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[bookmark: _Toc22715835]ABSTRACT
The transportation system is the basic and fundamental part of human day to day activities. Hawassa city public transport demand increase rapidly from day to day due to different reasons; such as rapid growth of urbanization; the city being tourist centered, the economic activity of the city, the city being political center of the region, the city being also industry center. The study assessed the public transport demand of Hawassa city using the traditional four stage travel demand model. The significance of study had been to quantify the current travel demand of home to work and home to school. Primary data such as number of population, number of students, number of employment, trip purpose and number of trip were collected through questioner and home based interview. the secondary data such as number of taxis, number of bus, and number of Auto rick show and their operating condition from the governmental offices and these data were well   organize using tabulation  and  situation  would  analyze using  the four  stage  modeling  and  other  statistical analysis model which were fit to our data such as category analysis, gravity model and logit model. Next the collected data analyzed determining number of trip attraction and production for both home to work and home to school trip purpose as attraction number of trips are 130213 and 106895 respectively and for production trip purposes the number of trips are133558 and 154181 and these trips are distributed through the links of TAZ. Next the modal share of mini bus were 19%, city bus were 58% and rick show were 23% for home to work purpose and 27% were mini bus, 41% were city bus and 32% were rick show take the modal for the purpose of home to education trip purpose and finally conclude as the majority of modal share was city bus. The major trip attraction for home to work purpose was Addis Ketema sub city and the least attraction zone was being Mehal subcity. The city transport and road development bureau city bus transport system in advance towards the highest trip generator of the city such as Addis Ketema and Tabor sub city.

Key words: mode, trip, trip generation, trip distribution, mode split and Traffic assignment
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[bookmark: _Toc22715837]1.1 Background of the Study
Transportation has contributed a significant role for social and economic growth of once country Transportation   has   an   important   role in   supporting economic development   and   social development for the welfare of society. Generally, safe and convenient transportation modes to move from one point to another still rarely found. Therefore, the growth rate of personal vehicles towering from year to year (Erma Suryani, 2018)
In view of the purpose of transportation it concerns with the movement of people and goods from one location to another.   It means that all transport facility must satisfy the demand of the transport user as much as possible. The transport demand can be served by various modes such as air, rail, road, water and others. Fundamentally, road transportation has a significance linkage with public transport both on highway and railway transportation system. (Shanta Pragyan Dash,
2017)


The public transport is one of the transport system that used by different public groups to satisfy their travel demand for different purpose such as for shopping, work, school, recreational, etc using different types of modes. According to Demelash Abate Abreha (  2017 ) public transport as all modes available to the public irrespective of ownership.

Planning is the continuous process of projecting or putting activities that will be done in the future with defined activities and time, space, money, and all available resources in which we need to achieve future specific goal.

Transportation planning involves the decision-making process for potential improvements to a community‘s roadway infrastructure both in moving and fixed facility. To aid in the decision- making process for enhancement of problems emerging in the transport sector in order to accommodate future travel demand of once country to do this there are several computer based and manual tools have been developed in the previous several decade by different scholars among these tools transport demand model is the one in which developed by the scholars.

95

A Transport demand Model is a mathematical representation of the movement of people and goods (trips) around a transport network within a defined Study Area having certain socio- economic and land-use characteristics. It is intended to provide an indication of how trips will respond, over time, to changes in transport supply and demand. These changes may be due to changes in the demand for transport and/or due to changes in the transport network itself (i.e. the building of new transport infrastructure).

A Transport demand Model can also define the state of the transport network in future years on the basis of growth in travel demand, committed network changes, and changes in socio- economic data. The future years usually coincide at least with the opening year and a distant forecast year which is used for assessment of long-term capacity needs or is the end year of economic evaluation.

This study had been focused on assessment of public transport demand of Hawassa city by determining the generated trip, distributing the generated trip in to each TAZ, next the distributed trip split in to the public transport mode and finally the total number of vehicle of each mode type would be determined in the study area and to evaluate either the produced travel demand accommodated by the existing facility.

[bookmark: _Toc22715838]1.2. Statement of the problem


Public transport is the transport system which develop for users of transport services who cannot afford the transport access by their own or privately. But its uses are beyond these such as it can reduce congestion, accidents, carbon emission etc. The basic purpose of public transport has been to provide mobility to mass people who cannot access to private cars.   Nowadays, public   transport   is   adopted   for   many   purposes,   such   as   providing   mass   mobility, managing traffic jams,   and creating development opportunities (New Zealand Transport Agency, 2010). These have increasingly made public transport a crucial component of a sustainable and functional d e v e l o p m e n t o f t h e city. According to State of Western Australia (2011),   public transport plays a vital role in creating competitive economies and inclusive communities within the city. Additionally numerous authors have also articulated that public transportation  is  one  of  the  potential  ways  of  mitigating  air  pollution;  reducing  energy

Consumption; improving mass mobility and alleviating traffic congestion. (Chien, 2005; Grotenhuis, Wiegmans, & Rietveld, 2007; Yao, 2007).

The basic question is how to make the system can fulfill the basic criteria to be said that good public transport system such as convenience, provision of on time information, affordable price and pricing system, speed, accessible to the user, integrated facilities, comfortable services, secured and prestigious. If these criteria were failed then the public transport had been fall in trouble and affect the socio-economic activities such as Lack of affordable access to the public transport system; An ineffective public transport system; Increasing car dependence; Densification of the system to a specific route; by polluting, systems consume health and increase morbidity and mortality; by being dangerous, they consume safety and produce injuries and fatalities; by being loud they consume quiet and produce noise(decreasing quality of life and property   values); and   by emitting carbon and other pollutants, they harm the environment.

Public transport in Hawassa city faces multiples challenges stemming from a mismatch between the supplies of public transport services and growing public transport demand, The frequency of loading unloading; poor integration of different sized vehicle; safety, security and comfort ability as well as over concentration of public transport system to a specific route. The high transit demand has been attributed to rapid and uncontrolled urbanization outstripping the capacity of public transport supply. This in turn has contributed to the insufficiency of public transport services and it is very problematic in terms of forecasting the public transport demand of the city due to the conditions mentioned above.

In providing the required transport services on the face of growing demand, the public transport is the main stake to assess the situation to make sure that the service accommodated the travel demand up-to the required standard. Likewise, due to limited extent of the public transport routes network and newly developed parts of the city are depressed of public transport service, and people must look for other means and forced to walk alternatively to meet their purpose increase in number of population and industrialization as well as employee considered under this study.

In  order  to  gain  the  aforementioned  benefits  from  the  public  transport  should  be  planned properly, accordingly and scientifically to withstand the problem those may face in the future in

case of service supply and rapidly increase of demand due to different factors such as population increase, change in income, change in economic activities and land use pattern. Accordingly in our country case such type of study was done for Addis Ababa city administration by consulting Engineering service (India) Pvt. Ltd Association together with saba Engineering Pvt. Ltd, 2005. In determination of travel demand and forecasting the future travel demand

Overall, this study would focus on the assessing of public transport demand of the city in meeting of public transport demand in Hawassa city and will indicate its major problem and their remedial action in order to alleviate the indicated problem in addition assuring weather the present supply and demand of the city are in equilibrium or not.

[bookmark: _Toc22715839]1.3 Objectives


[bookmark: _Toc22715840]1.3.1 General Objective


The main objective of the study is to assess the public transport demand of Hawassa city using four stage travel demand modeling.

[bookmark: _Toc22715841]1.3.2 Specific objectives


The specific objectives were to.

	 determine the magnitude of travel demand of the city specifically for home to work and home to school purpose.
	 identify which public transport mode is the most preferable mode among the existing public transport mode
	 evaluate the public transport service supply with respect to existing travel demand of the city.

[bookmark: _Toc22715842]1.4 Research Questions

The main activities of doing the research is properly address the problems which are enables to raise questions to answer by the indicated research topic. The research questions related to assessment of public transport demand of city were:

    Which part of the city produce more trip?

    For what purpose does the trip generate?

    What are the public travel demands and their amount?

    What are the behavior and amount of travel mode split?

    Does the existing public transport modes can accommodate the travel demand?

    To which public transport modes of the city does the most travel demand tilted?

[bookmark: _Toc22715843]1.5 Scope and Limitation of the study


The major concern of this study is mainly focused on the public transport demand problem of Hawassa city and assessing the public transport demand of the city using the four stage travel. The parameters considered in this study were focused on the following data such as population per household, employments and students. Thus the specific area on which the research would focus on analysis of  travel  demand;  the  modal  share  of  the  public  transport;  traffic  assignment  and  existing situation of the city public transport supply. This study was done in more advanced technology but due to luck of software and related ability to handle it. In related to the scope of study area the study will focus on Hawassa city administration specially the urban sub city the rural sub city called habela tula sub city was  left out of this study due to time and many constraint and concerning the trip making behavior the study would focus on both the origin and destination inside the study area and the origin inside the study area and destination outside the study area as well as the study was focused on two major trip making behavior these are home to work and home to school.

[bookmark: _Toc19435801][bookmark: _Toc22715844]1.6 Significance of the Study


The finding and result of this study would give social, academic and governmental benefits for the population of the city. In terms of social benefit the result of this study would give to the society affordable, comfortable, safe, prestigious and secured public transport service. For the academic perspective the study would give scientific information to the academicians who conduct research related to this topic meaning the study became reference and the other importance of the study would be the benefited from the study show the public transport problems and their mitigation measure to enhance the city‘s public transport problem.
















[bookmark: _Toc19435802][bookmark: _Toc22715845]2. LITERATURE REVIEW
[bookmark: _Toc534087828][bookmark: _Toc3920685][bookmark: _Toc11630703][bookmark: _Toc11903354][bookmark: _Toc19435803][bookmark: _Toc22715846]2.1. The concept of Transportation
Transportation is the movement of people’s and goods from place to other place using different modes such as donkey, horse, ships, cars, rails and so on. According to E.A. Nanaki et. Al. (2016) Mobility plays a significant role both in economy and society, allowing people and goods to move around to where they can be profitably employed and also allows people to be able to maximize their opportunities and maintain their standards of living. Additionally, mobility has an environmental cost in terms of air pollution and damage to the natural environment as transport per passenger is related to energy consumption. It plays a great role in development of once nation. In view of Luis A. Guzman et.al (2016) Modeling results show meaningful reductions in transport costs in all scenarios. These conditions allow for improvements in the overall accessibility results when comparing the two years side by side. When introducing subsidies to the monetary part of generalized travel cost function; accessibility levels improve even further.
[bookmark: _Toc534087829]According to Erma Suryani et.al (2017) Transportation has an important role in supporting economic development and social development for the well fare of the society. Generally, safe and convenient transportation modes to move people’s and goods from one point to another still rarely found. Therefore, the growth rate of personal vehicles high from year to year. In order to say that the transport system is support the economic and social activity properly it should balance condition of transport demand and supply. 
[bookmark: _Toc11630704][bookmark: _Toc11903355][bookmark: _Toc19435804][bookmark: _Toc22715847]2.2. Basic Transport Problem
Lack of affordable access to the public transport system; An ineffective public transport system, ageing vehicle fleets and poor cost recovery from subsidized fares; Increasing car dependence for some segments due to lack of alternatives and relatively cheap car travel; Densification of transport corridors, which should improve levels of service through corridor-based public transport offering increased speeds and frequencies; Optimal deployment of modes, which requires customer-based planning “matched to local travel patterns and the preferences of specific customer segments”; corridor supportive infrastructure investment such as priority or dedicated bus and taxi ways and intermodal transfer stations and tough road space management “through a combination of controls and pricing, backed by improvements in the public transport system”. Improving firm level performance in the provision of urban transport services.(Wilkinson and Behrens, 2002) What does all of this mean for urban transport analysis and modeling? It points towards an increased emphasis on: walking, as an important mode for those without access to motorized transport; as a mode used to access public transport; and as an alternative for choice users to motorization; Public transport and taxi systems; Detailed knowledge of customer needs Integration of modes; and Demand management within a framework of integrated land-use and transport planning, aiming towards densification. 
[bookmark: _Toc3920686][bookmark: _Toc11630705][bookmark: _Toc11903356][bookmark: _Toc19435805][bookmark: _Toc22715848]2.3. Public Transport system
Public transport refers to a collection of modes of transport which are available to the public irrespective of ownership (White, 2002). This collection encompass several modes of public transport, namely road-based transport, rail transport including metro and tram systems, water transport, and air transport for longer journey. As stated on R Balcombe, et. al,  (2004) public transport mode largely take as buses and coaches as well as taxi and other private hire vehicle can be used as public transport since they are available for public use. 
On the other way according to Nicholas j. Garber and Lester A. Hoel (2009) suggest that public transportation is a generic term used to describe the family of transit services available to urban and rural residents. Thus, it is not a single mode but a variety of traditional and innovative services, which should complement each other to provide system-wide mobility. Transit Modes:  the modes included within the realm of public transportation are Mass transit, characterized by fixed routes, published schedules, designated networks, and specified stops. Mass-transit vehicles include buses, light rail (trolleys) or rapid transit that either share space in mixed traffic or operate on grade-separated rights of way. Para-transit characterized by flexible and personalized service intended to replace conventional fixed-route, fixed-schedule mass-transit lines. Para-transit is available to the public on demand, by subscription, or on a shared-ride basis. Examples include taxi, car rental, dial-a-ride, and specialized services for elderly, medical, and other designated users. Ridesharing (as the name implies) is characterized by two or more persons traveling together by prearrangement, such as carpool, vanpool, or shared-ride taxi.  Road vehicles used for the provision of public transport services include conventional buses, Para-transit vehicles, taxis, human and animal powered vehicles (Iles, 2005). Among these modes, the conventional buses are the most common public transport mode in developing countries in view of the fact that they offer relatively low running costs, route flexibility, and permeability into town and city centers (Davison & Knowles, 2006).  
Life in the city depends on transport, especially for the movements of people from their places of residence to where they must go to pursue all the activities of life, such as work, education, business, shopping and leisure activities. Public transport is an effective and environmentally friendly alternative to accommodate those movements. It represents a basic service and enhances spatial relation between locations which provide diversified activities, economic vitality, and socially sound conditions. It is therefore crucial for a city to have a well-functioning and attractive public transport system to provide high quality of life and be characterized as livable (Iles, 2005 and Vuchic, 2002).
Advanced Public Transportation System (APTS) is concerned with increasing operational efficiency of all public transportation modes and increasing ridership by making the transportation system more reliable. With the help of APTS the way public transportation systems operate is transformed and the nature of the transportation services that can be offered by public transportation systems is changed (Bhupendra Singh et.al, 2014)
[bookmark: _Toc11630706][bookmark: _Toc11903357][bookmark: _Toc19435806][bookmark: _Toc22715849]2.4. Transport planning
Transportation planning is a field involved with the evaluation, assessment, design and siting of transportation facilities (generally streets, highways, footpaths, bike lanes and public transport lines).The transportation planning function covers a diverse set of activities that focuses on different transportation modes and systems, time frames, geographic scales, policy issues, and stakeholder groups. It is critical to gather input from a broad cross section of stakeholders on the types of policy considerations and modal analyses that need to be accounted for in the travel demand model prior to its development. In addition to this Transportation Planning process plays a fundamental role in the state, region or community’s future vision by providing a comprehensive consideration of possible strategies. The process is designed to involve all community users and the general public through public participation and engagement. The process includes a number of steps including the monitoring of existing conditions, forecasting future population and employment growth, determining future transportation requirements, developing long-range and short-range plans to address the needs and estimate the impact on the environment and community (Sandra Rosenbloom, et al, 2012)
Actual planning practice varies widely. Many of these transportation planning functions require forecasts of future travel or other model outputs to aid in evaluating the benefits of different plan elements and different plans. The type of analysis being performed guides the design of models and the necessary features required to produce suitable forecasts for decision making.( Sandra Rosen bloom, et. al 2012)
[bookmark: _Toc534087833][bookmark: _Toc3920691][bookmark: _Toc11630707][bookmark: _Toc11903358][bookmark: _Toc19435807][bookmark: _Toc22715850]2.5. Dynamic methods and activity-based methods 
In the 1980s and 1990s further modeling developments emerged in response to the critics:  Dynamic methods were developed in response to the ‘static’ nature of most preceding approaches. Travel analysis had been based on data from one cross-section of time, but critics argued that since transport behavior across generations and sectors of the population vary over time, so transport responses will change over time also. However these changes, it was argued, are more complex than we may assume, and not under a constant state of re-appraisal as the economic utility model assumes. Rather there are critical periods (such as a house, employment or school change) when transport is reappraised, and these adjustments profoundly impact all subsequent travel in that household. Dynamic methods collect longitudinal data in order to properly address this topic.
[bookmark: _Toc534087830][bookmark: _Toc3920687]Activity-based methods emerged in the late 1970s and early 1980s in response to the limited behavioral theory underpinning the conventional aggregate four-stage models. In activity-based approaches the observation of the trip is replaced by a detailed consideration of the activity which leads to the trip. It was argued that it is not possible to understand (and so to change) travel behavior without a much deeper understanding of the human lives impacted by the transport system under study. Hence activity-based methods are crucially different from aggregate methods in that they focus on household and personal activity scheduling rather than trips as isolated events.( L kane and R.Behrens, 2000)
[bookmark: _Toc11630712][bookmark: _Toc11903359][bookmark: _Toc19435808][bookmark: _Toc22715851]2.6 Trip
Trip is a one way movement from a point of origin to a point of destination. And it is also defined as outward and return journey often for a specific purpose
According to Martin, A. William, and Nancy A. Mcguckin (1998) their purpose trips classified in to 
Home-Based Work (HBW): This category includes To/From Work or Work-Related
Business trips.
Home-Based School (HBShc) - This category includes trips to school, college or university
for classes, or to school-related meetings.                                                                                                               
Home-Based Shopping (HBSho) – One end of trip is shopping activities.
Home-Based Other (HBO): This category includes family and personal business trips such
as banking, haircuts, visiting friends and relatives, other Social or Recreational trips taken for
entertainment and recreation, and for trips that do not fit any of the other categories.              Non-home Based trips (NHB) – This category includes trips that do not start or end at home. 
[bookmark: _Toc11630708][bookmark: _Toc11903360][bookmark: _Toc19435809][bookmark: _Toc22715852]2.7. Travel Demand forecasting model
Travel forecasting models are used to predict changes in travel patterns and the utilization of the transportation system in response to changes in regional development, demographics, and transportation supply. Modeling travel demand is a challenging task, but one that is required for rational planning and evaluation of transportation systems Transportation planning involves the decision-making process for potential improvements to a community’s roadway infrastructure. To aid in the decision-making process, several computer based and manual tools have been developed. Two of these key tools are: Travel demand forecasting models for implementing the four-step urban planning process and Travel rate indices for providing congestion and delay information for a community. (Albert Skarphedinsson, 2013)
[bookmark: _Toc11630711][bookmark: _Toc11903361][bookmark: _Toc19435810][bookmark: _Toc22715853]2.8. Four Stage Travel Demand Modeling (FSM) 
According to William A. Martin and Nancy A. Mcguckin (1998) in urban transportation planning studies (UTPS) there are many types of travel demand models used in urban transport planning studies. Among these important methods of travel demand modeling the four stage urban travel demand model (FSM) is convenient method of urban travel demand forecasting in transportation planning.
  This model is the conventional method of urban transport planning system were in the distribution of  land use in terms of  population, income, car ownership, and employment allocation is done exogenously and it is called sequential travel demand modeling which are four in number of stages. They are Trip Generation, Trip Distribution, Mode Split and Traffic Assignment ( Juan de dios Ortuzar and Luis G. Willumsen, 2004)
This urban transport planning model will produce numerical relationship between travel pattern and employment distribution system and socio economic condition of the population in the study area. It is calibrated to present the observed trip making behavior in the city and the associated socio economic characteristics. It is also adopted for assessing future travel demand for the given or estimated distribution of population, opportunities and socio-economic characteristics in the study area. The following chart shows the flows in the four stage transport planning model (Nicola J. Garber and Lester Hole, 2001)


[bookmark: _Toc3919208][bookmark: _Toc11620769][bookmark: _Toc19790353][bookmark: _Toc22715949]Figure 2.1 Flow chart of four stage travel demand model   source: (Nicola J. Garber and Lester Hole, 2001)
[bookmark: _Toc3920689][bookmark: _Toc11630709][bookmark: _Toc11903362][bookmark: _Toc19435811][bookmark: _Toc22715854]2.8.1. Assumptions of four stage modeling
[bookmark: _Toc534087832]Different Mathematical models depends on theoretical assumptions just like that according to L KANE and R BEHRENS (2013) the four stage aggregate transport modeling transport modeling has different assumption these assumption are as follows: It was possible to predict a future land-use pattern independently of changes to the transport system; it was possible to predict travel behavior based on household data averaged over a zone; Relationships between household characteristics and travel behavior would remain steady over (long periods of) time; Travel decisions were made principally on the minimization of travel time and cost; inter zonal, average weekday, peak hour vehicular trips provided an adequate picture for the purposes of transport system improvements.
[bookmark: _Toc3920690][bookmark: _Toc11630710][bookmark: _Toc11903363][bookmark: _Toc19435812][bookmark: _Toc22715855]2.8.2. The Seven Fundamental Flaws of Four Stage Modeling
According to Lee, 1973  negative critics large-scale urban models common at that time, within which he highlighted seven fundamental flaws: Hyper comprehensiveness (trying to do too many things at once); Grossness (too aggregate to be meaningful or useful); Hungriness (requiring vast amounts of data); Wrong-headedness (with a poor match between theory used in the models and actual human behavior); Complicatedness (the outputs were difficult to interpret, and required adjustments to get realistic results); Mechanicalness (the computers introduced errors due to rounding); and Expensiveness. In response to the criticisms three new analytical methods emerged: land-use transport interaction models: disaggregate methods and Micro-simulation methods.
[bookmark: _Toc11630713][bookmark: _Toc11903364][bookmark: _Toc19435813][bookmark: _Toc22715856]2.8.3 Trip Generation
Trip Generation is the first step in the conventional four-step transportation forecasting
process (followed by Destination Choice, Mode Choice, and Route Choice), widely used for
forecasting travel demands. It predicts the number of trips originating in or destined for a
particular traffic analysis zone. At the level of the traffic analysis zone, the language is that of land uses "producing" or attracting trips, where by assumption trips are "produced" by house hold and "attracted" to non-households. Production and attractions differ from origins and destinations. Trips are produced by households even when they are returning home (that is, when the households is a destination). Again it is important to be clear what assumptions you are using. (L KANE and R BEHRENS, 2013)
People engage in activities, these activities are the "purpose" of the trip. Major activities
are home, work, shop, and school, eating out, socializing, recreating, and serving passengers (picking up and dropping off). There are numerous other activities that people engage on a
less than daily or even weekly basis, such as going to the doctor, banking, etc. Often less
frequent categories are dropped and lumped into the catchall "Other".
Every trip has two ends, an origin and a destination. Trips are categorized by purposes, the
activity undertaken at a destination location. (R. J. SALTER, 1989)   
2.8.3.1 Category Analysis
It is one of the major approaches which apply in studying transport planning for the production of trip generation. It does not need to use regression equation and it use House hold as the fundamental unit of trip generation process and assumes that the journey it generates depend on house hold characteristics and location to relative to work place, shopping, and other facilities Trip generation is measured as the average number of one-way trip generated by household on an average weekday. The approach classifies the attributes of trip generation into different groups and determines their rate from the collected data and multiplied each considered parameter by their corresponding trip rate obtained through the study area and also this model does not any formula as well as flexible model in selection of alternative zoning system in determination of travel demand. (R. J. SALTER, 1989)   
[bookmark: _Toc11630714][bookmark: _Toc11903365][bookmark: _Toc19435814][bookmark: _Toc22715857]2.8.4 Trip Distribution 
Trip distribution (or destination choice or zonal interchange analysis), is the second
component (after Trip Generation, but before Mode Choice and Route Choice) in the
traditional four-stage travel demand model. In this stage the trip generated distributed through the network of intra zonal route in the study area matches trip makers’ origins and destinations to develop a “trip table”, a matrix that displays the number of trips
going from each origin to each destination. Historically, trip distribution has been the least
developed component of the transportation planning model. (Juan de dios Ortuzar and Luis G. Willumsen, 2004)
2.8.4.1 Gravity Model
The gravity model illustrates the macroscopic relationships between places (say homes and
workplaces). It has long been posited that the interaction between two locations declines
with increasing (distance, time, and cost) between them, but is positively associated with
the amount of activity at each location (Isard, 1956). In analogy with physics, Reilly (1929)
formulated Reilly's law of retail gravitation, and J. Q. Stewart (1948) formulated definitions
of demographic gravitation, force, energy, and potential, now called accessibility (Hansen,
1959). The distance decay factor of has been updated to a more comprehensive
function of generalized cost, which is not necessarily linear - a negative exponential tends
to be the preferred form. In analogy with Newton’s law of gravity, a gravity model is often
used in transportation planning. The gravity model has been corroborated many times as a basic underlying aggregate relationship (Scott 1988, Cervero 1989, Levinson and Kumar 1995). The rate of decline of the interaction (called alternatively, the impedance or friction factor, or the utility or propensity function) has to be empirically measured, and varies by context.
Limiting the usefulness of the gravity model is its aggregate nature. Though policy also
operates at an aggregate level, more accurate analyses will retain the most detailed level of
information as long as possible. While the gravity model is very successful in explaining the
choice of a large number of individuals, the choice of any given individual varies greatly
from the predicted value. As applied in an urban travel demand context, the disutility’s are
primarily time, distance, and cost, although discrete choice models with the application of
more expansive utility expressions are sometimes used, as is stratification by income or
auto ownership.
Mathematically, the gravity model often takes the form: 
Tij = KiKjTiTjf(Cij)…………………………………………2.1
…………………………………….2.2
Ki = , Ki = ……………………………2.3
Where
Tij = Trips between origin and destination
Ti = Trips originating at
Tj=Trips destined for
Cij= travel cost between and
KiKj = balancing factors solved iteratively.
 f=impedance or distance decay factor 
It is doubly constrained so that Trips from i to j equal number of origins and destinations
· Balancing a matrix
1. Assess Data, you have Ti, Tj, Cij, 
2. Compute f(Cij), e.g.
f(Cij) = 1/C2……………………………………………….2.4
f(Cij)=………………………………………………..2.5
3. Iterate to Balance Matrix
(a) Multiply Trips from Zone i ( Ti) by Trips to Zone j (Tj ) by Impedance in Cell ij (f(Cij))for all ij
(b)Sum Row Totals T’i, Sum Column Totals T’j. 
(c)Multiply Rows by Ni =Ti/T’j.
(d) Sum Row Totals T’i, Sum Column Totals T’j.
 (e)Compare Ti, and T’i, Tj, T’j ,if within tolerance stop, Otherwise go to(f)
(f) Multiply Columns by Ni =Ti/T’j
(g)Sum Row Totals T’i, Sum Column Totals Tj
(h) CompareTi  and T’i, Tj and T’j if within tolerance stop, Otherwise go to (b)


[bookmark: SECTION00030000000000000000]2.8.4.2 Growth factor methods
[bookmark: SECTION00031000000000000000][bookmark: _Toc11630715][bookmark: _Toc11903366]Uniform growth factor
According to Tom V. Mathew (2011) If the only information available is about a general growth rate for the whole of the study area, then we can only assume that it will apply to each cell in the matrix that is a uniform growth rate. The equation can be written as: 
	…………………………………………………………2.6
	


Where: f is the uniform growth factor tij is the previous total number of trips, Tij is the expanded total number of trips. 
Advantages are that they are simple to understand, and they are useful for short-term planning. Limitation is that the same growth factor is assumed for all zones as well as attractions. 
[bookmark: SECTION00033000000000000000][bookmark: _Toc11630716][bookmark: _Toc11903367]Doubly constrained growth factor model
When information is available on the growth in the number of trips originating and terminating in each zone, we know that there will be different growth rates for trips in and out of each zone and consequently having two sets of growth factors for each zone. This implies that there are two constraints for that model and such a model is called doubly constrained growth factor model. One of the methods of solving such a model is given by Furness who introduced balancing factors ai and bj as follows: 
	 ………………………………..2.7
	


In such cases, a set of intermediate correction coefficients are calculated which are then appropriately applied to cell entries in each row or column. After applying these corrections to say each row, totals for each column are calculated and compared with the target values. If the differences are significant, correction coefficients are calculated and applied as necessary. The procedure is given below: 
1. Set bj = 1 
2. With bj solve for ai to satisfy trip generation constraint. 
3. With ai solve for bj to satisfy trip attraction constraint. 
4. Update matrix and check for errors. 
5. Repeat steps 2 and 3 till convergence. 
Here the error is calculated as: E =  where corresponds to the actual productions from zone [image: $i$]and O’I is the calculated productions from that zone. Similarly D’j are the actual attractions from the zone j and D’j are the calculated attractions from that zone. . 
 2.8.4.3 The Furness Method (Furness, 1965)
This again is a growth factor method, but in this instance the basic assumption is that in the future the pattern of trip making will remain substantially identical to those at present, with the trip volumes increasing in line with the growth of both the generating and attract in zones. It is still straightforward than the gravity model quit applicable to situation where substantial changes in external factor such as land use are not expected.
The basic information required in order to initiate this procedure can be summarized as:
· Data
T’ij – The existing trip interchange matrix (in baseline year t)
Oi  - The total number of trips predicted to start from zone I in the future forecasted year                                                            
Dj – The total number of trip predicted to terminate in one zone j in the future forecasted year 
To be computed
T’ij – The revised trip interchange matrix (in forecasted year t’)
G’’I – Origin growth factor for row I (growth between year t and year t’)
G’’j – Destination growth factor for column j (growth between year t and year t’)
· The sequence involved in the Furness method is:
1) The origin growth factor is calculated for each row  of the trip interchange matrix using the following formula 
                                           G’’i = Oi/ ………………………………………2.8
2) Check whether the origin growth factors are within approximately 5% of unity. If they are , the procedure is not required. If they are not ,proceed to next step 
3) Multiply the cell in each column of T’ij by its origin growth factor G’’I to produce the first version of the revised matrix T’’Ij 
4) The destination growth factor is calculated for each column of the trip interchange matrix using the following formula:
                           G’’j = Dj/…………………………………………………..2.9
5) Check whether the origin growth factors are within approximately 5% of unity. If they are, the procedure is not required. If they are not ,proceed to next step 
6) Multiply the cells in each row of the first version T’ij by its destination growth factor G’’I to produce the second  version of the revised matrix T’’Ij 
7) Recalculate the origin growth factor
                           G’’j = Oi/…………………………………………………..2.10
8) Proceed back to point 2
9) Repeat the process until both the origin or destination growth factors being calculated are sufficiently close to unity ( within 5% is usually permissible)
[bookmark: _Toc11630717][bookmark: _Toc11903368][bookmark: _Toc19435815][bookmark: _Toc22715858]2.8.5 Mode choice
Mode choice analysis is the third step in the conventional four-step transportation
forecasting model, following Trip Generation and Destination Choice but before Route
Choice. While trip distribution's zonal interchange analysis yields a set of origin destination
tables which tells where the trips will be made, mode choice analysis allows the modeler to
determine what mode of transport will be used.
Mode choice is one of the most critical parts of the travel demand model in g process. It is the step where trips between a given origin and destination are split in to trips using transit , trips by car pool or as automobile passengers and trips by automobile drivers. A utility function measures the degree of satisfaction that people derive from their choices and a disutility function represents the generalized cost that is associated with each choice (C.A. O’ Flaherty , 1978).
	
The most commonly used process for mode split is to use the 'Logit' model. This involves a 
comparison of the "disutility" or "utility" of travel between two points for the different modes that are available. Disutility is a term used to represent a combination of the travel time, cost and 
convenience of a mode between an origin and a destination. It is found by placing multipliers 
(weights) on these factors and adding them together (Papagostus, 1981). 
Disutility calculations may contain a "mode bias factor" which is used to represent other 
characteristics or travel modes which may influence the choice of mode (such as a difference in 
privacy and comfort between transit and automobiles). The mode bias factor is used as a constant 
in the analysis and is found by attempt to fit the model to actual travel behavior data. Generally, 
the disutility equations do not recognize differences within travel modes. For example, a bus 
system and a rail system with the same time and cost characteristics will have the same disutility 
values. There are no special factors that allow for the difference in attractiveness of alternative 
technologies (Papagostus , 1981).
Once disutility are known for the various mode choices between an origin and a destination, the 
trips are split among various modes based on the relative differences between disutility. The logit 
equation is used in this step. A large advantage in disutility will mean a high percentage for that 
mode. Mode splits are calculated to match splits found from actual traveler data. Sometimes a 
fixed percentage is used for the minimum transit use (percent captive users) to represent 
travelers who have no automobile available or are unable to use an automobile for their trip (P.H. Wright, 1991) 
Mode choice is required in models where the unit of travel is person trips by all modes, or by all motorized modes. The mode choice model splits the trip tables developed in trip distribution in to trips for each mode analyzed in the model. 
Most mode choice models use the logit formulation. In a logit mode choice model, the alternatives represent the modes. The utility is a function of the explanatory variables. These variables may include the following: Modal level of service—Auto in-vehicle time, transit in-vehicle time, wait time, walk access/egress time, auto access time, transit fare, parking cost, number of transfers; Traveler characteristics—Vehicle availability (sometimes relative to other potential drivers), household income, gender, age, worker/student status; and Area characteristics—Development density, pedestrian environment.( Sandra Rosenbloom et al., 2012)
[bookmark: _Toc11630718][bookmark: _Toc11903369][bookmark: _Toc19435816][bookmark: _Toc22715859]2.8.6 Traffic Assignment
             Route assignment, route choice, or traffic assignment concerns the selection of routes (alternative called paths) between origins and destinations in transportation networks. It is the fourth step in the conventional transportation forecasting model, following Trip
Generation, Destination Choice, and Mode Choice. The zonal interchange analysis of trip
distribution provides origin-destination trip tables. Mode choice analysis tells which
travelers will use which mode. To determine facility needs and costs and benefits, we need
to know the number of travelers on each route and link of the network (a route is simply a
chain of links between an origin and destination). We need to undertake traffic (or trip)
assignment. Suppose there is a network of highways and transit systems and a proposed
addition. We first want to know the present pattern of travel times and flows and then what
would happen if the addition were made. Once trips have been split into highway and transit trips, the specific path that they use to travel from their origin to their destination must be found. These trips are then assigned to that path in the step called traffic assignment. The process first involves the calculation of the shortest path from each origin to all destinations (usually the minimum time or length path is used). Trips for each O-D pair are then assigned to the links in the minimum path and the trips are added up for each link. The assigned trip volume is then compared to the capacity of the link to see if it is congested. If a link is congested the speed on the link needs to be reduced to result in a longer travel time on that link Changes in travel times mean that the shortest path may change. Hence the whole process is repeated several times (iterated) until there are equilibrium between travel demand and travel supply. Trips on congested links will be shifted to uncontested links until this equilibrium, condition occurs. (Martin Rogers, 2003).  
[bookmark: _Toc534087835][bookmark: _Toc3920693][bookmark: _Toc11630719][bookmark: _Toc11903370][bookmark: _Toc19435817][bookmark: _Toc22715860]2.9 Traffic Analysis Zone (TAZ)
The study area for the travel demand model encompasses the existing. Traffic analysis zones (TAZs), centroids, and external stations were defined based on the study area. 
Traffic analysis zones are the geographical units for the travel demand model. Major land
uses are defined for each TAZ. It is assumed that all travel activities and characteristics are
homogeneous within each TAZ. When defining TAZs, several factors should be considered.
· Geometric shape of the zone
· Geographic physical and political boundaries
· Census boundaries
· Arterial road ways should not cross the zone
· Relatively similar land use characteristics in a zone
 Centroids are the center of activities within a traffic analysis zone; the centroid is not
necessarily physically centered in the TAZ. Centroids represent the origins and destinations
of travel activity within each zone. 
 Centroid connectors connect centroids to the nearby road network. These connectors
represent all local residential streets that are not included in the highway network. Ideally, a
centroid should be connected by at least four centroid connectors. 
External stations are the points that represent outside traffic entering, exiting, or passing
through the study area. 
High way Network
The most important aspect of the transportation model is to build an accurate network for each mode representing the transportation system in the study area which shows all the necessary elements of the study area road network (Alvin Whyte, 2000)
[bookmark: _Toc534087836]In a travel demand model, traffic volumes are forecast through the interaction of transportation supply and demand. Traffic zones are areas that represent demand, while the actual road network represents supply. A computerized network consists of a series of points, or nodes, that graphically show locations of roadway intersections and other elements of the network. Connections between nodes are called links. Links represent highway segments and contain information such as speed and road capacity. Traffic zones contain demographic and employment information, and are represented by special nodes called centroids. Each zone is attached, or "loaded," onto the network by specialized links called centroid connectors. Traffic outside the modeled area is represented by special centroids called external stations. These stations allow for the interaction of traffic flow between the region and the "outside world”, while the interaction between all internal and external zones produces the actual traffic volume results for the entire region. (Martin, A. William, and Nancy A. Mcguckin, 1998)
[bookmark: _Toc3920694][bookmark: _Toc11630720][bookmark: _Toc11903371][bookmark: _Toc19435818][bookmark: _Toc22715861]2.10. Transport supply
[bookmark: _Toc534087837]In all aspects of human day to day activities if there is demand there should be corresponding supply that should satisfy the emerged and extremely developed demand. In transportation system also the same thinking is exist. Many writer in the field develop so many concepts that all the service provide by the transport sector in terms of service quality such as safety, comfort, access, reliability, etc. and quantity such as number of vehicle, number paved and unpaved road in the network, number of bus stops and parking etc. (David Niyonsenga, 2012)
[bookmark: _Toc3920695][bookmark: _Toc11630721][bookmark: _Toc11903372][bookmark: _Toc19435819][bookmark: _Toc22715862]2.10.1. Public transport supply
Looking at the supply side, a single vehicle trip is the basis of operations. Vehicle trips are
scheduled in time and space resulting in departure and arrival times at all stops along the route from terminal to terminal. In addition to these exact departure times at a stop, the number of trips within a time frame is important. This frequency determines the number of possible departures for passengers per time frame and it determines the headways between successive vehicles.
In the schedule, every vehicle trip is planned in a deterministic way and no variation is
accounted for. In most cases, schedules are designed for longer periods and trips in
homogeneous periods per day are treated similarly. During operations however, actual vehicle trips suffer from disturbances and variations occur, both over the homogeneous periods per day as over longer periods. In an ideal situation, vehicles depart on time from the terminal and drive perfectly according to the schedule. Therefore, deviations and variations of the supply side may be categorized in to two source types: (Niels van Oort, 2011)
Terminal departure time variability; this is the distribution of schedule deviations (early or late) of the vehicle trip departure at the terminal. Vehicle trip time variability; this is the distribution of the trip times along the route (Niels van Oort, 2011)
[bookmark: _Toc3920696][bookmark: _Toc11630722][bookmark: _Toc11903373][bookmark: _Toc19435820][bookmark: _Toc22715863]2.10.2 Public Transport supply of Hawassa City
The public transport supply of Hawassa city was basically depends on three modes. These are auto rick show, small and medium taxi and medium and large volume city bus. In terms of movable facility but these facilities were not well planned and managed using scientific transportation system. The fixed transport supplies the road network condition of the city increase from time to time both in terms of quality and quantity of the public transport supply discussed hereunder. 
Based on information obtained from Transport and Road Development Office of Hawassa City Administration and secondary sources confirm that public transport fleet in the city consists about 2700 Auto rick show, 168 blue dedicated taxis, 400 mini-buses and modified pick-ups and 17 large and medium sized city bus were given public transport service . This figure does not include public vehicles which give staff transport service by private, non-governmental and governmental organizations.
Yet conventional bus services are introduced by the public body. But some private and governmental institutions avail transport service at the entry and exit time for their employees.  Thus, the private sector is the dominant provider of public transport service in the city. 
Minibuses and modified pick-ups operate only on long distance routes and they have no specific route distribution as well as they transport service without the limitation of route allocation. But auto rick show  have been operating on short distance and on limited corridors of the city there is road corridor prohibited for them such as St.gebriel to piassa, NOC to Aroge menaharia to Piassa
In case of city busses public transport operators serve mainly on all routes and on every driveway on demand. Once public transport vehicles are registered at one of the transport office of the region they do not asked to be registered as intra urban public transport provider in the city.  This system causes many unregistered transport operators to enter the city to give public transport service without having the license of the city Roads and Transport Office. Furthermore, including robbery illegal practices by par transit service providers is common.
The city has no fare setting policy for public transport service providers. The fare is usually prepared by informally set committee. Flat fare system has practiced. Auto rick show are playing a significant role in meeting the mobility needs of the city residents in limited corridors of the city which have not been met by the formal public transport system. 81% of the city’s public transport service is given by Auto rick show ( melaku, 2009)
 According to the public transport service provider and the city transport and road development bureau shortage of fuel supply is the principal over whelming factor for private intra urban public transport providers next to unavailability of night parking places. Private public transport operators forced to buy fuel from black markets with expensive price. According to them, legally registered fuel suppliers do not sell fuel at the end of every month. This is due to expecting the revision of fuel prices at the federal level  
[bookmark: _Toc11630723][bookmark: _Toc11903374][bookmark: _Toc19435821][bookmark: _Toc22715864]2.11 Summary of Literature Review
[bookmark: _Toc534087839][bookmark: _Toc3920697][bookmark: _Toc11630724]As the literature reviewed in this chapter all the global trends shows that the transport sector were led by scientific transportation planning starting from the seven or eight decades back  still they development of transportation planning were in progress. In order to have planned transportation system from private and public transport the sector and scholars in the field should work on hand to hand on transport problem related to our country. This activity begins by predicting travel demand. The nature of travel demand is derived demand and it is difficult to forecast because forecasting is the basic steps in transport planning and it is possible to find possible solution. In this regard our country has poor practice in planning both public and private transport. Thus the sector needs improvement on transport planning which helps in accommodating economic development our country.    





[bookmark: _Toc11903375][bookmark: _Toc19435822][bookmark: _Toc22715865][bookmark: _Toc534087840]3. MATERIALS AND METHODS
[bookmark: _Toc3920698][bookmark: _Toc11630725][bookmark: _Toc11903376][bookmark: _Toc19435823][bookmark: _Toc22715866]3.1 Description of the Study Area
Hawassa city is one of the fastest growing cities in Ethiopia. It is located 273 km south of Addis Ababa. Since the city is the capital seat of the SNNPR state as well as it has lakeside entertainment many people are willing to visit the city and city now become the industrial city of Ethiopia. As well as city serves as a principal tourism center in the region.  
The geographical location of the city situated 070 & 030 latitude north and 300 & 290 longitude east.  The city borders Oromiya to the north, Shebdino woreda to the south, Wendogent woreda to the east and Hawassa zuriya woreda to the west.  The total surface area of Hawassa City is 157.2 square kilometers; the recent master plan covers its area for about 162,804 hector. 
[image: ]






[bookmark: _Toc3919209][bookmark: _Toc11620770][bookmark: _Toc11907905][bookmark: _Toc11909665][bookmark: _Toc19790354][bookmark: _Toc22715950]Figure 3.1 Map of Hawssa City                         Source: Hawassa city municipulity
The study covers the seven sub cities in the city among the eight sub cities the eighth sub city is the rural sub city called habela tulla sub city. Those sub cities are Addis Ketema, Haieke Dar, Mehal, Bahel Adarash, Tbor, Misrak, Meneharia and Habela Tulla sub cities and there are 32 kebeles in all sub cities.
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[bookmark: _Toc3919210][bookmark: _Toc11620771][bookmark: _Toc11907906][bookmark: _Toc11909666][bookmark: _Toc19790355][bookmark: _Toc22715951]Figure 3.2 Traffic Analysis Zone                                          source: Hawassa city municipality
The city climate experiences with a modified type of tropical climate. Although,  Hawassa is situated in the Rift valley along Trans-African High Way-4 an international road that lied from Cairo (Egypt) to Cape Town (South Africa).  Its relatively medium altitude about 1800m above sea level means that the city’s climate is mild year-round. The average rainfall is 1000mm (Lowest 800mm highest 1300mm). Winter months (November through January) are a little warmer and registered an average temperature of 22oC.
The city road condition and their performance improved both in quantity and quality tremendously. The current status of the roads in the city briefly discussed below.
[bookmark: _Toc534772662][bookmark: _Toc3919211][bookmark: _Toc11620772]The conditions of roads are Asphalt, Red Ash, coble and Earth pressed. Asphalt road is 46.5km; cobble is 93.24km; Red Ash 172.86km and Earth drain 94.86km total road network covers 407.46Km among these above 88% of the total roads are not paved so the city should work strongly how to address for all sub cites equally in improving of road conditions in the cities. 
[bookmark: _Toc534822476][bookmark: _Toc3919063][bookmark: _Toc11620171][bookmark: _Toc11906902][bookmark: _Toc11909297][bookmark: _Toc11909426][bookmark: _Toc11909519][bookmark: _Toc19789104][bookmark: _Toc22715907]Table3.1 Study area road condition
	Asset Type
	material
	Actual length/Km
	Actual area/m2
	Length of road in km converted to 7m width
	Coverage (%) 

	

Road
	Asphalt
	46.50
	651,804.32
	93.11
	15%

	
	cobble
	93.24
	868,786.09
	124.11
	20%

	
	Red ash
	172.86
	1,699,337.50
	242.76
	40%

	
	Earth Drain
	94.86
	1,021,100.17
	145.87
	25%

	
	Total
	407.46
	4,241,027.88
	605.86
	100%


Source – Hawassa city municipality (2011EC)
The above data present in table form described below using pie chart for more clarification bellow
[image: C:\Users\Power One\Desktop\i2.PNG]
[bookmark: _Toc534772663][bookmark: _Toc3919212][bookmark: _Toc11620773][bookmark: _Toc11907908][bookmark: _Toc11909668][bookmark: _Toc19789105][bookmark: _Toc19790356][bookmark: _Toc22715952][bookmark: _Toc534087841]Figure 3.3 chart indicate percent of road condition in the city   Source – Hawassa city municipality (2011EC)  
[bookmark: _Toc11630726][bookmark: _Toc11903377][bookmark: _Toc19435824][bookmark: _Toc22715867][bookmark: _Toc3920699]3.2. Materials used to collect Data
Data are essential inputs and requirements to the effective research work. In this study, both primary and secondary sources of data were used. Primary data had been generated from the subjects of the study through questionnaire, interview and travel survey. The potential secondary data sources include books, booklets, other published and unpublished materials related to the topic of the study, research papers both published and unpublished, reports, statistical records, minutes, project documents,  etc. and to collect infrastructures across the city per each also the researcher  prepared check list. The primary data sources of this study were households, city public transport providers, City municipality and experts, traffic volume survey, The primary data had been collected from the above sources by the following instruments:
Questionnaire: Both open-ended and closed-ended questionnaire had been prepared and distributed for households that were selected based on the appropriate sample selection method. The questions were going to be kept simple and straightforward as much as possible and they were translated into Amharic for simplicity of understanding for the respondents.
Interview: Structured interview questions were prepared and interviews were held with Road and Transport Officials and expertise of the city, City bus Service Office officials and experts as well as household and travelers were interviewed. Structured interviews were conducted by the researcher himself through direct contact to the respective persons and the time, place and schedules based on interviewers’’ interest. During the discussions the interviewees are given the chance to answer as freely as possible.
Travel survey: In addition to questionnaires and interviews, travel survey in the city about the existing road network, travel behavior and road side infrastructure conditions. This helps the researcher in order to supplement the data that were acquired by interview and questionnaire. Moreover, a camera will be used to keep a visual document of these situations in the study area.
[bookmark: _Toc11630727][bookmark: _Toc11903378][bookmark: _Toc19435825][bookmark: _Toc22715868]3.3. Method of Data collection
[bookmark: _Toc534087842][bookmark: _Toc3920700][bookmark: _Toc11630728][bookmark: _Toc11903379][bookmark: _Toc19435826][bookmark: _Toc22715869]3.3.1 Types of Data to be collected
[bookmark: _Toc534821203][bookmark: _Toc534821265][bookmark: _Toc534087843]Data collected for the purpose of this research had been organized as follows: 
[image: ]                                                                                                                                      
[bookmark: _Toc3919213][bookmark: _Toc11620774][bookmark: _Toc11907909][bookmark: _Toc11909669][bookmark: _Toc19790357][bookmark: _Toc22715953]Figure 3.4. Types of data for each stage
[bookmark: _Toc3920701][bookmark: _Toc11630729][bookmark: _Toc11903380][bookmark: _Toc19435827][bookmark: _Toc22715870]3.3.2 Sampling method
Since considering all population in the research makes the research process difficult. Thus the data sampling technique had been used, of course there are different data sampling technique among these technique stratified random data sampling technique the selected, in order to obtain appropriate information from the considered study area. The collected had been stratified as follows:-  
· Population per traffic analysis zone
· Grouped in men and women
· Grouped in to six age groups
· Categorized in to trip purpose ( work trips and education)
[bookmark: _Toc3920702][bookmark: _Toc11630730][bookmark: _Toc11903381][bookmark: _Toc19435828][bookmark: _Toc22715871]3.3.3 Sample Size Determination
A very difficult task in a research is obtaining appropriate information from the population and collecting information from the whole population is a tedious task to avoid such problem the researcher had been selected an appropriate method of sample size determination. This method discussed as follows. According to CA O’Flaherty,(2003) and Juan de Dios Ortuzar and Willumsen,(2004)  suggest the formula given bellow for determination of sample household for transport demand modeling.
                          n =  ………………………….3.1 (CA O’Flaherty, 2003 and Juan de Dios Ortuzar and Willumsen, 2004)
· n – sample  size                            
· cv – coefficient of variation
· p – percent to obtain true mean(permitted error expressed in percent)
· t – value obtain from confidence level(t-score )
For large city suppose confidence interval of 95% from which t-score obtained 1.96. Coefficient of variation assumed to be 0.4. True mean taken as 10%  and using the formula given bellow sample size of the household of each traffic analysis zone was 61number of household per each zone had been selected. Using house number, total number of house hold and sample number the gap between the consecutive household had been obtained dividing total number of house hold by the sample size (61) for each zone. These number of household were surveyed using questioner and interview. The number of sample house household had been calculated.
                    n =  =  = 61.04 household per zone
The gap of house number for each zone had been calculated and presented as follows 
· For TAZ 1 every 170th house number from the least house number in the zone 
·  For TAZ 2 every 159th house number from the least house number in the zone
· For TAZ 3 every 91th house number from the least house number in the zone
· For TAZ 4 every 156th house number from the least house number in the zone
· For TAZ 5 every 90th house number from the least house number in the zone
· For TAZ 6 every 221th house number from the least house number in the zone
· For TAZ 7 every 206th house number from the least house number in the zone
[bookmark: _Toc534087844][bookmark: _Toc3920703][bookmark: _Toc11630731][bookmark: _Toc11903382][bookmark: _Toc19435829][bookmark: _Toc22715872]3.3.4. Method of Data collection travel demand
The very vital step in conducting any research is method of collecting an appropriate data to help in collecting appropriate data for the analysis of the data in the research. Especially in transport related research the following method of data collection had been used. House hold survey, O-D survey, questionnaire, road side interview, and traffic count. The process had been performed as follows.
First the data collection process had been started by dividing the study area in to seven Traffic Analysis Zone called (TAZ). The basic criteria for the division of TAZs had been the governmental boundaries and homogenous trip making behavior. Accordingly there are seven TAZ’s called sub cities These are Addis Ketema(TAZ1), Hiake Dar(TAZ2), Mehal(TAZ3), Miserak(TAZ4), Bahel Adarash(TAZ5),Tabor(TAZ6) and Menaharia(TAZ7)  kefle ketema . Prior to the technical task of assessing public transport the eighth sub city  ignored under this study due to time and money limitation and the study area must be delineated into a set of traffic analysis zones (TAZ) that form the basis for the collection and analysis of data on travel movements within the city. The approach enables us to have greater accuracy by graphical representation of each traffic analysis zone which shows the link, node and centroid in the networks neatly and they are bounded by external cordon. The areas which were out of external cordon could not include in this study. To collect the existing travel data it was classified in to both origin and destination were within traffic analysis zone and Origin inside the traffic analysis zone and destination out of the traffic analysis zone of the study area.
[bookmark: _Toc11620775][image: C:\Users\Power One\Desktop\TAZ0.PNG]Figure 3.5. Traffic Analysis zone of study area                     Source: Hawassa city municipality
                                                                                            
The data collection for the above type of trip making behavior were data collected from home based interview survey. For this purpose questioner was prepared which contain both questions in closed and open ended and distributed to the sampled household level to collect aggregate base year data. Such as number of population per household, Number of jobs per household, number of students per household for each zone and age category per household for each zone
· The data collection process discuss in detail here under 
Number of population of the city per zone per age category collected from the sub cities statistics office ; The number of jobs collected from the private and public institution exists in each traffic analysis zone and Number of students had been collected from each school exists in each zone separately both in private and public schools. 
In determination of the trip production rate per age category for each sex group per each zone had been be determined by collecting data from sampled house hold using the method of sampling discussed on method of data sample and which represent the trip rate of each category and generalizing the number of trip per day that makes constant trips per day such as students’ age category (only home to school and school to home). In addition to this students at high school students would be make different trip behavior. To determine such trip attraction rate the work had been used average trip per day (trip rate) and to find the trip attraction rate the researcher collect data related to number of trips towards job and go to school per day. Taking the average number of trip per day 
[bookmark: _Toc534087845][bookmark: _Toc3920704][bookmark: _Toc11630732][bookmark: _Toc11903383][bookmark: _Toc19435830][bookmark: _Toc22715873]3.3.5. Method of data collection for supply
The other type of data which helps to assess public transport demand is data which shows existing facility both in movable and fixed facility to collect these data the following procedure was followed by the researcher.
To collect data related to travel demand such as paved and unpaved road length and its location study area network; Public bus route, their starting and end point, number and price for single trip. Number of available vehicle which give public transport services their starting and end point, number and price for single trip. The work has been used check list which shows all the necessary information described above and the researcher went to each governmental office such as city transport bureau. Also to gather such type of data the researcher had been used secondary sources. Such as Governmental office report; Bulletin prepared by city administration; Magazines prepared by city administration and other non-governmental office and previously published study.
[bookmark: _Toc534087846]The data collected for travel supply using the following techniques. To collect data related to access time, in vehicle travel time, waiting time the researcher had been used field  observation (field survey). Data related to the number of auto rick show the researcher collected from the city’s auto rick show association. Number and related information of the city bus was collected from the city road and transport bureau. Data related to the distribution of Auto rick show in the routes of the city obtained from the city’s auto rick show association. Data related to the distribution of city bus was obtained from the city road and transport bureau and data related to the distribution of mini bus was obtained from field observation by recording plate number because of the city mini bus distribution do not govern by city transport bureau so it will make difficult for the researcher.
[bookmark: _Toc3920705][bookmark: _Toc11630733][bookmark: _Toc11903384][bookmark: _Toc19435831][bookmark: _Toc22715874]3.4. Method of Data Analysis
[bookmark: _Toc534087847][bookmark: _Toc3920706][bookmark: _Toc11630734][bookmark: _Toc11903385][bookmark: _Toc19435832][bookmark: _Toc22715875]3.4.1 Travel Demand Analysis
In transport planning there are different types of travel demand modeling such as land use travel demand model, four stage travel demand, direct demand model etc. According to different writers on modeling of travel demand the most appropriate transport travel demand modeling for determination of travel demand is the four stage aggregate transport modeling. The modeling start first by determining number of trip considering base year data called trip generation both trip attraction and production, on the second stage trips which are generated under the first stage was distributed the routes in the study area network, modal split and traffic assignment in to the available route in the network. The method how to go through in detail had been discussed as follows. 
Data analysis had been depended on analysis of convectional four stage transport travel demand forecasting model. This model basically needs proper identification of data, sampling of data, collection of data and choosing of fitted models and their calibration on each stage of convectional four stage transport travel demand forecasting model. Now in this section the researcher will discuss the systematic flow of steps in determining the output of each stage of convectional four stage transport travel demand forecasting model.
3.4.1.1 Trip Generation
This is the first stage in four stage travel demand modeling it includes both trip production and attraction. To determine number of trip produced and attracted to wards each zone the following steps had been followed.
i) To determine number of trip produced in each zone.
· The collected number of population from each zone had been classified in to the following age categories (5-15), (16-26), (27-37), (38-45), (46-65), 65+ 
· Determining the production trip rate for each age categories for the purposes of home to work and home to school obtained from the collected data and taking the average trip rate per person for each category per each zone.
· The work had been used category analysis statistical model to determine the trip production and for each zone. Multiply the population per each age category by their corresponding trip rate for each purpose in production number of trip. by their corresponding trip rate for each trip purpose of home to work and home to school respectively per each TAZ
· Origins (production)-Destination (attraction) matrix for both purposes were prepared. And put number of trips which were obtained on the above step on the origin (production) column.
ii) To determine the number of trip attracted to wards each zone
· The collected number of employment and students from each public and private institution and school by each zone were prepared.
· The next step the researcher was calculating trip attraction rate for both trips to wards work and school. Tally the number of trips performed per each sampled household towards home and school. Divide tally trips by the sample size next. Divide this result by average number of population per household which is the attraction rate per person per day each zone. And taking the average trip rate per household by dividing the result by seven.
· Next to determine number of trip rate per person using total number of population and total number of household. The researcher was determining average number of population per household then divide the above result by number of person per household thus finally this number was taking as a trip rate per each zone.
· The last step in determination of number of trips produced and attracted for each purpose. Selecting trip production and attraction model which was the category analysis method. Using this method and the data prepared on the above steps the produced and attracted trip in and towards the zone had been prepared. 
· The trip production of trip purpose of home to work trip was obtained by multiplying the number of population grouped by sex and categorized by age and their corresponding trip production rate obtained under above discussion for particular trip purpose for each zone. Then the trip productions and attractions were obtained.
· Finally the researcher calculated the number of trips attracted to wards each zone by multiplying the total number of jobs and students by that rate the result is the number of trip attracted to wards each zone. The researcher put this value on the destination (attraction) row of the produced O – D Matrix. Then the final unadjusted O – D matrix for each trip purpose had been produced by combining the result obtained under ( I ) and ( II ) on the matrix column next to the 7th column and row next to the 7th. 
[bookmark: _Toc11630735][bookmark: _Toc11903386][bookmark: _Toc19435833][bookmark: _Toc22715876]3.4.2 Trip Distribution
The first step in distribution of trip was determined zone to zone cost matrix (Cij). The costs of rickshaw, mini bus and city bus were collected from centroid to centroid of each zone. Taking the average cost of those mode were taken as cost of a developed matrix using traffic survey and tariff obtained from Hawassa city transport and Road Development Bureau. The following stations are centroid of the corresponding traffic analysis zone.
TAZ 1 is Giorgis (Dato Kebel)
TAZ 2 Mobile station
TAZ 3 22 intersection station
TAZ 4 Aroge Menaharia station
TAZ 5 Piassa city center station
TAZ 6 Atote station
TAZ 7 Alamura TTC station

On different literature such as (Ahemed B.,2012 and Shanta Pragayan Dash, 2017) stated  if there is enough number of data  value can be calibrated. For this study there is no enough time to collect enough number of data to calibrate  value. Thus  value was taking by assumption and thus the researcher was assumed  = 0.1. The selected deterrence function was being exponential function of the form F(Cij) =  . Using the above cost matrix and deterrence function the impedance factor had been calculated.
Using gravity model, impedance factor and the generated trip of the Origin – destination matrix which was produced for the base year data the inter trip distribution of origin destination matrix had been produced for the trip purpose of home to work and home to school trips.
Since the intra zonal trip distribution were not balanced to balance the intra zonal trip distribution matrix. First the basic single destination matrix had been produced. Divide the number of trips in each cell by the sum of origin matrix. Multiply it by each destination trip obtained under each cell of O-D matrix for home to work trips and home to school trips
From trip distribution of trip purpose home to work and home to school of intra zonal trip distribution was not balanced in terms of trip attraction and production. So trip distributed matrix was iterating using doubly constrained gravity model and Using MS Excel. Then after second iteration the constrained constant or balancing factors had been converge to each other and after fourth iteration the constrained constant or balancing factors had been converged to the required condition. 
[bookmark: _Toc11630736][bookmark: _Toc11903387][bookmark: _Toc19435834][bookmark: _Toc22715877]3.4.3 Mode choice 
It is the third step in four stage travel demand modeling of which determine the distributed trip used how much number of public transport mode type from mini bus, city bus and auto rick show. In order to determine the number of types of mode on each link the following step by step approach was being followed by the researcher.
i) The researcher was determined the generalized cost matrix. To do this use data which was obtained from the sample household using questioner called in vehicle travel time (IVT), waiting time (WT), access time (AT) and out of pocket money called fare (F)  also these all parameters are cost of a person and taken as negative from which the researcher was developed generalized cost function for each mode.
  i.e. GC mini bus  = -a1(IVT mini bus) - a2(WT mini bus) - a3(AT mini bus) – F mini bus…..3.2
                         GC city bus = -a1(IVT city bus) - a2(WT city bus) - a3(AT city bus) – F city bus ………3.3
                                 GC rickshow = -a1(IVT rickshow) - a2(WT rickshow) - a3(AT rickshow) – F rickshow…….3.4.
Were a1, a2 and a3 are conversion factor of time to money. The work had been used Ethiopia GDP which is equal to 1793.40 USD because Hawassa is one of part of Ethiopia and it is for the conversion of time in minute in to Birr using this value time conversion factor would be 0.102363 ETB/minute and the generalized cost would be calculated using the formula below then after the generalized cost matrix had been produced.
GC mini bus = −0.102363IVT mini bus - 0.102363A mini bus T - 0.102363 WT mini bus - F mini bus…3.5
        GC city bus = −0.102363IVT city bus - 0.102363AT city bus - 0.102363 WT city bus - F city bus…3.6
    GC rickshow = −0.102363IVT rickshow - 0.102363AT rickshow - 0.102363 WT rickshow - F rickshow…3.7
Next the work had been continued by producing a generalized cost matrix by substituting all the values of IVT, AT, WT and F in the function developed on the above step. Using the generalized cost matrix of each mode and the functions ,and  matrix and the following formula probability matrix had been developed.
Probability mini bus =……….3.8
Probability city bus =………….3.9
Probability Rick shoow =…………3.10
· Finally using the probability matrix for each mode and the number of trip on trip distribution for home to work and home to school trip purposes had been calculated. The matrixes which show the number of trip used by mini bus, city bus and rickshow for both purposes had been determined. 
[bookmark: _Toc11630737][bookmark: _Toc11903388][bookmark: _Toc19435835][bookmark: _Toc22715878]3.4.4 Analysis of Traffic Assignment 
Traffic assignment is the final and the fourth step of four stage travel demand model.  Under this stage the work had been assigned the number of mode on the link of the road network of the city and comparing the current vehicular capacity and the current public transport demand. But due to the shortage of time and money the work had been addressed only on determination of total number of vehicle for all types of modes at each peak hour.  
· The work had been started by converting the number of trips obtained on the third stage of four stages modeling in to number of trips served by each public mode type. which use mini bus, city bus and rick show in to number of vehicle using the formula for each mode

Total No of vehicles= Flow of that vehicle / Occupancy of that vehicle or mode
      Occupancy of mini bus = 11(average)
      Occupancy of city bus   = 50(average)
      Occupancy of rick show = 3 
· After converting the number of trips in to number of vehicles for each type of public transport called min bus, city bus and rickshow. The matrix had been prepared which shows the number of vehicle served by each type of the city public transport mode per each link for each purpose.
· The total number of vehicles of each mode had been added per each link which are needed per day to serve the travel demand of both purposes. 
· The result had been obtained on the above step is the volume needed per day and divide it by three main peak hours morning, mid-day and evening obtained the number of vehicle for each mode and for each purposes for a single trip because traffic assignment do not analyze using person daily trip.
· Finally the result had been compared the number of vehicle obtained on the above step with the existing number of vehicle for three types of public transport modes of both purposes. 
 















[bookmark: _Toc11630738][bookmark: _Toc11903389][bookmark: _Toc19435836][bookmark: _Toc22715879]4. RESULTS AND DISCUSSIONS
[bookmark: _Toc11630739][bookmark: _Toc11903390][bookmark: _Toc19435837][bookmark: _Toc22715880]4.1 Trip Generation 
The first step in four stage transport travel demand model is trip generation. This step involves determining trip attraction and trip production. In determination of number of trips produced and attracted for each was selecting trip production and attraction model. The selected model had been category analysis method.
[bookmark: _Toc534506618]. Result of Trip Production and Attraction for Home to work Trip
 The trip production of trip purpose of home to work trip had been obtained by multiplying the number of population grouped by sex and categorized by age and their corresponding trip production rate. The process had been performed as follows first the base year data such as population per zone, total number of jobs and number of schooling had been collected and presented in the following table for each zone. 
[bookmark: _Toc11620172][bookmark: _Toc11906903][bookmark: _Toc11909298][bookmark: _Toc11909427][bookmark: _Toc11909520][bookmark: _Toc19789106][bookmark: _Toc22715908]Table 4.1.  Base year data
[image: ]
[bookmark: _Toc11620173]The attraction rates derived from the sample data gathered from sample population and taking the average for each parameter for each category both for trip attraction and production and tabulated as follows.

[bookmark: _Toc11906904][bookmark: _Toc11909299][bookmark: _Toc11909428][bookmark: _Toc11909521][bookmark: _Toc19789107][bookmark: _Toc22715909]Table 4.2. Trip attraction Rate per each zone
[image: ]
From the above table one can obtained the trip attraction rate both for trip purpose home to work for both private and public oriented work and home to school for both private and public school to all seven traffic analysis zone and taking the average would be 1.2 and 1.7 respectively.
Next the researcher will choose appropriate model. For this research the model that the researcher will select is category analysis, and then finally the researcher will determine trip attraction and production and will produce origin (production) – destination (attraction) matrix. 
The collected number of population greater than five years from each traffic analysis zone was grouped in to; Sex group (men and women); Age group(5-15), (16-26), (27-37), (38-45), (46-65), 65+ and the data presents in the following table.
[bookmark: _Toc11620174][bookmark: _Toc11906905][bookmark: _Toc11909300][bookmark: _Toc11909429][bookmark: _Toc11909522][bookmark: _Toc19789108][bookmark: _Toc22715910]Table 4.3. Male age distribution
	 
	Age Distribution male
	 
	 
	 
	 
	 

	TAZ
	5-15
	16-26
	27-37
	38-45
	46-65
	65+

	TAZ1
	3326
	5885
	4427
	1173
	606
	239

	TAZ2
	2667
	5725
	3574
	1462
	753
	443

	TAZ3
	2080
	4387
	3484
	1135
	684
	239

	TAZ4
	3478
	7590
	4807
	2744
	804
	1104

	TAZ5
	2170
	4081
	3483
	2347
	719
	565

	TAZ6
	3673
	7359
	9337
	1145
	712
	483

	TAZ7
	6517
	14130
	11109
	2577
	1963
	1133

	 
	23912
	49157
	40219
	12584
	6242
	4206

	
	


The above table shows the city male age distribution in an age intervals of 5-15, 16 – 26, 27- 37, 38 – 45 and 46 – 65 and above 65. The majority Age distributions   had been laid on an age interval 16-26, 27-37 and 38-45. Thus these age intervals are majorly either working age or school age and hence they contribute a major role in rising the amount of travel demand.   
[bookmark: _Toc11620175][bookmark: _Toc11906906][bookmark: _Toc11909301][bookmark: _Toc11909430][bookmark: _Toc11909523][bookmark: _Toc19789109][bookmark: _Toc22715911]Table 4.4. Female age distribution
	Age Distribution Female

	5-15
	16-26
	27-37
	38-45
	46-65
	65+

	3745
	5791
	3678
	770
	444
	213

	3536
	5500
	2924
	1787
	724
	443

	2648
	5816
	2737
	856
	560
	259

	4803
	6210
	4262
	1987
	773
	867

	2877
	4247
	2322
	1439
	543
	444

	5072
	5551
	6488
	937
	537
	350

	8294
	12530
	11109
	1866
	1740
	1089

	30975
	45646
	33521
	9642
	5320
	3665

	
	
	
	
	
	



The above table shows the city female age distribution in an age intervals of 5-15, 16 – 26, 27- 37, 38 – 45 and 46 – 65 and above 65. The majority Age distributions   had been laid on an age interval 5-15, 16-26 and 27-37. Thus these age intervals are majorly either working age or school age and hence they had been contributed a major role in raising the amount of travel demand.   
The trip production rate for each sex group per each age category for each zone for home based to work trip (HBW) was determined by describing the method on method of data analysis for trip production rate and the result presented hereunder. The trip attraction rate in the table below the average of the trip rate described in table 4.2 3rd columns.
[bookmark: _Toc11906907][bookmark: _Toc11909302][bookmark: _Toc11909431][bookmark: _Toc11909524][bookmark: _Toc19789110]



[bookmark: _Toc22715912]Table 4.5. Production and attraction rate for home to work
	Home to work trip

	Sex
	Male 
	Female

	Age
	5-15
	16-26
	27-37
	38-45
	46-65
	65+
	5-15
	16-26
	27-37
	38-45
	46-65
	65+

	Trip Attraction Rate
	0.3
	0.6
	0.6
	0.7
	0.6
	0.2
	0.4
	0.5
	0.6
	0.6
	0.5
	0.2

	All Jobs
	1.7



The trip attraction rate for each type of trip purpose home based to education trip ( HBE) for each zone was determined by the method described in the method of data analysis that how to determine trip production rate. By collecting number of trip for each parameter per each trip purpose and was taken the average trip rate and the result presented hereunder. The trip attraction rate in the table below and the average of the trip attraction rate described in table 4.2 2nd columns.
[bookmark: _Toc11620177][bookmark: _Toc11906908][bookmark: _Toc11909303][bookmark: _Toc11909432][bookmark: _Toc11909525][bookmark: _Toc19789111][bookmark: _Toc22715913]Table 4.6. Production and attraction rate for home to school
	Home to Education

	sex
	Male 
	Female

	Age
	5-15
	16-26
	27-37
	38-45
	46-65
	65+
	5-15
	16-26
	27-37
	38-45
	46-65
	65+

	Trip production Rate
	0.6
	0.58
	0.6
	0.6
	0.6
	0.5
	0.5
	0.55
	0.65
	0.7
	0.6
	0.4

	school
	1.2




The last step in determination of number of trips produced and attracted for each zone was selecting trip production and attraction model which was the category analysis method using this method and the data had been prepared on the above steps the produced and attracted trip had been prepared. The trip production of trip purpose of home to work trip had been obtained by multiplying the number of population grouped by sex and categorized by age and their corresponding trip production rate. 
The total number of trips attracted to wards each zone was obtained all jobs multiplied by their corresponding trip attraction rate obtained under trip rate determination for each traffic analysis zone, then the total trip was produced and attracted for home to work trip purpose was tabulated in the following matrix which is the final O( production) – D(attraction)  matrix.
[bookmark: _Toc11620196][bookmark: _Toc11906909][bookmark: _Toc11909304][bookmark: _Toc11909433][bookmark: _Toc11909526][bookmark: _Toc19789112][bookmark: _Toc22715914]Table 4.7. Home to work trip generation matrix 
[bookmark: _Toc11620776][image: ]
The result presented on the above table total trip production and total trip attractions were not equal. Thus this shows that number of trip production and trip attraction were not balanced. Hence this shows that there were trips whose origins inside the cordon of the study area and their destinations were out of the cordon of the study area. The next the major concerns were balancing this matrix through inter the zone.

[bookmark: _Toc11907910][bookmark: _Toc11909670][bookmark: _Toc19790358][bookmark: _Toc22715954][bookmark: _Toc11620777]Figure 4.1. Trip production and attraction for home to work trip per zone

As already observe from the majority of trip had been produced from TAZ 7 which is tabour sub city for home to work trip. This happened due to the sub city cover largest area of the city and the largest share of the city population (35886) were concentrated in this sub city. The majority of trip had been attracted to wards TAZ 1 which is Addis ketema sub city. This happened due to the industrial park had been planted in this sub city. The least trip production of trip in the city are TAZ 3 and TAZ 5 which were mehal and misrak sub cities but the least trip attracted zone in the city was mehal or TAZ 3 sub city for the purpose of trip from home to work.

[bookmark: _Toc11907911][bookmark: _Toc11909671][bookmark: _Toc19790359][bookmark: _Toc22715955]Figure 4.2. Total trip attraction and production per study area
In the above pie chart the results of total number of trip production and attraction of the city indicate that the majority of trip generation was trip production which was 61% of total trip generation the remaining 39% of total trip generation were trip attraction which means there is extra number of trip destinations were not in the study area.
· Result of Trip Production and Attraction for Home to school Trip
The trip production of trip purpose of home to School trip was obtained by multiplying the number of population grouped by sex and categorized by age and their corresponding trip production rate. To determine the total number of attracted trip to wards each zone had been calculated. The total number of students would be multiplied by their corresponding  trip attraction rate obtained under trip rate determination  for each traffic analysis zone, then the total trips were  produced and attracted for home to school trip purpose was tabulated in the following matrix which is the final of origin destination matrix for home to school trip.  O (production) – D (attraction). 
[bookmark: _Toc11620197][bookmark: _Toc11906910][bookmark: _Toc11909305][bookmark: _Toc11909434][bookmark: _Toc11909527][bookmark: _Toc19789113][bookmark: _Toc22715915]Table 4.8. Trip production and attraction matrix for home to school trip per zone
[image: ]
The result presented on the above table total trip production and total trip attractions were not equal. Thus this shows that number of trip production and trip attraction were not balanced. Hence this shows that there were trips for home to school purpose whose origins inside the cordon of the study area and their destinations were out of the cordon of the study area. The next the major concerns were balancing total trip production and attraction through inter zonal.
[bookmark: _Toc11620198][bookmark: _Toc11620778][bookmark: _Toc11907912][bookmark: _Toc11909672]                                                                            Figure 4.3. Trip production and attraction for home to work trip per zone

As briefly illustrated on the travel behavior of each TAZ on the graph the highest trip generator zone in the city for the purpose of home to school trip was TAZ 7(Tabor sub city)  whose majority of students was there and the majority of school also there. The least trip producer among the seven urban sub cities was TAZ 3( mehal sub city) but interims of least producer of trips are both mehal and misrak sub cities for the trip purpose of home to school trip
[bookmark: _Toc534822477]           
[bookmark: _Toc11620779][bookmark: _Toc11907913][bookmark: _Toc11909673][bookmark: _Toc19790360][bookmark: _Toc22715956]    Figure 4.4. Total trip attraction and production per study area
Discussion of Trip Production and Attraction for Home to School Trip
 In terms of total number of trip production and attraction of the city for the purpose of home to school the majority of trip generation is trip production which is 57% of total trip generation again there were no equality between trip production and attraction but the variation were not as more than as home to work purpose; the remaining 43% of total trip generation were trip attraction one zone to other zone in the city.
[bookmark: _Toc11630740][bookmark: _Toc11903391][bookmark: _Toc19435838][bookmark: _Toc22715881]4.2. Trip distribution 
The first step in distribution of trip was determining zone to zone cost matrix (Cij) using traffic survey and tariff obtained from Hawassa city transport and Road Development Bureau the following cost matrix had been developed.
[bookmark: _Toc11906911][bookmark: _Toc11909306][bookmark: _Toc11909435][bookmark: _Toc11909528][bookmark: _Toc19789114][bookmark: _Toc22715916]Table 4.9. Zone to zone cost matrix
	Zone To Zone Cost Matrix(Birr)

	TAZ
	TAZ1
	TAZ2
	TAZ3
	TAZ4
	TAZ5
	TAZ6
	TAZ7

	TAZ 1
	1.5
	2
	3
	3
	3
	1.5
	3

	TAZ2
	2
	1
	1
	2
	2
	2
	2.5

	TAZ3
	3
	1
	1
	2
	1.5
	3
	3

	TAZ4
	3
	3
	2
	2
	2
	2
	2

	TAZ5
	3
	2
	1.5
	2
	3
	2
	2

	TAZ6
	1.5
	2
	3
	2
	2
	2
	3

	TAZ7
	3
	2.5
	3
	2
	2
	3
	3


As discussed on the method of data analysis, if there were enough number of data, then  value could be calibrated. But for this study there were no enough time to collect enough number of data to calibrate  value. Thus  value was taking by assumption. Thus  value to be 0.1. The deterrence function had been selected exponential function of the form F(Cij) =  . Using the above cost matrix, deterrence function and   impedance factor had been calculated and it was tabulated as follows.
[bookmark: _Toc11906912][bookmark: _Toc11909307][bookmark: _Toc11909436][bookmark: _Toc11909529][bookmark: _Toc19789115][bookmark: _Toc22715917]Table 4.10. Zone to zone impedance factor
	Deterance function ( F = exp(-βcij)) β = 0.1

	TAZ
	TAZ1
	TAZ2
	TAZ3
	TAZ4
	TAZ5
	TAZ6
	TAZ7

	TAZ 1
	0.861
	0.819
	0.741
	0.741
	0.741
	0.861
	0.741

	TAZ2
	0.819
	0.905
	0.905
	0.819
	0.819
	0.819
	0.779

	TAZ3
	0.741
	0.905
	0.905
	0.819
	0.861
	0.741
	0.741

	TAZ4
	0.741
	0.741
	0.819
	0.819
	0.819
	0.819
	0.819

	TAZ5
	0.741
	0.819
	0.861
	0.819
	0.741
	0.819
	0.819

	TAZ6
	0.861
	0.819
	0.741
	0.819
	0.819
	0.819
	0.741

	TAZ7
	0.741
	0.779
	0.741
	0.819
	0.819
	0.741
	0.741


Using gravity model, impedance factor and the generated trip of the Origin – destination matrix which was produced for the base year data the inter trip distribution of origin destination matrix had been produced for the trip purpose of home to work trips and tabulated as follows.
[bookmark: _Toc11906913][bookmark: _Toc11909308][bookmark: _Toc11909437][bookmark: _Toc11909530][bookmark: _Toc19789116][bookmark: _Toc22715918]Table 4.11. Home to work distribution factor
	Home to work trips

	TAZ
	1
	2
	3
	4
	5
	6
	7
	sum

	1
	40192
	3539
	317
	4412
	2674
	10794
	9427
	71354

	2
	38231
	3912
	387
	4876
	2955
	10268
	9910
	70539

	3
	34593
	3912
	387
	4876
	3106
	9291
	9427
	65591

	4
	34593
	3203
	350
	4876
	2955
	10268
	10418
	66663

	5
	34593
	3539
	368
	4876
	2674
	10268
	10418
	66736

	6
	40192
	3539
	317
	4876
	2955
	10268
	9427
	71573

	7
	34593
	3367
	317
	4876
	2955
	9291
	9427
	64825

	sum
	256989
	25011
	2445
	33665
	20273
	70446
	68455
	477281



Using gravity model, impedance factor and the generated trip of the Origin – destination matrix for the base year data the inter trip distribution of origin destination matrix had been produced for the trip purpose of home to school trips and tabulated as follows.
[bookmark: _Toc11906914][bookmark: _Toc11909309][bookmark: _Toc11909438][bookmark: _Toc11909531][bookmark: _Toc19789117][bookmark: _Toc22715919]Table 4.12. Home to school trip distribution matrix
	Home to Education

	TAZ
	1
	2
	3
	4
	5
	6
	7
	sum (Oi)

	1
	16386.2
	4480.09
	7521.53
	13346.6
	6173.24
	10791.6
	31901.9
	90602

	2
	15587
	4951.27
	9186.81
	14750.3
	6822.48
	10265.2
	33537.5
	95101

	3
	14103.7
	4951.27
	9186.81
	14750.3
	7172.28
	9288.38
	31901.9
	91355

	4
	14103.7
	4053.76
	8312.57
	14750.3
	6822.48
	10265.2
	35257
	93565

	5
	14103.7
	4480.09
	8738.77
	14750.3
	6173.24
	10265.2
	35257
	93768

	6
	16386.2
	4480.09
	7521.53
	14750.3
	6822.48
	10265.2
	31901.9
	92128

	7
	14103.7
	4261.6
	7521.53
	14750.3
	6822.48
	9288.38
	31901.9
	88650

	sum(Dj)
	104774
	31658.2
	57989.6
	101848
	46808.7
	70429.3
	231659
	645167




Since the intra zonal trip distribution was not balanced. Thus it had been balanced. To balance the intra zonal trip distribution matrix first the basic single constrained matrix had been determined. By dividing the sum of origin matrix by each destination trip and multiply it by each destination trip obtained under each cell of O-D matrix for home to work trip 
[bookmark: _Toc11906915][bookmark: _Toc11909310][bookmark: _Toc11909439][bookmark: _Toc11909532][bookmark: _Toc19789118][bookmark: _Toc22715920]Table 4.13. Home to work corrected attraction trip per zone
	Corrected attraction for home to work

	TAZ
	1
	2
	3
	4
	5
	6
	7
	 

	 
	72286
	6692
	663
	9218
	5587
	19414
	19698
	133558



Since the intra zonal trip distribution was not balanced. To balance the intra zonal trip distribution matrix first should determine the basic single constrained destination matrix. Next dividing the sum of origin matrix and multiply it by each destination trip obtained under each cell of O-D matrix for home to education trip the corrected attraction had been tabulated as follows.
[bookmark: _Toc11906916][bookmark: _Toc11909311][bookmark: _Toc11909440][bookmark: _Toc11909533][bookmark: _Toc19789119][bookmark: _Toc22715921]Table 4.14. Home to education corrected trip attraction per each zone 
	Corrected attraction for home to education

	TAZ
	1
	2
	3
	4
	5
	6
	7
	 

	 
	25171.3
	7234.86
	13423.9
	23820
	11017.6
	16577.2
	56936.2
	154181



[bookmark: _Toc11620199][bookmark: _Toc11906917][bookmark: _Toc11909312][bookmark: _Toc11909441][bookmark: _Toc11909534][bookmark: _Toc19789120][bookmark: _Toc534506619][bookmark: _Toc534822478]The intra zonal trip distribution of trip purpose home to work distribution was not balanced in terms of trip attraction and production. Thus the  O – D matrix had been iterated using doubly constrained gravity model in order to adjust the total number of trip at the origin and destination and intra zonal trip distribution using MS Excel and then after second iteration the constrained constant or balancing factors  had been to the required criteria. The final trip distribution after the second iteration had been tabulated as follows.
[bookmark: _Toc22715922]Table 4.15.  Home to work trip distribution 
	Home to work trips

	TAZ
	1
	2
	3
	4
	5
	6
	7
	sum
	Target
	ai

	1
	8585
	725
	66
	907
	552
	2268
	2056
	15159
	15159
	1

	2
	8083
	793
	80
	992
	604
	2135
	2139
	14826
	14826
	1

	3
	6722
	729
	74
	912
	583
	1776
	1870
	12665
	12665
	1

	4
	10257
	911
	102
	1391
	847
	2995
	3153
	19657
	19657
	1

	5
	6658
	654
	69
	903
	497
	1944
	2047
	12772
	12772
	1

	6
	11934
	1008
	92
	1393
	848
	2999
	2857
	21133
	21133
	1

	7
	20047
	1872
	180
	2719
	1655
	5296
	5577
	37346
	37346
	1

	sum
	72286
	6692
	663
	9218
	5587
	19414
	19698
	133558
	133558
	 

	Target
	72286
	6692
	663
	9218
	5587
	19414
	19698
	133558
	 
	 

	b i
	1
	1
	1
	1
	1
	1
	1
	 
	 
	 



Discussion of Trip Distribution for Home to Work Trip
As observed on the trip distribution matrix the largest trip had been distributed from TAZ 1(Addis ketema sub city)  to TAZ 7(Tabor sub city) whose value had been 20047 and from TAZ 1(Addis ketema sub city) to TAZ 6(Meneharia sub city) whose value had been 11934 and the smallest number of trip had been distributed from TAZ 3 to TAZ 1, TAZ 2, TAZ 3, TAZ 5 and TAZ 6 whose number of trip had been less than 100. The other number of trip distribution were intermediate    
Result of Trip Distribution for Home to school Trip
[bookmark: _Toc11620200][bookmark: _Toc11906918][bookmark: _Toc11909313][bookmark: _Toc11909442][bookmark: _Toc11909535]The intra zonal trip distribution of trip purpose home to school distribution was not balanced in terms of trip attraction and production. Thus the  O – D matrix had been iterated using doubly constrained gravity model in order to adjust the total number of trip at the origin and destination and intra zonal trip distribution using MS Excel. After the second iteration the constrained constant or balancing factor had been converged to the required criteria. The final trip distribution after the second iteration had been tabulated as follows.
[bookmark: _Toc19789121][bookmark: _Toc22715923]Table 4.16. Trip distribution matrix for home to education purpose
	Home to Education

	TAZ
	1
	2
	3
	4
	5
	6
	7
	sum (Oi)
	Target
	 

	1
	3191
	838
	1438
	2509
	1165
	2070
	6361
	17572
	23058
	1

	2
	2839
	867
	1642
	2593
	1204
	1841
	6254
	17239
	22621
	1

	3
	2265
	764
	1448
	2286
	1116
	1469
	5245
	14592
	19148
	1

	4
	3454
	954
	1998
	3487
	1620
	2476
	8842
	22831
	29959
	1

	5
	2222
	678
	1351
	2243
	943
	1593
	5688
	14719
	19314
	1

	6
	4317
	1134
	1945
	3751
	1742
	2664
	8606
	24159
	31701
	1

	7
	6883
	1999
	3603
	6949
	3227
	4465
	15942
	43068
	56514
	1

	sum(Dj)
	25171
	7235
	13424
	23820
	11018
	16577
	56936
	 
	 
	 

	target
	25171
	7235
	13424
	23820
	11018
	16577
	56936
	154181
	 
	 

	 
	1
	1
	1
	1
	1
	1
	1
	 
	 
	 




Discussion of Trip Distribution for Home to Education Trip purpose
[bookmark: _Toc11630741][bookmark: _Toc11903392]As observed on the trip distribution matrix the largest trip had been distributed from TAZ 1(Addis ketema sub city) to TAZ 7(Tabor sub city) whose value had been 6883 and from TAZ 7(Tabor sub city) to TAZ 7(Tabor sub city) whose value had been 15942 and the smallest number of trip had been distributed from TAZ 2 to TAZ 3 and TAZ 5 whose number of trip had been 764 and 678. From the above numbers shows that tabor sub city had large amount of trip distribution for the purpose of home to school. The trip distribution had been concentrated in small amount Haik dar sub city to mehal sub city and Haik sub city to misrak sub city.  The other numbers of trip distribution were fairly distributed throughout the links of the road network in the city.    
[bookmark: _Toc19435839][bookmark: _Toc22715882]4.3. Modal Choice
[bookmark: _Toc534506621][bookmark: _Toc534822480][bookmark: _Toc3919068]Mode choice analysis is the third step in the conventional four-stage transport planning 
model. Trip distribution's zonal interchange analysis yields a set of origin destination tables which tells where the trips will be made; mode choice analysis allows the modeler to determine what mode of transport would be used 
In this step the matrix  were developed for in vehicle travel time, access time waiting time and out of pocket money (Fare) to obtain transport service from one zone to other zone  were surveyed and collected from the study area. To calculate the disutility for three 
modes: mini bus, city Bus and Rickshaw.  Ethiopian GDP had been used.  which was obtained from Trade economics global macro models analysts and  expected to be 1793.40 USD using this value time conversion factor had been calculated and its value was 0.102363 ETB/minute Moreover utility functions for these three modes are also assumed. The utility functions are as 
follows 
 GCm.bus = −0.102363IVT - 0.102363AT - 0.102363 WT – F……………………….4.1
GCc.bus= −0.102363IVT - 0.102363AT - 0.102363 WT – F………………………….4.2
GCr.show=−0.102363IVT - 0.102363AT - 0.102363 WT – F…………………………4.3
Where,
 IVT= IN vehicle travel Time from one Zone to other zone (minute)
AT=Time cost to obtain a vehicle to go from one Zone to other zone (minute) 
WT = Waiting time cost to obtain a vehicle to go from one Zone to other zone (minute)
F = out of pocket money to move from one zone to other zone (ETB)
The utilities were calculated for different modes of traffic using the matrices 
and their respective utility functions. 
[bookmark: _Toc11620184][bookmark: _Toc11906919][bookmark: _Toc11909314][bookmark: _Toc11909443][bookmark: _Toc11909536][bookmark: _Toc19789122][bookmark: _Toc22715924]Table 4.17. Generalized cost matrix for mini bus
	Generalized cost Matrix mini Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	-3.33
	-4.43
	-4.64
	-4.94
	-5.15
	-6.17
	-9.61

	2
	-4.43
	-3.73
	-3.13
	-2.83
	-3.74
	-5.84
	-5.78

	3
	-5.64
	-3.23
	-2.82
	-3.02
	-2.73
	-4.24
	-4.35

	4
	-6.94
	-3.33
	-2.52
	-2.02
	-3.04
	-4.15
	-5.56

	5
	-7.35
	-3.74
	-2.73
	-2.54
	-2.73
	-3.74
	-5.35

	6
	-8.17
	-5.84
	-5.74
	-5.15
	-3.74
	-3.74
	-6.35

	7
	-10.58
	-8.28
	-6.35
	-5.56
	-5.35
	-5.35
	-3.54


[bookmark: _Toc11620185][bookmark: _Toc11906920][bookmark: _Toc11909315][bookmark: _Toc11909444][bookmark: _Toc11909537][bookmark: _Toc19789123]The values presented in the above table were the generalized cost matrix from centroid of one zone to other zone and they were all negative in sign because of being cost weather in terms of money or time wastage to move from one centroid to other centroid of the zones. The highest cost was recorded for the traveling of centroid of TAZ 1 to TAZ 7 which is 10.58 ETB. This happened due to the travel length of the centroid of the corresponding traffic analysis zone. The least cost were recorded the traveling from TAZ 4 to TAZ 4 which is 2.02ETB. The value of the generalized cost and the travel distance from their centroid shows that the cause of the value becomes less. The movement is inter zonal this also the other cause of the cost become less.     Table 4.18. Generalized cost matrix for city bus
	Generalized cost Matrix City Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	-2.74
	-2.94
	-3.25
	-3.25
	-4.97
	-5.17
	-6.81

	2
	-2.74
	-2.94
	-3.25
	-3.25
	-4.97
	-5.17
	-6.81

	3
	-2.74
	-3.15
	-3.05
	-3.25
	-3.46
	-3.56
	-6.81

	4
	-5.58
	-2.94
	-3.25
	-3.25
	-4.97
	-5.17
	-6.81

	5
	-2.74
	-2.94
	-3.25
	-3.25
	-4.97
	-5.17
	-6.81

	6
	-5.38
	-4.07
	-3.87
	-3.46
	-3.97
	-2.94
	-4.58

	7
	-7.50
	-6.09
	-5.79
	-5.58
	-5.48
	-5.38
	-3.25


[bookmark: _Toc11620186]The values presented in the above table are the generalized cost matrix from centroid of one zone to other zone and they are an all negative in sign because of being cost weather in terms of money or time wasted in order to move from one centroid to other centroid of the zones. The highest cost was recorded for the traveling of centroid of TAZ 1 to TAZ 7 which is 7.50 ETB the least cost were recorded the traveling from TAZ 1, 2, 3, 5 to TAZ1, 4 which is 2.74ETB.  
[bookmark: _Toc11906921][bookmark: _Toc11909316][bookmark: _Toc11909445][bookmark: _Toc11909538][bookmark: _Toc19789124][bookmark: _Toc22715925]Table 4.19. Generalized cost matrix for rick show
	Generalized cost Matrix Rick show

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	0.00
	-4.33
	-6.24
	-2.83
	-9.19
	-11.30
	-11.50

	2
	-5.15
	0.00
	-3.33
	-3.04
	-6.88
	-8.69
	-7.89

	3
	-5.15
	-3.94
	0.00
	-4.64
	-3.23
	-4.54
	-7.35

	4
	-7.67
	-3.54
	-2.93
	0.00
	-4.15
	-7.69
	-6.38

	5
	-10.09
	-8.89
	-3.23
	-3.84
	0.00
	-3.74
	-5.35

	6
	-12.21
	-8.17
	-5.35
	-5.97
	-3.24
	0.00
	-5.85

	7
	-11.09
	-9.20
	-6.46
	-5.46
	-4.85
	-5.35
	0.00



The values presented in the above table were the generalized cost matrix from centroid of one zone to other zone and they are an all negative in sign because of being cost weather in terms of money or time wasted in order to move from one centroid to other centroid of the zones. The highest cost was recorded for the traveling of centroid of TAZ 1 to TAZ 7 which is 12.2087 ETB.  
Next the probability of each mode would be calculated using the above three table and the formula given below and tabulated in the following table
Probabilitymini bus =…………………………..4.4
Probabilitycity bus =…………………………..4.5
ProbabilityRick shoow =………………………..4.6
[bookmark: _Toc11620187][bookmark: _Toc11906922][bookmark: _Toc11909317][bookmark: _Toc11909446][bookmark: _Toc11909539][bookmark: _Toc19789125]
[bookmark: _Toc22715926]Table 4.20.  Probability of trip makers using mini bus per each link
	Probability Matrix for mini Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	0.04
	0.01
	0.01
	0.01
	0.01
	0.00
	0.00

	2
	0.01
	0.02
	0.04
	0.06
	0.02
	0.00
	0.00

	3
	0.00
	0.04
	0.06
	0.05
	0.07
	0.01
	0.01

	4
	0.00
	0.04
	0.08
	0.13
	0.05
	0.02
	0.00

	5
	0.00
	0.02
	0.07
	0.08
	0.07
	0.02
	0.00

	6
	0.00
	0.00
	0.00
	0.01
	0.02
	0.02
	0.00

	7
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.03


The above probability matrix shows that the ratio of using mini bus for the purpose of home to work and home to school from one zone to other zone. 
[bookmark: _Toc11620188][bookmark: _Toc11906923][bookmark: _Toc11909318][bookmark: _Toc11909447][bookmark: _Toc11909540][bookmark: _Toc19789126][bookmark: _Toc22715927]Table 4.21.  Probability of trip makers using city bus per each link
	Probablity Matrix city Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	0.06
	0.05
	0.04
	0.04
	0.01
	0.01
	0.00

	2
	0.06
	0.05
	0.04
	0.04
	0.01
	0.01
	0.00

	3
	0.06
	0.04
	0.05
	0.04
	0.03
	0.03
	0.00

	4
	0.00
	0.05
	0.04
	0.04
	0.01
	0.01
	0.00

	5
	0.06
	0.05
	0.04
	0.04
	0.01
	0.01
	0.00

	6
	0.00
	0.02
	0.02
	0.03
	0.02
	0.05
	0.01

	7
	0.00
	0.00
	0.00
	0.00
	0.00
	0.00
	0.04


[bookmark: _Toc11620189]
The above probability matrix shows that the ratio of using city bus for the purpose of home to work and home to school from one zone to other zone. 
[bookmark: _Toc11906924][bookmark: _Toc11909319][bookmark: _Toc11909448][bookmark: _Toc11909541][bookmark: _Toc19789127][bookmark: _Toc22715928]Table 4.22.  Probability of trip makers using rick show per each link
	Probability Matrix Rick show

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	1.00
	0.01
	0.00
	0.06
	0.00
	0.00
	0.00

	2
	0.01
	1.00
	0.04
	0.05
	0.00
	0.00
	0.00

	3
	0.01
	0.02
	1.00
	0.01
	0.04
	0.01
	0.00

	4
	0.00
	0.05
	0.04
	0.04
	0.01
	0.01
	0.00

	5
	0.00
	0.00
	0.04
	0.02
	1.00
	0.02
	0.00

	6
	0.00
	0.00
	0.00
	0.00
	0.04
	1.00
	0.00

	7
	0.00
	0.00
	0.00
	0.00
	0.01
	0.00
	1.00



The above probability matrix shows that the ratio of using mini bus for the purpose of home to work and home to school from one zone to other zone 
Next the researcher calculated the modal share by multiplying the trip making from one zone to other zone (final iterated and adjusted trip distribution matrix) with the probability matrix for both purposes home to work and home to school and the formula listed hereunder. 
Modal sharemini bus = Trip i-j * Probabilitymini bus i-j…………………………..4.7
Modal sharecity bus = Trip i-j * Probabilitycity bus i-j …………………..……....4.8
Modal sharerick show = Trip i-j * Probabilityrick show i-j………………………….4.9
· Finally, the calculated number of trip by mode type tabulated in the matrix table for both purposes home to work and home to school and it was presented on the result and discussion chapter
Result of modal Share for the purpose of Home to Work
[bookmark: _Toc19789128][bookmark: _Toc11620201][bookmark: _Toc22715929]Table 4.23.  Number of trip served by mini bus for home to work purpose
	Number of trip  Matrix  for mini Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	279
	111
	13
	62
	249
	609
	117

	2
	1167
	18
	30
	401
	452
	709
	1449

	3
	324
	284
	4
	457
	279
	477
	1647

	4
	1904
	277
	48
	157
	575
	2157
	1826

	5
	65
	203
	31
	513
	30
	868
	917

	6
	686
	144
	10
	203
	246
	66
	335

	7
	859
	183
	49
	882
	469
	1779
	152



The above table shows the number of trips for the purpose of home to work using a public transport mode of mini bus from one zone to other zone on a daily basis for the existing peak hour those are in the morning go to work; in the mid-day for lunch return to back and back to home in the evening and the trip number from one zone to other zone was not balanced or not equal so this result was very important to allocate mini bus from one zone to other zone in order to accommodate the generated trip.
[bookmark: _Toc11620202][bookmark: _Toc11906925][bookmark: _Toc11909320][bookmark: _Toc11909449][bookmark: _Toc11909542][bookmark: _Toc19789129][bookmark: _Toc22715930]Table 4.24. Number of trip served by city bus for home to work purpose
	Number of trip  Matrix  for city Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	504
	491
	51
	335
	299
	1655
	1921

	2
	6345
	39
	26
	263
	132
	1385
	515

	3
	5870
	307
	3
	364
	135
	943
	141

	4
	7434
	408
	23
	46
	83
	775
	522

	5
	6589
	450
	19
	251
	3
	207
	214

	6
	11236
	849
	67
	1101
	196
	147
	1970

	7
	18673
	1617
	87
	861
	413
	1738
	202



[bookmark: _Toc11620203]The above table shows the number of trips for the purpose of home to work using a public transport mode of city bus from one zone to other zone on a daily basis for the existing peak hour those are in the morning go to work; in the mid-day for lunch return to back and back to home in the evening and the trip number from one zone to other zone was not balanced or not equal so this result was very important to allocate mini bus from one zone to other zone in order to accommodate the generated trip.
[bookmark: _Toc11906926][bookmark: _Toc11909321][bookmark: _Toc11909450][bookmark: _Toc11909543][bookmark: _Toc19789130][bookmark: _Toc22715931]Table 4.25.  Number of trip served by rick show for home to work purpose
	Number of trip  Matrix  for Auto Rick show

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	7802
	123
	3
	510
	4
	4
	18

	2
	570
	737
	24
	327
	20
	41
	175

	3
	528
	139
	67
	91
	169
	355
	82

	4
	919
	226
	32
	1188
	189
	63
	805

	5
	4
	1
	19
	139
	463
	868
	917

	6
	12
	14
	15
	89
	406
	2786
	552

	7
	515
	73
	44
	977
	773
	1779
	5223





The above table shows the number of trips for the purpose of home to work using a public transport mode of rick show to go from one zone to other zone on a daily basis for the existing peak hour those are in the morning go to work; in the mid-day for lunch return to back and back to home in the evening and the trip number from one zone to other zone was not balanced or not equal so this result was very important to allocate mini bus from one zone to other zone in order to accommodate the generated trip.

[image: ]
[bookmark: _Toc11620780][bookmark: _Toc11907914][bookmark: _Toc11909674][bookmark: _Toc19790361][bookmark: _Toc22715957][bookmark: _Toc11620781]Figure 4.5. Modal share percent of trip by mode type for home to work trip of hawassa city

The above pie chart shows the general proportion of public transport mode for the home to work transport as the chart shows the majority amount of trip made in the city were by city bus that the majority modal share of the city for the trip purpose of home to work is city bus which is 58% the medium modal share is rick show which is 23% and the least modal share is mini bus.

[bookmark: _Toc11907915][bookmark: _Toc11909675][bookmark: _Toc19790362][bookmark: _Toc22715958]Figure 4.6.  Number of trip by each mode type of each link for home to work trip

The above bar graph indicate that the number of trips made the three mode type mini bus, city bus and rick show per each links in a study area as from the graph the majority of trip made per each link was performed by city bus and the least one is trip made by mini bus per each link
[bookmark: _Toc11620204][bookmark: _Toc11620782][bookmark: _Toc11907916][bookmark: _Toc11909676][bookmark: _Toc19789131][bookmark: _Toc22715932]Table 4.26 Number of trip served by city bus for home to education purpose
	Number of trip  Matrix  for mini Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	104
	128
	277
	170
	526
	556
	363

	2
	410
	19
	609
	1049
	901
	611
	4238

	3
	109
	297
	78
	1146
	534
	395
	4619

	4
	641
	290
	931
	394
	1100
	1783
	5120

	5
	22
	211
	614
	1275
	57
	712
	2547

	6
	248
	163
	216
	546
	506
	59
	1009

	7
	295
	195
	983
	2253
	914
	1500
	435





[bookmark: _Toc11620205][bookmark: _Toc11620783][bookmark: _Toc11907917][bookmark: _Toc11909677][bookmark: _Toc19789132]The above table shows the number of trips for the purpose of home to school using a public transport mode of mini bus to go from one zone to other zone on a daily basis for the existing peak hour those are in the morning go to work; in the mid-day for lunch time and return to back and back to home in the evening and the trip number from one zone to other zone was not balanced or not equal so this result was very important to allocate mini bus from one zone to other zone in order to accommodate the generated trip.
[bookmark: _Toc22715933]Table 4.27.  Number of trip served by city bus for home to education purpose
	Number of trip  Matrix  for city Bus

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	187
	568
	1106
	927
	630
	1511
	5943

	2
	2228
	42
	537
	689
	264
	1194
	1505

	3
	1978
	322
	62
	912
	258
	780
	396

	4
	2504
	427
	449
	115
	159
	641
	1464

	5
	2199
	466
	364
	623
	6
	170
	594

	6
	4064
	956
	1410
	2965
	402
	130
	5933

	7
	6412
	1726
	1733
	2200
	806
	1465
	578


[bookmark: _Toc11620206]
The above table shows the number of trips for the purpose of home to school using a public transport mode of city bus to go from one zone to other zone on a daily basis for the existing peak hour those are in the morning go to work; in the mid-day for lunch time and return to back and back to home in the evening and the trip number from one zone to other zone was not balanced or not equal so this result was very important to allocate city bus from one zone to other zone in order to accommodate the generated trip.
[bookmark: _Toc11906927][bookmark: _Toc11909322][bookmark: _Toc11909451][bookmark: _Toc11909544][bookmark: _Toc19789133][bookmark: _Toc22715934]Table 4.28.  Number of trip served by rick show for home to education purpose
	Number of trip  Matrix  for Auto Rick show

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	2900
	142
	56
	1412
	9
	3
	54

	2
	200
	805
	496
	855
	39
	36
	512

	3
	178
	145
	1308
	228
	324
	294
	230

	4
	309
	237
	618
	2978
	361
	52
	2258

	5
	1
	1
	373
	345
	879
	712
	2547

	6
	4
	16
	318
	241
	834
	2475
	1664

	7
	177
	78
	887
	2496
	1507
	1500
	14929


The above table shows the number of trips for the purpose of home to school using a public transport mode of rick show to go from one zone to other zone on a daily basis for the existing peak hour those are in the morning go to work; in the mid-day for lunch time and return to back and back to home in the evening and the trip number from one zone to other zone was not balanced or not equal so this result was very important to allocate rick show from one zone to other zone in order to accommodate the generated trip.
[image: ]
[bookmark: _Toc11620784][bookmark: _Toc11907918][bookmark: _Toc11909678][bookmark: _Toc19790363][bookmark: _Toc22715959][bookmark: _Toc11620785]Figure 4.7.  total number of the city modal share in percent for home to education purpose
The above pie chart shows the general proportion of public transport mode for the home to school transport as the chart shows the majority amount of trip made in the city were by city bus that the majority modal share of the city for the trip purpose of home to work is city bus which is 41% the medium modal share is rick show which is 32% and the least modal share is mini bus which 27%.
[image: ]
[bookmark: _Toc11907919][bookmark: _Toc11909679][bookmark: _Toc19790364][bookmark: _Toc22715960]Figure 3.8.  Modal share of number of trip per link
The above bar graph indicate that the number of trips for the purpose of home to school made by the three mode type mini bus, city bus and rick show per each links in a study area as from the graph the majority of trip made per each link was performed by city bus and the least one is trip made by mini bus per each link but exceptionally the trip made from zone 7 to zone has high tendency of using rick show.
[bookmark: _Toc11630742][bookmark: _Toc11903393][bookmark: _Toc19435840][bookmark: _Toc22715883]4.4. Traffic Assignment 
             Trip assignment is choosing of paths with in the transport network between origin and destination of each zone. From the above steps the researcher obtained which type of mode will used. To determine the choice of route collected data on length and travel length between origin and destination of each zone in the transport network of the city.
The process first started by determining the shortest path from each origin to all origin to all destinations or a minimum length path is used. Then convert the number of trips calculated for each type (mini bus, city bus and auto rick show) on the above step to each vehicular capacity of each mode. Thus the researcher obtained number of each mode assigned on each link 
Next the occupancy of each mode determined and then the number of vehicle will be calculated using the following formula for each link in the network of study area.
Total No of vehicles= Flow of that vehicle / Occupancy of that vehicle or mode	
Finally the number of vehicle obtained on the above step put on the corresponding link in the network of the study area.
· Result of traffic assignment
[bookmark: _Toc11620207][bookmark: _Toc11906928][bookmark: _Toc11909323][bookmark: _Toc11909452][bookmark: _Toc11909545][bookmark: _Toc19789134][bookmark: _Toc22715935]Table 4.29.  Number of mini bus required for home to work purpose per day for each link[image: ]
[bookmark: _Toc11620208]The above table indicates the total number of mini bus used to made trip per day per each link for the purpose of home to work as shown from the majority trip generator whose origin at TAZ  1 and TAZ 7 so this shows at the periphery of the city the preferable mode is mini bus a uses  majorly as compared to other zone for the purpose of home to work. 
[bookmark: _Toc11906929][bookmark: _Toc11909324][bookmark: _Toc11909453][bookmark: _Toc11909546][bookmark: _Toc19789135][bookmark: _Toc22715936]Table 4.30.  Number of city bus required for home to work purpose per day for each link[image: ]
[bookmark: _Toc11620209]
The above table indicates the total number of city bus used to made trip per day per each link for the purpose of home to work as shown from the majority trip generator whose origin at TAZ  1   in the middle of the zone the choosing of city bus is not as such practicable for the purpose of home to work but at the periphery of the city the preferable mode is city bus a uses  majorly as compared to other zone for the purpose of home to work. 
[bookmark: _Toc11906930][bookmark: _Toc11909325][bookmark: _Toc11909454][bookmark: _Toc11909547][bookmark: _Toc19789136][bookmark: _Toc22715937]Table 4.31.  Number of rick show required for home to work purpose per day for each link[image: ]
In the above table indicates the total number of rick show used to made trip per day per each link for the purpose of home to work as shown from the trip generator whose origin and destination throughout each TAZ 1   the distribution of the preference of rick show is faire for the purpose of home to work but the destination near to TAZ 1, 2 and 3 is less preferable.  
[bookmark: _Toc11620210][bookmark: _Toc11906931][bookmark: _Toc11909326][bookmark: _Toc11909455][bookmark: _Toc11909548][bookmark: _Toc19789137][bookmark: _Toc22715938]Table 4.32.  Number of mini bus required for home to school purpose per day for each link
	Number of modes for Home to Education trips (mini bus)

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	9
	12
	25
	15
	48
	51
	33

	2
	37
	2
	55
	95
	82
	56
	385

	3
	10
	27
	7
	104
	49
	36
	420

	4
	58
	26
	85
	36
	100
	162
	465

	5
	2
	19
	56
	116
	5
	65
	232

	6
	23
	15
	20
	50
	46
	5
	92

	7
	27
	18
	89
	205
	83
	136
	40



[bookmark: _Toc11620211]The above table indicates the total number of mini bus used to made trip per day per each link for the purpose of home to work as shown from the majority trip generator whose origin at TAZ  7   in the middle of the zone the choosing of mini bus is not as such practicable for the purpose of home to work but at the periphery of the city the preferable mode is city bus a uses  majorly as compared to other zone for the purpose of home to school. 
[bookmark: _Toc11906932][bookmark: _Toc11909327][bookmark: _Toc11909456][bookmark: _Toc11909549][bookmark: _Toc19789138]


[bookmark: _Toc22715939]Table 4.33.  Number of city bus required for home to school purpose per day for each link
	Number of modes for Home to Education trips (city bus)

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	4
	11
	22
	19
	13
	30
	119

	2
	45
	1
	11
	14
	5
	24
	30

	3
	40
	6
	1
	18
	5
	16
	8

	4
	50
	9
	9
	2
	3
	13
	29

	5
	44
	9
	7
	12
	0
	3
	12

	6
	81
	19
	28
	59
	8
	3
	119

	7
	128
	35
	35
	44
	16
	29
	12


[bookmark: _Toc11620212]
The above table indicates the total number of city bus used to made trip per day per each link for the purpose of home to school as shown from the table the majority trip generator were an even distribution of number of vehicle as compared to other zone for the purpose of home to school. 
[bookmark: _Toc11906933][bookmark: _Toc11909328][bookmark: _Toc11909457][bookmark: _Toc11909550][bookmark: _Toc19789139][bookmark: _Toc22715940]Table 4.34.  Number of rick show required for home to school purpose per day for each link
	Number of modes for Home to Education trips (city bus)

	TAZ
	1
	2
	3
	4
	5
	6
	7

	1
	967
	47
	19
	471
	3
	1
	18

	2
	67
	268
	165
	285
	13
	12
	171

	3
	59
	48
	436
	76
	108
	98
	77

	4
	103
	79
	206
	993
	120
	17
	753

	5
	0
	0
	124
	115
	293
	237
	849

	6
	1
	5
	106
	80
	278
	825
	555

	7
	59
	26
	296
	832
	502
	500
	4976



The above table indicates the total number of rick show chosen used to made trip per day per each link for the purpose of home to school as shown from the majority trip generator whose origin at TAZ 7   in the middle of the zone the choosing of rick show is not as such practicable for the purpose of home to school but at the periphery of the city the preferable mode is rick show uses majorly as compared to other zone for the purpose of home to school. 
[bookmark: _Toc11620213][bookmark: _Toc11906934][bookmark: _Toc11909329][bookmark: _Toc11909458][bookmark: _Toc11909551][bookmark: _Toc19789140][bookmark: _Toc22715941]Table 4.35.  Total number of each mode in the city used for home to work purpose
	Number of modes for Home to work trips per day

	No of vehicle per day
	 No mini bus
	No City bus
	No Rick Show

	
	2252
	1558
	10293



The above table shows the total number of mini bus, city bus and rick show to serve passengers per day to accommodate the existing travel demand for the trip purpose of home to work. This cannot be realistic but this can be compensated by increasing the number of frequency of each mode for each link in the city road network. As shown from the figure on the table a large amount of rick shows than the other mode almost 4 times the sum of mini bus and city bus.
[bookmark: _Toc11620214][bookmark: _Toc11906935][bookmark: _Toc11909330][bookmark: _Toc11909459][bookmark: _Toc11909552][bookmark: _Toc19789141][bookmark: _Toc22715942]Table 4.36.  Total number of each mode in the city used for home to work purpose
	Number of veicle for Home to Education trips per day

	No of vehicle per day
	 No of mini bus
	No of City bus
	No of Rick Show

	
	3833
	1260
	16341


The above table shows the total number of mini bus, city bus and rick show to serve passengers per day to accommodate the existing travel demand for the trip purpose of home to school. This cannot be realistic but this can be compensated by increasing the number of frequency of each mode for each link in the city road network. As shown from the figure on the table a large amount of rick shows than the other mode almost 4 times the sum of mini bus and city bus	
[bookmark: _Toc429885963][bookmark: _Toc11630744][bookmark: _Toc11903394][bookmark: _Toc19435841][bookmark: _Toc22715884]4.5. Overview of the current situation of public transport in Hawassa City 
Public transport service within the city is largely served by Auto Rick Show, small and medium sized Minibus and few number of City-buses in their respective order as well as few number of public and private organization were given transport service through entering and exit time especially we can take as an example Hawassa Industrial Park, with a number of different routes, connecting the city center to the periphery of the city. Especially, the city buses and mini buses both small and medium volume has no specific operation schedule and operation route, to provide the services as guiding operation for wait to fill up before setting off from the terminal point, then pick up and drop off frequently without waiting other vehicle if there is other vehicle at the fermata should wait its order and load the passenger. The city bus first start by introducing large volume buses at this time the bus operation was not fully satisfy the transport need of the city and we assessed in the city there is no clearly marked city bus waiting station, clear route, clear origin and destination point and there is no starting and arrival time which are important information help the passenger to load and unload. Majority of buses leave always not full and are just as likely to leave from the origins to destination they serve just like other public transport mode but some experience from large volume bus convert to medium sized bus service because one of the major problem was the length of time that takes to load the passenger at each station thus such type of bus can reduce such problem; but the Auto rick and small and medium sized  Minibus were actively works throughout their operation time and area in the city.  

When I was conducting home interview survey, most of the passengers are show high demand and willingness to get public transport service tends to Auto rick show and minibuses rather than city buses. As we discussed with the focal person who represent the city bus operation informed that the city bus tend to provide services normally start with 12:30 local time at the morning and end with 3:00 local time in the evening.  All the city buses assigned along the city asphalt paved road but Auto rick show and mini bus were not limited in time. Especially Auto Rick giving public transport service by going through cobblestone and red ash road, those roads are provided by the city road and transport authority and community participation in order to provide public service to the community ( Hawassa city road and transport department, 2011). 
[bookmark: _Toc11630746][bookmark: _Toc11903396][bookmark: _Toc19435843][bookmark: _Toc22715885]4.6. Service Coverage of Public Transport Modes 
The spatial coverage of public transport is an important factor to measure the simplicity at which services can be reached at different locations. This gives way to measure spatial equity in service provision, and can be achieved through the use of information and service coverage given by Hawassa city municipality and help to adjust and to take the necessary corrective action. Hence, the route coverage along different direction it reaches about to seven directions from origin to destination.   

The city buses the service coverage as the data gathered from the city road and transport department covers for about 40.5 km.  Its service time start 12:30 local time at the morning and end with 3:00 local time in the evening the greater concentration of number of trips of buses is stretched between Piyassa, Menahariya and mobile. The number of trips of buses passed on a particular road segment per day shows the frequency. The frequency per route vary from one route to other route from the nature of each route distance cover, the condition of the  buses and the accessibility of the passengers however; the range of  frequency from origin to destination per route it may reach 16-32 rounds per days. The total length of the city buses route network is covering at range of 3-9.6 km the shortest to the longest route. 
The total number of auto rick shows in the city is around 2700. According to its vehicle design the number of passenger it serves three per vehicle. The service coverage of auto rick show they have their own specific route distribution which is managed by auto rick show association taking an authority from the city road and transport bureau by giving tabella to the driver which show the route direction and which working for one month and changing in other month. If this rule were violated by the driver the driver will penalized up to 2000 ETB the distribution were both on the paved which allotted route and unpaved which are cobblestone and red ash road. According to the city transport bureau official the distribution were helps the city traffic follow concentration to some specific route and it avoid mess and unwanted accumulation services given by all modes in to specific station. In the city there are 11 auto rick show association. They have no time limit for their working time but to determine their length covarge is difficult averagely a single rick show cover up 12Km per day due to that they have high frequency because of their occupancy of passenger being less. 
The total number of taxi in the city is 568 from which 400 are ordinary mini bus whose capacity is ranges from 12 to 19and they are called Taxi 3; 65 are middle volume taxi whose capacity ranges from 9-11 and 103 are small volume taxi whose capacity were 4 passengers. The taxis have no specific route and no prohibited route throughout the city and also they have no specific trip distribution. According to the city transport bureau official this action were taken by the bureau as an affirmative action for the taxi driver and owner to accommodate an increasing travel demand of the city from time to time because according to Melaku (2009) finds out that the majority or almost all services provided to the public were by private so this action is very vital to encourage who are giving public transport for the city’s service offers’ in addition to this they have no limited service giving time.
[bookmark: _Toc11620217][bookmark: _Toc11906938][bookmark: _Toc11909333][bookmark: _Toc11909461][bookmark: _Toc11909554][bookmark: _Toc19789142][bookmark: _Toc22715943]Table 4.37.Type and number of public transport mode
	No
	Types of mode
	Number of vehicles

	1
	Mini bus
	568

	2
	City Bus
	17

	3
	Auto rick show
	2700

	
	Total
	3285


Source: Hawassa City road and transport bureau (2011) 
Calculation of single trip number at the considered peak hours the considered peak hours are three as described on the data analysis of traffic assignment to obtain number of vehicle at this hour divide the total number of vehicle by three for each type of mode and obtained the following result and compared to the existing number of vehicle of each type of mode. 
[bookmark: _Toc11906939][bookmark: _Toc11909334][bookmark: _Toc11909462][bookmark: _Toc11909555][bookmark: _Toc19789143][bookmark: _Toc22715944]Table 4.38. Total number of vehicle for each mode per peak hour for home to work purpose
	Number of modes for Home to work trips per peak hour

	No of vehicle per peak hour
	 No mini bus
	No City bus
	No Rick Show

	
	751
	519
	3431



The above table shows the number of vehicle for a single trip for home to work purpose and there is a large amount of number of rick show compared to that of mini bus and city bus  
[bookmark: _Toc11906940][bookmark: _Toc11909335][bookmark: _Toc11909463][bookmark: _Toc11909556][bookmark: _Toc19789144][bookmark: _Toc22715945]Table 4.39. Total number of vehicle for each mode per peak hour for home to education purpose
	Number of veicle for Home to Education trips per peak hour

	No of vehicle per peak hour
	 No of mini bus
	No of City bus
	No of Rick Show

	
	1278
	420
	5447



The above table shows the number of vehicle for a single trip for home to work purpose and there is a large amount of number of rick show compared to that of mini bus and city bus  
The total number of mini bus in the city are 568, the number of mini bus needed for a single trip made for the purpose of home to work and home to school is 2029 which is very large and there is a great gap between supply and demand of mini bus service at peak hours. The total number of city bus in the city are 17, the number of city bus needed for a single trip made for the purpose of home to work and home to school is 939 which is very large and there is a great gap between supply and demand of mini bus service at peak hours and The total number of rick show in the city are 2700, the number of rick needed for a single trip made for the purpose of home to work and home to school is 8878 which is very large and there is a great gap between supply and demand of mini bus service at peak hours.



















[bookmark: _Toc429885971][bookmark: _Toc11630747][bookmark: _Toc11903397][bookmark: _Toc19435844][bookmark: _Toc22715886]5. CONCLUSIONS AND RECOMMENDATIONS
0. [bookmark: _Toc429885972][bookmark: _Toc11630748][bookmark: _Toc11903398][bookmark: _Toc19435845][bookmark: _Toc22715887]Conclusions 

· The magnitude of trip production for the purpose of home to work was 133558 and its attraction was 130213 which was trip production greater than trip attraction. The result shows Public transport attracted to wards addis ketema sub city for the purpose of home to work trip had been highest. 
· The magnitude of trip production for the purpose of home to school was 154181 and its attraction was106895 which was trip production greater than trip attraction. The result shows public transport produced and attracted to wards Tabor sub city for the purpose of home to school trip had been highest.
· In general trip production and attraction in the city were concentrated towards Tabor sub city and Menaharia sub cities for the trip purposes of home to work and home to school.   
· According the result had been obtained from the step under the modal split the most preferable public transport mode city bus of which more than half of the other mode types for both trip purposes. 
· [bookmark: _Toc429885973]In general the number of public transport demand of Hawassa city was not balanced with respect to number of vehicles which is served the existing travel demand of the city.  .
[bookmark: _Toc11630749][bookmark: _Toc11903399][bookmark: _Toc19435846][bookmark: _Toc22715888]5.2. Recommendations 
· Since the number of trip production for the purpose of Home to work had the largest in Addis ketema sub city. Thus the city Transport and Road Development Bureau should take a measurement either taking the trip distribution result to assign available number of public transport towards this sub city for those particular peak hours or providing mass mobility by using city bus.
· The number of trip production and attraction for the purpose of home to school had a large demand in Tabor sub city. Thus the city Transport and Road development Bureau should increase the number of city bus transport system in students exit and entrance time 
· The city Transport and Road Development Bureau should measurement in improving of city bus transport system throughout the city road network.
· The city Transport and Road Development Bureau should collaborate with private owners of public transport service provider.
· Government offices should provide service for their workers to reduce the burden of public transport demand.
·  The city Transport and Road Development Bureau should allocate fixed arrival time to the specific origin and destination of city bus.
· The city should increase the city bus service by changing its pricing system by providing special package such as student package, public servant package, weekly package and monthly package.
· In order to alleviate the public transport problem  the city Transport and Road Development Bureau should study further detail public transport demand assessment should be carry out.
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Questionnaires for city residents
A:  General Introductory Remarks 
The questionnaires and interview guides are aimed at to collect data for the research on the topic: Assessing the public transport demand of Hawassa city.
I. General Information about the (sample) respondents.
1. Your gender 1) Female      2) Male
2.   Your age Category  1/ 5 -15    2/ 16-26   3/ 27-37   4/ 38-45    5/ 46-65     6./ 65+
3. Family size: female__________ male___________ total____________.
4. What are the number of the families whose age above 5 years____________?
5. Your occupation:          1) Employed    2/ Unemployed     3/ student 
                                     4) If any specify_____________________________________.
6. Average house hold monthly income( in birr) ___________________________
1) 500-1500 2) 1500-3000 3) 3,000 - 5,000 4) 5,000-8,000 5) 8,000-10,000 6) above 10,000
7. How many vehicles are available in the house hold level for intra urban transportation service ____________?
8. What mode of transport do you use most frequently for the purpose of? 
A) Work :1) walking  2)public transport 3) Private Automobile 4) vehicles supplied by employee 5) motor bicycle
If your answer is public transport, which type of mode you use?
1) Auto rick show              2) mini bus             3) public bus
B) Education:1) 1) walking  2)public transport 3) Private Automobile 4) vehicles supplied by employee(service) 5) motor bicycle
If your answer is public transport, which type of mode you use?
1) Auto Rick show             2) mini bus             3) public bus 
C) Shopping: 1) walking  2)public transport 3) Private Automobile 4) vehicles supplied by employee 5) motor bicycle
If your answer is public transport, which type of mode you use?
1) Auto Rick Show      2) mini bus             3) public bus
D) Recreation1) walking  2)public transport 3) Private Automobile 4) vehicles supplied by employee 5) motor bicycle
If your answer is public transport, which type of mode you use?
 1) Auto rick show   2) mini bus             3) public bus
9. If you use  public city bus transport for any of the above purpose on average how much time is lost to
1) Access the bus stops    1) 1-3min     2) 3-5min   3) 5-10min   4) over 10min
2) Waiting for bus at stops 1) 1-3min  2)  3-5min   3)  5-10min   4) over 10min
3) Arrive to your destination stops1) 1-3min   2) 3-5min   3)  5-10min   4) >10min
10. If you use Auto rick show for at list one of the above purpose on average how much time is lost to: 
1) Access the Bajaj stops 1) 1-3min 2.)  3-5min   3.)  5-10min   4.) > 10min
2) Waiting for Bajaj at stops      1.) 1-3min 2.)  3-5min   3.)  5-10min   4.) >10min
3) Arrive to your destination stops 1.) 1-3min 2) 3-5min 3) 5-10min 4.) >10min
11. How many trips you produce for your main daily activities for the purpose of?
1) work :         1) 1     2) 2   3) 3    4) 4  5) over5  
2) education :  1) 1     2) 2   3) 3   4) 4  5) over5  
3) shopping:    1) 1     2) 2   3) 3   4) 4 5) over5 
4) Recreation: 1) 1     2) 2   3) 3    4) 4 5) over5 
12. Which zone is your most often trip destination locations for the purpose of?
1) Work      _______________
2) education_______________ 
3) shopping_______________
4) recreation ______________
13. The reason for selection of  the above mode of transport (question number 8) is
1/ No other option       2/Best in terms of cost        3/ Best in terms of comfort 
4/if any other__________________________________________________________
14. Have you ever participated in transportation planning program at any Administration level of the city government?
                  1/ Not at all                                     2/ yes sometimes                      3/ Yes always
15. What do you suggest to improve the current system of public transport?   
______________________																													________________________________ 
 Thank you for your cooperation! 

















[bookmark: _Toc11630753][bookmark: _Toc11903403][bookmark: _Toc19435850][bookmark: _Toc22715892]Appendix A-2:- Questioner in Amharic
መጠየቅ
አጠቃላይ መግቢያ 
ይህ መጠይቅ ተመራማሪው  በሀዋሳ ከተማ የህዝብ ትራነሰፖረት ፍላጎትን ጥናት ማድረግ በሚል ርዐስ ላይ ጥናት ማድረግ ሰለፈለገ ለዚሁ የሚያገለግል መረጃ ለመሰብሰብ የተዘጋጀ ነው፡፡
አማካሪ፡ ዶ/ር ቢቂላ ተክሉ
ረ/አማካሪ፡ ሉላቸው አከለ
የጥናቱ ጥቅም፡ የሀዋሳ ከተማን የሕዝብ ትራንስፖረት ፍላጎተን ጥናት ማድረግ፡፡
የጥናቱ ቦታ፡ ሀዋሳ ከተማ
የመጠይቁ አላማ፡ የሐዋሳ ከተማ የሕዝብ ትረንሰፖረትን ፍላጎት በተመለከተ ተገቢዉን መረጃ ለመሰብሰብ፡፡
ዉድ ተጠያቂ 
በቅድሚያ ለትብብርዎ እንዲሁም ዉድ ጊዜዎን ሰዉተዉ ይህን መጠይቅ ለመሙላት ፍቃደኛ በመሆኖ ከልብ የመነጨ ምሰጋናዬን አቀርባለሁ፡፡ ከዚህም በመቀጠል እርሶ የሚሰጡን መረጃ ለጥናቱ ስኬታማነት እጅግ በጣም አስፈላጊ ሰለሆነ በተቻሎት መጠን መረጃዉን ሲሰጡን ወይም መጠይቁን ሲሞሉ በቅንነት ፣ በታማኝነት እና እዉነተኛ መረጃ እንዲሞሉልኝ በትህትና አጠይቃለሁ፡፡  
ጥናቱ ትኩረት የሚያደርገዉ የሚፈጠረዉን የሐዋሳ ከተማ የሕዝብ ትራነሰፖረት ነባራዊ ፍላጎትን መገምገም እና ለችግሮቹ ተገቢዉን ምክረ ሀሳብ መሰጠት ይሆናል
የሚሰጡኝ መረጃ የምጠቀመዉ ለጠቀስኩት አላማ ብቻ ሲሆን እንዲሁም መረጃዉን እርሶ ከሰጡት ዉጪ በግሌ የማልጨምርም ሆነ የማልቀንስ መሆኑን ከወዲሁ ለመግለፅ እወዳለሁ ለሚደረግልኘ ትብብር ከወዲሁ ምሰጋናዬ የላቀ ነዉ፡፡ 
1) ፆታ  ፡ ሀ) ወንድ            ለ) ሴት 
2) ዕድሜ፡ ሀ/ 5 -15    ለ/ 16-26   ሐ/ 27-37   መ/ 38-45    ሠ/ 46-65     ሰ/ 65+
3) የቤተሰብ ብዛት ፡ ወ-----------        ሴ--------------           ድ----------------
4) ከ 5አመት በላይ የሆናቸዉ የቤተሰብ ብዛት ስንት ናቸዉ 
       ወ-----------        ሴ--------------           ድ----------------
5) የስራህ ሁኔታ ሀ) ሰራተኛ    ለ) ስራ የሌለዉ     ሐ) ተማሪ   መ) ሌላ ካለ ይጠቀስ-----------------------
6) አመታዊ አማካይ የቤተሰብ ገቢ
ሀ) 500-1500 ለ) 1500-3000 ሐ) 3,000 - 5,000 መ) 5,000-8,000 ሠ) 8,000-10,000
 ረ) ከ10,000 በላይ
7) በተደጋጋሚ የምትጠቀመዉ መኪን ምን አይነት ነዉ
i) ለስራ ፡ ሀ) በእግር ነዉ ምሄደዉ ለ) በህዝብ ትራነሰፖረት ሐ) በግል መኪና መ) በሰረቪስ ሠ) በሞተር ሳይክል
· መልስህ የህዝብ ትራነሰፖረት ከሆነ የትኛዉን የህዝብ ትራነሰፖረት ነው የምትጠቀመዉ
ሀ) ባጃጅ             ለ) ሚኒ ባስ             ሐ) የከተማ ባስ
ii) ለትመህርት፡ሀ) በእግር ነዉ ምሄደዉ ለ) በህዝብ ትራነሰፖረት ሐ) በግል መኪና  መ) በሰረቪስ ሠ) በሞተር ሳይክል
· መልስህ የህዝብ ትራነሰፖረት ከሆነ የትኛዉን የህዝብ ትራነሰፖረት ነው የምትጠቀመዉ
ሀ) ባጃጅ             ለ) ሚኒ ባስ             ሐ) የከተማ ባስ
iii) ለገበያ ፡፡ ሀ) በእግር ነዉ ምሄደዉ ለ) የህዝብ ትራነሰፖረት ሐ) የግል መኪና መ) ሰረቪስ ሠ) ሞተር ሳይክል
መልስህ የህዝብ ትራነሰፖረት ከሆነ የትኛዉን የህዝብ ትራነሰፖረት ነው የምትጠቀመዉ
ሀ) ባጃጅ             ለ) ሚኒ ባስ             ሐ) የከተማ ባስ
iv) ለመዝናናት፡ሀ) በእግር ነዉ ምሄደዉ ለ) በህዝብ ትራነሰፖረት ሐ) በግል መኪና መ) በሰረቪስ ሠ) በሞተር ሳይክል
· መልስህ የህዝብ ትራነሰፖረት ከሆነ የትኛዉን የህዝብ ትራነሰፖረት ነው የምትጠቀመዉ
ሀ) ባጃጅ             ለ) ሚኒ ባስ             ሐ) የከተማ ባስ
i) ከላይ ለተጠቀሱት ጥቅሞች የከተማ ባስ ስትጠቀም ባማካይ የምታጠፋዉ ሰአት
4) የባስ ማቆሚያ ለማግኘት ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ
5) ባስ ለማግኘት            ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ
6) ቦታህ ላይ ለመድረስ     ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ      

ii) ከላይ ለተጠቀሱት ጥቅሞች ባጃጅ ስትጠቀም ባማካይ የምታጠፋዉ ሰአት
1) የባስ ማቆሚያ ለማግኘት ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ
2) ባስ ለማግኘት            ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ
3) ቦታህ ላይ ለመድረስ     ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ      

iii) ከላይ ለተጠቀሱት ጥቅሞች ሚኒ ባስ ስትጠቀም ባማካይ የምታጠፋዉ ሰአት
1) የባስ ማቆሚያ ለማግኘት ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ
2) ባስ ለማግኘት            ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ
3) ቦታህ ላይ ለመድረስ     ሀ) 1-3ደቂቃ     ለ) 3-5ደቂቃ   ሐ) 5-10ደቂቃ   መ) ከ10ደቂቃ በላይ      

iv) ከስር ለተጠቀሱት የቀን ተቀን አንቅስቃሴ በቀን ምን የህል ጊዜ ጉዞ ታደርጋለህ
1) ለስራ ፡       ሀ) 1      ለ) 2            ሐ) 3         መ) 4         ሠ) ከ5 በላይ
2) ለትመህርት ፡ ሀ) 1      ለ) 2            ሐ) 3         መ) 4         ሠ) ከ5 በላይ
3) ለግብይት ፡   ሀ) 1      ለ) 2            ሐ) 3         መ) 4         ሠ) ከ5 በላይ
4) ለመዝናናት፡   ሀ) 1      ለ) 2            ሐ) 3         መ) 4         ሠ) ከ5 በላይ
v) ከስር ለተጠቀሱት የትኛዉ ክፍለ ከተማ ነዉ የርሶዎ መዳረሻ
1) ለሰራ----------------------------------------------------------------
2) ለትመህርት----------------------------------------------------------
3) ለግብይት------------------------------------------------------------
4) ለመዝናናት----------------------------------------------------------
vi) ለጥያቄ ቁጥር 8 የመረጥከዉ የመኪና አይነት ለምነድነዉ
ሀ) ሌላ ምርጫ ስለሌለ      ለ) ከክፍያ አንፃር ጥሩ ስለሆነ        ሐ) ከምቾት አንፃር ጥሩ ስለሆነ
መ) ሌላ ካለ ይግለፁ--------------------------------------------------------------------------------
vii)  ከዝህ በፊት እነደዚህ አይነት ጥናት ላይ ተካፍለዉ ያዉቃሉ
    ሀ) አዎ                   ለ) አይ
15) የከተማዉን የሕዝብ ትራነሰፖረት ለማሻሻል ይጠቅማል የሚሉተን የግል ሀሳቦትን ያስፍሩ


    
ለትብብሮዎ  አመሰግናለሁ !!!
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Trip Production and Attraction for home to work purpose per each TAZ
Production	15159.229730287738	14825.923709857143	12665.34873	19656.502774499997	12772.492568714288	21132.591644642853	37346	Attraction	46696	4323	428	5955	3609	12541	12725	Number of TAZ
Number of trip
Trip production and Attraction in Hawassa city for home to work purpose 
Production	Attraction	133558.08915800203	86277	Trip production and Attraction per each zone for home to school
Production	17590	17172	14435	22844	14675	24355	43107	Attraction	19035	5472	10153	18016	8333	12538	43063	Number of TAZ
Number of trip
Trip production and Attraction per each zone for home to school
Production	Attraction	154178	116610	number of trip by mode type for home to work trip purpose per each link
Trip(mini bus)	TAZ 1-1	TAZ 1-2	TAZ 1-3	TAZ 1-4	TAZ 1-5	TAZ 1-6	TAZ 1-7	TAZ 2-1	TAZ 2-2	TAZ 2-3	TAZ 2-4	TAZ 2-5	TAZ 2-6	TAZ 2-7	TAZ 3 -1	TAZ 3 -2	TAZ 3-3	TAZ 3-4	TAZ 3-5	TAZ 3-6	TAZ 3-7	TAZ 4-1	TAZ 4-2	TAZ 4-3	TAZ 4-4	TAZ 4-5	TAZ 4-6	TAZ 4-7	TAZ 5-1	TAZ 5-2	TAZ 5-3	TAZ 5-4	TAZ 5-5	TAZ 5-6	TAZ 5-7	TAZ 6-1	TAZ 6-2	TAZ 6-3	TAZ 6-4	TAZ 6-5	TAZ 6-6	TAZ 6-7	TAZ 7-1	TAZ 7-2	TAZ 7-3	TAZ 7-4	TAZ 7-5	TAZ 7-6	TAZ 7-7	279.06800754612732	110.90994797922463	12.693453349508953	61.62499144429448	249.07410430716692	608.9862292737439	117.37146323251027	1167.3726908041374	17.701018630465697	29.668182627563368	401.44303786349724	452.04464135881699	709.04081210150832	1449.3826503253958	323.7730345586366	283.61851229442732	3.9882903983192892	457.16692574589649	279.0498450802607	477.37191205488284	1646.846728906055	1903.9251931085291	277.26264395767083	47.514440110064974	157.02409170742322	575.06131328237257	2157.1063674188472	1825.8669997192314	65.295174016867264	203.05202935536329	31.379369848722479	513.34660344839835	30.278765833603106	868.41057557090153	916.70355555299693	686.47631499704346	144.4594260677371	10.239095227991568	202.58299400894177	246.18514418798352	66.17351384195139	334.96562986048724	859.27427911372502	182.56253653228489	49.106170803688144	881.5236127165158	468.79308771956255	1779.1831661362889	152.21900444031621	Trip(City bus)	TAZ 1-1	TAZ 1-2	TAZ 1-3	TAZ 1-4	TAZ 1-5	TAZ 1-6	TAZ 1-7	TAZ 2-1	TAZ 2-2	TAZ 2-3	TAZ 2-4	TAZ 2-5	TAZ 2-6	TAZ 2-7	TAZ 3 -1	TAZ 3 -2	TAZ 3-3	TAZ 3-4	TAZ 3-5	TAZ 3-6	TAZ 3-7	TAZ 4-1	TAZ 4-2	TAZ 4-3	TAZ 4-4	TAZ 4-5	TAZ 4-6	TAZ 4-7	TAZ 5-1	TAZ 5-2	TAZ 5-3	TAZ 5-4	TAZ 5-5	TAZ 5-6	TAZ 5-7	TAZ 6-1	TAZ 6-2	TAZ 6-3	TAZ 6-4	TAZ 6-5	TAZ 6-6	TAZ 6-7	TAZ 7-1	TAZ 7-2	TAZ 7-3	TAZ 7-4	TAZ 7-5	TAZ 7-6	TAZ 7-7	503.71138335449217	491.22561539930251	50.749831315021311	334.94905727708203	298.52281147322873	1655.396200816612	1921.0319171119922	6344.9969421790156	38.748075566932265	26.156089432225635	263.43285788270549	132.34667090558801	1384.63785749884	514.62978644027362	5870.4099350673805	306.85120177370248	3.1740440585827514	363.83207327525628	134.69786829050062	943.30698203604732	141.16160041050611	7434.3371782806662	407.8041961838361	22.935306751385614	45.972485653149249	83.212241891898685	775.02308875555673	522.08161183666732	6588.600323606046	449.76994605298859	18.588080255565167	250.73839920589114	3.2228802147932814	207.17884885819669	213.59288889400602	11235.634924635349	849.49539076984343	66.701010876823887	1101.0952094817067	195.9241720589101	146.57749467129389	1969.7694112350612	18672.759847971603	1616.7749471955879	86.565600466664037	860.93727588449497	413.29777700000352	1737.6336677274223	202.10335130036705	Trip(Rick Show)	TAZ 1-1	TAZ 1-2	TAZ 1-3	TAZ 1-4	TAZ 1-5	TAZ 1-6	TAZ 1-7	TAZ 2-1	TAZ 2-2	TAZ 2-3	TAZ 2-4	TAZ 2-5	TAZ 2-6	TAZ 2-7	TAZ 3 -1	TAZ 3 -2	TAZ 3-3	TAZ 3-4	TAZ 3-5	TAZ 3-6	TAZ 3-7	TAZ 4-1	TAZ 4-2	TAZ 4-3	TAZ 4-4	TAZ 4-5	TAZ 4-6	TAZ 4-7	TAZ 5-1	TAZ 5-2	TAZ 5-3	TAZ 5-4	TAZ 5-5	TAZ 5-6	TAZ 5-7	TAZ 6-1	TAZ 6-2	TAZ 6-3	TAZ 6-4	TAZ 6-5	TAZ 6-6	TAZ 6-7	TAZ 7-1	TAZ 7-2	TAZ 7-3	TAZ 7-4	TAZ 7-5	TAZ 7-6	TAZ 7-7	7802.3065838911361	122.86443662147289	2.5567153354697352	510.42595127862347	4.403084219604346	3.617569909643779	17.596619655497193	570.19011678008678	736.55090580260207	24.175727940211004	327.12410425379721	19.608687735595048	41.321330399651401	174.98756323433042	527.54158227750543	138.5302859318702	66.837665543097955	91.001000978847287	169.25228662923868	355.32110590906979	81.991670683438855	919.02815721878153	225.93315985849296	31.550253138549397	1188.0034226394275	188.72644482572889	62.870543825595618	805.05138844410124	4.2154101581081163	1.1780245916481265	19.032549895712361	138.91499734571053	463.49835395160363	868.41057557090153	916.70355555299693	12.135396564421772	14.045183162419368	15.059893895184556	89.321796509351557	405.89068375310649	2786.2489914867547	552.2649589044513	515.05469711130877	72.662516272127363	44.32822872964784	976.53911139898946	772.90913528043382	1779.1831661362889	5222.6776442593173	Link
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TAZ sub city popn public job priv.JobsstudentsHoushold

TAZ1 Adiss ketema 30,296 742 26726

15865

10371

TAZ2 Haike Dar 29,539 706 1837 3256 9675

TAZ3 Mehal 24,885 122 130 571 5567

TAZ4 Misrak 39,431 2,866 637 15013 9543

TAZ5 Behal Adarash 25,237 516 1607 6944 4872

TAZ6 Meneharia 41,645 4,381 2996 10448 13465

TAZ7 Tabour 74,057 5,850 1635 35886 12567

Total 265,090 15,183 35,568 87,983 66,060

Base Year Data(2010 EC)
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Traffic Analysis   

Zone(TAZ)

Trip attraction 

rate for student

Trip Attraction rate 

for all jobs

TAZ1 1.3 1.35

TAZ2 1.3 1.35

TAZ3 1.4 1.8

TAZ4 1.2 1.65

TAZ5 1.1 1.9

TAZ6 1.1 1.8

TAZ7 1.1 1.9
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TAZ 1 2 3 4 5 6 7Production

1 15159

2 14826

3 12665

4 19657

5 12772

6 21133

7 37346 133558

Attraction 46696 11169 10030 14901 15363 19098 12956

130213

Home to work

0
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TAZ 1 2 3 4 5 6 7Production

1 17593

2 17172

3 14435

4 22844

5 14675

6 24355

7 43107 154181

Attraction 17452 5016 9307 16514 7638 11493 39475

106895



Home to other
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percentage of Home to work trips By Mode

M Trip(mini bus)
® Trip(City bus)
m Trip(Rick Show)
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TAZ 1 2 3 4 5 6 7

1 25 10 1 6 23 55 11

2 106 2 3 36 41 64 132

3 29 26 0 42 25 43 150

4 173 25 4 14 52 196 166

5 6 18 3 47 3 79 83

6 62 13 1 18 22 6 30

7 30 78 17 4 80 43 162

Number of modes for Home to work trips (mini bus)
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TAZ 1 2 3 4 5 6 7

1 10 10 1 7 6 33 38

2 127 1 1 5 3 28 10

3 117 6 0 7 3 19 3

4 149 8 0 1 2 16 10

5 132 9 0 5 0 4 4

6 225 17 1 22 4 3 39

7 373 32 2 17 8 35 4

Number of modes for Home to work trips (city bus)
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TAZ 1 2 3 4 5 6 7

1 2601 41 1 170 1 1 6

2 190 246 8 109 7 14 58

3 176 46 22 30 56 118 27

4 306 75 11 396 63 21 268

5 1 0 6 46 154 289 306

6 4 5 5 30 135 929 184

7 172 24 15 326 258 593 1741

Number of modes for Home to work trips (city bus)
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Trip production and attraction

TAZ 1 pop 30296 Age Distribution male Age Distribution Female

all jobs 27468 5-15 16-26 27-37 38-45 46-65 65+ 5-15 16-26 27-37 38-4546-6565+

students 15865 Production 853 3308 2548 771 357 54 1386 3098 2089 425 221 49 15159

Attraction 46696

Production 1996 3413 2656 704 363 119 1872 3185 2391 539 266 85 17590

Attraction 19038

29539 6570 3256

TAZ 2 Pop 29539 Production 684 3218 2058 961 444 101 1308 2943 1661 987 360 102 14826

all jobs 6570 Attraction 11169

students 4560

Production 1600 3320 2145 877 452 222 1768 3025 1901 1251 434 177 17172

Attraction 5472

TAZ 3 Pop 24885 Production 533 2466 2006 746 404 54 980 3111 1554 473 278 60 12665

all jobs 5900 Attraction 10030

students 8461

Production 1248 2545 2090 681 411 119 1324 3199 1779 599 336 104 14435

Attraction 10153

TAZ 4 Pop 39431 Production 892 4267 2767 1803 475 251 1777 3323 2420 1097 384 200 19657

all jobs 8765 Attraction 14901

students 15013 39431 876515013

Production 2087 4402 2884 1647 483 552 2401 3416 2771 1391 464 347 22844

Attraction 18016

TAZ 5 Pop 25237 Production 557 2294 2005 1542 424 128 1064 2272 1318 794 270 102 12772

all jobs 9037 Attraction 15363

students 6944 25237 9037 6944

Production 1302 2367 2090 1408 432 283 1439 2336 1509 1007 326 178 14675

Attraction 8333

TAZ 6 Pop 41645 Production 942 4137 5375 753 420 110 1877 2970 3684 517 267 81 21133

all jobs 11234 Attraction 19098

students 10448 416451123410448

Production 2204 4268 5602 687 427 242 2536 3053 4217 656 322 140 24355

Attraction 12538

TAZ 7 Pop 74057 Production 1671 7943 6395 1694 1158 257 3069 6704 6308 1030 865 251 37346

all jobs 7621 Attraction 12956

students 35886

Production 3910 8195 6665 1546 1178 567 4147 6892 7221 1306 1044 435 43107

Attraction 43063

Home to other trip

Home to others

Home to other trip

Home to work

Home to work

Work trips

Home to others

Home to other trip

Home to work

Work trips

Home to others

Home to others

Home to other trip
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Work trips

Home to others

Home to other trip

Home to work

Work trips
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Home to work

Work trips
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TAZ 1 2 3 4 5 6 7sum Target

a

i

1 8588 726 66 907 552 2269 2056 15164 15159 0.9997

2 8082 793 80 992 604 2135 2139 14825 14826 1.0001

3 6718 729 74 911 583 1775 1869 12659 12665 1.0005

4 10259 911 102 1392 847 2995 3154 19660 19657 0.9998

5 6659 654 69 903 497 1944 2047 12774 12772 0.9999

6 11935 1008 92 1394 848 2999 2858 21135 21133 0.9999

7 20044 1871 180 2719 1655 5296 5576 37341 37346 1.0001

sum 72286 6692 663 9218 5587 19414 19698 133558

Target 72286 6692 663 9218 5587 19414 19698 133558

b i

1.000 1.000 1.000 1.000 1.000 1.000 1.000

TAZ 1 2 3 4 5 6 7sum Target

a

i

1 8585.0 725.3 66.2 907.0 552.0 2268.1 2055.5 15159.2 15159.23 1.0000

2 8082.5 793.3 80.1 992.1 603.8 2135.4 2138.7 14825.9 14825.92 1.0000

3 6721.7 729.1 73.6 911.8 583.4 1775.8 1869.8 12665.3 12665.35 1.0000

4 10257.2 911.0 101.6 1391.5 846.9 2994.9 3153.5 19656.5 19656.5 1.0000

5 6658.1 653.5 69.3 903.2 497.4 1944.0 2046.9 12772.5 12772.49 1.0000

6 11934.1 1008.2 92.1 1393.4 848.1 2999.2 2857.4 21132.6 21132.59 1.0000

7 20046.9 1871.7 179.7 2719.5 1655.2 5296.3 5576.7 37346.0 37346 1.0000

sum 72285.5 6692.2 662.6 9218.6 5586.9 19413.7 19698.7

Target 72286.1 6692.1 662.6 9218.4 5586.8 19413.7 19698.5 133558.1

b i

1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

TAZ 1 2 3 4 5 6 7sum Target

a

i

1 8585.1 725.3 66.2 907.0 552.0 2268.1 2055.5 15159.2 15159.23 1.00000

2 8082.6 793.3 80.1 992.1 603.8 2135.3 2138.7 14825.9 14825.92 1.00000

3 6721.7 729.1 73.6 911.8 583.4 1775.8 1869.8 12665.3 12665.35 1.00000

4 10257.3 911.0 101.6 1391.4 846.9 2994.9 3153.4 19656.5 19656.5 1.00000

5 6658.1 653.5 69.3 903.2 497.4 1944.0 2046.9 12772.5 12772.49 1.00000

6 11934.3 1008.2 92.1 1393.4 848.1 2999.2 2857.4 21132.6 21132.59 1.00000

7 20047.1 1871.7 179.7 2719.5 1655.2 5296.3 5576.6 37346.0 37346 1.00000

sum 72286.1 6692.1 662.6 9218.4 5586.8 19413.7 19698.5

Target 72286.11 6692.069 662.55 9218.429 5586.78619413.65619698.49073133558.089

b i

1.00 1.00 1.00 1.00 1.00 1.00 1.00

First iteration

Home to work trips

third iteration

Home to work trips

second iteration

Home to work trips
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TAZ 1 2 3 4 5 6 7sum (Oi) Target

1 3195.269 839.8774 1440.13 2512.788 1167.007 2072.661 6370.646 17598.379 23058 1.31

2 2826.366 863.1396 1635.672 2582.386 1199.33 1833.366 6227.79 17168.05 22621 1.32

3 2237.937 755.3181 1431.347 2259.799 1103.322 1451.672 5184.036 14423.432 19148 1.33

4 3457.959 955.5271 2001.187 3491.74 1621.659 2478.963 8852.574 22859.61 29959 1.31

5 2216.579 676.9177 1348.546 2238.233 940.5752 1589.035 5674.57 14684.457 19314 1.32

6 4350.144 1143.437 1960.64 3780.782 1755.898 2684.168 8673.207 24348.276 31701 1.30

7 6887.019 2000.641 3606.365 6954.299 3229.765 4467.371 15953.34 43098.796 56514 1.31

sum(Dj) 25172.27 7234.857 13423.89 23820.03 11017.56 16577.24 56936.16 154182 202315

target 25171.27 7234.857 13423.89 23820.03 11017.56 16577.24 56936.16 154181

1.00 1.00 1.00 1.00 1.00 1.00 1.00

TAZ 1 2 3 4 5 6 7sum (Oi) Target

1 4186.551 1100.44 1886.91 3292.342 1529.053 2715.671 8347.04 23058 23058 1.00

2 3724.083 1137.29 2155.20 3402.608 1580.264 2415.684 8205.873 22621 22621 1.00

3 2971 1002.73 1900.20 3000.024 1464.728 1927.185 6882.13 19148 19148 1.00

4 4531.88 1252.28 2622.69 4576.152 2125.289 3248.842 11601.87 29959 29959 1.00

5 2915.397 890.33 1773.70 2943.877 1237.109 2090.008 7463.582 19314 19314 1.00

6 5663.807 1488.73 2552.72 4922.507 2286.146 3494.737 11292.35 31701 31701 1.00

7 9030.716 2623.37 4728.90 9118.938 4235.082 5857.914 20919.07 56514 56514 1.00

sum(Dj) 33023.43 9495.174 17620.31 31256.45 14457.67 21750.04 74711.92

target 25171.27 7234.857 13423.89 23820.03 11017.56 16577.24 56936.16 154181

0.7622 0.7620 0.7618 0.7621 0.7621 0.7622 0.7621

TAZ 1 2 3 4 5 6 7sum (Oi) Target

1 3191.093 838.4784 1437.524 2509.04 1165.22 2069.804 6361.078 17572.242 23058 1.312

2 2838.588 866.5606 1641.919 2593.072 1204.25 1841.163 6253.499 17239.05 22621 1.312

3 2264.569 764.0323 1447.653 2286.269 1116.20 1468.843 5244.706 14592.278 19148 1.312

4 3454.31 954.1762 1998.071 3487.411 1619.59 2476.171 8841.507 22831.236 29959 1.312

5 2222.187 678.3866 1351.278 2243.481 942.75 1592.942 5687.816 14718.837 19314 1.312

6 4317.093 1134.342 1944.766 3751.362 1742.17 2663.585 8605.632 24158.95 31701 1.312

7 6883.435 1998.882 3602.676 6949.394 3227.37 4464.729 15941.92 43068.407 56514 1.312

sum(Dj) 25171.27 7234.857 13423.89 23820.03 11017.56 16577.24 56936.16

target 25171.27 7234.857 13423.89 23820.03 11017.56 16577.24 56936.16 154181

1.00 1.00 1.00 1.00 1.00 1.00 1.00

Home to Education

First iteration

Home to Education

scond iteration

third iteration

Home to Education
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IVT WT AT F GC EXP(GC)

0.102363 0.102363 0.102363 1

TAZ 1-1 3 6 4 2 -3.331 0.0358

TAZ 1-2 4 6 4 3 -4.433 0.0119

TAZ 1-3 6 6 4 3 -4.638 0.0097

TAZ 1-4 9 6 4 3 -4.945 0.0071

TAZ 1-5 10 7 4 3 -5.150 0.0058

TAZ 1-6 15 11 5 3 -6.173 0.0021

TAZ 1-7 25 13 7 5 -9.606 0.0001

TAZ 2-1 4 6 4 3 -4.433 0.0119

TAZ 2-2 3 5 4 2.5 -3.728 0.0240

TAZ 2-3 2 4 5 2 -3.126 0.0439

TAZ 2-4 3 5 5 1.5 -2.831 0.0590

TAZ 2-5 4 7 6 2 -3.740 0.0238

TAZ 2-6 7 6 5 4 -5.843 0.0029

TAZ 2-7 15 10 7 2.5 -5.776 0.0031

TAZ 3 -1 6 6 4 4 -5.638 0.0036

TAZ 3 -2 3 5 4 2 -3.228 0.0396

TAZ 3-3 2 3 3 2 -2.819 0.0597

TAZ 3-4 3 4 3 2 -3.024 0.0486

TAZ 3-5 5 4 3 1.5 -2.728 0.0653

TAZ 3-6 10 4 3 2.5 -4.240 0.0144

TAZ 3-7 16 4 3 2 -4.354 0.0129

TAZ 4-1 9 6 4 5 -6.945 0.0010

TAZ 4-2 3 5 5 2 -3.331 0.0358

TAZ 4-3 3 4 3 1.5 -2.524 0.0802

TAZ 4-4 3 4 3 1 -2.024 0.1322

TAZ 4-5 5 7 3 1.5 -3.035 0.0481

TAZ 4-6 10 8 3 2 -4.150 0.0158

TAZ 4-7 16 6 3 3 -5.559 0.0039

TAZ 5-1 10 7 6 5 -7.354 0.0006

TAZ 5-2 4 7 6 2 -3.740 0.0238

TAZ 5-3 5 4 3 1.5 -2.728 0.0653

TAZ 5-4 5 7 3 1 -2.535 0.0792

TAZ 5-5 4 4 4 1.5 -2.728 0.0653

TAZ 5-6 10 4 3 2 -3.740 0.0238

TAZ 5-7 15 5 3 3 -5.354 0.0047

TAZ

Mini Bus
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IVT WT AT F GC EXP(GC)

0.102363 0.102363 0.102363 1

TAZ 1-1 3 10 4 1 -2.740 0.0646

TAZ 1-2 4 10 5 1 -2.945 0.0526

TAZ 1-3 6 12 4 1 -3.252 0.0387

TAZ 1-4 9 9 4 1 -3.252 0.0387

TAZ 1-5 15 10 4 2 -4.969 0.0070

TAZ 1-6 15 11 5 2 -5.173 0.0057

TAZ 1-7 27 13 7 2 -6.811 0.0011

TAZ 2-1 3 10 4 1 -2.740 0.0646

TAZ 2-2 4 10 5 1 -2.945 0.0526

TAZ 2-3 6 12 4 1 -3.252 0.0387

TAZ 2-4 9 9 4 1 -3.252 0.0387

TAZ 2-5 15 10 4 2 -4.969 0.0070

TAZ 2-6 15 11 5 2 -5.173 0.0057

TAZ 2-7 27 13 7 2 -6.811 0.0011

TAZ 3 -1 3 10 4 1 -2.740 0.0646

TAZ 3 -2 5 10 6 1 -3.150 0.0429

TAZ 3-3 3 12 5 1 -3.047 0.0475

TAZ 3-4 7 9 6 1 -3.252 0.0387

TAZ 3-5 8 10 6 1 -3.457 0.0315

TAZ 3-6 11 9 5 1 -3.559 0.0285

TAZ 3-7 27 13 7 2 -6.811 0.0011

TAZ 4-1 12 10 13 2 -5.583 0.0038

TAZ 4-2 4 10 5 1 -2.945 0.0526

TAZ 4-3 6 12 4 1 -3.252 0.0387

TAZ 4-4 9 9 4 1 -3.252 0.0387

TAZ 4-5 15 10 4 2 -4.969 0.0070

TAZ 4-6 15 11 5 2 -5.173 0.0057

TAZ 4-7 27 13 7 2 -6.811 0.0011

TAZ 5-1 3 10 4 1 -2.740 0.0646

TAZ 5-2 4 10 5 1 -2.945 0.0526

TAZ 5-3 6 12 4 1 -3.252 0.0387

TAZ 5-4 9 9 4 1 -3.252 0.0387

TAZ 5-5 15 10 4 2 -4.969 0.0070

TAZ 5-6 15 11 5 2 -5.173 0.0057

TAZ 5-7 27 13 7 2 -6.811 0.0011

city Bus

TAZ
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IVT WT AT F GC EXP(GC)

0.102363 0.102363 0.102363 1

TAZ 1-1 3 10 4 1 -2.740 0.0646

TAZ 1-2 4 10 5 1 -2.945 0.0526

TAZ 1-3 6 12 4 1 -3.252 0.0387

TAZ 1-4 9 9 4 1 -3.252 0.0387

TAZ 1-5 15 10 4 2 -4.969 0.0070

TAZ 1-6 15 11 5 2 -5.173 0.0057

TAZ 1-7 27 13 7 2 -6.811 0.0011

TAZ 2-1 3 10 4 1 -2.740 0.0646

TAZ 2-2 4 10 5 1 -2.945 0.0526

TAZ 2-3 6 12 4 1 -3.252 0.0387

TAZ 2-4 9 9 4 1 -3.252 0.0387

TAZ 2-5 15 10 4 2 -4.969 0.0070

TAZ 2-6 15 11 5 2 -5.173 0.0057

TAZ 2-7 27 13 7 2 -6.811 0.0011

TAZ 3 -1 3 10 4 1 -2.740 0.0646

TAZ 3 -2 5 10 6 1 -3.150 0.0429

TAZ 3-3 3 12 5 1 -3.047 0.0475

TAZ 3-4 7 9 6 1 -3.252 0.0387

TAZ 3-5 8 10 6 1 -3.457 0.0315

TAZ 3-6 11 9 5 1 -3.559 0.0285

TAZ 3-7 27 13 7 2 -6.811 0.0011

TAZ 4-1 12 10 13 2 -5.583 0.0038

TAZ 4-2 4 10 5 1 -2.945 0.0526

TAZ 4-3 6 12 4 1 -3.252 0.0387

TAZ 4-4 9 9 4 1 -3.252 0.0387

TAZ 4-5 15 10 4 2 -4.969 0.0070

TAZ 4-6 15 11 5 2 -5.173 0.0057

TAZ 4-7 27 13 7 2 -6.811 0.0011

TAZ 5-1 3 10 4 1 -2.740 0.0646

TAZ 5-2 4 10 5 1 -2.945 0.0526

TAZ 5-3 6 12 4 1 -3.252 0.0387

TAZ 5-4 9 9 4 1 -3.252 0.0387

TAZ 5-5 15 10 4 2 -4.969 0.0070

TAZ 5-6 15 11 5 2 -5.173 0.0057

TAZ 5-7 27 13 7 2 -6.811 0.0011

TAZ 6-1 19 10 4 2 -5.378 0.0046

TAZ 6-2 15 10 5 1 -4.071 0.0171

TAZ 6-3 15 9 4 1 -3.866 0.0209

TAZ 6-4 10 9 5 1 -3.457 0.0315

TAZ 6-5 10 15 4 1 -3.969 0.0189

TAZ 6-6 3 11 5 1 -2.945 0.0526

TAZ 6-7 15 13 7 1 -4.583 0.0102

TAZ 7-1 30 10 4 3 -7.504 0.0006

TAZ 7-2 25 10 5 2 -6.095 0.0023

TAZ 7-3 20 12 5 2 -5.787 0.0031

TAZ 7-4 20 10 5 2 -5.583 0.0038

TAZ 7-5 20 10 4 2 -5.480 0.0042

TAZ 7-6 15 13 5 2 -5.378 0.0046

TAZ 7-7 4 11 7 1 -3.252 0.0387

city Bus

TAZ
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IVT WT AT F GC EXP(GC)

0.102363 0.102363 0.102363 1

TAZ 1-1 0 0 0 0 0.000 1.0000

TAZ 1-2 8 2 3 3 -4.331 0.0132

TAZ 1-3 10 4 3 4.5 -6.240 0.0019

TAZ 1-4 6 4 3 1.5 -2.831 0.0590

TAZ 1-5 25 7 4 5.5 -9.185 0.0001

TAZ 1-6 30 7 5 7 -11.299 0.0000

TAZ 1-7 30 7 7 7 -11.504 0.0000

TAZ 2-1 11 6 4 3 -5.150 0.0058

TAZ 2-2 0 0 0 0 0.000 1.0000

TAZ 2-3 5 4 4 2 -3.331 0.0358

TAZ 2-4 5 5 5 1.5 -3.035 0.0481

TAZ 2-5 20 7 6 3.5 -6.878 0.0010

TAZ 2-6 25 6 5 5 -8.685 0.0002

TAZ 2-7 25 6 7 4 -7.890 0.0004

TAZ 3 -1 11 6 4 3 -5.150 0.0058

TAZ 3 -2 10 5 4 2 -3.945 0.0194

TAZ 3-3 0 0 0 0 0.000 1.0000

TAZ 3-4 9 4 3 3 -4.638 0.0097

TAZ 3-5 5 4 3 2 -3.228 0.0396

TAZ 3-6 8 4 3 3 -4.535 0.0107

TAZ 3-7 16 4 3 5 -7.354 0.0006

TAZ 4-1 21 6 4 4.5 -7.673 0.0005

TAZ 4-2 5 5 5 2 -3.535 0.0291

TAZ 4-3 7 4 3 1.5 -2.933 0.0532

TAZ 4-4 0 0 0 0 0.000 1.0000

TAZ 4-5 11 7 3 2 -4.150 0.0158

TAZ 4-6 25 8 3 4 -7.685 0.0005

TAZ 4-7 24 6 3 3 -6.378 0.0017

TAZ 5-1 27 7 6 6 -10.095 0.0000

TAZ 5-2 25 7 6 5 -8.890 0.0001

TAZ 5-3 5 4 3 2 -3.228 0.0396

TAZ 5-4 8 7 3 2 -3.843 0.0214

TAZ 5-5 0 0 0 0 0.000 1.0000

TAZ 5-6 10 4 3 2 -3.740 0.0238

TAZ 5-7 15 5 3 3 -5.354 0.0047

TAZ 6-1 30 11 5 7.5 -12.209 0.0000

TAZ 6-2 20 6 5 5 -8.173 0.0003

TAZ 6-3 16 4 3 3 -5.354 0.0047

TAZ 6-4 18 8 3 3 -5.969 0.0026

TAZ 6-5 10 4 3 1.5 -3.240 0.0392

TAZ 6-6 0 0 0 0 0.000 1.0000

TAZ 6-7 16 4 3 3.5 -5.854 0.0029

TAZ 7-1 30 6 4 7 -11.095 0.0000

TAZ 7-2 24 10 7 5 -9.197 0.0001

TAZ 7-3 17 4 3 4 -6.457 0.0016

TAZ 7-4 15 6 3 3 -5.457 0.0043

TAZ 7-5 15 5 3 2.5 -4.854 0.0078

TAZ 7-6 16 4 3 3 -5.354 0.0047

TAZ 7-7 0 0 0 0 0.000 1.0000

TAZ

Rick show
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TAZ

Mini Bus City Bus Rick Show

EXP(GC)

TAZ 1-1 0.0358 0.064559 1 1.1003

TAZ 1-2 0.0119 0.052607 0.0131581 0.0776

TAZ 1-3 0.0097 0.038697 0.0019495 0.0503

TAZ 1-4 0.0071 0.038697 0.0589704 0.1048

TAZ 1-5 0.0058 0.006953 0.0001026 0.0129

TAZ 1-6 0.0021 0.005666 1.238E-05 0.0078

TAZ 1-7 0.0001 0.001102 1.009E-05 0.0012

TAZ 2-1 0.0119 0.064559 0.0058016 0.0822

TAZ 2-2 0.0240 0.052607 1 1.0766

TAZ 2-3 0.0439 0.038697 0.0357674 0.1184

TAZ 2-4 0.0590 0.038697 0.0480533 0.1457

TAZ 2-5 0.0238 0.006953 0.0010302 0.0317

TAZ 2-6 0.0029 0.005666 0.0001691 0.0087

TAZ 2-7 0.0031 0.001102 0.0003745 0.0046

TAZ 3 -1 0.0036 0.064559 0.0058016 0.0739

TAZ 3 -2 0.0396 0.042868 0.0193532 0.1018

TAZ 3-3 0.0597 0.047489 1 1.1072

TAZ 3-4 0.0486 0.038697 0.0096789 0.0970

TAZ 3-5 0.0653 0.031533 0.0396226 0.1365

TAZ 3-6 0.0144 0.028465 0.0107221 0.0536

TAZ 3-7 0.0129 0.001102 0.0006398 0.0146

TAZ 4-1 0.0010 0.003762 0.0004651 0.0052

TAZ 4-2 0.0358 0.052607 0.0291458 0.1175

TAZ 4-3 0.0802 0.038697 0.0532327 0.1721

TAZ 4-4 0.1322 0.038697 1 1.1709

TAZ 4-5 0.0481 0.006953 0.0157704 0.0708

TAZ 4-6 0.0158 0.005666 0.0004596 0.0219

TAZ 4-7 0.0039 0.001102 0.0016986 0.0067

TAZ 5-1 0.0006 0.064559 4.131E-05 0.0652

TAZ 5-2 0.0238 0.052607 0.0001378 0.0765

TAZ 5-3 0.0653 0.038697 0.0396226 0.1436

TAZ 5-4 0.0792 0.038697 0.0214392 0.1394

TAZ 5-5 0.0653 0.006953 1 1.0723

TAZ 5-6 0.0238 0.005666 0.02375 0.0532

TAZ 5-7 0.0047 0.001102 0.0047275 0.0106

TAZ 6-1 0.0003 0.004617 4.987E-06 0.0049

TAZ 6-2 0.0029 0.017062 0.0002821 0.0202

TAZ 6-3 0.0032 0.020939 0.0047275 0.0289

TAZ 6-4 0.0058 0.031533 0.002558 0.0399

TAZ 6-5 0.0238 0.018901 0.0391572 0.0818

TAZ 6-6 0.0238 0.052607 1 1.0764

TAZ 6-7 0.0017 0.010227 0.0028674 0.0148

TAZ 7-1 0.0000 0.000551 1.52E-05 0.0006

TAZ 7-2 0.0003 0.002255 0.0001014 0.0026

TAZ 7-3 0.0017 0.003066 0.0015699 0.0064

TAZ 7-4 0.0039 0.003762 0.0042676 0.0119

TAZ 7-5 0.0047 0.004168 0.0077944 0.0167

TAZ 7-6 0.0047 0.004617 0.0047275 0.0141

TAZ 7-7 0.0291 0.038697 1 1.0678
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TAZ1-1 0.033 0.059 0.909

TAZ2 0.153 0.678 0.169

TAZ3 0.192 0.769 0.039

TAZ4 0.068 0.369 0.563

TAZ5 0.451 0.541 0.008

TAZ6 0.269 0.730 0.002

TAZ7 0.057 0.934 0.009

TAZ8 0.144 0.785 0.071

TAZ9 0.022 0.049 0.929

TAZ10 0.371 0.327 0.302

TAZ11 0.405 0.266 0.330

TAZ12 0.748 0.219 0.032

TAZ13 0.332 0.649 0.019

TAZ14 0.678 0.241 0.082

TAZ15 0.048 0.873 0.078

TAZ16 0.389 0.421 0.190

TAZ17 0.054 0.043 0.903

TAZ18 0.501 0.399 0.100

TAZ19 0.479 0.231 0.290

TAZ20 0.269 0.531 0.200

TAZ21 0.881 0.075 0.044

TAZ22 0.186 0.725 0.090

TAZ23 0.304 0.448 0.248

TAZ24 0.466 0.225 0.309

TAZ25 0.113 0.033 0.854

TAZ26 0.679 0.098 0.223

TAZ27 0.720 0.259 0.021

TAZ28 0.579 0.166 0.255

TAZ29 0.010 0.990 0.001

TAZ30 0.310 0.688 0.002

TAZ31 0.455 0.269 0.276

TAZ32 0.568 0.278 0.154

TAZ33 0.061 0.006 0.933

TAZ34 0.447 0.107 0.447

TAZ35 0.448 0.104 0.448

TAZ36 0.058 0.941 0.001

TAZ37 0.143 0.843 0.014

TAZ38 0.111 0.725 0.164

TAZ39 0.145 0.790 0.064

TAZ40 0.290 0.231 0.479

TAZ41 0.022 0.049 0.929

TAZ42 0.117 0.689 0.193

TAZ43 0.043 0.931 0.026

TAZ44 0.098 0.864 0.039

TAZ45 0.273 0.481 0.246

TAZ46 0.324 0.317 0.359

TAZ47 0.283 0.250 0.467

TAZ48 0.336 0.328 0.336

TAZ49 0.027 0.036 0.936

P(Mini Bus) P(City Bus)P(Rick Show)
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TAZ No of trip Trip(mini bus)Trip(City bus)Trip(Rick Show)

TAZ 1-1 8585 279 504 7802 8585

TAZ 1-2 725 111 491 123 725

TAZ 1-3 66 13 51 3 66

TAZ 1-4 907 62 335 510 907

TAZ 1-5 552 249 299 4 552

TAZ 1-6 2268 609 1655 4 2268

TAZ 1-7 2056 117 1921 18 2056

TAZ 2-1 8083 1167 6345 570 8083

TAZ 2-2 793 18 39 737 793

TAZ 2-3 80 30 26 24 80

TAZ 2-4 992 401 263 327 992

TAZ 2-5 604 452 132 20 604

TAZ 2-6 2135 709 1385 41 2135

TAZ 2-7 2139 1449 515 175 2139

TAZ 3 -1 6722 324 5870 528 6722

TAZ 3 -2 729 284 307 139 729

TAZ 3-3 74 4 3 67 74

TAZ 3-4 912 457 364 91 912

TAZ 3-5 583 279 135 169 583

TAZ 3-6 1776 477 943 355 1776

TAZ 3-7 1870 1647 141 82 1870

TAZ 4-1 10257 1904 7434 919 10257

TAZ 4-2 911 277 408 226 911

TAZ 4-3 102 48 23 32 102

TAZ 4-4 1391 157 46 1188 1391

TAZ 4-5 847 575 83 189 847

TAZ 4-6 2995 2157 775 63 2995

TAZ 4-7 3153 1826 522 805 3153

TAZ 5-1 6658 65 6589 4 6658

TAZ 5-2 654 203 450 1 654

TAZ 5-3 69 31 19 19 69

TAZ 5-4 903 513 251 139 903

TAZ 5-5 497 30 3 463 497

TAZ 5-6 1944 868 207 868 1944

TAZ 5-7 2047 917 214 917 2047

TAZ 6-1 11934 686 11236 12 11934

TAZ 6-2 1008 144 849 14 1008

TAZ 6-3 92 10 67 15 92

TAZ 6-4 1393 203 1101 89 1393

TAZ 6-5 848 246 196 406 848

TAZ 6-6 2999 66 147 2786 2999

TAZ 6-7 2857 335 1970 552 2857

TAZ 7-1 20047 859 18673 515 20047

TAZ 7-2 1872 183 1617 73 1872

TAZ 7-3 180 49 87 44 180

TAZ 7-4 2719 882 861 977 2719

TAZ 7-5 1655 469 413 773 1655

TAZ 7-6 5296 1779 1738 1779 5296

TAZ 7-7 5577 152 202 5223 5577

24774 77902 30880 133556

Home to work trips
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TAZ No of tripTrip(mini bus)Trip(City bus)Trip(Rick Show)

TAZ 1-1 3191 104 187 2900 3191

TAZ 1-2 838 128 568 142 838

TAZ 1-3 1438 277 1106 56 1438

TAZ 1-4 2509 170 927 1412 2509

TAZ 1-5 1165 526 630 9 1165

TAZ 1-6 2070 556 1511 3 2070

TAZ 1-7 6361 363 5943 54 6361

TAZ 2-1 2839 410 2228 200 2839

TAZ 2-2 867 19 42 805 867

TAZ 2-3 1642 609 537 496 1642

TAZ 2-4 2593 1049 689 855 2593

TAZ 2-5 1204 901 264 39 1204

TAZ 2-6 1841 611 1194 36 1841

TAZ 2-7 6254 4238 1505 512 6254

TAZ 3 -1 2265 109 1978 178 2265

TAZ 3 -2 764 297 322 145 764

TAZ 3-3 1448 78 62 1308 1448

TAZ 3-4 2286 1146 912 228 2286

TAZ 3-5 1116 534 258 324 1116

TAZ 3-6 1469 395 780 294 1469

TAZ 3-7 5245 4619 396 230 5245

TAZ 4-1 3454 641 2504 309 3454

TAZ 4-2 954 290 427 237 954

TAZ 4-3 1998 931 449 618 1998

TAZ 4-4 3487 394 115 2978 3487

TAZ 4-5 1620 1100 159 361 1620

TAZ 4-6 2476 1783 641 52 2476

TAZ 4-7 8842 5120 1464 2258 8842

TAZ 5-1 2222 22 2199 1 2222

TAZ 5-2 678 211 466 1 678

TAZ 5-3 1351 614 364 373 1351

TAZ 5-4 2243 1275 623 345 2243

TAZ 5-5 943 57 6 879 943

TAZ 5-6 1593 712 170 712 1593

TAZ 5-7 5688 2547 594 2547 5688

TAZ 6-1 4317 248 4064 4 4317

TAZ 6-2 1134 163 956 16 1134

TAZ 6-3 1945 216 1410 318 1945

TAZ 6-4 3751 546 2965 241 3751

TAZ 6-5 1742 506 402 834 1742

TAZ 6-6 2664 59 130 2475 2664

TAZ 6-7 8606 1009 5933 1664 8606

TAZ 7-1 6883 295 6412 177 6883

TAZ 7-2 1999 195 1726 78 1999

TAZ 7-3 3603 983 1733 887 3603

TAZ 7-4 6949 2253 2200 2496 6949

TAZ 7-5 3227 914 806 1507 3227

TAZ 7-6 4465 1500 1465 1500 4465

TAZ 7-7 15942 435 578 14929 15942

Home to Education trips
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TAZ Trip(mini bus)Trip(City bus)Trip(Rick Show)

TAZ 1-1 25 10 2601

TAZ 1-2 10 10 41

TAZ 1-3 1 1 1

TAZ 1-4 6 7 170

TAZ 1-5 23 6 1

TAZ 1-6 55 33 1

TAZ 1-7 11 38 6

TAZ 2-1 106 127 190

TAZ 2-2 2 1 246

TAZ 2-3 3 1 8

TAZ 2-4 36 5 109

TAZ 2-5 41 3 7

TAZ 2-6 64 28 14

TAZ 2-7 132 10 58

TAZ 3 -1 29 117 176

TAZ 3 -2 26 6 46

TAZ 3-3 0 0 22

TAZ 3-4 42 7 30

TAZ 3-5 25 3 56

TAZ 3-6 43 19 118

TAZ 3-7 150 3 27

TAZ 4-1 173 149 306

TAZ 4-2 25 8 75

TAZ 4-3 4 0 11

TAZ 4-4 14 1 396

TAZ 4-5 52 2 63

TAZ 4-6 196 16 21

TAZ 4-7 166 10 268

TAZ 5-1 6 132 1

TAZ 5-2 18 9 0

TAZ 5-3 3 0 6

TAZ 5-4 47 5 46

TAZ 5-5 3 0 154

TAZ 5-6 79 4 289

TAZ 5-7 83 4 306

TAZ 6-1 62 225 4

TAZ 6-2 13 17 5

TAZ 6-3 1 1 5

TAZ 6-4 18 22 30

TAZ 6-5 22 4 135

TAZ 6-6 6 3 929

TAZ 6-7 30 39 184

TAZ 7-1 78 373 172

TAZ 7-2 17 32 24

TAZ 7-3 4 2 15

TAZ 7-4 80 17 326

TAZ 7-5 43 8 258

TAZ 7-6 162 35 593

TAZ 7-7 14 4 1741

2252 1558 10293

Number of modes for Home to work trips
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TAZ  No of mini busNo of City busNo of Rick Show

TAZ 1-1 9 4 967

TAZ 1-2 12 11 47

TAZ 1-3 25 22 19

TAZ 1-4 15 19 471

TAZ 1-5 48 13 3

TAZ 1-6 51 30 1

TAZ 1-7 33 119 18

TAZ 2-1 37 45 67

TAZ 2-2 2 1 268

TAZ 2-3 55 11 165

TAZ 2-4 95 14 285

TAZ 2-5 82 5 13

TAZ 2-6 56 24 12

TAZ 2-7 385 30 171

TAZ 3 -1 10 40 59

TAZ 3 -2 27 6 48

TAZ 3-3 7 1 436

TAZ 3-4 104 18 76

TAZ 3-5 49 5 108

TAZ 3-6 36 16 98

TAZ 3-7 420 8 77

TAZ 4-1 58 50 103

TAZ 4-2 26 9 79

TAZ 4-3 85 9 206

TAZ 4-4 36 2 993

TAZ 4-5 100 3 120

TAZ 4-6 162 13 17

TAZ 4-7 465 29 753

TAZ 5-1 2 44 0

TAZ 5-2 19 9 0

TAZ 5-3 56 7 124

TAZ 5-4 116 12 115

TAZ 5-5 5 0 293

TAZ 5-6 65 3 237

TAZ 5-7 232 12 849

TAZ 6-1 23 81 1

TAZ 6-2 15 19 5

TAZ 6-3 20 28 106

TAZ 6-4 50 59 80

TAZ 6-5 46 8 278

TAZ 6-6 5 3 825

TAZ 6-7 92 119 555

TAZ 7-1 27 128 59

TAZ 7-2 18 35 26

TAZ 7-3 89 35 296

TAZ 7-4 205 44 832

TAZ 7-5 83 16 502

TAZ 7-6 136 29 500

TAZ 7-7 40 12 4976

3833 1260 16341

Number of veicle for Home to Education trips
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