hours to accurately capture the mobility

patterns of people.

Description of the route from Franco to Posta Bet, the most congested route in the CBD,
based on respondent value, is the Franco to Posta Bet route. This 1.5-kilometer route goes
through a busy roundabout near the city center, connecting several roads. The Posta Bet
area, 250 meters from the roundabout, is a bustling hub for shops, services, and government
institutions. Expect heavy traffic and possible delays during peak hours or public holidays.
Figure 3.7 provides a plain view of the route.
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Figure 3.7 Route from Franco to Posta bet

Description of the route from Tikur Abayi to Posta bet, this route ranks as the second most
congested route on the main road leading to Assela. During peak periods, traffic flow on
this route becomes significantly congested. Bajaj vehicles are prevalent along this route, as
well as a higher presence of 4WD trucks than on other routes. The traffic density increases

during peak hours, consisting of a mix of private vehicles, buses, and pedestrians. A plain

* ;
SIS o Untitled Path
A ) Untitled Polygon
1 = % - i
¥ .

view of the route is shown in Figure 3.8 below.

Figure 3.8: Route from Tikur Abayi to Posta bet
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Description of a route from mebrat hail to Posta Bet (Derartu Tulu Street), this route is
moderately busy, as it connects residential areas with commercial establishments like the
Post Office (Posta Bet) in Adama. Traffic volume can vary depending on the time of the
day, with peak hours being more congested as people travel to and from work or school. the
traffic movement of the route is low as compared with the first two. The route is the third
congested one according to the questionnaire result. A plain view of the intersections is

shown in Figure 3.9.
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Description of the route from Peacock Meneharia to Posta Bet (Abebe Bikila Street). It is
the fourth congested route and it is the narrow and one-way lane. Bajaj is the common mode
of transportation on this route. At peak hour mobility traffic volume reaches higher and
several Bajaj are observed crowding on the route. A plain view of the route is shown in
Figure 3.10.
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Figure 3.10: Route from Peacock Meneharia to Posta Bet (Abebe Bikila Street)

Description of the route from Amede Gebeya to Posta Bet (Jara Aba Gada Street). This route
is the fifth congested route based on the field traffic volume count and respondent rank.
Traffic volume on this route is moderate compared with the above route. It is a two-way
road with moderate peak-hour traffic movement. A plain view of the route is shown in
Figure 3.11.
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Figure 3.11: Route from Amede Gebeya to Posta bet (Jara Aba Gada Street)

Travel Time and Speed Survey

Travel speed and time were conducted on the main corridor of the traffic analysis zone to
check the efficiency of the road and the quality of traffic flow based on travel time and
speed. The data collector has set significant initial point on the selected route and destination
street with the help of the driver who drive the vehicle and the other two people for
stopwatch control to measure the travel time and speed by traveling from the initial area to
the destination place in peak hour and off-peak hour.

Data was recorded using a pen and paper and electronic devices like smartphones. A
stopwatch was started when the chosen vehicle passed the starting point to measure travel
time and speed. The collected data was then analyzed to determine average travel times and
speeds for the chosen routes. The names and distances of the major selected routes are listed
in Table 3.4.
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Table 3.4: Major Corridors and their Length

Name of major Corridor From street To street Length in (m)
Nuho Gobena Franco Posta bet 1,110

Abebe Bikila Peacock Meneharia Posta bet 1,170

Mamo Mazamir Tikur abayi Posta bet 1,660

Jara Aba Gada Posta bet Amede Gebeya 1,110

Derartu Tulu Posta bet Mebrat hail 600

Aba Jifar Abebech Gobena Posta bet 900

Source: An open street map

The recorded data for each route in weekday travel are collected both in peak hour and off-
peak hour traffic movement to identify long travel time routes with low travel speed this
implies that the route having short distances with high travel time indicates there is delay or
congestion on that route. The travel time and speed recorded data in typical weekday travel

(i.e. Tuesday, Wednesday, and Thursday) are attached in Appendix- B.

To perform a travel time and speed analysis, the researcher initially chose a single route
with the highest traffic volume. Specifically, the researcher selects the route from Franco to
Posta, which is situated on a major highway with the greatest number of large mini-busses.

Subsequently, data collection was carried out using the pen and paper technique.

The stopwatch and pen-to-paper recording technique is repeatedly done in another field by
resetting the stopwatch. These processes are conducted to the whole process until the major
corridor data are collected at the site. This data collection has been conducted for three days
due to the insufficiency of time and budget. The travel time and travel speed on each selected
route are collected during the morning, midday, and evening peak periods on “typical

weekdays” (i.e. Tuesdays, Wednesdays, and Thursdays)

3.2.6. Origin-destination (0-d) survey

O-D surveys to establish travel patterns (where people are moving to/from) were carried
out by questionnaire for households and by household interview survey. The results of
these surveys were used to develop O-D matrices. Household and roadside O-D surveys
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were conducted and the result is presented in chapter four. Table 3.5 summarizes the

characteristics of these surveys.

Table 3.5: Description of Origin-Destination Survey

Household O-D Travel Survey

Roadside O-D Travel Survey

Aba Gada Sub-city.

Objective To identify the travel activities of | To clarify the travel movements
residents. between locations outside and
inside the study area.
Method and | Questionnaire and Interview survey | Interview sample of workers on
technique of sampled household target roads.
Survey Area Aba Gada sub-city, Gurmmu kebele | On a major selected route (the same
in TAZ target area. as the cordon line traffic count
survey).
Zoning Four survey zone in Gurmmu kebele | Zoning should be consistent with

that in the household O-D survey.

Questionnaire

Forms

Ask household members (workers)

through the distributed

Formal  written  questionnaire

interview for transport users.

guestionnaire.

Source: Own computation 2015, E.C.

Origin-destination survey is the classic method of obtaining transportation trip data
(chapleau, Trepanier et al. 1996). The household origin-destination trip data were collected
by questionnaire from representative households in the study area. The questionnaire is
mainly focused on a worker in member of a household who is regularly commuting to the

CBD and private vehicle owners who frequently use the selected route.

For this research trips have been classified for analysis according to the following general
pattern concerning the “linked trip” origin and destination; Within a traffic analysis zone, to
an adjoining zone, to the industrial park at the edge, To a university, college, and high school

out of the traffic analysis zone and other areas.

3.2.7. Transport demand surveys
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Traffic demand data such as origin-destination (O-D) and household travel data are

essential for urban transport analysis. The following surveys were carried out.

Information such as population, travel behavior, and employment distribution is
essential in transport demand modeling. This type of information relates to the travel

pattern of households in the study area. The following data (Table 3.6) were collected.

Table 3.6: Survey item for Transport Demand data

Survey ltems Description
Population and Socio- Collect population and socio-economic indices in traffic analysis
economic Conditions zone. Data such as household number, household income,

automobile ownership, family size, and the number of workers per

household.

Household Travel surveys | Origin-to-destination travel survey at households and traffic data
from cordon lines. The direction of travel, the destination, the trip

purpose, and the cost of the travel.

Land use inventory Residential density; shopping, business, or trade establishments;
institutional; transportation service (bus station and node, which is
the trip end) establishments in commercial and industrial zones;

This information is particularly useful for trip-generation models.

Vehicle Ownership Collect vehicle ownership data for traffic analysis zone as above.
Survey
Travel demand analysis Trip generation and attraction analysis of traffic analysis zone

Source: Own computation 2015, E.C.

This transport demand analysis is conducted by questionnaire and household interview

survey responses from the respondent.

A household travel survey was conducted in downtown Adama's traffic analysis zone to
analyze household characteristics and travel patterns. The study assessed transportation
demand by evaluating demographics, trip data, and origin-destination information while
considering factors like income, trip purpose, and employment status. The main focus was

on residents living in the central business district. Data item in household travel survey in
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the study area traffic analysis zone was conducted by analyzing the basic variable of travel

nature and household characteristics and structure. This can be summarized in Table 3.7 as

follow.

Table 3.7: Household travel survey categorization

No

General Description of Travel Patterns and Trip | Travel

Rates

by different

Households

Types of

General Travel

Household Size

General Origin/Destination (O/D) Patterns

Household Income

Modes of Travel

Vehicle Ownership

Reasons for Travel: Trip Purpose

Household Structure

Travel Distance and Travel Times

Household number

| O B~ W N -

Time of Day and Other Variations in Travel

Number of workers per household

Source: Own computation 2015, E.C.

The study was conducted in a specific region of Gurmmu Kebeles which is part of Aba

Gadaa sub-city, which was divided into four Zones. Gurmmu kebele was chosen above other

kebele in this sub-city because it is close to the post office and on a significant route from

Mebrat haile to Posta Bet. This assists in locating persons who regularly use the selected

network in the CBD region during the weekday. Data collection took place by gathering

information from households located within the Gurmmu kebele. The sample size was

determined to meet statistical reliability, with a target of at least 210 households in the TAZ.

to achieve a margin of error of +/- 5 percent at a 90% confidence level for proportional

measures.

The secondary source of data, data regarding the household demography of the study area

was obtained from a secondary source provided by the relevant local authority sector in

the central Adama-Aba Gada sub-city, Gurmmu Kebele.

Table 3.8: Demography Information from Aba Gada sub-city

No Name of kebele | No. of Zone (ketena) | Household | Total population | No of block
for each kebele

1 Bedahatu 6 5,924 11846 22

2 Gada 7 2,045 18109 22

3 Gurmmu 4 1,492 12214 16

4 Odaa 6 1,890 17319 20
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Total

23 11,351

59,488 80

Source: Aba Gada sub-city in Adama town.

Table 3.9: Number of Households and total Population in Gurmmu Kebele, Aba Gada

Sub-city
Kebele-Gurmmu Number of households Total population Percentage
Zone 1 333 2,565 21%
Zone 2 522 4,275 35%
Zone 3 298 2,443 20%
Zone 4 358 2,931 24%
Total 1,492 12214 100%

Source: Aba Gada sub-city in Adama town.

Household vehicle ownership data were gathered through a questionnaire survey of 70

households in each zone within the TAZ. Significant variables affecting the proportion of

vehicle ownership included household size, income, travel mode, and household structure.

Moreover, vehicle ownership also influenced the results of the household travel survey.

3.2.8. Traffic movement survey

To complement the above surveys, the survey shown in Table 3.10 was conducted.

Table 3.10: Outline of Traffic Movement Survey

Public Transport Vehicle Movement

Private Vehicle Movement

Survey Survey
Objective To identify the travel movements of | To identify private vehicle
buses, school buses, and medium buses. | movements
Method and | Questionnaire and Interview survey of | Questionnaire survey of the
technique public transport vehicle users. privet car owners.

Questionnaire

Forms

Ask public transport users by written

questionnaire and oral interview.

Formal  questionnaire  for

private car ownership.

Sampling

A sample of 70 public bus users was

chosen.

A sampling of 70 private car

owners was chosen.

Source: Own computation 2015, E.C.
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Questionnaire

The questionnaires were simple and direct, was take the least amount of time, and were
place the least amount of burden on the respondent. The household survey has three major

sections: household characteristics, personal characteristics, and trip details.

Table 3.11: The basic Questionnaire for Data Collection about Household and Trips

Questionnaire

Household The number of members in the house; no. of employed people;
characteristics no. of unemployed people; age and sex of the members in the
house, etc.; some two-wheelers in the house; the number of
cycles; the number of cars in the house, etc.; house ownership;
and family income.

Personal Characteristics | Classify the household members (older than 5) according to
the following aspects: relation to the head of the household
(e.g., wife, son), sex, and age, possession of a driving license,
educational level, and activity.

Trip data Origin and destination, trip purpose, trip start and end times,
the mode used, walking distance, public-transport line, and
transfer station or bus stop (if applicable).

Source: Own computation 2015, E.C.
3.3. Ethical Consideration

The rights of study participants were protected by preserving scientific integrity and
increasing research validity. This research was to preserve the willingness and safety of
participants in case of delivery of the data. The individual's permission is necessary to carry
out the task. This research was not having a psychological or physical impact on society

while it is being carried out.

e Privacy and Confidentiality
Guaranteeing that information provided was unidentifiable by anybody other than the
researcher. Ensuring they were knowledgeable that if any of the information resulting from
the research is to be used for presentations or reports, all identifying information was
changed to maintain privacy and confidentiality.
Safety
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Eliminating any risk elements, ensuring safety was consistent over time and confirming that
the research was not harmful to participants, and certifying proper use of information.

e Autonomy
The researcher ensured that the participant’s contribution is completely voluntary and that
they may withdraw from the research at any time. From here there was no further collection
or analysis of data and all existing data was removed.

e Dignity
All participants have the freedom to make their own fully informed decisions.

All participants were treated with great respect.
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Figure 3.12: Methodological Framework of the study
The methodological framework for this research adopts a structured approach,
encompassing a set of principles, methods, and criteria employed by the researcher in
designing, conducting, and evaluating the research. This framework employs a flowchart to
offer a systematic method for assessing, analyzing, and interpreting information or data.
Utilized as a guiding model, this framework outlines the key components, such as research

questions, methods, techniques, and data analysis, that are employed in a specific study.
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CHAPTER FOUR
4. RESULT AND DISCUSSION

The analysis was carried out on major chosen routes within the traffic analysis zone and
Gurmmu kebele in the Aba Gada sub-city, which is part of the TAZ for household travel
surveys. The appropriate and most effective methods were applied for analyzing the
collected data. The findings from this analysis are presented and briefly discussed in the
following sections.

The questionnaire was distributed randomly to the representative households to evaluate the
level of travel(transportation) demand, and the existence of traffic congestion and to
examine their travel behavior by the road user experience in the traffic analysis zone. Out

of the distributed 210 questionnaires 95% of it was returned.
4.1. Respondents Demographic Features

Regarding the respondents’ demographic characteristics, Table 4.1 shows that majority of
the respondents are male representing 61.4% and the remaining 38.6% are female
respondents. Concerning the age structure of the respondents overwhelming share of them
are in adult and younger age, which consists 73.7% whereas very little portion of the

respondents (26.3%) are in the old age greater than 40 years.

Table 4.1: Questionnaire Respondents’ Profile

Number Percentage

Sex Male 129 61.4%
Female 81 38.6%
Total 210 100%

Age 15-20 19 9%

Distribution 20-30 52 24.7%
30-40 84 40%
40-50 31 14.7%
Above 50 24 11.4%
Total 210 100%

Source: Respondent survey
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4.2. Current Traffic Volume and Movement Pattern

4.2.1. Cordon count on major selected routes collection point

The cordon count traffic volume survey on six major selected routes in TAZ is discussed in

this section and the recorded row data were found in the attached Appendix A.

This cordon count result is presented in Table 4.2. Based on the data revealed in Table 4.2,
mini-buses have emerged as the primary mode of transportation for individuals entering and
exiting the central business district (CBD), accounting for approximately 76% of the travel
mode share. During the morning peak hours, the total traffic volume entering the CBD
within a 15-minute interval is higher, with around 1540 inbound vehicles. However, the
overall traffic movement, which includes both inbound and outbound traffic, is more
significant during the evening peak hours in the traffic analysis zone (TAZ) and the CBD.
There is a significant increase in the preference for automobile travel mode within and
around Adama's downtown area, with a percentage of 57.3%. This suggests a rising demand

for the use of private vehicles in the region.

Table 4.2: Modal Split Percentage of Travel Movement across all Selected Routes

Morning peak Midday peak Evening peak
Mode 1:30-3:30 6:00-8:00 10:30-12:30

Entering Departing | Entering Departing | Entering Departing
Minibus 76% 69.3% 67% 67.5% 75.8% 71.5%
Automobile | 57.3% 54% 37.4% 30% 58.3% 55%
Bajaj 51.8% 51.5% 46.8% 44% 54.5% 52%
Public bus | 8.4% 8% 5.5% 6.1% 9.8% 8.3%
Walking 35.8% 33% 34.5% 34.3% 37.3% 33.8%
Other 4WD | 38.8% 31.8% 46.6% 42% 38.2% 33%

Source: Manual field count (survey).

The percentage of each mode share was calculated from 100% for the listed mode across
each selected route at peak hours (morning, midday, and, evening).

Transportation Mode Usage (Modal Split) on CBD cordon count representing the
proportions of different modes employed by people going inbound and outbound to Adama's
CBD during peak travel hours are depicted in Figure 4.1 below. The figure, thus,
demonstrates the proportion of individuals utilizing various modes of transportation to and

from the downtown area. Mini-busses are the most popular choice, accounting for a
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significant 76% of primary transportation mode, while automobiles come in second place
with 57.3% mode share for traveling to Adama downtown during morning peak hours. Both
mini-buses and automobiles are the most commonly used modes of transportation in the
Central Business District (CBD) area, with a higher percentage of mode travel than other

options.

CBD Cordon Count Morning Peak Hour Modal Split Percentages CBD Cordon Count morning Peak Hour Modal Split Volumes -
—entering entering
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Percentage Mode of transport

Figure 4.1: CBD Cordon Count Morning Peak hour a) Modal Split Percentages — Inbound

and b) Volumes — Entering across all route

At the Morning peak hour, there is a large percentage of people are using minibuses and
automobiles to enter the CBD across all selected rout, so here traffic volume is dominated
by Minibus mode. Midday peak hour modal split -Exiting in the middle of the day during
rush hour, traffic is relatively moderate as compared to the morning and evening peak hours.
Numerous people leave downtown utilizing different modes of transportation. This increase
in activity is due to individuals taking lunch breaks, running errands, or simply traveling

around the area at this specific time.
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Figure 4.2: CBD Cordon Count Midday Peak Hour Modal Split a) Percentages — exiting

across all routes and b) volume — Exiting across all routes
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4.2.2. Result for the level of service of selected routes of the traffic analysis zone

The quality of traffic flow or level of congestion of the selected route (refer to figure 3.6)
was measured by the CBD cordon point location with the highest volume per mode of
transport. The overall volume of people traveling into and out of Adama downtown can be
measured by adding a volume of traffic for each route at peak hour traffic. The selected
network ranked according to this volume entering and exiting at peak hour movement.
Table 4.3 provide the rank with volume below.

Table 4.3: CBD Cordon Locations with the Highest Entering Volumes at peak hour per

Mode of Transportation.

) o ) Public- ) Other
Automobile | Mini-bus | Baja Walking
Rank bus 4WD
) Posta bet - | Posta bet | Franco - | Posta bet -
) Mebrat Hail | Franco- ] ] ]
Location Addis Ababa | - Tikur | Posta Tikur
- Posta Bet | Posta bet ]
1 Meneharia abay bet Abay
volume
~ | 251 433 432 30 146 125
(veh/min)
Abebech
Posta -
2 ) Franco - | Posta bet | Posta bet - | Posta bet Gobena
Location ) ) Mebrat
Posta bet - Amede | Tikur abayi | —Amede Hail Street -
ai
Posta bet
volume
~ | 246 275 235 26 116 107
(veh/min)

Source: Field survey

Figure 4.3 below depicts the location of the CBD cordon on the primary selected route, with
the highest volume of entry into the CBD via various modes of transportation across all
major routes. During peak hours, the minibus is the most prevalent mode of transportation
on the route from Franco to Posta, while automobiles dominate the route from Posta to
Mebrat Hail. The route from Posta to Peacock Meneharia, on the other hand, experiences

significant congestion due to the high usage of Bajaj vehicles.

49




| CBD Cordon Locations with the Highest -Entering Volumes at peak hour per Mode of Transportation ‘
7 N
Route from Franco |. .. N3 S S Rout&,fgom posta to 5 A
to posta, Highest *“’}\\W / mebrat hal‘l’*flrl,gghest
04WD Number ﬁf Tl Aufo & walking Number
S N ¥y
: 7 o R | Kl ¥ 2
o / Sef £ iy*}‘*@\ {g?
\\, lg ;75 R f{ Rt ‘5:
- 5 R g
Route from Franco ,;:j “1;,5% 4 Ro tedrom posta to
to posta Highest ) / %Ji “|Amede nghggt mini bus
mini bus & walkingf~; ?@f%%% - “‘%ég & p-bus Number
-_.{ f Ml -0 ; D A ")
Number .. A k\\ ff’ P baGatty, 2
S NS &%
i L) 3
/-4
iavil! oy dy fr L8 [ £ S
gt i oA @ g $ Route from posta to
N | i A /"'-z A 5 4 W
] L W8
Route from Peacgk | 5 e [ e gﬂ;‘;r A};)aytgLH};ghest
to posta nghes ........ f"\é‘?_— \EZ//‘{( uonlic us a_]a
R A ¥
Bajaj Number, : N2 Y Number
Legend
; Vehicle/15 min count
_ 30-105 -
£ 7S —  105-150 3 §
= ' - 151-250 z
I 251275 g
e QO [ — 276-440 &
. CB eters
"""" % 0 80160 320 480 /640 800
© OpenStreetMap contributors. Tiles style by Humanitarian OpenStreetMap Team hosted

Figure 4.3: Cordon Location on the Selected Route with the Highest Entering VVolume per
mode of transportation

Table 4.4 below shows the highest exiting traffic volume for each travel mode in 15-minute

intervals from CBD cordon locations. Automobiles dominate the route from Posta to
Mebrat, minibuses are common from Posta to Franco, and Bajaj is prevalent on the way

from CBD to Peacock Meneharia. During peak hours, Bajaj becomes crowded on the route

from Posta to Peacock due to narrow, one-way streets. Different travel modes are preferred

depending on the route, with automobiles, minibuses, and Bajaj being the top choices.

Table 4.4: CBD Cordon Locations on Selected Route with the Highest Exiting Volumes

per Mode of Transportation

Other
Automobile | Mini-bus | Baja Public-bus | Walking
Rank 4WD
Location
Posta bet - Posta bet -
(refer  to | Posta - | Franco - Posta bet - | Franco - |
) ) Peacock ) Tikur
section mebrat haile | Posta bet ] Tikur abay | Posta bet
Meneharia Abay
1 3.3.3)
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volume

) 235 433 497 33 121 126
(Veh/min)

) Franco - | Posta bet | Posta bet- | Posta bet - | Posta bet- | Franco -
Location ] ] )

Posta bet -Amede | Tikur abayi | Amede Tikur abay | Posta bet

Volume
(Veh/min) | 227 256 203 27 107 125

Source: Field survey

On the other hand, Peak-Hour Total Inbound and Outbound Travel Volumes Across All
Transportation Modes for Each Route. Figure 4.4 below shows that the total inbound and
outbound travel for all modes of transportation within the traffic analysis zone of Adama's
downtown core is displayed, focusing on the selected travel route and corresponding LOS.
The Franco to Posta Bet route experiences a higher volume of traffic, with approximately
1946 vehicles per minute recorded in a 15-minute cordon count. During peak hours,
mobility along this route is constrained, resulting in restricted maneuverability, limited

vehicle speeds, and increased travel times.

Total entering and exiting Peak-Hour Travel Volumes Across all
Modes of Transportation for each route
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Figure 4.4: Total Entering and Exiting Peak hour Travel Volume across all Modes of
Transportation
The results of the cordon count are supported by the findings of questionnaire results
collected from the respondents of daily users. This questionnaire assesses road users'
perceptions of congestion levels for each segment, enabling the ranking of the selected
routes, and ultimately identifying the most congested route.
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The following streets were ranked by the respondents based on their experiences of the
traffic flow and volume on the selected roots. The first rank was given to Nuho Gobena
Street, stretching from Franco to Posta Bet. The second rank was awarded to Mamo
Mazamir Street, which runs from Posta Bet to Tikur Abay, followed by the third rank for
Derartu Tulu Street, running from Posta Bet to Mebirat Haile. The fourth rank went to Abebe
Bikila Street, connecting Posta Bet to Addis Ababa Meneharia, while the fifth rank was
given to Jara Aba Gada, leading from Posta Bet to Amede Gebeya. Lastly, the sixth rank
went to Aba Jifar Street, which runs from Posta Bet to Abebech Gobena Street. Table 4.5

described it below.

Table 4.5: Percentage of Congestion level on the Selected Routes by Road users

No | Name of route Percentage (100%)
1 From Franco to Posta bet (Nuho Gobena Street) 32 %
2 From Tikur Abayi to Posta bet (Mamo Mazamir Street) 23%
3 From mebrat hail to Posta bet (Derartu Tulu Street) 18%

4 From Peacock Meneharia to Posta Bet ( Abebe Bikila Street) | 11%

5 From Amede Gebeya to Posta bet (Jara Aba Gada street) 9%

6 From Abebech Gobena Street to Posta bet (Aba Jifar Street) | 7%

Source: Respondent survey

The total peak hour entering and exiting traffic volume data across each route per each mode
of transportation into the CBD area are summarized and discussed in Table 4.6 below and
the row data by cordon count are attached in Appendix-A. The traffic volume data are at

morning, midday, and evening peak hour.

Table 4.7 below presents the total inbound and outbound travel for all transportation modes
within the traffic analysis zone of downtown Adama, with an emphasis on the selected travel
route and its corresponding Level of Service (LOS). In the United States, the letters "A" to
"F" denotes the six LOS classifications, with A being the best traffic condition and F
representing the worst, HMC (2010). The LOS system, in general, depicts a user's actual
travel experience in relation to desirable travel situations. The route between Franco and
Posta Bet counts a higher traffic volume, with an average of 649 vehicles per minute
(Veh/min) recorded during a 15-minute cordon count, resulting in a LOS of F. Mobility

along this route is particularly constrained during peak hours, especially in the evening,
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leading to reduced maneuverability, limited vehicle speeds, and increased travel times.

Link-6, the route from Posta to Abebech Gobena Street, has a LOS of C with an average

entering and exiting volume of 379 veh/min.

This finding is supported by the LOS measure of the congestion level and traffic flow quality

of the selected route was assessed using the Level of Service (LOS) standard from the

Highway Capacity Manual (2010). Highway LOS is calculated according to the

volume/capacity ratio as shown in Table 4.6.

Table 4.6: Highway level of service classification

LOS | Volume /capacity ratio Description (TRB 2000)

A Less than 60% Free-flow operation

B 60% to less than 70% Reasonably free-flow

C 70 % to less than 80% Flow at or near free flow speed
D 80% to less than 90% Borderline unstable

E 90% to less than 100% Operation at capacity

F 100% or greater Breakdown

Source: Highway Capacity Manual (2010)

Table 4.7: Average Weekday Vehicular Traffic Volume at Peak hour in15 min intervals

Link (refer to | LOS | Total peak hour IB & OB volume ( | Average Unit
section 3.3.3) for all modes from cordon count) Peak  hour

Morning | Midday Evening | traffic vol.
Link-1  (Nuho | F 648 635 663 649 No. of
Gobena street) trip/employee
Link-4 (Mamo | F 495 447 457 466 No. of
Mazamir) trip/employee
Link-2(Derartu | D 468 384 487 447 No. of
Tulu street) trip/employee
Link-3  (Abebe | F 271 490 506 422 No. of
Bikila street) trip/employee
Link-5(ira Aba | C 394 382 399 392 No. of
Gada) trip/employee
Link-6(Aba Jifar | C 404 367 366 379 No. of
street) trip/employee

Source: Field survey
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The LOS grade of the selected route is based on the volume per capacity ratio standard in
Table 4.6. the route from Franco to Posta, Posta to Tikur Abay, and Posta to mebrat hail are

the most congested and grade LOS of F (breakdown operation at rush hour mobility).

4.2.4. Traffic movement survey private vehicle movement pattern

A private vehicle movement survey is one of the indicators of travel demand in traffic
analysis. The analysis was done based on the weekday travel made by residents of the traffic
analysis zone using private automobiles. This travel pattern analysis of auto helps identify
the level of demand of individuals for transportation. Auto” is defined as driver and
passenger, this is the representative group of this analysis. Questionnaire and household
interview survey results regarding the private vehicle movement survey in this study area
are summarized in the following section and the row data were presented in Appendix D.
Because of that, the analysis takes in to consider Origin-Destination (O/D) Patterns, Time

of Day, and Trip length and travel time.

Depending on the origin-destination result obtained from questioner response of the private
vehicle owner, the general origin-destination pattern of travel for auto vehicle trips by kebele

of trip origin in the traffic analysis zone is presented below in Table 4-8.

Table 4.8: Distribution of Auto Trips by O-D Market and zone of TAZ of Trip Origin (row

%)

Trip  origin | Within-traffic | To adjoining | To the | To University, | To
Zone in CBD | analysis zone | zone industrial park | college, and high | other
(Gurmmu zone at the | school out of the TAZ | zones
kebele) edge

Zone 01 60% 26.6% 6.7% 6.7% 2%
Zone 02 66% 20.8% 4.1% 5.05% 4.0%
Zone 03 57.14% 21.4% 7.14% 14.3% 1.08%
Zone 04 58.3% 17.6% 11.8% 5.8% 6.5%
Total 60.36% 21.6% 7.4% 8.0% 2.64%

Source: Respondent survey

As per Table 4-8, the majority of auto trips took place within the traffic analysis zone (with
an average percentage of 60.36%) and in an adjacent zone (21.6%). This travel pattern is
common in the study area. Trips to industry parks and universities, colleges, and high

schools accounted for a low percentage in the entire region with an average percentage of
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7.4% and 8.0% respectively.

As far as the Time of Day analysis is concerned, according to the questionnaire survey and
interview response results, the most common departure and arrival times of people were
recorded. The time of day can be a useful indicator for evaluating the travel patterns of
private vehicles, as it influences their travel behavior during weekdays travel. Figure 4-5
showcases the distribution of private vehicle trips on weekdays trips from the household

travel survey, categorized by the hour of departure.
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Figure 4.5: Distribution of Auto Trips by Departure Hour

Auto vehicle movement is higher in the morning and evening peak hours this is due to
people moving to work and back home at this peak in weekday travel. During the midday
peak, the most auto vehicle is seen in parking and they have made a moderate trip compared

with other peak period.

Trip length and travel time were employed as efficient parameters for examining private
vehicle movement within the traffic analysis zone in downtown Adama. Table 4-9 below
displays the median travel times and trip distances for automobile journeys, categorized by

the zone kebele of the trip analysis zone of the trip's starting point.

Table 4.9: Median Travel Time and Trip Distance by Trip Origin (zone) — Auto Trips

Trip origin Duration(min)/day Distance (km)/day
Zone 01 7.9 1.7
Zone 02 6.5 1.2
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Zone 03 6.2 1.6
Zone 04 7.2 2.7
Overall 6.95 1.8

According to the table, a trip from Posta to Franco takes a long time to travel despite
covering a short distance, which can be attributed to congestion in that area. On the other
hand, a journey from Posta to Amede Gebeya takes less time even with a longer distance
traveled, indicating that there is less congestion in that region during the travel period.
Generally, the average distance to travel in TAZ is 1.8 km with an average duration of

approximately 7 minutes in weekday travel.

Vehicle ownership is one of the variables used to assess private vehicle movement surveys
in traffic analysis zone. measures of the auto movement were estimated and reported for the
TAZ with the private vehicle owner travel data. Vehicle ownership rates by kebele of traffic

analysis zone and by Work/non-Work trip purpose are found in Table 4-10 below.

Table 4.10: Average Vehicle Ownership for Work and Non-Work Trips by Purpose,
Kebele of Traffic Analysis Zone (TAZ) of Trip Origin - Automobile Trips

Trip origin in TAZ Trip Type

Work Non-work Total
Zone 01 1.8 0.9 2.7
Zone 02 1.1 1.0 2.1
Zone 03 1.4 1.0 2.4
Zone 04 1.7 1.3 3.0
Overall mean 15 11 2.55

Source: Respondent survey

Based on the provided data, a study was carried out to examine the total vehicle ownership
and trip patterns for both work-related and non-work purposes. In Zone 04, the highest
number of overall trips was recorded at 3.0, with 1.7 of these being work-related journeys
and 1.3 being-non work journeys. Within the traffic analysis zone, the average number of
vehicle trips for work-related activities came to 1.5, while the average auto rate for non-

work trips stood at 1.1.

4.2.5 Traffic Movement Survey Public Transport Vehicle Movement Survey
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Public transport vehicle movement surveys in the traffic analysis zone were used to analyze
the level of people's demand for selected kebele in TAZ. Four zones are sampled in TAZ
for a survey of public transport movement in weekday travel. In this section travel patterns
by public transport were analyzed in their weekday travel. The common public transport
that exists in the study area are buses, school buses, and medium buses. Typically, school
buses are most active during morning and evening hours. During these peak times, students
journey to and from school. Additionally, some university employees regularly commute
during weekday mornings and evenings. According to the questionnaire response and public
transport user interview survey, the result is summarized in the following section and
presented in Annex-D. Accordingly, the analysis takes into consideration Origin-
Destination (O/D) Patterns, Time of Day, Public transport trips survey by Purpose of Travel,
and Trip Length.

The overall origin-destination pattern of public transport in the chosen kebele in the Traffic
Analysis Zone (TAZ) is displayed in Table 4-11 below. The data is organized based on the
kebele of the TAZ, which serves as the starting point for each trip.

Table 4.11: Distribution of Public Transport Trips by O-D and kebele of Trip Origin in

TAZ.
Trip  origin | Within ~ the | To adjoining | To the | To University, | To other
Zone in CBD | traffic zone industrial park | college, and high | zones
(Gurmmu analysis zone zone at the | school out of the
kebele) edge TAZ
Zone 01 40% 46.6% 6.6% 13.3% 2.3%
Zone 02 50% 25% 4.16% 12.5% 8.34%
Zone 03 50% 28.6% 14.3% 7.14% 0.1%
Zone 04 58.8% 17.6% 11.8% 5.89% 5.91%
Overall mean | 49.7% 29.45% 9.25% 9.7% 4.2%

Source: Respondent survey

As per Table 4.11, most public transport movements take place within the traffic analysis
zone (TAZ) and its surrounding areas, with average percentages of 49.7 and 29.45
respectively. Zone 01 generates a higher proportion of trips (46.6%) to the adjacent zone
compared to other zones. Additionally, some trips, such as those for work-related purposes

to universities and colleges as well as trips to industrial parks, occur outside the TAZ in the
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study area. The ideal time of day for assessing public transport in a transportation analysis
zone (TAZ) was analyzed during the morning and evening peak hours, usually between 7 -
9 AM and 4 - 6 PM. This is when public transport networks are likely to experience the
highest demands and be operating at or near capacity.

Based on the questionnaire response from 70 participating public transport users for
weekday travel of public transport by hour of departure. The overall public transport
movement regarding an hour of departure at peak hour mobility is presented in Figure 4. 6

below.
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Figure 4.6: Distribution of Public Transport Trips by Departure Hour

The figure above illustrates that public transport usage is higher during morning and evening
peak hours. School buses and public buses are the most popular transportation modes for
students going to school and workers attending university, respectively, within the study

area.

This survey is based on the purpose of travel in weekday travel. The destination or purpose
of trips the household was determined. The overall distribution of work versus non-work

public transport trips is presented in Table 4-12 below.

Table 4.12: Distribution of Trips by Public Transportation: Travel Mode and Trip Purpose
(Work/Non-Work)
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Mode Trip Type

Work Non-Work average
Public bus 51.6% 10.0% 30.8%
School bus 10.0% 70% 40%
Medium bus 38% 20% 29%
Total 100% 100% 100%

Source: Respondent survey

Table 4-12 illustrates that in the selected traffic analysis zone, 70% of non-work-related
public transport trips were made by school buses, while 51.6% of work-related public
transport trips were made by regular buses. Overall, the percentage of work-related trips
using public transport (regular public bus) is higher compared to non-work-related trips.

As to the Public transport trips survey by Trip Length assessment, the movement of public
transport within traffic analysis zones was evaluated based on trip length and travel time.
The recorded data from questionnaire responses provided information about the daily trip
duration and distance traveled by public transport users during their weekday journeys. In
Table 4. 13 below, the average reported travel times and trip distance for all trips made by

public transport is displayed by the zone of trip origin in TAZ.

Table 4.13: Travel Time and Distance by Zone of Trip Origin — public transport Trips

Trip origin Zone in CBD | Duration (minutes) Distance (km)
(Gurmmu kebele)

Zone 01 9.9 14

Zone 02 95 14

Zone 03 10.9 1.8

Zone 04 10.9 19

Overall mean 10.3 1.6

Source: Respondent survey

The duration of public transport trips was significantly longer compared to those made by
car with an average duration of 10.3 minutes. This is largely due to the additional time spent
on activities related to using public transport, such as reaching the transit facility, switching
between modes of transport, and waiting periods. When considering multi-modal trips with

multiple stops, this further contributes to the extended duration of public transport journeys.
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4.3. Origin-Destination (O-D) Travel Survey Result

4.3.1. General travel

The result of this section involved using both a respondents’ origin-destination and the
interview feedback about their weekday household origin-destination travel patterns. This
process was conducted on a selected sample of 70 households in Gurmmu kebele of TAZ
According to this, the overall result from the selected sample about the origin and destination
of household travel which have made in the traffic analysis zone are presented in Figure 4.7
below. the researcher distributes questionnaires to 70 households for their O-D pattern on

their weekday trip, the result of respondents is presented in the figure below.

®m Within a traffic analysis zone

To adjoining zone

m To the Industrial Parks at the
edge

® To university and college out
of the traffic analysis zone

m To other area

Figure 4.7: Distribution of Weekday linked trips of Households by Zone in the Study area.

Based on the figure, over 53% of all linked trips made by residents in the traffic analysis
zone are within TAZ for shopping, business, market, and office, while just 20 % of trips are
to the adjoining zone which is neighboring to the TAZ. Residents who commute to
university, college, and high school out of the traffic analysis zone for work purposes are
13.3 % for work purpose.

According to the participating households, trips of households in the traffic analysis zone
have made an average of 7.8 trips per weekday and household members averaged 3.0 trips
per weekday. These mean household and person trip rate calculations are based on the travel

number of households in the region who have made trips on weekdays.
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Table 4.14: Weekday Mean household and Person Trip rate by Zone

Zone in the study area Mean household trip rate | Mean person trip rate
Within the traffic analysis zone | 10.5 3.9

in the CBD area

To adjoining zone 8.8 34

To the industrial park at the edge | 5.7 2.4

University, college and high | 6.7 2.7

school out of the TAZ

To other zones 7.3 2.8

Overall trip rate 7.8 3.04

Source: respondent survey

4.3.2. General origin-destination(O-D) pattern

The general origin-destination markets of a weekday household travel survey analysis
typically involve Home-based trips, Work-based trips, and Non-home-based trips. Adama
as it is a key transportation hub having several destination areas such as Adama Science and
Technology University: Students, faculty, and staff would have O-D patterns associated
with this institution for work, study, and daily activities, Industrial Parks and Markets,
shops, and businesses which is becoming the daily O-D pattern in Adama'’s central business
district and other commercial areas. However, the percentage of the summary of general
origin/destination analysis of weekday travel is shown in Table 4-15 below. And the location

of the zone in the center of the CBD is described in Figure 4.8 below.
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Figure 4.8: Location Map of Four Zones of Gurmmu Kebele of Aba Gada Sub-city,

Adama

The above figure illustrates the zone area situated at the center of Adama, between the Posta

Bet and Mebrat Hail intersection. The boundaries of the study zone include Mebrat

intersection to the north, Posta Bet to the south, Mariam Orthodox Church to the east, and

Eagle Hotel to the west.

Table 4.15: General Patterns of Origin-Destination (O-D) based on Trip Origin Zones

during Weekdays — all Weekday Trips expressed as row percentages.

] o o To the | To University,

Trip origin Zone | Within the | To ] .
) ) ) o industrial college, and | To other
in CBD (Gurmmu | traffic analysis | adjoining )

park zone at | high school out | zones
kebele) zone zone

the edge of the TAZ
Zone 01 53.3% 20.0% 6.7% 13.3% 6.7%
Zone 02 54.2% 25% 12.5% 4.16% 4.14%
Zone 03 64.0% 14.0% 7.0% 14.0% 1.0%
Zone 04 52.9% 29.4% 11.7% 5.9% 0.1%
Total 56.2% 23.95% 9.51% 9.4% 2.74%
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Source: Respondent survey

The majority of weekday trips (56.2% of all travel) occur within the traffic analysis zone.
In comparison, 29.4% of household trips in Zone 04 are to the adjacent zone, which is higher
than the total 23.95% and other zones. Additionally, 14% of trips in zone 03 are to
universities and colleges in Adama city, which is a higher percentage compared to other

Zones.

4.3.3 General Origin-Destination Analysis by general trip purpose

Based on the questionnaire response result presented in Annex C, trips of households have
several purposes. The overall trip made by households have their primary purpose, the

researcher categorized those purposes into two; work and non-work.

Percentage of General origin-destination analysis;TAZ,weekday trip,work
m With in traffic analysis zone
To adjoining zone
m To industrial park at the edge
m University, college and high school

out of the TAZ

m To other zone

Figure 4.9: General Origin-Destination analysis: TAZ, Weekday Trips, Work

Figure 4.9 portrayed that about 54.5% of all linked work trips are within the traffic analysis
zone with an average trip distance of 1.5 km. A trip to the adjoining zone counts 18% and a
trip to the industrial park zone at the edge of the city counts 12% is the common origin-
destination analysis for a work-related trip. 9.09%, of all work trips are destined for
university, college, and high school and 6% of work-related trips are destined for other areas

of the city.

As shown in table 4.16 below, the major non-work travel is made with a higher percentage
of 62% within the traffic analysis zone and also non-work trips to the university, college,
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and high school with 5% which is the least percentage.

Table 4.16: General Origin-Destination analysis: TAZ, Weekday Trips, Non-work

Zone in the study area Percentage
Within the traffic analysis zone inthe CBD | 62%

area

To adjoining zone 24%

To the industrial park at the edge 4%

University, college and high school out | 5%
of the TAZ

To other zones 5%

Source: Respondent survey

The general origin-destination pattern of traffic analysis zone by work trip purpose has
presented here in below Table 4-17. According to the questionnaire and household interview
survey result presented in Table 4, Appendix-C, the overall work trip in each kebele in TAZ
are presented in the below table.

Table 4.17: General origin-destination(O-D) pattern by zone of trip origin-work trips

Trip origin Within  the | To To the | University, college, | To other
traffic adjoining industrial park | and high school out | zones
analysis zone | zone at the edge of the TAZ

Zone 01 50 % 16% 16% 16% 0.1%

Zone 02 50% 20% 10% 20% 0.2%

Zone 03 62.5% 25% 12.5% 12.5% 0.1%

Zone 04 62.5% 12.5% 12.5% 12.5% 0.2%

Total 56.25% 13.5% 12.75% 15.25% 0.15%

Source: Respondent survey

According to the table mentioned above, the majority of work trips in each zone occur within
traffic analysis zones that have a higher percentage. Additionally, trips to adjoining zones
also have a higher percentage compared to other destination areas within the city. The work
trips originating in zone 04 have the highest percentage of 20%, primarily directed towards

universities and colleges located outside of the Traffic Analysis Zone.

64



4.4, Transport Demand Survey

4.4.1. Household travel survey

The household travel survey in the study area is influenced by several variables such as trip
purpose, mode of travel, time of day, and vehicle ownership. The household weekday trip
behavior survey is conducted by using the weekday household travel data obtained by
questionnaire through surveys on 70 sampled participating households in the traffic analysis
zone, Gurmmu Keeble. Accordingly, the assessment includes household and their weekday

trip, trip purpose by general travel mode, travel distance and travel times, and time of day

Regarding household and their weekday trip Household use modes to travel for various
purposes in the study region and they are depending on different travel modes according to
their interest and economic level. The basic travel mode that Adama people used for their
movement are Automobile, Mini-bus, Bajaj, public-bus, school bus, other bus, walking, and
other 4WD. The travel mode percentage of household travel in the traffic analysis zone was
analyzed. The overall trip behavior of household movement is within a traffic analysis zone
and to an adjoining zone in weekday travel. The travel mode usage percentage is described

below in Figure 4-10.

Overall, approximately 47% of trips were made by minibus in the traffic analysis zone,
followed by auto and Bajaj, 24.3% and 10% respectively as depicted in Figure 4-10. Three
years ago, the proportion of Bajaj services in the center of Adama was higher. However,
due to current restrictions, Bajaj from operating on major routes leading to the Central

Business District then the presence in the downtown area has significantly decreased.
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Figure 4.10: Percentage of Travel by Travel Mode in the Study Area
The result also presented in percentage of travel mode usage in Gurmmu kebele of TAZ
based on the trip origin. Hence, based on the questionnaire and household interview survey
result, responses gathered from participating households regarding the primary mode share
of transportation used by household members for their trip origin, as well as their preferred
mode of travel, has been compiled. Here Figures 4-11, illustrate the percentage of travel

modes used by households in the zone of trip origin.

The minibus constitutes the largest portion of daily transportation mode within each zone of
the traffic analysis zone. Automobiles serve as the second most common mode of
transportation. Walking and non-motorized travel are also prevalent, particularly in the
Central Business District (CBD) area, especially during the evening hours.
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Figure 4.11: Percentage of Travel Mode used by zone (Gurmmu kebele) of Trip Origin

In order to analyze trip purpose by general travel mode the data is viewed with some

category. As discussed in section 2.1.9 and presented in this section below, the general trip

purpose is categorized by home-based work (HBW), home-based non-work (HBNW), and

non-home-based (NHB). The trip data, derived from household travel surveys through

questionnaire responses, provides insights about household common trip purposes and

frequently used modes of transportation. Trips' purpose, type, and percentage of the mode

used for individual purposes on their trip are presented in Table 4. 18 below.

Table 4.18: Trip Purpose by General Travel Mode

General mode

Trip purpose Mini ~ | public Walking &non- | Other
Auto Bajaj ) Total
bus bus motorized 4WD
Home to work 33% | 41.6% |12% | 7% 3.9% 2.5% | 100%
Home to school 6% 17% 10% | 43% 23% 1% | 100%
Home to Recreation 20% | 16% 10% 6% 44% 4% 100%
Home to Personal Business | 38% | 43% 4% 1% 8% 6% 100%
Home to shopping 14.3% | 28.5% | 11% 0.4% 45% 0.8% | 100%
Home to Other 13% 27% 7.6% | 1.3% 42.1% 10% | 100%
Work to Home 26% | 37% 19% 12% 8% 9% 100%
school to Home 8% 13% 11% 43% 23% 3% 100%
Social/Rec to Home 28% | 38% 7% 2% 22% 4% 100%
Personal Business to Home | 26% | 44% 10% 1% 12% 5% 100%
Shopping to Home 16% | 30% 11% 0.8% 38% 4.2 100%
Other to Home 14% | 30% 6.6% | 1.3% 40.1% 10% | 100%
Work Related 25% | 30% 14% 24% 6% 4% 100%
Other Non-Home/Non- | 44% 13.5% | 10% 4% 38% 5.5% | 100%
Work

Source: Respondent survey

The table above indicates that work trips primarily involve the use of mini-buses and

automobiles, while school trips predominantly utilize school buses and walking or other

non-motorized modes of transportation. Additionally, social/recreational and shopping trips

largely rely on walking.
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Household travel survey by trip purpose considers the zone. This section presents the result

for the reason for travel made in the traffic analysis zone. The result of this is based on the

questionnaire response of the respondent in the analysis zone. The overall trip data and their

purpose are presented below in Table 4-19. Based on Table 4-19 below most of the residents

travel for work-related purposes within TAZ, such as home to office and home to some other

destination area like a university, college, and industrial park for work purposes. And the

non-work trip is operated in low proportion when compared with work-related like shopping

within TAZ.

Table 4.19: Percentage of Household Travel Survey by Purpose of Trip

Percentage (100%)

Work 42%
School 13%
Personnel business 6%
Social or recreational 10%
Hospital 7%
Shopping 10%
Other 12%

Source: Respondent survey

Household travel survey by Travel Distance and Travel Times is also another measurement.

The analysis of household travel distance and time was conducted. Table 4-20 presents the

overall findings on the time taken to cover the distance for various purposes during weekday

trips.

Table 4.20: Trip Duration (minutes) by Trip Purpose and zone of TAZ
Trip Trip purpose
origin/residence | Work | school | Social Personal shopping | other

business

Zone 01 20 16 14 12 8 16
Zone 02 25 18 12 10 7 12
Zone 03 23 16 13 10 6 17
Zone 04 20 15 15 12 7 14
Overall mean | 22 16.25 13.5 11 7 14.75

Source: Respondent survey
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Generally, trip duration was higher for work-related trips with the median trip duration being
22.0 minutes for work-related trips on weekdays, as compared with 12.5 minutes for all trips
which is the overall minute of school, social, Personal business, shopping, and other trip
purpose. Areas like Posta bet to Franco had high trip duration, probably because they
attracted trips from different routes within the traffic analysis zone. Table 4.21 illustrates
that the median distance for trips was 0.9 km. Among all trip purposes, work-related trips

had the longest median distance, which was 1.5 km on average.

Table 4.21: Median Trip Distance (in km) by Trip Purpose and kebele in TAZ

Trip Trip purpose

origin/residence | Work school Social Personal business | shopping | other
Zone 01 15 0.8 12 0.9 0.6 14
Zone 02 2.2 0.9 1.1 0.6 0.5 1.3
Zone 03 1.6 1.0 0.9 1.0 0.7 1.2
Zone 04 0.9 0.6 0.8 11 0.8 15
overall 15 0.8 1.0 0.9 0.6 1.3

Source: Respondent survey

The time of day, the questionnaire, and the household travel survey which is presented in
Annex-C, table 5, and discussed in this section. Analysis of departure and arrival times
during peak hours for household journeys on weekdays was carried out. The study found
that work-related trips accounted for a significantly higher proportion of weekday travel
between 7:30 am and 1:30 PM with AM having the highest percentage of trips for work as
it is described in table 4.22 below. Hour of departure is gained through questionaries’ and
on-site surveys of household trips. In addition, non-work trips also occurred throughout the

day, with a noticeable increase during the midday hours.

At the midday peak period lower percentage of work trips are observed which account
overall percentage of 26% because at this peak low amount of people are generating trips
people from residence area most of people are stayed in CBD area. Non-work trip has
occurred on midday peak with the overall percentage of 38.5% these are due to individual

take a lunch break and simply move around the CBD area at this peak.

Table 4.22: Distribution of Trips by Time of Departure, Trip Purpose, and Trip Origin
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Trip Work Trips Non-Work Trips

Origin Morning | Midday | Evening Morning | Midday peak | Evening peak
peak peak peak peak 6:00-8:00 10:30-12:30
1:30-3:30 | 6:00-8:00 | 10:30-12:30 | 1:30-3:30

Zone 01 | 40% 26% 34% 28% 39% 34%

Zone 02 | 42% 22% 37% 30% 37% 33%

Zone 03 | 39% 30% 31% 28% 40% 32%

Zone 04 | 40% 27% 33% 26% 38% 33%

overall 40% 26% 34% 28% 38.5% 33%

Source: Respondent survey

The overall distribution of trips through the traffic analysis zone by the time of departure is
presented below in Figure 4.12. Based on the below figure trips by the time of departure
had a higher percentage during the morning and evening period while in midday peak are

low trips are departing from the home of residence.

o/

10.00% 8900,
9.00%
8.00%
7.00%
6.00%
5.00%
4.00%
3.00%
2.00% |
1.00%
0.00%

9%

PERCENTAGE

1 2 3 4 5 6 7 8 9 10 11 12
——percentage  1.00 8.90 9% 7.00 5.60 5% 6% 7% 8.40 9% 7.60 6.80

TIME OF DAY

Figure 4.12: Distribution of Trips by Time of Departure overall in CBD

4.4.2. Household travel survey by different types of households

Household travel surveys, which analyze travel behavior, are highly dependent on
household characteristics and structure. The assessment, thus, considered household size,
household trip rates by household size, household income, vehicle ownership, and

household trip rates by household structure and kebele of TAZ.

According to the questionnaire result from the representative target in the TAZ regarding

the size of the family, the overall result shows that the households participating in the
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household travel survey had an average of 2.6, approximately three household members (see
Table 4.23).

Table 4.23: Household Size by Zone in traffic analysis zone

Zone Household Size
1 2 3 4 and 4+ Overall mean
Zone 01 20.6% 20% 26.6% 33.3% 2.5
Zone 02 17.4% 17.4% 21.7% 47.8% 2.6
Zone 03 14.3% 28.5% 35.7% 28.5% 2.5
Zone 04 16.7% 16.6% 22.2% 44.4% 2.5
Overall 17.25% 20.6% 26.5% 38.5% 2.5

Source: Respondent survey

In comparison to other zone in TAZ, zone 01 had the highest percentage of single-family
households (20.6%). Meanwhile, kebele 02 had the greatest proportion of households with
four or more members (47.8%). On average, households participating in the study across
the entire area had three members. Generally, households having large families made more

trips than families with a single family.

The transport demand is also determined by household trip rates by household size. Family
size, it is likely that large families travel more than smaller-sized families. According to the
questionnaire response result from the sampled household, this research analyzes the trip
rate by a member of the household in each zone in TAZ. The overall trip rate result by
household size is shown below in Table 4.24. The overall mean trip rate in the traffic
analysis zone of the sampled zone was 5.5. Household size having four or more members
and households with three members produce more trips in the region than lower family size
groups while single-family groups produce lower trips.
Table 4.24: Household Trip Rates by Household Size and Zone of TAZ

Zone Household Size
1 2 3 4+ Overall mean
Zone 01 3.6% 4.25% 6.25% 7.0% 5.3
Zone 02 3.0% 5.5% 6.0% 8.5% 9.75
Zone 03 4.0% 4.75% 5.75% 8.25% o5.7
Zone 04 4.3% 4.0% 5.0% 6.5% 5.0
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Overall 3.7% 4.75% 5.75% 7.6% 5.5

Source: Respondent survey

Another important factor of travel demand of a household is the household income. Travel
expenses are related to the number of trips taken. Families with higher incomes tend to take
more trips on an average weekday trip. The study result shows that travel patterns in TAZ
had influenced by the income of the resident. The overall result is presented in Table 4-25
below. In the below table, households having higher incomes produce more travel than the
lower-income household. Zone 02 produces higher overall trips when compared with other
zones. The overall trip rate is 5.8 per weekday trip. An income over 65$ produces more
trips within the traffic analysis zone for several purposes such as recreation and shopping.

Table 4.25: Household Trip Rates by Household Income and Zone of TAZ

Zone Under 25$ | 25$-40% 40$-55% | 55-70% Over 70$ | Overall mean
Zone 01 5.0 5.4 6.0 7.2 7.0 6.1
Zone 02 4.0 55 6.5 7.0 7.7 6.3
Zone 03 3.0 4.3 5.0 6.0 7.5 5.2
Zone 04 4.0 5.0 6.0 6.2 6.25 55
Overall 4.0 5.05 5.9 6.6 7.2 5.8

Source: Respondent survey

Households” Vehicle Ownership is also an important determinant that influences the
demand for transport in various ways. Based on the response to the questionnaire and
household interview survey, the results for vehicle ownership were observed. Generally,
larger households and those with higher incomes tend to have a greater number of owned
vehicles. Therefore, both income and household size contribute to an increase in vehicle
ownership which also increase trip made. As shown in Table 4. 26, households having 4 and
4+ vehicles had the highest trip rate with an average of 9.4 in weekday travel. The number
of trips tended to increase in households with more vehicles. The overall trip generation rate
by vehicle ownership is 7.02. Generally, households with private vehicles tend to produce
more trips.

Table 4.26: Household Trip Rates by Number of Vehicles Owned in Zone of TAZ

Zone Household Vehicles ownership
0 1 2 3 4 and 4+ | Total mean
Zone 01 5.4 5.8 7.0 8.0 9.0 7.04
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Zone 02 35 6.4 6.4 105 |10.0 7.3
Zone 03 4.0 5.8 7.6 8.0 8.5 6.8
Zone 04 4.0 54 5.7 9.0 10.0 6.8
Overall mean | 4.2 59 6.7 8.9 9.4 7.02

Source: Respondent survey
Household Trip Rates by Household Size and Number of Vehicles is one of the ways to
evaluate its effect. Depending on the data collected from household responses, the
household trip rate by household size and number of vehicles are presented below in Figure
4.13.
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Figure 4.13: Household Trip Rates by Number of Vehicles Owned in Kebele of TAZ

According to Figure 4.13, households that own three or more vehicles generate a higher
number of trips compared to those with fewer or no vehicles. For households without any
vehicles, walking is the most common mode of transportation, and they also utilize other
means such as minibuses and public buses. Households with vehicles tend to travel more

frequently during weekdays than those who primarily walk.

Travel behavior of the family is also affected by the number of workers in the Household.
The number of workers in a household is a key independent variable for analyzing travel
patterns. Generally, employed households generate more trips than unemployed households

during weekdays, as individuals with jobs travel daily for work.
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Table 4. 27 represents household trip rates by household structure and kebele of TAZ. Based
on questionnaire responses regarding the origin-destination of worker members of the
household, linked weekday trip rates of household by home location and the number of
worker/household structures are presented in Table 4-27 below. Home location was
compared by a zone of traffic analysis zone. Households with three and four working
members in the kebele of the traffic analysis zone generate a higher number of trips
compared to those with two and one working members, with an average trip rate of 7.6 and
9.2 trips. In contrast, the overall trip rate based on the number of working members in the
household is 6.7.
Table 4.27: Household Trip Rates by Household Member of Worker and home location

Zone Number of workers
No worker | 1 worker | 2 worker | 3 worker | 4+ worker | Total mean
Zone 01 5.6 5.6 6.6 7.0 8.0 6.6
Zone 02 5.0 4.75 6.4 9.0 10.1 7.05
Zone 03 4.5 4.0 7.0 8.5 9.8 6.8
Zone 04 6.5 5.3 5.2 6.0 9.0 6.4
Overall mean 5.4 5.0 6.3 7.6 9.2 6.7

Source: Respondent survey

4.4.3. Travel demand modeling analysis

Travel demand modeling is a method used in transportation planning to estimate and analyze
people's movement patterns across a region, studying factors that affect travelers' decisions
on destinations, transportation modes, and routes. The process consists of four steps: Trip
Generation, Trip Distribution, Mode Choice, and Trip Assignment, which help analyze and
estimate traffic demands. In this study, travel demand analysis is based on population
characteristics to estimate traffic demand. Data on household characteristics, such as the
number of households, household income, household size, car ownership, and the number
of workers per household, are collected through questionnaires. The model evaluates the
impact of these variables on trip production within the study area.

Trip Generation Model

These models utilize secondary data and surveyed data from origin-destination analysis,

household travel survey analysis, and land use analysis of the Traffic Analysis Zone (TAZ)
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in the study area. As mentioned in the previous section, this model estimates the volume of
trip generation in the zone of Gurmmu kebele within the TAZ in the study region. To
calculate trip generation and attraction, these models require information about variables
such as household category (independent variable) and trip generation (dependent variable).
The trip generation analysis focused on four zones in Gurmmu Kebele of the traffic analysis

zone of the study region (refer to section 4.3.2).

Estimating trip generation consists of two interconnected aspects related to population and
land uses at the Traffic Analysis Zone (TAZ) level. Trip production denotes the number of
trips originating from a TAZ, while trip attraction signifies the number of trips ending within
a TAZ. Table 4.28 below displays the number of households and their respective
populations in the study zone. The number of households in each zone, as well as their

corresponding population data, were obtained from local authorities.

Table 4.28: Number of households and total population in Gurmmu kebele of traffic

analysis zone (TAZ) in the study area.

Kebele-Gurmmu Number of | Percentage Total
households population
Zone 1 333 21% 2,565
Zone 2 522 35% 4,275
Zone 3 298 20% 2,443
Zone 4 358 24% 2,931
Total 1,492 100% 12214

Source: from Aba Gada sub-city in Adama town

Trip Production

The traffic analysis zone's trip production rate was estimated by considering variables
associated with the population characteristics of the zone. The most frequently used variable
for this estimation is the number of households. The commonly used variable (household
category) to calculate trip production is the Number of households, Household income,
Private car ownership, Workers per household, and Household size. The dependent variable is

total trip production in TAZ.

The cross-classification model was used to calculate the trip generation in the traffic analysis

zone. These techniques were used to analyze by classifying zonal households based on the
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population characteristics of TAZ. Trip generation rates were developed for each category
in each zone. Data are organized from a field survey and questionnaire responses for
household categories and trip behavior. The data for the chosen independent variable, used
for the analysis of trip production from sampled households in each traffic analysis zone, is
summarized and presented in the subsequent section and the recorded data are attached in
Appendix F. After the researcher gathered the necessary data for the variable values, a
variable analysis was employed to evaluate the relationship between the independent
variables and the dependent variable, which in this case was the trip production for each

household category.

Trip production and household characteristics analysis, the analysis of the relationship
between the number of workers per household and the total trip production in the study area
was conducted by analyzing trip production based on the number of workers per household.
The data used for this analysis was gathered from the surveyed households and can be found
in Appendix F and the result is presented in Table 4.29 below.

Table 4.29 Household trip production in TAZ by number of Workers per Household on a

Weekday
Zone Number of workers
No worker | 1 worker | 2 worker | 3 worker | 4+ worker | Total mean

Zone 01 4.0 5.2 5.5 8.0 8.5 6.24

Zone 02 55 4.2 6.9 9.0 9.2 7.0

Zone 03 4.0 55 6.5 7.0 9.0 6.4

Zone 04 6.0 4.6 6.6 5.0 8.0 6.04
Overall mean 4.87 4.87 6.4 7.3 8.7 6.4

Source: Respondent survey

The result of Table 4.29 demonstrates a positive direct relationship between the number of
workers in a household and the trip production levels. This indicates that households with
more members who are employed tend to generate a higher number of trips as each worker
in the household has travel requirements, such as commuting to work, shopping, and leisure
activities. As the household size increases with more workers, the overall trip production
levels increase, showing the significance of employment as a factor contributing to travel

demand.

In the specific context of the study area, zone two has the highest trip production, with an
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average household producing 7.0 trips per weekday. This could be attributed to the presence
of a higher number of workers in the households of this zone as compared to other zones.

In general, households with more workers tend to have a higher number of trips made.

Trip production and household income, an analysis of trip production and household income
was conducted to examine the impact of household income on trip production in the study
area. The analysis relied on data gathered from survey respondents through questionnaires.

Table 4.30 below provides a summary of the overall results.

Table 4.30: Household trip Production in TAZ by Household Income on a Weekday

Zone Household income
Under 25$ | 25$-40$ | 40$-55$ | 55-70% Over 70$ | Total mean
Zone 01 3.0 5.0 4.0 5.7 6.7 4.88
Zone 02 3.0 4.7 5.0 5.4 7.7 5.2
Zone 03 4.6 4.0 5.0 6.0 6.8 5.3
Zone 04 4.3 5.5 5.0 6.0 6.8 55
Overall Mean | 3.7 4.8 4.8 5.8 7.0 5.2

Source: Respondent survey

The results presented in Table 4.30 demonstrate that as household income increases, there
is a corresponding increase in trip production. This suggests that there is a direct relationship
between trip production and household income. In the study area, the average number of
trips made per person per weekday based on household income is 5.2.

This correlation between trip production and income indicates that households with higher
incomes are likely to have more mobility and travel more frequently. This might be due to
multiple factors, such as owning more personal vehicles, better access to public
transportation, or the ability to afford more leisure activities that require more travel. In

general, higher family incomes are associated with a greater number of trips made.

Trip production and private vehicle ownership, an analysis of trip production and car
ownership was conducted to examine the relationship between trip generation and vehicle
ownership. This is because private vehicle ownership has a substantial impact on trip
production in the area under study. The analysis is based on the results of a questionnaire
and a household travel survey, which is summarized and presented in Table 4.31, and the

recorded data are attached in Appendix F.
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Table 4.31: Household trip production in TAZ by car ownership on a weekday

Zone Vehicle ownership

0 1 2 3 4 and 4+ | Total mean
Zone 01 4.0 5.0 6.5 7.5 8.0 6.2
Zone 02 4.2 54 6.1 8.5 10.0 6.8
Zone 03 4.5 54 6.3 7.0 9.0 6.4
Zone 04 4.3 5.4 7.0 8.0 11.0 7.1
Overall mean 4.2 53 6.5 7.8 9.5 8.3

Source: Respondent survey

Based on Table 4.31, the findings demonstrate that household trip production in the study
area is reliant on private vehicle ownership. There is a direct correlation between trip
production and vehicle ownership, as the number of owned vehicles increases, the overall
trip production in the area also rises. Within this study, Zone 04 has the highest trip
production, generating an average of 7.1 trips per weekday travel. Generally, People with a
car likely travel more than those without a car.

Another important factor for trip production is household size, the analysis was carried out
to check the relationship and dependency of each other. According to the questionnaire
result the summary of the result are presented in Table 4.32 below.

Table 4.32: Household trip Production in TAZ by Household size on a Weekday

Zone Household Size
1 2 3 4 &4+ Total mean
Zone 01 3.5 4.3 55 6.6 4.9
Zone 02 3.6 4.8 6.2 1.7 5.6
Zone 03 3.8 5.0 5.6 7.6 5.5
Zone 04 3.7 5.5 55 74 5.5
Overall mean 3.7 4.9 5.6 7.3 54

Source: Respondent survey

Table 4.32 demonstrates that trip production is dependent on household size, as households
with three and four family members generate more trips, with average values of 5.6 and 7.3
respective trips per weekday. This indicates that larger families tend to travel more than

smaller-sized families. In particular, Zone 02 has the highest trip production, producing an
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average of 5.6 trips per household per weekday. The overall mean trip production for the

study, based on household size, is 5.4 trips.

The traffic analysis zonal trip production, which presents the number of trips produced in
each zone based on variable value discussed in the above section, and the actual trips

generated derived from the questionnaire are detailed in table 4.33 below.

Table 4.33: Zonal Actual trip Production based on Total mean Trip Production value of

variable
Zone | No. of | Total mean | Total mean | No. of | HHD | Average Actual trips
HHD | of HHD | of Car | workers per | size mean TP per | per weekday
income ($) | Ownership | HHD weekday
01 333 4.88 6.2 6.24 4.9 5.6 1,865
02 522 5.2 6.8 7.0 5.6 6.2 3,236
03 298 5.3 6.4 6.4 55 5.9 1,758
04 358 5.5 7.1 6.04 55 6.0 2,148
Total | 1492 9,007

Source: Respondent survey

Based on the provided table, the trip production for each traffic analysis zone was assessed
based on the characteristics of households Zone 2 appears to generate a larger number of
trips, around 3236 on weekdays, due to its higher number of households and significant car
ownership. In the study zone around a total of 9007 trips were generated per weekday in
Gurmmu Kebele. A direct correlation exists between the total trip production in each zone
and the respective independent variables. In the study area, Zone 3 has the lowest trip

production.

Trip Attraction

The analysis of trip attraction in traffic analysis zones (TAZ) was conducted based on the
amount and type of land use within the TAZ. The study gathered data from survey results
and the Aba Gada sub-city, Gurmmu Kebele regarding the type and amount of land use in

the study region to determine how many people are attracted to each zone.

79



The land use categories defined for this analysis of trip attraction include residential
(housing units), retail (commerce), institutional (services), and other services. By
considering these different types of land uses, the study was able to estimate the number of
people attracted to each zone and gain insights into how land use patterns affect trip

generation within the region.

The table below presents the percentage and amount of each land use type for each zone. In
general, areas with a higher percentage of commercial land use, including retail, service,
and office spaces, tend to attract more trips than other types of land. Conversely, residential

land use typically draws fewer trips in comparison to commercial land use.

Table 4.34: Land Characteristics of the Selected Zone in the Traffic Analysis Zone.

Study zone Land use character Amount | Population | Number of
(Gurmmu kebele) Percentage Employment
Zone 1 Residential (household unit) | 35% 2,565 1200
Commercial (retail, service, | 40%
store, and office)
Institutional(school & | 25%
hospital)
Zone 2 Residential 65% 4275 900
Commercial 25%
Institutional (service) 10%
Industrial 0.0%
Zone 3 Residential 30% 2443 1800
Commercial 50%
Institutional 15%
Industrial (service) 0%
Zone 4 Residential 30% 2931 1500
Commercial 55%
Institutional (service) 15%

Source: Adama City municipality

The association between the overall trip attraction and the independent variable was
ascertained. Here, trip attraction serves as the dependent variable that relies on the
independent variable, which frequently includes factors such as population, employment,

and land use features (residential, commercial, and institutional) within the TAZ.
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Employment, commercial land use, and institutional or service land use share a direct
relationship, as the majority of trip destinations tend to be concentrated in commercial
districts. This is because these areas typically house businesses and services where people
work or seek assistance. On the other hand, population and residential land use exhibit an
inverse relationship, given that residential areas generally serve as the source of trips rather
than their attraction. This is because people usually live in these areas and travel to other

locations for work, services, or leisure.

The overall trip attraction concerning the corresponding independent variable in each traffic
analysis zone is described in Table 4.35 below.
Table 4.35: Zonal trip attraction

TAZ | population | Employment | Residential | Commercial | Institutional Total
(zone) Land Use Land Use land use

1 2,565 988 35% 40% 25% 100%
2 4,275 2240 65% 25% 10% 100%
3 2,443 1230 30% 50% 15% 100%
4 2,931 1000 30% 55% 15% 100%
Total | 12,214

Source: Aba Gada sub-city and field survey

According to the provided table above, Zone 4 experiences a higher number of trips
attraction due to its larger share of commercial land use, as there is a direct relationship
between trip attraction and commercial land use types. On the other hand, Zone 2 has fewer
trips as it has a smaller percentage of commercial land use and a greater percentage of
residential land use but Zone two has a higher trip production zone as described in the above
section. In travel demand analysis models, residential land use is more associated with trip

production rather than trip attraction.

4.5. Traffic Congestion Analysis

The congestion analysis was carried out using the travel time method to identify various
congestion indicators. These indicators comprise average travel time, delay, average travel
speed, travel time index, and volume-to-capacity ratio (LOS). The assessment primarily
concentrated on six chosen routes within the Traffic Analysis Zone (TAZ), which include

the following: From Franco to Posta Bet, from Posta Bet to Tikur Abay, from Posta Bet to
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Mebirat Haile, from Posta Bet to Addis Ababa Meneharia, from Posta Bet to Amede
Gebeya, and from Posta Bet to Abebech Gobena Street.

45.1. Travel time

Travel speeds and travel times measured on any route vary by time of day, day of the week,
and month of the year. In general, evening weekday peak hour traffic volumes and travel
times were higher, and travel speeds lower, than those measured during midday periods or
on weekends. Travel time and travel speed data were collected in 15-minute intervals along
6 major selected networks in the traffic analysis zone. In this study travel time and speed
were conducted from 7:30 AM to 7:00 PM on peak and off-peak periods. Along each
directional route, two runs were conducted for each hour. Travel routes are shown in Figure
4.14 and Table 4.36 below. A team consisting of a driver, two data collectors, and the
researcher gathered the data. Travel time and speed data were recorded manually, using pen
and paper along with stopwatches. In this research “average” or “typical” travel times and
speeds, with a minimum of two-speed runs was collected on each route during the morning,
midday, and evening peak hour on “typical weekdays” (i.e. Tuesday, Wednesday, and

Thursday).
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Figure 4.14: Travel route
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Table 4.36 below provides an overview of the selected routes for congestion measure
analysis in the traffic analysis zone. It includes the route names and their respective origin-

destination information.

Table 4.36: Travel route for travel time and speed

No | Route Name Fromand To

1 Nuho Gobena From Franco to Posta bet

2 Derartu Tulu From Posta bet to mebirat Hail

3 Abebe Bikila street From Posta bet to Addis Ababa Meneharia
4 Mamo Mazamir From Posta bet to Tikur Abay

5 Jara Aba Gada From Posta bet to Amede Gebeya

6 Aba Jifar street From Posta bet to Abebech Gobena Street

Source: field survey

Median peak hour travel time and average travel speed

Table 4. 37 presents the average surveyed travel time and speed across all chosen routes
within the traffic analysis zone. To examine the impact of congestion on travel delays, both

travel time and speed were surveyed during peak and off-peak hours on typical weekdays.

Table 4.37: Median peak hour and the off-peak hour travel time and average travel speed

Average
Name of major Length Peak |Offpeak| Peak | Off peak |Traveltime[Run
. Fromstreet [To street |. .
Corridor in(m) | hour TT | hour TT | hour hour index |No.
in (sec) | in(sec) TS TS(kph)
Nuho Gobena Franco Posta bet 600 250.5 100.5 8.6 12 2.5 3
. Addis  Ababal
Abebe Bikila meneharia Posta bet 600 100.7 504 214 30 1.69 3
Mamo mazamir | Tikur abay Posta bet 600 200 90.2 10 214 2.2 2
JaraAbaGada  |Posta bet Amede 600 | 915 60 20 30 15 3
gebeya
Derartu Tulu  |Posta bet m?:; Mat 1 600 | 1504 | 1023 | 15 20 147 2
Aba Jifar Abebech Postabet | 600 | 80.6 55 30 40 1.46 2
Gobena

Source: Field survey

The travel time and travel speed are analyzed by time of day and with the support of traffic
volume data for each route and its LOS. The selected route which has measured travel time

and speed has taken an equal length of 600m.
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Figure 4-15. Illustrate, the route from Franco to Posta bet has high Travel time in morning
and evening peak hours as it has high traffic volume at this peak hour while the travel speed
is low this is due to the congestion of vehicles. The travel time on Jara Aba Gada (from Posta
Bet to Amede Gebeya) and the route from Posta to Abebech Gobena Street have lower travel

times with high travel speed which indicates the free flow of movement on this route.
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Figure 4.15: Travel time for the selected routes

Figure 4-15, the route from Franco to Posta bet has a higher travel time with lower travel
speed during morning and evening peak hours similarly the evening travel time is also
higher than the morning peak, it takes 250.5 seconds on average to cover the distance in the
evening peak. Route from Posta bet to Abebech Gobena Street had the lowest travel time

and high travel speed during the morning and evening peak periods.

4.5.2. Travel speed

Travel speed analysis has been performed at the selected route. These have been done based
on the amount of traffic volume and significant travel starting location on selected routes
with equal travel distance for recording speed. Figures 4-16 below illustrate the average
speed distribution throughout the day for the selected route. As per the result during morning
and evening peak the travel speed is lower up to 7 km/hr. but maximum speed occurs at the

midday period.
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Although the travel speed at the evening peak for the selected route is lower than that of the

morning period. However, the route from Franco to Posta Bet performs at a constant speed

during the midday period.
40

— 35 =e—From Franco to posta bet

e

=

g —e—From Posta bet to mebirat haile
% 25

- =—eo—From posta bet to A.A meneharia
@ |20

o

o 15 —e—From posta bet to Tikur Abay
E

= 10 From posta bet to Amede gebeya
s

=eo—From posta bet to Abebech
0 Gobena street
DA DI SIS SIA A S SN
LR PR S PR PR P PR Q‘l% Q‘l%‘i“ﬁﬁ‘l“
I IO I N SN N PN I B SNNCIN
N7 ET DS AN AN, NN T BT B N 6T 8T AT
IR S ST N ﬁ@{o_}% b__@ bg:
'\%Qg,'.\g\\'.\x‘.\"w\'\"‘:,
Time of Day

Figure 4.16: Travel speed for the selected route by time of the day
Traffic congestion hot spot area in the study area
Areas of congestion hot spots were identified by traffic volume results through cordon
counts and utilizing time-lapsed photography from the tallest buildings along the selected
routes during peak travel times as it is depicted in the above section. Figure 4-17 below

illustrates the congestion hot spot areas within the traffic analysis zone of downtown Adama.
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Figure 4.17: Traffic congestion hotspot area in Adama Downtown
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Figure 4.18: Average Daily (24hr) weekday traffic volume flow map.

Traffic volume flow map of the traffic analysis zone of Adama City downtown, the Average
Daily Weekday Traffic (ADWT) represents the mean number of vehicles traveling on
selected routes of the Traffic Analysis Zone (TAZ) during weekdays. As illustrated in Figure
4-18, this encompasses the total traffic flow of vehicles throughout all chosen routes in the

Central Business District (CBD) area, with data collected at 15-minute intervals.

The research results on traffic volume in the major selected routes indicate that most of these
routes are operating beyond their design capacity, particularly during peak hours. The
routes, such as Franco to Posta, Posta to Tikur Abayi, and Posta to Mebrat, are all
performing above capacity. The traffic demand among people is extremely high, leading to
an over-dependence on transportation in these areas. These findings are supported by a study
conducted at Addis Ababa University by Fasika. M (2012) unpublished MSc thesis, which
focused on Adama City. This research also showed that traffic congestion was highly
concentrated in the central business district (CBD), particularly along the major routes of
Franco to Posta and Posta to Tikur Abay.
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In this study, the congestion level and traffic flow quality of the selected route was assessed
using the Level of Service (LOS) standard from the Highway Capacity Manual (2010). LOS
evaluates the operating conditions of the chosen route. The routes from Franco to Posta,
Posta to Mebrat Hail, and Tikur Abayi to Posta experienced overcapacity operation during
peak hours, resulting in a LOS rating of F. This indicates that the roadways were operating
beyond their capacity, leading to extreme congestion, stop-and-go traffic, and significantly

longer delays.

4.5.3. Traffic congestion consequences and possible mitigation measures

analysis

The significant traffic consequences can be defined as the potential adverse impacts on the
traffic system due to factors like road capacity, vehicle speed, and travel time. These impacts
may result from urban development, increased vehicle usage, or changes in the

transportation infrastructure.

Road capacity: Increased traffic can lead to congestion and reduce the capacity of roads to
accommodate vehicles. This can lead to longer travel times, increased vehicle emissions,

and reduced access to other modes of transportation.

Vehicle speed: Congested roads can result in reduced vehicle speeds, leading to longer travel

times and increased fuel consumption.

Travel time: Longer travel times due to traffic congestion can have various social, economic,

and environmental impacts.

Increase in travel demand: refers to the growing need for transportation services in a
particular area, often driven by factors such as urbanization and the preference for driving

private vehicles in an urban environment.
To tackle these consequences, various mitigation measures can be recommended
Expanding and improving public transportation: Encouraging the use of public

transportation can help reduce the reliance on private vehicles, thereby reducing traffic

congestion and the associated impacts.

Traffic demand management: Implementing measures to reduce peak-hour traffic demand

can help alleviate congestion. Measures like congestion pricing and flexible work schedules

87



can spread traffic volume across the day, reducing peak-hour demand and improving overall

traffic conditions.

Improved road infrastructure: Upgrading existing road infrastructure or constructing new

roadways can help manage the increased traffic volume.

Promoting active transportation: Encouraging people to walk, cycle, or use other non-
motorized modes of transportation can help reduce vehicle traffic. Providing safe and

comfortable pedestrian and cycling facilities, like sidewalks and bike lanes.

Intelligent traffic management systems: Utilizing advanced technologies like adaptive
traffic signals, real-time traffic information, and incident management systems can help

optimize traffic flow and reduce congestion.

Land-use planning: Integrating land-use and transportation planning can help create
communities with better access to public transportation, jobs, and services. Promoting
mixed-use development, concentrating growth around transit nodes, and adopting transit-

oriented designs can all contribute to a reduction in vehicle dependence.
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5. CONCLUSION AND RECOMMENDATION

5.1. Conclusion

The cordon counts traffic volume survey analyzed traffic patterns, congestion levels (LOS),
and transportation demand for TAZ on selected routes. Congestion hot spots were identified
through manual traffic volume counting. There were morning and evening peak traffic

periods, with congestion during these times and moderate traffic during midday.

The study collected data on traffic flow and volume on all selected routes in TAZ and
measured their LOS. High congestion was found on the route from Franco to Posta Bet,
with 1946 vehicles per 15-minute interval and a LOS grade of F. In contrast, the route from
Posta to Amede Gebeya had less congestion, with 1175 vehicles and a LOS grade of C.

Overall, the selected network's level of service is over capacity.

The analysis of travel time and speed was conducted to evaluate congestion and
transportation demand in traffic analysis zones, aiding the determination of road network
efficiency, routes with the slowest speeds and longest travel times, and hotspots. The Franco
to Posta Bet route experiences increased travel times and decreased speeds during morning
and evening peak hours, with a higher travel time in the evening compared to the morning.

During evening peak hours, covering the distance takes an average of 250.5 seconds.

As mitigation, Measures like congestion pricing, increasing road capacity, carpooling
incentives, and flexible work schedules can spread traffic volume across the day, reducing

peak-hour demand and improving overall traffic conditions.

An origin-destination study analyzing travel behavior in the Aba Gada sub-city, Gurmmu
Kebele area, found that work-related trips were mainly within the central traffic zone with
an average distance of 1.5 km. Households in the area made an average of 7.8 trips per

weekday, while individual household members averaged 3.0 trips per weekday.

The study region conducted household travel surveys in two categories: general travel and
different types of households. In general travel, a minibus and auto were the main modes of
transportation within the Traffic Analysis Zone (TAZ), with auto being the secondary mode.
Minibus trips accounted for over 47% of trips, and auto-generated trips made up nearly 25%
of the TAZ.

The study analyzed travel demand in a specific region using travel demand modeling

techniques of trip generation and attraction model concerning household characteristics. The
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study found that strong relationship between households and household categories such as
household income, number of workers per household, household size, and car ownership.
In the study zone, a total of 9007 actual trips were produced per weekday. The highest trip
production was in Gurmmu Keeble’s zone two, with 3,236 trips generated in weekday
travel, this is due to the highest number of households available in this zone and as it has a
higher percentage of residential land use type. A lower portion of trips were generated from

zone 3 with a value of 1,758 trips per weekday in the traffic analysis zone.

Implementing traffic models and staggering work hours to decrease peak hour traffic
demand, particularly during mornings and evenings, for sustainable traffic management and

alleviating traffic congestion.
5.2. Recommendation

To enhance the results of this study, it is recommended to implement the following

suggestions:

It is recommended that further enhancements be made to this research by expanding on all
aspects of the study, including the collection of additional data to improve the overall
findings. In particular, data on traffic volume, travel time, travel speed, and travel demand

should be prioritized.

+ Implementing automatic traffic data collection and travel time recording methods
will likely result in more accurate measurements and provide a better representation
of a typical weekday.

+ Implement congestion pricing to discourage private vehicles during peak hours,
reducing traffic volume and easing congestion.

+ Increase road capacity in areas identified as hotspots for congestion, such as Franco
to Posta Bet, Posta Bet to Tikur Abay, and Mebrat Hail to Posta Bet.

+ Encourage the utilization of public transportation options like buses and mini-buses,
this is crucial as in the traffic analysis zone (TAZ), a sizable proportion of trips are
made by minibus and auto, with public buses experiencing relatively low usage.

+ Encourage flexible work schedules to distribute traffic volume throughout the day
and further reduce peak-hour demand.

+ Promote the use of alternative modes of transportation, such as cycling or walking
and develop a pedestrian-safe walking environment for shorter work-related trips

within the central traffic analysis zone.
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+ Develop targeted solutions for improving mobility in specific zones, such as zone
two in Gurmmu Kebele, which generates the highest number of trips.

+ Regularly conduct household travel surveys to monitor trends in travel behavior and
preferences, and update transportation planning accordingly.

+ Implement better land-use planning strategies to reduce work-related trip distances
and increase the efficiency of the overall transportation system.

+ Decentralized working areas especially office buildings of government institutions.

+ Developing mixed-use neighborhoods: Encouraging a mix of residential,
commercial, and business developments in the central traffic zone would allow
people to live closer to their workplaces. This can help to reduce both the number
and distance of daily trips made.

+ Conducting transportation (traffic demand) demand analysis on this study region for
better analysis of the travel demand of households which is needed to study
congestion and people's travel choice in the study area.

+ Employ the regression model and sophisticated traffic congestion model methods to
effectively assess and enhance transportation policies and strategies. This proactive
approach will address traffic congestion and boost mobility within the Traffic
Analysis Zone (TAZ).

+ The researcher only completed the trip generation and trip attraction model
components of the four-step travel demand modeling process. Therefore, to further
improve this research, I recommend developing the remaining three steps: trip
distribution, mode choice, and trip assignment. Completing these steps will allow
for more reliable predictions through the calibration and validation of the

comprehensive four-step travel demand model.
Plan for the major selected congested route

The proposed plan for the major selected congested route such as the route from Franco to
Posta, Posta to Tikur Abay, and the route from Posta to Mebrat hail to distribute the traffic
volume and reduce peak hour traffic demand in the CBD area are as follow:

+ Encourage non-motorized movements such as cycling and pedestrian sidewalk, this
reduces the dependency of people on transportation.
+ Follow the 5-minute walking distance service availability by decentralizing the

work zone for long-distance work in the CBD area.
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#+ Increase the Road capacity of the existing transportation system by increasing the
width of the carriageway, constructing additional lanes, and separating roads by
mode of transportation.

+ Master plan design revision by incorporating basic solutions such as street width,
additional lane, restriction of mode (Bajaj) from operation in major routes, and

connectivity of route.
Design recommendation

The design proposal for the improvement of design capacity and encouraging non-
motorized movement for short work purpose distance in the CBD area along with the main
route from Franco to Posta. The plain view of the proposed street design of the congested

route is presented in Figure 5.1 below.

Design proposal Recommendation for the selected route in the CBD

{: ‘ 2
ProposedRoute from
Fra sta

4
o

Noda‘l~1561‘;'1“t',ﬁ;l—agnetic
space& traffic delay
in post office

1-Route from Franco to Posta
2-Route from Posta to Tikur.A

3-Route from Posta to Mebrat.H l
4-Route from Posta to Peacock [
5-Route from Posta to Amede

6-Route from Posta to Abebech. 5
Street

Figure 5.1: Proposed route design of the six selected routes in the CBD
Cycling and pedestrian sidewalk

Encouraging cycling and a pedestrian-free way for short-distance movement, especially in
the CBD area to reduce motorized movement. Traffic volume is distributed while people

are preferring to walk rather than utilized motorized mode share, this is by providing a
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pedestrian-friendly environment and creating a walkable environment. Short working

distance in the central business district is highly utilized in this infrastructure.

Non- Motorized movement such as cycling and pedestrian side walk

Pedestrian crosswalk Cycle way

Pedestrian sidewalk

For pedestrian safety and Increase pedestrian Pedestrian Sidewalk with
Easc' of movement in the movement and cycle seating space
corridor

movement

Figure 5.2: Proposed cycleway and pedestrian sidewalk

This proposal design of the congested route reduces the observed traffic volume in the CBD
area, especially on the route from Posta to Franco. The design proposes a safe and
convenient sidewalk and increases the width of the carriage to hold the traffic at rush hour
mobility. People prefer to walk when the facility is safe in the working area, especially at

evening peak hours when people are back home at this peak.

The dominance of minibus mode share is reduced through walking for short-distance
mobility and increased usage of public mass transportation for long-distance movement for

work and non-work purposes in the traffic analysis zone.
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APPENDICES

Appendix-A: Traffic Volume by Cordon Count at the Major Selected Route in

TAZ

Table 1: Average 15 min interval Cordon count result on selected routes collection point

Travel mode
Point on .
major Data Cogflitr']z:fay at g |os- ::’i;ﬂ_ oB- [IB- |oB- 'EL)"C_ OUE:)'"C_ B- |oB- [IB- |O0B- |IB- |OB-
selected P Auto  |Auto bus mini-bus|bajjaj |bajjaj Eus Eus 4WD [4WD |walking [walking [Total | Total
routes
April 01/8/15
< 1:30Am-1:45Am 87 82 155 138 5 5 7 10 45 40 49 40 348 | 315
= & [ 1:45Am-2:00Am 86 80 153 140 4 6 6 9 46 41 48 41 343 | 317
2 g 2:00Am-2:15AM 86 81 154 141 3 5 8 8 47 39 47 39 342 | 313
‘E ®» [_2:15Am-2:30Am 88 83 156 139 2 4 6 7 46 37 46 38 344 | 308
§ — | _2:30Am-2:45Am 89 80 157 140 4 7 9 8 44 37 49 40 352 | 312
2:45Am-3:00Am 87 82 152 141 3 6 7 10 45 38 50 37 344 | 314
Morning average 88 81 153 139 3 6 8 9 44 39 191=48 1156=39| 344 | 313
6:00AmM-6:15:Am 76 75 145 145 1 4 5 7 50 45 49 40 326 | 316
~ E 6:15Am-6:30Am 77 76 143 146 2 4 6 6 49 44 48 41 325 | 317
3 o | _6:30Am-6:45Am 78 74 142 145 3 3 4 8 48 43 50 39 325 | 312
i g 6:45Am-7:00AM 79 73 142 144 2 4 5 7 47 42 48 38 323 | 308
Nuho Gobena | & £ [ 7:00Am-7:15Pm 76 72 143 143 3 3 6 6 50 45 47 41 325 | 310
street (From |2 < 7:15PM-7:30PM 75 74 142 144 1 2 4 7 49 46 46 42 317 | 315
Franco to = S| _7:30PM-7:45PM 79 76 141 145 2 3 6 6 48 45 47 39 323 | 314
& | _7:45PM-8:00PM 77 75 142 143 2 2 5 7 47 43 50 40 323 | 310
posta bet) on Midday average | 78 74 140 144 2 3 5 6 46 44 1196=491163=41] 323 | 312
Adama ras 10:30PM-10:45PM | 88 73 138 152 5 5 8 8 45 43 48 42 332 | 323
E 10:45PM-11:00PM | 86 72 142 151 6 4 9 7 47 45 49 40 339 | 319
é 5 11:00PM-11:15PM| 88 74 140 150 5 3 10 6 48 43 50 42 341 | 318
Q | 11:15PM-11:30PM | 87 72 141 153 6 4 8 8 44 43 48 40 334 [ 324
E’ <+ |11:30PM-11:45PM | 85 73 142 152 5 5 9 7 46 42 47 39 334 [ 318
S E 11:45PM-12:00PM| 89 71 143 148 5 4 8 9 45 45 48 38 338 | 315
o S |12:00PM:12:15PM | 88 73 139 149 5 6 7 10 44 43 49 40 332 | 321
é 12:15PM-12:30PM| 86 74 141 151 4 4 8 9 47 44 50 39 336 | 321
Evening average 85 72 140 150 6 5 9 8 46 43 197=49 |1165=41| 335 | 319
Total 251 227 433 433 11 14 22 23 139 126 146 121 1002 | 944
overall total 1946
April 03/8/15
c 1:30Am-1:45Am 27 25 19 26 184 169 5 3 16 15 23 23 274 | 261
é < [ 1:45Am-2:00Am 25 23 20 25 182 173 6 2 15 16 24 25 272 | 264
; 8 2:00Am-2:15AM 24 22 23 24 183 172 4 4 14 14 21 20 269 [ 256
5] 2 2:15Am-2:30Am 25 24 19 26 185 167 5 5 13 13 20 19 267 | 254
g g 2:30Am-2:45Am 23 26 18 23 180 168 7 3 15 16 23 20 266 | 256
= :’ 2:45Am-3:00Am 25 25 20 24 182 171 5 5 14 15 20 21 266 [ 261
Morning average 26 24 21 25 183 170 6 4 15 16 88=22 | 91=23 | 271 | 262
6:00Am-6:15:Am 17 15 20 28 167 160 5 3 13 16 23 22 245 | 244
€ 6:15Am-6:30Am 15 14 23 27 169 163 4 6 15 14 22 24 250 [ 248
Abebe Bikila | % & | 6:30Am-6:45Am | 16 [ 13 19 26 | 170 | 165 | 3 3 12 | 13 20 21| 240 | 241
street (From | = & | 6:45Am-7:00AM | 14 | 15 20 28 | 167 | 164 | 4 6 1 | 15 19 20 | 235 | 248
> 0
postabetto |5 & | _7:00Am-7:15Pm | 15 12 18 29 165 | 160 5 4 12 16 24 24 | 239 | 245
o . .
Addis Ababa | S é 7:15PM-7:30PM | 13 | 13 17 24 | 169 | 159 3 3 14 14 23 25 | 241 | 238
meneharia) on| @ |_L:30PM-7:45PM | 14 15 22 25 | 168 | 161 4 4 10 17 22 26 | 240 | 248
Mame hotel 7:45PM-8:00PM | 17 | 16 21 26 | 166 | 163 5 5 1 14 20 23 | 240 | 247
Midday average 16 14 20 27 168 162 4 5 12 15 89=22 | 95=24 | 242 | 247
c 10:30PM-10:45PM | 20 20 24 24 176 167 5 3 13 15 19 21 257 | 250
~ o [10:45PM-11:00PM| 19 19 26 23 174 164 4 2 14 13 18 23 255 | 244
8 % 11:00PM-11:15PM | 18 20 25 20 175 163 3 3 15 14 20 22 256 | 244
g o 11:15PM-11:30PM | 17 18 27 19 173 167 5 4 12 15 22 24 256 | 247
£ ¢ 11:30PM-11:45PM | 18 22 28 20 172 162 6 2 14 14 21 26 259 | 246
§ [ 11:45PM-12:00PM | 16 20 22 18 175 163 4 3 11 15 23 27 251 | 246
o & [12:00PM:12:15PM | 19 18 22 21 177 165 5 2 12 12 22 24 257 | 242
S | 12:15PM-12:30PM | 20 19 24 23 175 163 6 4 13 14 19 23 257 | 246
Evening average 19 20 25 22 174 165 5 3 14 13 84=21 [100=25] 258 | 248
Total 61 58 66 74 525 497 15 12 41 44 65 72 638 | 628
Overall total 1266




April 05/8/15

% £ [L:30Am-1:45Am 49 48 47 30 85 74 10 12 38 43 32 37 261 | 244
& <[ 1:45Am-2:00Am 50 47 46 32 80 72 8 13 40 40 28 35 252 | 239
é 8 2:00Am-2:15AM 47 46 45 35 82 68 9 14 36 38 30 34 249 | 235
> 2 2:15Am-2:30Am 45 45 44 33 78 69 7 10 34 44 32 32 240 | 233
£ g 2:30Am-2:45Am 46 44 43 35 81 73 8 12 39 39 29 35 246 | 238
S 2 2:45Am-3:00Am 47 49 46 39 79 78 9 10 39 40 30 38 246 | 254
= Morning average | 48 47 47 33 80 72 10 13 37 42 [124=31]139=35| 253 | 242
6:00Am-6:15:Am [ 38 38 39 32 76 68 8 6 34 44 34 40 229 | 228
£ 6:15AM-6:30Am 39 39 38 31 74 70 9 5 32 40 33 38 225 | 223
Mamo % o | 6:30Am-6:45Am 38 40 39 30 72 66 6 7 33 45 31 36 225 | 224
Mazamir S S| 6:45Am-7:00AM 35 41 40 28 78 67 8 4 31 38 28 37 220 | 215
street(From _§‘ °§ 7:00Am-7:15Pm 36 42 41 27 75 68 7 5 36 39 30 35 225 | 216
posta bet to S < | 7:15PM-7:30PM 35 37 42 26 76 63 9 4 35 43 29 34 226 | 207
Tikur Abay) 2 8 7:30PM-7:45PM 38 38 43 30 73 65 7 8 37 42 30 38 228 | 221
on kereyu © | 7:45PM-8:00PM 36 40 39 28 74 66 10 7 36 46 28 39 213 | 226
branch of Midday average 37 39 40 29 75 67 9 6 33 43 [128=32|147=37| 226 | 221
CBE 10:30PM-10:45PM | 38 40 42 34 83 66 12 12 34 43 30 37 239 | 232
£ | 10:45PM-11:00PM| 36 39 43 35 80 65 11 13 32 40 28 35 230 | 227
é % 11:00PM-11:15PM| 34 38 38 35 79 62 10 15 35 38 32 32 228 | 220
= & 11:15PM-11:30PM| 35 41 37 30 7 61 9 12 36 41 29 38 223 | 223
£ £ [|11:30PM-11:45PM| 34 36 41 28 80 63 12 16 31 39 31 36 229 | 218
§ Q| 11:45PM-12:00PM | 36 37 38 29 82 65 13 15 32 37 30 34 231 | 217
w g 12:00PM:12:15PM | 34 42 41 27 79 64 10 14 35 42 27 32 226 | 221
— [12:15PM-12:30PM| 36 44 38 30 78 63 9 13 33 44 33 30 227 | 224
Evening average 35 41 42 31 80 64 11 14 34 40 [122=30[143=35| 232 | 225
Total 120 127 129 93 235 203 30 33 104 125 93 107 | 711 | 688
Overall total 1399
April 07/8/15
e | 1:30Am-1:45Am 43 37 94 7 16 20 10 8 27 24 18 26 208 | 192
§ < | 1:45Am-2:00Am 42 39 90 80 17 18 11 7 24 23 21 24 205 | 191
> & | 2:00Am-2:15AM 39 35 88 79 15 17 9 6 25 25 23 23 199 | 185
£ ¢ | _2:15Am-2:30Am 38 36 95 74 16 16 13 9 28 22 19 21 209 | 178
S & | 2:30Am-2:45Am 40 34 90 75 14 21 12 9 26 21 18 24 200 | 184
= € | _2:45Am-3:00Am 45 38 91 78 18 20 10 6 23 24 22 23 209 | 189
Morning average | 42 36 92 7 17 19 11 7 26 23 | 132=20122=24| 208 | 186
6:00Am-6:15:Am | 35 29 90 94 8 7 8 7 38 29 22 18 201 | 184
Jira Aba Geda| » £ | -6:15Am-6:30Am 33 30 92 88 9 6 7 9 36 27 21 19 198 | 179
street (from a;;_ S 6:30Am-6:45Am 36 32 87 95 7 5 6 8 34 26 19 17 189 | 183
> & |_6:45Am-7:00AM 32 33 90 89 6 8 9 6 38 29 23 22 198 | 187
postabetto | & F =50 A 7 1epm | 33 31 36 50 3 7 3 7 35 26 18 20 | 188 | 181
Amede |2 < ["7:15pM-7:30PM_|_36 28 92 97 9 3 7 3 33 2% 22 21 | 199 | 179
gebeya) on | = S [ 7:30PM-7-45PM | 35 27 91 88 7 8 3 8 34 29 20 18 | 193 | 170
Dire Dawa © [7:45PM-8:00PM 32 34 88 94 8 9 7 7 37 30 19 20 191 | 194
hotel Midday average 34 31 89 92 9 7 8 9 35 28 1124=211129=19| 196 | 186
10:30PM-10:45PM | 40 44 96 88 10 16 7 10 33 23 24 15 210 | 194
e [10:45PM-11:00PM 38 42 94 87 9 14 6 12 32 22 22 17 201 | 194
x % [11:00PM-11:15PM 39 40 90 84 8 12 8 11 30 21 20 16 195 1 184
@ ®[11:15PM-11;30PM]| 37 39 88 86 10 15 9 13 31 24 21 16 196 | 194
= N [11:30PM-11:45PM]| 36 42 92 90 11 16 6 9 28 25 25 17 198 | 199
E & [11:45PM-12:00PM ]| 35 38 93 92 8 14 7 10 30 21 23 18 196 | 193
4 % 12:00PM:12:15PM | 42 46 94 84 10 13 8 12 29 20 22 16 205 | 191
w g 12:15PM-12:30PM | 44 43 92 88 12 12 7 9 34 22 24 17 213 ] 191
— [Evening average 39 42 94 87 11 14 7 11 32 23 | 120=23[132=16| 206 | 193
Total 115 109 275 256 37 40 26 27 93 74 64 59 610 | 565
Overall total 1175
April 09/8/15
g [ 1:30Am-1:45Am 90 88 61 62 8 22 8 9 50 32 40 32 257 | 245
§ < | 1:45Am-2:00Am 88 86 58 60 7 20 10 8 52 30 37 33 252 | 237
> & | -2:00Am-2:15AM 89 89 56 58 6 18 9 6 48 28 35 35 243 | 234
£ £| 2:15Am-2:30Am 86 84 54 63 9 24 6 10 47 29 34 34 236 | 244
5 & [ 2:30Am-2:45Am 84 85 60 57 5 22 7 9 51 34 38 36 245 | 243
= € | _2:45Am-3:00Am 87 84 62 62 9 19 6 7 49 32 40 30 253 | 234
Morning average | 88 86 58 60 8 20 8 9 49 30 | 150=37[134=34| 248 | 239
6:00Am-6:15:Am | 70 70 40 38 6 9 4 6 44 24 44 36 208 | 183
« g 6:15Am-6:30Am 69 68 41 40 5 8 5 8 42 22 42 32 204 | 178
S o | _6:30Am-6:45Am 72 66 39 37 7 7 3 5 46 20 40 30 207 | 165
2 2| 6:45Am-7:00AM 68 69 38 45 6 6 5 8 41 18 41 34 199 | 180
Auraro Street | & % [77:00Am-7:15Pm | 73 | 70 | 42 | 39 7 7 4 7 40 | 25 | 43 38 | 200 | 186
(From Posta | © E 7:15PM-7:30PM 66 65 36 41 9 9 6 6 38 24 39 37 194 | 182
bet to mebirat| = & | 7:30PM-7:45PM 74 66 40 37 7 8 5 5 39 23 40 39 205 | 178
haile) on Dada; © | 7:45PM-8:00PM 75 71 38 45 5 10 4 7 45 21 41 35 208 | 189
mall Midday average 71 69 39 38 6 9 4 6 42 22 |166=42[142=36| 204 | 180
10:30PM-10:45PM | 89 82 54 62 7 20 9 9 48 34 38 34 245 | 241
£ 10:45PM-11:00PM| 86 80 50 58 8 18 6 8 46 30 37 36 233 | 230
x & [11:00PM-11:15PM| 88 77 53 64 6 22 7 10 49 29 36 34 239 | 236
3 & |11:15PM-11:30PM | 85 86 56 61 9 16 8 6 47 33 40 38 245 | 240
2 < [11:30PM-11:45PM | 84 84 48 59 6 20 10 7 42 28 41 30 231 | 228
§ é 11:45PM-12:00PM | 89 76 50 64 8 18 6 8 44 30 38 37 235 | 233
w g 12:00PM:12:15PM | 90 80 52 63 7 17 6 7 43 34 37 31 235 | 232
— [12:15PM-12:30PM | 86 78 51 55 9 20 7 10 48 32 39 33 240 | 228
Evening average 87 80 52 60 7 18 7 9 46 31 | 148=37[137=34| 236 | 232
Total 246 235 149 158 21 47 19 24 137 83 116 104 | 688 | 652
Overall total 1339




Appendix -B: Congestion Measure Analysis for Selected Route

Table 2: Tuesday travel time recorded data in second

Tuesday march
2/8/2015

Travel Time (sec.)

From Franco to
posta bet

From Posta bet to
mebirat haile

From posta bet to A.A

meneharia

From posta bet to
Tikur Abay

From posta bet to
Amede gebeya

From posta bet to
Abebech Gobena
street

Starting and ending
time

Length in (m)=600

Length in (m)=600

Length in (m)=600

Length in (m)=600

Length in (m)=600

Length in (m)=600

7:30-7:45AM 250 246 238 151| 149 150 99( 100.5 188| 198| 200| 199 91 88 93| 78.6 80.5 81
7:45-8:00AM 240| 146 246( 140| 135| 140| 1105 88.6] 80.7 200| 190| 181| 80.3] 78.1| 100.2| 80.2 90 70.2
8:00-8:15AM 241 258 246 135| 118| 130| 82.8( 110.5| 102.5( 188 206| 188 72.1| 87.2] 80.9| 90.2| 96.2 80.8
8:15-:8:30AM 260| 252 248 148| 144 149| 1205 789 98.4| 185| 177| 168| 86.3| 100.2| 90.5| 78.9| 80.4 90.2
8:30-8:45 AM 243| 245 241 152| 126] 127 104| 112.5| 120.1] 190 199 211f 70.3| 66.2| 60.1] 55.6| 67.6 80.8
8:45-9:00 AM 237| 240 239 136| 111] 154| 120.6( 101.5| 98.5( 179 171] 180| 60.9] 70.3] 88.2| 48.9| 50.8 70.9
9:00-9:15 AM 240 199 209( 116| 122 115] 94.5( 120.2 111| 120f 112| 130f 55.3] 62.1| 58.9| 50.6| 40.5 60.6
9:15-9:30 AM 199| 208 198| 106/ 104 105 58.7 59 57.9 98.6] 97.2| 102 45 48 44 41 39 44
9:30-9:45 AM 188 159 177 99| 113| 120| 66.4 60| 56.2| 107| 98.2| 88.4| 40.5| 50.8] 56.3] 60.4| 45.5 40.8
9:45-10:00 AM 190 186 167 110 89 94| 50.2| 100.5| 90.1 90.4] 109| 80.4| 50.8 44.4] 60.5| 55.2| 50.6 38.9
10:00-10:15 AM 178 198 200| 100 98 80| 101.2 77.4| 48.5| 78.3| 70.9| 112| 589 60.9] 54.5| 50.2| 60.1 48.9
10:15-10:30 AM 179 194 183 120 771 120| 68.3 45.5] 55.8| 69.4| 90.4| 80.4| 504 40 48.2] 40.6| 48.9 58.7
10:30-10:45 AM 184 186 200 82| 118 80| 48.5 51.6| 64.1] 112 99.1| 101| 58.4] 50.2| 60.2] 55.9| 50.6 4.6
10:45-11:00 AM 178 189 199 117 98| 110f 564 449 60.2| 90.1] 88.5| 94.3| 40.6/ 48.3| 45.3] 40.9| 55.9 48.9
11:00-11:15 AM 168 190 190 99| 132 88| 48.9 58.6 50| 94.6] 98.9| 120 55| 50.1] 60.2| 52.4| 49.1 40.8
11:15-11:30 AM 194 209 200| 128 78] 121| 55.3 48.11 42.4| 100| 107| 124| 88.9| 77.5| 80.9] 39.6| 46.8 50.6
11:30-11:45 AM 203 210 204| 145 129 137 94 67.5 88.2| 120( 130 98| 70.9| 92.6] 74.6| 50.5| 58.9 60.4
11:45-12:00 AM 216 220 208| 109 150 104 88.6 90.3| 78.4| 160( 170( 180 100f 70.9| 86.1] 70.6| 66.6 72.6
12:00-12:15 AM 224| 240 237| 144| 110| 120f 99.2 77.8 86| 190 180| 190| 94.6] 90.5| 81.8| 64.3 60 50.6
12:15-12:30 AM 248| 250 248 115| 124| 150 105 82.6] 90.8( 200| 198| 209| 88.4| 74.9| 70.9| 76.5| 70.6 68.3
12:30-12:45 AM 256| 249 253 160| 138| 128 94.2 96.1] 88.2| 231| 220| 210 70.9 100| 87.6| 80.6| 90.2 78.9
12:45-1:00 AM 247| 250 246 122| 119| 156 78.2 75.4] 87.6| 180| 169| 178 88.9| 92.5| 79.8| 74.6| 82.6 70.3
1:00-1:15 PM 251 250 256 146| 154| 118 98.2 89.6] 92.1 171| 188| 190 81.3| 74.6| 92.1| 64.6| 70.6 80.4
1:15-1:30 PM 246| 248 248 152| 126| 149| 105.6 96.4] 108.4 210/ 176| 195| 109 96 80.4| 75.5| 99.1 88.3
1:30-1:45 PM 245| 249 258 148| 139| 153 98 74.6] 91.3| 210/ 180/ 200| 79.6| 102.4] 95.6| 55.6 74.1 69.8
1:45-2:00 PM 260| 252 250( 154| 150| 147 71.2 80.2| 70.2| 190| 181| 170| 88.6 99 100| 50.9| 48.9 50.4
2:00-2:15 PM 246| 250 248 116| 108| 123| 64.2 78.4] 60.2 130| 141| 120 80.2| 90.1] 70.2| 45.6| 55.6 47.9
2:15-2:30 PM 251| 245 235 106| 114| 112 589 61.2] 56.2 99.2] 113| 98.4] 70.4| 70.9 99| 40.3| 42.3 35.4
2:30-2:45 PM 224 228 230 126| 105| 100| 86.3 452 60.9] 109| 95.3| 80.8] 90.7| 80.6] 79.8| 36.2| 40.6 53.6
2:45-3:00 PM 235 231 199 99( 112 88| 50.2 61.6] 54.3| 90.2| 101| 114 90 74( 112.3] 46.3| 50.1 35.1
3:00-3:15 PM 205| 198 188| 118 78| 123 45.6 42.1 65.2| 80.2| 88.4| 99.1| 80.9| 70.5| 88.1] 47.3| 40.3 50.1
3:15-3:30 PM 194| 184 209( 102| 122 98| 50.8 60.2| 57.8f 98.1] 109| 110] 90.3 88 99.4| 38.2| 46.4 39.4
3:30-3:45 PM 177| 185 169| 77.8| 88.4 106 56.4 60.2] 55.3| 106| 98.1] 88.1] 68.5| 78.1] 804 40| 50.4 45.6
3:45-4:00 PM 184 179 190| 110 120 90.8f 53.7 45.1 50.8| 80.1| 90.1| 78.9| 88.6| 94.2| 68.9| 55.6| 42.3 50.6
4:00-4:15 PM 170 199 188| 121 109 98.5 60.1 72.3] 56.9( 120/ 98.1| 100 70( 80.4] 90.9| 50.9| 404 35.4
4:15-4:30 PM 184 197 178| 113| 124 108 61.8 579 42.8( 84.2] 112| 82.3] 100/ 99.4| 88.1| 48.3| 52.1 44.6
4:30-4:45 PM 168| 174 198| 126| 13.4| 129 59 62.1] 58.4| 131| 98.2| 120| 88.2| 78.9| 80.9| 55.4| 66.5 55.6
4:45-5:00 PM 203| 198 178| 144 139 142 70.2 55.4|] 77.4| 141] 119| 113] 120 99.7| 112.4| 62.4| 58.9 60.4
5:00-5:15 PM 224 231 215| 151 141 133 66.9 75.6| 80.5| 160 180 151| 80.5| 92.6] 78.3] 80.4| 66.4 70.4
5:15-5:30 PM 205 246 255| 142| 136f 150( 98.7| 108.9| 95.6| 190| 161| 190 103| 80.4| 99.8| 76.4| 88.4 80.4
5:30-5:45 PM 263 230 244] 136 152 141| 100.5| 110.8 104 201| 180| 179| 90.2 88| 90.4| 69.8| 75.3 70.4
5:45-6:00 PM 211 231 220| 151 144 137( 99.6 78.9 112.3| 186 178 194| 101| 80.4| 78.4| 75.6| 80.6 86.1
6:00-6:15 PM 248 245 210| 144 125 131 804 89.8 98.4| 190 180 196| 80.5| 78.5| 100.8] 70.9| 88.4 90.4
6:15-6:30 PM 199 252 244| 138 151 138( 100.2 90.7| 80.5| 181 190 171| 90.4| 88.4| 90.1] 80.4| 74.6 82.4
6:30-6:45 PM 238 236 255| 154 136 149( 110.2 120| 100.5( 170 181| 200/ 100 99| 70.8| 84.6| 88.2 90.4
6:45-7:00 PM 229 219 262| 135 150 152 99.5 85.1| 78.7| 189 168 175| 78.1] 88.4| 110.2|] 92.7| 80.7 88.7
7:00-7:15 PM 238 241 252| 152 148 146 89.2 87.4| 98.2| 182 199 188| 98.5| 112.4| 90.2]| 100.4| 78.9 80.6
7:15-7:30 PM 255| 240 260 146| 153| 151| 108.3 88.9] 90.5( 210| 180/ 202 90.1| 80.2| 80.4| 81.6| 94.8 86.7
Median travel time 250 150 100 200 90 81




Table 3: Wednesday travel time recorded data in second

Wednesday March
6/8/2015

Travel Time (sec.)

From Franco to
posta bet

From Posta bet to
mebirat haile

From posta bet to A.A
meneharia

From posta bet to
Tikur Abay

From posta bet to
Amede gebeya

From posta bet to
Abebech Gobena

Starting and ending

Length in (m)=600

Length in (m)=600

Length in (m)=600

Length in (m)=600

Length in (m)=600

Length in (m)=600

time

7:30-7:45AM 245 250 230| 156 153| 161 88 99.5 180| 190| 200 180 96 88 99| 78.6 84 88
7:45-8:00AM 235] 260 240| 135| 136| 145| 107.6 100| 90.5( 200| 190 171| 92.3| 77.6| 110.2] 80.2( 96.2 75.6
8:00-8:15AM 252| 245 230| 140 123| 135| 78.4 111.3] 106.5| 196/ 200| 180| 74.6| 97.6] 90.3] 90.2| 85.6 96.5
8:15-:8:30AM 260| 252 255| 139 150 155| 110.5 70.8| 100.6( 182| 198| 160| 80.6| 99.6| 80.4| 78.9( 90.3 80
8:30-8:45 AM 240| 254 259| 157| 130| 136| 109.7| 122.4| 125.6| 200| 181| 206| 74.9( 78.6] 55.9| 55.6[ 77.8 88.6
8:45-9:00 AM 240| 250 243| 142| 117| 155| 115.6( 120.8] 95.6| 179| 171| 180| 60.9| 70.3|] 88.2|] 48.9| 52.1 79.5
9:00-9:15 AM 235| 200 210| 122| 130f 120| 92.6/ 126.7 111] 110| 120 135| 58.2] 72.6|] 62.9| 50.6| 50.6 70.6
9:15-9:30 AM 199 188 198| 120/ 116 110| 62.6 58.9| 62.1| 90.8| 90.7| 120 55.2 52.1| 66.4 41| 36.8 40.8
9:30-9:45 AM 166 170 180 98 110| 116| 77.3 80| 70.4| 101| 90.8| 88.4| 45.3] 55.9| 50.4 63.5| 40.7 46.3
9:45-10:00 AM 187 167 155| 110 89 90 62.5| 110.4] 78.2f 99.6] 129 80.4| 65.2| 40.5| 56.9] 55.2| 50.6 40.6
10:00-10:15 AM 170f 189 190 90 80| 100| 1204 88.6] 50.2| 88.3 73] 122| 61.6] 66.7| 60.4 50.2| 60.1 8.6
10:15-10:30 AM 165 175 180| 122 74| 110f 77.9 40.5| 65.2| 78.6/ 108 92.4| 45.6] 489| 57.6/ 40.6| 504 58.7
10:30-10:45 AM 178 188] 190 92| 115 69| 65.3| 504 69.7] 111 90.5| 110| 59.6] 67.3] 68.9] 55.9| 60.7[ 456
10:45-11:00 AM 168 178 199| 117 98| 110| 564 449| 85.6| 80.4| 88.5| 80.3|] 60.2] 58.6| 45.3| 40.9| 55.9 50.2
11:00 -11:15 AM 179 180 200| 108 130 98| 50.9 66.5 55 104| 94.8| 122| 50.3| 56.3|] 62.1] 52.4| 46.7 40.8
11:15-11:30 AM 194 206 189| 138 80| 130| 624 44.3| 62.1] 106| 117 135| 96.6] 88.8] 90.7| 39.6 60 50.6
11:30-11:45 AM 190 200 199| 155| 133 140 96 74.6| 84.5( 126| 132 92| 80.4] 98.6 79.6| 50.5| 55.3 66.3
11:45-12:00 AM 220| 230 214| 119| 139| 125| 99.5 100.8] 90.5| 170| 169| 178| 116/ 80.6|] 96.4| 70.6| 60.4 70.4
12:00-12:15 AM 224] 240 237| 140 109| 132| 102.5 55.6] 96.4 181| 168| 204| 80.4| 98.6| 91.4| 64.3| 50.4 55.3
12:15-12:30 AM 234 245 250| 127| 122 12 120 78.9] 100.4 195| 200| 215| 88.4| 80.4| 60.8] 76.5 70.6 68.3
12:30-12:45 AM 244 266 255| 155| 140| 133| 90.4 90.6| 88.2| 240| 222 218| 80.6 110] 92.4| 80.6( 96.2 70.9
12:45-1:00 AM 257 268 250| 132] 124 156| 78.2 75.4| 87.6| 170| 177| 189| 84.9| 94.6| 84.6| 74.6| 80.5 65.3
1:00-1:15 PM 256| 260 250| 140 160| 118 98.2 89.6| 92.1 181 192| 175| 90.4| 80.4| 100.5| 64.6 90.4 80.4
1:15-1:30 PM 248 260 248| 150] 133| 152| 105.6 96.4| 108.4| 220| 180| 210 116 100| 90.4| 755 78 88.3
1:30-1:45 PM 260| 251 249| 145| 146| 163 98 74.6] 91.3| 218| 208| 220| 86.4 108| 100.8| 55.6( 88.4 70.6
1:45-2:00 PM 240| 262 274| 154 150| 147 712 80.2| 80.2( 210{ 236| 195| 101| 120.4| 114.6] 50.9( 48.9 45.6
2:00-2:15 PM 247 245 254| 131| 112 129| 64.2 78.4] 60.2| 146| 151| 128| 90.7| 96.3] 60.4| 45.6 50.7 40.4
2:15-2:30 PM 246| 270 248| 118 146| 122 54.6 71.6| 62.4( 92.6] 118| 90.8| 84.6| 78.6] 96.3] 40.3| 39.4 35.4
2:30-2:45 PM 218| 230 241| 130 109| 120 96.5 48.5] 90.5| 110| 96.8| 90.7| 99.6] 80.6] 84.6] 36.2| 40.6 50.6
2:45-3:00 PM 230| 241 200 88( 101 90| 60.8 70.9] 60.7| 96.4| 110| 124 96.5 79| 122.6( 46.3| 50.1 35.1
3:00-3:15 PM 210| 200 199| 110 78| 123] 55.6 48.6] 70.5| 88.6] 98.4| 96.5| 84.7| 65.8| 88.1| 47.3| 36.5 42.6
3:15-3:30 PM 198 180 201| 102 132 78| 55.6 70.6] 52.6( 98.1] 109| 111| 90.3| 99.6| 99.4| 38.2 50.4 35.6
3:30-3:45 PM 188 175 179| 66.8] 99.5| 105| 76.7 60.2| 55.3| 111 103| 94.1| 60.7 70.8| 80.4 40| 44.6 52.4
3:45-4:00 PM 194 169 200| 114| 122| 80.9| 634 55.8] 60.8| 85.6 9.6] 86.4| 98.6] 98.6| 74.6| 55.6| 50.7 60.8
4:00-4:15 PM 160f 230 178| 132| 120( 100| 45.6 82.1] 60.2| 128| 102| 116 80 90.4] 90.9] 50.9| 40.4 35.4
4:15-4:30 PM 190 177 195| 119| 129 105 72.1 62.4| 78.9( 94.3| 120| 94.2| 108 99.4| 88.1] 48.3| 62.4 50.9
4:30-4:45 PM 178 159 189| 136| 145 133| 624 66.4| 64.5| 136| 97.4| 122| 86.7| 74.8] 80.9| 55.4| 70.6 55.4
4:45-5:00 PM 220| 210 198| 140/ 130 140 75.2 55.4| 77.4 150| 126| 136| 118| 109.7| 112.4| 62.4| 50.7 59.8
5:00-5:15 PM 229| 235 220| 222| 132| 125| 66.9 80.2| 90.4| 165| 179 155| 90.6] 99.7| 78.3| 80.4| 60.4 80.8
5:15-5:30 PM 210| 251 260| 152| 145| 180 98.7| 108.9 100| 210| 161| 241| 110| 80.4| 99.8| 76.4| 90.7 90.4
5:30-5:45 PM 255 23 249| 136 152| 141 105| 114.2| 109.7| 210/ 189 185 96 80.7| 82.9] 69.8 70.9 60.7
5:45-6:00 PM 116 236 225| 162| 154| 144| 105.6 78.9| 112.3| 186 178| 200f 101| 90.4 80.7| 75.6 78 86.1
6:00-6:15 PM 253] 250 236| 150 156| 136 90.4 88.4 100| 196| 189 205/ 80.5| 84.2| 100.8| 70.9] 93.5 92.7
6:15-6:30 PM 204| 257 249| 160 145| 146 110 97.5| 80.2| 187| 235| 171 100f 90.8] 94.6] 80.4( 70.8 86.4
6:30-6:45 PM 222| 239 260| 168 126| 152 120.3 120 100.5( 177| 190 200| 110 80| 60.8| 84.6| 98.7 90.4
6:45-7:00 PM 238| 228 250| 136| 142| 132 99.2 80.7| 78.7| 195 172| 184 67.9| 99.6 120f 92.7| 96.4 86.7
7:00-7:15 PM 244 246 257| 160 143| 156 80.4 90.4| 80.9| 180/ 200 196 101 114| 89.5| 100.4| 74.4 82.4
7:15-7:30 PM 253] 235 255| 140 163| 156 100 80.7| 92.6| 220| 176| 186| 93.6| 83.4| 80.4| 81.6 92.4 88.6
Median travel time 255 145 95 190 95 80




Table 4: Travel speed recorded data in Km/h

Tuesday march

Travel Speed (Km/h)

From Franco to

From Posta bet to

From posta bet to A.A

From posta bet to

From posta bet to

From posta bet to

selected routes

4/7/2015 mebirat haile meneharia Tikur Abay Amede gebeya Abebech Gobena
posta bet street

Starting and ending | Length in (m)=600|Length in (m)=600| Length in (m)=600 |Length in (m)=600| Lengthin (mM)=600 | Length in (M)=600
7:30-7:45AM 8.6 8.6 79| 15 | 14.8| 15.2| 21.4 209 21.8| 10 9.8] 10.2| 20 18.2 22 30 32 31.5
7:45-8:00AM 8.8 7.4 8.7 14| 15.6| 14.6] 21.6 21 22.5[ 10.2 11 8.9 20.8| 20.4| 19.4| 28.4| 30.6 32
8:00-8:15AM 7.9 8.2 8.6| 13.7| 14.4| 16.4] 20.6 18.9 23] 9.2 101 11| 189 17.9 20.4| 27.6| 31.4 29.4
8:15-:8:30AM 8.9 8.8 9.1] 12.4| 11.6 10.3] 219 22.7| 214 12 89| 10.4| 19.4| 20.4| 22.4| 30.5| 28.3 30.4
8:30-8:45 AM 8.2 7.9 9.4| 15.8| 16.2| 14.7| 204 22.2| 204 14 13 15.3| 20.4| 22.1] 18.7| 26.3| 324 27.6
8:45-9:00 AM 9.5 8.4 8.2| 16.9 17 16| 18.6 20.4| 19.8| 17.6| 16.6| 12.4| 19.7| 21.4| 20.4| 29.6 28 31.8
9:00-9:15 AM 10.1 9.5 8.6 18 19 18| 24.6 26.4| 234 19 20| 17.8 26 22 24| 34.6| 38.4 34.6
9:15-9:30 AM 12 12.4] 11.8| 20 20.6) 21.1 30 31.3| 28.8|214| 20.8| 21.2 30|/ 31.4] 30.6 40| 41.5 40.4
9:30-9:45 AM 11.9] 10.6] 12.5| 20.6| 22.1] 19.8] 29.8 30.4 30| 20.4| 20.8 20| 28.9| 31.4| 30.6| 38.6| 42.1 394
9:45-10:00 AM 12.6| 14.2 13| 21.4| 22.4] 204| 315 30.7| 32.4| 19.4| 18.6 21| 27.4| 26.4| 29.6| 37.9| 40.3 42.4
10:00-10:15 AM 13.1] 10.4| 11.6| 20.4| 18.9] 17.9| 28.9 28.9| 33.4| 22.3] 20.6 22| 30.4| 33.9| 23.4| 40.3| 384 40.4
10:15-10:30 AM 12.8| 12.6] 12.4| 21.4| 18.9] 19.8] 24.6 32.4| 30.4| 20.2| 19.4| 20.2| 28.4| 30.5| 32.1| 36.8| 44.6 37.9
10:30-10:45 AM 12| 12.6] 11.9 22.9| 21.5| 20.4| 30.7 35.4| 27.9| 22.1| 16.8| 24.2| 34.1| 27.8| 30.4| 384| 38.9 42.4
10:45-11:00 AM 13| 11.8 12 23| 18.9 17| 28.7 32.6| 34.6| 20.4| 18.3| 22.1] 30.6] 33.1] 31.3| 41.3| 404 39.4
11:00-11:15 AM 12.3] 10.8 108 17| 149 16.5| 30.6 24.8| 30.4 18 19 18.4| 29.1] 31.6] 32.4| 40.6] 37.6 44.3
11:15-11:30 AM 10.5 8.9 9.8| 15.3| 14.7| 12.9 28 20.4| 26.1| 14.6] 15.3| 16.6| 34.9| 28.4| 30.4| 37.6| 40.2 38.4
11:30-11:45 AM 10.6 10 9] 17.5| 16.4| 15.3| 204 27.6| 29.5| 16.8| 17.4| 18.4| 24.3| 22.1] 20.4| 32.5| 29.6 33
11:45-12:00 AM 10.6 9.4 8.3] 16.4| 17.5| 19.4| 219 20.6| 234 15 15( 12.4| 26.4| 28.7| 22.4| 31.2| 30.4 28.3
12:00-12:15 AM 8.2 9.1 8.4 14 1| 14.2| 20.6 2211 19.7 12 14 13| 18.7] 19.7 20.9| 24.9 29 30.1
12:15-12:30 AM 7.8 9.8 8.7 12| 15.6f 13.7| 18.6 20.4| 22.3| 14.7 15 11| 15.4] 20.4| 18.7| 30.5| 27.6 28
12:30-12:45 AM 8.6 89| 10.6| 17.9| 12.6 15| 19.7 18.6] 20.1 10 12 9.4 18.7| 17.9| 20.4| 28.6| 30.4 26.4
12:45-1:00 AM 8.4 9.6 8.7| 15.4 14 139 179 18.4] 19.7| 149| 10.5| 12.6| 20.4] 21.6 16.9| 29.5 32 32.4
1:00-1:15 PM 8.2 8.4 79| 11.8 12 14| 18.6 19.6] 20.2| 10.3 9.8| 12.4 18 19 21 30 29 28.6
1:15-1:30 PM 9.5 8.7] 10.5| 12.7| 14.6 14 20.1 2241 20.3( 7.8] 10.6 8.7] 17.9| 22.1 19 32| 343 32.4
1:30-1:45 PM 7.8 8.2 7.8] 16.8 15 16 22 24| 19.4| 12.4| 14.5 11.6 22 16 20.8| 36.4| 33.4 36.3
1:45-2:00 PM 11| 10.7 9.8 17 18 17 26 27.6| 25.4| 17.6] 16.2 14| 26.4 24| 27.4| 39.4| 37.6 38.2
2:00-2:15 PM 12.1] 11.6| 10.6| 18.4| 17.9] 16.4] 30.8 26.4| 28.4| 189| 20.4| 224 29| 28.4| 30.4| 40.6| 42.5 41.3
2:15-2:30 PM 13| 12.5| 11.5( 20.2| 19.4| 21.6] 32.1 28.4| 30.2| 20.4| 22.1| 20.4| 32.4] 30.7| 28.9| 42.2| 40.6 39
2:30-2:45 PM 12.6] 10.8 9.8| 18.9] 20.7| 20.4| 30.3 34.5| 32.1] 18.7| 21.6| 23.1 27 32| 30.4 38.4| 384 42.6
2:45-3:00 PM 10.8 12| 113 17| 19.4| 20.4| 324 36.4| 30.1| 20.4| 19.8| 20.4| 29.7| 30.8| 284 36| 42.5 39.4
3:00-3:15 PM 10| 10.6 12| 16.4 20| 189| 294 30.4| 28.7| 18.4| 22.3| 24.6| 32.7| 27.6| 304 44| 37.5 38.7
3:15-3:30 PM 11.8] 12.6 14| 19.7 20 21| 26.4 24.6| 28.4| 19.7| 20.3] 21.2 27 30| 31.6| 36.4| 43.8 41.7
3:30-3:45 PM 13 11 10 20 16 22| 289 32.1| 30.4| 22.4| 204| 189 33| 284 28| 40.6| 445 40.8
3:45-4:00 PM 10 11 9.7] 15.6 17.2 14| 326 28.1| 29.6| 20.6] 19.4| 24.6| 26.8| 30.8 33| 38.9| 384 42.1
4:00-4:15 PM 9.8 12| 10.4| 223 20 18 29 23 24 12 13 14 23 22 24| 42.6| 41.8 39.5
4:15-4:30 PM 12.3 8.9 9.4 18 16 17 24 19 18.6 10 14 12| 20.4| 23.4( 20.4| 36.4| 335 34.6
4:30-4:45 PM 9.6] 10.2 89| 14.2 15 14| 164 17.3] 20.4| 13.6 14 123 18| 20.4| 23.4| 34.5| 321 32.1
4:45-5:00 PM 7.8 8.9 9.5| 12.7 13 11 20.1 18.7| 15.6| 19.5| 10.1] 10.1 16 18| 15.6] 30.5| 31.4 28.4
5:00-5:15 PM 9.8 8.1 8.7| 13.5| 10.4 12.5| 18.7 16.4| 20.1] 12.6 11 8.1 20 18| 14.9| 28.6| 37.8 30.4
5:15-5:30 PM 10.4] 10.2 7.6| 10.2| 13.4( 10.1| 16.7 17.6| 19.4| 12.7 12 8.9 16 17 22| 32.1] 26.9 30.4
5:30-5:45 PM 7.3 8.4 7.3| 12.4| 104 9.8] 18.2 19.4| 204 11 13 10.4 22| 20.6| 20.4| 30.4| 28.3 32.1
5:45-6:00 PM 8.6 9.6 9.8| 11.6| 10.4| 14.7| 20.5 16.4| 18.4| 22.4 8.4 7.8 18.7 19 21| 29.3| 31.5 26.8
6:00-6:15 PM 9.4 8.2 7.4] 106 9.8 16.8] 21.4 14.8| 18.7| 8.7 9.4 8.4] 19.7| 16.4 22| 34.2| 28.1 34.6
6:15-6:30 PM 8.2 9.6 7.8] 12.4 11.3 14| 184 22.4| 20.4| 15.6] 10.2 9.8] 20.1|24..7 18.7| 26.2| 30.4 28.4
6:30-6:45 PM 7.9 8 9.4| 8.9 104 12| 204 18.7| 16.4 11 13( 10.5( 18.9| 16.4] 20.4| 29.1| 32.1 30
6:45-7:00 PM 8.5 8 7.7| 11.6| 12.4f 10.7| 19.4 20.4| 16.4| 10.2| 11.3] 135 19| 20.3 22| 30.3| 28.7 25.6
7:00-7:15 PM 9.8 6.8 8.6 12 14 10| 224 18.9 23 12| 10.7 8.9 20 18 18 29.4| 304 32.5
7:15-7:30 PM 8.4 8.9 7.6| 14.8| 16.4 15| 194 22| 204 14 12 15( 18.2] 19.5 20.4| 30.4| 29.4 31.2
Median peak hour
travel speed across 8.6 15 214 10 20 30




Appendix -C: Transport Demand Survey of TAZ

Table 5: Origin-Destination (O-D) Travel Survey data

weekday Household origin-destination travel survey

Household origin-destination and their travel behaviors

Mode Share

. e Number_ Arrival . Total_Dis| Average_Dist
L} Residentiar| Househol of_Vehicl Departure Travel | Origin Destination Total_I2= i i/Mi Trip tance(km)|ance_per_Tri
location | d_Size | - travel time| . 9 Trips |Private |PublicTralTaxi/Mi Bajaj WalkiNon | o, -pose (km) _Per_
es owend time Car nsport  [ni bus motorized Iday p(km)=
1 [Zone1 3 2 1:30 AM | 2:00AM | home Office 12 0.45 0 0.3 0 0.25 work 2.5 3.56
2 |zone 2 2 1 8:00PM | 8:20 PM | office Industry park 10 0.5 0 0.2 0 0.3 Non-work| 1.5 25
3 |zone 1 4 1 3:20AM_[10:45 AM| home supermarket 9 0.3 0 0.2 0 0.5 non work 1.6 2.28
4 |zone 3 4 0 1:30AM | 8:30 AM | home university 8 0 0.7 0 0.05 0.25 non work 2 2
5 [zone 2 1 1 1:30AM | 2:00 AM [ home school 14 0.01 0.75 0.05 0 0.2 Education 1 1.25
6 |zone 4 3 1 1:.00AM | 1:45AM home industry 6 0.02 0.48 0.25 0.05 0.2 work 2.2 3.67
7 |zone 1 2 2 4:35AM | 5:00AM [ home shopping 5 0.6 0 0.1 0.1 0.3 leisure 0.8 1.33
e 1 0 3:00AM | 3:35AM | home Adama 3 0 0 05 | 02 | 035 |nonwork| 12 15
zone 2 G.hospital
9 [zone 2 1 1 9:00PM | 9:45PM | HBNW market 4 0.2 0 0.5 0.1 0.2 non work 2.4 2.4
10 (zone 3 2 2 6:00AM | 6:20AM | office school 4 0.4 0 0.2 0.1 0.3 non work 2 1.54
11 [zone 1 4 1 9:10PM | 9:35PM [ office industry 3 0.5 0.1 0 0 0.4 work 1.6 2.67
12 |zone 2 3 3 2:00AM | 2:35AM [ home business 12 0.3 0 0.5 0.1 0.1 work 25 2.78
13 [zone 3 2 0 3:30AM | 4:00AM [ home p/business 10 0.1 0 0.6 0.1 0.2 work 2.6 2.6
14 [zone 4 1 1 1:30AM | 2:00AM NHB university 8 0 0.2 0.5 0.2 0.1 work 3 6
15 |zone 1 5 0 10:20PM | 10:50PM | home social 2 0 0 0.5 0.3 0.2 leisure 1 3.33
16 [zone 1 2 3 10:00PM | 10:30PM | NHB recreation 3 0.6 0 0 0 0.4 leisure 16 2.67
17 [zone 2 1 1 11:00PM | 11:15PM | office shopping 8 0.3 0 0.2 0.1 0.3 non work 0.9 0.75
18 |zone 3 1 1 1:30AM | 1:45AM | home school 12 0.05 0.65 0.05 0.1 0.15 Education 2 1.33
19 [zone 2 5 0 11:00PM | 11:20PM | home sport 7 0 0 0.3 0.4 0.3 exercise 3 75
20 [zone 4 4 1 6:10AM | 6:30AM NHB Hospital 6 0.2 0 0.2 0 0.6 non work 14 1.55
21 [zone 2 4 1 1:00AM | 1:30AM | home bus station 13 0 0.2 0.5 0.2 0.1 work 15 3.75
22 |zone 2 6 0 7:30PM | 8:00PM | home university 10 0.05 0.75 0.1 0 0.1 work 2 2.85
23 |zone 3 2 0 10:45PM [ 11:00PM | home supermarket 5 0.2 0 0.1 0.1 0.6 work 1.3 1.3
24 |zone 2 3 0 7:30PM 7:45PM HBW office 12 0.3 0.2 0.1 0.15 0.25 work 2.8 2.15
25 [zone 1 2 0 6:00AM | 6:20AM | office restaurant 3 0 0.1 0.05 0.2 0.65 non work 2 2
26 [zone 1 4 1 10:45PM | 11:10PM | home cultural 3 0.1 0 0.7 0.1 0.1 work 1 5
27 [zone 2 1 2 1:00AM | 1:25:AM | HBNW gymnasium 4 0.4 0 0.2 0.2 0.2 exercise 14 35
28 [zone 3 4 2 4:10AM | 4:30AM NHB Industry park 14 0.7 0 0.2 0.05 0.05 work 2.2 44
29 |zone 2 1 1 1:30AM | 1:55AM | home hospital 6 0.2 0.2 0.3 0.05 0.25 work 2 6.67
30 |zone 2 2 1 4:30AM_| 4:45AM | HBW market 10 0.1 0 0.6 0.1 0.2 work 1.6 1.78
31 |zone 1 1 0 9:30PM 9:45PM NHB shopping 5 0 0 0.4 0.05 0.55 non work 0.7 0.75
32 [zone 3 4 1 1:30AM | 2:00AM | home business 10 0.1 0.2 0.3 0.1 0.3 work 24 24
33 [zone 2 3 2 11:00PM 11:30 HBW gymnasium 6 0.3 0 0.4 0 0.3 exercise 17 5.67
34 |zone 4 2 1 1:30AM | 1:50AM | HBNW college 12 0.05 0.65 0.1 0 0.2 Education 3 231
35 |zone 4 1 3 7:30PM 7:50PM HBW office 14 0.61 0.19 0.1 0 0.1 work 32 213
36 |zone 3 5 0 9:40PM | 10:10PM | HBNW recreation 4 0 0.1 0.2 0 0.7 leisure 2.2 3.66
37 [zone 2 3 1 11:30PM | 12:00PM | home Office 8 0.1 0.1 0.6 0.2 0 work 2 5
38 |zone 2 4 0 7:30PM 8:10PM HBW Industry park 9 0 0.2 0.6 0.05 0.25 work 2.6 5.75
39 |zone 4 4 3 6:00AM | 6:40AM | HBNW university 12 0.2 0.6 0.1 0 0.1 Education 2 1.66
40 |zone 4 3 1 11:00PM | 11:25PM | NHB sport 9 0.1 0 0.4 0 0.5 exercise 14 2.33
41 |zone 2 7 1 6:45AM | 7:00AM | HBNW | supermarket 6 0.2 0 0.4 0.2 0.2 non work 2.3 2.3
42 |zone 2 6 0 6:30AM | 6:45AM | office shopping 5 0 0 0.3 0.1 0.6 non work 18 15
43 |zone 1 8 1 11:30PM | 12:00PM | NHB university 6 0.1 0 0.3 0.05 0.25 non work 1 1.43
44 |zone 3 5 1 12:00PM [ 12:30PM | home hospital 7 0.1 0.3 0.2 0.2 0.1 work 14 35
45 [zone 4 1 0 3:20AM | 3:50AM | HBNW cultural 4 0 0 0.6 0.1 0.3 work 0.9 45
46 |zone 3 3 0 4:15AM | 4:35AM | HBNW | supermarket 6 0 0.05 0.55 0 0.5 non work 1.6 177
47 |zone 2 6 0 10:30PM [ 10:55PM | HBNW school 10 0 0.72 0.1 0 0.18 Education 1.8 15
48 [zone 2 7 0 1:30AM | 2:00AM | HBW | industrial park 8 0 0.3 0.5 0.1 0.1 work 2.2 55
49 |zone 1 3 1 10:20PM | 10:45PM | NHB other 6 0 0.05 0.35 0 0.6 non work 1.6 3.2
50 |zone 3 2 2 8:30PM 9:00PM NHB | service delivery | 12 0.2 0 0.4 0.2 0.2 work 14 2.8
51 |zone 4 1 2 7:30PM 8:00PM HBW office 14 0.65 0.15 0.2 0 0.1 work 1.2 1.2
52 [zone 4 8 3 11:30PM [ 11:50PM | NHB school 5 0.3 0 0.2 0.1 0.4 non work 1 1.67
53 |zone 1 4 1 2:00PM | 2:30PM | home business 12 0.1 0 0.7 0 0.2 work 15 25
54 |zone 2 3 0 9:45PM | 10:00PM [ HBNW gymnasium 6 0 0 0.5 0.2 0.3 exercise 1.2 4
55 [zone 4 5 1 10:30PM | 11:00PM | HBNW social 3 0.2 0.1 0.6 0 0.1 non work 1.6 5.33
56 |zone 3 5 2 10:00PM | 10:45PM | NHB recreation 6 0.4 0.1 0.3 0 0.2 leisure 1 2.5
57 |zone 2 1 1 11:00PM | 11:20PM | office shopping 4 0.3 0 0.2 0.1 0.4 non work 1 1.11
58 [zone 4 2 3 1:30AM | 2:00AM | home office 12 0.65 0.05 0.2 0 0.1 work 15 1.87
59 |zone 4 3 0 7:30PM 8:00PM home college 10 0 0.74 0.16 0.1 0.1 Education 1.2 1.2
60 |zone 1 4 1 2:30AM | 2:45AM home hospital 8 0.2 0.2 0.3 0.1 0.2 work 1 25
61 |zone 1 5 0 7:45PM 8:20PM [ HBNW university 10 0 0.75 0.15 0.2 0 work 14 2.33
62 |zone 3 7 3 1:20AM | 1:55AM home college 9 0.4 0.2 0.3 0.1 0 work 2 3.33
63 [zone 2 6 1 10:45AM | 11:30PM | office home 14 0.2 0.1 0.5 0.1 0.1 work 14 14
64 |zone 4 3 1 1:30AM | 2:10AM home store 11 0.1 0 0.6 0.2 0.1 work 1.6 4
65 |zone 4 8 0 10:45PM [ 11:10PM | office supermarket 6 0 0 0.3 0.1 0.6 non work 1 111
66 [zone 2 2 1 6:00AM | 6:20AM | office restaurant 7 0.2 0 0.4 0.2 0.2 non work 12 15
67 [zone 4 3 1 10:30PM_| 11:10PM [home school 14 0.05 0.65 0.1 0.1 0.2 Education 13 1.44
68 [zone 1 4 0 4:30AM | 5:00AM [home shopping 8 0 0 0.3 0.1 0.6 non work 0.8 1
69 [zone 3 5 0 10:00PM | 10:30PM |home university 4 0 0.1 0.65 | 0.15 0.2 work 1.2 3
70 |zone 4 3 1 1:30AM | 2:00AM [home hospital 8 0.2 0.2 0.4 0.1 0.1 work 1 2
HBW= Home based work trip NHB=None home based HBNW=home based non work

Vi




Table 6: Household and their weekday trip behavior survey data

Household and their weekday trips behavior survey
Househol Resident Househol Nur_nber of Number_ of i .. | Departure|Arrival |Trip Mode of Income Distance T_ravel Travel Total -
d1D al_ d'size vehicle wor_ker in | Origin  |Destination| Time |Time Purpose |Travel per in (km) Tlme Cost We_ekday

location_ owned family month (min) Trips
1 Zone 1 3 2 2 home Office 1:30 AM | 2:00AM work Car 90$ 2.3 25 0 6
2 zone 3 2 0 1 office | restaurant | 8:00PM | 8:20 PM [ Grocery taxi 70$ 3.2 15 0 2
3 zone 2 4 1 3 home |supermarket] 3:20AM | 10:45AM [ shopping |  Taxi 115$ 2.1 16 0 8
4 zone 1 4 4 2 home university | 1:30AM [ 8:30 AM work Bus 110$ 2.1 20 0 9
5 zone 4 1 1 1 home school 1:30AM | 2:00 AM [ nonwork | Walk 50$ 3.4 10 10 7
6 zone 2 3 1 2 home industry | 1:00AM | 1:45AM work Bus 50$ 4.8 22 5 5
7 zone 3 3 0 1 home shopping | 4:35AM | 5:00AM [marketing| Bajaj 40$ 0.9 8 0 5
8 Zone 2 1 0 1 home hospital 3:00AM | 3:35AM |health care| walk 35% 35 12 10 3
9 Zone 3 1 1 1 HBNW market 9:00PM | 9:45PM work Taxi 408 2 24 5 4
10 Zone 4 2 2 1 office shopping | 6:00AM | 6:20AM work Car 60$ 0.9 20 0 4
1 Zone 4 4 1 2 office | recreation | 9:10PM | 9:35PM | leisure taxi 95% 2.6 16 0 7
12 Zone 2 2 0 0 home business | 2:00AM | 2:35AM | buisiness |  Taxi 30$ 3.6 10 10 6
13 Zone 1 2 0 0 home | p/business [ 3:30AM | 4:00AM | nonwork| Taxi 35% 2.6 11 5 5
u 1 1 1 N | MOt aham | 200aM | work | Taxi | 258 48 20 10 4

Zone 4 park
15 Zone 2 5 1 1 home social 10:20PM | 10:50PM |socializing]  Taxi 40% 32 14 5 10
16 Zone 1 2 0 1 NHB recreation | 10:00PM | 10:30PM | leisure walk 25% 15 8 0 3
17 Zone 3 1 0 0 office shopping | 11:00PM | 11:15PM | non work |  taxi 35% 1.2 9 0 2
18 Zone 2 1 1 1 home school 1:30AM | 1:45AM [nonwork| Taxi 20$ 3.4 20 0 4
19 Zone 4 5 2 2 home sport 11:00PM | 11:20PM | exersise Car 100$ 2.1 30 15 6
20 Zone 2 4 1 3 NHB _|supermarket| 6:10AM | 6:30AM work Bajaj 95$ 1.6 14 0 7
21 Zone 1 4 1 2 home | bus station| 1:00AM | 1:30AM work Taxi 99% 11 15 10 7
22 Zone 3 6 2 3 home | university | 7:30PM | 8:00PM work Car 120$ 2.2 20 10 9
23 Zone 4 2 0 home |supermarket| 10:45PM [ 11:00PM [ non work [  taxi 45% 3.6 13 0 3
24 Zone 3 3 1 2 HBW office 7:30PM | 7:45PM work Car 55% 1.8 18 0 6
25 Zone 1 2 0 2 office | restaurant | 6:00AM | 6:20AM | Grocery Bajaj 55% 1.1 10 0 6
2 Zone 2 2 1 2 home cultural | 10:45PM | 11:10PM | non work |  Taxi 1008 2.9 12 5 6
27 Zone 4 1 0 1 HBNW [gymnasium| 1:00AM | 1:25:AM | exercise Bajaj 30$ 3.1 4 0 5
® 4 2 2 NHB | V't 40aM | 4:30AM | work | car 69% 37 18 0 7

Zone 2 delivery
29 Zone 1 1 1 1 home hospital 1:30AM | 1:55AM work Taxi 40$ 2.3 18 10 3
30 Zone 4 2 1 2 HBW market 4:30AM [ 4:45AM work Taxi 50$ 2.3 16 5 5
31 Zone 2 1 0 4 NHB shopping | 9:30PM | 9:45PM | nonwork | Bajaj 30$ 0.8 7 5 3
32 Zone 2 4 1 2 home business [ 1:30AM | 2:00AM |nonwork| Taxi 68% 1.6 12 0 7
33 Zone 4 3 2 1 HBW __[gymnasium| 11:00PM 11:30 | exercise Taxi 70$ 31 17 10 6
34 Zone 3 2 0 1 HBNW college 1:30AM | 1:50AM [ School Bajaj 25% 2.8 24 0 3
35 Zone 2 1 0 1 HBW office 7:30PM | 7:50PM work Taxi 20% 1.6 10 0 2
36 Zone 1 5 2 3 HBNW | recreation | 9:40PM | 10:10PM | leisure Car 70% 1.8 22 0 7
37 Zone 4 3 1 2 home ndustrial par[ 11:30PM | 12:00PM | work Taxi 98$ 4.7 20 15 4
38 Zone 4 4 2 2 HBW __pndustrial par| 7:30PM | 8:10PM work Car 90$ 4.6 26 10 4
39 Zone 2 2 2 2 HBNW school 6:00AM [ 6:40AM | nonwork | Car 120$ 4.5 20 0 6
40 Zone 1 3 3 1 NHB sport 11:00PM | 11:25PM | exercise Taxi 97$ 1.6 14 10 8
a one 3 7 3 3 HBNW S”pe';narke 6:45AM | 7:00AM |nonwork| Car 1308 09 3 5 8
42 Zone 3 6 2 2 office shopping | 6:30AM | 6:45AM [ nonwork| Car 120$ 0.8 18 0 9
43 Zone 2 8 3 3 NHB restaurant | 11:30PM [ 12:00PM | Grocery taxi 115% 14 10 5 12
44 Zone 2 5 2 2 home hospital | 12:00PM | 12:30PM |health care] Car 1008 25 14 0 7
45 Zone 1 2 0 0 HBNW | cultural 3:20AM [ 3:50AM | weeding taxi 308 2.3 9 10 6
46 Zone 2 3 1 2 HBNW [supermarket| 4:15AM | 4:35AM work Taxi 66$ 4.6 16 5 5
41 Zone 4 6 2 0 HBNW school 10:30PM | 10:55PM | non work | Bus 120$ 2.8 18 0 8
48 Zone 2 7 3 3 HBW pdustrial par{ 1:30AM | 2:00AM work taxi 130% 4.6 22 15 9
49 Zone 4 3 1 0 NHB | recreation | 10:20PM | 10:45PM | leisure walk 90$ 4.6 16 0 5
50 Zone 2 2 2 2 NHB _ prvice delive{ 8:30PM | 9:00PM work Taxi 80$ 3.4 14 10 4
51 Zone 1 1 0 1 HBW office 7:30PM | 8:00PM work Bajaj 20$ 1.8 12 0 7
52 Zone 2 8 4 2 NHB restaurant | 11:30PM [ 11:50PM | leisure walk 100$ 2.7 10 0 10
53 Zone 3 4 1 0 home business | 2:00PM [ 2:30PM | nonwork| taxi 90% 1.6 15 10 7
54 Zone 2 3 1 0 HBNW |[gymnasium| 9:45PM | 10:00PM | exersice taxi 60$ 2.9 12 10 4
55 Zone 1 4 2 1 HBNW social 10:30PM | 11:00PM | meeting taxi 40$ 1.7 16 10 7
56 Zone 2 3 2 2 NHB recretion | 10:00PM | 10:45PM | leisure Car 100$ 4.6 10 0 8
57 Zone 1 3 1 0 office shopping | 11:00PM | 11:20PM | non work | other 30$ 0.4 10 0 6
58 Zone 3 2 1 2 home office 1:30AM | 2:00AM work Car 20$ 1.8 15 0 8
59 Zone 4 3 0 1 home college 7:30PM | 8:00PM | school Bus 56% 34 12 5 5
60 Zone 2 4 1 2 home hospital 2:30AM | 2:45AM |health care|  taxi 50$ 3.9 10 10 8
61 Zone 4 5 2 3 HBNW | university | 7:45PM | 8:20PM work Bus 70$ 2.8 14 0 5
62 Zone 4 7 3 4 home _Jndustry park 1:20AM | 1:55AM work Car 135% 4.9 20 15 9
63 Zone 4 6 2 3 office home 10:45AM | 11:30PM rest Taxi 125% 3.4 14 10 7
64 Zone 3 3 1 2 home store 1:30AM | 2:10AM work Bajaj 79% 2.6 16 10 4
65 Zone 1 8 2 4 office |supermarket| 10:45PM | 11:10PM [ marketing| Car 120$ 0.6 10 0 8
66 Zone 3 2 0 1 office | restaurant | 6:00AM | 6:20AM [ leisure taxi 70% 0.8 12 5 6
67 Zone 2 3 1 0 home school 10:30PM [ 11:10PM [ non work |  Bajaj 60$ 4.3 13 0 7
68 Zone 4 4 1 1 home shopping | 4:30AM [ 5:00AM [ nonwork| walk 60$ 0.7 8 0 6
69 Zone 3 3 2 2 home culture 10:00PM | 10:30PM | meeting Car 85% 2.9 12 5 8
70 Zone 1 3 1 2 home hospital 1:30AM | 2:00AM |health care| taxi 65% 1.6 10 10 5
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Appendix -D: Traffic Movement Survey

Table 7: Private vehicle movement survey.

Private vehicle movement survey

- AVETage
Owner |Residens Number of | vear of \Trip TripEnd | Trip  |Trip Average [trip Total |Route Purpose of
. |vehicle(s) [Manufa [Start . L . . . L .
1D e location - Time Origin |Destination |Km/Day|duration/da |trip/day [Description |Trip
~{owned cture |Time iy

1 Zone 1 2 2015 | 1:30 AM [ 2:00AM [ home Office 2.5 6 3 Main Road [ Commute
2 zone3 0 8:00PM | 8:20 PM | office restaurant 1.5 5 2 Main Road social
3 zone 2 1 2017 | 3:20AM [10:45AM| home | supermarket 1.6 5 1 City Streets | Commute
4 zone 1 1 2016 | 1:30AM | 8:30 AM [ home university 2 10 3 Main Road | Commute
5 zone 1 1 2020 | 1:30AM [ 2:00 AM [ home school 1 7 2 collector street| school
6 zone 2 2 2019 | 1:00AM [ 1:45AM [ home industry 2.2 9 2 Main Road | Commute
7 zone 3 0 4:35AM | 5:00AM | home shopping 0.8 4 1 Main Road shopping
8 Zone 2 1 3:00AM | 3:35AM | home hospital 1.2 6 3 Main Road | commute
9 Zone 4 1 2018 | 9:00PM | 9:45PM [ HBNW market 2.4 4.5 2 Main Road | non work
10 Zone 3 2 2019 | 6:00AM | 6:20AM [ office Industry 2 5 3 Main Road [ commute
11 Zone 2 1 2016 | 9:10PM | 9:35PM | office recreation 1.6 6 2 Main Road leisure
12 Zone 2 0 2:00AM | 2:35AM | home business 1 8 3 Main Road | non work
13 Zone 1 0 3:30AM | 4:00AM | home p/business 1.1 20 3 Main Road [ non work
14 Zone 4 1 2017 | 1:30AM | 2:00AM | NHB |industrial park| 5.5 9 3 Main Road [ Commute
15 Zone 3 1 2022 | 10:20PM [ 10:50PM [ home social 1.4 6 1 Main Road social
16 Zone 2 0 10:00PM [ 10:30PM [ NHB recreation 0.8 6 1 Main Road leisure
17 Zone 2 0 11:00PM | 11:15PM | office shopping 0.9 5 1 Main Road shopping
18 Zone 1 1 2019 | 1:30AM [ 1:45AM [ home school 2 6 2 collector street| Education
19 Zone 4 2 2020 |11:00PM | 11:20PM| home sport 3 7 2 local road Exercise
20 Zone 4 1 2018 [ 6:10AM | 6:30AM [ NHB [ supermarket [ 1.4 6 1 Main Road | shopping
21 Zone 1 1 2021 | 1:00AM | 1:30AM [ home bus station 1.5 8 2 Main Road | Commute
22 Zone 2 2 2019 | 7:30PM | 8:00PM [ home university 2 9 3 Main Road | Commute
23 Zone 1 0 10:45PM | 11:00PM | home [ supermarket 1.3 6 1 Main Road shopping
24 Zone 3 1 2022 7:30PM | 7:45PM | HBW office 1.8 7 3 Main Road Commute
25 Zone 2 0 6:00AM | 6:20AM | office restaurant 1 6 2 local road social
26 Zone 1 1 2016 | 10:45PM | 11:10PM [ home cultural 1.2 5 1 local road social
27 Zone 4 0 1:00AM | 1:25:AM | HBNW | university 2.8 9 3 Main Road Exercise
28 Zone 1 2 1999 | 4:10AM | 4:30AM | NHB Office 1.8 9 3 Main Road commute
29 Zone 2 1 2002 | 1:30AM | 1:55AM [ home hospital 1 7 2 Main Road | Commute
30 Zone 4 1 2001 | 4:30AM | 4:45AM | HBW office 1.6 6 3 Main Road | Commute
31 Zone 2 0 9:30PM | 9:45PM | NHB shopping 0.7 4 2 Main Road shopping
32 Zone 1 1 2004 | 1:30AM | 2:00AM | home business 1.2 8 2 collector street| non work
33 Zone 3 2 2002 | 11:00PM| 11:30 HBW | gymnasium 1.7 7 2 local road Exercise
34 Zone 3 0 1:30AM | 1:50AM | HBNW college 2.4 6 3 Education
35 Zone 2 0 7:30PM | 7:50PM | HBW office 1 7 3 collector street| Commute
36 Zone 1 2 2006 | 9:40PM | 10:10PM [ HBNW | recreation 2.2 6 1 collector street| leisure
37 Zone 4 1 2008 | 11:30PM [ 12:00PM | home office 4.8 10 3 Main Road | Commute
38 Zone 4 2 2019 | 7:30PM [ 8:10PM [ HBW |Industrial park| 5.6 9 3 Main Road [ Commute
39 Zone 2 0 6:00AM | 6:40AM | HBNW school 2 5 3 collector street| Education
40 Zone 1 0 11:00PM | 11:25PM| NHB sport 1.4 6 2 local road Exercise
41 Zone 4 3 2021 | 6:45AM [ 7:00AM [ HBNW | supermarket 2.3 5 2 Main Road shopping
42 Zone 3 2 2019 | 6:30AM | 6:45AM | office shopping 1.8 4 2 Main Road | shopping
43 Zone 1 3 2020 | 11:30PM | 12:00PM | NHB restaurant 1 4 1 collector street| leisure
4 Zone 2 2 2008 | 12:00PM | 12:30PM | home hospital 14 8 3 Along mebrat | health care
45 Zone 1 0 3:20AM | 3:50AM | HBNW cultural 0.9 7 1 collector street| meeting
46 Zone 3 1 2009 | 4:15AM | 4:35AM [ HBNW | supermarket 1.6 6 1 Main Road [ shopping
47 Zone 4 2 2012 | 10:30PM | 10:55PM [ HBNW school 1.8 4 3 collector street| Education
48 Zone 1 3 2014 | 1:30AM [ 2:00AM [ HBW |industrial park| 4.2 11 3 Main Road | Commute
49 Zone 3 1 2016 | 10:20PM [ 10:45PM | NHB school 1.6 8 1 collector street| leisure
50 Zone 2 2 2014 | 8:30PM | 9:00PM | NHB Jservice delivery] 1.4 8 8 Main Road | non work
51 Zone 2 1 7:30PM | 8:00PM | HBW office 1.2 6 3 Main Road [ Commute
52 Zone 2 4 2009 | 11:30PM | 11:50PM [ NHB restaurant 1 5 2 collector street| leisure
53 Zone 3 1 2008 | 2:00PM [ 2:30PM [ home business 1.5 8 3 collector street| Commute
54 Zone 2 0 9:45PM | 10:00PM | HBNW | gymnasium 1.2 9 1 local road Exercise
55 Zone 4 2 2012 | 10:30PM | 11:00PM | HBNW social 1.6 7 1 local road social
56 Zone 2 2 2014 | 10:00PM [ 10:45PM | NHB recretion 1 5 2 Main Road leisure
57 Zone 2 1 2022 | 11:00PM [ 11:20PM | office shopping 1 4 2 Main Road shopping
58 Zone 3 1 2021 | 1:30AM | 2:00AM [ home office 1.5 7 3 Main Road | Commute
59 Zone 4 0 7:30PM | 8:00PM | home college 1.2 6 3 |collector street| Education
60 Zone 4 1 2016 | 2:30AM | 2:45AM | home hospital 1 8 3 Main Road | health care
61 Zone 3 2 2020 | 7:45PM | 8:20PM | HBW university 2.4 10 3 Main Road | Commute
62 Zone 4 3 2019 | 1:20AM [ 1:55AM [ home Office 5 12 3 collector street| Commute
63 Zone 4 2 2014 |[10:45AM | 11:30PM | office home 1.4 7 2 local road Commute
64 Zone 4 0 1:30AM | 2:10AM | home store 1.6 6 2 Main Road | Commute
65 Zone 2 2 2020 | 10:45PM | 11:10PM | office | supermarket 1 2.8 2 Main Road | shopping
66 Zone 3 0 6:00AM [ 6:20AM | office university 1.2 4 1 Main Road social
67 Zone 2 1 2018 | 10:30PM | 11:10PM | home school 1.3 6 3 collector street| Education
68 Zone 2 1 2019 | 4:30AM [ 5:00AM [ home shopping 0.7 3 1 Main Road shopping
69 Zone 3 2 2012 | 10:00PM | 10:30PM | home culture 1.2 5 1 collector street| meeting
70 Zone 2 1 2010 | 1:30AM | 2:00AM [ home hospital 1 8 2 Main Road |health care

Table 8: Public transport movement survey
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Public Transport Vehicle Movement Survey

. . Average Average
User | Residence [Trip start | Trip end Public Trip T”p. . [Vehicle Occupa . |Trip ) Trip ’ Number Use_r .
X . . Transport L destinatio - |ncy Congestion| . of Satisfacti
ID | location [time Time Type origin Capacity Level Length Duration trip/day |on
. (km)/day  [(mins)/day

1 Zone 1 1:30AM | 2:00:AM | school bus | Home School 70 50 low 1.2 6.5 2 100%
2 zone2 5:30:AM | 6:00AM | Public bus [university| home 82 72 medium 3.4 12 2 95%
3 zone 2 1:00AM | 1:30AM | Publicbus | home | university 82 60 low 3.4 12 2 100%
4 zone 1 | 10:30PM | 11:00PM | school bus | school home 50 40 | Congested 1.5 14 2 75%
5 zone 1 1:30AM | 2:00AM |Medium bus| home college 45 40 | Congested 13 10 2 75%
6 zone 2 1:30PM | 2:15AM |Medium bus| home industry 50 50 [Congested 4.2 18 2 75%
7 zone 3 11:00PM | 11:30PM | Publicbus | industry home 50 45 medium 4.2 18 2 90%
8 Zone 2 6:30AM | 7:00AM |Medium bus| hospital home 40 30 medium 1.4 9 2 90%
9 Zone3 | 7:40PM | 8:15PM |Medium bus| home hospital 45 35 medium 14 9 2 90%
10 Zone 1 7:30PM [ 8:10PM | Publicbus |university| home 70 60 medium 3.2 12 2 90%
11 Zone 2 1:30AM | 2:00AM [Medium bus| home hospital 40 40 | Congested 1.4 9 2 75%
12 Zone 3 11:00PM [ 11:25PM [Medium bus| hospital home 40 30 low 1.4 13 2 100%
13 Zone 2 1:30AM | 2:00AM [ Public bus home office 82 76 Congested 1.2 6 3 75%
14 Zone 4 6:30AM | 7:00AM | Public bus office home 82 60 low 1.2 6 2 100%
15 Zone 2 1:30AM | 2:00AM [Medium bus| home office 45 35 medium 1.2 6 2 90%
16 Zone 1 6:00AM | 6:30AM_|Medium bus| home | recreation 40 30 medium 1 5 1 90%
17 Zone 2 1:30AM | 2:00AM | Public bus home | bus station 82 79 Congested 2.2 10 1 75%
18 Zone 2 10:30PM | 11:00PM | Public bus home school 82 70 medium 1.3 12 2 90%
19 Zone 4 1:00AM | 1:30AM [Medium bus| home sport 40 40 Congested 1.6 6 2 75%
20 Zone 4 | 11:00PM [ 11:30PM |Medium bus| office jsupermarkel 40 25 low 0.9 9 1 100%
21 Zone 2 6:30PM [ 7:00AM | Publicbus |university| home 82 80 | Congested 15 12 2 75%
22 Zone 1 1:30AM [ 2:00AM | Publicbus | home [ university 82 70 medium 15 12 3 90%
23 Zone 2 4:30AM | 4:50AM [Medium bus| home | Business 40 35 medium 1.4 9 1 90%
24 Zone 3 1:20AM | 1:45am | school bus [ HBW School 45 42 Congested 1.2 8 2 75%
25 Zone 1 | 10:00PM | 10:45PM | school bus [ School home 45 30 medium 0.9 12 3 90%
26 Zone 3 | 11:00PM | 11:30PM |Medium bus| home industru 40 30 medium 0.8 12 2 90%
27 Zone 2 | 10:00PM | 10:30PM |Medium bus| HBNW |gymnasium| 40 30 medium 1.2 14 2 90%
53 | Zone2 | 4:30AM | 4:50AM |Mediumbus| NHB [ T 45 42 [Congested| 1.2 9 10 75%
29 Zone 1 7:45PM 8:15PM Public bus home hospital 74 60 medium 1.4 10 2 90%
30 Zone 2 9:30PM | 9:45PM |Medium bus| HBW market 45 40 Congested 1 8 3 75%
31 Zone 4 1:30AM | 2:00AM | Public bus home business 74 70 Congested 0.9 7 2 75%
32 Zone 2 | 6:00AM | 7:20PM | Publicbus | business | home 74 60 medium 1 9 1 90%
33 Zone 1 9:45PM | 10:15PM [Medium bus| home |Gymnasiun] 40 30 medium 1.3 10 1 90%
34 Zone3 | 1:30AM | 2:00AM | Publicbus [ Home college 74 50 low 1 8 3 100%
35 Zone 4 1:30AM | 2:00AM [ Public bus HBW office 82 76 Congested 1.2 9 3 75%
36 Zone 1 6:00AM | 6:30AM [Medium bus| HBNW | recreation 40 30 medium 0.9 8 1 90%
37 Zone 4 1:30PM | 2:15AM | Publicbus | home industry 82 70 medium 4.5 20 3 90%
38 Zone 4 | 11:00PM | 11:30PM | Publicbus | Industry home 82 50 low 4.5 20 3 100%
39 Zone 2 1:30AM | 2:00AM | school bus | home school 70 65 Congested 0.8 9 3 75%
40 Zone 1 10:00PM | 10:40PM |Medium bus| home sport 40 35 Congested 1 10 2 75%
a1 | Zone3 | 9:45pM | 10:15PM [Medium bus| HBNW [P | 45 30 low 0.6 5 2 100%
42 Zone 4 | 11:00PM | 11:30PM |Medium bus| office |Restaurant 45 40 Congested 0.9 8 2 75%
43 Zone 2 1:30AM | 2:00AM | Public bus home office 82 65 medium 0.9 7 1 90%
44 Zone 2 1:30AM | 2:00AM [Medium bus| home hospital 45 30 medium 1.2 10 3 90%
45 Zonel | 1:30AM | 2:00AM | Publicbus [ home | industry 82 70 medium 1.2 9 3 90%
46 Zone 2 | 10:00PM | 10:30PM | Public bus | school home 82 80 Congested 1.2 12 1 75%
47 Zone 3 1:30AM | 2:00AM [Medium bus| home business 45 30 low 1.6 9 3 100%
48 Zone 3 1:30AM | 2:00AM | Public bus HBW industry 82 80 Congested 4.4 18 3 75%
49 Zone 3 9:45PM | 10:15PM |Medium bus| NHB [recreation 45 40 Congested 0.9 10 1 75%
50 Zone 2 1:30AM [ 2:00AM | Publicbus | Home college 82 65 medium 0.9 6 8 90%
51 Zone 4 1:30AM | 2:00AM | Public bus HBW office 82 65 medium 1 8 3 90%
52 Zone 2 1:30AM | 2:00AM | school bus | home School 45 30 medium 1.2 7 2 90%
53 Zone 4 | 4:30AM | 4:50AM |Medium bus| home | business 45 30 low 1.2 8 3 100%
54 Zone 2 | 12:20PM | 12:45PM |Medium bus| HBNW |[gymnasium| 45 45 Congested 0.9 10 1 75%
55 Zonel | 11:00PM [ 11:30PM | Public bus |univesity | home 82 80 | Congested 3.2 16 1 75%
56 Zone 2 9:45PM | 10:15PM [Medium bus| NHB recretion 45 30 medium 0.8 6 2 90%
57 Zone 1 1:30AM | 2:00AM | school bus | home School 45 30 medium 1 8 2 90%
58 Zone 3 1:30AM | 2:00AM | Public bus home office 82 77 Congested 1.2 9 3 75%
59 Zone 4 7:30PM [ 8:00PM |Medium bus| home college 45 30 medium 1.2 10 3 90%
60 Zone3 | 1:30AM | 2:00AM | Publicbus [ home hospital 82 65 medium 14 10 3 90%
61 Zone 4 1:30AM | 2:00AM | Public bus HBW | university 82 77 Congested 3.2 14 3 75%
62 Zone4 | 1:30AM [ 2:00AM | Publicbus | home [ industry 82 80 | Congested 4.4 18 3 75%
63 Zone 4 11:30PM | 12:00PM | Public bus office home 82 80 Congested 1.2 12 2 75%
64 Zone 3 | 11:00PM | 11:30PM |Medium bus| store home 45 42 Congested 1 8 2 75%
65 Zone 2 1:30AM | 2:00AM | school bus | home school 45 30 medium 1.2 9 2 90%
66 Zone 3 | 11:00PM | 11:30PM | Publicbus | home | university 82 78 [ Congested 4.2 16 3 75%
67 Zone 1 1:30AM | 2:00AM | school bus | home school 45 45 Congested 0.9 7 3 75%
68 Zone 4 | 10:15PM | 10:45PM | school bus [ school home 45 42 | Congested 0.9 10 1 75%
69 Zone 4 7:30PM | 8:00PM |Medium bus| home college 45 30 medium 1.2 10 3 90%
70 Zone 2 | 1:30AM | 2:00AM | Publicbus | home hospital 82 65 medium 1.4 10 3 90%




Appendix -E: Questionnaire
Adama Science and Technology University
School of Civil Engineering and Architecture
Post-graduate program in urban planning and design
Postgraduate questionnaire

Questionnaire for households (particularly for workers, who regularly commute to

commercial business districts)
Dear Sir/Madam

| am currently pursuing my Master of Science degree in Urban Planning and Design at the
School of Civil Engineering and Architecture at Adama Science and Technology University.
As a researcher and student, I am actively engaged in my studies within this esteemed
academic institution. I am doing my M.Sc. research/thesis entitled “Traffic congestion hot-
spots area and traffic demand analysis by using travel demand modeling, in downtown
Adama City” to identify traffic congestion hot spots by measuring the level of congestion
in selected route of traffic analysis zone, conducting origin-destination analysis of people

trips in traffic analysis zone in downtown of Adama city.

Your authentic, truthful, and immediate participation in the survey will significantly
contribute to the success of the research. Rest assured, your responses will remain
confidential and your anonymity will be preserved. Additionally, the information you
provide will be used solely for scholarly purposes. Completing the questionnaire should not
require more than 10 minutes of your time. | deeply appreciate your time, effort, and

thoughtfulness in completing this survey.

If you have any questions concerning the items of the questionnaire, please call on mobile:
09 30 58 04 92, or e-mail minichil1990@gmail.com

With Great Respect

Minichil Molla

Thank you in advance for scarifying the time to respond to this Questionnaire!!!



Respondents characteristics

1. Respondent’s Name (Optional):------=-=-m-m-mmmmmmm oo
2. Respondent’s: Use (x)or (\) mark
Sex

Age: 15-20__ 20-30__ 30-40__ 40-50___ above 50

3. Respondent’s occupation:

4. Education level

Degree----------------------- Diploma------------------ (10+2) -
Grade twelve complete ---------------- Below Grade 12----------------- Other-----------
5. Employment status. ----------=-====n=mnmmmmmmmmeeee Employed/ Unemployed

Part I: General question about their perception regarding traffic congestion
1. Do you have any knowledge about traffic congestion?

Yes No

2. Do you think there is traffic congestion at the major route in Adama city downtown at

some level?

Yes No

3. If your answer to question number 1 is yes. What do you think is the level of traffic

congestion in the network?
Very High------------- High---------- Moderate---------- Low---------- Very Low--------
4. Rank the major causes of congestion.
High transportation demand[—_]concentration of working area in the central business district ]
Increased love of driving private vehicle [] Inflexible working hour [
Imbalance vehicle volume and road capacity [ un-availability of mass transport []
Illegal on-street parking [ street vendor ]
Incompatibility of land use and [ ] poor traffic management [_]
special events [ high parking demand ]
Narrow street width [ poor condition of the road []

Traffic accidents [ poor traffic control signal 1]

Xi



Pedestrian interference with vehicle [_] lack of sufficient lanes for mobility[ ]

5. Which route is more congested in the central business district using posta-bet as a

reference?

From Franco to Postabet [ from Abebe Bikila street to Posta bet[]

From Posta bet to mebrat hail [ from Tikur Abayi to Posta bet ]

From Posta bet to Amede Gebeya [] From Abebech Gobena street to Posta betl_]

Part 11: Household characteristics

No | Household characteristics Respondent answer

1 2 3 4 above

1 Number of members in the house

2 | No. of employed people in the house

3 | No. of unemployed people

4 Number of two-wheelers in the house

5 | Number of cycles

6 Number of cars in the house

7. What is the status of your ownership? -----------------=-=-mmmomm—- owner/renter occupant.
8. How much do you earn in Dirr? ----------=-=--mmemmmmmmmm oo Wks./monthly/year.
Part 111: Personal characteristics

1. Household member number by age.

Husbands ---------- Wife - - SoN ------m-eee-

4. Number of household members having driving license---------------------

Part I11: Trip data
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1. Location of place of reSidenCe--------=-=-=-mmmmmm oo .

2. Location of destination-------=-=-=-=-=-=-=-mmmmmmm oo -- m-mmmmmmemmemeeee- .

3. How long do you travel the average distance from home to work in Km?

1-5km__ 6-10km___ 11-15km ___ greaterthan orequallém ___
4. Total time spent each day traveling from home to work --------------==-=------ min/hr.
5. Distance from house to the bus/taxi StOp------=-=-=======mmmmmm oo km/mt.
6. The cost of a trip during peak NOUrS =---=========mmmmmm s Birr;
and at off-peak NOUIS —----=-=mm o e e Birr.

7. What mode of transportation you preferred?

AUtO ------------------ taxi------------ Bicycle----------mmm oo

reason for the ChoiCe--=-=======m=m s mm e e oo e e e eeee

8. Have you switched modes (from one stop to another) on your commute to work?

No transfer ------------ one stops---------- two stop--------- three stop -------- above -------------

10. Give your opinion on the following:

(1) Waiting time for public transport:

Short--------------- long------------------- too long---------------
(1) Travel time by mode to destination.

Short--------------- long--------=-=-=----- too long-------------------

(iii)  Congestion of passengers in public transport

modes comfortable; ----------------- congested

too congested----------------------

(iv) Delays caused by traffic congestion during peak hours:
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Work -------------- business------------- social---------------- school-------------
Shop----------=s=--- culture-------------------- other (specify)---------------------
Location of trip---------------=-=-m-m-mn---

15. Location of where shopping is normally done ------------------------- ;

How often is shopping done /wks./month.

16. Location of the usual place for leisure ------=-====mmmmmmmmmmm oo

17. Which form of transportation would you choose if you had the choice?

walking ------------- bicycling-------- motor-cycling------------ Taxi------------- bus--
--------------- Bajaj----------------private Car---------=-=-=-mememememememnmaeennen

18. Do you own any of the above modes? Yes --------- NoO ------

IfYES, SPECITY-m-mmmmm e oo o

Appendix-F: Household Categories Characteristics

Table 9: Household Categories information from 70 Participants.
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Household categories data obtained from representative household

House Residential Household Car Household  [Number of| Total daily trip
hold location number (House ownerhi income (3$) worker roduction/da
ID | hold size) P P Y
1 [Zone2 3 4 90 2 10
2 [zone?2 2 2 70 2 6
3 |zonel 4 1 115 3 9
4 [zone 3 4 1 110 2 8
5 [zone 3 2 1 50 1 7
6 |zone 4 3 0 50 2 5
7__|zonel 2 0 40 1 5
8 |zonel 1 0 35 1 4
9 [zone?2 1 2 40 1 4
10 [zone 2 2 2 60 1 4
11 [zone 1 3 1 95 2 7
12 [zone 2 3 0 30 0 6
13 [zone 3 2 0 35 0 5
14 |zone 4 1 1 25 1 4
15 |zone 1 5 1 40 1 8
16 |zone 1 2 0 25 1 3
17 [zone 2 1 0 35 0 4
18 [zone 3 1 1 20 1 4
19 __|zone 2 5 1 100 2 6
20 [zone4 4 1 95 3 5
21 |zone 2 4 2 99 2 7
22 |zone 2 6 3 120 3 9
23 |zoned 1 0 45 1 3
24 |zone 3 3 1 67 2 6
25 |[zone 1 2 0 56 2 5
26 [zone 1 4 1 100 2 6
27 |zone 2 1 0 25 1 3
28 |zone 3 4 3 69 2 7
29 |zone 3 2 1 40 1 4
30 |zone 2 2 1 50 2 5
31 [zone 1 1 0 30 0 3
32 |Z0NneZ 4 1 68 2 7
33 [zone 2 3 1 70 1 6
34 [zone 3 1 0 25 1 3
35 |zone 4 1 0 20 1 3
36 |zone 2 5 2 78 2 7
37__|Z0neZ 3 1 98 2 5
38 |zone 2 4 2 90 2 5
39 |zone 4 4 2 120 2 6
4 |zone 4 3 1 97 1 4
41 |zone 2 7 3 130 3 8
a2__|zone 2 6 4 120 2 10
43 |zone 1 8 3 115 3 9
44 |zOne 3 5 2 100 3 7
45 |zone 4 1 0 30 0 4
46 |zone 3 3 1 66 2 5
47 |zone 2 6 2 120 0 8
g __[zOne 2 7 4 130 3 10
49 |zonel 3 1 90 0 4
5o |zone 3 2 2 80 2 4
51 |zone 3 1 0 20 1 7
52 [zone 4 8 4 100 2 11
53 [zone 1 4 1 90 0 5
52 |zone 2 3 1 60 0 4
ss  |zone 4 5 2 40 1 7
56 |zone 2 5 2 100 2 8
57 |zone 3 1 1 30 0 3
sg  |zone 4 2 1 20 2 6
s9 |zone 4 3 0 56 1 5
s0 |zone 1 4 2 50 2 4
61 |zone 1 5 3 70 3 6
62 |zone 3 7 4 135 4 9
63 |zone 2 6 4 125 3 7
64 |zone 3 3 1 79 2 6
65 |zone 4 8 3 120 4 8
66 |zone 2 2 0 70 1 4
67 |zone 4 3 1 60 0 8
68 |zone 1 4 2 60 1 6
69 |zone 3 5 2 85 2 7
70 |zone 4 2 1 65 2 5
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