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ABSTRACT

The transportation planning process or travel demand forecasting process which is
most commonly used at present, called the Urban Transportation Planning Process
(UTPP), has its origins in studies performed about three decades ago in urban areas in the
United States. This conventional planning process was designed primarily for the
western/developed world where affordability and accessibility to a personal automobile is
a common feature.

The UTPP based models used in forecasting future travel demand rely heavily on
socio-economic variables that are associated with an individual's propensity to travel. The
socio-economic environments in the developing and the under-developed world are
different from that prevailing in the developed world. Many urban areas in the third-world
contain a mix of ethnic groups or households with structural differences in income and
social characteristics. Thus, a direct application of the methodology of the UTPP may not
be relevant to developing countries in third-world settings.

The main objectives of this research are to study the travel characteristics and
sensitivity of key factors affecting travel demand of the people in the third world and to
develop a framework that allows for the treatment of different groups based on one or
more socio-economic features, such as income, household size etc.

Trip generation models are developed to study the travel behavior in a third world
city, Dar-es-Salaam, capital of Tanzania, located in Africa. The study area is divided into
33 traffic analysis zones, and data for 22 zones of the 33 were available for this study.
Typical Downtown, Residential, and Industrial areas are chosen for study. The influence

of key trip generation socio-economic variables such as income, household size, age etc.,
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are evaluated, and models developed for different groups under consideration. A marked
variation is observed in the behavior of people depending upon where they reside. A
single model for the entire study area proved to be unsatisfactory, thus highlighting some
of the short-comings of the conventional process. Therefore, several models were
calibrated. The travel behavior of individuals in the medium income group is less
predictable. High income groups show a definite behavior. Also, recommendations are
made to develop strategies to improve data collection procedures, in order to obtain
accurate household information. Walk is a major mode of transport and thus, requires
serious consideration in terms of mode choice calibration. Improvements in the operations
of transit facilities and services, frequency, travel fare are likely to affect the travel
behavior of the poor to a large extent. Other important variables not included in the
study, such as distance to the downtown area, labor force in the household, ethnic origin
etc., may prove to be significant in better explaining and forecasting travel demand. The
terms "third-world" and "developing countries" are used interchangeably throughout the

work.
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CHAPTER 1

INTRODUCTION

WHY TRANSPORTATION PLANNING?

An urban tranéportation system is a basic component of an urban areas's social,
economic, and physical structure. Not only does transportation system provide
opportunities for mobility, but over the long term, it influences patterns of growth and the
level of economic activity through the accessibility it provides to land. Urban
transportation issues are concemned primarily with the movement of people and goods
between origins and destinations within an urban area. This movement can be carried out
through a variety of modes, use different energy sources, and serve different needs. At the
level of the individual traveler, urban transportation is a trip from an origin to a destination
to accomplish some activity at the destination. At the level of a metropolitan region,
transportation demand is the aggregate of thousands, or, in some cases, millions of
individual trip-making decisions. These decisions result in passenger trips, using various
modes, over the transportation facilities provided in an urban area during specific time
periods (travel flows). A transportation system, thus consists of the facilities and services
that allow these travel flows throughout an urban area. The characteristics of urban travel
flows and the facilities that permit such travel are basic to understanding current and
future transportation needs. Planning for the development or maintenance of the urban
transportation system is an important activity, both for promoting the efficient movement
of people and goods in an urban area and for maintaining the strong supportive role that

transportation can play in attaining other community objectives.



A rational approach could be used for the process of planning transportation
systems or an approach that seeks to furnish unbiased information about the effects that a
proposed transportation project will have on the community and its expected users.
Transportation planning processes in urban areas are defined at different levels of
complexity and purpose. While transit planners examine alternative service
configurations, traffic engineers might identify problems with traffic flows on the highway
network, regional planners might study urban development patterns and the provision of
public services, individual employers might be considering alternative employee
transportation programs, and social service agencies might be examining transportation
options to improve delivery of their services to the general public. With different groups
and organizations concurrently conducting transportation planning activities in an urban
area, the requirements of these planning efforts will vary from one group to the next.

The models used in forecasting future travel demand rely heavily on socio-
economic variables that are associated with individual's propensity to travel. Among such
variables are income, family size, gender and age of the trip maker, type of employment,
and vehicle ownership etc. Also, spatial and network characteristics, such as distance to
the Central Business District, accessibility to the downtown area, link speeds and capacity
influence the trip makers' choice of transportation mode. These factors influence the
travel pattern of an area and affect the number of trips generated in an area. A detailed
study of the land-use developments and socio-economic characteristics of an area is

needed in order to develop a safe and efficient transportation system.

THE TRANSPORTATION PLANNING PROCESS

Transport planning studies have been conducted in a large number of urban areas
throughout the world during the past few decades (see Chapter 2: Literature review). A
process for conducting these studies has developed, and is still evolving, while attempts

are being made to provide a systematic method for travel demand forecasting to help solve



urban transport problems. The planning process that is most commonly used at present,
called the Urban Transportation Planning Process (UTPP), has its origins in studies
performed in several cities in the United States during the 1950-1960 period, particularly
in Detroit and Chicago [Hutchinson, 1974]. Figure 1 shows the principal elements of the
process developed for the Chicago Area Transportation Study [Hutchinson, 1974]. While
more recent transport studies have made significant contributions to the development of
land-use prediction models, travel-demand forecasting methods, and evaluation
procedures, most of these studies have been organized within the same framework
developed for the Chicago study.

The UTPP is a formalized planning methodology designed to provide guidelines
and priorities for future transportation investment, and construction of urban transport
infrastructure and facilities. An integral part of the UTPP is travel demand forecasting,
which consists of four distinct steps: Trip Generation, Trip Distribution, Mode Split, and
Traffic Assignment. The UTPP is discussed briefly next.

In the traditional UTPP, an urban area is divided into spatial analysis units, called
traffic analysis zones (TAZs) which form the basis for analysis of travel movements within,
into, and out of the urban area. This division is based on several criteria including
homogeneity of socio-economic characteristics of each zone's population, homogeneity of
land-use characteristics of the zones, reduction in the number of intrazonal trips, and zonal
boundaries based on census units such as blocks and tracts.

Trip Generation is the process of determining the number of trips that will begin or
end in each TAZ within the study area. Each trip has two ends: production end and
attractions end. For trips that have an end at home, the home end of the trip is considered,
by destination, to be the production end and the other end the attraction. These trips are

known as home-based trips. Trips are further described in terms of trip purposes (Home
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Based Work, Non-Home Based, Home Based Other). For example, a Home Based Work
trip would be considered to have a trip end produced in the home zone and attracted to
the work zone.

Trip generation analysis has two primary functions: (1) to develop a relationship
between trip productions or attractions and land use and socio-economic characteristics of
trip makers, and (2) to use the relationship developed to estimate the number of trips that
will be generated at some future target year under a new set of predicted land-use
conditions and socio-economic characteristics. Some of the most commonly used
methods for trip generation analysis are cross-classification method, and regression
analysis. Cross-classification analysis is a technique for estimating trip-production rates of
households which have been classified into a number of separate categories according to a
set of socio-economic parameters that characterize the household. Regression analysis
involves calibration of regression equations relating the number of trips generated to the
socio-economic characteristics. The most appropriate prediction equations may then be
selected based on certain statistical criteria.

Trip distribution analysis is a process by which the trips generated in and attracted
to a zone are used to predict the distribution of trips between pairs of origins and
destinations. The most widely used trip distribution model is the gravity model, which
states that the number of trips Tij from zone i to zone j is directly proportional to the
number of trips generated in zone i, number of trips attracted by zone j and inversely
proportional to a function of travel impedance between the two zones.

Mathematically, the gravity model is expressed as follows.
AFK;

T =P ——"+—"— (n
P Y AFRK,
k

where

Tij = number of trips that are produced in zone i and attracted to zone j;



P; = total number of trips produced in zone i, obtained from trip generation step;
Aj=number of trips attracted to zone j, obtained from trips generation step;

Fik = a value which is an inverse function of the travel impedance; and

Kjk= socio-economic adjustment factor for interchange ik.

A trip interchange matrix is obtained summarizing the number of trips produced
from each zone and attracted to each other zone in the study area. The distribution of the
total trip productions depends on measures of relative attractiveness of the destination
zone, such as travel impedance between the origin-destination pair as compared to travel
impedances of all possible destinations.

Mode Split is the step in the UTP process that determines the number (or
percentage) of trips between zones that are made by different modes of transport. The
selection of the mode of travel depends on factors such as traveler's income, the
availability of transit service, auto ownership, and the relative advantages or utilities of
each mode in terms of travel time, cost, comfort, convenience, and safety.

Traffic Assignment is the final step in the travel demand forecasting process. This
is used to determine the actual street and highway routes that will be used and hence, an
estimate of the volume of traffic that can be expected on each highway segment. The
procedure used to determine the expected traffic volumes is known as traffic assignment.
Examples of algorithms used for this purpose include all-or-nothing, incremental or

equilibrium assignment techniques.

IMPLEMENTATION OF THE UTP PROCESS

Transport planning recommendations derived from the UTPP are arrived at
through the simulation of land use and transport relationships based on an area-wide
study, employing data from household and roadside surveys, as well as planning studies.
The basic stages of the process include:

1. preparation of land use, transport and travel inventories of the study area;



2. analysis of present land use and travel characteristics;
3. forecast of Jand use and travel characteristics;
4. setting of planning goals and the formulation of transport alternatives designed to
accommodate the projected travel demands and land use changes;
5. testing and evaluation of alternative transport plans; and
6. selection of plan for implementation.
The above stages have remained the major corner-stones of conventional urban

transport planning process since the inception of the process in the USA during the 1950s.

A CRITIQUE OF THE PROCESS

The conventional planning process described above is intended primarily for the
western/developed world. The socio-economic environment in the third-world countries
is different from that prevailing in the western world. In the developing countries, there is
a prevalence of a large mix of ethnic groups or households with structural differences in
income and social characteristics, availability of a variety of modes of transportation
including walk, and large variations in the economical status of "haves" and "have-nots".
This is markedly different from settings in the western world. Thus, a direct application of
the methodology of the UTPP may not be relevant to the third-world. A '"developmental
approach' [Dimitriou, 1992], rather than the conventional approach may be more suitable
for application to the third world.

The 'developmental approach’ to urban transport planning is different from the
conventional approach in that it relies more on developments in the field of planning for
transport, while the conventional approach relies on planning transport needs for urban
development. The implementation of this approach requires the adoption of measures
aimed at improving the productive potentials of cities, the distribution of urban

opportunities, and the improvement of social life and the physical environment.



RESEARCH OBJECTIVE

The main objective of this research is to study the trip making characteristics and
travel sensitivity of the people in a third-world city. A framework is developed to model
groups of people based on one or more key factors influencing travel demand such as
income, household size, accessibility to private automobile, etc. Dar-es-Salaam, a third-
world city located in Africa and the capital of Tanzania, is used as a case study to illustrate
the application of the framework developed.

Trip generation models are developed for different socio-economic groups in the
study area, and travel making characteristics within and across groups are presented,
analyzed and compared. Deficiencies in the application of the conventional UTPP are
highlighted, and implications of the findings to the overall transportation planning process

in the country are discussed.

OUTLINE OF THESIS

Discussions on the application of the UTP process in third-world countries with
details on the third-world characteristics, principles and assumptions of the UTP process
are presented in Chapter 2.

The methodology used for the study and the procedure followed are discussed in
Chapter 3. Details of the study area under consideration and analysis of the study area
data are described in Chapter 4. Chapter 5 provides the analysis of the results obtained for
different groups, and Chapter 6 includes the conclusions and recommendations. The
terms "third-world" and "developing countries" are used interchangeably throughout the

work.



CHAPTER 2

APPLICATION OF THE UTP PROCESS TO THIRD-WORLD COUNTRIES

THIRD-WORLD CHARACTERISTICS
The "Third World' countries share several common socio-economic characteristics,
which can briefly be summarized as follows [Dimitriou, 1992}
1. dependence on the industrialized world for trade, investment, monetary arrangements,
university education, research and development activities etc.;
2. rapid growth phenomena in major socio-economic trends affecting development;
3. a dual economy with widespread inequalities; and
4. a dominant role played by the public sector in national development.
A dual economy manifests itself in the co-existence of modern and traditional
methods of production; 'formal' (registered and taxable) and 'informal' (unregistered and

often illegal) economic activities; as well as extreme poverty and affluence.

PRINCIPLES AND ASSUMPTIONS

A primary assumption of the UTP process, irrespective of context, is that there is a
land-use system with an employment base from which trips are generated, and that this
relationship (between land-use and travel) is stable over time. While cultural differences
need to be taken into account if motorized private vehicles alone are considered, the
overall transport picture of Third World cities will be incomplete since other significant

modes of travel such as walk and bicycle are ignored.
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Another key assumption warranting further attention is the aggregation assumption
i.e., the assumption that a group of people can be treated in the same way if reference is
made to their average characteristics. In view of the greater diversity of income and
ethnic composition of the inhabitants of many Third World cities, people within a traffic
analysis zone need not necessarily behave in the same way. Thus, such situations need to
be dealt with separately.

The conventional approach of the UTP process assumes that the people behaving
in a certain manner previously, will continue to respond according to same criteria, in the
same way, in a new set of circumstances and over time. This is a major problem since
Third World nations are growing at a fast pace with overall economic development and
urbanization. Thus, travel behavior of the people changes constantly while adapting to the
improving/improved overall developments in the society. Thus, taking the above
observations into consideration, the development of a single model for entire study area

may not be appropriate.

LITERATURE REVIEW

Said, Young, and Ibrahim [1991] discuss the travel behavior of people living in
Kuwait city. The urban areas in Kuwait contain a mix of ethnic groups or households with
structural differences in income and social status (Kuwaitis, Arabs, and Asians). Current
trip generation techniques, according to the authors, do not explicitly allow for the
treatment of these different groups. The recommended stratification developed separate
models for trips per household, for different ethnic groups, revealing certain interesting
facts such as, the type of house owned by the residents was found to be a significant factor
affecting trip generation in the Arab community. Also, the number of adults, number of
children, and the income of the household were observed to be significant for all groups.

It can be noted here, that the aggregate trip generation model across population groups
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may not always be a better approach in developing a model for a third world city.

Abdelgader [1981] proposes a need-based approach to the transportation problems
in the third world countries, since the poor form the major portion of the total population.
Also, problems such as high rate of migration into urban areas by the rural poor, and
increased rate of population growth with very little development in transportation systems
supply, according to the author, lead to a pressing need for a need-based approach, as
opposed to the demand-oriented approach, that is, planning transport for urban
development based on the needs of the poorer community which forms a major proportion
of the transit users. He also highlighted some of the deficiencies in conventional travel
demand forecasting. The problem with demand models used in the Amman study was that
they estimated the travel demand by the poor as those observed at the time of the study,
and did not inquire about any other additional trips the poor needed to make. According
to Abdelgader, many areas where the poor reside lack adequate public transit systems and
that the poor are spending a high percentage of their income on travel; thus leading to
lower trip demand by the poor. It is therefore, important to estimate trips made by the
poor based on their assessed need.

Swait and Ben-Akiva [1986] addressed the appropriateness of choice theory for
modeling travel demand. In a highly constrained environment, such as can be found in
low-income areas, observed choice may well be the result of the elimination of alternatives
through active constraints, as opposed to the exercise of a choice prerogative by the
decision maker. According to the authors the effect of constraints on travel behavior is
particularly important for analyses in developing nations. Issues dealt highlight
fundamental differences between developed and developing countries in terms of travel
demand.

Dimitriou [1992] discusses the conventional planning process and the technology
transfer of the same and its derivatives to Third World countries, and the subsequent

formulation of the theoretical basis for a 'developmental approach' to urban transport
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planning. In view of the greater diversity of income and ethnic composition of the
inhabitants of many Third World cities, according to the author, people within a traffic
analysis zone need not necessarily behave in the same way.

Early transportation planning studies for Dar-es-Salaam, done by Wilbur Smith
Associates [1991] for the government of The United Republic of Tanzania, included
addressing major problems such as meeting the growing demand for public transport
services in a cost effective manner. They also addressed the need for a strengthened
institutional framework for urban transport, and realized that a fragmented, project
oriented solution will not be sufficient. Public transport services in Dar-es-Salaam do not
operate in isolation. The physical state of the roads, the existence of effective traffic
management systems, and the integration of public transport operations and planning with
all other aspects of urban transport planning is essential for an effective transportation
system.

The conclusions based on previous studies about the local bus company Shirika la
Usafiri Dar-es-Salaam Ltd. (UDA) revealed that while the average travel time for a UDA
passenger was approximately 60 minutes, only 24 minutes was in-vehicle travel time and
28 minutes was waiting time at bus stop, and 8 minute walking time. The present supply
of public transport in Dar-es-Salaam does not meet the total transport demand by any
measure. There is a large suppressed transport demand. Household survey and traffic
surveys were done and a bus trip generation model was developed. The bus trip
generation model related the number of trips generated per 100 inhabitants to the service
level, and to the respective location of areas with respect to the city center. The model
has been used to estimate the total public transport demand. At the time of traffic surveys,
UDA did transport 375,000 passengers in a day, whereas the total demand was estimated
at 560,000 passengers in May 1982, provided that no overloading takes place and that

waiting time will be reduced.
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Other major problems included traffic congestion in and around the city center
causing problems for the efficient operation of the bus system. Traffic congestion is

primarily due to insufficient road network and the poor state of roads.



CHAPTER 3

METHODOLOGY

TRAVEL-DEMAND FORECASTING PROCESS

Urban travel demand forecasts, first developed in the 1950s, required that
extensive databases be prepared using home interview and roadside interview surveys.
The information gathered provided useful insights concerning the characteristics of the trip
maker, the land use at each end of the trip, and the mode of travel. Travel data could then
be aggregated by zone and/or be used at a more disaggregate level - i.e., household or
individual, to formulate relationships between variables and to calibrate travel demand
models. These data collection and calibration efforts involved a significant investment in
money and personnel resources. Subsequent studies for the same study area were based
on updating the existing database and the use of models that had been developed

previously.

STRUCTURE OF THIRD-WORLD ENVIRONMENT

An understanding of the environment, travel demand, needs, land-use
characteristics, and cultural differences prevailing in third-world countries is imperative in
order to develop a suitable approach for estimating travel demand generation in third
world countries.
Travel Demand

One of the major parameters that influence urban travel and efforts at meeting

travel demand in Third-World cities is the out-of-pocket cost of travel, with some

14
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consideration of time costs. Some of the aspects that could be highlighted are the trip
home for lunch and subsequent return to work, which has a marked impact on traffic
movement patterns throughout the day. Also, widespread ownership of refrigerators is a
common feature in the industrialized countries, while its absence in most Third World
households has an obvious impact on urban trip-making. The situation has a consequent
impact on the location of stores and on the working capital of business. Trip rates in
Third World cities, in general, are found to be much lower than those of the industrialized
nations. These differences are for the most part explainable in terms of incomes, family
sizes, motorization rates, etc. The transport mode mix and empbhasis also differs, with a
much heavier use of public transport in Third World cities.
Travel Needs

There is a difference between 'travel needs' and 'travel desires' in a Third World
context. There are people who cannot afford public transport to get to work but who
clearly 'need' to be mobile. Situations in Third World countries demand supply of
'minimum standards' regardless of costs. This is the minimum amount of services that
people have an inherent right to for survival, such as housing/shelter, clothing, food, etc.-
which is not the meaning of the term as it is used in the UTPP. Urban transport needs are
obvious measures of opportunities for better living standards, jobs, health care and
education for which employment is the requisite.
Land-Use Control and Development

Designing and building a transport system that is robust enough to work under
different urban land-use options is a very critical issue, since planning studies normally
take a long time to complete, with very little time left for testing all the alternatives. Thus,
a great deal of effort goes into building the UTP model and relatively little into testing the

alternatives generated.



16

Cross-cultural Differences

A clear understanding of the background and values of the culture in which a
transport planner is working is a key factor in better addressing the needs of the
community. One of the issues of concern is the problem of how to support public
transport, given that the proportion of automobile owners in Third World cities is very
low. In many cities there is a considerable proportion of the population which cannot
even afford public transport and are walking perhaps ten kilometers each way to work and
back. In these conditions, issues of fare structures, choice of mode, etc., need to be put
into a totally different perspective than that usually associated with industrialized
countries. Common features prevailing in Third-World countries include very large
household sizes with less household incomes, lack of homogeneity in the distribution of
different classes of community and classification of area into zones based on land-use
developments, and the use of a variety of modes for transportation. Gender of the trip-
maker is also an important factor in determining the trip-making pattern in some of the
communities. It has not been taken into account in the changing relationship between
household structure and size in many Third World cities experiencing rapid urbanization.
Yet, projecting changes in household size and composition is critical in travel behavior
forecasts.
Automobile Dependency

While automobile ownership is a key factor in the planning process in the
developed world, it is an unaffordable commodity for the low and middle income groups
who constitute a large proportion of Third-World communities. However, these cities
have an inherent advantage with freedom to choose among options to tackle their travel
problems. The provision of adequate mobility and not over-designing the roads is critical.
Alternative measures are available with respect to traffic restraint, traffic management, the
introduction of extensive bus priority schemes, bicycle paths and/or walking facilities. But

the advantage exists only if the plans for change are related intelligently to the plans for
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transport needed.
Trip Chaining

It is a common occurrence in third-world countries to link trips to visit more than
one destination after leaving the origin (usually home). The spatial distribution of trip
ends and trip timing, as well as the total number of trips, vary substantially depending on
the way trips are linked to each other. Consolidating these trips can prove effective in
terms of travel time and cost. Thus, it is likely that urban residents' trip chaining behavior
will change over time as travel cost, congestion, land-use patterns, and other contributing

factors change.

APPROACH

Considering the above mentioned differences in the socio-economic
characteristics of third-world countries, this research involves study of trip making
characteristics and travel sensitivity of the people in third-world countries. A framework
is developed to model groups of people based on one or more key factors influencing
travel demand such as income, household size, accessibility to private automobile, etc.
Trip generation models are developed for different socio-economic groups in the study
area using regression analysis.

The most commonly used technique for the development of the prediction
equations, the Classical Multiple Linear Regression (CMLR) Analysis is employed in the
study. This involves the study of one variable as a function of various other explanatory
variables, which are likely to affect the dependent variable.[Hutchinson, 1974]

The general form of the CMLR model is:

Yi =bg +b,x;, +b,Xp + b X +u; =b X+ (2)
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where
yj is the number of trips reported by household i;
b's are the coefficients, b; =(b,,b;,...,b,);
X's are explanatory variables, such as household size, household income etc.;
X, =(1,X,,X 550000 X )5

uj is a random error term.

CALIBRATION PROCESS

The trip generation models are developed using a standard regression analysis
package/program (MS Excel 3.0). All models are estimated using the ordinary least
squares regression technique. The principal assumptions of regression analysis are:

1. The variance of the dependent variable about the regression line must be the same for
all magnitudes of the independent variables.
2. The deviations of the dependent variable about the regression line must be independent
of each other and normally distributed.
3. The independent variables are measured without error and are independent of each
other.
4. The regression of the dependent variable on the independent variable is linear.

Thus, the dependent variable is regressed over a number of independent variables,
and a relationship is developed. The coefficients of the independent variables explain the
variation in the dependent variable for a unit change in the independent variables, taken
one at a time. The multiple coefficient of determination, R2, gives the proportion or
percentage of the total variation in the dependent variable explained by the set of
explanatory variables. The R? value of a model gives the goodness of fit of the model,
and the F value indicates the overall performance of model. The difference in the size of
data (N) and the number of variables (k) gives the degrees of freedom available. The ratio

of R2/k to (1-R2)/(N-k-1) gives the value of F. The higher the F value, the better is the
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overall model. A correlation matrix is developed to detect the independent variables
which have a statistical association with the dependent variable, and also to detect any
potential sources of collinearity between pairs of the independent variables. High
correlation between a dependent and an independent variable indicates the degree of
association of the explanatory variable with the dependent variable, while a high
correlation value between two independent variables indicates that either one of the two
variables may be used in the model, instead of both.

Further, the coefficients of a developed model are tested for statistical significance.
A one-tail t-test is used to test whether or not a particular independent variable is
statistically significant in explaining the behavior or variation in the dependent variable.
This test may be done for a desired level of confidence. For the purpose of this study, a t-
statistic lying between -1.00 and +1.00 is chosen, which is within a range of a 70 percent
confidence level. Also, an F-statistic of 3.00 is a chosen minimum for explaining the
overall performance of the developed models. However, each model is tested for the level
of confidence (C.L.) based on the F-statistic for degrees of freedom in the numerator and
denominator.

Full models including all the variables are calibrated and then variables with
coefficients that are not statistically significant are systematically dropped from the
models, resulting in "final" models. Statistical significance is measured using the t-
statistics.

The variables that are likely to affect trip generation include household size,
household income, gender and age of the individual, employment type and occupation of
the individual, automobile and bicycle ownership, labor force in a household. These
variables can be used in the study. The effect of these trip factors in explaining trip
generation and travel pattern will be studied using a case-study. A typical trip generation

regression model would be of the following form:
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Total trips/HH = f(Income, Family Size, Age of the head, Gender of the head, Industry,

Automobile ownership, ...) 3)

Signs a priori

An increase in size of a family is expected to increase the number of trips
generated by a household. Thus, the coefficient for the household size variable is
expected to be positive. Also, higher income households are expected to make more
recreational and non-work trips, and thus the coefficient for this variable is expected to be
positive.  Similarly, accessibility to any kind of private vehicle, motorized or non-
motorized, is expected to increase the total number of trips generated by a household.
Thus, these coefficients are expected to take positive signs. The affects of age and gender
of household head variables, and the type of industry in which the household head is

employed are not explicit, and thus need to be studied.



CHAPTER 4

STUDY AREA AND DATA SET

STUDY AREA

Dar-es-Salaam is the largest city in Tanzania, located in Africa, with a population
of approximately one million inhabitants as of January 1982 [National Transport
Corporation, 1985]. It is the principal center of commerce and industry. The city is
located on the Tanzanian coastal plain with the Indian Ocean on the eastern side. Other
geographical features that have influenced the pattern of urban development in Dar-es-
Salaam are the location of the harbor. The port of Dar-es-Salaam is one of the busiest
East African ports. The total size 61’ the city is 1393 square kilometers.

Commercial activities at the Dar-es-Salaam port and the geographical
characteristics of the urban area have resulted in a radial road network. There are four
major roads emanating from the city center:

a. Pugu road

b. Morogoro road
c. Bagamoyo road
d. Kilwa road

Figure 2 shows the study area map. Administratively, the study area is divided into
three districts, Kinondoni, Ilala, and Temeke, under the administration of the Dar-es-

Salaam City Council (DSMCC). The city has experienced a population growth rate of 4.9
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percent per annum in 1991, which is much higher than the national average of 2.8 percent
per annum [Wilbur Smith Associates, 1991]. The accelerated urban growth rate has
placed extreme pressure on the city authorities that have responsibility for the provision of

urban services. Public transport services, in particular, are inadequate for the city's needs.

DATA FOR THE STUDY

The city of Dar-es-Salaam is divided into 33 traffic analysis zones (TAZ's) (Figure
2). However, data was collected for only 22 TAZ's (Source: University of Dar-es-Salaam,
Dar-es-Salaam, Tanzania). A home interview survey of 3583 households done late 1993
for the area (Dr. Rwebangira, University of Dar-es-Salaam) provides three levels of
information: household information, personal information, and trip information. This
information is based on individuals over 16 years of age who were interviewed. Each trip
made by a household member has information on where the trip originated, along with the
purpose of trip made and mode used to make the trip. From this information, the
destination zone is deduced as the origin zone of the subsequent trip. Households
providing only partial information have been dropped from study data set.

Household information includes zone number to which the household belongs,
sequence of the household in the zone, and size of the household. Each household in a
zone which is interviewed, is given a number in order to keep an account of the total
number of households interviewed. Similarly, each person who is interviewed from a
particular household is given a serial number for record purposes. This system is referred
to as sequence. Personal information includes, sequence of the number of the person in
the household, total income per month in Tanzanian Shillings earned by the person, zone
number where individual resides, zone number of individual's work place, gender and age
of the person interviewed, occupation and type of industry in which the individual is
employed, whether or not the individual has an access to a private vehicle. The third level

of information provided, i.e.,, trip information includes, number of the trip made, zone of
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departure, time of departure, travel time in minutes from origin to destination, purpose of
trip made, and the mode chosen to make the trip.

The collected data elements are itemized in Table 1: the sequence of the household
in the zone, the sequence of the number of person in a family, household size, total income
per month in Tanzanian Shillings earned by the person, the zone where the individual
resides, zone the individual works, gender and age in years, of the person interviewed,
occupation (employer, employee, student, house-keeper, unemployed, self employed),
type of industry in which the individual works (agriculture, forestry, fishery, mining,
construction, manufacturing, commerce, finance, transportation service, public service
etc.), whether or not the individual has access to a private vehicle, motor cycle, and
bicycle for use at any time, the number of the trip made, origin TAZ2, time of departure,
travel time in minutes, the purpose of the trip (work, school, business, shopping, and
others), the various modes used to make trips (walk, bicycle, motor cycle, taxis, minibus,
bus on a regular route, passenger car, light goods truck, medium goods truck, heavy
goods truck, and others). Gender, accessibility to private motorized and non-motorized
vehicles, and type of industry in which an individual is employed take dummy values 1 or
0. Gender takes a value 1 for a male, and O for a female. Likewise, accessibility measure
for private vehicle, motor cycle, and a bicycle are indicated by 1 for each of the motorized
or non-motorized vehicle. Around 80 percent of the households are employed in
commerce, finance, transportation service, public service etc., belonging to industry type
3. Thus, this type is coded 1 while the other types is coded 0. Each individual trip made
by a person is divided into a number of segments. For each leg of a trip, a separate mode
could be chosen. For example, a trip made to work place, though essentially is one trip,
may have many segments, such as walk to a bus stop, a transit trip, a walk trip from the
bus stop to the work place, etc. Thus, each leg of one complete trip has a separate chosen

mode by an individual, which is coded as first mode, second mode, third mode, etc. A

2 The destination zone is deduced from the origin zone of the subsequent trip.
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maximum of five modes have been observed to be chosen for any single trip based on
purpose.

Household data are used for trip generation analysis. A FORTRAN program
[Appendix I] was written to aggregate the personal trip data into household trip data,
including the total household income, size, total number of household trips, total number
of household trips by purpose, by mode, average travel time per household. Table 2
iternizes the data generated after processing the initial data with the FORTRAN program.
Figure 3 shows the steps involved in processing the data using the program.

The processed data-set is used to develop trip generation models for total trips,
work trips, non-work trips, and walk trips per household as a function of a set of socio-

economic and land-use variables.

PROCEDURE
Study Area Model (Total Trips/Household)

The calibration process explained in the previous section is used to develop a
model for the complete study area. A single model for all the 22 zones under
consideration gives a very poor fit explaining only 13 percent of the variation in total
household trips generated. Table 3 summarizes the coefficients and corresponding t-
statistic of the study area model. It can be observed from the table that all the variables in
the model except income are significant in explaining the variation in trip generation.
However, the overall model is good with a high F-statistic of 27 significant at 99%
confidence level (C.L.). Thus, there is a need to separate the zones into different groups
based on the individual zonal characteristics.

Stratification of zones

People living in different areas of the city, belonging to different classes of income

levels etc. are expected to show differences in travel behavior. Thus, stratification of the

study area based on the land-use and household socio-economic characteristics is done.



TABLE 1: DATA ELEMENTS IN HOUSEHOLD SURVEY
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Zone number

2. Sequence of houschold in the zone

3. Sequence of the number of the person in a family

4. Household size

5. Total income per month in Tanzanian Shillings earned by the person

6. Zone number where individual resides

7. Zone number of individual's work place

8. Gender of the person interviewed

9. Age of the person interviewed in years

10. | Occupation (cmployer, employee, student, house-keeper, unemployed, self-employed etc.)

11. ) Industry type (agriculture, forestry, fisheries, mining, construction, manufacturing, commerce,
finance, transportation services, public services etc.)

12. | Accessibility measure to private vehicle, motor ¢ycle, bicycle

13. | Number of the trip made

14. | Zone of departure

15. | Time of departure

16. | Travel time in minutes from Origin to Destination

17. | Purpose of the trip made (work, school, business, shopping, others)

18. | First mode, second mode, third mode, fourth mode and fifth mode chosen to make a trip (walk,

bicycle, motor cycle, taxis, minibus, bus on a regular route, passenger car, light goods truck,

medium goods truck, heavy goods truck, and others)
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TABLE 2: ELEMENTS OF PROCESSED DATA
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Zone number

2. Sequence of household in the zone

3. Houschold size

4. Total income per month in Tanzanian Shillings earned by the household

5. Origin zone of trip

6. Destination zone of trip

7. Gender of the household head

8. Age of the household head in years

9. Occupation (employer, employee, student, house-keeper, unemployed, self-employed etc.)

10. | Industry type (agriculture, forestry, fisheries, mining, construction, manufacturing, commerce,
finance, transportation services, public services etc.)

11. [ Accessibility measure to private vehicle, motar cycle, bicycle

12. [ Total number of trip made by the household

13. | Number of work trips made by the houschold

14. | Number of non-work trips made by the household

15. { Average travel time in minutes

16. | Primary mode of a trip

17. | Number of trips made by each mode (walk, bicycle, motor cycle, taxis, minibus, bus on a

regular route, passenger car, light goods truck, medium goods truck, heavy goods truck, and

others)

The study area is divided into different groups, based on the premise that there are

underlying differences in the travel behavior of the people living in different parts of the

city - downtown, residential and industrial. The residential area is further divided into
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residential area I and residential area II based on average monthly income. Table 4 details
the grouping of zones. Further, each category is divided into four groups based on
income classifications, as low income group, medium income group, high income group,
and very high income group. Figure 4 gives a schematic representation of the
classification of study area into various groups. Of the areas available for study, Kisutu,
Mchafukoge (Zone 10), Kariakoo, Jangwani (Zone 20), Kivukoni (Zone 30), Upanga
East, and Upanga West (Zone 40) include land-uses for commercial, business, retail
centers and government offices. Thus, these areas may be grouped as the Central
Business District, Kigogo (Zone 110), Mzimuni, Ndugumbi, Magomeni (Zone 120),
Kinondoni (Zone 130), Mwananyamala (Zone 140), Makurumla (Zone 150), Tandale
(Zone 160), Manzese (Zonel70), and Temeke (Zone 260), Mtoni (Zone 270) are
predominantly residential areas. These areas may thus be grouped for study of the
residential area models. The residential areas further divided into two groups, residential
area | and II, based on their average monthly zonal incomes. Areas Kinondoni (Zone
130), Mwananyamala (Zone 140), Makurumla (Zone 150), and Mtoni (Zone 260) belong
to the residential area I with an average zonal income of 35,000 shillings or more a month.
The other zones comprise of the residential area II with an average zonal income less than
35,000 shillings a month. Areas Keko (Zone 70), Miburani (Zone 80), and Buguruni
(Zone 90) have significant industrial land-uses, and thus are treated separately to develop

a models for the industrial areas.

ANALYSIS OF ZONAL STRATIFICATION

A study of the available household data for the 22 zones reveals that around 15
percent of the households living in the residential and industrial regions have access to
private vehicles, while around 47 percent of the households in the Downtown areas have
access to private vehicles. Similarly, around 10 percent have access to motor cycles, while

around 46 percent have access to private vehicles in the downtown areas. Access to
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TABLE 3: COMPLETE STUDY AREA MODEL

Variable Coefficient (t-stat)
HH Size 0.267(10.430)
Income -0.001(-0.455)
Gender 0.189(1.094)
Age 0.018(2.454)
Industry -0.305(-1.719)
Vehicle 0.898(4.978)
Motor 1.158(3.973)
Bicycle 0.632(2.954)
R? 0.137

F/C.L. 27.904/99%
df 1401

N 1410

TABLE 4: STRATIFICATION OF ZONES
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Downtown Area Kisutu, Mchafukoge, Kariakoo, Jangwani, Kivukoni, Upanga East, and Upanga
West

Residential Area ] Kinondoni, Mwananyamala, Makurumla, Mtoni

Residential Area Il Kigogo, Mzimuni, Ndugumbi, Magomeni, Tandale, Manzese, Temeke

Industrial Area Keko, Miburani, Buguruni

bicycles is only 15 percent. Around 85 percent of the household heads interviewed are
employed in commerce, financial, transportation services, public services etc., while the
other 15 percent is involved in agriculture, forestry, fisheries, construction, maintenance
etc. Also, it was observed from the data that around 80 percent of the households have
male household heads. Table 5 summarizes the statistics of the study area. Figure 5
shows the relative percentages of vehicle, motorcycle, and bicycle accessibility among
households in the different areas. Figures 6 show the proportion of households employed
in industry type I and II, and figure 7 shows the percentage of households with male and

female heads in the study area.




TABLE 5: SUMMARY STATISTICS OF STUDY AREA VARIABLES
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Area Type/Variable Downtown Area Residential Area Industrial Area
Access to private vehicle 47% 15% 15%

Access to motorcycle 46% 10% 10%

Access to bicycle 15% 15% 15%
Employment Type /11 85%/ 15% 85%/15% 85% /15%
Head of HH Male/Female 80% / 20% 80% / 20% 80% / 20%

Table 6 summarizes the averages for household income and size for the different

groups in the study area. It can be observed from the table that the downtown area has

high income groups with large families. The average household income of households in

residential area I is relatively high compared to that in residential area II, with smaller

average household sizes in residential area I. These differences in the characteristics of

groups is likely to affect the trip generation pattern of these groups.

In general, the

average income of households in the industrial area is much lower than those residing in

other areas of the city.

TABLE 6: GROUP AVERAGES FOR HOUSEHOLD INCOME AND SIZE

Area Type Average Household Income Average Household Size
Downtown Area 62000 Shillings/month 5.8 persons
Residential Area I 39000 Shillings/month 5.1persons
Residential Area Il 29000 Shillings/month 5.3 persons
Industrial Arca 25000 Shillings/month 5.0 persons




33

a18 Apnys ay) up uopnqrysip 2d£ yuawlojdwy 1y a3 8218 APN)S Iy} Ul MOPNQLYSIP PBIY Ployasnoy] 19 dandy g

(s600°59) |

— (%00°08) 3TYW

—- (%00°02) 37vn3ad
(%00°G1) #t

spioyasnoy jo uognguistp juawikojdwig uoRnqiysi pesH HH ejewed SA sepy

818 ApIS a1y Ul uonnqiusip KIqIssadns AYdA g 2andig

sejoiyaa ejeald 0) Sseady
8johog 8joAa1010p EIIITET Y

T .

o o
-

Q O
M «

SplOYasnoy Jo JaqINN %

(=]
~

8

uonnguisip AIGISSaode 3|dIYaA




34

To check for correlation between the socio-economic variables, correlation
matrices are developed for each group, as shown in tables 7, 8, 9 and 10. It can be
observed from the tables that all the in the data may be used for developing the trip
generation models, since the independent variables have very low correlations with other
independent variable.

The calibration of models started by including all the variables in the models (i.e.,
"Full Models" (Appendix II) and then variables with coefficients that were not statistically
significant were systematically dropped from the models, resulting in “final" models.
Statistical significance is measured using the t-statistics.

Figures 8, 9, 10, and 11 show the income distributions of the households in the
four areas based on land-use: Downtown, Residential 1 and II, and Industrial areas
respectively. It can be observed from the figures that there is a large variation in the
distribution of income groups among different areas. While the distribution is skewed
towards low income for the residential and industrial areas, the distribution for downtown
area does not follow any pattern. While there is a equal concentration of all the income
groups in the downtown area, a large proportion of the people living in the residential and
industrial areas belong to the medium income group, with a very small proportion
belonging to the high and very high income groups. The downtown area comprises of
around 35 percent of the very high income group households, while the other zones have
only 14 percent of households in this group. A large proportion of the population in the
residential areas belongs to the medium income groups. It is also observed that low
income household also have large families. However, the residential area is divided into
two separate groups depending on the average income of the zones. Based on income
distributions, and the values obtained for each of the above variables from statistical
calculations (Appendix III) i.e., mean +/- 1 standard deviation, reasonable cut-off values
are achieved for developing different categories. All households with incomes less than or

equal to 15,000 Tanzanian Shillings per month are classified as low income groups.
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Income ranges more than 15,000 shillings to 50,000 shillings are classified as medium
income groups. Households with incomes greater than 50,000 shillings and less than
80,000 shillings are grouped as the high income groups. Very small proportion of the
population (12 percent) belongs to income groups higher than those mentioned above.
Thus, these income groups belong to the very high income groups.

CORRELATION COEFFICIENT MATRICES

TABLE 7: DOWNTOWN AREA

Variable | HH Size | Income | Gender | Age Industry | Vehicle | Motor Bicycle
HH Size | | 0.069 -0.059 0.091 -0.042 0.063 -0.091 0.063
Income 0.069 1 0.073 0.039 0.149 0.276 0.037 0.072
Gender | -0.059 0.073 1 0.211 -0.038 0.118 0.047 -0.099
Age 0.091 0.039 0.211 1 0.011 0.058 -0.015 -0.051
Industry | -0.042 0.149 -0.038 0.011 1 0.02] 0.097 0.043
Vehicle | 0.063 0.276 0.118 0.058 0.021 1 0.116 0.065
Motor -0.091 0.037 0.479 -0.015 0.097 0.116 1 0.183
Bicycle 0.063 0.072 -0.099 -0.051 0.043 0.065 0.183 1

TABLE 8: RESIDENTIAL AREA 1

Variable | HH Size | Income | Gender | Age Industry | Vehicle | Motor Bicycle
HH Size | ! 0.008 0.006 0.281 0.004 0.104 0.073 0.086
Income 0.088 1 0.103 0.179 0.048 0.301 0.035 0.013
Gender 0.006 0.103 1 0.195 0.039 0.077 0.066 0.067
Age 0.281 0.179 0.195 1 -0.041 0.165 0.063 0.001
Industry | 0.004 0.048 0.039 -0.041 1 0.032 0.018 0.024
Vehicle 0.104 0.301 0.077 0.165 0.032 ] -0.008 -0.019
Motor 0.073 0.035 0.066 0.063 0.018 -0.008 1 -0.018
Bicycle 0.086 0.013 0.067 0.001 0.024 -0.019 -0.018 1

TABLE 9: RESIDENTIAL AREA II

Variable | HH Size | Income | Gender | Age Industry | Vehicle | Motor Bicycle
HH Size |1 0.156 -0.126 0.351 -0.096 0.135 0.083 0.052
Income 0.156 1 0.039 0.152 -0.026 0.314 0.085 0.094
Gender | -0.126 0.039 ] 0.085 0.034 0.022 0.094 0.084
Age 0.351 0.152 0.085 1 -0.083 0.134 0.064 0.075
Industry [ -0.096 -0.026 0.034 -0.083 ) 0.017 0.014 0.011
Vehicle 0.135 0.314 0.022 0.134 0.017 ] 0.056 0.074
Motor 0.083 0.085 0.094 0.064 0.014 0.056 1 0.101
Bicycle 0.052 0.094 0.084 0.075 0.011] 0.074 0.101 1
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TABLE 10: INDUSTRIAL AREA

Variable | HH Size | Income | Gender | Age Industry | Vehicle | Motor Bicycle
HH Size | I 0.173 -0.001 0.256 -0.011 0.105 0.037 0.062
Income 0.173 1 0.101 0.139 -0.043 0.291 0.152 0.046
Gender -0.001 0.101 1 0.142 0.001 0.067 0.118 0.092
Age 0.256 0.139 0.142 1 -0.057 0.116 0.044 0.006
Industry | -0.011 -0.043 0.001 -0.057 1 0.010 -0.002 0.057
Vehicle 0.105 0.291 0.067 0.116 0.010 1 0.123 0.139
Motor 0.037 0.152 0.119 0.044 -0.002 0.123 1 -0.037
Bicycle 0.062 0.046 0.092 0.006 0.057 0.139 -0.037 1




CHAPTER 5

ANALYSIS OF RESULTS

STATISTICAL MODELS AND DISCUSSION OF RESULTS

This chapter presents a discussion of the results of the study of the trip making
behavior of the study area with respect to key variables influencing travel demand.
Accessibility to private vehicle is also considered for study.

As discussed in chapter 4, multiple linear regression analysis technique is employed
for the study. A relationship between the total trips made by a household as a function of
household size, income of the household, gender and age of the head of the household,
type of industry in which the head of the household is employed, and dummy varieles
representing accessibility to private automobile, motor cycle, and bicycle, is developed in

this study. The number of trips per household is then given as:

trips/ HH = by + byhhsize + byincome + bsgender + byage + bsindustry + bgvehicle + bymotor + bgbicycle

4
where trips/HH = the total number of daily trips made by the household;
hhsize = the size of the family;
income = the total monthly income of the household in Tanzanian Shillings;
gender = 1 if the household head is a male, O otherwise;
age = age of the household head in years;

industry = 1 if the head of the household is employed in commerce, finance, transportation
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service, public service, and O if employed in agriculture, forestry, fisheries;
vehicle = 1 if household has an access to a private vehicle, else 0;
motor = 1 if household has an access to a motor cycle, else 0;
bicycle = 1 if household has an access to a bicycle, else 0.
Signs a priori

Ceterus paribus, a larger size of a family is expected to make more trips, thus the
coefficient for the household size variable is expected to be positive. Also, higher income
households are expected to make more recreational, non-work and other trips, and thus
the coefficient for this variable is expected to be positive. Similarly, accessibility to any
kind of private vehicle, motorized or non-motorized, is expected to increase the total
number of trips generated by a household. Thus, these coefficients are expected to take
positive signs. The affects of age and gender of household head variables, and the type of
industry in which the household head is employed are not explicit, and thus need to be
studied. |
Empirical Analysis

As discussed in chapter 4, one model for the complete study area gives a poor fit
(Table 3: complete study area model) explaining only 13 percent of the variation in total
household trips generated. It can be observed from Table 3 that household size, gender
and age of the head of the household, type of industry in which the head of the household
is employed, and accessibility to any private motorized and non-motorized vehicles are all
significant in explaining the overall model. However, household income, being a key
element in the generation of trips, does not explain the variation in trip generation.
Although the R? is low, the performance of overall model is good with a high F-statistic
value of 27.90 significant at 99% confidence level. Thus, regression models are developed
for each strata, and each group is further stratified based income, to study the travel

behavior more closely.
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As indicated in chapter 4, households in each group are divided into different
income categories such as low, medium, high, and very high based on their average
household income. Models developed for different income groups included all the
variables that in the analysis. These models are referred to as "full models" (Appendix II).
Further, all the variables with relatively insignificant coefficients (t-statistic < 1), are
systematically dropped from the models to obtain the final models. These final models

best explain the trip generation behavior for the respective groups.

MODELS BASED ON INCOME CLASSIFICATION
Downtown Area Models

Tables 11a, 11b, 12a, and 12b summarize the total, walk, work, and non-work trip
generation models for all the income groups of the downtown area. The first column of
each table indicates the variables used to develop the models. The entries in the other

columns indicate the coefficient and t-statistic of the variables for all the income groups.

Low Income Model

The low income model shows a good fit, explaining 36 percent of the variation in
total trips generated in the area. The most significant variable is the household income.
The total trips generated is also influenced by the household size and type of industry in
which the head of the household is employed.

The household size and income variables indicate, as expected, that households
with larger families and higher incomes tend to make more trips. The industry type
variable indicates that households with their heads employed in industry type 3 i..,
commerce, transportation services etc. are likely to generate fewer trips. From Table 11a,
it can be observed that for every additional member in the household, an additional 0.53
trip is produced. Similarly, a 1000 Shillings increase in the total monthly income leads to

an additional 0.483 trips by the households in the low income groups, while every



42

additional member of the household, employed in industry type 3 is likely to produce 2.5
fewer trips. This model development effort indicates that total trip generation among the
low income groups is primarily determined by the size of the family, the total household
income, and the industry type in which the head of the household is employed, and is not
influenced by gender and age of the head of the family, or accessibility to any vehicle
(motorized or non-motorized).

Walk is a very primary mode of transportation used in the Third World Countries,
which should therefore be given due consideration. A detailed analysis of the walk trip
models for various income groups is done for the area. Table 11b summarizes the walk
trip generation models.

The walk trip generation model for this group shows a good fit, explaining about
47 percent of the variation in total walk trips generated from the area. The gender of the
head of the family, accessibility to vehicle and motorcycle variables are the only significant
explanatory variables, while the others are not found to be significant. Also, these
significant variables have a negative impact on the trips generated. Thus, as was expected,
access to vehicles and motorcycles among low income groups leads to decrease in walk as
a primary mode.

A summary of the work and non-work trip generation models for all income
groups for the downtown area are presented in tables 12a and 12b respectively. The most
significant variable in the work trip generation model for the low income groups is the
gender of the head of the family. The model gives a good fit, explaining about 40 percent
of the variation in work trips generated by the household. Other variables significant in
explaining the model are the household income, accessibility to vehicle and bicycle. Thus,
all other variables held constant, an increase in the household income leads to generation
of more work trips. Also, same is the case with vehicle and bicycle accessibility. It can be
observed that a household with a female head is likely to generate 0.67 trips more than

that with a male head.
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All shopping, recreation, and other trips are grouped as non-work trips. Around
38 percent of the non-work trips generated by the low income groups are explained, with
the household size, income variables being significant, with a positive impact on the
number of trips generated, and type of industry with a negative impact. Other variables

are observed to be not significant.

Medium Income Model

The model gives a poor fit, explaining only 12.3 percent of the variation in total
trips generated by the medium income households. The number of trips generated by a
household is determined primarily by the accessibility of the household to a vehicle or a
bicycle, whose coefficients are found to be significant. As expected, access to vehicle and
bicycle leads to 1.2 to 2.0 additional trips, respectively. The coefficients of other variables
in the model are not found to be significant, and thus do not affect trip generation.

The walk trip generation pattern for this income group has a very low
predictability. Only 6 percent of the variation in walk trips generated are explained by this
model.

The work trip generation pattern of the medium income households is difficult to
predict. This model, like the total trip generation model, has a very poor fit, explaining
only 10.6 percent of the variation in work trips generated by the household. Household
size and gender of the household head are the only significant variables.

This group is least predictable, with only 15 percent of the variation in non-work
trips generated being explained. However, income, accessibility to vehicle and bicycle
variables are significant.

High Income Model

The high income total trip generation model shows a good fit, explaining 62.4

percent of the trips generated in the area. The number of trips generated by the high



TABLE 11a. DOWNTOWN AREA TOTAL TRIP GENERATION MODELS

r Income ]
Variable
Coef (t-stat) Low Medium High Very High
HH Size 0.530 (2.014) -0.248 (-1.929) | 0.165 (1.358)
Income 0.483 (2.392) 0.079 (1.092) -0.003 (-2.354)
Gender -2.347 (-2.207)
Age 0.054 (1.247) 0.066 (1.771)
Industry -2.524 (-1.764) -1.374 (-1.289) -1.551 (-1.444)
Vehicle 1.193 (1.936) 2.956 (2.672)
Motorcycle 8.429 (4.449) 1.843 (1.694)
Bicycle 2.056 (2.069)
R4 0.356 0.123 0.624 0.309
F/C.L. 3.504/95.53% 4.699/98.38% | 4.982/99% 3.335/99%
df 19 63 15 52
N 23 66 21 60

TABLE 11b. DOWNTOWN AREA WALK TRIP GENERATION MQDELS

l Income [
Variable
Caef (t-stat) Low Medium High Very High
HH Size 0.141 (2.681) 0.243 (2.937)
Income -0.002 (1.937)
Gender -1.902 (-2.982) -1.744 (-2.435)
Age 0.046 (1.819)
Industry 0.514 (1.021) -0.772 (-1.054)
Vehicle -1.361 (-2.304) -0.949 (-1.776) | -1.032 (-1.577) | -1.165(-1.554)
Motorcycle -2.426 (-1.627) -0.841 (-1.064)
Bicycle 2.698 (2.589)
R 0.468 0.058 0.506 0.358
F/C.L. 5.573/99% 2.052/77.64% | 5798/ 99% 4.139/99%
df 19 63 17 52
N 23 66 21 60

Coef - Coefficient

t-stat - t-statistic

44



TABLE 12a. DOWNTOWN AREA WORK TRIP GENERATION MODELS

r Income l
Variable
Coef (t-stat) Low Medium High Very High
HH Size 0.078 (1.949) 0.145 (2.442)
Income 0.089 (1.681) -0.001 (-1.121)
Gender -0.672 (-2.179) 0.655 (2.301)
Age
Industry -0.431 (-1.042)
Vehicle 0.4663 (1.663)
Motorcycle 1.150 (1.021) 1.014 (2.475)
Bicycle 0.726 (1.452) -0.538 (-1.220)
R% 0.402 0.106 0.106 0.208
F/CL. 3.022/95.22% 3.906/95.41% | 2.507/75.61% | 3.148/95.72%
df 18 63 19 54
N 23 66 21 60
TABLE 12b. D -WORK TRIP GENERATION MODELS
r Income [
Variable
Coef (t-stat) Lew Medium High Very High
HH Size 0.456 (2.067) -0.126 (-1.082)
Income 0.422 (2.495) 0.027 (1.025) 0.075 (1.025) -0.002 (-2.010)
Gender -2.170 (-2.193)
Age 0.051 (1.445)
Industry -2.331 (-1.945) -1.034(-1.014)
Vehicle 0.961 (1.598) 2.622 (2.498)
Motorcycle 6.716 (3.496)
Bicycle 2.045 (2.166)
R® 0.381 0.147 0.454 0.226
F/CL. 3.894/9541% | 3.809/95776% | 4.7118/95.76% | 3.155/95.73%
df 19 62 17 54
N 23 66 21 60

Coef - Coefficient

t-stat - t-statistic
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income groups is primarily determined by the household size, income, age of the head of
the household, type of industry, and the accessibility to a motor cycle.

Unlike the low income group model, the household size variable has a negative
coefficient indicating that as the size of the family increases, the number of trips generated
decreases. Also, as the age of the household head increases, more number of trips are
likely to be generated. Access to motorcycles leads to 4.45 additional trips per household.
Other variables used in the model are not significant in explaining the trips generated.

Like the low income groups, around 51 percent of the variation in walk trips are
explained by this model. Interesting observations are that as household size increases,
high income groups are likely to generate more walk trips. Also, access to vehicle results
in less walk trips, while access to bicycle results in more walk trips.

Like the medium income groups, the variation in work trip generation for the high
income groups has a poor fit, with only 11 percent explainability. The only variable
significant is the accessibility to motor cycle.

Around 45.3 percent of the variation in non-work trips generated are explained for
the high income groups, with the household size, income, and accessibility to motorcy«le
variables being significant in explaining the model. Other variables remain not significant.

The size of the household has a negative impact on the trips generated.

Very High Income Model

The total trip generation model for this group gives a reasonable fit, explaining 31
percent of the variation in trip generation pattern. The vehicle accessibility variable is
highly significant. All the variables except accessibility to bicycle are significant in
explaining the trips generated. While household size, age of the head of the family,
accessibility to vehicle and motorcycle have a positive impact on the trips generated, the
income, gender of the head of the household, industry type have a negative impact, with

all variables being significant.
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The trip generation model for the very high income groups explains around 36
percent of the variation in walk trips generated. All the variables except bicycle
accessibility are significant for the group.

Only 21 percent of the variation in work trip generation pattern is being explained
for this group. The household size, income, industry motorcycle and bicycle accessibility
variables are significant, with a negative coefficient for the income variable. The other
variables are found to be insignificant. Thus, an increase in the family size, accessibility to
vehicle and bicycle result in more work trips per household. However, an increase in
income indicates less number of trips generated from the area.

The model for the very high income groups explains around 23 percent of the
variation in non-work trips generated. The household income, gender of the head, and
industry type are found to have negative impact on the total nonwork trips generated. Age
of the household head and vehicle accessibility variables have positive effect on the total
nonwork trips generated by the household. Other variables are not found to be significant
in explaining the model.

In general, the total trips per household model gives a good fit for the low and
high income groups, while the model for the medium income groups gives a poor fit.

While industry type variable is found to have a negative effect on the total trips
generated for all income groups, increase in household size is found to decrease total trips
for the high income groups, increase in income decreases total trips for the very high
income groups. Similar is the effect of gender of the household head on the very high
income groups.

Household income is not found to be significant in explaining the walk trips
generated by the high income groups, while it has a negative impact on the very high
income groups. Income variable is less significant in explaining the variation in walk trip
generation among low income groups in the Downtown area. Common observations are

that access to vehicle and motor cycle is found to decrease walk trips among all the
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income groups. Also, gender of household head is found to be significant among the low
and very high income groups. Households with female heads are likely to produce more
walk trips than those with male heads.

It can be observed that low income groups are more sensitive to income and
bicycle accessibility than the very high income groups. The very high income groups are
more sensitive to household size, vehicle and motor cycle accessibility.

It can also be observed that vehicle accessibility is significant among the low
income groups for work trip generation with a positive affect. However, it is not
significant in the explaining the variation in total trip generation. It can thus be noted that,
access to vehicles among the low income groups is mostly used for making essential i.e.,
work trips. Households earning 200,000 Tanzanian Shillings per month and over are
more sensitive to household size, income, gender, and vehicle accessibility for the total
trips model. Motor cycle accessibility is significant and sensitive for generating work
trips.

It can be observed that, increase in household size increases total nonwork trips in
the low income categories, while it decreases the nonwork trips among the high income
groups. Also, motor cycle accessibility is likely to have a great impact on increasing the
number of nonwork trips among the high income groups.

Vehicle accessibility and household size are observed to have a positive effect on
nonwork trips generated by the very high income groups. Household size, and gender of
household head have a negative impact.

The various income groups behave similarly in terms of the total trips and nonwork
trips. It can be observed that vehicle accessibility is significant among low income groups
for work trips model, while in vehicle accessibility has no effect on these groups for
nonwork trips. Gender of household head is found to have significant effect on generation
of nonwork trips while it is insignificant in work trip generation for the income groups

earning 200,000 Shillings a month and more.



49

It can be observed that vehicle and bicycle accessibility decreases walk trips among
the very high income groups, while it increases the total trips, work trips, and nonwork
trips generated. Increased motor cyéle accessibility is observed to increase total, work,
and nonwork trips generated by the high income groups, while it has no significant affect
on walk trips. An increase in vehicle, motor cycle accessibility decreases walk trips and
increases work trips among the low income groups.

One possible conclusion is that automobile accessibility leads to making essential

trips i.e., work trips only by the low income group households.

Residential Area Models

Zones 130, 140, 150, and 260, with average zonal incomes greater than 35,000
Shillings a month, show a variation in behavior compared to the other residential zones
with average zonal incomes less than 35,000 Shillings a month. Thus, a classification of

the residential area zones into models I and II is done to better explain the behavior.

Residential Area I Models

Zones 130, 140, 150, and 260 with average zonal incomes more than 35,000
Shillings a month belong to the residential area I. These areas are predominantly
residential areas and thus, significant differences in travel behavior are expected.
Therefore, separate models are developed for these areas.

Similar to the Downtown areas, models based on income stratification are
developed for total trips, work trips, non-work trips, and walk trips.

Tables 13a, 13b, 14a, and 14b summarize the trip generation models for the

various income groups for the residential area I.

Low Income Model
The total trip generation model for low income groups explains only 17 percent of
the total trips generated. The variable that has the highest significance on trips generated

is the household size, with a t-statistic of 4.375. Other significant variables in the model
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are income, accessibility to motorcycle and bicycle.

Unlike the work trip models, the non-work trip model gives a better fit, explaining
16 percent of the variation in non-work trips generated. The variables significant are the
household size, income, motorcycle accessibility. Access to a motorcycle leads to 2.64

additional non-work trips.

Medium Income Model

Like the models in other zones, the trip generation pattern of the medium income
groups is less predictable. The total trip generation model developed here, explains only
17.9 percent of the variation in trips generated. The household size, income, vehicle and
motorcycle accessibility variables are observed to be significant. It can be observed here
that the medium income group households are likely to make more trips with increased
vehicle accessibility.

Work trip generation models for low and medium income groups give very poor
fits, explaining only 4 percent and 6 percent variation respectively. However, the income
and gender of the head of the family variables are found to be significant in the medium
income groups, while bicycle accessibility is the only significant variable in the low income
model.

Household size is very significant in explaining the non-work trips generated by the
medium income groups, with an R2 value of 17.6 percent. Other variables significant are
the income, motorcycle accessibility, having a positive impact, and gender of the head of
the family having a negative impact.

High Income Model

The total trip generation model for the high income group explains around 22
percent of the variation in trips generated. It can be observed from the analysis that
household size, industry type, vehicle accessibility are significant and have a positive

impact on the total trips generated by a household. The other variables, however, are
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insignificant.

Unlike the low and the medium income models with very less predictability, the
variation in work trips generated in the high income groups can be explained about 28
percent. The only variables significant are the accessibility variables. Thus, an increased
access to autos, motorcycles, and bicycles leads to more work trips.

About 17.3 percent of the variation in non-work trips can be explained, with the
household size, industry type, and vehicle accessibility variables being significant. These

variables have a positive impact on the trips generated.

Very High Income Model

The model for households for very high income groups explains around 36.3
percent of the variation in total trips generated. It can be observed that the household
size, gender of the household head and vehicle accessibility are the only significant
variables in explaining the number of household trips generated.

Only the very high income groups give better total trip generation model and it can
be observed that household size, gender, and vehicle accessibility are found to have a
positive effect.

The walk trip pattern is much similar to the other models developed above, for all
income groups. It can be observed from Table 13b, that increased household size
increases the total walk trips produced by a household belonging to all the income groups.
However, accessibility to a private vehicle has no impact on the walk trips generated by
the low income groups, while it has a negative impact on the walk trips generated by the
medium income groups. Very poor walk trip models are obtained for the residential area I
with an R2 value of 11.7 percent for the very high income groups.

This work trip generation model for the very high income groups explains around
30.6 percent of the variation in work trips generated. The significant variables are the

gender of the head of the family, vehicle and bicycle accessibility. Other variables are not



TABLE 13a; RESIDENTIAL AREA I TOTAL TRIP GENERATION MODELS

I Income |
Variable
Coef (t-stat) Low Medium High Very High
HH Size 0.329 (4.376) 0.334 (6.979) 0.157 (1.023) 0.639 (3.122)
Income 0.093 (1.663) 0.0187 (1.474)
Gender 5.483 (2.586)
Age .
Industry 3.254 (1.865)
Vehicle 0.632 (1.838) 2.394 (2.789) 2.170 (1.905)
Motorcycle 2.837 (2.368) 0.491 (1.407)
Bicycle 0.753 (1.399)
R? 0.172 0.179 0.216 0.362
F/CL. 7.704/99% 17.124/99% 3.598/95.47% | 7.224/99%
df 144 310 36 34
N 149 315 40 38
TABLE 13b: WALK TRIP GENERATION MODELS
| Income |
Variable
Coef (t-stat) Low Medium High Very High
HH Size 0.202 (3.135) 0.134 (3.471) 0.147 (1.624) 0.186 (1.811)
Income
Gender -0.688 (-2.114)
Age -0.055 (-1.567)
Industry
Vehicle -0.922 (-3.377)
Motorcycle -0.702 (-1.501)
Bicycle 0.372 (1.186)
R? 0.089 0.068 0.108 0.117
F/C.L. 14.603/ 99% 7.686/99% 2.418/75.97% | 2.524/80.07%
df 146 311 37 Kh]
N 149 315 40 38

Coef - Coefficient

t-stat - t-statistic
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TABLE 14a: RESIDENTIAL AREA I WORK TRIP GENERATION MODELS

[ Income j
Variable
Coef (t-stat) Low Medium High Very High
HH Size
Income 0.005 (1.010)
Gender 0.115(1.012) 1.485 (2.421)
Age
Industry
Vehicle 0.791 (2.830) 0.800 (2.331)
Motorcycle 0.652 (2.617)
Bicycle 0.488 (2.601) 0.976 (1.896) 1.162 (2.695)
R4 0.044 0.006 0.285 0.306
F/C.L. 6.856/99% 1.066 / <75% 5.311/99% 5.581/99%
df 147 312 36 34
N 149 315 40 38

4b; RESID -WOR DEL

| Income l
Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.314 (4.518) 0.328 (7.234) 0.202 (1.442) 0.698 (3.683)
Income 0.086 (1.683) 0.020 (1.688)
Gender -0.576 (-1.941) 4.017 (2.164)
Age
Industry 2.594 (1.686)
Vehicle 1.758 (2.323)
Motorcycle 2.641 (2.384) 0.473 (1.425)
Bicycle -2.554 (-1.928)
R® 0.166 0.176 0.173 0.329
F/CL. 9.918/99% 16.862/99% 2.796 / 80.07% 6.210/99%
df 145 310 36 34
N 149 315 40 38

Coef - Coefficient

t-stat - t-statistic
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significant in explaining the work trips generated in this group.

Households belonging to the very high income groups give good fit. Gender of
household head is found to have a positive impact. Also, vehicle and bicycle accessibility
are found to have a positive impact on the work trips generated. Household size does not
determine the number of work trips generated, although it is significant in determining the
total trips generated.

The nonwork trip generation model for the very high income groups is much
similar to that for the work trip model, with an R2 value of 33 percent. The household
size, gender of the head of the family are found to have a positive impact, while bicycle
accessibility has a negative influence on the total nonwork trips generated.

It can be observed that only the very high income groups give good fit with
household size, gender of household head having a positive impact. Age, and industry are
found to have a negative impact. Also, while vehicle accessibility increases total trips and

work trips, it has no affect on nonwork trips.

Residential Area II Models
Zones 110, 120, 160, 170, and 270 with average zonal incomes of less than 35,000

shillings a month are grouped together as residential areas II. Separate models are

developed for these zones.

Tables 15a, 15b, 16a, and 16b summarize the total trip generation models for the

various income groups for the residential area II.

Low Income Model

Compared to the Residential area I model for the Jow income groups, the total trip
generation is better explained for this group, with 26 percent predictability. The most
significant variable is the household size. Other significant variables are the age of the
household head, and bicycle accessibility. Also, the type of industry, the head of the

household is employed in, is significant with a negative impact on the total trips generated.
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The non-work trip generation model for the low income groups explains around
25.3 percent of the variation in trips generated, with household size, age of the household
head, and bicycle accessibility having a positive impact, while income and industry type

have a negative and significant impact.

Medium Income Model

This income group behaves in much a similar manner as the low income groups,
with an R2 value of 20.5 percent. All the variables explained for the low income model
except the industry type, are found to be significant in this model.

The walk trips generated for the low and the medium income groups give poor fits,
explaining only 18 percent of the variation in travel pattern. However, some of the
significant variables are household size, income, gender and age of household head,
industry type, vehicle and motor cycle accessibility.

The non-work trip generation model for medium income groups gives a better fit
than that for the low income groups, with an R2 of 32.4 percent. The income variable has
a positive impact on the trips generated, for this model. Also, access to private vehicle is
likely to decrease the number of nonwork trips, while increased bicycle accessibility
increases total nonwork trips generated. Other significant variables are the household
size, gender of the household head, and bicycle accessibility. However, industry type and

age of the head, have no significant impact on the trip generation.

High Income Model

It can be observed from the table 14 that there is not much variation in the
behavior of the trip making pattern across various income groups. The developed model
explains about 29.3 percent of the variation in total trips generated. The size of the
household and bicycle accessibility have a positive impact on the total trips generated,
while the household income, gender of the household head, and the type of industry have a

negative impact.
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The walk trip patterns for high income groups are better explained, with an R2
value of 33 percent. The only significant variables are household size, and motorcycle
accessibility with positive impacts, and gender of household head, and industry type with
negative impacts.

While vehicle accessibility has no significance in non-work trip generation, motor
and bicycle accessibility have a positive impact. Industry type and gender of household
head have a negative impact on number of trips generated. Household size continues to
have the highest significance, in all these models. Around 30 percent of the variation in

non-work trip pattern is predictable for the high income groups.

Very High Income Model

The total trip generation is better explained in the very high income groups with 45
percent explainability. It can be observed that the accessibility to bicycle continues to
have a positive and significant impact on the total trip generation. Other significant
variables are the size of the household having a positive impact and the industry type with
a negative impact.

Likewise the residential area I, the residential area II models are better explained
for very high income groups, while other groups give poor fits. However, there is a
significant difference in the travel behavior between the two groups.

It can be seen that around 45 percent of the total trips generated are explained for
the very high income groups, while it is only 36 percent for area I. It can also be observed
that household size is significant in explaining the total trip generation models for area II.
Also, vehicle accessibility has no significant effect on trips generated in area II, whille it has
a positive impact on the households of area I. Industry type is found to be significant with

a negative impact on trips generated in area Il



TABLE 15a: RESIDENTIAL AREA II TOTAL TRIP GENERATION MODELS

l Income |
Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.321 (6.024) 0.379 (9.459) 0.509 (3.062) 0.365 (3.436)
Income -0.057 (-1.012)
Gender -1.409 (-1.134)
Age 0.058 (4.381) 0.013 (1.032)
Industry -0.713 (-2.215) -1.423 (-1.188) -2.626 (-2.884)
Vehicle
Motorcycle
Bicycle 0.736 (1.735) 1.118 (2.948) 2.794 (2.283) 1.803 (2.094)
RS 0.255 0.205 0.283 0.452
F/CL. 22.107/99% 42.426 /99% 4.502/99% 10.694/ 99%
df 253 490 51 35
N 258 494 57 39
ABL : WALK ENERATION MODELS
| Income ]
Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.168 (3.315) 0.193 (5.503) 0.199 (1.545) 0.093 (1.277)
Income -0.041 (-1.079) 0.034 (3.258)
Gender -0.561 (-1.883) -0.595 (-2.376) | -3.608 (-3.717)
Age 0.057 (4.398) 0.012 (1.092)
Industry -0.338 (-1.101) -0.487 (-1.905) | -2.235 (-2.537)
Vehicle -1.168 (-1.836) -0.598 (-1.703)
Motorcycle -1.668 (-1.954) -0.415 (-1.013) | 1.254 (1.091)
Bicycle
R® 0.181 0.178 0.328 0.042
F/C.L. 8.162/99% 15.243/ 99% 6.948 / 99% 1.7171 <75%
df 250 486 52 37
N 258 494 57 39

Coef - Coefficient

t-stat - t-statistic
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TABLE 16a: RESIDENTIAL AREA II WORK TRIP GENERATION MODELS

| Income |
Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.037 (1.911) -0.039 (-2.788) | 0.077 (1.357) 0.093 (2.288)
Income 0.029 (1.957) -0.034 (-1.396)
Gender 0.539 (4.648) 0.454 (4.342) 0.755 (1.764)
Age -0.006 (-1.305)
Industry 0.218 (1.783) 0.238 (2.207)
Vehicle 0.568 (1.493)
Motorcycle 0.254 (1.408) 0.553 (1.263)
Bicycle -0.276 (-2.076) | 0.869 (2.099)
R4 0.125 0.103 0.188 0.175
F/CL. 9.189/99% 9.419/ 99% 2.646/95.23% 4,127/ 95.40%
df 253 487 51 36
N 258 494 57 39
TABLE 16b: RE -WORK N DE
{ Income i
Variable '
Coef (t-stat) | Low Medium High Very High
HH Size 0.297 (5.848) 0.351 (9.069) 0.406 (2.662) 0.274 (2.459)
Income -0.069 (-1.867) 0.074 (6.213)
Gender -0.817 (-2.870) | -2.428 (-2.110) 1.075 (1.012)
Age 0.051 (3.994)
Industry -0.888 (-2.881) -1.501 (-1.395) -2.617 (-2.707)
Vehicle -0.863 (-2.097)
Motorcycle 2.013 (1.461)
Bicycle 0.716 (1.767) 1.075 (2.914) 2,054 (1.818) 1.539 (1.673)
R? 0.254 0.324 0.298 0.392
F/CL. 17.535/ 99% 47.332/99% 4,839/ 99% 6.277/99%
df 252 488 51 34
N 258 494 57 39

Coef - Coefficient

t-stat - t-statistic
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Unlike the other zones studied so far, the variation in walk trips for the very high
income groups can be explained only 4 percent, with the household size variable being the
only significant one.

Around 39 percent of the variation in non-work trips generated are explained by
this model. This model is similar to the high income model. One interesting observation is
that, households with male heads are likely to make more trips than those for female
heads, unlike that observed in the high income model.

The work trip models for all income groups give poor fits, explaining only 18
percent of the variation in work trips generated, in all income groups. However, it can be
observed that household size, gender of the head of the household, industry type, motor
cycle and bicycle accessibility are some of the significant variables in explaining the work
trip models. The work trip models developed for the residential areas, in general are poor.

It can be concluded that vehicle accessibility has no affect on walk trips, while it
increases work trips. Thus, it can be observed that households belonging to these zones
make only essential trips.

Total nonwork trips generated are better explained compared to the work trip
models. While vehicle accessibility decreases total nonwork trips, bicycle accessibility is
found to increase work trips among all the income groups. Industry type has a positive
affect compared to other groups with a good fit of 33 percent for medium income groups
for nonwork trips is obtained. Bicycle accessibility has a positive impact on nonwork trips
in residential area II, while it has a negative impact on nonwork trips in residential area 1

for very high income groups.
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Industrial Area Models

Zones 70, 80, and 90 are primarily industrial locations. Thus, separate models are
developed for this group of zones.

Tables 17a, 17b, 18a, and 18b summarize the trip generation models for the
various income groups for the industrial area.

It can be observed from the analysis that trips generated for the very high income
groups gives a good fit, explaining 33 percent of the variation in total trips, while all other
groups explain less than 25 percent variation. While all the variables are significant to an
extent among the low income groups, only household size variable is significant among the
high income groups.

It can be observed that increase in income leads to less number of total trips.
Increased motor cycle accessibility leads to more total trips generated, while increased
vehicle accessibility decreases the total number of trips.

The walk trip models developed for the industrial area give very poor fits, with a
predictability of less than 10 percent. Household size is the most significant variable in
explaining the walk trips in this region. Other significant variables are age of the
household head, type of industry in which the household head is employed, and vehicle
accessibility.

The very high income groups give a good fit of the model, explaining 44.4 percent
of the variation in work trips generated, while it is only 5 to 10 percent among the other
groups. The only significant variable in the very high income model is the accessibility to
a motorcycle. Household size is a significant variable among the other groups. It can also
be noticed that vehicle accessibility and bicycle accessibility measures are significant
among certain income groups to explain the total work trips generated in the areas.

Increased motor cycle accessibility leads to less work trips.



TABLE 17a;: INDUSTRIAL AREA TOTAL TRIP GENERATION MODELS

| Income |

Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.352 (4.833) 0.292 (5.106) 0.590 (2.851)
Income
Gender 6.100 (1.452)
Age 0.0318 (1.848)
Industry -5.900 (-1.653)
Vehicle
Motorcycle
Bicycle 0.893 (1.719) -0.489 (-1.193)
R? 0.144 0.135 0.203 0.334
F/CL. 14.006/ 99% 13.736 / 99% 8.638/99% 3.758780.87%
df 164 261 32 12
N 167 265 34 15

L : w TRIP GENERATION DELS

| Income 1

Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.204 (3.199) 0.124 (2.310) 0.153 (1.024) -0.255 (-0.870)
Income
Gender
Age 0.016 (1.001)
Industry 0.629 (1.383) 1.113 (1.204)
Vehicle -0.378 (-1.046)
Motorcycle
Bicycle
RZ 0.070 0.034 0.078 0.055
F/C.L. 6.327/99% 3.105/95.57% 1.437/ <75% 0.873/ <75%
df 164 261 31 13
N 167 265 34 15

Coef - Coefficient

t-stat - t-statistic
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TABLE 18a: INDUSTRIAL AREA WORK TRIP GENERATION MODELS

[ Income |
Variable
Coef (t-stat) | Low Medium High Very High
HH Size 0.043 (1.597) 0.043 (2.056) 0.093 (1.478)
Income -0.032 (-1.775)
Gender 0.188 (1.229) 0.284 (2.072)
Age
Industry
Vehicle
Motorcycle 2.916 (3.221)
Bicycle -0.214 (-1.327)
R* 0.025 0.034 0.087 0.444
F/CL. 2.132/75.57% | 3.128/95.55% 1.622 / <75% 11.971/99%
df 164 261 31 13
N 167 265 34 15

Variable

Coef (t-stat) | Low Medium High Very High
HH Size 0.310 (4.576) 0.281 (5.399) 0.513 (2.491) -0.782 (-1.823)
Income 0.109 (2.261)

Gender 0.415 (1.220)

Age

Industry -4,688 (-1.644)
Vehicle 0.4998 (1.353)

Motorcycle

Bicycle -0.454 (-1.134)

R4 0.141 0.116 0.162 0.382

F/CL. 13.690/ 99% 8.674/99% 6.593/95.71% 4.633/95.24%
df 164 260 32 12

N 167 265 34 15

Coef - Coefficient

t-stat - t-statistic
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Around 38.2 percent of the variation in non-work trips generated among the very
high income groups are explained by the model, while it is less than 20 percent among the
other groups. Household size, income, gender of the head of the household, and
accessibility to a private vehicle and motor-cycle are the most significant variables among
the low income groups. The medium income group household non-work trip generation is
mostly influenced by the household size, age of the head of the household, and
accessibility to a private vehicle. However, it can be observed that increased vehicle
accessibility is either insignificant, or reduces non-work trips among the high and the very
high income groups respectively.

Among the very high income groups, vehicle accessibility, household size, and
income have a negative affect on the nonwork trips generated, while gender of household
head, and motor cycle accessibility has a positive impact.

In general, only the high income groups are giving better models with good fits,
and the very high income households are found to be less sensitive to nonwork trips.
Also, industrial area which is primarily a work zone, attracting trips explains very less
work trip generation models.

Sensitivity Analysis

Sensitivity of income variable for non-work trips across groups (table 19) reveals
that low income households in the downtown areas are much more sensitive to income
than similar households in other areas. Households living in downtown areas have access
to different places because of good public transit service system (Wilbur Smith Associates,
1991). Low income households in residential area II tend to make less non-work trips
with increase in household income. The average household income of the households in
this area is less than those in residential area I which could possibly result in a fewer non-

work trips.
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Analysis of income sensitivity for work trips across different groups (table 20)
reveals that low income groups in downtown area are more sensitive to work trips. It can
also be observed that as income increases, very high income households in downtown area
make less work trips. These group of households who are classified as high and very high
often hire maids to make short trips to grocery stores, shopping etc.

It can be observed from table 20 that low income households in downtown area
are likely to generate more work trips with access to private vehicles, while the work trip
generation by low income groups of other areas remains unaffected with increased access
to private vehicles. As expected, high and very high income households are likely to
generate more non-work trips with increased access to private vehicles (table 21).
However, vehicle accessibility has no affect on non-work trip generation among low
income households in the study area. While medium income groups in downtown and
industrial areas generate more non-work trips with increased vehicle accessibility,
households in residential area II, in fact, generate 0.86 fewer trips. Non-work trip
generation remains unaffected in the residential areas. Households living in these areas
live far from work places, compared to those in downtown and industrial areas. Also,
gasoline cost is very high thereby discouraging individuals from using vehicles to make
recreational trips. Thus, access to private vehicles does not affect non-work trip
generation.

[t can be observed from table 23 that low income groups in downtown area make
more trips with increase in household size and high income groups make more total trips
in other areas. High and very high income groups in residential and industrial areas are
more likely to make more non-work trips compared to other groups, thereby adding more
number of total trips. These groups of households can afford recreational and social trips

more often than the low and medium income groups.
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Low income groups in residential and industrial areas make more walk trips (table
24). As expected, high and very high income groups generate less walk trips compared to

other groups in the study area.

Table 19: Income sensitivity for non-work trip models

[ Income I
Area Type Low Medium | High Very High
Downtown 0.422 0.027 0.075 -0.002

Residential I | 0.086 0.020

Residential II | -0.069 0.074

Industrial 0.109

Table 20: Income sensitivity for work trip models

l Income l
Area Type Low Medium | High Very High
Downtown 0.089 -0.001
Residential I 0.005
Residential II | 0.029 -0.034
Industrial -0.032

Table 21: Sensitivity of auto accessibility for work trip models

r Income l
Area Type Low Medium | High Very High
Downtown 0.4663
Residential I 0.791 0.8
Residential II 0.568
Industrial

Table 22: Sensitivity of auto accessibility for non-work trip models

r Income |
Area Type Low Medium | High Very High
Downtown 0.961 2.622
Residential 1 1.758
Residential 11 -0.863
Industrial 0.499




Table 23: Sensitivity of household size for total trip models

[ Income j
Area Type Low Medium | High Very High
Downtown 0.530 -0.248 0.165
Residential I | 0.329 0.334 0.157 0.639
Residential IT | 0.321 0.379 0.509 0.365
Industrial 0.352 0.292 0.590

Table 24: Sensitivity of household size for walk trip models

| Income j
Area Type Low Medium | High Very High
Downtown 0.141 0.243
Residential I | 0.202 0.134 0.147 0.186
Residential I | 0.168 0.193 0.199 0.093
Industrial 0.204 0.124 0.153 -0.255
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

From the findings in chapter 5, it can be concluded that zonal-based modeling is
not suitable for third-world countries because of non-homogenous socio-economic
characteristics, and significant differences in the behavior of similar groups residing in
different areas.

The travel behavior of the low income groups in the downtown area is found to be
more sensitive to income. While high income households are more sensitive to motorcycle
accessibility, very high income groups are sensitive to vehicle accessibility. The travel
demand of the medium income groups are not as well explained by the models developed
in this research, although they are found to be sensitive to bicycle accessibility.

Among low income groups in the Downtown area, access to private vehicles leads
to a reduction in walk trips and an increase in work trips. This income group uses vehicles
mostly to make work trips. Medium income groups are likely to produce more non-work
trips with access to Vehicleé and bicycles. Motorcycle accessibility among high income
groups increases work and non-work trips. The very high income groups are likely to
generate more non-work trips due to vehicle accessibility, and more work trips due to
motorcycle accessibility.

While low income groups belonging to Residential Area I are found to be sensitive
to income, and motorcycle accessibility, medium income groups are more sensitive to

household size, and high and very high income groups are sensitive to vehicle accessibility.
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Access to motorcycles increases non-work trips generated by the all income
groups. Vehicle accessibility measure results in generation of more work and non-work
trips among high and very high income group households of Residential Area I.
Households with male heads are likely to generate more non-work trips among very high
income groups, while they are likely to generate less non-work trips among medium
income groups.

Analysis of the Residential Area II shows that low income groups are more
sensitive to income, and high income groups are more sensitive to household size. An
increase in household size increases the total trips generated by the household in the areas.
Access to any motorized or non-motorized vehicle is likely to reduce walk trips among all
income groups in the Residential Area II, while it increases work trips among medium
income groups, and increases non-work trips among very high income groups.

Travel demand of Households residing in the industrial areas are found to be less
sensitive to income. Vehicle accessibility measure increases non-work trips among the
medium income groups, and access to motorcycles increases work trips among very high
income groups. Low income groups are more sensitive to the gender of the household
head. Households with male head are likely to generate more work trips among low
income groups, while they are likely to generate more non-work trips among medium
income groups.

The trip making pattern of the high income groups and the low income groups is
more predictable. A large proportion of the medium income group households rely on a
number of additional economic activities outside of the regular employment in order to
supplement family income. This may result in inaccurate reporting of the income. On the
other hand, the low income groups have more consistent economic activities. Similarly,
the high income group households have a more predictable life-style. Thus, the travel
behavior of high and low income groups is more stable and predictable than medium

income households.
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Gender of the household head and accessibility to bicycles are not found to be
significant. However, increased access to motorcycles leads to more trips generated.
Bicycles are, in general, thought of as unsafe for travel and thus, their usage is less
compared to motorized vehicles. Also, the advantage of a motorized vehicle over a non-
motorized vehicle, in terms of speed and comfort leads to a large proportion of people
using motorized vehicles.

While accessibility to a private automobile is common among the high income
groups, other income groups mostly have access to bicycles and motorcycles. The
primary reasons that can be attributed to this observation is that private automobiles have
high maintenance and operational costs, including the large capital investments. One
interesting observation is that, in the Downtown areas, low income households are
observed to have more access to private vehicles than in other areas, which was not
expected. Although, this group of people has access to private vehicles, they are less used
for making either work or nonwork trips. It is relevant to note that a common practice in
Dar-es-Salaam, among the low income and high income groups is to operate their vehicles
as private taxis for generation of additional income.

Also, though the household head is primarily employed in a particular industry, a
number of other economic activities may be carried out, such as small businesses, the
income from which is likely to remain unreported. Some of these inconsistencies in the
reporting of the information leads to poor understanding of actual travel pattern. Often,
servants and maids hired by the rich households of the society make a greater proportion
of their trips for the employers, such as short trips to grocery stores etc. Thus, these trips
may remain unreported. Unlike the high income groups, low income groups live on a day-
to-day wage basis, and thus, make the required trips for living on a day-to-day basis, as
opposed to the rich families making weekly or bi-weekly trips. For similar reasons, there

1s no accurate account of the income earned by low income families.
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Gasoline and other vehicular fuels are very expensive in most of the third world
countries. Also, capital, operational, and maintenance costs for private vehicles are highly
unaffordable for the low, medium and high income groups, to a large extent. Thus, there
is a very small proportion of the households owning and operating private vehicles.

In general, it is observed from the research that low income groups in Dar-es-
Salaam are more sensitive to income, medium income group trip pattern is less
predictable, and high and very high income groups are sensitive to vehi'cle and motorcycle
accessibility. While vehicle accessibility reduces walk trips among all income groups, it
increases work trips among low income groups, increases non-work trips among medium
income groups, and increases both work and non-work trips among high and very high
income groups. Medium income group households in residential area I are likely to
generate more. non-work trips with access to private motorcycles, while those residing in
Residential Area II are likely to generate more work trips with access to private
motorcycles. Households with male heads in Downtown area are likely to generate less
trips while those in industrial areas generate more trips. People living in the Downtown
area are closer to commercial and shopping centers. Thus, head of the household, if male,
is likely to produce only work trips, while the women in the house make all the shopping
trips etc. However, people living in industrial areas live far from the commercial centers
of the town and thus, are often required to make long trips. Thus, men in the family are

often required to make such additional trips.

RECOMMENDATIONS

It has been observed that some of the trip generation models developed have very
low R2 values. Thus, several factors can be considered for improving the performance of
models. For example, non-linear functional forms should be considered for developing

models, which are likely to give better explanation of the travel behavior in the areas.
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Another factor relates to the accuracy of the data collected. Households are
usually very skeptical about the privacy of surveys and interviews. Thus, it is
recommended that the households be assured that the interviews done for such study
purposes are held in strict confidence and that enough privacy is maintained from the state
income tax agencies. Also, it may be necessary to develop a procedure to estimate the
household income based on family activities and life-style. For example, the size of the
apartment or house, rent paid, whether or not a household hires a maid for services etc.
This can help in obtaining a more accurate measure of the income earned by the families.
Also, average age of the labor force in the household, instead of the age of the household
head, may be a better explanatory variable. One reason validating this substitution is that
in many families the oldest member in the household is considered to be the head of the
household whether or not he or she is an income earning member.

Further, it can also be observed that many variables originally thought of, as
influencing the trip making behavior, are now found to be not significant, and there is still
a scope for improving the existing models. This lays a foundation for considering many
other underlying factors that were not considered for study so far, such as accessibility to
and frequency of transit services in different areas, ethnicity, labor force, and auto-
ownership of the household etc. Other important variables not included in the study, such
as distance to the downtown, labor force of the household, ethnic origin etc., may prove
to be significant in explaining the travel pattern. While the downtown areas have good
access to public transit with many bus terminals, the transit service along the residential
and industrial routes is poor (Wilbur Smith Associates 1991). Increased access to public
transit services, and affordable transit fares would generate more transit trips, thereby
developing a systematic trip generation pattern.

In general, population in the Third-World countries comprises of a large
proportion of low income groups. It can be observed from the above study that fow

income groups tend to make only the essential trips, and are sensitive to income. These
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groups inevitably rely most heavily on the cheapest form of transport, namely, non-
motorized movement and particularly walking. Since such communities are expected to
grow, non-motorized transport, especially, walking will increase in improtance for the
urban poor. According to World Bank estimates the most economic mode of transport,
next to non-motorized modes such as cycle rickshaws etc., is the bus. Minibuses are
somewhat more costly than buses, but the reverse often prevails where efficiently run
private minibuses run side by side with inefficiently operated bus companies. Taxis are
even more costly. With cars there appears to be a leap to almost four times the cost of a
taxi, some eight times the cost of a bus, and fifty seven times the cost of a bicycle trip.
Not only is a private car expensive, but also consumes more road space per passenger than
does a bus, thereby increasing the road maintenance expenses [Dimitriou, 1992].

The urban transport models are viewed as those not designed in response to policy
issues but initially to answer transport planning questions within a given policy framework
from which questions of design are then addressed. Thus, taking these concemns into
consideration, improved transit service facilities, such as, frequency, low public transport
fares, developing area-wide transit network, with concentration in the residential areas
render better road network performance and opportunities for low income groups in
particular, and other groups in general, reducing congestion, pollution, and other
environmental issues. It can be observed that a wide variety of transportation modes are
available for use in Dar-es-Salaam. One such mode is walk, which is very common in the
third-world countries. Thus, research on mode choice calibration can be recommended
for further study. Improvements in the operations of transit facilities and services,
frequency, travel fare are likely to affect the travel behavior of the poor to a large extent.

Some of the remedial measures for better performance of the UTP models include
evaluating the performace level of the existing models and identifying key deficiencies,
thorough understanding of the travel needs of a community with due attention to various

groups, and setting short-term plans to implement procedure to address the concerns.
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IR AR RS R AR EREERERE R AL EA R R R R RS E XX EY YRR SRR R EERE S TR

c program for data manipulation

(2R XSRS R SRS E SRS R R R R R R RS RS R R R R R X R R R RS R R RS E SRR R RS B R EY
integer zone(146),sqgfm(146),sgper(146),fmsz(146),
inc(146),home(146),work(146),sex(146),age(146),
ipmode(146),x(146,24),purp(1l46),trtime(146),num(146),
occp(l46),inds(146),veh(146),motor(146),ffmode(146),
bic(146),tripnum(146),origin(146),deptime(146),
fsmode(146),smode(146),tmode(146),fmode(146),desti(146),
new0(146),newl(146),new2(146),new3(146),

new4 (146),new5(146),new6(146),mod0(146),modl(146),
mod2(146),mod3(146),mod4(146) ,mod5(146),mod6(146),
mod7(146),mod8(146),mod25(146) ,mod99(146),

temp0,templ, temp2, temp3, temp4, temp5, temp6, total

real time(146)

¥ % o o OF ¥ ¥ ¥ * %

open(3,file = ’'zone270.prn’)
open(4,file ‘sample.prn’,status = ‘new’)

write(*,*)’value of n =’
read(*,*)n
do 150 i=0,n
k=i-1
m=i+1
read(3,1000)zone(i),sqfm(i),sqgper(i),fmsz(i),inc(i), home(i),
work(i),sex(i),age(i),occp(i),inds(i),veh(i),motor(i),bic(i),
tripnum(i),origin(i),deptime(i),trtime(i),purp(i), fsmode(i),
* smode(i),tmode(i),fmode(i), ffmode(i)
1000 format (24(i8))

if(zone(i).eq.0) then
zone(i)=zone(Xk)
endif
if(sqgfm(i).eq.0) then
sqfm(i)=sqgfm(k)
endif
if (sgper(i).eq.0) then
sgper(i)=sgper(k)
endif
if((sqfm(i).eq.sqfm(k)).and. (fmsz(i).eqg.0)) then
fmsz(i)=fmsz (k)
endif
if((sqfm(i).eq.sqgfm(k)).and. (sgper(i).eq.sqgper(k))) then
if(home(i).eq.0) then
home (i)=home (k)
endif
if (work(i).eq.0) then
work(i)=work(k)
endif
if(ocep(i).eq.0) then
occp(i)=occp (k)
endif
if(inds(i).eq.0) then
inds(i)=inds (k)
endif
if(veh(i).eq.0) then
veh(i)=veh(k)
endif
if(motor(i).eq.0) then
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motor(i)=motor (k)
endif
if(bic(i).eq.0) then
bic(i)=bic(k)
endif
if(sex(i).eg.0) then
sex(i)=sex(k)
endif
if(age(i).eq.0) then
age(i)=age(k)

endif
endif
if(sex(i).eq.2) then
sex(1)=0
endif

(I Z R RS R AR SRS RR L ERR RS RS R R RS RS RRS RS R R R AR R R AR R YRR R R LR RS

(o]

total household income calculation

**************************.*******'k***********************************

102

150

160

170

180

190

300

if((sgfm(i).eq.sqfm(k)).and. (sqper(i).eq.sqgper(k))) then
inc({i)=inc(k)
else
if((sqfm(i).eq.sqfm(k)).and. (sgper(i).ne.sqgper(k))) then
inc(ij=inc(i)+inc(k)
do 102 j=0,1i
if((sgfm(j).eq.sqfm(i)) .and. (inc(j).le.inc(i)))then
inc(j)=1inc(i)

endif
continue
endif
endif
continue

do 160 i=0,n

do 160 j=19,19
X(i,j)=fsmode(l)
continue

do 170 i=0,n

do 170 j=20,20
X (1i,j)=smode(i)
continue

do 180 i=0,n

do 180 j=21,21
X(i,j)=tmode (i)
continue

do 190 i=0,n

do 190 j=22,22
X(1i,j)=fmode (i)
continue

do 300 i=0,n

do 300 j=23,23
x(i,j)=ffmode(i)
continue

(S S S S SS R AR R LSS AR RS RRR AR REERRSR Rt R Rt SRRl RR RS s RSl XEREEERE R,

C

primary mode selection

IR SRS ER SRR SRS R RS R R R R RS RS R R LA RRSRRRR SRR R RS SRl R XSRS R

do 101 i=0,n
num(i)=0
do 105 11=19,23



105

101
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if(x(i,11).g9t.0) then
num({i)=num(i)+1
endif
continue
if(num(i).eq.0) then
ipmode(i)=0
else
if((num(i).eq.3).and.(x(1i,19).eq.x(i,21))) then
ipmode(i)=x(i,20)

else
if(num(i).eq.1) then
ipmode(i)=x(i,19)
else
if(num(i).eq.2.and.x(1,19).g9t.x(i,20)) then
ipmode(i)=x(i,19)
else
ipmode(i)=x(i,20)
endif
endif )
endif
endif

if((num(i).eq.3).and.x(1i,19).ne.x(i,21)) then
ipmode(i)=25

endif

if(num(i).gt.3) then
ipmode(i)=99

endif

continue

A SR E S SR A SRS SRR RS R R R SRS S RSt R R AR R R R R X R R R R R R RN

(o}

trips by purpose

(A SRS SRS A SRS S REERER SRR RERR SRR Rl R R RR RS Rl RS S REAXXRRR YRR R R R R 2

201

do 201 i=0,n
if(i .eq. 0O)then
call xyz(purp,i,new0,newl,new2,new3,newd4, new5,newb)

else
count=0
if(sgfm(i).eq.sqafm(k)) then
count=count+1
if(sqgper(i) .eq. sqgper(k))then
count=count+1
call Xyz(purp,i,new0,newl,new2,new3,newd,news,newt)
else
if(sgper(i).ne.sqgper(k)) then
call Xyz(purp,i,new0,newl,new2,new3,newd4, new5, newb)
endif
endif
else
call xyz(purp,i,new0,newl,new2,new3,newd4, new5,newb)
endif
endif
continue
do 450 i=1,n
k=i-1

if(sqfm(i).eq.sgfm(k).and.sqgper(i).eq.sqgper(k)) then
newQ(i)=newld(i)+newl (k)
newl(i)=newl(i)+newl (k)
new2(i)=new2(i)+new2(k)
new3(i)=new3(1i)+new3 (k)
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new4 (i)=new4 (1i)+newd (k)
new5(i)=new5(i)+new5 (k)
new6(i)=new6 (i)+newb (k)
endif

continue
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trips by mode
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*

361

550

do 361 i=0,n
if(i .eqg. 0O)then
call abc(ipmode,i,mod0,modl, mod2,mod3, mod4, mod5, mod6, mod7,
mod8 ,mod25,mod99)
else
countm=0
if(sgfm(i).eq.sqgfm(k)) then
countm=countm+1l
if(sqgper(i) .eq. sqgper(k))then
countm=countm+1
call abc(ipmode, i,mod0,modl, mod2,mod3,mod4,mod5, mod6, mod7,
mod8, mod25, mod99)
else
if(sgper(i).ne.sqgpexr(k)) then
call abc(ipmode, i,mod0,modl, mod2, mod3, mod4, mod5, mod6, mod7,

mod8,mod25, mods9)
endif
endif
else
call abc({ipmode, i,mod0,modl, mod2,mod3,mod4, mod5, mod6,mod7,
mod8,mod25, mod99)
endif
endif
continue
do 550 i=1,n
k=i-1

if(sqgfm(i).eq.sgfm(k).and.sgper(i).eq.sgper(k)) then
modO (i)=mod0 (i)+modol (k)
modl (i)=modl(i)+modl (k)
mod2(i)=mod2(i)+mod2 (k)
mod3 (i)=mod3(i)+mod3 (k)
mod4 (i)=mod4 (i)+mod4 (k)
mod5 (i )=mod5 (1)+mod5 (k)
mod6 (i)=mod6 (i)+modb (k)
mod? (1)=mod7(i)+mod7 (k)
mod8 (i)=mod8 (i) +mod8 (k)
mod25 (i)=mod25 (1i)+mod25(k)
mod99 (i)=mod99(1i)+mod99 (k)
endif

continue

IR EAEEEE R R R RS RS S SRR RR SRS RS RS ER SRR R SRS R SRR R R R R RS R R E S S

(o]

origin destination zones

IR SR EEREEER S SRS EER R SRR R R R RS ER R R R RS RS R ARt d RS REREERR R E RS

ivar=1

do 333 i=1l,n

idiff=sqfm(i)-ivar

if (sqfm(i) .eqg. ivar) then
desti(i-1l)=origin(i)

else
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ivar=ivar+idiff
endif
continue
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average time calculation

(EZ SR SRS SRR R R E RS R ESEE SR RS SRR RS RS R E RS E R XSRS SRR X SR K N

* % o % ¥

* % F * %

* % ¥ % %

mvar=1, nvar=1l, ave=0,total=0
do 337 i=0,n
mdiff =sqfm(i) - mvar
ndiff =sqgper(i) - nvar
if(sgfm(i) .eq. mvar) then
if(sgper(i) .eq. nvar) then
ave=ave + trtime(i)
total=total+l
else
if(total .eqg.l)then
time(i-1l)=ave
nvar=nvar+ndiff
ave=trtime(i)
write(4,210)zone(i-1),sqgfm(i-1),sgper(i-1),£fmsz(i-1),
inc(i-1),sex(i-1),age(i-1),o0ccp(i-1),inds(i-1),veh(i-1),
motor(i-1),bic(i-1),time(i-1),newl(i-1),newl(i-1),new2(i-1),
new3(i-1),newd4 (i-1),new5(i-1),new6(i-1),mod0(i-1),modl(i-1),
mod2(i-1),mod3(i-1),mod4(i-1),mod5(i-1),mod6(i-1),mod7(i-1),
mod8(i-1),mod25(i-1),mod99(i-1)
total=1
else
time(i-2)=ave/(total-1)
nvar=nvar+ndiff
ave=trtime(i)
write(4,210)zone(i-2),sqfm(i-2),syper(i-2),fmsz(i-2),
inc(i-2),sex(i-2),age(i-2),o0occp(i-2),inds(i-2),veh(i-2),
motor(i-2),bic(i-2),time(i-2),new0(i-2),newl(i-2),new2(i-2),
new3(i-2),newd (i-2),new5(i-2),new6(i-2),mod0(i-2),modl(i-2),
mod2(i-2),mod3(i-2),mod4(1i-2),mod5(i-2),mod6(i-2),mod7(i-2),
modB8(i-2),mod25(1i-2),mod99(i-2)
total=1
endif
endif
else
if(total .eqg. 1l)then
nvar=1
time(i-1l)=ave
mvar=mvar+mdiff
ave=trtime(i)
write(4,210)zone(i-1),sqfm(i-1),sqper(i-1),fmsz(i-1),
inc(i-1),sex(i-1),age(i-1),0cecp(i-1),inds(i-1),veh(i-1),
motor(i-1),bic(i-1),time(i-1),newld(i-1),newl(i-1),new2(i-1),
new3(i-1),newd4 (i-1),new5(i-1),new6(i-1),mod0(i-1),modl(i-1y,
mod2(i-1),mod3(i-1),mod4(i-1),mod5(i-1),mod6(i-1),mod7(i-1),
mod8(i-1),mod25(i-1), mod99(i-1)
total=1
else
time(i-2)=ave/(total-1)
nvar=1
mvar=mvar+mdiff
ave=trtime(1i)
write(4,210)zone(i-2),sgfm(i-2),sqper(i-2),fmsz(i-2),
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inc(i-2),sex(i-2),age(i-2),o0ccp(i-2),inds(i-2),veh(i-2},
motor(i-2),bic(i-2),time(i-2),new0(i-2),newl(i-2),new2(i-2y,
new3(i-2),new4(i-2),new5(i-2),new6(i-2),mod0(i-2),modl(i-2),
mod2(i-2),mod3(i-2),mod4(i-2),modS5(i-2),mod6(i-2),mod7(i-2),
mod8(i-2),mod25(i-2),mod99(i-2)

total=1
endif
format(12i8,£8.3,18i8)
endif
continue

do 200 i=0,n
write(4,100)zone(i),sqfm(i),sqgper(i),fmsz(i),inc(i),home(i),
work(i),sex(i).,age(i),occp(i),inds(i),veh(i),motor(i),bic(i),
tripnum(i),origin(i),desti(i),deptime(i),trtime(i),time(i),
purp(i), fsmode(i),smode(i),tmode(i),fmode(i),ffmode(i),
ipmode (i), new0(i),newl(i),new2(i),new3(i),newd (i), newS(i),
new6 (i)
format (19(i8),£f8.2,14(i8))

continue )

stop

end

[EE SR SRR ER R R AR R EERESEREEEEERREES Rt RS Rt RAS RS RR Rl s s RR R YRR & XK

*

Subroutine for trips by purpose
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subroutine xyz{tv,1l,sony0,sonyl, sony2,sony3,sony4,sony5,sony6)
integer tv(146),sony0(146),sonyl(146),sony2(146),sony3(146),
sony4(146),sony5(146),sony6(146),pan0,panl,pan2,pan3, pan4,
pan5,pané6
pan0=0,panl=0,pan2=0,pan3=0,pan4=0,pan5=0,pan6=0
if(tv(l) .eqg. O)then
panO=pan0+1
sony0(l)=pan0
endif
if(tv(l)y .eq. l)then
panl=panl+1l
sonyl(l)=panl
endif
if(tv(l) .eq. 2)then
pan2=pan2+1
sony2(l)=pan2
endif
if(tv(l) .eq. 3)then
pan3=pan3+1l
sony3(l)=pan3
endif
if(tv(l) .eqg. 4)then
pand=pan4+1
sony4(l)=pan4
endif
if(tv(l) .eq. 5)then
panS=pan5+1
sony5(1l)=panb
endif
if(tv(l) .eq. 6)then
pan6é=pan6t+1
sonyé6(l)=pané
endif
return



83

end

IE R AR R R L LSRR RS R SRR AR Rt R X RS AR RRR RS R R XRR RS SR SRR R R R R 2 R

* Subroutine for trips by mode
IR EE SRR EEEREEREERREERESI R AR RR SRR R RS RRRRR Rt R RS RRRER R XK
subroutine abc(tv,1,sony0,sonyl,sony2,sony3,sony4,sony5,sonys6,
* sony7,sony8,sony25,sony99)
integer tv(146),sony0(146),sonyl(146),sony2(146),sony3(146),
* sony4(146),sony5(146),sony6(146),sony7(146),sony8(146),
* sony25(146),so0ony99(146),pan0,panl,pan2,pan3,pan4,pan5,pans,
* pan7,pan8,pan25,pan9g99
pan0=0,panl=0,pan2=0,pan3=0,pan4=0,pan5=0,pan6=0,pan7=0,pan8=0
pan25=0,pan99=0
if(tv(l) .eq. 0)then
pan0=pan0+1
sonyO(l)=pan0
endif
if(tv(l) .eq. 1l)then
pani=panl+1l
sonyl{l)=panl
endif
if(tv(l) .eq. 2)then
pan2=pan2+1
sony2(l)=pan2
endif
if(tv(l) .eq. 3)then
pan3=pan3+1
sony3(l)=pan3
endif
if(tv(l) .eqg. 4)then
pand=pan4+1
sony4(l)=pan4
endif
if(tv(l) .eq. 5)then
pan5=pan5+1
sony5(1l)=pan5

endif

if(tv(l) .eq. 6)then
pané=pan6+1
sony6(l)=pané

endif

if(tv(l) .eq. 7)then
pan7=pan7+1l
sony7(l)y=pan?

endif

if(tv(l) .eq. 8)then
pan8=pan8+1
sony8(l)=pan8

endif

if(tv(l) .eq. 25)then
pan25=pan25+1
sony25(l)=pan25

endif

if(tv(l) .eq. 99)then
pan99=pan99+1
sony99(l)=pan99

endif

return

end
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APPENDIX II

STATISTICAL CALCULATIONS FOR INCOME CLASSIFICATION
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STATISTICAL CALCULATIONS FOR INCOME CLASSIFICATION
Assuming a normal distribution of income across the study area:

Sample size =N = 1389
Mean income = 35812 Shillings/month
Standard deviation = 34933 Shillings/month

At 95% confidence interval:
Mean +/- 1 Standard deviation = 70745 Shillings/month - 878 Shillings/month

At 70% confidence interval:
Mean +/- 0.41 Standard deviation = 50134 Shillings/month - 21489 Shillings/month

The 95% confidence interval gives a very wide range of income distributions. The 70%
confidence interval which is based on the median gives a better range values. Thus,
assuming reasonable income levels, the following classification is obtained:

Household Income 0 - 15000 Shiilings/month Low Income Group
Household Iucome 15001 - 50000 Shillings/month  Medium Income Group
Household Income 50001 - 79999 Shillings/month High Income Group
Household Income 80000 Shillings/month and over Very High Income Group

(Low income groups are classified as those belonging to households with income less than
or equal to twice the minimum salary = 7500 Shillings/month [Wilbur Smith Associates
1991]).
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