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FOREWORD 

The results presented in this report are part of a long range research program 
at DOI' which has as its objective the improvement of transportation planning 
methodologies. The emphasis is on providing analytical means to aid decision 
makers in exploring long term policy alternatives for major system changes. 
The initial focus of'the program is on url:an passenger transportation, with 
particular attention being given to estimating transportation energy consump
tion. 

Great steps have been taken since the pre-1950 era of intuitive methods, and 
there are now available sophisticated., computerized planning tools that are 
widely used throughout the U.S. While these tools have been employed quite 
successfully.for short-term, incremental changes in transportation systems, 
they have been found to be inadequate for assessing long-term socio-economic 
effects. In addition, they have been hampered by difficulties in transfer 
between cities. The underlying reason for this, I believe, is in the percep
tion of the urban system as a cause and effect process, where the causes are 
calibrated to the observed effects under no explicit constraints. 

The UMOI' process, the subject of this report, is based upon a fundamentally 
different perception of the urban system. It is seen as a dynamic feedback 
process, linking people, transporta~ion and urban form under explicit const
raints. Given an urban fom and transportation supply, the UMOI' process 
generates all observed travel characteristics as direct outputs within the 
time and money constraints. This makes the UMOI' a powerful tool for the 
evaluation of.both short and long-term policy options under a wide range of 
scenarios. 

Of course, much ~ore needs to be done than is presented in this report to 
achieve these goals, The DOI' program envisions further research in several 
important topics, including: 

1. Further stratification of travel groups, geographically at least. 

2, The detemination of travel fields. 

J. Improvements in the representation of important elements of urban 
form, such as housing, job locations, and facilities. 

4. The introduction of dynamics to the equilibrium process. 

In carrying out this program, steps have been taken to coordinate the effort 
in urban transportation with similar work done in the Federal Republic of 
Gennany on intercity travel, and at the World Bank in transportation systems 
for developing countries. 

, ~ ~-/-e;J l-J Cio~ 
Robert W. Crosby 

Office of Systems Engineering 
Research and Special Programs Ad.ministration 





The Unified Mechanism of Travel (l.M)T) Project 

EXECUTIVE SUMMARY 

o This report presents the results of two complementary research 
studies, conducted for the U.S. Department of Transportation 
and for the Federal Republic of Germany Ministry of Transport. 
The former study investigated and developed the theoretical 
framework of a proposed new transportation planning methodology, 
first conceptualized for the World Bank, and called the Unified 
Mechanism of Travel, or UMOT for short. The latter study invol
ved. testing several of the UMOT principles using observed data 
in Germany and supplemented by data from other countries. 

1. Purpose 

The purpose of the research reported herein is twofold. First, to 
an~lyze the consistency of previously observed phenomena that trave
lers within urban areas appear to have average daily time and money 
expenditures on travel which display predictable regularities both 
between cities and over time in the same country. Second, if such 
expenditures are indeed found to be predictable, the study intended 
to develop the conceptual framework of a new transportation planning 
tool which takes advantage of such regularities in relating travel 
demand and transportation system supply to urban form. 

2. The UMOI' Concept 

The UMOT concept is based on the assumption that when the daily mean 
expenditures on travel, per traveler and per household(*), in time and 
money terms, display predictable regularities that can be attributed 
to such factors as the socioeconomic characteristics of the household, 
transport system supply and urban structure, and when these regulari
ties are found to be transferable both between cities and over time in 
the same country, then these expenditures can be regarded as "travel 
budgets".· Furthermore, under certain conditions these travel budgets 
may be applied as constraints on travel behavior. 

The application of explicit constraints in modeling travel behavior is 
a powerful tool, since the constraints do away with the need for much 
of the coefficient calibration of conventional models. 

(*) Within this context, "traveler" and "household" refer to a represen
tative traveler or household within a socioeconomic group, and not to 
a specific, identifiable traveler or household who may, over time, 
move from one socioeconomic group to another, 
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Current travel demand models(*) are calibrated to the travelers observed 
choices. Since such choices are many and varied, separate models have 
to be calibrated to their components, such as trip rate by purpose, trip 
distance and time, mode choice, and trip distribution. 

The UMOI' process, on the other hand, is oo.sed on the money and time 
budgets under which travel choices are made. Thus, all travel com
ponents are unified by trade-offs within one system. 

The implications of this concept can be stated in the following way: 

(1) The Travel Money Budget 

o The household's expenditure on travel is strongly related to 
its socioeconomic characteristics, and is stabfe over time. 

o Hence, the total generated travel distance per household will 
depend on the allocated travel money budget and the unit costs, 
by mode, 

(2) The Travel Time Budget 

o The daily travel time per traveler is a function of such fac
tors as travel speed and urban structure, and the function is 
stable over time. 

o Hence, the total daily travel distance per traveler will depend 
on his allocated travel time budget and the travel speed, by 
mode. 

(J) The Interaction Process 

o Assuming that a household allocates to travel a money·budget 
of M dollars per day and a time budget of T minutes per day, 
and it has m available modes with different travel speeds and 
costs, it then must choose a certain combination of modes to 
maximize its total spatial and economic opportunities·, as rep-
resented by the total travel distance. · 

Solving this problem results in the following outputs: 

• Dally travel distance, by mode (i.e., from which modal shares are 
direct derivation). 

• The car ownership levels required to satisfy the demand for travel 
distance by car. 

(*) Through common usage, models which develop estimates of travel are 
called "travel demand models", although this is technically imprecise, 
Nonetheless, the terms travel model and travel demand model are used 
interchangeably in this report. See Section 1.2, on p.6 of the report, 
for a further exposition of this point. 
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• Expenditures of money and time allocated to each mode and, hence, 
the expected revenues for public transit operators. 

• Many other travel components, such as trip rates vs. trip distan
ces, within the total travel distance; trip rates vs. trip times, 
within the total travel time; and trip distribution vs. urban 
structure, within the total travel money and time budgets. 

These outputs are then validated by comparing them with the observed 
choices, not calibrated to them. 

The following sections present the theoretical foundation of the UMOT 
and the empirical evidence for its application. 

J. Theoretical Foundation of the UMOT 

The travel behavior concepts of the UMOT process were developed with 
respect to a particular theory of human decision making called utility 
theory. While this is not the only theory capable of providing a basis 
for the analytical structure of the proposed process, it is adequate to, 
ani may in fact be, the best alternative currently available, particu
larly in light of its extensive and successful use in describing many 
types of consumer choices in microeconomics. 

The particular forms of utility functions applicable to travel situa
tions were formulated, and it was found that these forms predict the 
empirical regularities in travel decisions which form the bases of 
the UMOI' process. 

Forecasting individual travel demand can be accomplished by two alter
native approaches. The current approach is to calibrate a "demand" 
model to individual travel behavior with an extensive number of inde
pendent variables in order to describe the variability of individual 
choices. This approach has the difficulty that each of the independent 
variables must be predicted separately for the future date. Therefore, 
operational planning models are typically restricted to a subset of the 
independent variables, at a sacrifice of explanatory power. 

The UMOI' approach, on the other hand, is based on the observation that 
the variabilities in the travel budgets among individuals within groups 
are similar for all population segments. Therefore, assuming that such 
variabilities remain stable over time as well, it is necessary to fore
cast only the mean values of the budgets for each group. These mean 
values, together with the variabilities around them, provide the pro
babilities of individual travelers behaving in predicted ways. 

One ad.vantage of this process is that it needs only a few independent 
variables in order to predict individual travel behavior under new 
conditions. 
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4. The Findings 

The findings of this study were very encouraging and agreed with 
previous findings. Although they need further verification in more 
cases in order to become conclusive, their consistency _in the avai
lable cases in Gemany, the U.S., the U.K., and even in developing 
countries, appears to be above coincidence, as summarized below. 

The Travel Time Budget (TT-budget) 

(1) The mean daily TT-budget per motorized travele~ (car, bus, train, 
taxi) of each of 55 different household types in,Munich fS stable 
over weekdays, and is similar to the 'IT-budget observed in other 
cities of developed countries. 

(2) The variations around the mean value of daily TT-budgets by 
individual travelers within each population segment in Munich 
and Nurenberg are very similar for all population segments, and 
are consistent with those found in other cities, including cities 
of developing countri~s (Coefficient of variation about 0.6). 

(3) The mean daily TT-budget per traveler is an inverse function of 
speed, decreasing as speed increases, to an asymptote of about 
1.1 hours per day. Thus, when low speeds increase, such as by 
transfer from bus to car travel, part of the "saved" time is 
actually saved, while the other part is traded-off for more 
travel distance. However, at initially high speeds, practi
cally all speed increases are traded-off for more travel dis
tance. 

(4) The minimum mean daily TT-budget per motorized traveler in an 
urban area, at high travel speed, is just over 1 hour per day. 
The maximum mean daily 'IT-budget per motorized traveler, at low 
travel speed, is about 1.5 hours per day in cities of developed 
countries. 

However, in large and/or fast expanding cities in developing 
countries, the mean daily TT-budget per motorized traveler at 
low travel speeds can reach the two-hour level per day. 

In conclusion, the mean TT-budget per traveler was found to be closely 
related to the speeds of the available transportation system supply, 
and to urban structure. High income travelers, having better oppor
tunities for traveling at higher speeds than. low income travelers, can 
both travel more daily distance (i.e., and have better spatial and 
economic opportunities) than low income travelers, and expend less 
travel time. Low income- travelers, on the other hand, have to spend 
more time in order to travel less daily distance. 

This difference in mainly due to the travel money budget, as detailed 
below. 
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The Travel Money Budget (TM-budget) 

(1) The mean TM-budget per household, for all households over time, 
is found to be a relatively stable proportion of disposable income 
in Germany, the u.s., the U.K. and Canada, While the proportion 
may vary by definition and conditions between countries, the sta
bility within one country remain'.rl unchanged even during the energy 
crisis and cost increases in 1973-75, 

(2) The daily TM-budget in an urban area is strongly related to the 
household's disposable income level and car availability, It is 
about 11-i2 percent of disposable income for car owntng house
holds, and about J-5 percent for carless households, for all in
come levels, Such results in the Nurenberg region are similar to 
those in Washington, D.C. and Twin Cities in the U.S. 

(J) The significant gap, or "quantum-jump", in the TM-budget of car 
and carless households suggests that purchasing a car is a major 
household decision, closely related to other major decisions, 
such as residence location, However, the probability of a house
hold to make such a decision increases rapidly with income. 

(4) The daily variations around the mean TM-budgets per household 
within each segment of the 55 household types in the Nurenberg 
region (as reflected by the daily travel distance) are higher 
by about 50 percent than the variations around the mean TT-budgets, 
One explanation for this is that it is easier to transfer money 
between days than to transfer travel time; daily travel times are 
constrained by 24-hours per day, while the travel money is const
rained by the monthly or the yearly income. The point to note, 
however, is that the coefficient of variation of the TM-budget, 
similar to the case of the T'r-budget, is.very similar for all 
population segments. 

In conclusion, the TM-budgets of car and carless households appear to 
be strongly related to income and car ownership, and stable over time, 
Hence, the TM-budget, together with the TT-budget, can be applied as 
two simultaneous budgets under which all trayel choices take place, 
as summarized in the following section. 

It may thus be inferred that travelers have preferred levels of expen
ditures for travel in both time and money, In other words, travelers 
prefer to expend certain amounts of time and money for travel in order 
to derive the benefits that it brings. However, actual expenditures 
may or may not accord with preferred expenditures, depending on income, 
uroo.n form and transportation supply. When such a difference occurs, 
a social disequilibrium may be said to exist, despite the fact that a 
local equilibrium in travel demand and supply has been achieved, The 
social disequilibrium can be regarded as a force for change in urban 
structure or transportation supply. 
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5. Implications of the TT and TM budgets 

Given the households' socioeconomic characteristics and the transpor
tation system characteristics, the UMOI' process proceeds along the 
following, simplified, steps: 

(1) Household income affects the upper limit of the TM-budget, allo
cated to travel. Household size and income level affect the 
number of travelers per household and, hence, the initial TT
budget per household. 

(2) Applying the travel-distance maximization process under the TM 
and TT budgets, and the unit costs of available or planned modes, 
in money and time tems, results in the demand for travel distance 
by each mode. 

(J) Car ownership is generated by the demand for car travel distance. 

(4) The interaction between the estimated number of cars and a given 
road network results in new unit costs of travel. These new unit 
costs are fed back into the travel demand phase, affecting both 
the Tr-budgets {which are sensitive to speed) and the demand for 
travel distance by mode, and the process is repeated by iterations 
until convergence of the demand for travel and system supply is 
reached. 

Tests have shown that convergence of the process is rapid, and 
results in the observed travel characteristics. 

It should be noted at this stage that: 

{a) The process converges to the observed travel characteristics even 
mien starting the process with extreme assumptions, such as every 
household owns, say, five cars; the constraining budgets and unit 
~osts ensure that the process will converge rapidly to the observed 
characteristics, thus suggesting that the process is robust. 

{b) The variability between individual households is expressed by the 
variabilities in the TT and TM budgets, thus resulting in the pro-
1:ability of a household with certain socioeconomic characteristics 
to own 0-1-2-J+ cars and make certain travel choices. 

{c) Since the process is not.dependent on calibration to observed 
travel characteristics, it is responsive to policy options beyond 
observed conditions, such as to new modes or to new travel costs. 
Furthemore, since the constraints are more stable than the choices 
(i.e., choices change when conditions change because of the rela
tively stable constraints), there is more assurance in the trans
ferability of the process between cities and over time than with 
models which are calibrated to the observed choices. 
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(d) The process gives equal attention to all modes, generating esti
mates of travel by all defined modes, such as walking, car, bus, 
urban and interurban train, and even air modes, all of which are 
expressed by their operational characteristics. 

Further developments, as suggested below in Section 7, include 
the addition of other characteristics, such as comfort and safety, 
in order to make the process more sensitive to small differences 
between similar modes. 

·6. Urban Structure 

Operational urban form models and travel demand models currently are 
developed and operated separately, where each one requires the assis
tance of the other in order to deal with the complexities of the uroo.n 
system. 

The UMOI' process has the potentiality of combining both aspects in 
one processa Preliminary tests suggest that given system supply, 
the process can generate the prooo.bilities of different household 
types to reside in certain areas of a city. In this case, however, 
the process will have to include the housing supply as an explicit 
component, and the travel utility functions will have to include 
money expenditures on housing. 

One important advantage of the UMOI' process in dealing with uroo.n 
structure is· the question of equilibrium. Practically all uroo.n 
form models that deal with dynamic changes in uroo.n structure are 
l:ased on the principle of equilibrium between demand and supply, 
so that all tested alternative uroo.n structures always reach, or 
at least approach, equilibrium conditions, such as between popu
lation and job spatial distributio~s. In the UMOI' process, on 
the other hand, uroo.n structure may impose on the population long 
trip distances or trip times/costs which may become the binding 
constraints, overriding the preferred TT and TM budgets. Put ano
ther way, travelers in such cities may have to spend 4 hours per 
day and 25 percent of their income in order to travel to and from 
work, as is the case for some population segments in several cities 
of developing countries. While conventional models regard such a 
case as being in equilibrium, oo.sed on the definition that observed 
demand is always in equilibrium with supply, the UMOI' process mea
sures the amount of disequilibrium between the preferred TT and TM 
budgets under stable uroo.n conditions and the TT and TM budgets 
that travelers will be forced to spend in order to satisfy their 
minimum demand for travel, such as nondiscretionary travel. 

This subject is one of the areas suggested for further development, 
as proposed below. 
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7. Conclusions and Recommendations 

The'conclusions may be summarized as follows: 

(1) The analyses conducted in Germany corroborate previous observa
tions, in that households and their travelers tend to exhibit 
consistent and predictable travel time and money expenditures, 
closely related to the socioeconomic characteristics, levels 
of system supply and urban structure. The data also display 
very stable variations around mean Tr and TM budgets for all 
population segments, which reflect individual departures from 
the groups' mean values, such as daily variations and personal 
preferences in travel behavior. 

(2) The UMOT process appears to be theoretically consistent and 
passes empirical tests by being able to produce observed travel 
characteristics independently, even without being calibrated to 
them. Furthermore, all travel components are closely inter
linked by trade-offs within the process. 

(3) The UMOT process appears to be able to address many important 
policy issues, such as increasing fuel prices, land use control, 
population migration, and changing transportation infrastructure, 
when based on the travel budgets under which decisions are made. 

The resultant changes in travel behavior can be predicted for 
each policy alternative without having to assume that each new 
choice is based on the interpolation or extrapolation of previous 
relationships. Indeed, extreme policy changes can bring about 
extensive, but interrelated, changes in the various travel choices. 

The Recommendations may be summarized as follows: 

(1) Further developments of the UMOT process should include: 

(a) Further verification of the regularities of travel budgets 
over time. 

(b) Determination of whether additional attributes besides travel 
time and cost are needed to derive mode choice from the bud
gets. These attributes are allowed for in the utility func
tions of UMOT. A further part of this investigation would 
determine what modal characteristics, such as comfort and 
safety, would be required. 

(c) To further relate trip rate with trip distance for different 
purposes and modes. 

(d) Further elaboration of the car ownership model, as a link to 
travel demand, system supply and urban structure. 
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(2) The relationship of travel and urban structure should be more 
fully developed. This would include the determination of aspects 
such as the probability distribution of residence and job locations. 

(J) A further goal of this work is to include the dynamic processes 
of urban development and travel as integral parts of the model. 

(4) Even at this stage of development of the UMOT process, the mul
tiple interactions among the travel components require its deve
lopment into a computerized model. Such development would enable 
it to both be examined and checked under more complex situations 
and to be tested on more data that vary over time. 

(5) A regional and interurban UMOT model, not being dependent on urban 
structure, can be developed directly as a computerized model, inc
luding car travel and all major public transport modes, ground and 
air. 

* * * 
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THE UMOT PROJECT 

FOREWORD 

1. This report presents the results of two research studies, conducted 

during 1978-1979 in two different countries• 

(a) "Further Development of the UMOT Process"(*), carried out for 

the U.S. Department of Transportation, Research and Special 

Programs Administration, Office of Systems Engineering, 

Washington, D.C.1 

(b) "Verification of the VUSI Components"(**), carried out in 

collabo:ration with Kocks Consult GMBH, Koblenz, for the 

Ministry of Transport of the Federal Republic of Germany. 

The former study investigated the conceptual framework of a pro

posed t:ransportation planning methodology called the UMOT process, 

concentrating on its theoretical 1:ases. The latter study involved 

testing seve:ral of the UMOT principal assumptions using observed 

travel data. 

While the two studies were initiated as separate projects, their 

complementarity was soon recognized and - to the full credit and 

foresight of the two authorities - an interchange of progress 
. . 

reports ensued, culminating in this integrated final report. 

2. .The presentation in this report proceeds from the gene:ral to the 

specific, and from the theoretical struc~ure of the UMOT to its 

testing and application. The report is divided into six parts: 

Chapter 1. Introduction, outlines the UMOT process and discusses 

the 1:asic principles of the approach. 

(*) UMOT - gnified ~echanism Qf !ravel 

(**) VUSI - Yerkehr ~nd ~tadt als fnteraktionsmechanismus (UMOT) 
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Chapter 2. The Theoretical Basis, presents underlying principles 

and mathematical formulations of models used within 

the UMOT process. Various model components are defined 

and analyzed for internal consistency and potential 

applicability. 

Chapter 3. The Travel Budgets, summarizes available German travel 

data, supplemented by data from other parts of the world. 

The data are analyzed and compared, both cross-sectionally 

and over time, in light of compatability with UMOT assump

tions and model results. 

Chapter 4. Implications of the Travel Budgets, explores the effects 

the relatively stable time and money budgets have on 

relationships among travel distances and speeds by modes. 

Chapter 5. The UMOT Model, details the structure of the UMOT process, 

with several example applications and sensitivity tests. 

Chapter 6. Conclusions, summarizes the conclusions from the research 

~tudy and recommends directions for further developments. 

Readers not interested in detailed theoretical model developments 

might find it appropriate to skip some of the material presented 

in Chapter 2. 

The approximate shares of the two projects in the six chapters, in 

percent, are: 

Chapter U.S. DOT F.R.G. MOT 

1 50 50 
2 90 10 
3 10 90 
4 20 80 
5 80 20 
6 50 50 



J . 

4. This report is the outcome of concerted efforts of a devoted team 

of consultants, who have put much thought and time into this re

search study. 

While it is not possible to isolate the personal contributions of 

each consultant in this report, the general fields of expertise ares 

Prof. Martin Becknann - nathenatical economics and microeconomic 
theory; 

Dr, Thonas Golob - consumer theory and transportation analyses; 

Prof. Antti Talvitie - systems perfornance and numerical analyses. 

Two additional consultants participated in the early stages of 

the study: 

Prof. Chong Liew - econometrics; 

Prof. Richard Weissbrod - url:an geography. 

The author is deeply indebted to all consultants for their helpful 

assistance. However, the final responsibility for the opinions, 

analyses and conclusions presented in this report rest with the 

author only. 





5 

CHAPTER 1: INTRODUCTION 

1.1 The Approach 

The UMOT was conceptualized for the World Bank, Urban Projects 

Department, as a tool for the rapid estimation of urban travel 

and the evalu~tion of alternative transportation plans (Zahavi, 

1977). It was further developed for the U.S. Department of 

Transportation and tested with actual travel data for the Ministry 

of Transport of the Fed. Rep. of Germany, as presented in this report. 

The UMOT process differs from the majority of transportation planning 

procedures, whether aggregate or disaggregate, recursive or simul

taneous, in several aspects. These differences are elaborated upon 

in the following chapters but can be summarized here as follows. 

(1) Calibration: Most conventional models are calibrated to the 

observed choices. Such models are then validated by their ability 

to reproduce the same observed choices, such as car ownership, 

trip rates and modal choice. The UMOT process, on the other 

ha~d, is based on parameter estimation of the constraints under 

which the choices are made. The process is then validated by 

its ability to produce the observed choices as independet outputs. 

(2) Travel Demand: In most conventional models travel demand is 

expressed by trip rates. Such models start with trip rates and 

conclude with passenger and vehicle travel distance. The UMOT 

process starts with the "demand for travel" as expressed by 

desired passenger and vehicle travel distance that can be gene

rated within the travel constra~nts and, after a feedback process, 

concludes with trip rates. 

(3) Car Ownership: In most conventional models car ownership is 

treated as a long-term decision that affects short-term trip 

generation and mode choices. In the UMOT process long-term 

and short-term decisions interact. For instance, it is pro

posed that demand for high-speed personal travel generates 

demand for cars. The number of cars, estimated to satisfy 

the demand then interacts with system supply, resulting in 

revised unit costs of travel. These costs then feed back 
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into the first phase, resulting in a revised demand for car 

travel and for each alternative mode. The process is iterated 

until convergence is reached. Tests have shown that this 

convergence is rapid. 

In summary, a major difference between conventional planning 

processes and the UMOT process is that conventional models are 

generally calibrated to observed choices, such as car ownership, 

trip rates and modal split, choices which may change beyond the 

range of observations if conditions change. A basic assumption, 

therefore, is that such models can predict future choices, even 
beyond the range of lase-year observations. The UMOT process, on 

the other hand, can be initiated even with extreme asaumptions, 

such as every household in an uroo.n area owning 5 cars, and the 

model outputs will nonetheless converge to the observed choices. 

This is achieved by shifting the emphasis from the observed choices 

to the constraints under which the choices are made. 

The UMOT process presupposes that most travel choices are made 

because travelers are under constraints, such as those of time 

and money. Current transportation supply conditions dictate how 

travelers can allocate their constrained resources so as to best 

achieve travel benefits. If these conditions change, the choices 
a:re likely to change, while the constraints remain relatively 

stable. A purpose of this study is to identify such travel const

raints, test their stabilities over space and time, and - if they 

are verified - explore their implications to travel modeling. 

1.2 The Measurement of Travel Demand 

"Travel demand", in the conventional meanlng, is the pa.rt of travel 

that is realized and observed after interaction of the "demand for 

travel" with system supply. Travel demand is currently measured 

mostly by trip rates, oo.sed on the reasoning that the direct "uti

lity",·or benefit, of making a trip to a certain destination for 
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a certain purpose by a certain mode at a certain time, should 

surpass its "disutility", such as its cost in time and money 

terms. 

The·performance and productivity of system supply, on the other 

hand, are measured by the passenger-km., ton-km., or vehicle-Ion, 

"produced" at certain speeds. Therefore, the only possible my 

to establish a common denominator between demand and supply is 

to l:ase it, in both cases, on either trips or travel distance. 

There is an increasing nwnber of independent indications to 

suggest that the daily travel distance per traveler/household 

is a better measure of travel demand than trips, especially when 

aggregating travel over time and travelers. While more on this 

subject is detailed in Section 2.6, the following example illust

rates the problem and its possible solution. 

Consider, for example, a traveler who is observed to make 6 trips 

per day in his small home-town, but after moving to a large city 

is found to make only 3 trips per day: Did his travel demand 

decrease?; Is his utility of travel, and mobility, less in a 

large city than in a small town?; Or did the utility of each 

trip change? 

Let us now add another travel component to the above example, 

namely trip distance, and it is found that the trip distance 

is .5 km, in the former case, and 10 km. in the latter case. 

It now becomes evident that the traveler covers 30 km, per day 

in both cities, within which he trades off trips vs. trip dis

tances. Put another way, city size, which affects trip dis

tances, can also affect trip rates, while the total travel 

demand, if measured by the daily travel distance, may remain 

unchanged by city size, The question, of course, is whether 

travelers do behave in this way? 
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Table 1.J-1 presents one such example, from England, for the relatively 

small town of Kingston-upon-Hull and the large metropolitan area of 

London. Although the size of the study area of Kingston-upon-Hull is 

only 4.4 percent that of London, the daily t:r:avel distance per average 

car is similar in both cities, while the trip rate and trip distance 

are inversely related within the total travel distance. The same 

patterns were also observed in a wide selection of cities in the U.S., 

Europe and developing countries:(Zahavi, 1979-a). 

Table 1.3-1: Travel Characteristics in Two U.K. Cities 

Characteristic Kingston-upon-Hull London 

Tear 1967. 1962 
Population :)44,890 8,857,000 

~ea, Sq.~. 107 2,450 
Cars . 4),185 1,249,450 

Cars/100 Persons 12.5 14.1 
Car Trips 2)8,000 4,119,000 

Car Trip Rate 6.2.5 :,.27 
Trip Distance, !:l. 4.is 7.18 
Trip Tice, Min, 6.9 11,? 

Car 0:111:, Distance, Km. 2.5.9 2:}.5 
Car O:iily Tii::e, Hrs. 0,?2 o.,~ 

An additional interesting result in the above example is that the 

same inverse relationship also applies to the trip rate vs. trip 

time within the total daily travel time per average car which, once 

again, is very similar in both cities, namely O. 72 vs, 0. 7 5 hours. 

One possible interpretation of the above example is that the daily 

travel per average car driver in the two cities, if measured by the 

total daily travel distance, and for which the traveler has to pay 

in both time and money tenns, is practically the same. It may, therefore, 

be inferred that if we wish to have a measure of travel demand, that can 

be generated within certain amounts of allocated travel time and money, 

and which is transferable between cities of different sizes, it appears 

that the total daily travel distance per representative traveler/house

hold is a better measure than the daily trip rate. It is shown later 

in this report that this measure of t:ravel allows us to unify t:ravel 

demand, system supply, car ownership, mod.al choice and ur"t:an structure 

within one operational system, with full feed"t:ack between all components. 
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That travel distance, at least for car travel, is transferable between 

cities, as well as even between countries, is ·shown also in Table 1.J-2, 
which summarizes the daily travel per average car (intemal-intemal 

trips of cars registered in the study area) int.he metropolitan area 

of Washington, D.C., U.S. 1968, the Nurenberg Region in the Fed. Rep. 

of Germany 1975, and the city of Kuala Lumpur, M:tlaysia 1973. 

Table 1.3-2: Travel Characteristics of Washington, D.C., Nurenberg and 
Kuala lumpur 

Characteristic Washington Nurenberg Kuala Lumpur 

Year 1968 1'975 197J 
Population 2,5.58,100 1,160,000 912,490 
Area, Sq.Km. J,410 3,000 JJ7 
Cars 1,018,900 328,000 '65,440 
Ca.rs/100 Persons J9.8 28.J 7.2 
Car Trips J,342,000 1,007,000 44J,9.50 
Car Trip Rate J.28 J.07 6.78 
Car Trip Distance, km. 10 • .59 11.20 s.J6 
Car Iaily Distance, km. J4.7 J4.4 J6.J 

It may be inferred from the above table that travel distance is indeed 

a relatively stable measure of travel, transfe:rable between cities, 

while the trip :rate and the trip distance inte:ract within it by trade
offs. (*) 

Much attention is given to such relationships already at this introductory 

stage of the report in order to emphasize two points; first, that most 

travel components inte:ract with each· other and, therefore, they should 

be treated simultaneously within one analytical system; and second, that 

if a model is to be transferable over time, for prediction purposes in 

one city, it should first demonstrate transferability over space, between 

different cities, with no need for recalibration of the model to the 

isolated travel components, such as trip rates. 

a prerequisite for the UMOT process. 

This, then, is also 

(*) Variations about mean· values, on a disaggregate levels, are discussed 

in Section 4.8. 
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An additional important conclusion from the above examples is that 

when travel components are summed up over a day (and preferably over 

a more prolonged period, such as a week), several travel factors and 

patterns emerge as stable. While the observed stability of the daily 

travel distance per average car regardless of city size has many 

implications for both planners and policy makers, as discussed 1n 

Section 4.11 , it is quite obvious that it is still only one pa.rt 

of a more complex system, since different households may have three 

cars, or no car at all, and still generate travel by other modes. 

Hence, when extending the search for travel behavioral factors which 

are stable, all results lead to the travel budgets of time and money 

that travelers/households are willing to allocate to travel, and 

within which all observed travel is generated. 

At this stage, however, several questions need to be addressed before 

proceeding with development of the UMOT process. Foremost are the 

questions: 

• Do such travel "budgets" exist in the real world? 

• If such travel budgets exist, can they be derived from available 

travel observations, and can they be related to the socioeconomic 

characteristics of population segments? 

• How stable are such budgets spatially and temporaly, and what 

are the distributions around the means of the budgets for diffe

rent population segments? 

• How sensitive are the travel budgets to exogenous changes, such 

as changes in the cost of travel? 

• How can the "willingness" of population segments to allocate 

travel budgets be inferred and estrmated if they are not actually 

observed? 

• Finally, how can they be integrated within a unified theory of 

travel? 

A first step in answering the above questions is to determine whether 

or not the requirements of the UMOT process are condusive to the 

development of travel demand models which are consistent with estab

lished theories of human behavior. This is the subject of the next 
chapter. 
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CHAPTER 2 : UMOT MODEIS OF TRAVEL BEHAVIOR 

2.1 Introduction 

The UMOT process is l:ased upon the strong evidence that travelers 

have two explicit and separate travel budget~, of money and time, 

as detailed in Chapter J. The effects of such money and time budgets 

on travel behavior can be summarized as follows1 

(1) The Travel Money Budget 

o The household's expenditure on travel is strongly related 

to its income, and is relatively stable ov~r time. 

• Hence, the total generated travel distance will depend on 

the unit costs, by mode. 

(2) The Travel Time Budget 

o The daily travel time per traveler is relatively stable 

over time. 

• Hence, the total travel distance will depend on the travel 

speed, by mode. 

(J) The Interaction Process 

• Assuming that a household allocates to travel a money budget 

of M dollars per day and a time budget of T minutes per day, 
and it has m available modes with different travel speeds 

and costs, the question is by what combinations of modes can 

the household maximize its spatial economic opportunities, 

as represented by the total travel distance? 

The first purpose of the research reported in this chapter is to test 

whether principles underlying the UMOT process are consistent with 

established theories of ,behavior in economics. The second purpose 

is to explore implications of such economic theories to further 

formulation and verification of the UMOT process. The particular 

economic theory chosen to accomplish these purposes is consumer 

utility theory, as elaborated in the following sections. 
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Those models within the UMOT process which deal directly with traveler 

decision-making behavior must satisfy three sets of requirements& 

(1) The models must correspond to UMOT objectives in terms of trans

ferability, data requirements and policy sensitivity. Since 

the UMOT is ultimately intended for use as a planning tool for 

cities and regions of various sizes, with :parallel extehsion to 

interurban travel, in countries of various levels of economic 

development, the behavioral models must be transferable among 

diverse population groups without recalibration. 

Is.ta availability restrictions dictate that the models use only 

three types of socioeconomic data: total households within a 

study area, household size distributions, and household income 

distributions. Further stratification is possible. - and recom

mended - if more basic data are available. 

Policy sensitivity needs dictate that meaningful inputs also 

include transportation system supply, in terms of travel times 

and costs by all modes, and data on the urbs.n/regional structure. 

Finally, the behavioral models must generate outputs in terms of 

travel demand by mode and demand for car ownership. 

(2) The models must yield results which are consistent with empi

rical observations when based on the UMOT hypotheses. 

Travelers are postulated to face a minimum required amount of 

travel, called nondiscretionary travel. Decisions involving 

travel over and above the minimum travel, called discretionary 

travel, are subjeet to constraints on the amount of time and 

money individuals and households are willing to spend for all 

travel during an average c;lay. These constraints, called budgets, 

are observed to be relatively stable, but are in turn functions 

of the total resources available to the individual or household 

(that is, to total available time and income) • 

.. 
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(J) The models must be consistent with established research in the 

social and behavioral sciences. In particular, microeconomics 

and psychology offer potentially useful theoretical concepts. 

The purpose of tpe research reported in this chapter is to establish 

whether or not there is a theoretical basis for travel behavior models 

which ailows the incorporation of travel budgets in a manner consis

tent with behavioral .science principles. It is proposed herein that 

such a theoretical basis does exist, although further testing is 

needed before final conclusions can be drawn. 

2.2 Summary of Chapter 2 

This section presents a summary of the steps of model developments 

detailed in the rest of this chapter. The summary is presented also 

for the convenience of readers not interested in the theoretical 

aspects of the model, who might find it appropriate to skip the 

material detailed in the following sections, and proceed to Chapter J. 

The proposed theoretical basis of the UMOT model involves utility 

theory from microeconomics. Utility theory principles have been 

previously applied in travel demand forecasting models. For example, 

applications have been reported in the context of .mode choice (Quandt 
and Ba.umol, 1966; Shunk and Bouchard, 1970), trip generation and 

distribution (Niedercorn and Bechdolt, 1969; Beckmann and Golob, 1i?21 
Golob et al., 1973), car ownership (Beckmann, et al., 1973) and com

binations of travel decisions (Golob and Beckmann, 1970); Charles 

River Associates, 1972). The present application is consistent with 

previous work, but it differs by drawing upon many economic principles 

heretofore not utilized in travel models. 

The theoretical developments of the UMOT model begin in Section 2.J 

with an introduction to the concept of utility as a quantification 

of preferences. All choice models based upon traditional utility 

theory are shown therein to be consistent with the premise of "ratio

nal choice". Rational choice in turn is useful in relating utility 
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theory models to models of decision-making behavior developed in 

psychology, and is useful in defining which choice scenarios meet 

the criteria for representation by utility theory models, Section 

2,3 concludes with a definition of the concept of "diminishing 

marginal utility", which is a salient characteristic of mathema

tical functions used in representing utility. 

In Section 2,4 the general form of a travel utility model is pre

sented and analyzed. This model form can be used as the basis for 

a wide variety of travel forecasting models, Indeed, it serves as 

the basis for both the travel generation - modal choice model pro

posed in Sections 2,7 - 2,10 and the car ownership model proposed 

in Section 2.11, In the present section, those qualitative proper

ties of the model which characterize the model in any application 

are derived. These properties, listed on page 20 and 21 are shown 

to be consistent with general economic principles. 

In Section 2,5 the general form of the utility model is made opera

tional in a.travel forecasting sense by defining specific mathema

tical forms for the utility functions, Logarithmic forms are chosen 

because these forms are shown to be the only forms which are consis

tent with the observed relationship that.travel money expenditures 

are approximately a fixed proportion of income over certain income 

ranges. The implications of using the logarithmic form are further 

investigated in the following Sections 2,7 through 2.9. 

The t~eoretical development of an operational travel demand fore

casting model continues in Section 2.6 with the comparison between 

the use of individual trips in accounting for utility gained from 

travel and the use of total daily travel distance. While it is 

noted that specifying utility in terms of individual trips has 

certain advantages in modeling behavioral components such as des

tination choice, the use of travel distance is found to be equiva

lent 'to the use of trips if certain plausible relationships involving 
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url:an structure were true in approximation. Most importantly, how

ever, the use of travel distance is cited to be more appropriate in 

light of policy relevance of the final fom of the model; issues of 

energy conservation and environmental impacts, for example, are more 

directly related to total travel distance than to individual trips. 

In Section 2.7 the implications of applying the logarithmic form 

of the utility model within the UMOT process are initially investi

gated by simplifying the model to the case of-one travel budget, 

either time or money. F.quations are derived for travel distances 

on available modes, for the sum of travel distance on all modes, 

and for total expenditure on travel, in terms of either money or 

time, depending on the budget applied. Independent variables 1n 

these equations are the speeds or costs of travel on the various 

available modes, the total time available to the household for 

travel or household income, the relative attractions of the modes, 

and the money value of time, quantities to be estimated. All of 

the derived equations depict relationships among the aforementioned 

variables which are logical in light of the empirical evidence on 

travel budgets. 

The more complicated two-budget utility model is specified in Section 
2.8. The simultaneous presence of travel budgets on both time and 

money is predicted by the model to introduce nonlinearities in rela

tionships between households' available incomes and monies expended 

on travel and between available time and total time spent traveling. 

However, the nonlinearities are consistent with economic principles 

involving diminishing returns to scale and are realistic in tems of 

common scenarios of travel choice. Furthemore, attention is focussed 

in this section on the derived equation for the "value of time". 

Realistically, this equation specifies a household's marginal value 

of travel time to be a function of income, total time available for 

travel, the costs of travel on available modes, the speeds of those 

modes, and ceratin "taste" coefficients. 
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In Section 2.9 the situation is investigated where travel decisions 

are assumed not to impact markedly on household resources. For 

such "short-run" travel behavior relevant to small changes in modal 

costs or speeds, a simplified utility model is derived. From this 

simplified model equations are developed which show how time and 

money expenditures on travel would be related if the utility model 

is a valid representation of reality. Empirical data from Nurenberg 

and from Munich are both found to depict the predicted relationships, 

and interpretations are made of the specific parameter values esti

mated for these data. 

In Section 2.10 the utility model is extended in two directions& 

Firstly, the model is modified to account for nondiscretionary travel, 

such as work trips. Secondly, the model is modified to accept func

tional relationships between price indices of general consumption and 

travel in order to predict consequences of future trends in such 

relationships. In both cases more complicated, but nevertheless 

tractable, equations are derived for travel distance, expenditures 

and the value of travel time. 

Section 2.11 involves development of a car ownership model. It is 

shown that the general form of the utility model predicts that a 

household will consider a car to be advantageous whenever car travel 

distance desired by the household is above a certain threshold value. 

This threshold travel distance is a function of the household's 

income, available time, fixed costs of car ownership, car operating 

costs, fares on public transit, and average speeds of travel by car 

and by public transit. The relationships between the threshold dis

tance and each explanatory variable are found to be consistent with 

economic principles, and specification of the logarithmic form for 

the utility model leads to an equation which is consistent with 

certain empirical evidence, as shown in Section 5.2. 

Finally, Section 2.12 discusses the major estimation problems involved 

in applying the utility model in a transportation planning procedure. 
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In the case of only two available modes of travel, say car and bus, 

no such problems exist and the model can be based on observations 

of travel time and money budgets alone. However, in the general 

case of more than two modes, either additional parameter estimations 

are necessary along the lines of conventional mode split models, or 

certain approximations must be applied. It is shown how such approxi

mations can be tested for compliance with real-world data. 

The above points are elaborated in great detail in the following 

sections. 

2.3 The Concept of Utility 

Rational choice behavior is the 1::asic premise underlying economic utility 

theory. Rational choice behavior asserts that a decision-maker is able 

to rank possible alternatives in order of personal preference and will 

choose that alternative that is ranked highest, subject to relevant const

raints placed on the choice decision. 

In addition to its fundamental role in utility theory, rational choice 

underlies most theories of judgement in psychology. These psychological 

theories are important complements to economic utility theory in exp

laining travel decision-making behavior because they serve to introduce 

distributions of choices. For instance, theories concerning perception 

and learning can be applied in explaining why travelers faced with 

identical alternatives might choose differently. Economists are gene

rally unconcerned with the causes of such differences and attribute 

them universally to "differences in tastes". 

Axioms have been developed which define under what conditions the 

preferences of rational choice behavior can be represented by a 
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continuous numerical function known as a utility function. These axio~s 

primarily concern the properties of transitivity and continuity (Debreu, 

19.54). Most rational choice scenarios involving consumer choices of 

goods and services, including those involving travel choices, easily 
pass the tests for utility representation. However, a small minority 

of scenarios are outside the scope of utility theory. One example 

involves lexicographic ordering: a traveler prefers the faster mo4e of 

transportation under all circumstances unless two modes are equally fast, 

in which case he or she prefers the cheaper of the two. However, 

economists have shown that in most situations such preference discon

tinuities as those characterizing lexicographic ordering can be approxi

mated adequately by continuous preferenc_es which do not violate utility 

theory a~ioms. Such approximation is usually accomplished by intro

ducing pro1:ability statements and limits. 

Assuming then that travel preferences are transitive and continuous, 

rational choice can be translated into utility terms in the following 

manner: a traveler chooses that alternative which maximizes his or her 

utility, subject to relevant constraints. The utility function expresses 

the net benefits of the various alternatives. The arguments of this 
whicl} 

utility function can be either actual amounts of the goods and services/ 

comprise the choice alternatives, or levels of characteristics or 

attributes which are produced by the goods and services in varying 

proportions. The former approach is that of traditional microeconomics, 

while the latter approach is associated with relatively recent attempts 

at generalizing constructs of consumer behavior (Iancaster, 1966) •. 
Both approaches have been applied to travel behavior. 

An example of the traditional approach is the specification by Golob, 

et al. (1973) of the utility of a trip to a particular destination in 

terms of the economic opportunities (say, jobs or total floor spi.ce 

of retail shops) located at that destination. A familiar example of 

the attribute approach is the abstract mode model of Quandt and 

Bauma.l (1966), in which tzavel mode utilities are specified exclu

sively in terms of travel times and costs (Utility functions were not 

explicitly defined in original documentations of the abstract mode 

model, but were subsequently introduced; cf. Quandt, 1970). 
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Selection of a p:i.rticular mathematical form for utility functions 

aimed at modeling p:i.rticular behavior is a problem involving~ priori 

assumptions followed by checks against observed manifestations of that 

behavior, with the sequence repeated as necessary. However, economic 

theory limits the selection of functional forms to those which 

exhibit the well-known property of "diminishing marginal utility". 

That is, there must exist a monotone transformation of the utility 

function which is monotonically increasing and concave in the domain 

of the goods and services or attributes. For mathematical forms which 

are continuously differentiable (such as most simple functions), this 

property implies 

2 
and d u :< O 

2 ~ 
dx 

(2.J-1) 

where u = u(x) denotes the utility function, and xis the level of 

any included good and service or attribute(*). 

2,4 A General Utility Model 

A household's utility is properly a function of each and every good 

and service wnich the household is capable of consuming. An initial step 

in developing a tractable travel utility model is to divide such an 

ideal comprehensive utility function into the separate contributions 

of groups of commodities. Such commodity group utilities are usually 

considered to be additive in contributing to total household utility. 

Examples of commodity groups include food items, housing, leisure 

time, and transportation. 

Stroz (1957, 1959) proposed a theory·of household decision making 1::a.sed 

on additive sep:i.rable utilities (cf. Houthakker, 1960). The theory 

states that consumers allocate 

groups, given price indices of 

sub_ject to budget constraints, 

expenditures on the various commodity 

each group, so as to maximize utility 

Next, after having decided how much 

(*) It is often ~ealistic to further assume that there is no saturation of 
utility. This implies that the first derivative of the utility function 
is strictly greater than zero, 
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to spend on each group, the consumer allocates expenditures on ea.ch 

good and service, subject to the constraints on the total amounts 

allocated to the commodity groups. Small changes in prices of indi

vidual goods and services are assumed not to appreciably affect the 

first stage group decisions. However, changes in prices which influence 

relative price indices of the groups can feedl:ack to the first-stage 

decisions, potentially leading to reallocations among the commodity 

groups. 

One definition of commodity groups which is useful in modeling travel 

decisions is 
u = u(x,c,t) (2.4-1) 

where u is household utility, xis the amount or quantity of travel, 

c is consumption of non-travel goods and services (call this general 

consumption), and tis leisure time. Specifying price indices for 

travel and residual consumption asp and p , respectively, the 
X C 

household faces the following money budget constraint when allo-

cating expenditures: 

p X + p C ~ Y (2 • 4-2) 
X C 

where Y is household disposable income. Similarly, the time budget 

constraint is 

where t is given time per unit distance traveled, and Tis the total 
X 

time available to all household members. Presumedly, Tis total clock 

time for the analysis period, minus time required for nondiscretionary 

activities such as sleep and income generation. 

The first-stage decision is then to maximize Eq. 2.4-1 subject to 

Eqs. 2.4-2 and 2.4-J. Assuming additivity in the spirit of the economic 

theories, this decision becomes: 

M:l.x U = </,(x) +!/J(c) + ~{t) 
x,c,t 

subject to x ~ 0, c ~ 0, t ~ O and 

px+pc~ Y, 
X C 

tx+t ~ T 
X 

(2.4-4) 
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where ¢, , VJ and t represent utilities due to travel, general consumption 

and leisure, respectively. The additivity assumption is equivalent to 

aeclaring that the marginal :rates of substitution among various goods 

and services within one commodity group, say transportation, are inde

pendent of the marginal :rates of substitution among goods and services 

within any other commodity group, say general consumption. Nevertheless, 

the actual levels of consumption of any good or service within one 

commodity group are dependent upon the overall price index of another 

commodity group because all commodity groups compete for the same 

budgeted resources. 

Since income not consumed has no intrinsic value (where saving or 

investment can be considered as commodities .consumed within general 

consumption), and the same is true of available time, the budgets 

of problem (2.4-4) can be considered binding and the inequality 

signs vanish. Consequently, since a decision oriented toward 

transportation is desired, the general consumption and leisure 

time quantities can be solved for, 

y 
C = -- -

Pc 

t=T-tx 
X 

Px (-)x 
pc (2.4-5) 

and these quantities can be substituted into the utility function. This 

is termed internalizing the constraints. Mlximization problem 2.4-4 

then becomes 
y Px 

Mlx u = </, (x) + ,J, [ - - (-)x] + ! (T - t x) (2.4-6) 
X ~ ~ X 

where the remaining decisions variables are the transportation commo

dities. 

Problem (2.4-6) represents the general form of the travel utility model 

applied in the UMOT process. The necessary and sufficient conditions 

for the solution of (2.4-6) ares 
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du 
~ = 0 for x > 0 

_Q!!_ ~ 0 for x = 0 dx ~ 

(2.4-7) 

(2.4-8) 

Assuming that some travel is optimum, condition (2.4-8) vanishes, and 

the single necessary and sufficient condition (2.4-7) for utility maxi

mization can be written 

' PX I y PX I </, (x) - (-) 1/1 [ - - (-)x] - t t (T-t x) = 0 
Pc Pc Pc x x 

(2.4-9) 

where the "prime" symbols denote first partial derivatives of the 

functions. 

In light of the requirements (2.3-1) that the utility components ¢,, ,ti 
and teach be monotonically increasing and concave, the following 

qualitative properties can be derived from the solution condition 

(2.4-9). These properties are fundamental to the general utility model, 

as they will characterize the model solution in any application: 

(1) Travel (x) can never decrease as income (Y) increases. (In economic 

terms, travel is a "superior good"). To show this, (2.4-9) implies 

that 
dx o2u o2u --= -
dY , 2 ox2 oy 

(2.4-10) 

Since u is maximized in x, 

a2u 
gX.2 < 0 (2.4-11) 

so that 2 
= Sign(:)) (2.4-12) 

Thus, 
(2.4-13) 

and so 

(2.4-14) 

since prices are positive quantities andiJ, is non-convex. In the 

range of diminishing marginal utility, tJ, is strictly concave, and 

the equality sign is dropped from (2.4-13): travel must increase 

by some amount, however small, as income increases. 
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(2) Travel can never decrease as available time (T) increases. To show 

this, 

which leads to 

Thus, 

and so 

2 
Sign(:) = Sign(~j) 

Sign(dx ) = Sign(-t {) 
dT· X 

dx > 0 dT ,.. 

since travel time is positive and tis non-convex. 

(2.4-15) 

(2.4-16) 

(2.4-17) 

(2.4-18) 

Again, in the 

range of diminishing narginal utility, the equality sign is dropped, 

and travel must increase as available time increases. 

(3) Travel decreases with increasing costs. (In economic terms, the 

denand curve for travel is downward sloping). To show this, 

which leads to 

Thus, 

or, 
dx < 0 
dpx 

since t/J is monotone increasing and non-convex(*). 

(2.4-19) 

(2.4-20) 

(2.4-21) 

(2.4-22) 

(4) Finally, travel increases with increasing speed. To show this, 

du Only in the extreme case of utility saturation, d.x = O, would the demand 
dx curve for travel be totally inelastic, d = O; this is dismissed as 

Px 
being unrealistic, and thus a strict inequality is specified in (2.4-22), 
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dx I II 
Sign(dt ) = Sign(- ( +x l ) 

dx 
dt < O 

X 

X 

since! is monotone, increasing, and non-convex. 

(2.4-25) 

(2.4-26) 

Having established the general form (2,4-6) for a travel utility model, 

and having stated the general properties of this model, operational 

travel demand forecasting models can be developed by specifying mathe

matical functions and defining how the travel quantity is to be measured, 

In addition, certain simplifications of (2.4-6) might be pursued when 

a short-run time frame is to be modeled, · . 

It is possible to avoid such direct specifications of utility functions 

only by defining utility to be generated exclusively through a sequence 

of travel choices among sets of discrete alternatives, each choice being 

conditional upon the choice or choices that preceed it in the sequence. 

Choices could include: what broadlly-defined section of an urtan area to 

reside in, whether or not to own cars, how many cars to own, whether or 

not to make a trip to a particular destination, which mode to use, and 

whether to travel at peak or non-peak times, Potentially, each choice, 

or a combination of choices, can then be modeled separately by specifying 

only the differences in utility achievable by the various discrete 
' alternatives, Parameters can be estimated by introducing protability 

statements concerning the utility differences subject to random dis

turtances, This approach has been applied successfully to only a few 

of the large number of choices in a comprehensive travel decision 

sequence, with focus usually on choic~ of mode (e.g., Quandt, 1968; 
CRA, 1972) • 

Unfortunately, this approach of avoiding utility specification is counter

productive in light of the UMOT objectives. When modeling the overall 

travel decision-making behavior of households, the series of conditional 

choices approach necessarily implies that the travel utility decision 

variables are the choices themselves, interrelated in the manner described 

by the choice series. Thus, while this approach has led to improved 

insights into travel behavior rnanifested in particular decisions such as 
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mode choice, it cannot· easily be extended to a comprehensive conside

ration of overall travel behavior without complicated and tenuous 

hypotheses involving sequencing of decisions and combinations of 

alternatives. 

The approach described herein is to determin which definitions of 

travel veriables and which mathematical forms for utility functions 

are consistent with requirements of the UMOT process •. Such an 

approach does not preclude a mixed strategy, in which a utility

comparison choice of discrete alternatives is introduced to account 

for the car ownership decision (cf., Beckmann, et al., 197J). 
However, specification of the discrete choice part of the model 

logically depends upon specification of the continuous utility part 

and, as such, is the subject of a latter section of this presentation. 

2.5 The Logarithmic Utility Model 

There are many simple functional forms for utility which satisfy the 

requirements of monotonicity and concavity. The field is narrowed., 

however, by introducing an additional requirement that the functions 

be homogeneous. Homogeneity leads to very useful simplifications 

when the decisions of individual households are aggregated to total 

demand. Another benefit related to homogeneity is that certain stan

dardizations can be made to the arguments of the utility components 

without loss of generality. For example, in the optimization problem 

(2.4-6), the price index for residual consumption p can be set equal 
C 

to one if ,J, is homogeneous, and since maximization of u is equiva-

lent to maximizing any monotone transformation of u. For these and 

other reasons beyond the scope of the present discussion, homogeneous 

utility functions are common in economic analyses. 

Two simple homogeneous forms are possible. One is the power function 

a u(x) = bx (2.5-1) 

and the other is the_natural logarithm function 

u(x) = a log-x + b (2.5-2) 
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It is difficult to choose between the forms empirically, since no 

distinction is generally possible between fits of the two curves 

to data. However, the logarithmic form is more popular among 

economists studying other resource-allocation problems. For 

ex.ample, this form appears transformed as the Cobb-Douglas pro
duction function 

where the transformation is 

A more important reason for the seiection of the logarithmic form is 

th.at it alone yields results which are consistent at first approximation 

with certain empirical evidence underlying the UMar process. This 

consistency is demonstrated in the following theorems 

Theorem 2.5-1: In the absence of a constraint on available time, an 

income constraint on total household expenditure implies a 

budget proportional to income on expenditure for travel if, 

and only if, 
y PX 

u = alogx + blog(- - - x). (2.5-5) 
Pc Pc 

Proof: Let total household utility be given by the general form (2.4-6) 

with leisure utility t ignored: 
y Px 

u = </> (x) + t/1 (- - - x) . (2.5-6) 
Pc Pc 

Utility maximization with respect to the composite travel 

commodity implies 
, Px , y Px 

</> (x) = - 1/1 (- - - x) . (2.5-7) 
Pc Pc Pc 

Thus, total expenditure on all non-travel consumption is 
I -1 p I 

Y - p X = p (1/J) _£ t/, {x) (2.5-8) 
X C p I 

X 

where ( v,' ) -l denotes the inverse function of the marginal 

utility 1/1'. Now the right-hand side of (2.5-8) is dependent 
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on the amount of travel quantity x only in the combination 

p x representing total expenditure on travel, if and only if, 
X 

</>
1
(x) = : • (2 • .5-9) 

This implies by integration 

</> (x) = alogx • 

Substituting (2 • .5-9) into (2.,5-8), 

-1 ap 
y - p X = p ( t/JI ) ( ---2.) 

X C p X • 
X 

(2.5-10) 

(2.5-11) 

Now the right-hand side of (2.5-11) is independent of p, and 
C 

pxx is proportional to Y if, and only if, 

( t/J') -1 ( Pc) = - pxx (2.5-12) 
pxx bpc ' 

which implies 

tJ, (z) = b1 log(z) • (2.5-13) 

Thus, 
y Px 

u = a logx + b log (- - -x) 
1 1 Pc Pc • 

Q.E.D. ·(*) 

A similar situation holds for utility of travel and leisure in the 

absence of utility of residual consumptions 

Corollary 2.5-1.1: In the absence of an income budget, a constraint 

on available time for all activities implies a budget propor

tional to available time on total time spent for travel if, 

and only if, 

u = a1logx + b2log(T - txx) 

Proof: The proof is analogous to that of Theorem 2.5-1. 

(2.5-14) 

(*) Strictly speaking, the utility function of (2.5-5) is unique only up 
to a linear transformation of the arguments of the log-drithms and a 
monotone transformation of the entire function. Also, while the 
theorem was expounded for additive separable utility functions, it 
has been claimed for general separable functions as well (cf., Beck
mann and Kunzi, 1979). 
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Complications arise in the simultaneous presence of time and money 

constraints. The constraints interact, and stable money and time 

travel budgets are no longer observable as travel times and/or costs 

vary. In order to further analyze such interactions, and to interpret 

the results of the first theorem and corollary in terms of competing 

travel times and costs for various trips, it is advantageous to 

detail the travel decision variables (x) before proceeding further. 

2.6 Decision Variables for Travel 

Numerous types of decision variables are involved in individuals' 

choices of where, when, and how to travel. One possible single 

representation of this complex of variables involves the concept of 

travel as an intermediate good: a trip has no intrinsic value; utility 

is gained at the destination of the trip. An appropriate travel 

utility representation is thus 

D 
<J, (x) = r: f(a

1
, n

1
) , 

1=1 
(2.6-1) 

where f(ai, ni) represents the utility of destination i (i = 1, ••• ,D), 
which is a monotone increasing and concave function of the attraction 

of the destination, a., and the number of trips to the destination, 
1 

n
1 

(for i = 1, ••• , D possible destinations). Assuming that f(a1, n1) 

is homogeneous in ai (e.g., f(ai, ni) is a power function), 

n ni 
<;6(x) =1E1aif( ai) • (2.6-2) 

The general utility model (2.4-6) can be written 

(2.6-J) 

where c1 is the cost of a trip tG destination i, di is the distance 

and vi is the speed for such a trip. (Without loss of generality, the 

price index for all non-travel goods and services is standardized to 

one). 

Optimality implies (2.4-9) 

' ni 
f (-) = Ci!p 

ai 
1 = 1, ••• , D (2.6-4) 



29 

Solving conditions (2.6-4) for the n1 1 

' -1 ' ' n1/ai = (f) (cit/, + (di/v1)t), i= 1, ••• , D (2.6-5) 

' -1 
where (f) denotes the inverse function of the marginal utility 

of travel. Achieved travel utility is then calculated by substi

tuting the utility-maximizing trip rates (2.6-5) into the equation 

(2.6-2). Denoting achieved utility by a star-superscript, 

(2.6-6) 

Application of such a utility definition consequently implies measuring 

the destination attractions and trip rat·es to all visited destinations. 

In the above conventional approach, the trip distance is regard~d as 

a disutility, in the sense that the distance has to be overcome - in 

time and money terms - in order to reach a destination. There are, 

however, several indications, both empirical and theoretical, to 

suggest that the total daily travel distance to all visited desti

nations, is an efficient measure of the total daily utility derived 

from travel within the constraints of time and money. For instance, 

(i) it was already noted that when travel speeds increase, travelers 

prefer to trade-off their saved time for longer trips, rather than 

for more trips; i.e., either for further destinations, or for resi

dence dispersion, than for more destinations (cf., Smith, 1978; 

2.a.havi, 1979-a). (11) When incomes increase, travelers tend to purchase 

higher speeds (such as by transferring from bus to car travel) and 

travel longer distances within their relatively stable TT-budgets, 

instead of generating more trips (the. higher trip-rate per household 

as incomes increase is caused mainly by more travelers per household, 

not by more trips per traveler). (iii) Total daily travel utility 

should not be affected by the way in which single trips are linked. 

Hence, the only invariant components of the daily travel, which are 

not affected by different definitions of trip linking, are the total 

expenditures in time and money, and the total travel.distance purchased 

by these two budgets. (iv) Iaily travel distance is one possible 

measure of the spatial or economic opportunities that can be reached 
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within the daily money and time constraints. The traveler can then 

maximize his daily spatial or economic opportunities by maximizing 

his total daily travel distance within his travel constraints. 

On a second level, the traveler can then have the choice of ma.king 

more trips at shorter distances (such as in small or compact cities), 

or of making less trips at longer distances (such as in large or 

dispersed cities). (v) Finally, as already mentioned in Section 1.J, 
the most consistent common denominator between travel demand and 

system supply is travel distance, not trips. 

In light of the above considerations, daily travel distance was 

selected as the travel decision variable employed in the UMOT approach. 

Its maximization within the travel constraints and the available 

travel modes and their operational characteristics r~flects the maxi
mization of travel utility under given conditions or planning alter

natives. 

The question central to resolving differences between the conven

tional and UMOT approaches is: under what circumstances is total 

travel distance (and associated average speeds and costs) an accep

table proxy variable for destination-specific trip rates, speeds 

and costs? The answer is: whenever the achieved utility (2.6-6) is 

independent of the structure of the ai, v1 , di and c1 terms for the 

i = 1, ••• , D destinations. 

Rewriting (2.6-6) in terms of the contributions of the individual 

destinations, 
t -1 I I 

aif[(f) (ci 1/J +(di/vi)! )]-= µ1 , i = 1, ••• , D, 

(2.6-7) 

then 

(2.6-8) 

Thus, achieved utility is independent of the structure of the 

destination terms if, and only if, the following function exists: 

This is possible if the following hold to an acceptable approximation: 

(1) costs (c1) are proportional to travel times (d1/v
1
), across 
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various destinations visited by a single household; (2) velocities 

(vi) are independent of destinations; and (3) attractions (ai) are 

some monotone increasing function of distances (di). 

The key to the use of total travel distance as a measure of achieved 

utility is to what extent perceived attractions of various destina

tions are related to distances traveled to reach the destinations. 

This is testable through statistical analysis of attitudinal and 

travel diary data; discovery of a monotone increasing function 

between ai and di with sa.tisfa.cto11; goodness-of-fit to survey data 

would be supportive to the use of r di as a utility measure. 
1=1 

There is a second possibility for condition (3) above. If a reaso

nable spatial definition of destinations i exists such that ni takes 

on only the binary values of O and 1 (that is, destinations are 

either visited once during the time duration of analysis, or not at 

all), then achieved utility is independent of structure. Once again, 

this is testable 

Resolution of the conventional and UMOT approaches introduces the 

issue of micro vs. macro approaches. I:aily travel budgets are macro 

factors since they are averaged over an extended period, while 

single trips are micro factors, s~bject to daily fluctuations. 

For example, discretionary trips, such as shopp~ng trips, are so 

infrequent on a daily basis that they need to be aggregated in 

any case, either for the same traveler over an extended period of, 

say, a week, or for groups of travelers during one day. Even non

discretionary trips, such as trips to work, can change daily, either 

by chaining with trips to other purposes, or by changing modes. 

Hence, the UMOT approach is 1:ased on an hierarchical structure: 

First, the daily travel distance is maximized within the travel 

constraints, resulting in the demand for average daily travel dis

tance by mode. Second, trip rates and trip distances interact by 

trade-offs within the total daily travel distance, depending on 

city size and structure (e.g., the spatial or economic opportunities), 

resulting in prol:abilities of trips for different purposes terminating 

in various zones. 
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Applying the logarithmic form and specifying travel in terms of total 

distance traveled 

m m xi 
Mix u = L a1logx1 + b1log(Y - f cix1) + b2log(T - L - ).(2.6-10) 
~ M ~1 ~1~ 

Here x1 is distance traveled on mode i (i=1, ••• ,m), c
1 

is cost per 

unit distance for mode 1, v1 is speed on mode 1, Y is disposable 

household income, Tis available time aggregated for all household 

travelers, a1 is the attraction of mode 1, and b1 and b2 are the 

utility weights for general consumption and leisure time, respectively. 

Strictly speaking, the arguments of the logarithmic travel utility 

function are (x1 + 1), travel distance on mode i plus one unit distance. 

This establishes the proper boundary conditions 

(2.6-11) 

For simplicity, the added unit distance has been dropped in the 

equations which follow. Similar boundary condition considerations 

apply to the general consumption and leisure terms. These condi

tions are expressed in the additional constraints 

m 
Y - L c1x1 ~1 , 

1=1 

which are assumed~ priori for simplicity. 

2.7 A Model of Travel with One Budget 

(2.6-12) 

The implications of applying utility model (2.6-10) within the UMOT process 

can initially be investigated by simplifying the model to the case of 

one travel budget, either money or time. The second step, pursued in 

the following section, is to analyze the more complicated two-budget 

form. 

Model (2.6-10) in terms of a money budget only is written 

(2.7-1) 
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and in terms of a time budget is wr1 tten 

m m 
Max u = E a1logx1 + b2log(T - E x1/v1) , (2,7-2) 
x

1 
1=1 1=1 

Focussing first on interpretations in money budget terms, the necessary 

and sufficient conditions for the naximiza.tion (2,7-1) are 
b1ci 

ai/x1 - m = 0 , 1 = 1,,,,,m, ·(2,7-3) 
(Y - I: c1x1) 

1=1 

Thus, 
1 = 1,.,. ,m 

which states that the total money expenditure on any mode is a constant 

proportion of income net of total travel expenses, The proportionality 

constant is the ratio of the attractiveness of the particular mode to 

the attractiveness of residual consumption, parameters which are to 

be estimated. Summing both sides of (2.7-4) over all modes, 

m m m 
L c1xi = (1/b)(Y - L c1xi)E a1 • 

1=1 1=1 1=1 
(2.7-.5) 

Since, without lossmof generality, the a1 coefficients can be stan

dardized such that I: a1 = 1, total travel expenditure is thus given 
1=1 

by 
m 1 

1~1 cixi = ( bl + 1) y , 

and, substituting (2,7..6) into (2,7-4), distance traveled on mode 1 isc 

1 = 1 , ... ,m (2. 7- 7 ) 

Equations (2,7-6) and (2,7- 7) are restatements of Theorem 2.5-1 with 

mode travel distances as arguments of the travel utility functions 

total expenditure for- travel is a fixed proportion of income, regardless 

of the costs.of travel, Moreover, the total distance traveled on a 

given mode is inversely proportional to the cost per unit distance 

of travel on that mode, 

Analogeously, in terms of a travel time budget, the following two 

relationships are derived: 
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(2.7- 8) 

and 

i=1, ••• ,m 

Thus, total time spent traveling is a fixed proportion of total 

available time, regardless of travel speeds; and total time spent 

traveling on any given mode is directly proportional to the speed 

of that mode. 

Application of the simplified single-budget version of the logarithmic 

travel distance utility model implies that a household's total expen

ditures on travel (in.terms of either money or time) remains constant 

as the relative costs of travel among modes change. What does change 

is the allocation of travel distances on the various modes, the 

changes in distances being in proportion to the changes in costs. 

These results are modified, however, by the simultaneous inclusion 

of both budgets, as explored in Section 2.8. 

Substituting the utility-maximizing travel distances, (2.7- 7) and 

(2.7-9 ), into the original utility functions described in (2.7-1) and 

(2.7-2), respectively, yields the achieved utility levels. In the case 

of the time-budget model, this yields 

* m ai 1 
u = E ailog[v1 (b + 1)T] + b2log[T -(b + 1)T] 

i=1 2 - 2 

Simplifying, 
* m m 

u = E ailoga1 + E ailogv1 + (b2 + 1)1ogT -
i=1 1=1 

(2.7-11) 

Equation (2.7-11) shows that a household's achieved utility, or total 

benefit from travel and leisure after travel is adjusted to yield 

maximum possible benefit, is an increasing concave function of 

travel speeds and of total available time. Also, achieved utility 

is a decreasing linear function of (-railoga1), which is of an 

entropy form. In light of the well known properties of such forms 

developed in information theory, achieved utility is greatest when 

modal attractions are highly unequally distributed, and is smallest 

when modal attractions are equal. 
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F.quation (2.7-11) can be interpreted from a point of view of potential 

policy implications: achieved utility increases with time available 

and with any modal speed in a diminishing marginal manner. Moreover, 

increases in speeds faced by households with low levels of available 

time (say, more workers per total travelers) have greater proportional 

effects on achieved utility than do increases in speeds faced by house• 

holds with high levels of available time (tastes being equal). 

Finally, the incremental increase in a household's achieved utility 

resulting from an increase in the speed on any mode is proportional 

to the attraction of the mode and inversely proportional to the pre

sent average speed of the mode. Assuming that faster modes are also 

more attractive for reasons other than travel times alone (say, for 

reasons related to comfort or personal security), the two effects of 

high speed and high attraction counteract, and it is possible that 

achieved utility can be improved to the same proportion by improve

ments in speeds of the either faster or slower mode. Results depend 

upon the actual estimated values of the ai and vi terms. 

Analogous rela·tionships are obtainable for the money-budget model: 

* m m 
u =~a.log a. - ~ a.log c1 + (b1 + 1) log Y + Constant. (2.7-12) 

i=1 1 1 i=1 1 

A household's achieved utility is a decreasing convex function of 

costs, an increasing concave function of income and a decreasing 

linear function of the entropy of modal attractions. 

2.8 A Model of Travel with Two Budgets 

The necessary and sufficient conditions for the maximization of the 

complete two-budget model (2.6-10) are 

b1ci 
ai/xi - m 

y - :E cixi) 
1=1 

= 0 i=1, ••• ,m. (2.8-1) 

In general, conditiom (2.8-1) represent an intractable set of non

linear equations. Gradient-search and similar algorithms (Bard, 1974) 

can be used to find approximate solutions in practical applications. 
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However, certain approximations can be introduced in order to develop 

closed-form relationships. These relationships help to reveal the 

implications of employing the model of (2.6-10) and (2.8-1) in travel 

demand forecasting procedures. 

One approximation involves asswning that total travel expenditure 1s 

a relatively small proportion of income, and that total time spent 

traveling is a relatively small proportion of time available. A con

ventional definition of "small" in such cases is typically "ten per

cent or less", but 11 or even 15 percent might be acceptable. Thus, 

defining 

and 
m 
r: xi/vi<< T 

1=1 

conditions (2. 8-.1) become: 

ai/xi = b1ci/Y + b2/v1T , i = 1, ••• ,m. 

or 

, 1 -= 1 , ••• ,m. 

(2.8-2) 

(2.8-J) 

(2.8-4) 

Thus, asswning that travel time and money budgets are relatively 

small proportions of total money and time constraints, travel on 

any mode is proportional to the harmonic mean of two distance limits: 

(1) Y/ci' the maximwn d1.stance that can be reached with the available 

money, and (2) v.T, the maximwn distance that can be reached with the 
l. 

available time. 

Comparing equations (2.8-5) with the optimum travel distance equations 

for the two alternative single-budget models (2.7-7) and (2.7-8 ), it 
is apparent that the simultaneous presence of two budgets introduces 

nonlinearities between t:ravel distances and income or the inverse of 

costs, and between travel distances and available time or speeds. 

These relationships become concave functions. Income, the inverse 

of costs, available time, and speeds all exhibit diminishing marginal 

influences on travel distance. Thus, for example, a change AY in 

income will have a greater effect on travel for a household at income 
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level Y1 than it will for a household at income level Y2>Y1 , ceteris 

paribus, 

Such nonlinearities might be approximated in practice by stratifying 

households by.income level and available time (number of travelers, 

number of workers and possibly type of work) and specifying different 

linear relationships for each stratum, Similarly, different cost

distance or speed-distance relationships could be specified for various 

ranges of costs or speeds, 

One further implication of the two-budget model (7,1) is the resulting 

expression for the ratio of the marginal utility of time to the marginal 

utility of money, This ratio is commonly known as the "money value of 

time" or simply the "value of time", It is derived from (7.1) by cal

culating 

(2,8T6) du b2 
-= dT (T - f x1/v1) 

1=1 
and 

du b1 • -= ' dY (Y - f c1x1 ) 
1=1 

(2.8-?) 

so that 

(2.8-8) 

Thus, the value of time implied by the two-budget logarithmic utility 

model is directly proportional to money available for non-travel 

consumption and inversely proportional to time available for non-travel 

discretionary purposes. The proportionality constant reflects the 

taste of the household, 



2.9 Simplifications for Short-Run Behavior 

In developing the general form of the travel utility model (2.4-6) 

and the more specific logarithmic travel distance model (2.6-10), 

constraints on travel were postulated to be the total money and time 

available to the household. In other words, the constraints were 

household disposable income and total traveler-days minus time devoted 

to obligatory activities, such as sleep and work. This approach 

allows total travel expenditures in terms of money and time (that is, 

travel money and time "budgets") to be functions of the income and 

time constraints. 

In situations where the results of a travel decision do not impact 

markedly on household resources, it is possible to model behavior 

more simply. Fo:t such "short-run" behavior the travel time and/or 

money budgets can be considered fixed, thus becoming constraints 

on the short-run travel decisions. The utility model is thens 

(2.9-1) 

subject to 
m 
I: x·c * 1=1 1 i ~ M , 

m * I: x1/v.~ T , 
1=1 .1. 

where (,6 t (xi) are the travel utilities associated* with the i = 1, ••• m. 

modes, M is the fixed travel money budget, and T is the fixed travel 

time budget. Forming a Iagrangean function, the necessary and sufficient 

conditions for optimality ares 

1 = 1, ••• ,m , (2.9-2) 

where A andµ are the Iagra.ngean multipliers associated with the 

money and time constraints, respectively. Operationalizing the 

short-run model (2.9-1) thus requires specifying appropriate utility 

functions (,6 i (xi). The implications of applying such a model can 

be determined once such a function is specified. 
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In fact, the motivations in selecting a functional form for short

run travel utility are precisely those in selecting the functional 

forms for the utility components of the general model (2.4-6). 

This is demonstrated by the following theorem which links the 

general and short-run utility models. The theorem is shown for 

the single (money) budget· case. 

Theorem 2.9-1: M:1.ximization of the (additive separable) utility 

of consumption and travel is equivalent to :naximizing 

the utility of travel under appropriate money budget 

constraints. 

Proof: Let expenditures on all non-travel goods be a given function 

of income: 

g = g(Y) • 

·!'he problem is to find a utility function ~ (g) such that the 

solution· of 
m 

Max u = r <P • (x. ) 
Xi i=1 l. l. 

is equivalent to 

subject to 

m 
M:l.x u =.r <P1<x1) 

1.=1 

m 
r cix. ~ Y - g(Y) 

1=1 1 

m 
+ 1/J (Y - r c.x1) 

i=1 1 
{2.9-4) 

(2.9-5) 

for all Y and ci, i = 1, ••• m. Writing the latter problem 

(2.9-5) in Iagrangean form: 

the solution is determined by 
/\ 

</Ji (xi) = A.Ci ' 

The solution to the former problem (2.9-4) is determined by 

A I ffi 
<Pi (x1) = ci 1/J (Y - i~l cix1) (2.9-8) 

or, assuming that the constraint of (2.9-5) is binding, 

(2.9-9) 
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The problem thus reduces to determining the conditions under 

which expressions (2.9-7) and (2.9-9) are equivalent, or under 

which , 
A = 'f (g(Y)) = A(Y) 

Differentiating, 

y )') Y, )') J A(z g (z dz = J' Ip (g(Y) g (z dz 
0 0 

or 

JYA(z)g 1 (z)dz = 1/J (g(Y)) , 
0 

m 
which specifies Ip (g(Y)) = 1/1 (Y - r: cixi) . 

1=1 

(2.9-10) 

(2. 9-11) 

(2. 9-12) 

Q.E.D, 

The proof of Theorem (2.9-1) is constructive in that it specifies 

the utility function for residual consumption as a function of income. 

The theorem holds for any monotonically increasing concave utility 

functions, not just for the logarithmic form. 

In light of Theorem (2.5-1), if the short-run model (2.9-1) is to 

yield results which are consistent with those of the chosen 

form of the general model, logarithmic utility is dictated: 

subject to 

m 
M:1.x u = E ailog xi 

i=1 

m * r: xici ~ M 
i=1 

m * 
:E xi/vi~ T • 

i=l 

Optimality thus implies 

i=1, ••• ,m. 

(2. 9-13) 

(2.9-14) 

The short-run travel equations (2.9-14) are simplifications 

of the general equations (2.8-5). The effect of assuming fixed 
income and fixed available time is to fix the money value of time 

in equations (2.9-14) as A/µ. This is comp.ired to the income-and 

time-dependent money value of time in the general equations. 
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Two hybrid models are also possible. If it is postulated that 

available time is fixed, but income nay vary, the appropriate 

model is 

m Jil 
M:Lx u = t a1log x1 + b1log(Y - t c1xi) , 

X ~1 ~1 i 
(2.9-15) 

subject to 
m * t x1/v1 ~ T , 

1=1 

which implies 

1 = 1, ••• ,m , (2.9-16) 

Similarly, the appropriate model for fixed income and variable 

available time 1s 

(2.9-17) 

subject to 

which implies 

i = 1, ••• ,m • (2.9-18) 

The former model is potentially relevant for analyses of relative price 

changes among travel and non-travel goodsr the latter model is poten

tially relevant for analyses of shorter work hours with equal pay. 

The question in each of these cases is: how are the- short-run, fixed travel 
* * time and travel money budgets M and T determined by a household? 

This precursor problem can be specified in utility terms ass 

where the fixed travel money budget is given by 

* m M = t c
1
x

1 
r 1=1 

and the fixed travel time budget is given by 

(2.9-19) 

(2.9-20) 

(2.9-21) 
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Here the household is purported to be ,interested in trading off 
m 

the utility from total travel, ¢, (~ x.), against consumption and 

leisure utilities in determining t~v!1 budgets at the first stage 

of the travel decision process. The second stage of the decision process is 

represented by model (2.9-1). The necessary and sufficient conditions 

for an optimum in (2.9-19) are then 

a 
i = 1, ••• ,m. (2.9-22) 

The implications of (2.9-22) are revealed most readily in the case 

of two modes. Writing conditions (2.9-22) for i = 1,2 and equating: 

(2.9-23) 

Thus, 
(2.9-24) 

or, 
(2.9-25 

The coefficient 

y = (b (-1- - _l ))/(b (c - c )) , 2 v1 v2 1 1 2 (2.9-26) 

relating time for leisure to money for residual consumption, is a 

function of the sum of modal costs and the sum of the inverse of 

modal speeds. It is positive, assuming one mode does not dominate 

the other (that is, if c1 _> c2 for v1 > v2, or c1 < c2 for v1 < v2). 
Substituting definition (2.9-26) in Equation (2.9-25) and solving for 

the travel time budget, 

* * T = ( T - yY) + yM (2.9-27) 

That is, travel time and money budgets are linearly related with 

slopes which are independent of income and available time, and dependent 

on travel costs and speeds. 
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The above result is easily testable on actual data, and Figure 2.9-1 
shows two examples of the relationships between the households' 

travel time and money budgets in the case of three car ownership 

segments in the Nurenberg region and the metropolitan area of Munich, 

both in Germany. The parameters of the linear regressions plotted 

in Figure 2.9-1 are listed in Table 2.9-1. Statistics for testing 

hypotheses that the regressions for each car ownership segment are 

equivalent for Nurenberg and Munich are given in Table 2.9-2. 
These statistics are generated through a test proceµure proposed. 

by Chow (1960), 
s 
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Figure 2.9-11 Ih.ily Travel Time and Money Expenditures per 
Household, Nurenbcrg and Munich 
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Table 2.9-1• The Relationships Between Travel Time and Money Budgets 
per Household, Nuren berg and Munich 

Regression NURENBERG MUNIQl 
Result 

0 Car 1 Car 2+ Cars 0 Car 1 Car 

Slope 0.559 o.469 0.43J 0.700 0.587 
Intercept 0.598 -4._544 -8.428 0.225 -5.831 
R2 0.958 0.935 0.981 0.844 0.925 

(Source: Appendices 1 and 2) Summarized in Appendix 4. 

Table 2.9-2: Comparison of Regressions, Nurenberg versus Munich 

(* - Hypothesis rejected at 0.01 confidence level) 

Hypothesis F - Statistics 
Tested 

0 Car 1 Car 2+ Cars 

Equality of 1,68 * * Regressions J1,7J 9.12 
(2,26) (2,51) (2,18) 

(-) Degrees of freedom 

The results indicate the following: 

2+ Cars 

0.45J 
-a.511 

~-929 

(1) Car ownership is an effective criterion by which to segment 

households into homogeneous segments with respect to relation

ships between allocated time and money t:r:avel budgets. For 

both areas, differences among car ownership segments far surpass 

differences among observations within each segment. 

(2) For each car ownership segment in each area, there is a linear 

relationship between time and money budgets, as predicted by 

equation (2.9-27). For both of the areas, there are significant 

differences among the car ownership segments in terms of both 

the •intercepts and slopes of the linear relationships, This 

indicates differences in they terms of equation (2,9-27), and 

possible differences in mean T and/or Y values, if this equation 

correctly specifies the underlying mechanism of the relationships. 

(J) The time-money budget relationships for zero-car households are not 

significantly different, Nurenberg versus Munich, But the relation

ships~ different between the two areas for both 1-ca.r and 2+ car 
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households. 'nlis indicates that one or both of the following 

might be true if equations (2.9-26) and (2.9-27) hold: average 

speeds are lower for Munich; or average costs are higher for 

Munich. However, differences in tastes between the popula

tions of these two areas (i.e., differences in average b2/b1 
values) could also account for differences in the. time-money 

budget relationships and such an effect is inseparable from 

the system supply (v
1

, v2 and c
1

, c2) effects. 

In summary, the linearity of the observed relationships in Nurenberg 

and Munich tend to support the l:asic formulations of the UMOT process 

and their ability to predict actual travel behavior. The results also 

suggest that an effective criterion by which to segment households. 

into homogeneous segments with respect to travel behavior is car owner

ship. Finally, the results also indicate that travel costs by car

owning households in the metropolitan area of Munich are higher than 

in the Nurenberg region. One plausible reason for this result is that 

travel speeds are slower in the former area than in the latter region~ 

Additiol)al tests of other hypotheses central to principles of the UMOT 

process are analyzed in detail in Chapters J and 4. 
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2.10 Extensions for Nondiscretionary Travel and Price Indices 

(1) The utility models developed thus far are based on the hypothesis 

that all travel is discretionary. This might not be true in the real 
.. world; certain travel, such as work trips and shopping trips for food 

needs, could be considered non-discretionary by a household and not 

subject to travel budgets if costs or times of such travel are high. 

The utility model is ~eadily extended to account for nondiscretionary 

travel by redefining travel utility as 

where 
m 
~ r = R 

1=1 1 

1 = 1, ••• ,m (2.10-1) 

(2.10-2) 

and R is the household's nondiscretionary travel distance, while r1 
is discretionary travel allocated to mode i. The implications of 

including nondiscretionary travel in various utility models are 

revealed by formulating the utility-maximizing conditions for the 

models,with expressions (2.10-1) and (2.10-2) replacing the previous 

travel utility specification. 

Since the concept of nondiscretionary travel could be important in 

situations of low incomes relative to required travel expenditures, 

such as might be the case for certain population segments in developing 

countries, focus is initially placed on the single (money) budget model. 

Previously, in the absence of nondiscretionary travel, total travel in 

the money budget case was related to cost, modal attractions and income 

(cf. Equation 2.7-7 ): 

m y m 
.~ x. = (b + 1) ~ ai/ci • 
l.=1 1 1 1=1 

(2.10-J) 

In the presence of nondiscretionary travel requirements this relation

ship is given by 

for 

m 
~ X = 

i=1 i (2.10-4) 

(2.10-5) 



and 

for 

m 
L X = 0 

1=1 1 
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(2.10-6) 

(2.10-7) 

Thus, expenditure on discretionary travel is a linear function of 

income for incomes meeting condition (2.10-5)1 

m 1 m 
r c1x1 = (b + 1)Y - r c1v1 i=l 1 1=1 

(2.10-8) 

but lie above this budget line for incomes failing condition (2.10-5). 
In this latter case (2.10-7) it is reasonable to speculate that the 

forced travel budget is given by 

(2.10-9) 

where k is the minimum-unit-cost modes 

i = 1, ••• m; i ~ k (2.10-10) 

In the two-budget case, the utility-optimizing conditions become, in 

the presence of nondiscretionary travel requirements, 

where 
m 
Er = R 

1=1 i 

b2 +-----------, 
v1 (T - r xi/vi - r'r1/v1) 

i = 1, ••• ,m. (2.10-11) 

(2.10-2) 

In cases of high incomes and high available times relative to total 

travel expenditure, the approximations (2.8-2) and (2.8-3) can be 

employed, and discretionary travel on any mode is 

i = 1, ••• ,m. (2.10-12) 

However, in cases where nondiscretionary travel-expenditures strain 

incomes or available times, approximations (2.8-2) and (2.8-3) are no 

longer legitimate. These cases are characterized by discretionary travel 
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approaching zero in (2.10-11), or 

i < 1, ••• m, (2.10-13) 

which leads to a simplification of (2.10-11): 

b2 +-------, 
vi(T - u-i/vi) 

i=1, ••• ,m. (2.10-14) 

Conditions (2.10-14) are restatements of the general two-budget model 

conditions (2.8-1) where nondiscretionary travel replaces discretionary 

travel. The~e conditions lead to complicated solutions describing how 

travel is allocated among modes given the modal costs, speeds and 

attractions, and the marginal money costs of time function. 

(2) A second extension of the utility model concerns the price index 

for residual consumption. In the general logarithmic-model, the price 

index for residual consumption, denoted asp, falls out of the model 
C 

since m m 
b1log[Y/p - (1/p) E cixi] = b11og(Y - E c1xi) - b1log p , 

C C 1=1 i=1 C 

(2.10-15) 

and constant terms not containing xi have no affect on utility maxi

mization. In order for pc to be internalized within the model structure, 

postulates relating Y and ci to pc are required. 

One such postulate is that some modal costs respond directly to changes 

in consumer prices, or 

i = 1, ••• ,m, (2.10-16) 

which implies, 

i = 1, ••• ,m, (2.10-17) 

where t1 is the component of mode i costs which responds within the 

time period of analysis to consumer prices, and 6i is the cost component 

which is independent of consumer prices. If it is further assumed 

that incomes don.Qi respond to consumer prices within the time period 
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of analysis, 

_g1_ - 0 dp ' 
C 

(2.10-18) 

then the single-budget logarithmic utility (2.7-4) becomes 

m m m 
M:ix u =Ea.log xi+ b1log(Y - p L tixi - E oixi) ; 
Xi i=1 1 Ci =1 i=1 

(2.10-19) 

Total travel expenditure implied by the extended model (2.10-19) is, 

as before, 
m 1 
I: cixi = ( b + 1 ) y 

1=1 1 
(2.7-9) 

This is insured by Theorem 2.5-1 and is readily verified by developing 

the optimizing conditions for (2.10-18) along the lines of expressions 

(2.7-3) through (2.7-5). However, postulate (2.10-17)-(2.10-18) is 

reflected in the equations for travel distances: 

~i 1 
x1 = (t P + o.)(b + 1 )Y , i = 1, ••• ,m (2.10-19) 

i C 1 1 

Thus, in the limiting case where cost for a mode is proportional to 

consumer prices (o. = o), distance travelled on that mode is inversely 
1 

proportional to consumer prices. As modal costs become less sensitive 

to consumer prices (o1/:1 increases), this effect diminishes. 

Similarly, postulate (2.10-17)-(2.10-18) can be adapted to the two

.budget model (2.7-1). For incomes and available times meeting condi

tions (2.8-2) and (2.8-3), expression (2.8-5) for approximate travel 

distance is modified to: 

An example application of (2.10-19) or (2.10-20) involves forecasting 

the short-term effects of changes in car operating costs resulting 

from increases in fuel costs which are proportional to a general 

consumer price index increase. 
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2.11 Car Ownership Decisions 

The models developed in the preceeding sections postulate that a 

household reaches decisions concerning total travel on various 

available modes based upon the time and money costs of travel on 

each of those modes and the time and money resources which the 

household has available. Consequently, a household might desire a 

certain level of car travel. Such car travel could be realized b) 

purchasing and m3.intaining various numbers of cars, light-duty trucks, 

and so on, :ranging logically from a single vehicle to one vehicle for 

every driver-aged household member. Alternatively, a household could 

choose to rely upon ridesharing with neighbors, fellow workers, and 

so on, in an attempt to forego capital outlays, or could reevaluate 

its decision concerning desired car travel and reallocate such travel 

to competing modes. 

Such a concept of short-term travel decisions feeding decisions 

involving longer-term commitments, which then feed back upon the 

short-term decisions, implies development of a car ownership model 

to be linked to the travel desire model in the UMOT process. 

A relevant qu~stion is then whether or not a car ownership model can 

be developed based upon the same utility theory formulation which 

underlies the UMOT travel desire model. Development of such a comp

lementary series of travel behavior models is necessary, but not suffi

cient for theoretical consistency. 

Beginning with a two-mode case exploring the relevance of the general 

form of the utility model (2.4-6) to car ownership decisions, assume 

that a household relies on car travel exclusively if it owns at least 

one car. Defining travel by car as x1 and travel by the alternative 

mode(s) (which could be either public transit or ridesharing) as x2 , 

comparisons can be made between achieved utilities to derive conditions 

under which the household prefers to own, or not own, a car. The best 

the household can do with a car is given by 

* * * * u1 = </>(xi)+ r/J(Y-c1x1)+ t(T-x1/v1), (2.11-1) 

* where x1 is the ut1lity-m3.ximiz1ng travel distance by car. 
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Since costs of car travel can be separated into fixed costs (p), 

allocated on a per-unit distance basis, and variable costs c1, 

achieved utility (2.11-1) can also be written 

(2.11-2) 

Similarly, the best the household can do without a car is given by: 

(2.11-3) 

* where x2 is the utulity-maximizing travel by the altemative mode(s). 

Considering first the simplest case in which there is no inherent 

attractiveness of car over the altemative mode(s) (a1 = a2 in the 

logarithmic utility model (2.7-1)), and cost and time differences 
* * trade-off such that distances x1 and x2 are approximately the same, 

then 

(2.11-4) 

In this case a household decides to own a car whenever achieved utility 

(2,11-2) is greater than achieved utility (2,11-3), or 

t/J(Y - p - c1x) + /(T - x/v1) > t/J (Y - c2x) + t (T - x/v2), 

(2.11-5) 

where xis the distance traveled independent of mode. 

At a critical combination of travel distance (x), income (Y), fixed 

costs (p), variable costs (c1 and c2 ) and speeds (v1 and v2), the 

household will be indifferent between owning and not owning a car, 

or 

,/J(Y-p-c1x)+ t(T-x/v1)- t/J(Y-c2x)- ~(T-x/v2)=0, 

(2,11-6) 

which can be denoted as the criterion function 

(2,11-7) 
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From Equations(2.11-6)-(2.11-7) it is possible to determine how 

demand for car ownership depends qualitatively on other parameters: 

(1) As income increases, the level of travel necessary to justify 

car ownership decreases. 

To show this, note that 

dx _ oH / oH 
dY = oY ox (2.11-8) 

Thus, since 

the sign of the derivative of distance with respect to income 

becomes 

(2.11-10) 

or 

Assuming that car travel is more expensive, 

(2.11-12) 

but faster; 

(2.11-13) 

than travel by the alternative mode(s), 

(2.11-14) 

.,., ( since~ is concave reflecting the principle of diminishing 

marginal utility). Thus, 

dx 
dY < O (2.11-15) 

(2) Similarly, as available time increases, the level of travel 

necessary to justify car ownership increases, or the necessity 

of a time saving by car decreases: 

(2.11-16) 
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or, 

which leads to 

dx 
dT > O (2.11-18) 

due to (2.11-13) and the principle of diminishing marginal 

utility. 

(3) As the fixed cost of car ownership increases, the level of 

t:ravel justifying car ownership increasess 

or 
dx - > 0 ; 
dp 

since 1/1 is a monotonically increasing function. 

(2.11-19) 

(2.11-20) 

(4) As the variable costs of car ownership increases, the level of 

t:ravel justifying car ownership increases: 

(2.11-21) 

or 

Sign(<'i: ) = - Sign(-x ,J, 1 ) , 

dc1 
(2.11-22). 

which leads to 

(2.11-23) 

(5) Similarly, as the cost of t:ravel by the alternative mode(s) 

increases, the level of t:ravel justifying car ownership decreases: 

or, 

Sign(ddx ) = - Sign(x ,J,' ) , 
c2 

which leads to 

!ES_< 0 
de · 

2 

(2.11-24) 

(2.11-25) 

(2.11-26) 



.54 

(6) As average speed of car travel increases, the level of travel 

justifying car ownership decreasesa 

or, 

Sign(ddx ) = 
vl 

Sign(ddx ) = 
vl 

which leads to 

oH - Sign(-) ov
1 

(2.11-27) 

(2.11-28) 

(2.11-29) 

(7) Finally, as average speed of t:ravel by the alternative mode(s) 

increases, the level of travel justifying car ownership increases: 

(2.11-30) 

or, 

Sign(ddx ) = - Sign( - x2 /, ) 
v2 v2 

(2.11-31) 

which leads to 

(2.11-32) 

Another implication of applying the general two-budget utility model 

to the simplified fixed-t:ravel car ownership decision is revealed by 

the qualitative relationship between income and car ownership cost: 

(8) As the fixed cost of car ownership increases, the level of income 

necessary to justify car ownership increases. To show this, 

implicit differentiation of (2.11-6) yields 

'( - )dY •'•'( - ) '( )dY t/, Y - p - C X - - y, Y - p - C X = t/, Y - C X -1 ~ 1 2 ~ 

or, 

Thus, 

dY 
dp = 

dY > O 
dp 

(2.11-33) 

(2.11-.'.34) 

from assumption (2.11-12) and the principle of diminishing 

utility. 
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Further implications are revealed by applying two Taylor Series 

expansions to criterion function (2.11-6)-(2.11-7). Small diffe

rences in utilities of residual consumption can be approximated by 

and small differences in utilities of leisure time can be approxi

mated by: 

(2.11-36) 

Substituting (2,11-35) and (2.11-36) in (2,11-5), 

- t 1 
(T) 1 . 1 p < x(c - c) + ---~ x (- --) 

2 1 v,'(Y) v2 v 1 
(2.11-37) 

which states that car ownership is advantageous whenever the fixed 

costs of ownership are less than the sum of the differences in variable 

costs and the time savings converted to money terms by the money value 
I I 

of time t (T)/ VJ (Y). 

Solving (2,11-37) for the critical value of travel necessary to 

justify car ownership: 

p 
x>-------------

~' ( T) (1 1 ) + ( c ) 
,t,'(Y) v2 - v1 c2 - 1 

(2.11-38) 

Thus, the travel threshold is (approximately) directly proportional 

to fixed costs of car ownership and inversely proportional to a 

composite term expressing the net of the money value of the time 

savings of using car over and above the differences in variable money 

costs. 

Specifying the logarithmic utility model (2,7-1) results in expression 

(2.8-8) being inserted for the money value of time [ t'(T)/ f/, 1(Y)] in 

threshold conditions (2.11-37) and (2.11-38). Focussing on (2,11-38}, 
for incomes and available times "large" compared to travel money and 

time expenditures, respectively (conditions (2.8-2) and (2.8-3)), car 

ownership is advantageous whenever: 
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p 
X > (2.11-J9) 

Expressions of the critical level of income justifying car owner

ship for a given desired travel distance are simplified by defining 

the benefit of time savings by car travel as 

(2.11-40) 

or, for logarithmic utilities, 

(2.11-41) 

Thus, continuing the logarithmic case, car ownership is advantageous 

whenever 

(2.11-42) 

Condition (2.11-42) can be rewritten as 

(2.11-43) 

which, for incomes "large" relative to travel expenditures , yields 

the approximate critical income 

p 
(2.11-44) 

Thus, as car time savings benefits become large relative to the 

attraction of residual consumption, the income level justifying car 

ownership approaches the fixed costs of car ownership; as time savings 

benefits approach zero, the critica'l income level grows without bound. 

Relaxing the assumption of equal travel utilities for car and the 

alternative mode(s) (2.11-4), the condition for car ownership 1s 

derived by comparing the achieved utilities (2.11-2) and (2.11-J)s 

ct,(x;) + 1/1 (Y - p - c1x;) + t (T - x;/v) > 

(2.11-45) 
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For relatively small differences in utilities, condition (2.11-45) 

can be approximated by employing a Taylor Series expansion at 
* x = x1 , Y , and T. Thus, car ownership is advantageous whenever 

Defining the difference in travel distance by car over travel 

distance by the altemative mode(s) as 

* * ~X = X - X 1 2 

condition (2.11-46) can be rewritten 

(2.11-47) 

(2.11-48) 

The first term on the left-hand side of inequality (2.11-48) repre

sents the utility of the difference in travel distance, car versus 

altemative mode(s), converted to money terms. The second term, 

encompassing the bracketed differences, represents the value of the 

time saved by car net of the additional time required for travel 

of the difference in distance, again converted to money terms. 

Finally, the remaining terms on the left-hand side of the inequality 

represent the extra. money cost of car travel. Condition (2.11-48) 

states that car ownership is advantageous whenever the value of the 

travel difference plus the value of the time savings minus the extra. 

variable costs is greater than the fixed costs of car ownership. 

It is feasible to extend these arguments to decisions involving 

ownership of mo+e than one car by chaining the binary choices. 

That is, for households with more than one driver, choice of a 

second car can be considered conditional upon a favorable decision 

to own a first car. If incomes, available times and desired travel 
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distances warrant car ownership, then the car ownership decision 

process can be repeated redefining car travel as travel using two 

cars and the alternative mode as travel using only one car. This 

modeling concept does require more detailed development of travel 

times and costs faced by household members with and without exclu

sive uses of household cars, which is in the realm of further re

search. Nonetheless, a simplified car ownership model can be 

~pplied even at this stage, as detailed in Section 5.5. 

2.12 Estimation Considerations 

The major estimation problems in applying various versions of the 

utility travel demand model involve the coefficients of the utility 

functions. These coefficients were identified in models (2.7-1), 

(2.7-4) and (2.7-5) as a., modal attractions for modes i = 1, ••• ,m, 
l. 

b1 , the attractiveness of residual consumption, and b2 , the attrac-

tiveness of leisure time. The ratio b2/b1 is also interpretable as' 

the utility coefficient of the value of time (2.8-8). All of these 

coefficients express "tastes", which account for differences in 

behavior among ·households faced with similar travel alternatives 

and constraints. But as "tastes" they are not directly observable. 

The a. modal attractions potentially are functions of all modal 
l. 

attributes which are not enco~passed in the utility function, which 

in the two-budget case, includes all attributes except door-to-door 

time and cost. Thus, if a traveler considers seriously such attributes 

as comfort, personal security or weather protection in choosing modes, 

the a. values of the alternative modes are-determined in some manner 
l. 

by the traveler's perceptions of how well the modes rate on these 

attributes. The effect of the a. values is then similar to the effect 
l. 

of constant terms in conventional mode choice models in accounting for 

bias in choice not explained by the model independent variables. 

Focussing on the short-run case in which incomes and available times 

are presumed fixed,~ priori knowledge of the a1 values for a parti

cular population segment leads to determination of the xi andµ and 
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A values, tarring degeneracy. This determination is na.de through 

solution of m + 2 equations (m = number of modes) in m + 2 unkowns. 

Them+ 2 equations are them optimality conditions (2.9-14), and 

the additional two equations are the travel money and time budgets 

specified as the constraints of problem (2.9-13). In the special 

case when m = 2, the two budget equations alone determine the two 

travel distances x1 and x2 , and no inforna.tion is derivable regarding 

travelers' money value of time (A/µ); travelers' choices are determined 

by the budget equations, precluding trade-offs between time and money 

according to preferences. 

In the general case when the number of modes exceeds the number of 

travel budgets,~ priori knowledge of modal attractiveness (ai) is 

required. In absence of any inforna.tion, whatever, regarding the 

ai values, equal attractiveness can be assumed ( a
1 

= a 2 = ••• = am) 

and tested against empirical observations. One possible test of 

such an hypothesis involves data on t:ravel distances and speeds by 

mode for various populations of travelers: 

The utility-na.ximizing travel distances in the short-run case for a 

single (time) budget are given by 

(2.12-1) 

assuming the logarithmic utility model (2.9-13) with a vanishing 

money budget, Thus, total utility-maximizing travel is 

m 
L x. = 

i=1 1 

which can be written 

where 

m 
L x. = 

i=1 1 

TJ = 1 - a i i 

(2,12-2) 

(2,12-3) 

i = 1., ••• ,m (2.12-4) 

is a measure of the deviation of modal attractiveness from equality. 
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Regressions of the type 

m m x1 E xi= a+~ E (T) 
1=1 i=1 1 

where ti is the time spent traveling on mode i, can then be 

employed in testing the hypothesis that a= O, or that 

111 = 0 , i = 1, ••• ,m 

(2.12-5) 

.(2.12-6) 

However, the role of the utility coefficients a1 , µ and A ( or a1 , 

b1 and b2 in the long-run case) is not limited to model calibration. 

Since these parameters represent "tastes", they are properly random 

variables distributed over a population of travelers. They accollllt 

for variances in travel distances among households with similar incomes, 

available times, and transportation supply measures. 

While the introduction of postulated distributions for tastes within 

the UMOT process travel behavior models awaits further research, one 

particularly transparent application of such distributions is to car 

ownership decisions. The critical distance conditions such as 

(2.11-JB)' can be specified in terms of random tastes as 

x > E(T, Y) (2.12-7) 

where Eis a random deviate. For example, if the time value of money 

in (2011-38) is normally distributed, and variable costs by car and · 

the alternative mode are similar, then the probability that a house

hold with income Y and available time T chooses to own a car is also 

normally distributed. Such considerations are applied in the UMOT 

car ownership model, of which a simplified version is presented in 

Section 5. 2 • 
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CHAPTER 3 : THE TRAVEL BUOOETS • 

3.1 Introduction 

The constraints on travel choices can be many and varied. The most 

obvious ones are the limited resources of time and money that are 

available to a traveler. Additional factors, such as personal pre

ferences and handicaps. or an imposed long trip distance to work, 

might also become binding constraints. 

The purpose of the research reported in this chapter is to explore 

whether the allocation of time and money to the various daily acti

vities suggests specific travel time and money budgets. The search 

for evidence of travel budgets should appropriately begin with agg

regated data. Preferably individual trip data can be aggregated over 

a week for each surveyed household or, if such data are unavailable, 

data can be generated from the aggregation of one-day travel of 

households with similar socioeconomic characteristics. 

One reason for beginning with aggregated data is the problem involved 

in day-to-day variations in travel behavior. Such variations are 

usually assumed to be accounted for by spreading the surveyed house

holds over a fairly long period, although each sampled household 1s 

surveyed for one day only. Observed travel variations among house

holds are then attributed to their socioeconomic characteristics, 

such as income, size and car ownership. If, on the other hand, house

holds or individuals tended to-wards some stable travel time and money 

budgets over a long period, it would be wrong to attribute all the 

observed variations to the households' socioeconomic characteristics; 

not only would it mask the existence of such budgets, but part of the 

daily variations are actually variations between days for the same 

households rather than between different households (Goodwin, 1978). 
Even adding a prol:ability distribution function in order to describe 

the observed variations does not solve the problem if the effects of 

such budgets are not recognized. 
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M:tny difficulties are encountered when comparing data on travel 

time and money budgets from different sources. Following are some 

examples referring to the travel time budget. 

(1) The daily travel time per household 

This definition is not fully satisfactory if the number of 

persons and travelers per household are not reported; it is the 

travelers who spend their own time on travel, not the 'household' •. 

(2) The daily travel time per person 

The proponents of this definition point out that as a daily travel 

time budget has to be measured over an extended period (in order 

to remove the effects of daily variations), practically every 

person in a city is expected to be a traveler during this period, 

especially when walking trips are included. Hence, a daily travel 

time budget which is based on those who actually traveled during 

a one-day survey, should be applied per average person. 

There are, however, two problems with this approach. First, if 

there is a daily travel time budget that acts as a constraint on 

travel, then it must apply to the traveler; a daily travel time 

budget (or TT-budget, for short) is a personal budget, not an 

average of travelers and non-travelers •. And second, it nakes 

comparisons difficult across cities or countries since the defini

tion of a 'person' nay vary. For example, persons over the age 

of 6 years are identified in some surveys, while those over the 

age of 10 or 12 years are identified in other surveys. 

(3) The daily travel time per traveler 

This appears to be a better measure than the above two, but there 

are complications here as well. Defining a traveler as a person 

who made at least one trip during the day, including walking trips, 

might result in the averaging of, say, a 4-minute walking round

trip of the wife to a crocery shop around the corner with the 60-
minut~ car round trip of the husl::a.nd to work. This would result 

in an average value of 32 minutes per average traveler, with much 

of the information on the behavior of motorized and non-motorized 
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travelers being lost through the averaging process. A plausible 

-way to solve this problem is to stratify the travelers by the 

mode used, such as -walking only, public transport only, car 

only, and their combinations. Moreover, the daily variations 

in travel for one traveler can be considerably greater than the 

variations between travelers. It would, therefore, be prefe:table 

to derive average daily travel times from a weekly travel-diary 

per traveler, rather than from one-day cross-sectional data of 

different travelers. 

(4) Network vs. reported travel times 

The travel times that are typically regarded as affecting trave

lers' choices are the in-vehicle network times (either cased on 

observed speeds or derived from the distribution/assignment of 

trips to the transportation networks) and the out-of-vehicle 

times (either assumed, or estimated from the calibration of mode

choice models). However, if possible, it is preferable to derive 

the daily travel time per traveler from the reported trip times, 

as the perceived times should reflect better the effects of t:ravel 

times on the choices than the synthesized times. 

(5) Rounding of reported times 

One reason why analysts are reluctant to use reported trip times 

for calibration purposes is that travelers tend to round them off, 

either by the times of start-and-finish of a trip, or by the 

duration of the trip, thus introducing possible distortions into 

the analyses. However, aggregating reported travel times during 

a day tends to minimize these distortions. 

The above examples reflect some of the difficulties that may be encoun

tered when comparing daily travel times coming from different sources. 

Even so, it appears that some strong trends do emerge, surfacing above 

all difficulties and uncertainties. 
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The results suggest that although the average daily travel times 

may differ between cities and countries, they display a remarkable 

consistency within each data set when stratified by household 

characteristics, such as income. Furthermore, although the cross

sectional average daily travel times differ between individual 

travelers belonging to the same population segment, the average 

values display a stability for a group of above approximately ten 

travelers. Moreover, the variations around the mean values are 

very similar for all population segments. In summary, the available 

data suggest that the daily TT-budget is not coincidental. 

The following examples begin with the TT-budget and conclude ·with the 

TM-budget. The examples proceed from the aggregate averages, per 

country or per city, to the disaggregate values per representative 

travelers of various population segments. 

A. THE TRAVEL TIME BUIDET 

3.2 The Use of Time: An International Comparison 

The European Centre for Coordination of Research and Documentation in 

the Social Sciences, set up in 1963 in Vienna by the International 

Social Science Council, embarked on an international survey of the use 

of time for the daily activities of urban and suburban populations in 

twelve countries. The surveys were carried out during 1965/66, pro

viding data on about J0,000 man-days of everyday life, and the results 

were published in Szalai et al. (1972). Table J.2-1 summarizes re

levant results of this study, including the daily travel times per 

person in the twelve countries. 

The results show that average times allocated to different activities 

can vary significantly across populations. For instance, the range 

of sleep time, which probably is the most stable portion of 24-hours, 

is between a minimum of 6.97 to a maximum of 8.50 hours, a difference 

of about 22 percento After considering such variations, the researchers 
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Table 3.2-11 The Use or Time 1n Twelve Countries 

TIME PER PERSON SPENT ON ACTIVITY, Hrs. {1)_ 
Country/City 

T R A V E L Grand House- Household Child Total Work Work & Personal Ca.re Sleep Leisure Work Non-Work Total Total 

Belgium 4.J8 2.42 J.2J 8.35 4.7J o.40 0.50 0.93 24.04 
Bulgaria, Karanlik 6.05 1.67 4.37 6.97 3.55 o.68 0.70 1.48 24.09 
Czechoslovakia, Olomouc 5.01 2.87 J.47 7.80 J.?? 0.55 0.45 1.03 24.01 
France, 6 cities 4.25 2.70 4.0J 8.JO J.85 0.37 0.52 0.97 24.10 
Fed.Rep. Germany (2) J.88 2.95 J,92 8.50 4.18 O.JO 0.28 0.65 24.08 
Fed.Rep. Germany, Osnabruck J,63 2,78 J,82 8,34 4,68 0,27 0,42 0.97 24.26 
Germ!ln Dem.Rep., Hoyerswerda 4,63 J,43 J.J8 7.90 J.70 0.53 o.4J 1.00 24.04 
Hungar:, I Gyor 5.55 2.73 J.57 7.88 J,10 o.68 0.50 1.23 24.06 
Peru, Lima-Callao J,57 2,87 J,10 8.28 4.68 0.62 0.87 1.50 24.00 
Poland, Torun 4.97 2.67 3.25 7.78 4.10 0.62 o.6J 1.30 24.07 
U.S.A., 44 cities 4.0J 2.37 3.78 7.8J 4.75 0.42 o.BJ 1.JO 24.06 
U.S,S,R,, Pskow 5.65 2,18 J.25 7.70 J.77 o.ss 0.92 1.47 24.02 
Yugoslavia, luagt1jevac 4.00 2.80 J.28 7.87 4,78 0.4.5 o.80 1,28 24,01 

(1) Because or rounding 1n the original table, 
subtotals do not sum to totals. 

~1 Szalai, 1972, P• 114. 

(2) 100 electozal districts. 

ca.me to the co~clusion that the allocations of time to the daily acti

vities show a consistent stabilities. With respect to t:ravel, the 

researchers note that: 

"If there were no particularly active strain toward constancy 
in time allocations, we would expect average amounts of time 
spent going to work would be much shorter in survey sites where 
more efficient modalities of transport are available. However, 
this does not turn out to be the case. While there is some 
interesting variation in aggregate times spent to and from work 
across our sites, it is very much ~ess than the differential 
efficiency of driving and walking taken alone would lead us to 
expect. The parameter that our populations do permit to vary 
much more freely than per ca.pita time costs commuting are, of 
course, per ca.pita distances to be t:ravelled. Where the more 
efficient forms of transport are common, ave:rage distances to 
work increase dramatically while the amormts of time given over 
to achieving this general end seem to be kept within a remarkably 
narrow range. The resulting si~ilarities in commuting times 
that emerge across sites certainly cannot be attributed to 
parallel effects of industrialization, for it is exactly these 
conditions that show marked variance!" (cf. Szalai, pp. 117. 
Emphasis added). 
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And later, 

"There seems to be a distinct preference toward using increased 
efficiency of transport to spread out in sp:Lce, and modal dis
tances to the workplace across our sites vary by a factor of 
fifteen or more, while time allocations remain in the average 
within an impressively narrow rangeo Much the same p:Lttern of 
similarity holds for total travel as well as the trip to work. 
Non-owners of automobiles only spent about 6 % more time on 
travel than owners, although clearly the owners travel much 
greater distances" • (cf. Szalai , pp. 123). 

The researchers concluded that the allocation of time for travel on 

an aggregate 1:asis tends to be both stable and transferable between 

countries. Moreover, it was observed that the travel time budget 

tends to be stable, while the travel distance is related directly 

to speed. In other words, when speeds increase, the saved travel 

time is traded-off for more travel distance. 

The relative stability of the daily travel time per person on a nation

wide 1:asis was also noted recently in the U.S. (Robinson, 1977). 

J.J Activity Time Allocation in the Fed. Rep. of Gernany 

The KONTIV(*) nationwide travel survey, conducted in Gernany during 

1976; provided a wealth of information on the daily activity time 

allocation of over 41 thousand usable person-days. All persons over 

10 years of age in each sampled· household were surveyed for their 

activities during 2 weekdays, and during 3 days if the sample period 

included the weekend. Since the survey extended over a complete 

year, it allowed the stratification of the data over a period of 

366 days, resulting in an average sample.of 262 person-days per day. 

The daily activity time allocation over 366 days is summarized in 

Table J.J-1, and shown graphically in Figure J.J-1 (Herz, 1978). 

Noteworthy are two results: First, the most stable time budget over 

J66 days is "at home", followed by "travel". Second, the daily travel 

(*) "Kontinuierlichen Befragung zum yerkehrsverhalten"; Continuing Survey 
of Travel Behavior. 



time budget per person, including walking, is just over 1 hour. Also, 

the daily travel time budget does not vary significantly between 

weekdays and weekends. 

Table 3. 3-1 s Daily Time per Person (above 10 years), by Activity, 

KONTIV Survey, 1976, Fed. Rep. of Germany 

Daily Time per Person, by Activity, Hrs. 

1 2 3 4 5 6 6a 

~ 

~ GI 
Activity E-t ,-j 

s:: ~ 1/.l 0 ~ I 
1/.l ,,-1 ;j ~ 

0 
Cl> +> 
;j a ~ rs'! . 

GI fl ~ ~ s 1/.l ~ 0 ·o 0 ~ 't:I J:: ~ ;:r:: :a !'Cl rs'! tr.I E-t 

Average for: 

251 Workdays 17.43 J.OJ 0.23 0.82 0 • .52 i 1.08 0.32 

so Saturdays 19.35 0.77 0.07 o.33 I 0.60: 1.c.,2 O.JJ 
65 Sundays &: Holidays 20.18 0.35 0.02 O.OJ 0.07 I 0.98 o.40 
All 366 days 18.17 2.25 0.17 0.62 o.45 ! 1.07 0.35 

1.48 
u jl 

M:l.xiJnwn Value 21.90 3.87 0.48 ,.,o r·jO, 0-75 
Minimum Value 16.25 0.01 0 0 O 0.60 0.15 
Standard Deviation 1.25 1.22 0.12 o.42 0.22 0.15 o.oa 

6b 6c 

+> 
,,-1 
1/.l s:: 

J-4 ~ ~ E-t 

0.50 0.27 

0.52 0.17 

0.50 o.oa 
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0.27 0 

0.10 0.10 

~: Herz, 1978 
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Figure J.3-11 Relative Daily Time Allocation per Average Person 
for 7 Activity Categories (Herz, 1978) 
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3.4 Daily Travel Time per Person in the U.K. 

The analysis in this case stratified the reported daily travel times 

per person in the United Kingdom 1972/731 by mode, including walking 

trips, versus population density of settlements from rural areas to 

dense cities (Goodwin, 1975). The data are summarized in Table 

3.4-1 and presented in Figure 3,4-1, showing that the daily travel 
time per person is relatively stable along the complete range of 

densities, with a mean value of 46.J minutes. 

The same results were also noted while analyzing the national survey 

data of 1975/76 (Iandbrock, 1979), with the conclusion thats 

"Mean travel-time per person per day, 1:ased on the data for whole 

journeys, is about 63 minutes in London, and between 50 and 55 
minutes elswhere. Analysis of travel by all modes with respect 

to ward population density give results similar to those obtained 

by Goodwin using 1972/73 National Travel Surveys data ( TE & C, 

1979). 

The somewhat higher daily travel time in London in 1975/76 than in 

1972/73 is of particular interest, especially as it ap~ears to 

increase over time. This specific subject, where the average travel 

time budget is above a minimum value noted elsewhere, is discussed 

in Section 4.11 • 

Table 3.4-1: Iaily Travel Time per Person, by Mode, vs. Population 
Density, U.K. Settlements, 1972/7J 

Populc:.tion Density TRAVEL . TIME , Min. 
Persons/Sq.Km, Walki."l.g Bus Private • Total 

0 - 124 10.9 4.2 27,8 45,0 
124 - 247 12.6 J.8 29.5 49,1 
247 - 618 16.1 6.4 25.4 49,7 
618 - 1,235 !8.1 5,4 22.2 48.2 

1,235 - 1,!35'.3 18.1 4,6 19,4 45,2 
1,8.53 - 2,471 17,6 6.7 20.1 46.1 
2,471 - J,?07 18.9 6.8 18,7 47,0 
J,707 - 4,942 16.6 7,4 16,8 4J.J 
4,942 - 7,41J 19,6 9,6 12,2 44.4 
7,41J & Over 19,9 9,8 12,J 47.2 

Avexage 17.0 6,5 20,4 46.J 

Source, Goodwin, 1978 
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1 Figure J.4-11 The Daily Travelti.me per Person, by 
Mode, vs. Population Density, all 
Settlements in the UK 1972 

3.5 Daily Travel Time per Person in French Cities 

A comprehensive analysis of reported daily travel times per person 

(above the age of 5) in seven French cities, at two periods, was 

carried out recently at the Institute de Recherche des Transport 

(Godard, 1978). 

Although strong reservations were expressed by the researchers about 

the reliability and comparability of the data sets, they came to the 

conclusion that the daily travel time per average person, including 

walking trips, tends to show some stability, although noticeable 

variations are also evident when the population is stratified by 

such factors as age, profession and sex. 

The total ave:rage daily t:ravel times per person in the seven citie& 

and two periods are shown in Table 3.5-1. While there are noticeable 

differences in the average values between cities, there are also two 

gene:ral trends of special interest: (i) The total daily t:ravel time 

per person tends to increase with city size; and (ii) the total daily 
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Table J.5-1: Ie.ily Travel Time per Person {above 5 years) 
1..,? Cities in France 

Time, Hrs. . 
City Year Population Motorized All 

(000 )(1) Modes Modes(2) 

Orleans 1969 160 0.53 0.7J 
1976 200 0.56 0.81 

Nancy 1965 220 o.44 0.79 
1976 2J0 0.50 0.78 

Grenoble 1966 275 0.5.3 o.88 
197J 350 0.5.3 0.78 

Nice 1966 J10 0.60 1.06 
197J 350 0 • .58 0.97 

Rouen 1968 350 o.46 0.70 
1973 400 0.50 0.77 

Lyon 1965 850 0.59 0.91 
1976 1,000 o.66 0.98 

M:lrseille 1966 900 0 • .58 1.16 
1976 950 0.65 0.98 

(1) Population in metropolitan area, 1:a.sed on a diagram 
in the original study report 

(2) Including travelers who only.walked. 

Sour~e: Godard, 1978 

travel time per person by motorized modes tends to increase over time, 

prol:ably because of the increase in car ownership levels. Further 

analyses also suggested that the daily travel time per person tends 

to increase with income. 

An additional analysis, in the case of Marseille, l:ased on travelers 

and including walking trips (Le Maire et al, 1977), suggested that 

(i) out of 6,771 persons over 5 years old 5,788, or 85.5 percent, 

made trips during the survey day, and (ii) the daily travel time per 

traveler was 1.16 hours. More studies on the 1:asis of travelers, 

stratified by their socioeconomic characteristics and modes used, are 

in progress. Preliminary results show that car travele~s spend 1.19 
hours per day on travel. 



71 

J.6 Dlily Travel Times in the U.S1 

(1) Washington, D.C. and Twin Cities 

In-depth analyses of travel characteristics at two points in time 

were carried out in Washington, D.C. and Twin Cities (Minneapolis -

St Paul) in the U.S. (Zahavi, 1979-a). This study differed from the 

studies mentioned above in two principal respects: first, all travel 

data were related to the travelers by their households' socioeconomic 

characteristics, and stratified into three groups by the mode used by 

all travelers per household, namely car only, bus only, and combinations 

of the two modes; and second, all the travel characteristics were ana

lyzed and compared both spatially and over time. 

Table J.6-1 and Figure J.6-1 summarize the daily travel time per tra

veler by najor mode, while other travel characteristics in these two 

cities will be presented and discussed in other relevant sections in 

this report. Table J.6-1 also includes the daily travel time per 

travelers in the whole U.S. 

The results in Table 3.6-1 suggest that the daily travel time per car 

traveler is stable both over time and between cities, even when door

to-door speeds in Washington, D.C. and Twin Cities increased during a 

period of 13-12 years by 24 and 33 percent respectively. Henc~, it 

nay be inferred that the saved travel times were traded-off for more 

travel distance. Since the daily travel time appeared to be very 

stable under favorable travel conditions, it was regarded as a door

to-door travel time budget, or 'IT-budget for short. 

The first test of the stability of the TT-budget was by residence 

distance from the city center, by district averages, in the two cities 

and two periods, The results suggested that no significant relation

ship between the TT-budget and residence distance could be established. 

Additional tests, where the dependent variable was the daily travel 

time per household, and the independent variables were the residence 

distance and the number of travelers per household, for both car tra

velers and total travelers, suggested once again that the effect of 
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Table 3.6-11 ta.Uy Door-to-Door Tzavel Time and Speed per Traveler, 

by Mode, U.S. Cities (Sources Zahavi, 1979) 

C A R (1) T R A N s 
City 

I T 

T, hr. Speed, Ic:ph. T, hr. Speed, kph. 

Washington, D.C. 1955 1,09 
1968 1.11 

Twin Cities 1958 1,14 
1970 1,1.3 

All U.S. (2) 1970 1.06 

(1) Car Driver+ Car Passenger; 
(2).Including Inter-url::an tmvel, 

0 

... - - 0 ... -- 0 "'. "' ... "'. "' .... u.u u v . : : 0 •:..: . ci ..: 

CARS TRANSIT 

18.8 1,27 
2J.J 1.42 
21,.5 1,05 
28,.5 1.1.5 

47,4 0.99 

"' -•o 
"' - - 0 "'. .,, .... .,, . "' ... 

u v u . 
: . . u . 

ci ..: . ci . ..: . 
MIXED TOTAL 

Figure J.6-11 The Ie.ily Travel Time per Traveler, by Mode, 
Washington 1955 + 1968 and Twin Cities 1958 
+ 1970 

10.7 
10,0 

12,0 
12,1 

2J,6 

residence distance on the TT-budget was negligible, and that the same 

relationships hold for both cities and both periods. Thus, the TT

budget per traveler, on a district level, was found to be stable both 

between the two cities and over time. 

Additional tests were performed stratifying households by size and 

car availability within each district, Statistical F-tests were carried 
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out for each pair of household segments within each city and time 

period and for all cases of car and transit travelers in the Twin 

Cities and car travelers in Washington. The null hypothesis, that 

there are no significant differences between and within the travel 

time distributions, was accepted in 19 cases at a significance level 

of 0.05, and in 3 cases at a significance level of 0.01. 

However, the stability of the TT-budget appeared to break down when 

the door-to-door speeds decreased below a minimum threshold of about 

10 kph. For example, as shown in Table J.6-1, the daily travel times 

per bus traveler in Washington were relatively high, and even inc

reased over time when the bus door-to-door speeds decreased. No such 

changes were noted in the other cases. The effect of the door-to

door speed on the TT-budget per traveler is discussed in detail in 

Section 4. 7. 

(2) St. Louis . 

The daily travel timesper car and bus traveler in St. Louis , were 

derived from a telephone survey in 1976, as summarized in Table J.6-2 

(Bochner, 1978). Remarkably enough, the TT-budgets were found to be 

practically identical with those of car travelers in Washington, D.C • 
... 

and with those of all travelers in Twin Cities~ After further analyses 

"it was found that there is very little difference in total time spent 

traveling each day, regardless of income, automobile availability, or 

household size•~ 

Table 3.6-2: Iaily Tra.vel Time per Traveler by Car Availability, 

St, Louis, 1976. (sources Bochner, 1978) 

Car Availability Iaily Travel time 
per Tra.veler, hr, 

0 1.06 
1 0.99 
2 1,05 
)+ 1,06 

Average 1,04 
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(3) The TT-budget per Person in Seven U.S. Cities 

Table J.6-3 summarizes the data for 7 selected cities of different 

sizes (Peat, Marwick, Mitchell & Co., 1972). The travel times in 

this case were synthesized by a traffic model, and they express 

inter-zonal in-vehicle times per person. Figures J.6-2 and J.6-3 
show how this daily travel time per person changes with urba.n 

size in a consistent way; the larger the city, the greater the 

proportion of weekday travel is within the study area. 

Table 3.6-3: Daily Travel Ti~e per Person vs. City Size in Selected 
Cities in the us. 

No. 

1 
2 
J 
4 
s 
6 
? 

City Year Pozulation Area Total Person 
CIOO) so.:n. Trin Hou-:-s 

River Fall 196) 1:)8 110 62,599.2 
Stccktor. !.967 !.70 190 82,620.0 
Colo::::-ado SprinGs 1$64 174 290 106,036.7 
LouisYille 1964 ?52 910 l,75,4S2. S 
Seattle 1965 1,373 1,000 918,556.0 
St. Louis 1-965 2,175 1,640 1,567,299.2 
Beston 1061 1 'i-41 ~. r;oo 2,731,620,6 

~ 
1.2 

Pt ., 1.0 

!.i 7 
... . .8 6 -•-:~ .. ~--

3 .-· ~ti .6 ·->-Pt !2 
:;:i .4 1• 
s 

.2 
0 1 2 3 

Population, MUllon 

-Figure J.o-2: The Daily Travel Time per 
Person vs. Population Size 
in a selection of US Cities 

1.2 r----.---...-.--.----r-,--r---, 

1.0 

. 

. 
• 2 L---.J.•--.1-•-...._ __ ..__. ___ _ 

0 1 2 

Study Area, Sq.¥.1. ('000) 

Figure J.6-J The daily Travel Time per 
Person vs. Size of the Study 
Area in a selection of US 
Cities 

3 

hrs./Person 
0.45 
0.49 
0.61 
o.6J 
o.6? 
o._72 
0.?9 
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The above trend can also be seen in Table J.6-4 and Figure J.6-4, 
where the daily travel time per person is compared with the pro

portion of external to internal trips by the residents. When the 

proportion of external travel increases (as. the size of the area 

decreases), the proportion of travel time per person within the 

study area decreases. Adjusting the travel time per person by 

the proportions of external t:ravel, tends to stabilize the daily 

t:ravel time per person in all cities. 

Table 3.6-4: Dally Travel Time per Person v~. tho Proportion of External 
to Intern~l Car Trip~ in Selected Cities in the US (*) 

No. City Year r,rivl:!~ Tr!.ns ~x-t../Int.% hrs./Person In~3::.-r.:!.l t,x:.~r--:-. .::. 1 
1 
2 
J 
4 
5 
6 
? 

Rive"!: r'all l~oJ 180 ,440! ,5C,JC8 27.9 o.45 
Stocktcn 1967 253,560 6).229 24.9 o.49 
Colorado Sproni:;s 1964 3:0,698 35,777 11.5 0.61 
Louisville 1964 779,000 .56,448 7.3 o.6J 
Seattle 196_5 1, 7':.h ,320 94,559 5.4 0.67 
St. Louis 1965 2,341,587 :11,075 4.7 0.?2 
Boston 196"3 4,011 2.t.!.:. ->!;.9 61i8 8.? 0.?9 

(*) 'Internal' trips have both their ends within the study area. 
'External' trips have one end within the study area and the 
other end outside the study area. 

l 
1.2 

~Ji 
1.0 

r-4 ., .8 6 •1 
: f:i ..... 5.-::-.... 
SE .6 ·~ -~ ,._Pt ...... 
::i .4 2 ...... 

s 
.2 

0 10 20 30 
External/Internal Trips, % 

Figure J.6-4: The Daily Travel Time per 
Person vs. Proportion of 
External to Internal Car 
Trips 

40 
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(4) The Effect of an Expressway on the TT-budget 

A study was conducted recently in the U.S. in order to determine 

whether or not an increase in highway supply induces more travel. 

(Smith, 1978). For this purpose, data from two origin-destination 

surveys conducted in Providence, Rhode island in the years 1961 and 

1971, were compared, Between 1961 and 1971 a rrajor expressway (I-95) 
was built 1n the area. 

For each year the origin-destination survey data were split into 

two groups: samples representing households inside the I-95 corridor 

and samples representing households outside the corridor. For the 

resulting four groups of households, cross-classification rratrices 

were developed using household size and car ownership as independent 

variables; the dependent variables were vehicle-miles of t:ravel, 

vehicle-hours of t:ravel per household, and car driver trips per house

hold. It should be noted at this stage that the t:ravel times in this 

case were synthesized in-vehicle times, as derived from a calib:rated 

t:raffic model for car driver trips only, Furthermore, the daily 

t:ravel times were allocated to households, not to t:ravelers, while 

the households were cross-classified by size and car availability, 

The comparison of the resulting rratrices revealed t~t the highway 

did not increase trips or vehicle-hours of t:ravel, but it did increase 

the vehicle-miles of t:ravel, Based on these results, the authors 

came to the preliminary conclusion that t:ravelers increase their 

vehicle-miles of t:ravel by the same proportion that average travel 

speed increases. Namely, the TT-budget of car travel rerrained stable 

even after the introduction of a rrajor expressway, 



77 

J.7 Some Comments on Disaggregate D:l.ta. 

Th.e daily travel times in the above examples were mean values of 

groups of persons/travelers, and it is obvious that there must be 

variation of t+avel behavior about the mean values. The variations 

of travel behavior of travelers or households may be caused by many 

factors, including the followings 

(a) Differences between households by socioeconomic characteristics; 

(b) Differences between households within the same household type, 

by such factors as different tastes and preferences; 

(c) Differences between travelers within the same household; 

(d) Differences between days for the same travelers; 

(e) Excessive tail on the distributions due to few travelers who 

travel much; 

(f) Sampling errors; 

(g) Coding errors. 

It appears from analyses of various data sets described in the following 

sections that the variations about the mean travel times for certain 

population segments show consistent trends, where the coefficient of 

variation (standard deviation over the mean) approaches asymptotically 

a value of about 0.5. While this value is still relatively high (and 

prol:ably can be further reduced by additional stratification and seg~ 

mentation of the data), its stability between different population 

groups is important. Such distributions serve as a link between micro 

and macro analyses, where a "representative" average traveler/house

hold is identified in deterministic models, and individual traveler/ 

household can depart from average group behavior. One possible 

application of such a link is described in Section 5.2, dealing with 

the UMOT car ownership model. 
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J.8 Iaily Variations in the Use of Ca.rs 

A study was conducted recently in Oxford, England, in order to analyze 

the variations in the intensity of car use (Goodwin, 1978). Although 

the sample of cars was small - 43 cars, of which 33 were in 1-car house

holds and 10 in 2+ car households - the data included a seven-day travel 
diary for each car, thus presenting an opportunity for testing the 

variations in car use between days. 

Of special interest to this report are the following tentative results1 

(1) On a survey day, between one fifth and one quarter of all cars are 

likely not to be used. Hence, the daily travel time per average car 

is likely to be underestimated by the same proportion; 

(2) The minutes that cars are in actual use on a day were found to be 

..ild minutes per car in use in 1-car households and 55.6 minutes per 

used car in 2+ car household, practically identical results. 

However, if all cars are considered, including the unused ones on a 

particular day, then an average car is used 42.7 minutes per day; 

(3) The variations in the daily travel times per car in use are less 

when the time period of analysis is longer. The coefficient of 

variation decreases from 1.1 for one day to 0.7 for 5 weekdays, 

and to 0.6 for the full seven days. The results suggest that a 
survey over a long period would still find substantial variations 

in the intensity of car use, but considerably less than that 
suggested by a one day survey. 

Conseq~ently, part of the variations between car usage might be attri

buted to differences in usage among days of the week, and the stabi

lity of the TT-budget per oar in use emerges, even for a small sample. 

The daily travel time per oar in-use for this sample was determined 

to be 0.93 hours (55.5 minutes). If, however, it is adjusted to 

represent an average oar, the daily travel time per average oar is 

about 0.71 hours (42.7 minutes), which is in agreement with other oases 

in U.K. cities, as shown in Table 1.5-1, namely: London 1962, with a 

population of 8.8 million - 0.75 hours; and Kingston-upon-Hull 1967, 

with a population of 345,000 - 0.72 hours. 
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J.9 Ia.ily Travel Time per Traveler in Bogota, Colombia 

As an exercise in computer programming, the Url:an Projects Department 

of the World Bank recently tabulated travel characteristics in Bogota 

1972. The data, which were known to contain many errors, were from 

a conventional one-day survey of sampled households, and the daily 

travel times are for travelers who made at least one motorized trip 

during the day (by private vehicles or by public transport), although 

the data also include their walking trips. The travel times are door

to-door times, as reported by the respondents. 

In order to find out the effect on the tables of travelers with 

abnormally long travel times, it was decided to re-tabulate the data 

with the exclusion of all travelers who were recorded as having tra

veled more than four hours per day. It was found that some of these 

travelers were drivers or salesmen by profession, and part only appeared 

to travel more than 4 hours per day due to errors, such as the mis

coding of trips starting just before midnight and concluding just after 

midnight. Table J.9-1 summarizes these two sets, where "Initial" 

refers to initial tabulations, including all travelers, while "Second" 

refers to the second tabulations, after the above cases were deleted 

from the data, The table details the daily door-to-door travel time 

per traveler (including walking trips) stratified by household income, 

and the coefficient of variation. 

'!able 3.9-1: Daily Travel Time per Traveler and Coefficient of Variation, 
by Income, Bogota, Colombia 

HH Nonthly I N I T I A L s E C 0 N D 
Income, Pes. No. of TR. TT per TR. Coeff. ofjj No. of TR. TT per TR Coeff. of 

hrs. Variation, hrs. Variation 
Up to ,500 78 2.12 .93 73 1.78 .60 

,500- 1,000 628 1.94 .78 594 1.69 .57 
1,000- 1 ,.500 707 1.89 .92 662 1.,56 • .58 
1,500- 2,000 723 1.86 .86 685 1.60 .59 
2,000- J,000 702 1.79 .85 676 1 • .58 .55 
J,000- 5,000 847 1.77 .84 812 1.,56 .55 
5,000-15,000 931 1.68 .89 896 1.48 .,56 

15,000-30,000 129 1.62 .95 12) 1.36 .47 
'30,000 & Over 12 1.18 .91 11 1.0Cj • li1 
'l'otal/Ava:. 4.7'i7 1.81 .87 l~. 512 1.'i? • C,? 



Three principal conclusions may be inferred from tbis tables 

(1) The deletion of only 4.7 percent of travelers reduced the daily 

travel time per traveler by 13.3 percent, and the coefficient 

of variation by 34.5 percent: Thus, a relatively small number 

of travelers can account for a substantial part of the variations, 

suggesting· that the original data should be screened carefuly for 

outlier cases. 

(2) The coefficient of variation in the "second" table is ver:, similar 

at all income levels, about 0.57. This value appears to be very 

stable, recun~ng in analyses of data from many different countries, 

as reported in the following sections. 

(3) The mean travel times display a consistent trend, where the daily 

travel time per traveler decreases with increasing income, as 

shown in Figure J.9-1 (l:ased on the "Initial" data). Moreover, 

the TT-budget at very high incomes in Bogota is practically the 

same as for car travelers in U.S. cities, just over 1 hour. I.ow 

income travelers, on the other hand, spend more time on travel. 

The implications of these trends for travel modeling are discussed 

in Section 4. 7. 

160 
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Figure 3.9-11 Iaily Door-to-Door Travel Time 
per Avera.ge Traveler, by House
hold Income, Bogota 
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Table J.9-2 details a further stratification of Table J.9-1 by car 

ownership. The above trends rena.in stable for population segments 

comprising at least 25 travelers. 

Table J.9-2 1 Iaily Travel Time per Traveler and Coefficient of Variation, 
by Income and Car Ownership, Bogota, Colombia (Final Tabulation) 

HH Monthly 
0 CAR 1 CAR 2+ CARS TOTAL 

Income, Pes. No, TT C No, 

Up to .500 73 1.78 0.60 -
.501 - 1,000 576 1.71 0,57 (18 

1,001 - 1,.500 647 1 • .56 0.58 (11) 

1,.501 - 2,000 6.55 1.60 0,.59 29 

2,001 - 3 ,ooo 577 1.60 0,.54 83 
J,001 - .5,000 629 1 • .59 0,.54 166 

5,001 -1.5,000 J.38 1..59 0 • .57 4.59 
15,001 -J0,000 (2J) (1.28) (0.47)· 56 
30 , 001 & Over (2 (0 • .50) ( 0 ) -
Total/Averap;e 3,.520 1.61 0.57 822 

No. - Number of travelers 
TT - Iaily travel time per traveler 
C - Coefficient of Variation 
(-) - Less than 2.5 traveler& 

TT 

-
(1.06) 

(1:.12) 

1.62 

1..51 
1,44 

1.43 

1.43 

-
1.4J 

C No. TT C No. TT C 

- - - - 73 1.78 0.60 
(0,64 - - - 594 1.69 0.51 
(0,.5J (4 (1,92 (0.4.5) 662 1 • .56 0.58 
0,69 (1 (1.67 ( 0 ) 685 1.60 0 • .59 
0,.56 (16) (1,03 (0.40) 676 1.58 0.55 
o. 58 (17) (1. .5.5) (O. 58) 812 1 • .56 0.55 
0,.54 99 1.38 0,.59 896 1.48 0 • .56 
o.48 44 1,Jl 0.47 123 1.J6 o.47 
- (9) (1.17) (0,44) 11 1.05 0 • .51 

0 • .56 190 1.35 0 • .5.5 4,.532 1..5'7 0.51 

Source& The World Bank 

These data were also stratified by household size and car ownership, 

as shown in Table 3 ■ 9-3. Since household income tends to increase 

with household size, it is expected that the TT-budget should be 

inversely related to household size and car ownership, as verified 

in both stratifications, by both household size and car ownership, 

for segments of 25 or more travelers. Furthermore, the coefficient 

of variation is similar in all cells, both by household size and car 

ownership. 

An additional comparison of the TT-budget is by the traveler's occu

p:i.tion, as detailed in Table 3.9-4. This table is based on thr "Ini
tial" data and,. therefore, the travel times are higher by an average 

13 percent than in the previous two tables. Furthermore, no statis

tical analyses were available for this table. Even so, several impor

tant indications nay be inferred& 
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'Plble 3,9·)• Daily Travel Time per Tmveler and Coefficient. 

or Variation, by Household ~ize and Car Avat.l&• 

bil1ty, Bogota, Colombia (Final Tabll;lt1ons) 

Household Oars per Household 

Sise 0 ! 1 

1 No. JO 2 

TT 1.12 1.92 
C 0,54 0.55 

2 No, 145 7 
TT 1,74 1.55 
C o.47 0,43 

' - 4 
No, 666 .81 
TT 1,70 1,47 

C 0,54 O,So 

5 - 6 No, 1,001 )02 

TT 1.58 1,44 

C 0,59 OS? 

7 + No, 1,678 430 

TT 1.58 1,42 

C os, 0,·57 

Total No. 3,520 822 
TT 1,61 1,43 
C 0.57 0 • .56 

No, • Number of travelers; 
lT • Daily travel time per traveler; 
C • Coefficient of variation, 

~' The World Bank 

2+ 

-
-
-
-
-
15 
1.20 

o.se 
22 
1,61 
0,49 

152 
1.34 
0.55 

190 
1.35 
0.55 

Tot.al 

J2 
1.1, 
0.54 

153 
1.72 
0.47 

762 
1.66 

. 0.54 

1,32.S 
1,55 
o.se 

2.260 

1.53 
0.57 

4,532 
1.57 
0.57 

Table J,9-4: Iaily Travel Time per Traveler, by Profession 

and Sex, Bogota, Colombia (Initial Tabulations) 

Ma.le Female Total 

No. TT No. TT No. Tl' 

Technical, 
Professional 404 · 2.02 107 2.13 511 2.04 
Managerial 

White Collar 471 2.09 280 1.89 751 2.02 

Sales 219 2.12 76 2.34 295 2.18 

Other 747 2.:30 191 1.91 9:38 2.23 

Retired :32 1.90 7 1.24 39 1.78 

Housewife - - J6J 1.68 J6J 1.68 

Student 899 1,45 850 1.'.3J 1,749 1,40 

~: The World Bank 



(a) Employed travelers tend to spend more time on travel than unemployed 

travelers, although the differences are small. Although the pro

portions of retired people who travel may be small, those who do 

travel spend about the same travel time as those who are employed. 

(b) The TT-budget of both male and female emp~oyed travelers is about 

the same. Furthermore, travelers of white-collar occupation tend 

to travel somewhat less time than travelers of blue-collar occupa

tions, following the trend observed above for incomes. 

The last comparison is by the travel time allocated by mode, and stra

tified by income, as detailed in Table 3,9-5 (b:1.sed on the "Initial" 

data) and shown in Figure J,9-2. The time allocated to car travel 

increases consistently with income, while the time allocated to 

walking is similar at all income levels. 

Table 3.9-51 Daily Door-to-Door Travel Time per Avetage Traveler, 
by Mode, vs. Household Income, Bogota (Initial} 

No. Income per Month TT-budget, by Mode, mim1tes 

Private Public Hfc-B/c Walk 

1 Less than ,500 0.1 117.8 o.J 9.0 
2 ,500 - 1,000 4.8 101,5 0.6 9,9 
J 1,000 - 1,,500 4.9 93.2 0.5 1).4 
4 1,500 - 2,000 3.5 .98.6 0.9 9.8 
5 2,000 - J,000 6.J 87.0 o.6 11.6 
6· J,000 - 5,000 10.9 88.8 0,1 7,8 
7 5,000 - 15,000 20.9 74,J - 6,9 
8 15,000 - 30,000 34,4 54.s - 0.5 
9 J0,000 &: Over 39.2 25.0 4.2 14.2 

~• the World Bank 
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In conclusion, the detailed analyses of travel times in Bogota 

suggest that: (t) the mean TT-budget of travelers belonging to 

specific population segments varies in a consistent way, by 

income, household size and occupation, (ii) the minimum daily 

travel time per traveler, at the highest income level, tends 

towards 1.1 hours, and (iii) the variations of the TT-budget about 

the mean values are very stable for all population segments. 

3.10 To.ily Travel Time per Traveler in Santiago, Chile 

Table J.10-1 summarizes the daily travel time per traveler in Santiago, 

Chile, 1:ased on the same definitions and procedures as in the case of 

Bogota (Source: The World Bank). Although this is "Initial" data, 

before identification and elimination of outlier cases, results are 

consistent with those for Bogota, namelys 

(1) The daily travel time per motorized traveler decreases with 

increasing income and car ownership. The TT-budget at the 

highest income level is, once again, similar to that for U.S. 

cities for car travelers, just over one hour. 

(2) The coefficients of variation are very stable at all income 

levels (for segments of over 25 travelers), and similar to 

those in Bogota, about 0,6. 

Table 3.10-1 1 Is.ily Travel Time per Traveler and Coefficient of Variation, 

by Income and Car Ownership, Santiago, Chile ('!Initial" data) 

HH Monthly 0 C A R 1 C A R 2+ C A R 

Income, Pes. No. TT C No. ·TT C No. TT C 

Up to 1,000 1,969 1 • .52 0.561 109 1.53 0.,58 14 1.49 a.as 
1,001 - 2,500 11,846 1.48 0 • .5511,232 1.29 0.61 154 1.15 0.63 

2,501 - 5,000 12,,544 1.42 0.5612,510 l .32 0.59 284 1.33 0.59 
5,001 - 10,000 4,?91 1.38 o.56;2,620 1.24 0.59 505 1.24 0.63 

10,001 - 15,000 945 1.3? 0.56 1,565 1.19 0.60 554 1.16 o.64 
15,001 - 20,000 261 1.19 0.57 918 1.12 0.59 559 1.11 0.63 
20,001 &: Over 132 1.08 o.64 5?8 1 .15 0.61 838 1.09 0.,58 

Total/ Average 32,488 1.44 0.55 9,532 1.25 0.60 2,908 1.16 o.62 

No. - Number of t?avelers ~• The World Bank 
TT - Iaily travel time per traveler 
C - Coefficient o! Variation 
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Table J.10-2 details the daily travel time by mode. Again, the trend_ 

is similar to that observed in Bogota: the time allocated to walking 

13 relatively short, and stable at all income levels. 

Table ).10-21 .Allocation of the Iaily Travel Time per T:z:aveler by Mode, 

Santiago, Chile ("Initial" data) 

Allocation of T:z:avel Time, 1n Percent 
HH Monthly 

Income, Pes. 0 C A R 1 C A R 2+ 

Car Bus Walle Car Bus Walle Car 

Up to 1,000 1.6 92.7 5.5 23.0 74.1 2.8 21.4 

1,001 - 2,500 1.7 93.6 4.6 20.3 75.0 4.5 21.5 
2,501 - 5,000 2.2 93.4 4.3 20.4 74.7 3.7 24.9 
5,001 - 10,000 3.6 92.6 3.7 29.6 66.8 3.4 40.1 

10,001 - 15,000 5.4 91.4 3.1 36.4 60.2 3.2 53.1 
15,001 - 20,000 11.7 85.5 2.8 40.5 57.5 2.0 62.2 
20,001 & Over 17.7 77.2 5.0 44.4 52.7 2.9 60·.3 

Average 2.4 93.1 4.4 29.0 67.5 1 3.4 50.1 

Car - Travel by all private modes; 

Bus - Travel by all public trans~rt modes; 

Walk - Walking by travelers who made at least one. 
motorized trip during the survey day. 

~1 The World Bank 

C A 

Bus 

68.9 

73.1 
71.8 
57.1 
44.6 

35.9 
37.2 

47.3 

R 

Walk 

9.6 
4.0 
:,.2 
2.6 
1.9 
1.8 
2.:, 

2.4 

The available data also allowed the derivation of daily travel time 

for travelers who only walked during the survey day (all previous 

tables for Bogota and Santiago referred to travelers who ma.de at 

least one motorized trip during the day, while their travel times 

included also their walking trips). Table J.10-3 presents data for 

travelers of the same households who ma.de all their daily trips by 

walking only. Table J.10-4 shows the proportions of travelers who 

made at least one motorized trip during the day. 

These last two tables suggest the following trendss 

(a) The proportions of travelers who ma.de at least one motorized 

trip during the survey day increases with increasing income and 

with car ownership, ranging from about 70 to over 95 percent of 

all travelers. 
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(b) The daily travel time per traveler who only walked is about one 

half the daily travel time per traveler who also used motorized 

modes. 

The coefficient of variation of the TT-budget of travelers who only 

walked is within the same range as observed for motorized travelers. 

Table 3.10-31 Iaily Travel Time per Walking Traveler and Coefficient of 
Variation, by Income and Car Ownership, Santiago, Chile 

HH Monthly 0 C A R 1 C A R 2+ C A R s 
Income, Pes. No. Tl' C No. ! Tl' C No. Tl' C 

Up to 1,000 .543 0.83 0.71 40 i 0.84 0.70 5 1.27 1.04 
1,001 - 2,500 2,258 0.73 .0.65 284 0.75 o.64 27 0.73 0 • .54 
2,501 - 5,000 1,833 o.69 0.61 451 0.72 0.63 50 0.65 0.95 
5,001 - 10,000 596 0.67 0.72 264 o.66 0.65 49 0.76 0.87 

10,001 - 15,000 86 0.59 0.62 127 o.64 0.60 36 o.66 0.70 
15,001 - 20,000 26 o.63 o.46 62 o.46 0.59 27 0.59 o.46 
20,001 & Over 5 o.42 0.28 45 0.53 o.49 48 0.53 o.46 

Total/Average .5,347 0.71 o.66 1,273 o.68 0.64 242 0.67 0.79 

No. - Number of travelers Sources The World Bank 
TT - Daily travel time per tra.veler 
C - Coefficient of Variation 

Table 3.10-4: Proportions of Motorized Travelers, Santiago, Chile 

HH Monthly . 0 CAR 1 CAR 2+ CARS 

Income, Pes. Total % Mot. Total % Mot. Total " Mot. 
TR TR TR TR TR TR 

Up to 1,000 2,512 78.4 149 73.2 19 73.7 
1,001 - 2,.500 14,104 84.0 1,516 81.3 181 85.1 

~.501 - 5,000 14,377 87.3 2,961 '84.8 334 a5.o 
5,001 - 10,000 5,387 88.9 2,884 90.9 5.54 91.2 

10,001 - 15,000 1,031 91.7 1,692 92.5 590 93.9 
15,001 - 20,000 287 90.9 980 93.7 586 95.4 
20,001 & Over 137 96.4 623 92.8 886 94.6 

Tota.1/Average 37,835 85.9 10,805 88.2 3,150 92.3 

Total TR - Total number of tzavelers; 
% Mot. TR - Percent of tzavelers who ma.de at lea.st one trip 

by motorized modes. 

Source I The World Bank 
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J.11 Iaily Travel Time per Traveler in Singapore 

The following is a summary of analyses of travel data collected before 

and after the introduction of the Area License Scheme (AIS) in Singa

pore's central business district in June 1975. This scheme imposed a 

fee on each car and taxi with less than 4 persons entering the rest

ricted central zone during the morning peak period, The following 

tables refer to the daily travel times per traveler, 1:ased on the 

tabulations prepared in the World Bank. 

The data were derived from conventional before-and-after home-interview 

surveys, where the household sample was augmented by a sample of car

owning households. The same households were interviewed twice, before 

and after the introduction of the AIS. 

Table J.11-1 summarizes the daily travel time per traveler (including 

walking trips) by income and private vehicle ownership (car and/or 

motorcycle), before and after the introduction of the ALS. 

Table 3,11-1: Iaily Travel Time per Traveler and Coefficient or Variation, 
by Income and Private Vehicle Ownership; Singapore "Before-and-After" Study 

:B E F 0 R E A F T E R 
HH Monthly 

Income, S$ Owning Not-Owning Owning Not-Owning 

No, TT C No. TT C No. TT C No, TT 

Up to 200 9 1.06 O,J9 J6 1.29 0,40 4 0 • .54 o.46 JS 1.12 
201 - 400 1J6 1.17 0 • .52 257 1.40 0.78 129 1.17 0 • .50 184 1.21 

401 - 700 612 1.25 0,58 581 1,JO 0,51 40J 1,25 0,62 521 1.25 
701 - 1,000 6JO 1,Jl 0,74 J42 1,51 0,88 669 1.J4 0.56 46J .1.J6 

1,001 - 1,.500 1,0J6 1,28 0,.54 2J2 1.49 0,7'.3 971 1.29 0.59 J12 1.35 
1,501 - 2,000 618 1,25 0.54 97 1.42 0,51 812 1,25 0,51 64 1,47 
2,001 - 2,500 47'.3 1.23 0,55 20 1,65 0,4J '.392 1.20 0.51 49 1.56 
2,501 & Over 8J8 1.27 o.64 8 1.26 0,40 678 1,14 0,48 4 2.50 

Total/ Average 4,J.52 1.27 0.60 1,573 1.40 0.70 4,058 1.25 0,56 1,6J5 1,Jl 

Source I The World :Bank 

The results in Table J.11-1 suggest: 

(1) The daily travel time per traveler from private vehicle-owning 

households is relatively stable at a wide range of income levels 

in both periods. The daily travel time per traveler from house-

C 

o.40 

o.49 

0.52 

0 • .54 
o.48 
o.48 
o.41 

-
0,51 
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holds not owning a private vehicle is appreciably higher than 

that of travelers from vehicle owning households, although the 

stability by income and period still holds. 

(2) The coefficients of variation are relatively stable in most cases 

(again for segments with over 25 travelers), and similar to those 

observed in other cities. Even when some instabilities are noted 

in the "before" survey, they disappear in the "after" survey, 

and conversely. Since the same households were interviewed 1n 

both the "before" and "after" surveys, this suggests that some 

differences may be attributable to survey procedures. (For example, 

even though the coefficient of variation in the case of vehicle

owning households at the income range S$ 701 - 1,000 is 0.74 in 

the "before" survey, it reverts 1:ack to a more stable level of 

0.56 in the "after" survey). Table 3.11-2 shows that the same 

general and stable patterns also hold when the data are stratified 

by household size. 

Table 3.11-2: Iaily Tmvel Time per Tmve:ler and Coefficient of Variation, 
by Household Size and Private Vehicle Ownership, Singapore 

"Before-and-After" Study 

A F T E R 
Household 

OWNING NOT-Owning 
Size 

No. TT C No. TT C 

1 11 1.15 0.61 3 0.72 0.29 
2 34 1.13 o.44 2.5 1.19 o.44 

J - 4 476 1.24 0.59 167 1.36 o.45 
S - 6 983 1.21 o • .52 430 1.28 0.51 

7+ 2,.5.54 1.26 o.,56 1,010 1.32 0.53 

Total/Average 4,058 1.25 o. ,56 1,635 1.J! 0.51 

~: The World Bank 

The 1:asic tabulations also included stratifications by occupation, 

sex and age of the travelers, and one example is shown in Table 3.11-3 
for the occupation "skilled craft". While no statistical comparisons 

are available for the 1:asic data, a visual inspection of Table 3,11-3 
suggests that: (i) age does not seem to have an appreciable effect on 

the TT-budget, (ii) women tend to spend less time on travel than men 
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Table J,11-J, Daily Travel Time per Traveler, by Occupation, Age, 

Age 

S - 10 

11 - 1S 
16 - 20 
21 - JO 
'.31 - 40 
41 - .50 
.51 - 64 
6S + 

Total/Avg. 

S - 10 
11 - 1.5 
16 - 20 

21 - JO 
)1 - 40 

41 - SO 
.51 - 64 
6S + 

Total/Avg. 

Sex and Car Ownership, Singapore Before..a.nd-After Study 

(Occupation - Skilled Cxaft) 

MA L,E 

Owning Not-Owning 

Before After Before After 
No. TT No. TT No. TT No. TT 

- - - - - - - -
- - 1 2.58 2 1.1s 11 1.21 

45 1.67 .59 1.58 '.32 1.59 .57 1.58 
20.5 1 • .50 201 1.4,5 .51 1.88 72 1.70 

90 1.42 79 1.41 19 1.48 1.5 1.)1 
47 1.26 48 1.34 '.3.5 1.,56 )7 1.)6 

27 1.40 ·:,4 1.40 12 1.30 17 1.29 

7 1.74 6 1.'.38 1 0 • .50 - -
421 1.47 428 1.45 152 1.64 209 1.52 

FEMALE 

- - - - - - - -
1 0.)3 - - .5 1.10 - -

'.37 1.26 46 1.10 66 1.28 87 1.1s 
92 1.17 87 1.22 62 1.00 .59 1.16 
6 1.36 6 1.46 12 1.32 9 1.18 

4 1 • .56 .5 1.:,.5 '.3 1.19 '.3 1 • .58 
- - 1 1.00 - - - -
- - - - - - 1 1.00 

140 1.21 14.5 1.19 148 1.16 1.59 1.16 

~1 The World Bank 

at all population segments, and (iii) the TT-budgets remained relati

vely stable between the "before" and "after" surveys. 

More relationships from the Singapore data are presented in Sections 

4.3 and 4.7. 
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3.12 Iaily Travel Time per T~veler in Salvador, Brazil 

The last city of a developing country for which detailed data on 

trarel times were available from the World Bank is Salvador, Brazil. 

The l:asic tabulations were prepared for the World Bank by Colin Bu

chanan and Partners, and Table 3.12-1 summarizes the 'IT-budget per 

motorized traveler stratified by income. Although no statistical 

measures are available in this case, the TT-budget shows a stable 

regularity versus income, as seen in Figure J.12-1, and compared 

with the data from Bogota. 

160 

• 
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~ 
ri 

CD 

! 
k 
...t s 

0 

Table 3.12-1: laily Travel Time per Traveler, by Income, 

Salvador, Brazil 

Household Monthly laily TT-budget 

Income, Cr. per Traveler, hr. 

Up to 417 1.72 
417 - 834 1.ao 
8J4 - 1,2.51 1.80 

1,251 - 2,085 1.a.s 
2,085 - J,JJ6 1.9.5 
3,336 - 4,587 1.91 
4,.587 - 5,838 1.9.5 
5,838 - 8,340 2.08 
8,340 - 12,.510 2.07 

12,510 &: Over 2.02 

Average 1.89 

~: The World Bank 
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In this case, however, and in contrast to trends in Bogota, the 

TT-budget tends to increase with income. While no immediate expla

nation for this trend is available at this stage, it appears that 

the unusual structure of Salvador is the reason; the city center and 

low income residences are situated in a valley, while the high income 

residences are spread along high ridges, connected by a tortuous 

road network. It may, therefore, be inferred that urban structure 

may affect the TT-budgets, a subject which is discussed in Section 

4.11. 

* * * 

Table 3.12-2 summarizes the general characteristics of the four cities, 

described in Sections 3.9 to 3.12. 

Table J.12-2: City General Characteristics 

Bogota Santiago Singapore Salvador 

Country Colombia Chile Singapore Brazil 

Study year 1972 1977 1975 1975/76 
Population, Million 2.8 J.2 (1) 2.J 1.4 
Currency Peso Peso S$ Cruzeiro 
u.s. $ 1 • 22.0 25.7 2.5 1.5.0 

(1) Over 5 yea.rs. ~: The World Bank 

The general trends that may be inferred from the above examples are: 

(1) The daily travel time per average motorized traveler exhibits 

consistent trends for different population segments in a given 

city; while it is not constant, its change is systematic, such 

as by income. 

(2) The variations in the daily travel time per traveler about the 

mean values for each population segment is remarkably stable, 

with the coefficient of variation being within the range of 

0.5-0.6. 

(3) There are significant changes in the daily travel time per tra

veler in different cities, especially in cities of developing 

countries. 
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(4) The lowest daily travel time per average traveler appears to be 

about 1 hour, even when travel speeds are high. 

The implications of the above indications for travel demand modeling 

are discussed in Chapter 4. 

With the above examples concludes the introductory part to travel 

time budgets. In the following sections attention is focussed on 

the TT-budgets in Germany, with increasing levels of detail. 
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J.1J Dlily Variations in TT-budgets in Munich, Germany 

(1) Introduction 

~his section presents the results of an analysis of a three-weekday 

trip diary in Munich, based on detailed home interviews in 1976. 
Some four h'LU}.dred households, approximately six hundred travelers, 

responded to the questionairs detailing, among other things, the total 

daily travel times. as detailed in Appendix 1. 

Two 1:asic issues are investigated in this section. First, are there 

substantial differences in the average daily travel time per motorized 

traveler by type of household?, and second, do travelers' daily travel 

times vary between days?. 

For purposes of statistical analysis the household interview data 

are aggregated by 55 household types, as detailed in Table J.1J-1. 
The stratification dimensions are household size and car ownership. 

It should be noted at this stage, and emphasized, that no data on 

household incomes are available in travel surveys in Gennany and, 

hence, households are differentiated by their other socioeconomic 

characteristics. 

In order to make the household types manageable in number and respon

sive to real world situations, and since about fifteen types have no 

observations, they were collapsed into twelve in number, according to 

car ownership (0, 1, 2+) and household size (1, 2, J, 4+). 

The total average values per day, for all travelers, are as follows1 

Iay TT-budget 1 hrs. Coefficient of Variation 

1 1.15 0.57 
2 1.16 o.,56 

3 1.16 0.56 

Hence, it becomes evident that the daily TT-budget on an aggregate 

level is very stable both between days and within each day. Of _par

ticular interest is the result that the coefficient of variation is 

practically identical with those noted in other cities. The following 

analysis tests whether these stabilities remain also at disaggregate 

levels. 
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Table J.lJ-11 Household Types (E - Employed Person; H - Housewife, Retired; 
S - Student) 

l car Avail.ability 
! ' 

Type Size O 1 l+ 2+ 
Household Structure I Employed I Primary Worker 

No Yes Blue ~White· 
: 1·7 

1 
2 
.3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
1., 
16 
1? 
18 
19 
20 
21 
22 
2.3 
24 
25 
26 
27 
28 
29 
30 
31 
32 
11 

J4 
35 
36 
.37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
5.3 
.54 .,., 

1 

1 
2 

J 

1 
4+ 

• 
• 
• I 

' 
• 

• 
• 

• • 

• 
• 
• I 

• 

1 E 
I 

: 1 H or (1 s) 
1 1E+1Sor 
1 1 E + 1 H 

I 1H+lS 
• I 

• 

• 

2 E 

j 2Hor2S 

I 1E+1H+1S 
• or: 1 E + 2 S 
I 
1 or: 1 H + 2 S 

or: 2 H + 1 S 

I • 
I • 

l • 
' ! : 

! • 
• 

• ! 
• I 

• i 
I • 

• I 
• ! • 
• I 
• I 

: I • 
I 

: i 

• • 

• • I 
I • • • • • 

I • 
I • 
i • 

2E+1S 

• I I • 

• 

• • ~= 2E+1H I : • 
----r--+--:--•.::;.._+--------~•---1f----+-~•--1-~-~ 

• ,· • i I 

• 

• 

i • 
I 

• 1E+2H • • !
1 

: I. : ·1• 
• • • 

• • ! • 

• • 

• 
• 

1 E + 2+H + 1 S 
i 
1 or: (2 H + 2 S) 

• j 

• 

I • 

I 
i 
I 

• 

I • 

• I 
: • • I 
• I • 

• i 

• • • • 
• I 

• 

• • • • • • 
• • • • • • • 

• 

• 

• • 

• • 

• • 
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(2) The Analysis 

The effects of the above factors, car ownership and household size, 

on TT-budgets can be conveniently analyzed as a multifactor experiment. 

In general, there are two factors (say, A and B) and three (R) sets 

of data. It is desired to separate the effects of the factors A and 

Band of the data set Ron a dependent variable Y. The model for 

the analysis of this type of problem can be written as: 

Yijk = µ + ni + ~j(n~)ij + Yk + eijk (J.13-1) 

i = 1, 2,, ••• , a (factor A) 

j = 1, 2, ... ' b (factor B) 

k= 1, 2, • • • I r ; (data set R) 

In Equation (J.13-1) y. "k is the observation (travel time budget) 
l.J 

in the k-th data set, at the i-th level of factor A and j-th level 

of factor B, µ is the grand mean (of the TT-budget), ni is the effect 

of the i-th level of factor A (say, car ownership), ~j is the effect 

of the j-th level of factor B (household size), (n~)ij is the inter

action or joint effect of the i-th and j-th levels of factors A and 

B, and yk is the effect of the k-th data set. 

It is assumed that e. "k are independent normally distributed random 
l.J 2 

variables with zero means and common variance of o • With the 

following restrictions unique estimates can be estimated for pa:r:ame

ters µ,a,~. and y : 

a b a b r 
I: ni = I: ~. = E (n~) .. = I: (n~ \. :E yk = o 

i=1 i=1 J i=1 l.J j=1 J k=1 
(J.13-2) 

The analysis of ax b factorial experiment with r replicates is l:ased 

on the breakdown of the total sum of squares into components. First 

the total sum of squares (SST) is divided into components attributed 

to factors, replicates and error by means of the identity (l), 

(1) In the following equation period(•) denotes the subscript(s) over which 

the average is taken, e,g., 
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t EE (yiJ'k - y .•. )2 
• r EE (yiJ'• - y ... )2 

+ 
i j k i j 

(- - )2 
+ ab E y k - Y••• + 

k • • 

(J.13-3) 

The total swn of squares on the left-hand side has (abr - 1) 
degrees of freedom. The terms on the right-hand side are, first, 

the sum of squares due to factors, SSF, having (ab - 1) degrees of 

freedom: second, the replicate sum of squares, SSR, with (r - 1) 
degrees of freedom; and third, the error sum of squares, SSE, with 

(ab - 1)(r - 1) degrees of freedom. 

The swn of squares due to factors A and B can be subdivided into 
components corresponding to the factorial effects. In a two factor 

experiment we have the following subdivision: 

r LL (yi. - y )2 
= rb L (yi - y )2 

+ 
ij J ••• i ••••• 

2 
+ ra E (y . - y ) + 

j OJ• .... 

2 
+ r EE (yiJ' - y ) 

i j • • •• 
(J.13-4) 

The first term on the right measures the variability of the means 

due to factor A: this is called factor A sum of squares, SSA. The 

second term is the factor B sum of squares, SSB. And the third term 

is the interaction sum of squares SSAB which measures the variability 

in yijk which is not attributable to separable effects of factors 

A and B. The (ab - 1) degrees of freedom for factors A and Bare 

divided into (a - 1) degrees of freedom for A, (b - 1) degrees of 

freedom for B, and (a - 1)(b - 1) for interaction. The results 

below illustrate the analysis method best. 

Because there were no observations for households size 1 at 2+ car 

ownership level, the analysis proceeded in steps. First, the car 

owning households were compared to carless households, and then one 

and two-plus car households were compared to each other. 
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Table J,13-2 gives the mean TT-budgets for each factor level. 
2 

(28,42) First, compute the term C = 24 = 33,6,54; Then compute 

the sums of squares, 

2 2 2 SST= (1.12 + 1.23 + ••• + 1,19) - 33,6,54 

SSF = ½ (3,62 + ••• + 3,562) - 33,654 

SSR = ½ (9,2/ + ••• + 9,522) - JJ,6,54 

SSF = 0,368 - 0,250 - 0,010 

The sums of squares of the factors ares 

~ 0 1+ Total 

1 3,60 3.29 6,89 
2 3.67 3,34 7.01 

3 3,19 3.52 6.71 
4+ 4,25 3.56 7,81 

Total 14,71 13.71 28.42 

= 0,368 ; 

= 0.250 ; 

= 0.010 r 

= 0.108 ; 

1 2 2 
SSA= 12 (14,71 + 13,71) - 33,654 = 0,118 ; 

1 2 2 
SSB = 6 (6.89 + ••• + 7,81 ) - JJ.654 = 0,042 ; 

SSAB= 0,250 - 0,118 - 0,042 = 0,090 ; 

and the analysis of variance table is detai:ed in Table 3,13-3, 

Table 3.13-2: T:ra.vel Time Budgets by lay and Factor 

Factor A Factor B I lay 1 lay 2 lay J Total Car Ownership RH-Size 

0 1 1.12 1 • .32 1.16 J.60 
0 2 1.2.3 1.12 1 • .32 J.67 
0 J 1.01 1.06 1.12 J,19 
0 lj,t- 1.35 1.60 1.30 4,25 
1+ 1 1.06 1,1.3 1.10 J,29 
1+ 2 1,14 1.10 1.10 J.:34 
1+ J 1.10 1.19 1.23 J.,52 
1+ lj,t- 1.24 1.1.3 1.19 J.,56 ... 

Total 9.25 9.65 9.52 28.42 
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Table 3.13-3s Ana.ly.s1s of Variance for Tmvel Time Budget 

Factor Degrees of Sum of Mean • F-value F erlt. 
Freedom Squares Square o.os 

lays 2 0.010 0.00.5 0.6.5 3.74 
HH-Sbe 3 0.118 O.OJ9 5.06 J.34 
Car Ownership 1 0.042 0.042 5.4Q. 4.60 
Inte:z:action 3 0.090 O.OJ.O 3.§'9 3.34 
Error 14 0.108 0.0017 

Total 23 o.J68 

It is seen that car ownership, household size and household size -

car ownership interaction all have statistically significant effects 

on the TT-budgets, but that the TT-budgets do not vary between days. 

A reflection on Table 3.13-2 indicates that the household size and 

inte:raction effects are most likely due to the 0-car, three member 

households. 'l'hese households maybe husl:and, wife, child types where 

the wife is "trapped" at home with a child and with little desire to 

travel using often "child-repellant" public transport modes. 

This issue can be examined by making an analysis of variance by car 
ownership levels; at the same time such analysis of variance shows 

whether there are differences in t:ravel time budgets for car owning 

households. The results are shown in Tables J.13-4 and J.1J-5. 

Table 3.13-41 Analysis of Variance of TT-budgets for Carless Households 

Degrees of Sum or Mean 
F-value F Crit 

Freedom Squares Square • 05 

J?ays 2 • 019 • 010 • 70 s. 14 

HH-slze 3 • 191 .-064 4.79 4. 76 

Error 6 • 080 • 0133 -
Total 11 • 290 
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Examinations of possible differences between 1 and 2+ car house

holds yields the following analysis of variance tables 

Table 3,13-51 Analysis of Variance of Tr-budgets for 1 and 2+ Car Households 

Degrees or Sum or Mean 
F•value F Crlt 

Freedom Sau ares SQuarcs • OS 

Daya 2 • 003 • 0015 • 16 4. 10 

HH-size 2 • 006 • 003 • 65 4. 10 

Car Ownership 1 • ooz . ooz . zz 4. 96 

Intcractlon z • 01S • 0075 • 82 4.10 

Error 10 • 092 • 0092 

Total 17 

It is seen that the travel time budgets of carless households are 

dependent on household size but the travel time budgets of car owning 

households are not dependent on household size or level of car 

ownership(!). Again, there are no difference in travel time 

budgets between days for either household type. 

The major conclusion of this section can be summarized thus: travel 

time budgets per traveler do not appear to vary by day. This should 

not be interpreted to mean that individual travelers would spend equal 

amounts of time for travel every day but rather that, on the average, 

within a given homogeneous group of travelers, travel time budgets 

do not vary over the weekdays. Furthermore, travel time budgets 

seem to vary with car ownership levels and household size. Speci

fically, there is a difference in travel time budgets between car 

owning and carless households. There also appears to be a household 

size effect, but it is minor and confined to carless households with 

three household members. 

(1) An analysis of variance was also done at given levels of household size. 
These tables showed, somewhat tenuously due to losses in degrees of 
freedom, that household size effects are confined to the J-member 
households. A richer data base is needed for more definite conclusions. 
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It is shown later that the difference in the TT-budgets between tra

velers of car and carless households is not an intrinsic characteristic 

of the travelers, but rather stems from different travel speeds, 

One such indication was already noted when comp:3.ring the TT-budgets 

of car and bus travelers in Washington, D,C, (Section J,6-1), and it 

is further analyzed in Section 4,7, 

It becomes evident at this stage that although the daily 'IT-budget 

per traveler tends to be stable between days, it is not constant 

across travelers, as it tends to vary by such factors as car owner

ship levels, After further consideration, it can also be inferred 

that the analysis of the TT-budgets across travelers is not going 

to be very fruitful if done in isolation; the daily TT-budget is 

used in order to travel a certain distance at a certain speed and, 

therefore, it should be related to these travel characteristics. 

For instance, and referring ca.ck to Table J.6-1, it can be seen 

that bus travelers in Washington, D.C. spent more time in order 

to travel less distance than car travelers. 

The analyses of isolated TT-budgets will conclude with the case 

of the Nurenberg Region in Germany, presented below, while more 

thorough examinations of the relationships between TT-budgets/ 

travel distance/speed are detailed in Section 4,7, 

J.14 Daily Travel Time per Traveler in the Nurenberg Region 

The Nurenberg region includes a population of about 1,162,000 persons 

above the age of 10 years, distributed between settlements of 

varying sizes in a study area of about 3,000 sq.km, A comprehensive 

one-day home-interview survey, of about 10 percent of all households, 

was conducted in the region in 1975 and the relevant results, stra

tified by the same household types as shown in Table J.13-1, are 

summarized in Appendix 2. (Kocks, 1977). 

Following the analysis of variance of the TT-budgets detailed in 

the preceding section, the results for the motorized travelers above 

10 years in the Nurenberg region are presented in Table J.14-1 for 

travelers of car vs. carless households, and in Table J.14-2 for 

travelers of 1 car vs. 2+ car households. 
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Table '3,14-11 The Analysis of Variance of TT-budgets per Traveler, 

Car vs, Carless Households, The Nurenberg Region 

HH Size Iaily TT-budget per Traveler, hr, 

0 Car 1+ Car Total 

1 1.41 1.22 2.6) 
2 1.42 1.25 2.67 
) 1,)6 1.28 2.64 
4+ 1,:35 1.27 2.62 

Total 5,54 5.02 10.,56 

Interaction Sum of ~grees of Mean F-value F crlt. 
Squares Freedom Square 0.05 

Between Ca.rs 0.0:34 1 O,OJ4 20.00 ·-10.13 

Between HH Size 0.001 :3 O,OOOJ 0.176 9,28 
Error 0.005 :3 0.0017 

Total 0,040 7 

Table '3 114-2: The Analysis of Variance of 'IT-budgets per Traveler, 

1 car vs. 2+ car Households, The Nurenberg Region 

HH Size Iaily TT-budget per Traveler, hr, 

1 Car 2+. Car Total 

2 1.24 1,:38 2.62 
'.3 1.27 1,:30 2.57 
4+ 1.26 1,:30 2.56 

Total J,77 J.98 7.75 

Interaction Sum of Degrees of Mean F-value F crlt, 
Squares Freedom Square 0.05 

Between Ca.rs o.ooa 1 o.ooa 5.JJ 18.51 
Between HH Size 0.002 2 0.001 0.667 19.00 
Error 0,00'.3 2 0.0015 

Total 0.01:3 5 
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The results in the first table show similar trends to those observed 

in Munich, namely: (i) there are no significant differences between 

the TT-budgets by household size; and (ii) there are significant 

differences by car ownership. The results in the second table 

suggest that there are no significant differences between the TT

budgets of travelers from car and carless households, regardless of 

household size or the number of cars owned. 

It is also of interest to note that the coefficientsof variation of 

the TT-budgets in the Nurenberg region are somewhat higher than 

those observed in Munich, namely 0.74, although they are relatively 

stable by household type. For instance, the standard deviation 

of the coefficient of variation by household type (of equal weight) 

is only! 0.07 (! 9.5 percent). 

Furthermore, the average TT-budget in the Nurenberg region is 

somewhat higher than the one observed in Munich, namely 1o30 vs. 

1.16 hours respectively, prol::ably because it also includes regional 

travel, between the settlements. Another possible reason is the 

deletion of travelers who traveled more than 4 hours per day in 

Munich, which reduced the average TT-budget from 1.21 to 1.16 hours. 

Even so, the TT-budgets are similar, suggesting once again that 

such similarities are not coincidental. 

A last test at this stage is to relate the TT-budget per household 

versus household size and car ownership (household types of equal 

weight), and the best-fit multiple regression can be expressed by 

TT/HH = o.,589 + o.578(llli Size)+ o.295(Cars/HH) (J-14-1) 

(13.03) (3.24) 

where the numbers in parentheses are the t-statistic, and the 

coefficient of multiple correlation is 0.914. 

It nay, therefore, be inferred that while the relationship is sig

nificant, the TT-budget per household is predominantly affected by 

household size. We shall see later that this is so because the TT

budget per household is the sum of the TT-budgets of the household's 
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travelers, and that the number of travelers per household is predo

minantly affected by household size. Thus, while the above relation

ship may be regarded as relatively satisfactory on statistical 

grounds, it is unsatisfactory from behavioral considerations since 

the allocation of the TT-budget to travel is done more by the indi

vidual travelers, as the decision unit, than by the "household" as 

a whole. 

With the example of the Nurenberg Region concludes the part dealing 

with isolated TT-budgets, and all further analyses will focus 

on the relationships between the travelers' TT-budgets/travel 

distance/speed, as detailed in Chapter 4. Therefore, the 

final conclusions about the TT-budgets are deferred until we see 

how they interact with other factors within the urban/regional 

systems. 
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B, THE TRAVEL MONEY BUOOET 

J,15 The Travel Money Budget 

The travel money budget, or TM-budget for short, is the second 

principal constraint on travel applied in the UMOT process, The 

TM-budget, similar to the TT-budget, becomes apparent only after 

a certain level of aggregation is reached, a level higher than in 

the case of the TT-budget; time cannot be transfered between days, 

but money can. Hence, a money constraint on travel can be iden

tified only after a certain threshold of aggregation over several 

days or weeks. 

The following examples of TM-budgets start from macro conditions, 

total averages for countries, and go down to the level traffic 

districts within cities. 

J.16 The TM-budget between Countries 

All available data suggest that there is a TM-budget that, on a 

macro level at least, tends to be stable both between westem 

countries and over time. The following examples express the total 

expenditures on travel as percent of the total consumer expenditures 

in a selection of countries and, depending on the local definitions, 

they tend to be similar. 

U,'S., 196J - 1975 

Canada, 196J - 1974 

+ 1J.18 _ 0.38 percent 

: 1J.14 '! 0,43 " 

Fed. Rep. of Germany, 1971 - 1974: 11.28 '! 0.54 " 

U.K., 1972 I 11.7 " 

The stability of the TM-budget over time is shown in Figure J.16-1 

for the U.S. and Canada. Although the TM-budget displays minor 

cyclical variations over the years, the general stability is quite 

noticeable. 

The stability of the TM-budget, at least on a nationwide scale, 

was corroborated recently by the extensive changes in the cost 

of travel that took place in 1974/75, as shown in Figure J.16-2. 
The expenditures on car travel are broken down into standing costs 
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Figure 3.16-1 1 Expenditure on Travel vs. Total Consumer Expenditure, 
US 1963-1975 and Canada 1963-1974 

(such as depreciation, license fees and insurance) and opera.ting 

costs (such as gasoline, oil, tires, maintenance, tolls and 

parking). The remarkable result is that the TM-budget remained 

relatively stable, at about 12.6 percent, although major changes 

took place within it. Namely, when the car operating costs 

increased during 1974, the car standing costs decreased in pro

portion, thus making the total travel money budget relatively 

stable. The same results were also observed in the U.K. (Mog
ridge, 1977). 

. . I I ' 

•---•---•- . ' -- ---• 
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Figure 3,16-2: Expenditures on Car Travel as Percent 
of Total Consumption Expenditure and 
Proportions of Standing and Operating 
Costs of Car Travel, Total US 1971 -
1975 
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It appears, therefore, that the TM-budget tends to remain rela

tively stable, with t:rade-offs within it, as long as the exo

genous changes are below a critical threshold. This indication 

is of special interest, as the identification of such a critical 

threshold is of pri~e importance for policy makers. For example, 

although the standing costs decreased by only a few percent during 

1974/75, by such measures as a slowing down in the rate of car 

replacement, it had a significan effect on the economy, such as 

when millions of new cars remained unsold, with spreading effects 

to other segments of the economy. The real concern, however, is 

when the TM-budget itself will start to change in relation to 

other money budgets, thus accelerating the effects on other segments 

of the economy. 

The relation between the TM-budget and other money budgets are 

discussed in the following section. 

3.17 The Money Budgets of Households 

The personal consu.~ption expenditures by type of product in the 

U.S. during 1963-1973 are detailed in 'Iable 3.17-1 and shown in 

Figure J.17-1. 

Table 3,17-1 s Personal Consumption Expenditure by Major Activity/Product, 

as a Percent of Total Consumption Expenditure, US 1963-1973 

Activity/Product 196J 1964 1965 ! 1966 1967 1968 1969 1970 1971 1972 1973 

Housing 29.2 29,J 29.0 28,8 28,9 28.6 28,7 28.9 28,9 29.2 29.0 
Food 25,6 25.1 24.8 24.6 2J,9 2J,J 22.6 22.9 22.1 21.5 22.2 
Clothing 9,9 10.1 10.1 10.4 10.4 10.4 10.J 10.2 10.1 10.1 10.1 

Transport 1J.1 12.9 1J.4 1J,0 12.7 1J.4 1J.4 12.6 1).6 13.7 1J.6 

Medical 6.2 6.4 6.5 6.7 7.0 7.0 7.4 7,7 7.8 7.8 7.8 .. 
Soc. Rec. 9.J 9.5 9,4 9,7 10.0 10.0 10.1 10.4 10.2 10.4 10.2 
Other 6.7 6.7 6.8 6.8 7.1 7~J 7.5 7.J 7,J .7.J 7.1 
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It becomes evident that the expenditures allocated to the various 

major activities/goods are very stable, although not necessarily 

constant, over time. Thus, while the proportion allocated to 

food tended to slightly decrease in a consistent way, the pro

portion allocated to nedical care tended to slightly increase in 

a consistent way. The expenditures on travel and housing, on the 

other way, tended to remain both stable and constant over the 

11-year period, as well as during the period 1973-75• 

While the TM-budget may be stable over time as a controlling 

total for a country, the question is how stable is it within the 

country for different population segments, especially for car and 

non-car owning households·?. The only example available at this 

stage is from the U.K., where the household expenditure on travel 

versus the household total weekly expenditure (and income) are 

separately qetailed for car owning and non car owning households, 

in 1971, as summarized in Table 3.17-2 and shown in Figure 3.17-2 

for the two household groups. 
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Table 3.17-2 1 Expenditures by Major Activity/Product by Houceholds 
With and Without Ca.rs, as a Percent or Total Expendi

ture, UK 1971. 

Activity/Product 

Without Cars 
Housing 

Food 

Clothing 
Goods 
Tzansport 

Services+ Other 

Total Expenditure,L 

With Cars 

Housing 
Food 

Clothing 

Goods 
Transport 
Services 

Total Expenditure,L 

Weekly Income or Household, L 
Under 20-30 30-40 4-0-,50 ,50-60 Over 60 

20 

31 .o 22.5 20.2 17.2 15.5 14. '7 
::n.s 41.1 4-0.? 41.2 4-0,3 4).1 

7,0 7,8 9,1 11,1 10.5 12.s 
12.7 14.8 14.6 14.2 17.0 11.8 
).0 5,2 6.0 6.1 7.4 8.o 
8.8 8,6 9.4 10,2 9 • .3 9.9 

12.8 21.5 27,8 33,.5 41.4 49.9 

, 
2).) 19.8 18.2 17.2 16.0 15.a 
32.2 33 • .5 34.5 32.9 )2.8 29.3 
a.s 7.4 8.6 · 8.5 9.9 9.6 

10.8 13.1 1.3-9 1,'.3.8 14.3 14.) 
17.3 18.5 17.5 18.4 18.3 18.) 

7.9 7.7 7.3 9.2 8.7 12. '7 

21.6 27.7 31.4 )6.7 42.4 51.a 

When comparing this figure with Figure J.17-1, it becomes evident 

that the ranking of money expenditures by activity/goods nay 

differ between countries; the highest expenditure 1n the u.s. 1s 

for housing, while the highest in the U.K. is for food. Such 

differences depend on the economic structure of a country, a subject 

which is beyond the framework of this report. But what is of 

special interest to our subject is the significant difference in 

the ranldng of travel expenditures by households owning and not 

owning a car, although belonging to the same income group; it 1s 

the last for households not owning a car, while it is second/third 

for households owning a car, similar to the total average in the U.S. 

Figure J.17-J stratifies the travel expenditures of the two house

hold types versus the total expenditures. The remarkable result 

is that the expenditure on travel by households owning cars is a 

relatively stable proportion of the total household expenditure, 

about 17-18 percent, at all income levels. 
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Households not owning a car, on the other hand, expend on travel 

less than half the above proportion, but again at a relatively 

stable proportion at all income levels. It will be shown below 

that the same trends were found in Washington, D.C. and Twin Cities 

in the U.S., and in the Nurenberg Region in Germany. 

It is of interest to note at this stage that both groups of house
holds expend on housing about the same proportions, as can be 

seen in Figure 3.17-4. Namely, the wide gap between the two 

expenditures on travel seen in·Figure 3.17-3 appears to be unique 
for travel, and not affected much by the expenditures on housing. 

Three indications may be inferred at this stages 

(1) There is a significant gap between the expenditures on travel 

by households O'Wlling and not owning ca.rs. The possible reasons 

for. such a wide gap are discussed below; 

(2) The expenditures on car travel appear to be a stable pro

portion of income at all income levels; 
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(3) The total average proportion of a TM-budget for a given popu

lation will depend on the proportions of households owning and 

not owning cars at each income level. 

The last point is of special interest for cases where the strati

fication of households by car ownership is not known. Such a case 

is shown in Figure 3.17-5 for household expenditures on travel in 

the U.K. in 1972, where it appears as if the expenditures on travel 

as a proportion of the total household incomes increase with incomes(*). 

This apparent increase in the TM-budget, when based on all house

holds, can now be explained by the two distinctly different TM-

budgets of two distinctly different household types; those owning 

a car versus those· that do not own a car. Thus, the apparent 

increase in the TM-budget by income is due to the increasing 

(*) It should be noted that the relationship in this case is l::a.sed on the 

households' weekly income, while in the previous cases it was based 

on the households' weekly total expenditures; hence, the proportion 

of the TM-budget will depend on whether it is l::a.sed on income or 

expenditures. 
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proportion of households owning a car with increasing income, 

although the TM-budget of each household type is a stable pro

portion of their income. 

The next examples are of TM-budgets within cities, as detailed 

in the following sections. 
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3,18 The TM-budget in Two U.S. Cities 

1, Extreme difficulties were encountered when trying to extend the 

analysis of the TM-budget down to the level of cities for house

holds owning and not owning cars, as no direct data on such expen

ditures were available from travel surveys. The only possible way, 

therefore, was to derive such TM-budgets by indirect, though cont

rolled, methods. 

The following results are cased on data from the transportation 

studies in Washington, D.C. 1968 and Twin Cities 1970 in the U.S. 
(Zahavi, 1979-a), where households were first stratified by the mode 

used during the survey day, namely car-only and transit-only,_by 

district.of residence, The expenditures on travel were then derived 

as the product of the daily distance traveled by each mode and the 

cost per unit distance, The results are shown in Figure 3,18-1 and 

sl.lilllJarized in Table 3,18-1. 

Table 3.18-1 

WASHINGTON 

District 

1 
2 
J 
4 
5 
6 
7 
8 
9 

10 
11 
12 
1J 
14· 

Average 

Household Expenditure on Car and Transit Travel, 

by District, Washington, D.C. 1968 and Twin Cities 

1970 

Car Travel Only Transit Travel Only 

Income Expend. % Income Expend. % 

6,800 B.35 5,000 2.66 
6,800 11.88 5,400 J.J2 
7,500 9.20 5,500 J.J8 
6,600 9 • .51 5,400 J.60 
8,300 8.73 4,300 3.95 
7,300 10.78 4,500 4.86 
8,100 10.94 5,800 4.66 
7,500 11.68 5,800 5.37 
9,000 10.21 5,600. 5.26 
8,900 10.37 5,000 5.51 
9,JO0 11.88 5,J00 4. 71 
9,000 10.95 5,100 5.6J 
9,200 11.12 5,100 6.76 

10;100 11.89 4,700 6.55 

8,600 10.95 .5,J00 4.16 

(Cont.) 
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TWIN CITIES 

2 8,967 8.85 4,443 4.59 
3 10,386 9.68 6,946 2.69 
4 (11,7JO) (8.21) 5,801 J.68 
5 8,859 10. 71 3,826 4.53 
6 8,974 10.74 4,906 J.45 
8 9,858 10.04 6,6)4 2.09 
9 10,6,5U 8.92 5,995 J.01 

10 9,81) 10 • .50 5,2'.39 4.05 
11 9,005 10.21 (4,J,50) (1.55) 
12 11,9~7 12.04 7,'.3'.36 2.56 
13 (14,5'.31) (9.20) 6,834 J.01 
14 11,811 11.87 5,99) J.62 
15 12,64) 10.)1 6,500 2.20 
16 12,170 10 • .52 9,000 4.70 
1? 13,501 11.02 (15,282) (2.53) 
18 11,792 10.23 

Average 11,669 10.08 5,567 J.42 

• n.c. - Car 
f:t D.C. - Transit # _..,.♦...-

♦ T.C. - Car ~-+ 
~ T.C. - Transit • ~♦ 

.u!._f •♦ .. ,,-.... 
• .......... ♦ ........... ...... 

6 8 10 12 
Household Annual Income ( '000) 

♦ 

14 16 

Fip:ure 3.18-1 , Daily Expenditure on Travel by Households that 
ma.de all their Trips by Car Only or Transit Only 

vs. Household Annual Income, Washington, D.C. 

1968 a.nd Twin Cities 1970 

The indications that may be inferred from the above examples are: 

(1) The TM-budget of car-owning households is found, once again, 

to be a relatively stable proportion of income, about 10.5 

percent, at practically all income levels; 

(2) The TM-budget of non-car owning households is found to be very 

low, about 3-5 percent of income, at a wide range of incomes; 

(3) There is a wide gap between the two TI'I-budgets, similar to the 

gap in the U.K. data. 
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Thus, although the proportions nay differ between countries, or even 

within the same country if cased on different definitions, such as 

total income, disposable income, or actual expenditures, the pro

portions are still inherently stable within a given data set, showing 

the same trends as observed in other places. 

3.19 The TM-budget in the Nurenberg Region, Germany 

Application of the above procedure to cities in Germany was found 

to be practically impossible, as transportation surveys do not 

include data on the households' income. Hence, although the travel 

expenditures can be estimated by the actual travel distances ~y 

mode per household, there are no incomes to comp;i.re them with. 

The problem was solved by estinating the procable. income level of 

households by their available socioeconomic characteristics, such 

as household size and car ownership, and although the methodology 

is not fully satisfactory, the results suggest that the TM-budget 

is robust enough to emerge above all uncertaintieso 

The procedure applied to the case of the Nurenberg region is cased 

on the information available during the conduction of this study, 

as follows, 

(1) The proportions of households, by size, vs. disposable income 

1n 1973 are detailed in Table 3.19-1. The average disposable 

incomes in 1975 are based on the 1973 disposable incomes mul

tiplied by a nationwide average factor of 1.24; 

(2) Table 3.19~2 shows the proportions of car and carless households 

vso disposable income's in 1973; 

(J))3a.sed on the above two tables, Table J.19-3 details the estinated 

household disposable income by household size and car ownership. 

Thus, we could derive estimates of disposable incomes of households 

by size and car ownership in 1975. The next step was to estinate 

the unit costs of travel in 1975 by different modes. 
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Table J,19-11 Percentage of Households, by Size, versus Disposable Income, 

Germany 1973 and 1975 

Income Monthly Income Average Income Households, 
Group Range ,DM( '000) 1973 1975 1 

I 
2 

1 Up to o.6 ,510 631 93,3' 6 • .5 
2 o.6 - 0.8 751 929 80,3 18,7 
3 o.8 - 1.0 967 1,196 61.8 34,6 
4 1,0 - 1,2 1,177 1,456 46.1 44.1 
5 1.2 - 1.5 1,452 1,796 28.2 42,2 
6 1.5 - 1.8 1,791 2,215 14.2 3.5,2 
? 1,8 - 2,5 2,298 2,843 5,4 29.9 

2.5 - 5.0 
8 ( ) 3,741 4,628 1.7 22.9 

5,0 - 15.0 

Average Income, DM 1,148 2,01.5 

Table J,19-21 Proportions of Car and Carless Household.a 

by Income, Germany 1973 

Income I Proportion of HH, % 
Group t 

; 0 Ca.r 1+ Cars 

1 93 7 
2 87 13 
3 71 29 
I} 51 49 
5 37 63 
6 27 73 
7 19 81 
8 12 88 

J 

0.2 
o.8 
2.6 
6,0 

16.5 
23.1 
27.6 

24.2 

2,812 

" Avg. HH 
4+ Size 

- 1.07 
0.2 1 .21 
1,0 1.43 
J.8 1.69 

13.1 2.20 
27,.5 2.78 
37,1 3,19 

51.2 3.64 

3,240 

Table 3,19-31 Average Disposable Income per Household, by Household Size 
and Car Ownership, Germany 1975 

Income I Households Households Owning % of Households, by Size and Car Ownership 
I 

" 1 2 J 4+ Group % a Car, 

0 1+ 0 1+ 0 1+ 0 1+ 0 1+ 

1 .5,S 5,11 0,39 4,77 O,J6 o.JJ o.o:, 0.01 - - -
2 6.J 5,47 0,82 4,40 0,66 1.02 0.15 1),04 0.01 0,01 -
3 6.6 4,69 1,91 2.90 1,18 1.62' o.66 0.12 0,05 0,05 0,0? 

4 5.4 2,75 2,65 1.27 1.22 1.21 1.17 0,17 0,16 0,10 0.10 

5 12.1 4,48 7,63 1.26 2,15 1,89 3,22 0,74 1,26 0.59 1.00 

6 12,1 J.26 8,8J 0,46 1,2.5 1.1.5, J.11 0,7.5 2,04 0.90 2,43 

7 24,9 4,74 20.17 0.26 1.09 1,41 6.0J 1,Jl 5,57 1,761 7,48 
8 27.1 J,26 2'.3,8.5 0,06 0,41 0,74 5,46 0,79 .5, 77 1,67,12.21 

Total 100.0 JJ. 7.5 66,25 1.5,'.38 8,'.32 9,'.37 19,8'.3 J,93 14,86 5,08123,23 

Average Disposable Income 1,087 1,882 1,946 2,912 2,749 3,339 3,150 3,663 
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2, Tmvel costs of car travel were subdivided into operating and standing 

C?sts. Operating costs comprise expenditures on fuel, depending on 

the travel speed and the fuel price. The relationship between speed 

and fuel consumption used is related to an average private car of 

1,600 ccm., and a price of 0.90 DM per liter, as shown in Figure J.19-1, 

( Meewes, 1973) • 

.. 
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Figure 3.19-1 : Operating Costs, Car i'ravel 

It should be noted that the original relationship is based on 

the assumption of constant travel speeds. If, however, the daily 

average speed is considered, op7ra.ting costs will be slightly 

higer than shown in the above figure. Furthermore, the speeds 

in Appendix 2 are the door-to-door sp~eds, derived ~rom the 

daily travel distance over the daily travel time and, therefore, 

they have to be translated into network speeds. Based on such 

ratios in U.S. cities (Zahavi, 1979-a), the door-to-door speeds 

were multiplied by a factor of 1.5 in order to derive the network 

speeds. lastly, the total daily travel distance per household was 

divided by -~he average car occupancy of 1 • 2 5 in order to derive 

the daily car-kilometers per household. 

The second component:; of travel costs of car travel is the standing 

costs which, for travel conditions in Germany in 1975, are detailed 

in Table J.19-4. The depreciation part is 1:e.sed on a price of 

11 , 770 DM and a life span of 10 years per standard car, and 1 t was 
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Table_J.19-4: Standing Costs per Year, Standard Car, 
Germany 1975 

Item Cost, DM 

Tax, insurance 828 
Depreciation 1,177 
Repair 800 
Car-care 80 
Other (e.g., parking) 120 

Total per Year 3,005 

assumed to be linear, By assuming 310 days per year, the standing 

cost per day was estimated to be about 9.70 DM. This should be 

regarded as a rough average value, which probably overestimates 

travel costs of low income households, and underestimates travel 

costs of high income households, due to different sizes and ages 

of the owened cars. 

The travel costs in public transport in the Nurenberg region we~e 

available from the comprehensive transportation study conducted in 

the region, and the fare system for the three public transport 

enterprises are detailed in Table 3.19-5. 

Table 3.19-5: Public Transport Fare System in the Study Area 

b) OB (Deutsche Bwtdesbahn) and OVG 

I Type of Ticket DM per Ti eke t Remark 
! 
: Distance DB OVG 

Single trips I.lo within the urban area of Fare Fare 
Nureir,bere, Fuerth and Stein llM DH/km DM DM/km 

2.50 between the a.m. area and the 
City d Erlangcn I - s 1.20 o.48 1.00 o.4o 

2.00 between the a.m.area and the 6 - lo l.60 o.2o l.<4o o,2o 
City of Schwabach II - IS 2.oo o.15. 2, lo o,16 

"Ticket for o,8o per 16 .- 2o 2,40 o,13 2.<4o o.13 
r.ore trips" trip I 21 - 3o 3.20 0, 13 J,oo o,12 

Weekly 11.00 within the a.m. 
I 

area 

! tickets 

31 - 4o 4.40 0, 12 4.20 0.12 

Id - So 5.8o o.12 5.<4o o,12 

' Monthly vi thin 40.00 the a.m. area 
tickets 

I 

24.oo !or atudcnts, only 
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3. The travel costs . in public transport per kilometer traveled is 

shown for trip-related fares in Figure J.19-2. Time-related fares 

(monthly and weekly tickets) will be cheaper than single tickets 

from a distance of at least 275 km. per month, or 11 km. per day, 

as shown in Figure 3.19-3. 

The average daily travel distance per traveler of carless house

holds is between 15 to 20 km. (see Figure J.19-2), thus suggesting 

that these travelers will predominantly use time tickets. (Indeed, 

about 65 percent of the tickets are time-ticijets), resulting in 

0.10 DM per kilometer. 

Assuming that travelers of car owning households wil_l predominantly 

use trip-related tickets, travel costs were estimated to be 0.14 DM 

per kilometer. 

Within Nuremberg,Filrt1 Between Region 
r-1 0.4 I 

\ ,,AG 
Towns ., 

I ► as 
~ o.3 I 

VA~ '~•~ ft➔ I 0 
0.2 I ~-j{t:: .p ·"---L:' ID 

I . ·--0 ·-- • 0 0.1 e I -•-1-
I -.;, I DB,OVG .p -·--'" --·-B 

0 2 4 6 8 10 15 20 15 
Travel Distance, km per Trip 

Figure J.19-2 Trip-Related Fo.res in Public Transport, Nuremberg 
Region 1975 

r-1 0,4 '· I 
same price for 

CII 

\. ',orr.ial 
trip- and time-:,, Tickets as I related tickets t 0,3 ,,,, at appr.270 km ... I 0 .., 0.2 ''· II.I Students''-.... '--., _j 0 

Tickets .......... ..___ 0 0.1 -.. .., .... 
~ 

0 100 200 300 400 
Travel Distance, km per Month 

Figure J.19-3: Time-Related Fareo in Public Transport, 
Nuremberg Region 1975 
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4. Based on the above unit costs, the daily travel costs were estimated 

for the 55 household types (detailed in Table 3.13-1), by their daily 

travel distance by mode, as presented in Appendix 4 and summarized 

in Figure J.19-4. 
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..» 
Ill 
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.... • ► al s 
~ 

:, 
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I 2 I 
Household Size 

+Maximum, . 
• Avero.ie,-Value 
+Minimum 

12 ••• Number of cases 

Figure_J.19-4 1 Travel Money Budget of Households, Car Travel and 
Transit, Nuremberg Recion 1975 

It may be inferred from Figure J.19-4 that:the daily travel costs 
per household: (i) increase with household size; and (ii) they 

differ significantly by car ownership. The most important result 

is that the existance of a t:ravel money budget is suggested by the 

very narrow dispersion of the values, even though only two explana

tory variables, household size and car ownership, were considered. 
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5. At this stage it is possible to match the estimated TM-budgets with 

the estimated disposable incomes, and the results are shown in 

Figure J.19-5. It is to be noted that the data shown in this figure 

refer to O and 1-car households, as no income estimates could be 

derived for 2+ car households. Even so, the remarkable result 1s 
that the TM-budgets of carless nouseholds cluster at the 3-4 percent 

level, while the TM-budgets of 1-car households cluster at the 10-12 

percent level, with an average value of 11.8 percent for the latter 

case. Thus, these results follow the trends noted before in the U.K. 

and the U.S., namely that TM-budgets of carless and car owning house

holds are relatively st.able for ea.ch group, and tha. t there is a sig

nificant gap between these two TM-budgets~ 

16 

~ 12 -r-1 
Cl) 

i 
13 8 

• 1 Ca.r 

❖ 0 Ca.r 

o __ .._ _____________________ _ 

0 1 2 3 ~ 5 

Household Monthly Income ('000) DM. 

Figure J.19-5 1 Household Expenditure on Travel as Percent 
of Disposable Income, the Nurenberg Region 
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J.20 General Comments on the TM-budgets 

In summary, the available data suggest that there is a travel money 

budget per average household, that tends to be a stable proportion 

of income by car availability, both between cities in the same 

country and over time. The proportions of the TM-budgets rnay differ 

between countries, depending on their economic structure and defi~ 

nitions of income, but its stability within each country, and within 

cities, is noteworthy. Furthermore, the TM-budget of car owning 

households appears to be the upper limit for expenditures on surface 

travel, about 11 percent of income in U.S. cities and about 11 percent 

of disposable income in Gernany. The point is that when a house

hold purchases a car, its TM-budget rrakes a quantum-jump from about 

J-5 percent of income to about 11 percent of income, at practically 

all income levels. 

Three closing comments are to be noted at this stage. First, as car 

ownership levels increase, from 1 to 2 and 3+ cars per household, an 

additional factor has to be considered, namely the factor of business 

expenses, where part of the travel costs are paid - directly or 
indirectly - by the employera Thus, while the TM-budget per house

hold owning 2 or 3 cars, estimated on the l:asis of the daily traveJ 
distance, rnay reach a higher proportion than 12 percent of income, 

it seems reasonable to assume that the actual out-of-pocket expen

diture does not vary much from the upper level of about 12 percent. 

Second, The TM-budget should not be divorced from other rnajor money 

budgets in long range forecasts, especially if significant changes 

in travel costs by policy decisions.are_ to be expected. In such cases 

the upper level could easily reach 20 percent - as is already the 

case in many developing countries, where heavy duties and costs are 

imposed on private cars - thus affecting other major money budgets. 

And third, a wide dispersion of the TM-budgets about the mean values 

are to be expectedp especially if the data are cased on the observed 

travel distances during a one-day survey. This problem is similar 

to the one already discussed with respect to the TT-budget, but even 
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more noticeable in the case of TM-budgets. Indeed, and as can be 

seen in Appendices 1 and 2, the coefficient of variation of daily 

travel distances is higher by about 50 percent than in the case of 

TT-budgets; about 008-0.9 vs. o.6 respectively. Nonetheless, as 
long as the dispersion abo~t the mean values are similar for all 

population segments, it is not a serious shortcoming. Perhaps this 

is the place to note that even conventional disaggregate choice 

models are resed on the principle that the travel choices of a 

typical, representative household, or traveler, apply to all other 

households in the same population segment, with a prorebility 

distribution that expresses the deviations of choices made by 

individual households from the ones made by the representative 

household. Such distributions about the means represent the 

personal tastes and preferences of different households, that 

cannot be captured by the limited number of independent variables, 

as well as the variations in choices between days and the statis

tical variations associated with surveys that are resed on samples. 

Thus, the same resic considerations that apply to other models also 

apply to the case of the TI' and TM budgets. 

The implications of the interactions between the TM and TT budgets 

to travel demand modeling, as well as related relationships, are 

presented and discussed in the following chapter. 
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CHAPTER 4: IMPLICATIONS OF THE TRAVEL BUJ:x;ETS 

4.1 The Iaily Travel Distance 

It was noted in Chapter 3 that the range of the daily TT-budget per 

representative traveler of different population segments is relatively 

narrow, within about 1.0 to 1.5 hours in cities of developed countries, 

and about 1.0 to 2.0 hours in cities of developing countries. The 

range of the daily TM-budget, on the other hand, is much wider, depen

ding on the range of households' disposable incomes. These trends 

can be seen clearly in Figure 2.9-1, where comparisons between the TT 

and TM budgets per household in Nurenberg and Munich are nade. 

When the daily travel purchased by the two budgets is measured in 

travel distance, it is evident that a higher TM-budget enables-the 

traveler to purchase more travel distance, through the purchase of 

higher travel speeds. Hence, variations in the TT and TM budgets 

can also be analyzed through their end-product, namely travel speed 

and distance. Such basic relationships per traveler are summarized 

in Table 4.1-1 and shown in Figures 4.1-1 and 4.1-2 for the case of 

the Nurenberg region. 

Table 4.1-1: D3.1ly Tzavel Expenditures, Tzavel Distance and Speed 

per Traveler, by Household Size and Car Ownership, 

the Nurenberg Region 1975 

HH Size Ca.rs/HH TT/TR, hr. TM/TR, DM. Distance/TR. km. Door-to-Door 
Speed, kph. 

1 0 1.40 1.53 15.76 11.J 
1 1.22 12.J6 29.41 24.1 

2 0 1.43 1.77 18.22 12.7 
1 1.25 8.81 28.6.5 23.0 
2+ 1.39 13.93 37.56 27.0 

3 0 1.36 1.82 18.80 1J.8 
1 1.27 7.43 25.59 20.2 
2+ 1.30 11.31 31.80 24.5 

4+ 0 1.35 1.97 20.37 15.1 
1 1.26 6.20 24.82 19.7 
2+ 1.30 9.21 Jl.24 24.0 
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Figure 4.1-1: Door-to-Door Speed vs. Travel Expenditure 
per Traveler, by Car Ownership, the Nuren
berg Region 1975 
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Figure 4.1-2: laily T:ra.vel Distance per Traveler vs. Speed 

by Car Ownership, the Nurenberg Region 1975 

Such analyses suggest that there is a strong relationship between 

the daily travel distance per traveler and his door-to-door speed. 

However, since the speeds were derived not independently, but as a 

quotient of travel distance over travel time per representative 

traveler, the relationship of distance vs. speed is a translation 

of the relationship of distance vs. travel time. Thus, if an abso

lutely ccnstant TT-budget is observed for all distances, the distance 

vs. speed relationship will be a straight line, with a slope equal 

to the constant TT-budget and an intecept on the positive distance 

axis equal to the distance that can be reached by the slowest mode, 



127 

walking, within the TT-budget. Variations from such straight lines 

and the transferabilities of these lines across time periods and 

cities are subjects of the following sections. 

The following examples start with previous macro-examples of travel 

distance vs. speed relationships, and conclude with micro analyses 

of such relationships in Germany. Additional relationships where 

the TT and TM busgets play a central role, such as modal choice, 

close this chapter. 

4.2 Travel Distance per Traveler vs. Speed in Two U.S. Cities 

Table 4.2-1 summarizes the daily travel distance per representative 

motorized traveler vs. the daily door-to-door speed in Washington, 

D.C. and Twin Cities at two periods, and the relationship between 

the two factors is shown in Figure 4.2-1 (Zaha.vi, 1979...a ). The 

travelers in this example are stratified by the travel mode used 

during the survey day, namely car only, transit only, and mixed 

modes. The original relationship, as swnmarized in Table 4.6-1, 
was based on 171 data points. 

Table 4.2-11 lAily T:ravel Distance per T:raveler, by Motorized Modes, 

·1s, Door-to-Door Speed, Washington, D,C, 1955 + 1968 
and Twin Cities 19,58 + 1970 

Mode Washin.,.ton D. C, T w i n Cities 
Used 1 Q 5 5 1 9 6 8 1 9 5 8 1 Q ? 0 

Distance Speed Distance Speed Distance Speed Distance 

Ca.r 20,48 18.8'.3 25,91 2J,jJ 24.48 21,45 J2,26 

T:ransit 1),60 10.70 14,'.35 10.04 12 • .59 11,99 1),86 

Mixed 18.89 14.88 22,'.31 17.10 21.09 18,52 26.19 

.d AO . . 

.: • Vashingtoll, D.C, 
• 0-' ... ,Q Twin C1 t1ea • > 30 • ~-el 

,!:;:. o ...... ~ . • ~ 
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Figure 4.2-1 I Iaily Motorized Travel Distance per Traveler, 
by Mode, va, Door-to-Door Speed, •a1h1ngton, 
D,C, 1955 • 1968 and Twin Cities 19,58 ♦ 1970 
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It becomes evident from Figure 4.2-1 that there is a clear linear 

relationship between the daily travel distance per traveler and the 

travel speed. The data for the two cities and two periods inter

mingle as depicted in Figure 4.2-1, and as shown dramatically in 

plots of the original 171 data points. Thus, the distance-speed 

relationship appears to be transferable both between cities in the 

same country and over time, although more detailed investigations 

are still called for. 

4.3 Travel Distance per Traveler vs. Speed in Singapore 

A similar relationship to the above one was also developed on the 

basis of the data from the Before-and-After AIS study in Singapore, 

referenced in Section 3.11. The data' points in Figure 4.J-1 are 

stratified by income and car ownership during two periods. 
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4.4 Travel Distance per Traveler vs. Speed in the Nurenberg Region 

Figure 4.4-1 presents the distance vs. time relationship per traveler 

by the 55 household types in the Nurenberg region, stratified by car 

availability, based on the data in Appendix 2. As can be seen, all 

mean travel times are within a narrow band, while travel distances 

vary to a large extent. Figure 4.4-2 shows the distance vs. speed 

relationship, 1:ased on the same data. Once again, a clear linear 

relationship becomes evident, as summarized in Table 4.6-1. Table 

4.4-1 and Figure 4.4-3 show that the same relationship also holds 
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when the travelers are stratified. by occupation and car availability. 

In this case, however, a gap between car and carless travelers deve
lopes, suggesting that the two groups might behave differently • 
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Figure 4.4-1 Daily Travel Distance vs. Daily Travel Time 

per Traveler, by Household Car Availability, 

Nurenberg Region, 1975 
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Table 4.4-1: Daily Travel Distancs per Traveler, by Motorized Modes, 
vs. Door-to-Door Speed, Nurenberg Region 1975 

Household Status C a r A V a i 1 a b 1 1 i 
0 Ca.rs 1 Car 2 + 

Distance Speed Distance Speed Distance 

No Worker 15.47 10.67 26.87 21.11 JJ.9J 
Blue Collar Worker 17.98 13.22 24.8'.3 20.98 28.01 
White Collar Worker 1 19.49 14.02 27.14 21.25 ;2.74 
White Collar Worker 2 20.79 15.39 28.12 22.68 JJ.9'.3 

Average 17.84 12.77 26.76 21.;9 ;2.,54 
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Figure 4,4-3 t lhily Motorized Travel Distance per Traveler, 
by Household's Car Availability and Worker's 
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The objective is to examine the stability of regressions distance (y) 

vs. speed (x) by some market segments. For the present, three market 

segments have been assumed: 0 cars, 1 car, and 2+ cars. The mean 

distances traveled by these three household types differed substan

tially (2J.4, J1.8, and 37.6) and justified the division. 

Two mathematical forms were used in the regressions: a linear form 

y =a+ bx, and a double logarithmic ln y = ln a+ b ln x (or y = axb). 

The regressions were designed to show (1) whether the slopes (b), of 

the regression lines are different for each market segment, (2) whether 

the intercepts (a) are different for each market segment, and (J) whe

ther the overall relationship is homogeneous over the three car o'Wller

ship groups. The households having at least one employed household 

member were used in the analysis. 

The simple regression of distance vs. speed is expressed, using matrix 

notation, and incorporating the constant term in (x) as follows: 

y=Xb+u l4.4-1) 

y is a (nx1) column vector of travel distance 

Xis a (nx2) matrix of observations (a column of ones and speeds) 

bis a (2x1) vector of coefficients 

It may be assumed that y is organized by the three subvectors per

taining to the three market segments. 

According to F.quation (4.4-1) all variation in distance is explained 

by travel speeds. 

We also can postulate a more general model which provides for diffe

rential intercepts for all the three car ownership groups. This model 

is as follows: 

y=Da+Xb+e 

where D ls a matrix of dummy variables so that the models for the 

three classes are: 



Source 

z 

X and D 

X 
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y 1 = b1 + b2x + e1 

y2 = (b1 + a2) + b:f + e2 

Y.3 =(bi+ aJ) + b2x + eJ 

O cars 

1 car 

2+ cars 

In this model the intercepts vary by group but there is a common slope 

for each group, 

Finally, regressions can be run separately for each class, or 

y = Zb + r, where 

The complete analysis table can then be written as: 

Table 4.4-2: Analysis of Covariance Table 

Sum of Squares Degrees of Freedom Mean Square 

Residual r'r=y'y - b'Z'y•S4 n - pk S4'(n - pk) 

Reduction in residual due to 

different slopes =e'e - r'r•S
3 p•k - p - k + 1 s3/(p•k - p - k + 1) 

Residual e'e=y'y - a'b'y - b'x'y=S 2 n - p - k + 1 s2/(n - p - k + 1) 

Reduction in residual due to 

different intercepts• u'u - e'e=S1 p - 1 s1/(p .. 1) 

Residual u'u=y'y - b'x'y n - k 

pis the number of groups 

k is the number of parameters estimated 
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Then the test of differential slopes 1s1 

F = 
s 

s
3
/(pk - p - k + 1) 

sJ(n - pk) 

The test of differential intercepts 1s 

s1/(p - 1) 
F =---==-------

i s
2
/(n - p - k + 1) 

And the test of overall homogeneity of the regression is 

F = (s1 + s3)/(kp - k) 

h sJ(n - pk) 

Empirical results for the linear model follow. 

Table 4.4-3: Analysis of Covariance: The Linear Model y =a+ bx 

Source Sum of Squares d.f. Mean Square 

z s = 
4 

247.33 42 5.89 

s -3 
27.00 2 13.50 

X and D s2 = s3 + s
4 

= 274.33 44 6.23 

s = 1 73.80 2 36.90 

X Residuals 348.13 46 7.57 

The F - statistics area 

F = 13. 50 = 2.29 < F (3.22) accept at .05 level 
s 5.89 crit. 

F = 23,80 = 5.91 > Fcrit. (5.18) reject at .01 level i 6.23 

F = 2,2.2 = 4.28 > F (J.8J) reject at .01 level 
h 5.89 crit. 
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Thus, the hypothesis of equal regression slopes for the three car 

ownership groups is accepted while the hypothesis of equal inter

cepts is rejected. This means that the hypothesis of overall homo

geneity is also rejected. 

The results for the power function are given in Table 4.4,-4. 

b Table 4.4-4: Analysis of Covariance: The Power Function y = ax 

Source Sum of Squares d.f. Mean Square 

z s = 4 .324 42 .0077 

s = 3 .038 2 .0190 

X and D s2 = .362 44 .0082 

Sl = .056 2 .0280 

X. Total Residual .418 46 .0091 

And the F - tests, 

F = 0.0120 = 2.46 < F ·t (3.22) accept at .05 level s 0.0077 cri. 

F. = 0,0280 = J,4o < F (5,18) accept at .01 level 
1 0.0082 crit, (but not at .05 level) 

F = 0.02J~ = J,05 < F (J,83) accept at ,01 level h 0.0077 crit, 

It can be seen that using the power function all three hypotheses 

can be accepted at ,01 level of confidence (but not at ,05 level 

of confidence). 
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2 The coefficients and R's are given below for information 

Source Croup Linear Function Power Function Standard 
Error 

a b R2 a b R2 

z 0 • cars • 2.799 1.644 .967 2.471 .810 .728 .098 

1 • car - .138 1.327 .518 1.115 1.052 .527 .098 

2+ • cars -29.587 2.516 .816 .083 1.862 .831 .045 

X and D 0 • car!I - 1.286 1.549 .866 1.731 .939 .850 .075 

1 • car • 5.472 1.549 .866 1.596 .939 .850 

2+ • cars • 3.768 1.549 .866 1.714 .939 .850 

X all 1.808 1.293 .830 2.041 .872 .827 .095 

It appears that for O and 2+ car households the regressions are 

quite powerful, while for 1-car households the relationship, even 

though satisfactory, is less powerful. However, the standard error 

of the estimate is not higher for the 1-car household group than for 

the other groups. 

Finally, the choice between the linear and power functions has little 

practical significance. The equations for the different groups have 

different intercepts if the linear function is used. However, the 

near zero speed area is of minor importance and the simple linear 

model is attractive on grounds of simplicity of the underlying utility 

function. 

In conclusion of the above tests, it appears that the null-hypothesis, 

of no significant differences between car and carless travelers, is 

accepted by one model and is rejected by another model. But this 

rejection concentrates on the intercepts of the relationships, at 

zero speed, which is beyond the range of observations. Hence, it 

may be concluded that the same distance vs. speed relationship holds 

for the three travelers' groups. Additional conclusions of these 

tests are discussed in Section 4.6. 
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4.5 T:ravel Distance per T:raveler vs. Speed in Munich 

Figure 4.5-1 shows the distance vs. speed relationship for the 55 
household types in Munich, cased on the 3-day data in Appendix 1. 

As can be seen, large variations are noted when the sample size is 

within the :range of only 5-10 households. 

40 -----r--..---.~---....--..--.--------
• Over 10 Households 

¢ S - 10 Household.a 

10 20 
Door-to-Door Speed, kph. 

Figure 4.5-1 1 Da.ily Travel Distance per Traveler vs. Speed 
Munich Metropolitan Area 
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Following an approach similar to that used in the Nurenberg case, 

seve:ral regressions analyses were performed for .Munich data and 

the most salient results are reported herein. (Again, data point 

having two or less observations are deleted because of sampling 

variance conside:rations). 

! 
The regressions are of the following type: 

Dist/T:raveler = b
0 

+ b1A + b2A•Speed + b
3

(1-A)Speed (4,5-1) 

where : A = 1 if Cars/HH > 0 

A= 0 otherwise 

Model (4.5-1) permits for a st:raightforward testing of hypotheses of 

equal slopes (b2 = b
3

) and equal intercepts b1 = 0 for car and carless 

households. The results are summarized tn Table 4.5-1. 
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Table 4,5-11 Statistics or Three Regressions, Distance vs. Speed, Munich 

Model 1 !Model 2 I Model 3 I 

b 1=0, b
2

=b
3 I bl = 0 I -

bo 0,455 (1,64) -2.604 c2. 01, I -7,184 (3,82) 

bl - - 6,445 (4. 53) 
I 

b2 1. 133 ( , 088) 1, 263 ( • 10) ' 1. 173 ( • 12) 

b3 1, 133 ( , 088) 1. 421 ( • 15) 1,738 ( .27) 

RZ • 64 • 66 • f,7 

Std, :Error 3. 79 3. 70 3. 68 

CV • 18 • 18 • 17 
Percent s. 2 7. 3 s. 0 Outliers 

ESS 1348, 09 ,1273. 54 1246. 24 

ESS/(n-1-p) 14. 34 13.69 13. 55 

(The standard e?TOr of the coefficient is given 1n the parentheses. 
ESS stands for e?TOr sum of squares not divided by degrees of freedom 
ar.d ESS/(n-1-p) is the e?TOr sum of squares divided by degrees of i"reedoa) 

The first model estimates equal slopes and intercepts for both 

household types. This model may be compared to the second model 

where only the regression intercepts are equal but the slopes are 

different; the F-test yields a value of 5.45, with 1 and 93 degrees 

of freedom, which exceeds the critical value of 3.90 at the 0.95 
confidence level. Thus, the coefficients for speed are statistically 

different for the car and carless households. Testing then for the 

equality of the intercepts on F-value of 2.01, which is statistically 

significant at 0.95 level of significance. If model 1 was tested 

against Model 3 directly we would accept inequality of both slopes 

and intercepts, the F-test yielding F2 ,92 = 3.76, which exceeds the 

critical value of 3.10 at the 0.95 level of significance. 

In conclusion, the coefficients for speed are similar to those obtained 

using the Nurenberg data. The values for carless households are 1.74 

and 1.41, and for car owning households 1.17 and 1.09. Also the sta-
2 ' 

tistical indicators R and the coefficient of variation are almost 

identical. 

Finally, it is of interest to record the regressions when the data 

points containing only 1 and 2 observations are included. The results 

are shown in Table 4,5-2, 
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Table 4,5-2•· Statistics or Three Regressions, including "Outliers", Munich 

-Model l Model 2 Model 3 
b1=o, b

2
=b

3 bl = 0 

bO o. 685 (1. 72) -. 896 (1. 94) -6. 359 (3. 68) 

bl - - 7.511 (4.31) 

b2 1. 123 ( • 093) 1. 184 1. 083 ( • 11) 

b3 1. 123 ( • 093) 1. 304 ( • 14) 1. 667 ( • 25) 

R2 • 56 • 57 • 58 

Std. Error 4. 85 4. 81 4. 76 

CV • 23 • 23 • 23 
Percent 

4. 2 4.2 4. 2 Outliers 

ESS 2724. 91 2.656.99 2.588. 2.8 

ESS/n•l•p 23.49 23. 10 22.. 70 

The F-test for the equality of models in this case are just on the 

border of being accepted and rejected at 0.95 level of confidence; 

all the F-values are approximately 3.00 with the critical value 

being 3.07. 

Models were also run allowing different slopes and intercepts by 

household size for carless households since the analysis of variance 

reported earlier indicated a household size effects for travel time 

budgets in carless households. The F-tests for both differential 

intercepts or slopes by household size were soundly rejected with 

the F-values being well below the critical values for both tests. 

Thus, household size has no significant effect on distance vs. speed 

relationships. 

In Conclusion, it may be repeated that the best relationships for 

distance per traveler vs. door-to-door speed are the following 

(standard error of coeffici(mts in the parentheses): 

Dist/Traveler= - 7.184 + 1.738 Speed, for carless households 
(J.82) (0.27) 

Dist/Traveler= - 0,739 + 1,173 Speed, for car owning households 
. (0.12) 
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4.6 Comparisons of ·the Distance vs. Speed Relationships 

The two final models of the distance vs. speed relationships in 

Nurenberg and Munich can be expressed by a single equation for tra

velers of both car and carless householdsc 

Nurenberg (all data) 

D/TR = 0,268 + 4,305 A+ 1,094 A (Speed)+ 1.410 (1-A) Speed 

Munich (all data) 

D/TR = -6.359 + 7,511 A+ 1,083 A (Speed)+ 1.667 (1-A) Speed 

where A = 1 if .Cars/HH > 0, and A = 0 otherwise. 

When comparing and assesing the many sets of distance vs. speed 

relationships in Nurenberg and Munich, the intercepts, at zero speed, 

are found to fluctuate widely, depending on whether all or part of 

the observations are used. Furthermore, in many cases the intercepts 

have a negative sign, which is contrary to expectation, possibly 

since the observed speeds are far above zero and, therefore, small 

deviations in the observations at high speeds tend to shift the 

intercept significantly. 

It can be concluded that the results of the statistical analyses, 

with respect to either accepting or rejecting the null-hypothesis 

that the distance vs. speed relationships of car and carless house

holds are equal, is far from being conclusive. Furthermore, the 

actual differences in travel distance resulting from applying either 

the two separate relationships ( for ·car and carless households) or 

the combined relationship, are very small within the range of obser

vations. For example, Figure 4.6-1 shows the same distance vs. speed 

relationship per traveler of the 55 household types in Nurenberg, as 

already shown in Figure 4.4-1, but this time stratified by car and 

carless travelers, as well as their combined relationship. The 

differences in travel distance between the separate and the combined 

relationships within each group of travelers are quite small, amounting 

to less than 1 km. per day. 
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Door-to-Door Speed, kph. 

Figure 4.6-1 : D:Lily Travel Distance per Traveler vs. Speed 
Households owning and not owning Ca.rs, N~en
berg Region 
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Thus, while more tests with better data are still required in order 

to resolve conclusively the issue of equality, there are several 

reasons to suggest that, from a practical point of view, the combined 

relationship should be used in the initial phase of travel analysis, 

namely: 

(1) Although the travelers are stratified by their households' car 

availability, the daily travel distance and the daily average 

door-to-door speed per traveler are weighted averages of travel 

by both car and transit. As car households generate also transit 

travel, and carless households generate also car travel, there'is 

no apparent reason for dividing the distance/speed relationship 

into two parts; 

(2) When further stratifying the available data, it is found that the 

observations of tra~elers by high-speed transit-travel intermingle 

with the observations of travelers by low-speed car-travel, thus 

suggesting that although the two separate relationships may be 

significantly different, they overlap at the area of similar 

speeds; i.e., travel behavior of the two types of travelers is 

similar under similar travel speeds, indicating one and continuous 

relationship in this area. 
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(3) When applying the distance/speed relationship for travel analysis 

and prediction purposes in the UMOT process, it is not yet known 

how the travelers will be differentiated by car and carless house-
' holds, as this division is an output from an iterative process. 

Hence, the one and continuous relationship should be applied 1n 

the initial phase, while the two separate relationships - if found 

to be significantly different - may enter the process after the 

first iteration. 

Table 4.6-1 summarizes these relationships for the cities of Munich, 

Washington+ Twin Cities, Singapore and the Nurenberg region, and 

Figure 4.6-2 shows them graphically. It appears that the relation

ships for the cities overlap within the range of observations, while 

the relationship for the Nurenberg region is somewhat higher. A 

possible reason for this is discussed in Section 4.7, where distinc

tions betweeri regional and urban travel are noted. 

Table 4.6-11 The 'IT-budget vs. Speed Relationship 

City No. of a b • mini- R2 rax. Time at Distance at 
Observ. mum time ~:alking Speed Wal.king Speed 

D~C. + T.C. 
Sinea,pore 

Nurenberg 

Munich 

40 

. 
~ 30 

r-1 : 
! 

G> 
0 20 
$ 
Ill 

iS 

10 

171 

28 

ss 
46 

2.18 1.0:3 0.87 . 1 • .50 
2.01 1.11 o.86 1 .,54 

2.10 1.18 0.9:3 1.6:3 

0.77 1.16 0.71 1.:32 

' 

20 

Door-to-Door Speed, kph. 

Figure 4.6-2 1 Ihily Travel Distance per TIUveler vs. Speed 
in Selected Cities:.1. Nurenberg; 2, Singapore; 
J, Mwiich; 4. Washington, D.C. + Twin Cities 

1.0 
7.2 
7.7 
6.2 

30 
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The importance of Figure 4.6-2 is that it suggests the possibility 

~hat the distance vs. speed relationship is transferable between 

cities and, therefore, it strenghtens its transferability capabilities 

over time for.one city. Travel distance per traveler is an output 

of conventional models, resulting gene:rally from th.e phases of trip 

generation, trip distribution, ·modal split, and trip assignment. 

Figure 4.6-2, on the other hand, suggests that the travel distance 

per traveler is strongly related to the supply variables of modal 

speed. Development of travel demand models with travel distance 

as an input might potentially lead to improved insight in dema.nd

supply relationships. 

The way in which the distance vs. speed relationship is applied in 

the UMOT process is detailed in Chapter 5. 

The TT-budget vs. Speed Relationshi~ 

In the linear relationship 

D/TR =a+ b Speed 

the 'a' intercept on the Y-axis at zero speed is meaningless, as the 

practical minimum speed is the walking speed, of about 4.7 kph. 

Furthermore, the 'b' coefficient is the minimum travel time that 
the travelers would be willing to allocate to travel at very high 

travel speeds; i.e., by dividing both sides of the above relation
ship by speed, the result is 

D/TR =TT/TR= b + a 
Speed Speed 

Thus, at high speeds the 'IT-budget per traveler approaches asympto

tically the value of 'b'. 

Table 4.6-1 in the previous section summarized the 'a' and 'b' values 

of the distance vs. speed relationships for the four cases mentioned 

there, as well as the travel distance at walking speed and the minimum 

and maximum TT-budgets. 



The results in Table 4.6-1 indicate: 

(1) The minimum daily door-to-door travel time allocated by average 

travelers within~rren areas appears to be about 1.1 hours, both 

between cities and over time; in the Nurenberg region the minimum 

travel time, including intra-regional travel between different 

settlements, is slightly higher. The minimum TT-budget of 1.1 

hours is observed at high income levels even in cities where the 

average TT-budget is high; see Tables J.9-1 and J.10-1. 

(2) When extrapolating the speed down to the speed of walking, it 

results in a maximum walking distance of 7-8 kilometers. This 

corr~sponds to historical observations of agricultural villages 

in Germany, as noted by Walter Christaller and ex~lained by a 

maximum walking time of about 1.5 hours. Thus, it appears that 

travel behavior, in its most basic aspect,is similar in many 

places and over time, whether in historical villages or in modem 

cities. 

(J) The relationships in Table 406-1 suggest that travelers derive 

two distinctly different benefits from speed increases; while 

increases in speed result in time savings, it appears that part 

of the saved time is traded off for more travel distance. 

These results aid in explaining the phenomenon noted in the case of 

Washington, D.C. (Section J.6(1) ), namely that transit travelers have 

to spend more time in order to travel less distance than car travelers. 

These trends can be seen in Figure 4.7-1, where the derived relation

ships of the TT-budgets vs. speed in Table 4.6-1 are shown together. 

This figure displays three trends: 

(a) The TT-budgets increase as speeds decrease and, together with 

Figure 4.6-2, result in more travel time for less travel distance, 

(b) The range of the TT-budgets vs. speed in Washington, D.C. + Twin 

Cities, Singapore and Munich is relatively narrow at the observed 

speeds, emphasizing similarity of travel behavior in different 

cities, 
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(c) The relative stability of the TT-budget of car travelers in 

different cities is explained by the fl.at part of the curves at 

relatively high speeds, Moreover, the door-to-door speed of 

about 10 kph, can be regarded as a critical speed, below which 

the TT-budget increases rapidly. 

It rNJ.y be further inferred from Figure 4.7-1 that speed is a key 

factor in travel behavior and, hence, in travel demand models. 

However, speeds must be purchased through the use of more expensive 

modes. Thus, high income travelers are more likely to travel at 

high speeds than low income travelers. For example, and 1::ased on the 

TM-budgets in Appendix 4 and the speeds in Appendix 2 , the relation

ship between the door-to-door speed and cost of purchasing it in the 

Nurenberg region 1975 can be expressed by (see also Figure 4.1-1) 

Speedd-d' kph,= 8.432 + 4,693 ln(TM-budget, DM), (R2 = 0,822) 

Thus, the differential cost of increasing the door-to-door speed by 

increments of 5 kph., from 10 through 15 and 20 to 25 kph., are 2,66, 

7,71 and 22,37 DM, respectively, Put another way, the cost of doubling 

the speed, from 10 to 20 kph,, increases by a factor of more than 8 

times. Such relationships, which may differ between cities, also 

allow to derive the values of the two components of the saved time, 

pa.rt of which is traded-off for more travel distance, and part which 

is actually saved, 
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4.8 Variations in Ihily Travel Distance Be,tween Iays 

The Munich data detailed in Appendix 1 allowed to test also the 

variations in the daily travel distance per traveler between days, 

similar to the analysis of the TT-budget described in Section J.1J. 
An analogous procedure was carried out, and the results are shown 

in Tables 4.8-1 to 4.8-3. 

Table 4. 8-1-: ])lily Travel Distance per Traveler by ])3.y and Factor 

Factor A Factor B Day l DaY. 2 Day 3 Total 
Car Ownership HH-slze 

0 1 l 5, 6 l 15, 75 15, l 2 46, 48 
0 2 21. 95 13, 64 20. 45 56. 04 
0 3 16. 53 12. 85 12. 78 42. 16 
0 4+ 18. 87 27. 00 22. 16 68. 03 
1 + 1 22.65 22. 18 20.64 65.47 
1 + 2 23.25 22.66 24.72 70. 63 
1 + 3 24.34 23. 49 22. 60 70. 43 
1 + 4 + 22.60 21. 86 27. :· 1 72. 17 

Total 165. 80 159. 43 166. 18 491. 41 

C = (491. 41)
2 

/ 24 = 10061. 825 

SST= 10491. 778 - C = 429.954 

SSF = 10383.410 - C = 321. 586 

SSR = 1006s.420 -·c = 3. 595 

The sums or squares by !actors are: 

~J l 2 I 3 I 4 + f 
I 

0 46, 48 56.04 42. 16 68, 03 212. 71 

1 + 65.47 70. 63 70.43 72.. 17 278.70 

111. 95 126.67 112. 59 140, 20 491.41 

SSA = 181.445 

SSD = 89. 949 

SSAD = SO. 192 
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The analysis of Variance is then given by1 

Table 4, 8-2 1 Analysis of' Variance Table f'or Ib.1ly Tnvel, Dist.a.nee 

Degrees of Sum of Mean 
F-value F Crlt 

Freedom Squares Squares • 05 

Day• 2 3. 595 1. 798 • 24 3.74 

HH-slze 3 89. 949 29. 983 4.00 3. 34 

Car OwnershiJ 1 181. 445 181. 445 24.25 4.60 

Interaction 3 so. 192 16. 731 2.24 3. 34 

Error 14 104, 773 7.484 -
T.otal 23 

It is seen that both car ownership and household size exert statis

tically significant effects on the daily travel distance, where the 

najor impact is car ownership. The household size effect, on the 

other hand, is minor and nay be due to the carless three person house

holds, as already mentioned in Section 3.13 • 

Separation o~ the effects of multiple car ownership on daily travel 

distance yields the following analysis of variance table for car 

owning households. 

Table 4,8-31 Analysis of' Variance Table for Daily Travel Dist.a.nee per Traveler 

of Car Owning Households 

Degrees or Sum or Mean 
F-value F Crlt 

Freedom Squares S;iuares • 05 

Days 2 9. 952 4. 976 • 68 · 4. 10 

Car Ownership 1 42. 014 42.014 s. 78 4. 96 

HH-size 2 6. 745 3. 373 • 46 4. 10 

Interaction 2 12. 617 6. 309 • 87 4. 10 

F;rror 10 72.754 7.275 -
Total 17 
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It is seen that the level of car ownership does have a statistically 

significant effect on travel distance per traveler for car owning 

households. A quick look at the data shows that this effect is snall, 

a little over 2 kilometers per traveler per day (In Nurenberg data 

this effect was 1.7 km.). It is concluded that only car ownership 

has a practically significant effect on the daily travel distance. 

This, of course, is only a partial answer, as car ownership allows 

the travelers to travel at higher speeds than carless travelers. 

But the most important result is that there is no significant diffe

rence in the average daily travel distance per traveler between 

the three travel days. 

4,9 Daily Travel Distance vs. Household Income 

The daily travel distance per household tends to increase rapidly 

with increase in household income. This is so not only because a 

higher income allows the household's travelers to purchase higher 

travel speeds, but also because the number of travelers per house

hold tends to increase with income. Figure 4,9-1 shows the relation

ship between the daily travel distance per household and income in 

Washington, D.C. and Twin Cities, where a doubling in annual income, 

say from$ 6,000 to$ 12,000, quadruples the daily distance, from 

about 20 to 80 passenger-kilometers per day. 

120 . . . . . 
* Washington 1968 . 

100 
• Tw1J1 C1t.1es 19?0 /· . 

j . . 
10 

I /. ·• . 
. 

* 60 1- ·• . 
l * * . .,,,, ... . 

J 
.co • * -,,/ • . 

. x·· . 
20 * . 

I- . 
0 

A 6 • 10 12 IA .. 
Household Annual Inc0111e ('000) $ 

1'1gure 4,9-1•Jb1ly Travel DiGt.ancc por Household va, 
lncomo, All Households, by D11tr1ct, 
llash1ngton 1968 and Tw1n CU1oa 1970 
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Table 4.9-1 summarizes the observed daily travel distance per house

hold, by household size and car ownership, in the Nurenber region 

1975. The table also includes the household estimated incomes for 

0 and 1-car households, as estimated in Section 3.19, and Figure 

4.9-2 shows the relationship between distance and income, where the 

same trend as in Figure 4.9-1 can be seen. 

Table 4,9-1: Il:111:, Ttavcl Distance per Household, by Household 

Size and Car Ownership, vs. Income, Nurenberi 19'75 

HH Size Cars/HH Distance, km, HH •ionthly Income, DM. 

1 0 15.76 1,087 
1 29,41 1,882 

2 0 26.42 1,946 
1 45,55 2,912 
2+ 68.73 -

:, 0 33.09 2,749 
1 51 .43 3,339 
2+ 7:,.?? -

4+ 0 50.31 :,,150 
1 68.oo 3,663 
2+ 98,42 -

100 

j . 

r ~ 

l 
& .. ,, 
., ;I 0 

i 
.vf • a 

rt 
GI 

·! 
~~ ~ ,¢- 0 Car .... 

i!I • 1 Car 

0 
0 1 2 3 ' 5 

Household Monthly Income (•ooo) m. 

Figure 4.9-2 1 Da.ily Tmvcl Distance per Household vs. House
hold Monthly Income and Car Ownership, the Nuren-
berg Reeion 19?5 · 

No further analyses based on income were carried out in the case of 

Nurenberg since income levels had to be derived indirectly and, there

fore, income cannot be regarded as an independent variable. 
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4.10 Modal Choice 

Modal split is usually defined as the proportion of public transport 

trips to total motorized trips. In the UMOT process, however, modal 

split refers to travel distance, and is defined as the proportion of 

public transport passenger-kilometers to total motorized passenger

kilometers. Furthermore, both the total passenger-kms. and the modal 

split are generated simultaneously by the UMOT process when ~he TT

budget, TM-budget and the unit costs by mode are known (as described 

in Section 1.2). 

Modal split can be expressed by either an absolute value, as done 1n 

deterministic models, or by a probability distribution, as done in 

disaggregate models. The latter approach reflects two important 

aspects of human travel behavior; the variety of tastes and prefe

rences by individual travelers and households, that might not be 

captured by a limited number of independent variables, and the daily 

variations in travel by individual travelers, which can be wider than 

the variations between different travelers during one day. These two 

aspects are reflected in the UMOT process by the distributions around 

the mean _values of the TT and TM budgets, as already discussed in 

Section 3.7. Furthermore, the explicit application of the TT and TM. 

budgets in the UMOT process results in the indication that the :range 

of modal choices is quite narrow. Put another way, in the conventional 

approach mode-choice is unknown until observed, and a mode-choice model 

has to be calibrated to the observed choices if possible changes 1n 

~n mode choice, brought by changing travel conditions, are to be predicted. 

In the UMOT process, on the other hand, mode choice is an integ:ral pa.rt 

of the travel system, requiring no separate calibration. Perhaps the 

best way of describing the process is by presenting two simple examples, 

The first example refers to travel in Washington, D.C. 1968, and Table 

4.10-1 summarizes the TT and TM budgets per household by income, as well 

as the unit costs of t:ravel by car and bus, in terms of money and time. 

Applying the process described in Section 1.2 to the above values 

results in the estimated daily travel distance per household, by mode, 

as detailed in Table l}, i 0-1. 
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Table 4,10-11 Sumnary or Estimited Travel Demand per Household, by Income, 
Washington, D,C, 1968 (Times and speeds arc door-to-door) 

Annual Income, $ 4,000 5,000 6,000 7,000 8,000 9,000 10,000 

Ca.ro/HH - (0,1) 0,35 0,71 1,02 1,29 1.54 
TM-budc;et, $ 0.51 0.75 1.24 2.01 2,82 .3.17 .3,5.3 
TT-budi;et, hr. 2.02 2.02 2.09 2.20 2.29 2.41 2,53 

CARI v, kph. 1).5 15.0 16.0 19.0 21.0 24.0 26.0 
c, $/km. 0.104 0.096 0.092 0.081 0.075 0.068 0.064 
D, km. 0.02 2.39 8.40 19.74 34,14 42.38 50.81 

TRANSIT1 v, kph. 6.8 7.5 8.0 9.5 10.5 12.0 13.0 
c, $/km. 0,037 0.037 0.037 0.037 0.037 0.037 0,037 
D, km. 13.63 1:3.96 12.52 11.02 6,97 7,73 7.45 

Total Distance 13,65 16.35 20.92 30.76 41.11 50.11 58.26 

11,000 

1.76 
3,88 
2.6) 

28.0 
0.060 

60.59 

14.0 
0,037 
6.56 

67.15 

Figure 4.10-1 shows the estimated travel distance per household, by 

mode, as continuous curves, and the observed values as dots. The fit 

between the estimated and the observed values can be considered as 

satisfactory, especially when realizing that the estimated values were 

not calibrated to the observed values. 
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Figure 4.10-1 1 EstiJnatecl vs. Observed Daily Travel Distance per 

Household, by Mode, vs. Income by District, 
Washington, D.C. 1968 

The data in Table 4.10-1 can also be expressed in a different way, as 

shown in Figure 4.10-2. The diagram details the daily travel distance 

per household that can be generated by each mode within each travel 

budget separately (i.e., by dividing each budget by the unit costs of 

each mode). If one mode would be both faster and cheaper than the 
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other mode, practically all travelers would be expected to choose 

the fonner mode. However, as the faster mode usually is also the more 

expensive mode, the travel distance that can be realized within the 

two constraining budgets simultaneously is expected to be within the 

area enclosed by the constraining relationships. This area is shaded 

in Figure 4,10-1, within which lies the naximum travel distance that 

can be generated by using combinations of the available modes, as 

detailed in Table 4.10-1, 

120 
~~ / 

Car - TM-budget ~· . Car - TT-budget ,q, 

~ 100 
,, ,, .. Transit - TM-budget ,, 

~ Transit - TT-budget 
,,' 

.8 ...... ,, ,, 
:! 80 

Maximu.'11 Distance ,,,' t"' 8 •••• 
= under both budgets ,' ~ 

l 60 / 1.$. 
I t; • a> I ~-·. ~~ g 

I t • \)$ $ / ~ •• .••• e 
Ill I _. •• 

iS 40 Money ..,..., ' /. •"' ••••• ....... Time 
rl Oonatmlned j f./••••• ••••••"••"••' Constrained 
: l . . .. . I .,... ,. 2. ........ 
~ ~ , . . ... 

20 {. •l .. 
~ 

I ,,:,,-.<i<:t~· .. 
·····~ .,.. __ .. 
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Figure 4.1Q-2 1 Maximum Daily T:ra.vel Distance per Average Household under the Travel 
Time a.nd Money Budgets vs. Household Ann~l Income, Washington, D.c. 

Txavel ~nditions 1n 1968 

It nay, therefore, be concluded that if travelers are considered to 

behave in a rational way, by trying to realize the naximum spatial 

and economic opportunities, as represented by their naximum daily 

travel distance, within their travel constraints, their mode-choice 

combinations lie within a narrow choice-set. Indeed, the observed 

mode choices are found to be contained within this narrow strip. 

20 

It is obvious that the observed choices on an individual basis nay 

vary both among travelers and between days for the same traveler, but 
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such variations are already expressed by the variations in the TT and 

TM budgets, which are found to be relatively stable for all population 

segments, as noted in Chapter J. 

The relationships in Figure 4.10-2 also suggest what possible shifts 

in modal choices are to be expected if travel conditions change. For 

example, increasing the unit cost of car travel will lower the Car-TM 

curve, thus resulting in (i) a wider choice-set, (ii) an increase in 

bus travel, and (iii) a decrease in total daily travel distance. 
• I 

The last result is of considerable importance, as it suggests that 

modal transfers are not one-to-one transfers (as usually is the case 

when mode choice is based on trips) since travel nay be gained or lost, 

depending on the direction of transfer. Furthermore, as the total 

daily travel distance nay change, modal splits should not be expressed 

as proportions, but preferably by absolute values. For 1instance, if 

a transfer from car to bus results in loss of travel distance, the 

shift in modal split expressed in percent can lead to erroneous pre

dictions; e.g., a 10 percent increase in bus modal split does not 

necessarily mean a 10 percent increase in ridership, as it can result 

in either a marginal increase in the actual bus passenger-kilometers, 

or even a loss, when measured in absolute terms. 

Figure 10.4-2 illustrates an additional important aspect of travel. 

The figure suggests that representative households with an average 

annual income within the range of$ 4,000-11,000 can utilize the two 

travel budgets to their full extent under the given two travel modes, 

thus naximizing their travel distance within the two constraints by 

using various combinations of the two modes. There are cases, however, 

where one constraint can become binding, overruling all other constraints. 

Such cases are of special importance as they indicate the need for 

either new modes or changes in the available modes. For instance, it 

can be inferred from this diagram that households below an annual 

income of about$ 4,000 become constrained by the TM-budget.alone, while 

households above an annual income of about$ 15,500 become constrained 

by the TI-budget alone, Thus, travelers of a household at a very low 
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income level may expend their TM-budget·much before they spend their 

TT-budget; they cannot afford even a bus fare on a regular, daily, 

1:asis and therefore they are force,d to walk instead (or spend an 

unusually high proportion of their income on travel, as discussed 

in Section 4.11 ). Conversely, travelers of a household at a very 

high income level may expend their TT-budgets much before they reach 

their TM-budget; they would then seek additional, fast, modes of 

travel. Put another way, households within the income range where 

the TT and TM budgets can be fully utilized, may be regarded as 

being under equilibrium travel conditions, Households below and above 

this income range, on the other hand, are restricted by only one 

binding constraint and, therefore, may be regarded as under disequi

librium travel conditions. Hence, the critical thresholds where one 

constraint becomes binding under given - or planned - travel modes 

and costs, serve as a waming sign to the transportation planner and 

policy maker that the transportation system may not adequately serve 

some population segments. 

The second example of modal splits is based on the Nurenberg data. 

As no direct data on income levels were available, the example is 

1:ased on the stratification of households by size and car availability, 

as summarized in Table 4.10-2 and shown in Figure 4.10-3, 

Table 4,10-2: Dlily Travel Distance per Household, by Mode, Size and 

Car Ownership I the Nuren berg Region 19? .5 

HH Size Ca.rs/HK Iaily Distance, km, Transit Modal 

Car Transit Total Split, % 

1 0 J.4,5 12.Jl 15.76 78,1 
1 27.97 1,44 29,41 4.9 

2 0 6,87 19.55 26.42 74.0 
1 39,?9 5.76 45,55 12.7 
2+ 67,8J 0,90 68,73 1.J 

) 0 8,28 24,81 JJ.09 7.5.0 
1 37,78 lJ.65 ,51.4 J 26.5 
2+ 67,07 6.70 73.77 9.1 

4 0 14.03 36,28 50.31 72,1 
1 42.61 25,39 68.oo 37,3 
2+ 80,21 18,21 98.42 18.5 

Ave:raee 32,81 12,84 45.64 28.1 
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Households Size 

Figure 4.10-)1 Modal Split by Distance, by Household Size 
and Car Ownership, the Nurenberg Region 1975 

(Travel distance by transit vs. total t:ra.vel 

d1■t.ance) 

An interesting result is that transit modal split by distance is still 

relatively high for households with three and more members, even when 

one car is available; evidently, one car cannot satisfy all travel 

dene.nd and, hence, a substantial part of travel is still generated 

by transit, 

Applying the same procedure as shown in Figure 4,10-2 to the Nurenberg 

data results in Table 4,10-3 and Figure 4,10-4. The daily travel dis

tance that can be generated by each mode within each travel budget is 

st:ra.tified in this case by the ave:ra.ge car ownership level per house

hold, by household size (as no independent data on income levels were 

available). 

Table 4.10-31 !Bximum Iaily Travel Distance per Household that can be 
Genei:ated by Mode within each Ti:avel Budget, Nurenberg 

HH Cars/mt TM,DM l TT,hr. Unit Cost DM Unit Time min. Distance,TM Distance TT 
Size Car P, T, Car P,T. Car P,T, Car P,T, 

1 0,3? 6.32 1.30 .435 .104 2.44 5.99 14.53 60.77 Jl .97 lJ.02 
2 0.82 12.36 2.01 .:n5 .110 2.33 4.99 36.90 112.36 .51. ?6 24.1? 
) 1.05 15.35 2.59 .J,52 ·.118 2.36 4.65 4J.61 130.08 65.85 33,42 
ltt- 1.21 17.38 J.64 .J21 .122 2.2.5 4.48 ,54.14 142.46 97.07 48.?5 

Observed 
Distance 

20,85 
42.12 
,52.41 
74,40 
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It becomes evident once again that the mode-choice set is relatively 

narrow, as shown by the shaded area in Figure 4.10-4, and that the 

observed choices tend to be located at the center of this choice set. 

It Jl):l.y be concluded from the above two examples that if the TT and TM 

budgets per representative households of various population segments 

are known, then the total daily travel distance per household, as well 

as modal choices, can be estimated for alternative system supply and 

travel costs, Furthermore, the prol:ability distributions about the 

daily travel distances and mode choices can be derived from the observed 

variations in the daily TT and TM budgets alone. The final estimates 

generated by the UMOT process can then be compared with the observations 

for validating the ability of the process to generate real-life condi

tions. 
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Minimum Iaily Travel Distance 

There are cases where one travel constraint can become binding, over

ruling all other travel constraints. Such cases usually occur when 

conditions in a city change faster than the rate at which its popu

lation can adjust their locations and activities .to the new condi

tions. For example, cities in developed countries usually change 

at moderate rates and hence their populations can adjust their url::a.n 

strcture (e.g., residence-job locations) to changing conditions within 

reasonably short times. Some cities in developing countries, on the 

other hand, double their population every decade, the changes in their 

size and structure being largely due to migration from outside. 

Furthermore, the new-comers are mostly poor, their trip distances 

increase (such as from their residences at the fringe of the url::a.n 

area to jobs in the city center), while travel speeds decrease, For 

example, it is reported that workers who travel from the Northern 

suburbs of Rio de Janeiro spend four hours for traveling to and from 

work, and expend 25 percent of their income on public transport fares 

(Webber, 1977), Thus, if. conditions change at• a faster rate than the 

"relaxation" time of urban structure, an ever-increasing trip distance 

(a.nd trip time) to work can become the bi·nding constraint, overruling 

the stable TT and '!'!1 budgets observed in stable cities in developed 

countries. 

Cases where a minimum daily travel distance becomes an exogenously 

imposed constraint are of special importance, as they suggest a dis

equilibrium condition, as discussed in more detail in Section 

At this stage, however, the attention is focussed on another type of 

minimum daily travel distance, namely the threshold of the daily 

travel distance that would justify the purchase of a car, 

Table 4,11-1 details the relevant data on car travel in a wide selec

tion of cities in the U,S., Europe and developing countries, The 

rema.rkable result is that the car daily travel distance is similar 

in all cities. This can be s~en in Figure 4.11-1, where the cities 

of developing countries, Europe and the U,S, intermingle; all cities, 

-small and large, ·poor and rich, compact and dispersed, diSJ?lay similar 

daily travel distance per average car.(Zahavi, 1978). 
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Table 4 •. 11-1 : Car Travel Characteristics in Selected Ci ties in the 

US, Europe and Developing Countries 

UNITED STATES* 

CITY MCJUIOE ORW.'DO CINClliNA TI Tl/IN CITUS D,C. PHIWlEil'HIA 

l 2 ) 4 5 6 

Year 1965 1965 1965 1970 1968 1~ 
Population 96,5)0 )55,620 1,)91,870 1,874,)80 2,558,100 ),812,460 
Area, sq,klll, 200 1,4-00 J,49.5 7,660 J,410 J,040 
Cars )1 ,6.50 1)7,260 484,7?0 717,000 1,018,900 1,087,900 
Ca.rs/100 Persona )2,8 )8.6 )4.8 )8,) )9,8 28,5 
Car Trips 18),196 594,2JO 1,759,080 2,95),8?0 ),)42,000 4,)08,7.50 
car Trip Rate 5,79 4,)) ),6) 4,12 ),28 J,96 
Trip Distance, km, 4,51 6,92 8,85 8,19 10.59 7,88 
Trip Tir.ie, min. 7,) 9,7 1). 7 12,5 15,6 n.a. 
Speed, kph, )7,1 42,8 )8,8 )9,) 40,7 n.a, 
Car Daily Distance, km. 26,1 )0,0 )2,1 )),7 )4,7 )1,2 
Car Ia1ly Time, hrs. 0,71 0,70 0,8) 0,86 o.85 n,a. 

EUROPE e 
KI.ICSTON- BELFAST NURE?IEERC COPE?l"HACDI I IOI~ 

CITY UPQ;-HULL i 

7 8 9 10 11 

Year 1967 1966 1975 196? 1962 
Population )44,890 .504,620 1,160,000 1,70? ,000 8,826,620 
Area, eq,km, 10? 12? ),000 2,760 2,450 
Ca.rs 4),180 64,250 )28,000 4)2,950 1,249,450 
Ca.rs/100 Persona 12,5 12,8 28.) 20,1 14,1 
Car Trips 226,000 )61,4)0 1,007,000 1,445,)00 ),648,?40 
Car Trip Rate 6,25 5,6) J,O? 4,21 ),27 
Trip Distance, klll, 4,15 4,65 11.20 ?,91 ?,18 
Trip Time, min, 6,9 8,6 17,2 10 • .5 1),? 
Speed, kph, )6,o )2,4 )9,2 45,0 )1.) 
Car Ia1ly Distance, klll, 25,9 26,2 )4,4 )),) 2),5 
Car Ia1ly Time, hrs, 0,72 0,81 0,88 0,74 0.75 

DEVELOP IMC COUNTRIES -Q-

TiL AVIV KUAU. SDiCA,"'Oi\i: BCGC':.\ BI.NCKOK 
CITY UJMPUR 

12 1) 14 15 16 

Year 1965 19?) 1968 1969 19?2 
Population 817,000 912,490 1,5)6,000 2,))9,600 4,067,000 
Area, sq.km. 190 :m 518 2,520 ),100 
cars )9,640 65,440 62,)90 55,000 175,000 
Cars/100 Persona 4,9 7,2 4,1 2,4 4,) 
ea.r Trips 288,580 44),950 )14,000 2.50,000 612,.500 
car Trip Rate 7,28 6,78 5,0) 4,55 ) • .50 
Trip Distance, lat. 4,09 5.)6 7,0) 6,76 7,40 
Trip T1.ae, llin, 9,1 12,4 12.7 18,0 22.8 
Speed, kph, ' 27,0 25.9 ·3),2 22.s 19.5 
Cu Iaily Distance, lat, 29,8 36,) ).5.4 )0.8 25.9 
.car tally Time, hrs, 1.10 1.40 1.06 1.)7 1.)) 
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Study Area, sq.km. (•oco) 

Figure 4,11-1 1 Car Daily Travel Di~tance vs. Study Area 

Figure 4.11-2 shows the relationship between the daily travel dis

tance per average car and the daily average network speed. As 

expected from the previous relationship, the daily travel distance 

rem:tins stable, unaffected by speed. 
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Figure 4.11-2 1 Car Ihily Travel Distance vs. Speed 

At this stage, however, another travel component enters the picture, 

namely the daily travel time per average car, as the link between 

distance and speed. The addition of travel cost, as a function of 

speed (1:a.sed on travel costs at different speeds, standard car under 

U.S. conditions in 1968, serving as a common denominator for all cases), 

and the relationship between all the above factors, are shown in 

Figure 4.11-J. 
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2 .....___,_ _ _.__.____._ _ _.__...___._ _ _,__...___,, _ _, 

0 1 

Time, hrs, 

Figure 4,11-.3: The Jhily Cost and Time per Car Required to 
Travel a Certain Distance at Different Speeds, 
Standard Car, US Costs in 1968 

The interpretation of this figure is as follows: 

2 

(1) When speeds are low, within the range of 20-30 kph., as often 

found in cities of developing countries, both the daily travel 

times and costs are high, in order to travel the daily distance, 

of about JO kilometers per day. 

(2) When speed are within the range of 30-40 kph., as usually found 

in European and U.S. cities, both travel times and costs go down. 

Hence, an increase in speed from 20 to JO kph. will result in 

both real time and money savings. 

(3) When ·speeds increase above 40-50 kph., the daily travel times 

reach a minimum level of about 0,7-0,8 hours per day (which can 

be compared with a door-to-door TT-budget of about 1,1 hours), 

after which the daily travel distance starts to increase above 

JO kilometers per day. For instance, in the Los Angeles region 

in 1960, with over 7,5 million people residing in a large area 

of over 23,000 sq.km., the average car still traveled 0,8 hours 

per day, at a relatively high network speed of about 5J kph., 
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thus traveling a daily distance of about 42 kilometers, as 

shown in Figure 4.11-3. 

The point to note, therefore, is that car travelers in cities where 

speeds are low have to pay in more time and money in order to travel 

the same distance as car travelers in cities where speeds are optimal. 

At high speeds, on the other hand, car travelers appear to be willing 

to travel longer distances during the minimum 0.8 hours per day, thus 

genera.ting "induced" travel. The analysis suggests that the elasti

city of daily travel distance vs. cost is in the range of 3 to 4, 
thus serving as a strong incentive for increasing spatial and economic 

opportunities at only marginal increases in cost. 

The Nurenberg region is situated in Figure 4.11-3 at the top of the 

group of European and U.S. cities, suggesting that car travelers take 

advantage of the relatively high speeds in order to travel longer 

distances, al though the car 'IT-budget is within the same range as found 

in other cities. 

A more detailed analysis of the Nurenberg data is presented in Table 

4.11-2, which shows the daily travel distance per household, for the 

55 household types, by household size and car ownership. The travel 

distance in this case is expressed by passenger-kilometers, divided 

into car and transit travel. Figure -4.11-4 shows these distances,· 

where significant gaps in car travel distances by car ownership become 

evident. Thus, it may be inferred that households of different sizes 

are expected to travel a minimum daily travel distance if they own 1. 

and 2+ cars. For instance, the daily travel distances per household 

owning 1 and 2+ cars are 35 and 73 passenger car-km., respectively; 

the daily travel distance by 2+ cars is just over two times the daily 

travel distance by 1 car. 

The above results can also be viewed from another angle: there appears 

to be a minimum daily travel distance that would justify the ownership 

of 1 and 2+ cars per household. 

in more detail in Section 5.2. 
Such distance-thresholds are discussed 
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4.12 The Measure of Mobility 

1. Introduction 

While mobility is a central issue in transportation planning and 

policy decisions, it is often not clear what is meant by this term: 

is it the daily number of trips per household/person/traveler? Is 

it the number of opportunities that can be reached within radii of. 

varying travel times, such as JO, 45 and 60 minutes? Is mobility 

beneficial, to be encouraged, or is it wasteful above a ceratin 

level, and should be discouraged? 

Whatever the definition of mobility is, it is apparent that it has 

to do with both travel demand and transportation system supply. 

For instance, the need for mobility tends to increase with such 

factors as household income while, on the other hand, mobility 

also increases by an improved system supply. Hence, mobility has 

to be expressed in terms of both travel demand and system supply. 

As already presented in Sections 1.3 and 2.6, the demand for travel 

in the UMOT process is measured by the daily travel distance per 

traveler/household. It is further proposed in this section that 

mobility be defined as the product of the daily travel distance and 

the daily mean travel speed. 

There are now two independent sources that corroborate this definition. 

The first part of this section presents the measure of mobility from 

the point of view of system supply, as derived from the empirical 

analysis of vehicular travel on road networks. The second part pre

sents the measure of mobility from the point of view of travelers, 

with special emphasis on transit travel, as derived from theoretical 

considerations. The third part shows that the two mobility measures 

are actually the same, and an example of mobility in the Nurenberg 

region is presented. 
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2. Mobility Measure of Road Networks 

The mobility measure of road networks was developed in 1972 for the 

Science Research Council in the U.K. and reported elswhere (Zahavi, 

1972-a, 1972-b, 1974, 1976). Therefore, the following presentation 

1s short, summ3.rizing the salient points of the mobility measure, 

called the 'Alpha-relationship'. 

There is a consistent regularity in the relationships between the 

arterial road density RD (road kilometers per sq.km.), the vehicle 

kilometrage density I (vehicle-kilometers per sq.km.), the resulting 

space-mean speed v, and the distance from the center of a city. 

One such relationship is shown in Figure 4.12-1 for London (cf.,1972-a). 
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Based on the relevant data, it was found that the most representative 

relationship is in the form of: 

I= f(_!ill_) 
V 

(4.12-1) 

Such a relationship for London and Pittsburgh is shown in Figure 

4.12-2, in the shape of an hyperbola. For practical reasons of 

presentation, however, all forthcoming relationships will be shown 



g:raphically on double-logarithmic scales, in the form of: 

I = f( R~ ) (4.12-2) 

so that data spread over seve:ral fields of magnitude can be shown 

with equal clarity. Therefore, Figure 4.12-2 was t:ransformed into 

Figure 4.12-J.(It is to be noted that the dispersion of values in 

the last figure is distorted because of the logarithmic scales and 

does not signify the absolute scatter). 
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As can be seen in Figure 4.12-3, a clear linear relationship between 

the three parameters nay be formulated along a wide range of their 

values. Now when the logarithms of two variables x and y are linearly 

related, it follows that the relationship between them is of the form 

y = a.xm (4.12-3) 

where ex and m are constants. When, as in this case, the scales 

on the x and y directions are the same and the slope of the line 

relating them is negative and at 45 degrees to the axes, if follows 

that m = -1 and the relationship between them is of the form 

y = JL 
X 

(4.12-4) 

The slopes of the lines in Figure 4.12-3 are close to 45 degrees 

and it therefore appears that for London and Pittsburgh the rela

tionship can be approximated by 

RD 
I= a. -

V 
(4.12-5) 

With the purpose of defining a common denominator for the two cities, 

the absolute values were transformed into relative ones by calcu

lating the ratio between the observed values of I and v/RD for each 

sector and the average value for the whole area. The relationship 

between the relative values is shown in Figure 4.12-4, where the 

observations for the two cities lie along the same average line. 

It nay be concluded, therefore, that the traffic characteristics of 

the arterial networks in these two cities are 1::a.sically the same 

when compared on the 1::a.sis of relative terms, and may be expressed 

by formula (4.12-5), namely that the traffic intensity is propor

tional to the ratio of the arterial road density to the speed. 

The relationship between traffic intensity, road density and speed, 

as expressed by formula (4.12-5), was called the Alpha-relationship, 

and it was found to apply equally well to arterials and expressways 

in a wide range of cities, including in the U.K,, U.S., Holland and 

Germany, as well as in developing countries. Figure 4.12-5 shows 

one such example in a U.S. city. 
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It is noteworthy that, although the Alpha value may be different 

in different cities, depending on such factors as category of road, 

traffic composition or traffic regulations, the relationship between 

road density, traffic intensity and speed is consistent in all cases. 

Thus, when identified by observations for a sample of road sections 

in a given city, the relationship can then be applied as a useful 

tool for ms.ny purposes, such as the evaluation of alternative road 

plans or traffic assignments by rapid procedures (Zahavi, 1979-b). 

Multiplying both I and RD in formula (4.12-5) by the respective 

ground area of each traffic zone results in the average t:raffic 

flow, q, so that 

q V = a, (4.12-6) 

for the range of values fou.rtd in the cases studied. 

Since the flow of t:raffic equals the concentration of t:raffic, C, 

multiplied by its space-mean speed, v., namely 

q = CV (4.12-7) 

it follows that formula (4.12-6) my be written in the form of 

2 
a.=qv=Cv (4.12-8) 

By considering the concentration C as representative of the mass 

of the t:raffic, it can be concluded that Alpha may represent the 
1 2 "kinetic Energy" of the t:raffic, by being similar in form to 2 mv , 

where mis the physical mass. Furthermore, the Alpha-value rep

resents the product of flow and speed, and indicates the ability 

of a specific road section, or a complete road network, to "produce" 

a certain "output" of vehicle-kilometers per unit distance. More 

specifically, if q is the average flow per kilometer of the road 

network per unit time, then 

Distance a.= q v = Vehicles x Time = Vehicle-kilometers k"l . 
Time per 1 ometer 

of the road network. And for the total road network: 
2 

Vehicle-kilometers x Kilometers= (Distance) 
Cltota.l = Time Time (4.12-9) 
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Hence, the higher Alpha is, the higher is the "productivity" of 

the road network in vehicle-kilometers. Of special interest is 
2 

the indication that the Alpha value is proportional to (Distance) , 

namely to a measure of Area, thus serving as a link with the 

accessibility provided by a given road network. 

The Alpha-value may characterize, therefore, the quality and perfor

mance of a road network which, in a sense, coincides with the level 

of mobility that a road network can supply to its users. It is 

suggested, therefore, that Mobility of a road network be defined 

as the total vehicle-kilometers per unit time that the network,can 

supply. It is a maximum value for a given road network, that can 

be increased only by specific improvements to the system supply. 

The measure of Mobility from the travelers' point of view is d~ve

loped below upon theoretical considerations. The remarkable result 

is that the travelers' demand for mobility is found to be identical 

in form and units to the mobility provided by system supply, thus 

unifying demand and supply by a common denominator. 

It should be noted at this stage that while the supply of mobility 

by a road network is an upper value, depending on the characteristics 

of the given road network, the demand for mobility may vary with the 

socioeconomic characteristics of the travelers, as further discussed 

below, 

Mobility Measure of Travelers 

The development of a mobility measure from the travelers' point of 

view follows reference (McLynn, 1972), which deals specifically with 

transit travelers. However, the same considerations apply equally 

well to all travelers, using all other modes. 

As transit mobility h1z to reflect the syztcm's performance from 

the travelers' point of view, the descriptor~ have to cover all 

the components of transit travel from oriein to destination. For 

example, the time duration of a trip usually includes ~everal 

components, such as: 



170 

ta - Acccc~ ti Me to the transit stop, depending on the sp-1 tia.l 

distribution of origins and the spa.cin~ of transit stops; 

tw - Wait time, depending on the service frequency of the transit 

system: 

tt - Travel ti~e, or in-vehicle time, depending on the trip dis

tance and speed; 

t -- Transfer time, if the traveler has to transfer between 
X 

transit lines in order to complete his trip from origin 

to destination: 

te - Egress time, from the transit stop to the destination, 

depending on the spatial distribution of destinations and 

the spacing of transit stops. 

Thus, the door-to-door - or "effective" - speed of transit will have 

to take into account all the components of distances, d, and times, 

t, ~mely: 

V = effective 

d + dt+d +d a x e 
t + t + tt + t + t a w x e 

Hence, the effective speed, similar to the case of road traffic, . 
is the space-mean speed, but with the addition of all the distance 

and time components to and from the transit stops, as well as 

between the transit lines if a transfer is required. (The same 

considerations also apply to vehicular travel when analyzing 

travel den.:i.nd, as discussed below). 

The development of a mobility measure is then oo.sed on the 

followine 5 ~ccumptionc/rcquircmcnts: 

(1) The Hol>ility measure M will be a function of the variables: 

P ~ number of trips; 

d - avcra6e trip distance; 

t - avexagc trip time. 
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(2) For fixed values of the remaining two variables, the Mobility 

measure N is such that: 

{a} an increase in P increases M; 

(b) an increase ind increases !1, and 

(c) an increase int decreases M. 

(3) The Mobility measure M has the property that relative nagni

tudes are independent of the units of measure, namely: 

' ' . 
M
1
/~ == 1\/112 , where 1\ and H

2 
are the mobilities before 

and after an improveraent in the transit system measured in, 
' ' say, metric units, while M1 and~ are the mobilities for 

the same case measured in Imperial units. 

The three above assumptions suggest already at this stage what 

the genral form of the mobility function must be. From Assumption 

-(1) it follows that M depends only on P, d and t; Assumption (J) 

implies that .M must be 1n the fonn of: 

(4.i2-11) 

where a, band care real numbers. And Assumption (2) requires 

that a and b must be positive numbers and that c must be a negative 

number. In other words, Assumption (1) determines the number of 

,-ariables in the equation, Assumption (J) determines the functional 

form, and Assumption (2) signifies the algebraic signs of the 

constants in the equation. However, to the above, assumptions we 

lllUSt add also the following requirements: 

(4) Additivity: if MA is the mobility associated with a group of 

trips A, and N
1 

is the mobility assocfatcd with any sint;le trip 

having a speed equal to the average speed of the trips of A, 

then: 

(4.12-12) 

where Mc is the mobility of the group of trips consisting 

of the trips of A and the single trip; 
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(S) Acccs5ibility: in an idealized transit system, that operates 

in all directions with unifonn speed, th~ mobility function 

is directly proportional to the area def:µied by the equal-time 

lines from the origin; i.e., mobility is also directly pro

portional to the accessibility to opportunitie~ dis~ributed 

uniformaly throughout the urban area. 

The effpct of Assumption (4) is the elimination of the first two 

constants in the general fonn of the mobility function shown in 

Eq, (-11) while the effect of Assumption (5) is that the mobility 

function can be expressed as 

k 
M = Pdv (4.12-13) 

where k is a positive number and vis the average speed d/t, and 

that k = 1. 

Thus~ the mobility ~unction that has to satisfy all five assumptions 

simultaneously is found to be a simple one, in the fonn of: 

M = Pdv (4.12-14) 

As (P)(d) is the passenger-kilometers of travel carried by the 

transit system, it follows that: 

M = (Passenger-kilometers) x (Speed) (4.12-15) 

Namely, the theoretical derivation of the mobility function 

is identical with the one derived by emprical analysis of vehicular 

travel on road networks, since expressing speed as distance over 

time results in: 
2 

M = (Di~tance) (4•12_16) 
Time 

measured in ,the 53.mc units as Eq.(-9) • Furthennorc, it is also 

clear that the unlts of vehicles, such a5 cars, can be transfonncd 

into p~s;,cncer5, by multiplying the vehicle units by their pa.sscn

ecr occup-1ncy rdtes, thus rr~king the two mobility functions 

completely identical by their measurement units. 
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An additiona.l intercstinc characteristic of the mobility measure, 

Mc Pdv, is th:~t the variables P, d and v are not necessarily in

dep~ndent of each othe~. For example, if it is assumed that a tra

veler is willing to allocate for his daily travel a certain stable 

time, then an increase in speed will also re::;ult in an increase in 

the traveler's trip distance, or trip rate, or both. As an example, 

let us assume that the effective speed of a transit line, carrying 

So travelers, each rraking 2 trips per day at a trip distance of 5 
kilometers, is increased from 10 to 15 kph. If it is then found 

that the mobility measure increased by the same proportion, it 

means that the travelers traded-off the new potential motility for 

saved time only. However, if it is found that the mobility measure 

·increased by more than 50 percent, it shows that the potential 

mobility was actually realized. Namely: 

{a) Base Mobility . 
~Se = Pdv = (5ox2) (5) (1 o) = 5,000; • 

(b) New Potential Mobility: M = (5ox2) (5)(15) = 7,500; pot. 

(c) New Observed }lobility : M = = 9,000. obs. 

At this stage, however, we have a problem, since the dif'ference 

between the new observed mobility and the new potential mobility, 

namely 9,000 - 7,500 = 1,500, could have been achieved by various 

possibilities, such as: 

(i) the original 50 travelers increasing their daily average trip 

rate from 2 to 2.4; 

(ii) the original 50 travelers increasing their daily average trip 

distance from 5 to 6 kilometers; 

(iii) the orisinal 50 travelers increasing both their trip rate and 

trip distance in various proportions to result in the observed 

increased mobility; 

(iv) althou0h J\_Lrt of the observed increase in mobility is attri

buted to the orir,inal 50 travelers, the other pa.rt is attri-

buted to new trave)cr~, attracted to the improved transit line. 
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4. The Alpha Relationship in Germany 

I. Referring back to the Alpha relationship. as described in Section4,12 

a special test was conducted to test the ,relationship under 

travel conditions in Germany. 

Figure 4,12-6shows the Alpha relationship for the arterial road 
I\ 

system in the Nuremberg region. based on a selction of districts. 

and compared with similar relationshiJj3 in Rotterdam and London. 
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The relationships can be expressed by: 

Nuremberg: I = 892-,915 (~)-1. 066 . (r2 • o.851); (4.12-17) .. 

Rotterdam: I.., 622,296 cY> -o. 935 . (r2 • 0.901); (4.12-18) 
D • 

London: I• 484,916 (y)-1 .028 . (r2 .. 0.964); (4.12-19) 
D • 

Three important conclusions may be inferred from these relationships. 

First, the exponent is practically unity in all three cases, thus con

firming the theoretical requirement of the mobility measure, as 

descriebed in Section 4{3). Second, the travel characteristics of 

.system suppiy in the Nuremberg region follow those observed in other 

cities.•And third, the efficiency of the arterial road network in the 

Nuremberg region is higher than in the urban areas of Rotterdam 

and London. 

The next test was carried out with the data from the City of Hagen. 

The data presented a unique opportunity for developing the Alpha 

relationship on the basis of roads widths, as the data included the 

widths of all roads. The relationship is shown in Figure 4.12-7 for 

a selection of zones, and it can be expressed by: 

Hagen: I 41 235 (VD)-1.065 •• 
( I) ... • 

·2 
(r • O. 85 I); (4.12-20) 

As the above relationship is per IXleter width of the roads, it can 

be transformed into a relationship similar to the previous ones, 

namely by multiplying it by ·che average road width, which is Jo.42 meters. 

Thus, 

Hagen: (4.12-21) 
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It may be inferred from the above relationship that (i) the 

power of .the function is. once again, practically lmity, 

similar to the previous cases, and (ii) the efficiency of 

the arterial network in the Hagen region is appreciably lower 

than the one in the Nuremberg region, and is closer to the 

value of the artcr-ial net~ork in London. 

15 
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Thus the Alpha value can serve as a quantified value for 

expressing the perfermancc level of the road network, by its 

ability to supply a 'kinectic cApacity' (product of flow 

and speed), as well as a measure. for the mobility level from 

the point of view of the travelers, which can then be compared 

with their need for mobility. Thus, the need for, and the supply 

of, mobility can be based on the same; units of measurements. 

Mobility in the Nurenberg Region 

The mobility levels per traveler, by household size and car ownership, 

versus the travel money expenditures in the Nurenberg region are de

tailed in Table 4.12-1 and shown in Figure 4.12-8. The relationship 

can be expressed by 

Mobility= 141.21 + 56.85(Expenditure, DM), (R2= 0.945) (4.12-22) 

This relationship suggests that the mobility level per traveler 

increases linearly with the expenditure on travel. This result is 

quite expected, as higher expenditures on travel mean higher travel 

speeds. 

Table 4,12-1: Mobility per Traveler vs, Expenditure on Travel, 

the Nurenberg Region 1975 

HH Size Cars/HH Distance per Speed Mobility Expenditure per 
Traveler,km, kph. Traveler, DM 

1 0 15,76 11.J 178 1.53 
1 29.41 24.1 709 12.J6 

2 0 18,22 12.7 231 1.77 
1 28.65 23.0 659 8.81 
2+ 37.56 27.0 1,014 13.93 

) 0 18.80 1J.8 259 1.82 
1 25.59 20.2 517 7.4J 
2+ Jl.80 24.5 779 11.Jl 

4+ 0 20 • .37 15.1 J08 1.97 
1 24.82 19,7 489 6.20 
2+ Jl.24 24.0 750 9.21 
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Of special interest is the value of mobility at zero expenditure on 

motorized travel; refering back to Eq.(4.12-16), the value of mobility 

can be regarded as a measure of the area that can be accessible during 

a day while spending one hour on walking. Hence, the radius of accessi

bility at zero expenditure is about 6.7 km., which is in rough agreement 

with the 7.7 km. mentioned in Table 4.6-1. 

It is also possible to divide the mobility level into components by 

mode and estimate the money expenditures required to increase the 

mobility-accessibility by alternative modes. Thus, the measure of 

mobility has the potential of being a scale by which the accessibi

lities of different population segments can be compared, as well as 

a tool for the economic evaluation of alternative policy options. 
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Proportions of Households Gene:rating T:ravel During an Average Weekday, 

the Nurenberg Region 

As the home-interview survey in the Nurenberg region was carried out 

for only one day per household, it is of importance to know what are 

the proportions of households that generated at least one motorized 

trip during an average weekday. Based on the data in Appendix 2, 

Table 4.1J-1 sUinm:Lrizes these proportions by household size and car 

ownership. 

The proportion of households that gene:rate motorized travel per week

day is an increasing function of both household size and car ownership, 

as shown in Figure 4.1)-1. Assuming that practically every household 

generates some motorized t:ravel during an extended period, Table 4.13-1 

suggests the expectation of a household type to generate such travel 

during an average weekday. 

Tn°t'lc 4,lJ-1 1 Thr Prcrortic-ns of !!0i:,'1•holds Gen,·rotin,: f>!otorh<'d 

1':t'avel !Xirin,~ an A\"~1'-{.e il,•,•kda.y, the lh:rcnber5 R,•e;ion 
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I 
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' 
J 0 15,804 12,8)2 t 

1 49,206 46,197 I 
2+ 14,149 l),?15 ' / 
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4.14 Travelers per Household 

In any behavioral travel model there is some uncertainty as to what 

should be regarded as the decision unit: should it be the indivi

dual decision-ma.ker, or the household, within which several decision 

makers ma.y have to compromise, such as about the use of one available 

car? The problem is compounded when considering the travel time 

and money budgets, since the former is allocated by, and affecting 

the behavior of, individual travelers, while the latter is being 

shared by all travelers belonging to the same household. 

As it is uncertain what ranking-order should the travel model follow, 

namely from the household to the traveler, or vice versa, the problem 

is solved in most conventional models by a compromise; trip rates 

are generated by household characteristics, while modal choice is 

based on the travelers' single trips. In the UMOT approach this 

problem is solved by having a complete feedback process between the 

two, where each one both affects, and is affected by, the other until 

an equilibrium condition between the travelers and their household 

is reached, or at least approached. While the defintion and process 

of this equilibrium condition are detailed in the following 9hapter, let 

us s~e here a simple example. 

Although the number of travelers per household (or traveler rate, 

for short) can be a function of many factors, such as household size, 

income, occupation, age, sex, travel modes availability, transpor

tation system supply and costs, url:an structure and residence loca

tion, the question is whether we can capture the effects of such 

varied factors by the minimum number of variables, especially when 

considering that such variables have to be forecast if the model is 

to be applied for prediction purposes. Therefore, we start with 

only two variables, namely household size and car ownership. The 

point to note, however, is that car ownership in the UMOT process 

is an output from a feedback process between such factors as income, 

system supply and travel costs. Thus, we ma.y start the process 

by assuming that each household in the study area ownes, say, five 

~ and, nonetheless, the final car ownership levels will converge 

to the observed ones, as detailed in Section 5,2 Thus, although 

the estimation of the traveler-rate is based on only two independent 
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variables, household size and car ownership, it actually interacts 

through the car ownership component with many other factors. Put 

another way, the reliability and sensitivity of the model is tested 

not by calibrating it to rnany independent variables, but rather by 

its ability to converge to the observed values by the feedback 

process when based on a minimum number of independent variables, 

and when starting the process with even absurd assumptions about 

some of the variables, such as car ownership. 

At this· stage, however, we deal with the direct estirnation of the 

traveler rate, as a function of household size and car ownership, 

while the feedback process is discussed in Section 5.1. 

The first analysis is carried out on the basis of the Munich data, 

as detailed in Appendix 1. Two regressions were run on the following 

model: 

Travelers/HR= a+ b
1 

(HH Size)+ b2 (Car Ownership) ; 

In the first model run all 118 observations, of three days, were 

used, In the second model run observations with fewer than two 

data points were eliminated. It would have been desirable that 

each data point had at least 20 observations to reduce the sampling 

variance. The cut-off point of two was decided on pratical grounds 

as nearly every 1 and 2 observation data point was an outlier (i.e., 

outside the two standard deviation confidence interval of the reg

ression). The results are summarized in Table 4.14-1. 

Table 4.14-1 : Number of Travelers per Household as a Function of 

Household Type, Munich 

a bl b2 Std. 
2 Error Coeff. Percent Model {Std, (Std. (Std. R. 

Error) Error) Error) of of of 
Est. Var. Outliers 

1 0.248 0.573 0.156 0,50 0.59 6.8 (0.174) (0,0_58) (0.084) 0.29 

2 0.069 0,709 0.102 0;72 0.46 (0.141 (0.048) (0.709) 0.21 5.2 
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2 
It is noted that the R of the second regression is quite high, 

and much better than that of the first regression. The results 

show clearly the detrimental effect that large sampling variation 

can have on regression coefficients. It ms.y also be inferred from 

Table. 4.14-1 that the traveler rate is affected predominantly by 

household size. 

The second analysis was carried out on the 1:esis of the much richer 

data set of Nurenberg, as detailed in Appendix 2, and the results 

of the regression can be expressed by (Figure 4.14-1 .): 

Tra.velers/HH = 0.205 + 0.547(:HH Size)+ 0.275( Cars/HR) ( 4.14-1) 

(14.06) (J.67) 

where the numbers in paretheses are the t-statistic and the 

coefficent of multiple correlation is 0.938. It becomes evident 

that: (i) once again, the traveler rate is affected predominantly 

by household size, and (ii) the relationships for Nurenberg and 

Munich are similar. 

' . 

0 ____ ....._ __ __., ___ ~------

2 3 

Household Size 

Figure 4,14-11 Travelers per Household, by Household 
Size and Car Ownership, Nurenberg 1975 
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It might be of interest to add here an additional set of relation

ships from Washington, D.C. and Twin Cities, as shown in Table 4.14-2 

(Zaha.vi, 1979-a).These relationships are different from those of 

Munich and Nurenberg by being l:ased on district averages, and 

the travelers are above 5 years. Furthermore, the analysis was 

done for four cases, namely for the two cities and for two periods, 

both separately and combined. Even so, all relationships were 

found to be similar. 

The close similarity between such relationships in one country 

suggests that more attention should be given to generalize them 

both between cities and over time. 

Ta blo 4, 1li-21 Tr<i ·1elers per Household, b;r Houi;chold Size and 03.r 0wnershi:? 

Vash1nctcn, D,C, and Twin Cities 

2 2 
City Yeer c~cst.er.t HHSIZB CP-rJI R F I! e, 

~ 

Wasbirigtcm 1955 0.9169 0,1921 o.4712 0.81 20.75 0.::£10 
(3.23) (3.71) 

Wnbineton 1:1--e 0,643 0.2309 0.5031 0.34 81.93 o.C601 
(4.50) (7,62) 

Mn Cities 1958 0.024 0.3248 0.8101 0,95 128.51 0.0502 
(5.28) (5, 74) 

Mn Citiet 1970 0.210 0.2791 0.7'(64 0,95 133,36 0.0621 
(5.23) (6.35) 

Wuhingt:>n bot!'l o.6487 0.2771 o.4176 0.85 69.06 0.2243 
(6.96) (6.46) 

Mn Cities both O.ll86 0,3677 0.6339 ·o.94 214,03 0,1514 
(ll.07) (8.50) 

both ell o.4029 0.3366 o.l,896 0.91 ·279, 77 o.4150 
(12,90) (9.69) 

Weshinrton 1955 

llashincton c:,:r.bined 

ell data 
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CHAPTER 5. THE UMOT PROCESS 

5.1 Introduction 

1. Several of the theoretical aspects of the UMOT process were already 

discussed in the Chapter 2, where it was indicated that it answers 

the basic economic utility maximization requirements, as well as 

passes its sign tests. This chapter summarizes several of the ope

rational aspects of the UMOT process, with special emphasis on the 

interactions between the demand for travel - car ownership - system 

supply. As urban structure is not yet fully integrated within this 

framework, the schematic presentation of the model is preliminary 

at this stage, for the purpose of testing the UMOT interactions and 

their convergence. 

2. Figure 5.1-1 is a flow chart of the principal interactions in the 

UMOT process, and Tabie 2.1 summarizes their characteristics. As the 

flow chart and the table are self-explanatory, the following comments 

refer only to the special features of the process. They can be summa

rized as follows: 

(1) The inputs to the process are minimal. They probably will be 

further elaborated and exp:1,nded in the operational model,. but 

for the sake of simplicity and clarity, they are limited in number 

at this stage. 

Perhaps this is the place to note that adding many independent 

variables to a calibrated model may increase its ability to pass 

statistical validation tests on base-year data, but not necessarily 

its forecasting ability for new or future scenarios; first, it is 

very difficult to project many independent variables into the future, 

and while they may add to the model's base-year accu:racy, they 

also increase the uncertainty of its forecasts; second, it may be 

~heoretically preferable to ensure the sensitivity of, and res

ponsiveness between, the travel· components with a minimum number 

of inputs, than to calibrate many unrel.a.ted models, each with many 

independent variables. For instance, developing separate models 
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for car ownership and trip generation, or even.separate models for 

the trip purposes, each with several variables which often differ· 

{as in the current practice), does not ensure the feed'tack between 

the travel components; and third, many of the seemingly indepen

dent variables, such as household income, household size, household 

location, household car ownership, profession and age, are all 

interrelated in some way and, hence, adding too many of them may 

not add much to the confidence in forecasts of the model, due 

to confounding of the order of cause and effect. 

In short, if a behavioral model is conceptually right, it should 

be able to estimate observed travel and url::a.n phenomena, when 

l:a.sed on a minimum number of inputs, without being calibrated 

to the same observations. 

In our case, only two household characteristics are required at 

this stage for deriving travel demand, namely household income 

and household size. They are used for defining the time and 

money constraints. Another input is an initial estimate of cars 

per household. This estimate is changed through the operation 

of the feedl:a.ck process; one test for the model's validity is 

its ability to produce the observed car ownership levels in 

the final equilibrium, without being calibrated on them. 

(2) The second set of inputs into the model is the observed, or 

planned, transportation system supply, which is required for 

the convergence of travel demand with system supply. 

The road network is the principal component at this stage, for 

deriving network speeds of both cars and buses, where the transit 

speeds are proportional to the car speeds. Unit travel costs are 

then derived from speeds, in both tim~ and money units (bus fares 

are an exogenous input). 

The network travel speeds are derived at this stage by the Alpha 

relationship, which is explained in Section 4.12. 
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System Supply and Car Ownership, the UMOT Model 
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Table 5. 1-1 : Interactions between Travel Demand, Car Ownership and System Supply, 

nm:R-
ACI'IOO 

1 

2 

4 

5 

6 

1 

2•11ode O\se (Relationships and unit costs are for Vajhington, D.C. 1968) 

INPUT PRQazS 011I'Pt11' 

1. Household Size (HS) Number of Travelers 

2. Cars/Household (r.ar) TR/HH • 0.403 + O.JJ7(l!S) + 0.490(r.OT); per Household (TR/HH) 

1. Cars/HH 

2. No. of HH 

:,. ~1ly Travel 
Time per Car 

(1'!0T) 

(N) 

(H) 

4. a - Alpha value of 
the road network; 
Arterials~ 400,000 

5, Road Network length~~~ 

1. Network Speed (v ) 
n 

2. Door-to-Door Speed: 
about 0,67 & 0.JJ the 
network speed for car 
and 'L..-a.nsit respecti
vely. Average d-d 
speed per HH has to be 
assumed and then ite
rated by feedca.ck, as 
explained in Inter
action F-1. 

1. TR/HH 

2, TT/TR 

1. Daily Average Income 
per Household, as 
Annual Income/312 
day:s of Ti-avel (I/HH) 

1. Network Speed {v) .n 
2, Car Occupancy (CO) 

1. Network Speed (v ) 
D 

Tr/TR• 1.0:, + !·18 
; 

avg, 

T • (TRjim) (TT/TR) ; 

K •. 0.11(I/HH) I 

-0.75 
1.494 V 

C • n 
C CO 

v0 • o.6?(vn) 1 (1) 

Vt• O.JJ(vD) I (2) 

I (J) 

I (4) 

Daily Average Network 

Speed (vn) 

Daily Travel Time per 

Traveler (TT/TR) 

Dally Travel Time per 
Household (T). 
Regarded as a const
raint on the amount 
of generated travel 
per household. 

Daily Household Expen
diture on Tzavel (M). 
Regarded as a const
:xaint on the amount 
of genezated tzavel 
per household. · 

Cost/Ion of Car Passen
ger Travel (cc) 
C1ven: Cost/km of 
Transit Pa.ssenger(ct). 

(1) Car Passenger d-d 
Speed (vc); 

(2) Transit Passenger 
d-d Speed (vt); 

(3) Car Passenger 
Travel Time/km. 
Minutes (tc)1 

(4) Transit Passenger 
Travel Time/km. 
Minutes (tt). 



INTE!{-
ACTIO!f 

8 

9 

r-1 

10 

1'-2 

INPUT 

1. The Time Const-
raint (T) 

2. The Money Const-
raint (M) 

). Unit Costs (cc,ct) 
4. Unit Times (tc,tt) 

1. De' Dt I 

2. tc' tt I 

1. v assumed in (J); avg. 
2. va resulting from vg. 

(9) 

1. De• µ I 

2. Standard Deviation 
of De • C1 I 

). Threshold of Dc for 
· Car Ownership; 1, 2, 

,.. (si). 
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Solving ~wo equations with two 
unknowns, De and Dt. 

Dccc + Dtct • M 1 

Dctc + Dttt • T ; 

T • 
C (Dc)(tc) I 

Tt • (Dt}(tt) ; 

M • 
C (Dc)(cc) I 

Mt• (Dt.}(ct.) . • 
Dt 

100 •ffi•D +D I 
C t. 

D + Dt 
V • C 
avg. t + t 1 

C t 

FEEDBACK 

The average speed assumed in Inter
action J has to correspond with the 
average speed resulting from Inter
action 9. 
If' there is a significant difference 
between the two, say above 5 percent, 
substitute the later speed in (J) and 
iterate. Convergence is rapid. 

FEEDBACK 

The estimated total nu.'llber of cars 
intemcts with system supply to 
result, in speed. The whole process 
is repeated until travel denand, 
system supply and car ownership 
reach equilibriwn. Convergence 
is rapid. 

OUTPUT 

(1) Daily Pass.Km. by 
Car (De) 

(2) Daily Pass.r..m. by 
Transit (Dt) 

(J) Tillie Allocated for 
Car Travel (Tc) 

(4) Time Allocated foI 
Transit T:ravel(Tt) 

(S) Money Allocated 
for Car T:ravel(Mc) 

(6) Money Allocated 
for Transit Tra
vel (Mt) 

(7) Modal Split (MS) 

Average d-d Speed per 

Household (va ) vg. 

(1) Prol:a.bility' of a 
H01.1sehold to own 
O, 1, 2, J+ cars; 

(2) Product of Car 
Ownership Prol:a
bili ty and Number 
of HH .. Total Num· 
ber of Cars. 
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The Alpha relationship expresses the bl.sic interaction 

between speed and flow, but any other speed/flow relationship can 

be used instead. Nonetheless, the Alpha relationship appears to be 

preferable as it is bl.sed on the daily travel times of cars on 

the road network, which depend on the constraint of the daily 

travel time of car travelers. 

It is to be noted at this stage that a distinction is nade in 

th~ IDIOT process between network time/speed,and door-to-door 

time/speed, the latter being b:1.sed on the travel times reported 

by the respondents. The reason for this distinction is that 

travel behavior is b:1.sed on the perceived door-to-door travel 

times (including access, waiting, in-vehicle, and egress times), 

while system perfornance is expressed by the measured, physical, 

speed. 

(J) The equilibriwn process is b:1.sed on the assumption that trave

lers in representative households strive to naximize their utility 

from travel under their explicit constraints on travel. Only two 

constraints are considered at this stage, of time and of money. 

While these two constraints appear to explain a najor pa.rt of 

travel behavior, it is quite possible that additional constraints 

will have to be added at a later stage. For instance, in nany 

cities of developing countries a minimum daily travel distance 

per representative household/traveler appears to override the 

time and money constraints that are observed in cities of deve

loped countries. (See Section 4.11). 

The utility from travel nay be expressed in various ways. Possibly 

the best way to express it is by the spatial opportunities that 

can be reached within the constraints. This involves both the 

number and variety of opportunities. A somewhat less satisfactory, 

but more practical, way nay be to measure it by the naximum daily 

travel distance that can be generated within the constraints; the 

daily travel distance is not only easily measurable, but it is 

also the only common denominator for both travel denand and system 
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supply, a prerequisite for the interactions between, and conver

gence of, travel demand and system supply. The fact that the model 

using travel distance maximization can reproduce observed rela

tionships appears to provide strong evidence that this represen

tation can be used as a surrogate for one based on opportunities. 

Further advantages of using the daily travel distance is that the 

maximization process results in travel demand by distance, mod.al 

splits by distance, and the demand for car ownership, thus unifying 

three separate models within one process, Hence, the daily travel 

distance is used at this stage to express and measure the utility 

of travel. 

(4) Perhaps the most unique ch3.racteristic of the UMar process is the 

high ratio between the outputs and the inputs. This characte

ristic will become more obvious in the following exercises, but 

it can also be observed in Figure 5,1-1, where many different out

puts, which in the current transportation models have to be derived 

by different models, are the results of one, integrated, process. 

A principal concept behind the UMOT process is that travel demand, 

within the travel constraints, generates the demand for car owner

ship which, after interacting with the available system supply, 

results in speeds and unit costs of travel that affect travel 

demand, resulting in a closed system in an equilibrium condition. 

An additional loop, not yet shown in Figure 5,1-1, is the inter

actions of the above factors with urban structure, as discussed 

in Section 5,5, 

The point to note, therefore, is that all the above factors 

interact by feedback within a closed system, thus making all 

factors sensitive and responsive to each other, as well as to 

exogenous policy options. 

Although the policy options are not directly defined in Figure 5,1-

-1 1 they can enter the process through many doors. For ins-

·. ta.nee, they can affect system supply, unit costs of t~vel, and 
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availability of land for development. Furthermore, each major 

policy option can be further stratified, such as by affecting 

the unit costs of travel through changes in the car rest/opera.ting 

costs, or the transit fares. The same also applies to travel 

speeds and land use regulations, all of which will affect the 

cha.in of travel dena.nd - car ownership - system supply - url:an 

structure - travel dena.nd. 

It is most useful now to move from general descriptions of the 

process to practical examples of its application. 

The first, and perhaps the most important, part is the car ownership 

model, as it serves as a link between the demand for travel and system 

supply. Following the car ownership model are tests for the conver

gence of the UMOT process. 

5.2 The UMOT Car Ownership Model 

1. Introduction 

This section presents an approach to, and the 1:asic components 

of, a new car ownership model, which is closely interlinked with travel 

dena.nd. A numerical exercise illustrates the technique for car owner

ship estimation, and several aspects and problems of the model are 

discussed. The Memorandum starts with a short overview of car owner

ship models (Fowkes, 1977). 

One reason for the special interest in car ownership is that fore

casts of the number of cars are required for several different purposes, 

which affect the choice of the models' underlying assumptions and tech

niques. For instance, car manufacturers want to know the potential 

market for sales and the car models which are likely to sell best. The 

approach in this case, therefore, is 1:asically market research. Govern

ment agencies, on the other hand, are concerned primarily with the total 

number of vehicles, for which gasoline and road space have to be provided, 

The approach in this case is aggregate in nature, even if ~tratified by 

vehicle types or regions. Local authorities, however, want to know future 
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car ownership down to the level of traffic zones, in order to estimate 

the demand for local road networks. The approach in this case is micro 

in nature and, as such, is the most demanding of all three approaches. 

This Memorandum deals specifically with the last approach. 

The procedures for modeling car ownership can be divided into two 

broad approaches. The first is the extrapolation of past trends into 

the future under some constraints, as exemplified by the logistic or 

similar 'S' shaped functions. This approach leans heavily on time

series data, and is represented by the work of J.C. Tanner (1974). 

The second approach is economic in nature, seeking the causal relation

ships that explain the household's decision to purchase a car, mostly 

on the b1sis of cross-sectional data. The techniques used in this 

case are many, including the derivation of demand functions through 

utility rraximization under explicit constraints, as exemplified by 

the work of M.J, Beckmann ( 197 2) , or using ma.ximization where the 

constraints are only implied through the use of variables such as 

income, as exemplified by the work of M. Ben-Akiva( 1976 ), 

In all these techniques, the variables and parameters are established 

by calibration to observed data, on the basis of multiple regression 

or category analysis. The variables considered in the causal relation

ships can be grouped under three main groups: (i) Socio-economic vari

ables, such as income, household size, age and profession; (ii) Spatial 

variables, such as location, population density, transportation system 

supply and accessibility; and (iii) Taste variables, which are difficult 

to quantify and usually incorporate those influences on car ownership 

not accounted for by the former two variable groups (e.g., index of 

social status, which depends in part on the first two groups). A major 

problem in this approach is the multicollinearity between the many 

variables in the three groups. 

In most urb:l.n travel demand model systems, the level of car owner

ship is estimated first by a se.IB,rate model, and then introduced as an 

exogenous variable into the travel demand models, assuming ·that car 
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ownership determines to a large extent the number of generated trips 

per household. In more advanced models, using disaggregate joint

choice formulations, car ownership and mode to work arc estimated 

together, and are regarded as a 'medium-term' decision, which is then 

introduced into the 'short-term' trip-generation models as one of the 

variables. 

It is agreed by nany, however, that the order of cause-and-effect in 

all the available car ownership models is not yet fully resolved, as 

there are several possibilities: (i) car ownership affects trip rates; 

{ii) trip rates affect car ownership; (iii) socio-economic factors 

affect jointly the need for all trip generation and car ownership. 

At this stage another problem becomes evident: trip rates represent 

travel demand in all travel demand models, although they may not be 

the best measure for the demand for travel. The problem is aggre

vated even more when introducing modal choice into the picture; in 

most models modal choice is strongly dependent on car ownership, 

but it could well happen that the reverse is true. Namely, if there 

is a certain amount of activity or travel which needs to be satis

fied, and if 'n' hypothetical modes are available, the question is 

what are the proportions of mode usage that would satisfy the travel 

need of travelers in an 'optimal' way ? • Whatever the definition of 

'optimal' is, travel, mode and car ownership choices have to be sen

sitive to each other within one framework, as the availability of 

only 'm' actual modes out of 'n' potential modes may affect the modal 

split and travel demand by a feed'tack process. However, this two-way 

effects is missing in most, if not all, operational car ownership 

models. Therefore, special attention to this problem is given in 

the following sections. 
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The Car Ownership Process 

The starting assumptions and the required data for this model 

are relatively few, as follows: 

(1) It is postulated that car ownership is affected, first and fore

most, by the demand for car travel-distance. Hence, the UMOT 

car ovmership is interlinked with the UMOI' travel demand model. 

This approach simplifies the car ownership model, both conceptually 

and computationally, since there is no duplication of variables in 

the car ownership and travel demand models : In operational models 

most of the variables in a sep:3.rate car ownership model are also 

the variables in a travel demand model, while car mmership is then 

introduced as an additional variable into the travel demand 

model. Such car ownership models can rapidly become very 

cumbersome, and a recent disaggregate model includes 21 in

dependent variables, which are used in different combinations 

for different population segments (Ben Akiva, 1976). 

In the UMOT car ownership model, on the other hand, there is 

no duplication of variables, as it is 1:ased on the demand for 

travel resulting from the travel demand model, which also 

includes all travel cost variables. Thus, higher travel demand 

tends to increase the number of cars; which may increase travel 

costs; resulting in a reduced demand for cars. This feedback 

between travel demand and car ownership is further elaborated 

in Section 5. 3. 

(2) The second requirement for the UMOT car ownership model is the 

threshold of car travel-distance that will justify the purchase 

of a car. Eqs. (2.11-38 and 39) suggest that such a threshold 

can be identified explicitly on the 1:a.sis of economic conside

rations. Since the coefficients in the above equations have not 

yet been finalized, some indications of its value have. been de

rived empirically from the Nurenberg data, as detailed· in Section 

4.11. 
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It can be inferred from this figure that there are significant 

differences in the daily travel distance per household, even for 

households with the same size, of about 17-27 passenger-kilometers 

between 0-1 cars and 48-58 p-3.ssenger-kilometers between 1-2+ cars. 

Thus, if the dem3.nd of a given household for car travel, as derived 

from the U?-iOT travel dem3.nd model, is within one of the three ran

ges, the household will be expected to behave accordingly. The 

problem, however, is that not all households, even of the same type, 

behave in exactly the same way, as discussed in the next section. 

(3) The third requirement of the UMCYI' car ownership model is the 

distribution of travel behavior of individual households around 

their group's mean, as already mentioned in Section 3.7. Hence, 

the introduction of such distributions into the UMCYI' car owner

ship model (as well as into the travel demand model) defines 

the probability of a single household, on a disaggregate level, 

to behave in a certain way. 

The only known fact about the travel time and distance distri

butions at this stage is that the coefficients of variation for 

different population segments are similar, and within a range of 

0.5 - 1.0. It is also evident that these coefficients can be 

reduced to a large extent by further stratification of households, 

as mentioned above. 

The last point is of special interest, as it can enable the 

analyst to test, by such techniques.as discriminant analysis 

of the travel variables, which of household characteristics 

are significant in explaining travel behavior. 

It can also be inferred that the distributions would be skewed 

to some extent, as there can be no negative values of time, 

money and distance, while there are no restrictions, at least 

not theoretically, on the positive value~. Such distributions 

could probably be expressed by a Gamma f~ction, or similar 

functions. 
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As can be seen from the above considerations, the requirements for 

the UMar car ownership model are relatively few: (i) the demand for 

car travel, as an output from the travel demand model; (ii) the 

thresholds of car travel distance that would justify 0-1-2+ cars; 

and (iii) the coefficient of variations around the mean values of 

travel demand and, possibly, also around the mean thresholds. 

Following is an exercise of car ownership estimation in Washington, 

D.C. 1968, based on the above information requirements, while the 

implications of this exercise and suggestions for further develop

ment of this type of model are presented in Chapter 6. 

An Example 

The data and assumptions for the exercise are as follows: 

{1) The demand for car travel, by income levels, is as detailed in 

Table 4.10-1, and repeated here as Table 5.2-1. 

(2) The thresholds for car ownership are assumed to be 14 passenger

kilometers per household for 1 car, and 55 pass.-km. per house

hold for 2+ cars. As the coefficients in Eq.(2.11-38 and 39) 
are not yet known, the above values were borrowed from the Nuren

berg data (Section 4.11) and adjusted to Washington, D.C •• 

Table 5,2-1· -: Summary of Estimated Travel Der.and per Household, by Income, 
Washington, D,C. 1968 (Times and speeds are door-to-door) 

Annual Income, $ 4,000 5,000 6,000 7,000 8,000 9,000 10,000 

Ca.rs/HH - (0.1) 0,35 0,71 1.02 1.29 1..54 
TM-budget,$ 0.51 0.75 1,24 2.01 2,82 3,17 3.S:3 
TT-budget, hr. 2.02 2,02 2,09 2,20 2.29 2.41 2 • .53 

CAR: v, kph. 13,5 15.0 16.0 19.0 21.0 24.0 26,0 
c, $/km. 0,104 0.096 0,092 0,081 0,075 0,068 0,064 
D, km. 0.02 2.39 8.40 19,74 )4.14 42,38 50.81 

TRANSIT1 v, kph, 6.8 7.5 8.0 9,5 10.5 12,0 13,0 
c, $/km. 0~037 0.037 0,037 0.037 0.037 0.037 0,037 
D, km. 13;63 13,96 12.52 11.02 6,97 7,73 7,45 

Total Distance 0~65 16.35 20,92 J0,76 41.11 50.11 58.26 

(*) The outputs in the case of two constr.:i.ints and two modes reeult from a 
straightforward solution of two equations with t~o unknowns, without 
bavin~ to apply the rrµximization process. 

11,000 

1.76 
3,88 
2,63 

28,0 
0,060 

60.59 

14.0 
0,037 
6._56 

67 .15 
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(J) The coefficient of variation for the mean values of t:ravel 

demand is 0.5 at all income levels. (Cranging the coefficient 

from 0.5 to 0.8 changed the estimate of the first threshold 

negligibly, from 14 to 15 pass.km.); 

(4) The variations follow a normal distribution (in order to simp

lify the calculations). Hence, the prob:tbility of a household 

owning a car can be estimated from the normal pro1:ability den-

sity function: 

(5.2-1) 

where µ is the mean value and u is the standard deviation. 

Thus, the prol:nbility of a household to own 1 car or more is 

the area under the prob:tbility density function between x = 14 

and x =00. 

The relevant data, assumptions and results, by income groups, are 

summarized in TaQle 5.2-2 for the case of Washington, D.C. 1968, and 

shown graphically in Figure 5.2-1. 

Table 5,2-2 also includes the observed levels of car ownership for the 

same income groups, and it is evident that the estimated values 

follow closely the observed ones. 

Table 5,r-::1 
C,.r Own~r5h1p (w.sed on a Nonn.:i.l Distribution), by District, Washington 1968 

Annual Income,$ 6,000 7,000 8,000 9,000 10,000 ! 
Car Pass.Kr.:, (µ) 8.1;0 19,74 )4.14 42.J8 
S,D, (d) • 1(µ) 4.20 9,87 17,07 21.19 

Prob, 1+ car (l) 0;10 0,72 0,881 0,910 

Prob, 0 Car 0,90 0,28 0,119 0.090 
Prob, 2+ C:lrs(Z) o.o o.o 0.111 0.275 
P::ob, 1 car only 0.10 0,72 0,710 0.6)5 

Avg. C'.l.r Owncrsh!p (J) 0.10 I 0,72 1.014 1.240 

Observed Car Ownership 0.35 0,71 1.02 1.29 

(1) Assullling 14 pass.kin. as tho m1n1~u~ threshold for 1 car; 

(2) Assu::1ing 55 pass,k:i, a.s the unir.UJ:1 threshold for 2-+- ca.rs; 

(J) Avg, car ownership• (Prob, 1 car)-+- 2,2(Prob. 2+ cars), 

50.81 

25.41 

0.926 

0,074 

0,4J4 

0,492 

1,!;.47 

1.54 
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Figure 5.2-1 a Proba.bili ty of Car Ownership per Household vs. Income, 

by District, , Washington, D.C. 1968 
-
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Figure 5.2-2 shows how the estimated proportions of households owning 

0-1-2+ cars change with income, a trend well known from observations. 

100 
-i>-

II) _,,.,,- -· 't, ---·--------~ .... 
') 
.c 
rJ 
~ • 1 
t: ~•2+ --
~ ~'--- ~· 

0 
,,,,,. ½ -¢- -¢- 0 

5 6 7 8 9 10 

Household Annual Inco~e, $ ( '000). 

Figure 5.2-2 1 Car Ownership vs. Household Income, 

by District, as Estimated by the m:O'l' 

Process, Washington, D.C. 196$ 

Although the above exercise appears to be very simple, rosed on a 

minimum amount of data and assumptions, it touches upon the rosic 

foundation of travel understanding. The reason is that calibrating 

a model to the same observations that it is asked to reproduce is a 

self-fulfilling process, and practically every model which is even 

mildly reasonable will reproduce the observations. Thus, the ability 

of this type of model to reproduce the observations cannot be used 

as proof for its validity. A more promising approach for testing 

the validity of a behavioral model is by rosing it upon the const

raints under which decisions are-made, and testing whether the esti

mated choices correspond with the observed ones. 

Indeed, the above exercise is 1::ased on the constraints, and not on 

the final choices: (i) the behavioral constraints of time and money, 

interacting with the exogenous unit costs of travel (representing 

the modes and their system supply) resulted in the expected demand 

for the total travel distance and its split by mode; (ii) the esti

uated.dema.nd for car travel was then used to'derive the expected 

car ownership levels. The validity of the model can then be tested 

by comparing its estimated choices of travel demand and car owner

ship with the observed ones. 
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It is quite obvious that one simple exercise is far from proving 

the correctn~ss of the approach. Nonetheless, when coupled with 

the theoretical tests of the model for its validity by economic 

criteria, as detailed in Chapter 2, the exercise suggests that the 

the approach is sound and promising. 

It should be noted at this stage that one important factor is 

still missing from the above exercise, namely the effects of system 

supply. System supply is one of the essential links for the feed

blck process between travel demand - car ownership - system supply -

travel demand. As already noted above, travel demand and modal 

split, both expressed by travel distance, depend on the unit costs 

of travel and the travel constraints. I.et us now asswne that income 

increases, thus also increasing the travel money budgets, genera-t:..ing 

more del!k3.nd for travel-distance by car, resulting in more cars. 

If, however, system supply will not be increased in concert, it is 

obvious that congestion - and unit costs of travel - will increase 

as well, thus serving as a restraining factor on travel demand and, 

hence, on car ownership. This process is evident not only from time

series data, but also from cross-sectional data; two households, 

with the same characteristics, will generate different amounts of 

travel demand and car ownership if one resides in the city center, 

while the other resides in the suburb, depending much on the diffe

rent unit costs of travel in the· two locations, as affected by 

system supply. 

This point raises an interesting question with respect to the above 

exercise; the exercise was based on average incomes, without specifying 

the residence location of households. Hence, if the UMOT model is 

to be sensitive to locational factors, it has to include the housing

job factor as well, in addition to system supply, as there are 

strong indications to suggest that there is a trade-off between 

the travel and the h~using money budgets. This p:i.rt of the UMar 
1s discussed in Section 5.5. 

1; 
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One reflection on the above subject is worth mentioning at this 

stage; each probability density function shown in Figure 2.5-1 is a 

composite of households owning and not owning cars. However, once 

the probability of a household to own a car is estimated, the dist

ribution of travel distance can be divided into two separate dist

ributions, namely higher travel distance for car owning households 

and lower travel distance for non-car households (e.g., Figure 4.11-4). 

Thus, the households will strive to locate their residence at a 

spatial point in th~ city where they will be able to maximize their 

travel utilities, such as mximizing the spatial opportunities, 

within their travel distance. Put another way, pa.rt of the varia

tions about the mean values of travel demand appear to reflect 

locational choice, which can then link travel demand, system supply 

and urban structure by a feedback process. 

The last point of interest is the derived value of travel time, 

as estimated from the UMOT car ownership model. Eq.(2.11-38) in 

Chapter 2 is repeated again: 

X 
0 

p 
(5.2-2) 

where: x - the distance traveled by car to justify car ownership; 
0 

p - fixed costs of owning a car; 

v2 - travel speed by transit; 

v1 - travel speetl by car; 

c~ - travel cost by transit/km.; 
~ 

01 - travel cost by car/km.; 
_rm 7ITT. - the (marginal) value of travel time. 
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It is now possible to derive the value of travel time from Eq.(5.2-2) 

by assuming that x = 14 passenger-km., as applied in the above 
0 

exercise for Washington, D.C. 1968 (and la.sed on empirical data from 

the Nurenberg region 1975). Table 5.2-J details the results, showing 

that the value of travel time increases from$ 2.24 per hour at an 

annual household income of$ 6,000 to$ J.OJ per hour at an annual 

household income of$ 11,000, namely an increase in the value of 

time with income at a decreasing rate. 

Table 5.2-3: The Value of Travel Time, as Derived from the UMOI' 
Car Ownership Model, washin~ton, D.C. 1968 (l) 

HH Annual Door-to-Door Cpcrating Cost /I Value of I HH fully 
Income $ SDP.~d kDh. Der Y~ .. r. (2) .jTime I Income $ 

Car Tran::.it I ~r Tronsit Ii $/hr. (1) 

6,000 16.0 8.o 9,2 J.73 2.24 19.2 
?,000 19,0 9.5 8,1 3.7) 2.45 22.4 
8,000 21.0 10.5 7,5 3.73 2.59 25.6 
9,000 24.0 12.0 6,8 3.73 2.79 28.9 

10,000 26.0 13,0 6.4 3.73 2,98 32.1 
11,000 28.0 14.0 6.0 3,73 3,03 35.3 

(ll District averages; 
(2 Cost per pass.km.; Iaily fixed cost per car=$ 1,21: 
(3 Based on Jl2 days/year, 

Proportion of 
Value of Time 
vs. fuilv Inc.~ 

11.? 
10,9 
10.1 
9,7 
9.3 
8.6 

It is of interest to compare these values with the average values 

derived by a sophisticated disaggregate model, calibrated for 

Washington, D.C. 1968 (Ben-Akiva, 1976). 

Value of In-Vehicle Time = $ 2.75/hr. 
Value of Out-of-Vehicle Time=$ J.65/hr. 

with the total average value being near the former than the latter. 

Thus, the values of the two estimates are both within the same mag

nitude and similar to values derived by previous detailed mode choice 

models. 

* * * 
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5,3 Convergence of the UMOT Process 

A deID:lnding test of the UMOT process is its ability to converge 

rapidly, especially if it is to be computeriied. Such preliminary 

tests are carried out in this section, 

The exercises relate at this stage to hypothetical cities, in orde~ 

to test the interactions and their convergence under controlled con-, 

ditions, Nonetheless, although the exercises relate to hypothetical 

cities,' the values used are real, mostly 1:ased on the relatio~ships 

observed in Washington, D.C. 1955 and 1968, and Twin Cities 1958 

and 1970, It is to be noted that only the relationships that were 

found to be transferable both between the two cities and over time 

are applied in the exercises, such as the number of travelers per 

household, or the daily travel time per traveler, as detailed in 

Table 5.1-1.Household size in the exercises is assumed to be the 

same, at 3 persons per household, 

The exercises are ranked by their complexity, as detailed below, 

The convergence of travel denand - car ownership - system supply 

was tested by carrying out several exercises of increasing complexity, 

as convergence is an important attribute of this model, The first 

example is for a hypothetical city with the following starting assump

tions: 

Households - 100,000 
Household annual income - $ 6,000 
Household daily expenditure on travel - 11 percent of daily income (312 
travel days per year) 

Car ownership - 1.5 cars/HH 
Car occup:i.ncy - 1. 5 
Arterial network length - 200 km, 
Alpha value - 400,000 
Dlily average network speed - 40 kph, 
Car TT-budget - 0,80 hr. 
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Table 5.J-l details the results of the calculations, where convergence is 

reached after three iterations. It becomes evident from the results that 
J 

the starting assumption~ of car ownership and speed, 1.5 and 40 kph. res-

pectively, are too high, and that convergence is reached at about 0,8 

cars/HH and a daily average speed of J4 kph, 

The second test is similar to the above exercise, where the only 

difference is in the household annual income, this time$ 8,000, 

The results of this test are detailed in Table 5.3-l.where convergence is 

reached after two iterations. This time, however, equilibrium is reached 

at a car ownership level of 1,0J cars/HH and a network speed of JO kph, 

In the third test, the 100,000 households were divided into two 

equal groups, with annual incomes of$ 6,000 and$ 8,000, The convergence 

in this case (not shown in Table5,}-1 was reached after 2 iterations, with 

car ownerships of 0,79 and 1,04 respectively, and a network speed of 32 

kph. 

In the fourth test the population in the above city was doubled; to 

100,000 households with an annual income of$ 6,000, and 100,000 house

holds with.an annual income of$ 8,000, as detailed in Ta.ble5,J-1. It was 

also assumed that households of both groups have equal opportunity for 

traveling at the same network average speed. 

Convergence in this case was reached after 2 iterations, with car owner

ships of 0,73 and 0,90 respectively, while the network speed dropped down 

to 24 kph, The implications of the above results are discussed in 

Section 5,4. 

In the last test, the hypothetical city was expanded to include 

households of four income levels, as follows: 

$4,000 - 50,obo households 
$6,000 -100,000 " 
$8,000 -100,000 " 
$10,000 - ~0 1000 " 

Total J00,000 households 

and an arterial network of 400 km. 



Table 5.3-1 1 Convergence of Travel Demand and Car Ownership for a Given System Supply 

Households• 100,000; Arterial Network= 200 km. 

l!IIIAc....l, 6,000 8,000 ITAIT ITIIATtO ■ I 

it.,-u ... St.an I z ' Illar\ 1 2 6,000 8,000 TolAl 6,000 8,000 TelAl 

Oan/rfJA 1.,i 0,72 0.81 O,IIO 1,,0 l,o6 1,00 o.eo 1.0, 0,91 0.71 0,88 0,19 

°'"' ,o,ooo 72,IOD 111,0lO 79,'80 1,i,000 106,:,00 100,020 80,IOO 102,580 lll,790 71,ZOO 17,,eo l,S,780 

TP/M 2.as 1,77 1,81 • 1,81 Z,IS 1,9) 1,'}0 l,81 ,.'}Cl 1,76 1.11, 

,~ ... _ .. lo0.00 :,6.11 ,,.,OIi )lt,)9 r.o.oo 29.76 :,o.611 22.69 22,69 11,69 21a,:,s :Zit.JS Zit.JS 

s..-... 26.67 21o.07 22,72 22,9' 26,67 19.l!lo 20.1o5 lS,1) IS,1) 16,2) 16.2) 

51-eed, 1),)) 12,0) 11.)6 11,i.7 I).)) 9.92 10.2) 7.s, 7.s, 8,12 8.12 

S;~.s._..,_ 17,) 18.0 17,0 17,1 20,7 17,lo 111.1 12,0 1).7 1.),0 1,.0 

Tla•c•aJ.•. 2.2, 2.1o9 2.6" 2.62 2,25 ).02 2,9) ),97 ).97 ).70 ).70 

Tl.:.•t •aln• "·'° "·" s.211 5.2:, r..so 6,0S .5,87 7,9) 7.9) ,.,, 7,)9 
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J"f/Tft, llr. 1.16 1.1.5 1.16 1,16 1.1 .. 1.16 1,1.S 1.20 l.20 1.20 1.111 

n/&., 11r. 2.1o9 2.C)lf z.10 2,10 2.1os 2,24 2.19 2.19 2.28 2.11 Z.18 

r,,/.r,1, • 2.12 z.12 2.12 2.12 2,82 2,82 2.02 2.12 2.82 2.12 2,82 

ra•t•c i,.e:. 21., .... 2).5) 2),8" :,6.0lo )).,56 )lt.58 19,lt) 20,16 20, ,0 29.89 

"'"'·, Z),21 lZ,)8 IZ.I) 12,18 111.,a S,"3 S,ll 6.8.5 ),16 6,88 2.1, 
:,1.;2 l>hl,,ftl .,.o, )6.82 )S,66 )6,0Z ,o.62 )9,0lo )9,69 26,28 27,)11 )2.6" 
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o. 7ft 0,91 0.82 
7',6oo 91,lr.o l6',7r.o 

1,71 1,86 

z:,.90 2).90 2),,0 

IS,9J 15.9) ,.,,, 7,91 
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,.n ,.n 
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0.09'2 0,091 ~ 
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6,92 Z.71t 
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_,, 

27,16 

0.2611 o.11a1 

O,?)Z 0.810 

- 0.0,,) 

7),ZOO ,o,w,o 16),660 

0.7) 0,90 O,lll 

2],91 
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Convergence in this case was reached after J iterations, as detailed in 

Table 5.J-2. The ~pid convergence to equilibrium conditions suggest 

the robustness of t~e process. Of special interest is the significant 

diverg~nce of the four household groups by car ownership, daily ave

rage speed, daily travel distance, and modal splits by distance within 

the equilibrium condition. 

The convergence of the total number of cars versus network speed is 

shown in Figure 5.J-1 This figure also shows iteration number 4, al

though the numerical difference between iteration 4 and 3 is insig

nificant, at about 1 percent only. 

It is to be noted at this stage that the results of all the above 

exercises are intermediate only, as they do not yet relate to url:a.n 

structure. This subject is discussed in Section 5.5. 
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Figure 5 ■ 3-1: Convergence by Iterations, Nwnber of Cars vs. 

Speed for a Given Arterial Network 
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Table 5,3-2, Convergence of Travel Demand and Car Ownership for a Given System Supply 

Arterial Network= 400 km, 

horUl• • T ,. • T I T I I A T I O • ' t T I I A T I O I I I T t I A T I O I , 
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5,4 Demand versus Supply 

1. The convergence of travel demand and car ownership in the above 

exercises is for a g~ven system supply, Hence, the iterations move 

along the supply curve, as shown in Figure 4,1, The two examples are 

the two separate cases detailed in Section 5,3 for households with 

annual incomes of$ 6,000 and$ 8,000 respectively, 

The supply curve is for an arterial network of 200 km,, as derived from 

the relationship: 

where: 

V = n 
a L 
K 

1 - daily average network speed, kph, (Shown as t = - 60 in 
Figure 5,4-1), vn 

L - road network length, km.; 

a - Alpha value; for arterials= 400,000; 

K - daily Car-Kilometers. 

Figure 5,4-1 is "l::ased on the unit cost of time per kilometer. 

2.1 

2.0 . 
~ 
• 
~ 1.9 

l ., 
El .... 

1.8 1-4 ... 
= ! 

1.7 

1.6 .,___._ _ _.__...___.__-4,,._..,____,1,_--J..._.J.-.___.---'-~ 
2.2 2.3 2.5 2.6 2.7 

Car-Kilometers, Million 

Figure 5,4-1 • 'l'\(o examples of the Convergence of Travel Demand 
with System Supply. The system supply relation·
ship 1s for an arterial network of 200 km. The 
two examples arc of 100,000 hou~eholds with an 
&Mual income of$ 6,000 and$ 8,000. 

2.8 
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It can be inferred from Figure 5.4-1 that the equilibrium point of the 

supply curve is the point where travel denand is in equilibrium with 

system supply. Thus, while the denand curve is not yet calculated, 

the iterations search for the intersection point between travel 

denand and system supply along the supply curve. 

2. The denand curve can be derived by changing system supply for a 

given household group. Such an exercise is summarized in Table 5.4-1 

and shown in Figure 5.4-2. 

Table 5.4-1: The Effect of System Supply on Travel Demand. 

Households - 100,000; Household Annual Income -
$ 8,000; Arterial Road Network - 50 to 400 km. 

Road Network Cars/HH Cars Network Minutes Car-Km. Km. per Car Ia.Hy TT/Car 
Length, km. Speed, kph per km. ('000) per Day JO km., hr. 

.50 0.79 79,200 17.24 J.48 1,160.1 14.6 2.05(*) 
100 0.91 91,320 22.70 2.64 1,762.1 19.J 1.55 (*) 

200 1.03 102,580 30.29 1.98 2,64-1.1 25.8 1.17 
JOO 1.09 109,100 35.97 1.67 3,336.1 J0.6 0.98 
400 1.15 114,720 40.50 1.48 J,949.6 34.4 o.87 

(*) See comments in Section (3) 
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Figure 5.4-2 , Travel Dcrrand vs. System Supply, 100,000 households 
with an annual income of$ 8,000. 
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It becomes evident from Figure 5.4-2 that the travel dena.nd curve is of 

the conventional downward-sloping form, suggesting that the dena.nd for 

car travel-distance increases with a decrease in travel time. Of 

particular interest is the result that the elasticity of car travel 

distance vs. travel time is above unity; a one percent reduction in 

tzavel time generates about 1.4 percent increase in travel distance, 

thus suggesting that there is a strong incentive to increase travel 

distance when speeds increase(*). 

One way of ta.king advantage of a better road network is to increase the 

tzavel opportunities, and it appears that this can be achieved best -

within the households' travel constraints - by increasing their car 

ownership levels. For example, and as detailed in Table 5.4-1, increasing 

the arterial network from 50 to 400 km. results in an increase in net

work speed from 17.2 to 40.5 kph., and in an increase in car ownership 

from 0.79 to 1.15 cars/IDI respectively. 

The interrelationships between the above factors are shown in Figures 

5.4-3 to 5.4-5: Figure 5.4-3 shows how speed increase~ with system supply. 
The speed increases at decreasing :rates, since each speed increment 

encourages car ownership, resulting in more cars, which then inhibit 

speed. The same basic trends are also apparent in Figure 5.4-4 fo~ car 

ownership vs. system supply, and in Figure 5,4-5 for car ownership vs. speed. 
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Figure 5.4-3 1 Network Speed vs. System Supply, 
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(*) e.g., a decrease in travel time from J,48 to 1,48 minutes/km. resulted in 
an increase in car-kilometers from 1.16 to J,95 million. 



1.2 

.. 
"' r-t 
0 1.0 &. 
C) 
ID :, 
0 .. 
= ,.. 
8. . 8 ... 

r: 
lJ 

.6 
0 

Figure 5.4-4 

1.2 

212 

' I . 
-$-_.,---

~❖ 
q 

/ 
I 

I I I I I I 

100 200 300 .400 

Arterial Network Length, km. 

: Car Ownership vs. System Supply, 
100,000 households with an annual 
income of$ 8,000 

. 

. 

. 

. 

500 

.6 L--J..-.J.--"'-..L-.....1.-----'-............. .._ ...... _ ...... _._ __ _ 

16 20 30 
Network Speed, kph. 

40 

Figure 5,4-5 s Car Ownership vs, Network Speed. House
hold annual income$ 8,000. 

While the above relationships are well known qualitatively, it is 

significant to note that they may be derived quantitatively through 

the IDIOT process, 

), Table 5,4-1 also includes the daily travel distance per average car, 

which increases from 14.6 km. to )4.4 km. for alternative system supply. 

However, it was already noted that the daily travel distance per average 

car is very stable, at a bout JO km. , in a wide range of cities, small 

and large, compact and dispersed(Sec. 4.11). It nay, therefore, be inferred 



213 

that the results of the cases of system supply of 50 and 100 km. are 

not practical; either the estimated car ownership levels are too high, 

or car travelers will spend more time and money than assumed. For 

instance, the daily travel times per average car required to travel 

30 km. are shown for the above cases in the last column in Table 4.1, 

where it becomes evident that the travel times for the first two cases 

are beyond those actually observed in cities. 

These results suggest that an important factor/sis still missing in 

the above exercises, such as urta.n structure and/or an additional const

raint on car ownership. This subject is further discussed in Section 5.5. 

This discussion provides a preliminary exploration of the possible 

interaction of the travel demand and system supply characteristics 

with urban structure, utilizing a new approach to the subject of 

population distributions in urban areas. 

5.5 Urta.n Structure 

1. One of the assumptions in the above exercises was that all house-

holds, at all income levels, have equal speed opportunities. However, 

this assumption has to be amended now, by introducing the following 

consideration: as shown in Table 5,3-2, the probability of a household 

in income group $ 4,000 to own a car is 0.36. Namely, 64 percent of 

all households in this group will not own a car and, hence, they will 

have to depend on modes other than a car, such as transit and walking. 

These households then change the starting assumptions in several ways. 

First, their money expenditure on travel will be far less than the 

assumed upper-level of 11 percent, since their allocated time for travel 

will be spent much before they reach even half of the money constraint. 

This factor will lower the average money constraint for the$ 4,000 

group, thus further reducing car ownership. Because of this factor, 

an additional iteration process may have to be introduced into the 

model. 

Second, the average speed of households not owning a car will be 

appreciably lower than the average speed of households owni~g a 

car; they no longer have the same opportunities as high income 

households for travel speeds. 
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Third, as a result from the above factors, such households will tend 

to locate their residence at locations that h'lve high densities of 

opportWlities, or travel to and from locations which are served by 

relatively good transit service. As both the above two requirements 

are best met at or near the city center, the residence location of 

such households will tend to be located near the city center. Put 

another way, low income households, with low car ownership levels, 

h3.ve less choice of residence location than high income households, 

as they either have to depend on the availability of public transport 

for their travel, or reside at a location where there is less need 

for motorized travel. Car owning households, on the other hand, 

h3.ve a wider freedom of residence location choice. 

The above considerations are tested in the following exercises, which 

relate to cities under equilibrium conditions, mostly in developed 

countries. It is to be noted that the exercises are based on travel 

considerations only, while the housing market and bid-rent functions 

are beyond the scope of this study. 

2. Referring back to the exercise detailed in Table 5,3-2, it was shown 

that the household average door-to-door speed depends on income, namely: 

$ 4,COO - 12.J kph; 
$6,000 - 14.J kph 
$ 8,000 - 16,6 kph 
$10,000 - 18.J kph 

The average speeds result from different proportions of car and transit 

travel, where each mode has its own area-wide constant speed, regardless 

of location within the city. However, speeds do change by location, 

depending on such factors as road-network and car-travel densities. 

In the following exercise, based on simplified assumptions - some of which 

are borrowed from actual observations in various cities - a test of the 

spatial differentiation of households by their travel characteristics is 

nade. The two starting assumption are: 

(1) The road density decreases as a negative power fWlction of distance 

from the city center; 

(2) The accumulation of car travel distance is a linear function of 

distance from the city center within the urban area, (Zah'lvi, 1979-b ). 



215 

Thus, by dividing the city into rings, the network speed in each ring 

can be derived by the Alpha relationship. The results of this procedure 
are shown in Figure 5.5-1, where the network speed increases with distance 

from the city center. The door-to-door speeds of car and transit travelers 

are then derived from the network speed, based on the proportions mentioned 

in Interaction Jin Table 5.2-1.The average door-to-door speed by distance 

from the center can then be derived from the last two speed curves, 

assuming that households residing near the center travel mostly by 

transit, while households residing at the edge of the url::a.n area 

travel mostly by car. 

The last step is to superimpose the households' average door-to

door speeds of each income group, a·s derived and detailed in Table 

5.2-1,on the average door-to-door speed curve in Figure 5.5-1, l::a.sed 

on the assumption that households tend to locate their residences 

at the point on the speed gradient which equals their average speed. 

60 

-l 
02 20 
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Figure 5. 5-1 : Household Location from the City 
Center, by Annual Income, after 
Superimposing the I:a.ily Average 
(D/D) Speed on the Average Speed 
Gradient 

10 

Thus, households with different incomes will tend to reside at different 

distances from the city center under equilibrium conditions. However, 

not all households, even within each income group, are exactly the same, 

as they differ by household size and structure, car ownership, and 

personal tastes and preferences, all of which m:i.y affect residence 

location. As these factors, especially the personal ones, are diffi

cult to capture and express in the car ownership and travel dem:i.nd, 
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models, distributions around the mean values are utilized and assumed 

to vary in the same way as they were applied in the car ownership 

model. (Put another way, the distributions of t:r:avel distance, as 

described in Section 5.2 , already represent the influence of such 

factors). Hence, it is assumed that the same coefficient of varia

tion relating to the distribution of t:r:avel distances - namely, 0.5 -
also applies to residence location. 

The results of these assumptions are summarized in Table 5.5-1 and 

shown in Figure 5.5-2. 

Table 5.5-1: Proto.bility Density Distributions of Household location 

from the City Center, by Annual Income 

Annual Income,$ 4,000 6,000 8,000 10,000 Total 

1,1 2.10 2.70 J.40 4.00 

cJ 1.05 1.35 1.7 2.00 

Distance, km. p R 0 B A B I L I T I E s 

0 - 1 .1190 .078J .0.548 .0432 .2952 
1 .J227 .1991 .1257 .0913 .7J88 
2 .3533 .2923 .2040 .1506 1.0002 

J .1562 .2479 .2J4J .19J4 .8,318 

4 .0279 .1215 .1904 .19.34 .5.3.32 
s .0020 .0.344 .1094 .1506 .2964 
6 .0056 .0445 .0913 .1414 

1 .000.5 .0128 .04.31 .0564 
8 .0026 .0159 .0185 
9 - 10 .0004 .0045 .0049 
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Income($ '000) vs, Distance from 
\ho City Center (Example 1) 
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The curves represent the prorobility density distributions of house

holds with different income levels to reside at different distances 

from the city center. Figure 5.5-3 shows the sum of the prol::ability 

curves by distance, expressing the total (unweighted) population 

distribution in the city. 
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10 

The two last figures are of special interest, as they touch upon a 

bl.sic issue of population distributions in an url::an area. For ins

tance, it can be inferred from Figure 5.5-2 that the low income house

holds have less freedom of residence location choice than high income 

households. Furthennore, Figure 5.5-3 suggests that population density 

(as the quotient of population over area), as a function of distance 

from the city center, can be derived by ill10T ( *). 

An additional interesting result from Figure 5.5-2 is the gradient of 

average income in a city; the average income in the above exercise, 

as detailed in Table 5.5-1 and shown in Figure 5,5-4, is 'lowest at a 

certain distance from the center, similar to observations in many 

cities, two of which are shown in Figure 5.5-5. 

(*) Population density in cities of developing countries can be expressed 
by a negative exponential function, while in cities of developed 
countries it can be expressed by a Gamma function. 
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It can also be inferred that variations in the population distri

butions, such as shown in Figure 5,5-2, may lead to new (polycentric) 

development at a certain distance from the city center, as shown in 

Figures5,5-6 and 5,5-7, It is also evident that a beltway, which will 

increase travel speeds above those assumed for the arterial network in 

Figure 5,5-2, will encourage and accelerate such development. 
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). It has to be mentioned again at this stage that while the above 

phenomena in urban areas are well known, they do not lend themselves 

to easy theoretical formulation or to numerical analysis by the con

ventional models. The procedure described in this report, while only 

an exercise at this stage, suggests a new approach to the problem, by 

showing that travel dema.nd, system supply, car ownership and urban 

structure may be unified within one framework. 

Of special importance are the following indications: 

(1) The constraints on travel, when applied in a certain and consistent 

way, can reproduce known travel and urban phenomena with no, or 

with minimum, calibrations; 

(2)Travel distance, being a common denominator for both travel dema.nd 

and system supply, ma.kes the former sensitive and responsive to the 

latter; 

(J) Although car ownership in conventional models is regarded and treated 

as one of the causes for travel demand, it now appears that it both 

results from, and affects, travel demand through its interaction with 

system supply. Thus, car ownership is an important link between 

travel demand, system supply and urban structure; 

(4) The interactions between travel demand, car ownership and a given 

system supply under equilibrium conditions can generate the house

hold distributions in an url:an area. 

'F.quilibrium conditions' may be defined in this case as the situation 

where households can ma.ximize their benefits, including residence location, 

car ownership and travel demand, within their constraints. For instance, 

low income households will tend to locate their residence near the city 

center if given the opportunity. However, adjustments of population 

distributions within an urban area take time, and it can well happen 

that exogenous factors may disrupt the internal process of adjustment. 

For example, cities in many developing countries grow rapidly by the 

migration of poor families, that are forced to settle down at the peri

phery of the urban area. The members of such poor households have to 

spend more time and money on travel to and from jobs than high income 
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households. Thus, if the city continues to grow by poor newcomers 

at a greater rate than its ability to absorb the newcomers and adjust 

its structure accordingly, the url:an system can be regarded as being 

in a disequilibrium condition. 

It may, therefore, be concluded that a dynamic model has to consider 

the reaction-time, or relaxation time, of the various endogenous interactions 

(such as the adjustment of population distributions) and exogenous 

factors (such as population migration, or policy decisions that affect 

system supply, travel costs, and urban structure). 

It appears that simulations may assist in a better understanding of 

such dynamic interactions over time, as well as in defining the critical 

thresholds along a time scale for different policy decisions to be most 

effective. 
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5.6 The Differential Accumulation Process 

The Differential Accumulation process, or D/A process for short, 

considers the simultaneous interaction between the spatial dist

ributions of workers and jobs in an urren/regional area, and 

expresses the accumulated difference between them from the area's 

center (Zahavi, 1976). 

In more precise terms, the D/A process assumes, as a starting 

point, that workers try to minimize the travel distance between their 

residence and job locations under certain constraints and, hence, the 

difference between the numbers of workers and jobs is accumulated by 

distance, starting from the urb3..n fringe towards the city center. 

Namely, it is assumed that workers prefer to find a job near their 

home, and if there are more workers than jobs in a certain area, the 

rest of the workers will have to travel further in the search of a 

job. As a result of this assumption, no travel to work is required 

when the two spatial distributions are completely equal, while maximum 

travel, both in amount and distance, is generated when all jobs are 

concentrated in the center while all workers reside at the fringe of 

the city. Furthermore, it is also clear that whatever the actual 

spatial distributions are, the D/A process would then reflect the 

minimum possible amount of travel to work. 

In spite of these simplifying assumptions, it was found that the 

weighted average distance of the D/A curve to the city center approxi

mates with remarkable regularity the observed average trip distance 

in the city, as derived from a comprehensive transportation study. 

Thus, a link between urb3..n structure and average trip distance can be 

established, with effects spreading to trip rates; trip rate and trip 

distance interact by trade-offs within the total daily travel distance. 

Figure 5.6-1 presents examples of the D/A curves in Bangkok and 

Washington, D.C., where the spatial distributions of population (rep

resenting workers) and jobs were normalized in percent and, hence, the 

D/A curves express the differential accumulation of the percent-diffe

rence· between the two distributions. The summarized data are detailed 

in Table 5.6-1. 
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Table 5,6-1: The D/A Process in Bangkok and Washington, D.C. 

Characteristic BANGKOK WASHINGTON, D. C. 

Year 1972 1955 1968 
Population J,.567,700 (1) 1,425,J20 2,J80,480 
Jobs 762,500 736,000 1,120,320 
Trip Distance by D/A, km. 7.30 6.64 
Trip Distance Observed, km. 7.40 6.68 

(1) Within the urbanized area 
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Figure 5,6-1: Differential Accumulation of Population vs.· 
Jobs by Distance from the City Center, 
Bangkok and Washington, D.C. 

10.10 
10.59 

It becomes evident from Figu.re 5,6-1 that the spatial distributions 

of population and jobs in Bangkok are more evenly distributed than 

in Washington, D,C,, thus requiring less travel to work, the reasons 

being low speeds and low motorization levels, 

In Washington, D.C., on the other hand, the strong differentiation 

between the two distributions generates about three times more travel 

to work, Furthermore, the differentiation between the two distribu

tions even increased substantially during 1955-1968, signifying a 

strong dispersion force, 
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The point to note at this stage is that cities where speeds are 

low tend to be compact, and the population and job distributions 

evenly dispersed. However, if speeds increase and land use is uncont

rolled, the city will start to expand from within, since travelers 

will then have better spatial opportunities, including their residence

job locations, within their travel constraints such as the travel-time 

budget. 

Cities in developing countries, on the other hand, mostly expand 

from the outside by poor new-comers who settle at the fringe of the 

urban area, while travel speeds continuously decrease under ever

increasing traffic congestion. 

The D/A process was also applied to the Nurenberg data, as detailed 

in Table 5.6-2 and shown in Figure 5.6-2. 
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Table 5,6-2.1 D1ffcrcnl1al Accu:iulllt1on of Popuht.lon v:i, Jobs 
ty D1:it.:,ncc frori the Center of the r;urcnb<•r,0 kcr,ion 

Di:.tance :I PopuL'ltion Jot:i 
Pov, 1, .. tion Jobs I Ac cur.uh tt:rl 

to Center h,rc,:nt r·crccnt !J! ff•:renc,,:; 

o- 2 181,532 139.471 IS.6 23,S -
2 - 4 145,911 127. 118 12.6 21,4 7,9 

4 - 6 107,671 65,832 9.3 11, I 16,7 

6- 8 99.882 37,778 8,6 6,4 18,S 

8 - 10 95,062 20,629 8,2 3,S 16,3 

10 - 12 47,520 11,558 4,1 1,8 11,6 

12 - 14 63,293 24,445 S,4 4,1 9,3 

14 - 16 103,762 33,014 8,9 S,6 8,0 

16 - 18 87,563 Sl.489 7,S 8,7 4,7 

18 - 20 28.752 11,702 2,5 2?o . S,9 

20 - 22 48,041 12,976 4, I 2,2 S,4 

22 - 24 32. 372 11.074 2,8 1;9 3,5 

24 27.578 7. 783 2,4 1,3 2,6 

-26 9,035 6.287 0,8' 1,1 l,S 

28 7,836 2.906 0,7 0,5 1,8 

30 28,570 8,985 2,S l,S 1,6 

32 24. 126 9,220 2, 1 l,S 0,6 

34 3,923 I ,518 0,3 0,3 -
36 5,227 2,554 0,4 0,4 -
38 - - - - -
40 S.162 2,259 0,4 0,4 -
42 - - - - -
44 - - - - -
46 3,432 1,648 0,3 0,3 -
48 - so 6,072 2,800 o,s o,s -
Total 1,162.322 593.046 100,0 100,0 115,9 

Distance of D/A cl!ntroid E DIA x DI.stance 1,J64,9 11 ?8 k 
to center of the region • I: D/ A = 115,9 • • m, 

Observed Clr Average Trip Distance • 11 ,2 km, 

As can be seen in Table 5,6-2, the distance of the D/A curve to the 

region's center is 11,78 km., while the observed average car trip 

distance is 11,2 km., or a difference of only+ 5,2 percent, 

Table 5,6-3 compares similar data of all available cases, where it 

becomes apparent that the D/A relationship is transferable between 

cities and regions. 
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Table 5.6-3: Average Trip Distance by the Differential Accumulation 
Process vs. Observed, in a Selection of Cities 

Trip Distance, km. Difference 
City Year Estimated Observed Est./Obs.% 

Athens 1962 5.5 5.6 - 1.8 
Baltimore 1962 9.0 9.3 - 3.2 
Bangkok 1972 7.3 7.4 - 1.4 
Kuala Lumpur 1972 5.1 5.3 - J.8 
Tel Aviv 1965 4.1 4.1 o.o 
Washington, D.C. 1955 6.6 6.7 - 1.5 
Washington, D.c. 1968 10.1 10.6 - 4,7 
Nurenberg Region 1975 11.8 11.2 + 5.2 

In conclusion, it appears that the D/A process, which is one of the 

links between urban structure and the travel estimates derived by 

the UMOT process, seems to apply equally well to the Nurenberg region 

as to a wide selection of cities in different countries. 

Travel Probability Fields 

Introduction 

It hss been shown in Chapter 4 that the daily travel distance 

per average traveler is strongly related to the door-to-door 

speed. It is evident, therefore, that the trip rate and the 

trip distance have to_ be inversely related to each other within 

t_he total daily distance. For instance, if the density of 

destinations is high and trip distances short, then the trip rate 

will be high. 

It may, therefore, be expected that the spatial distributions of trip 

destinations will be affected by the density of destinations and 

the speed. For example, since transit speeds are usuallv lower 

than car speeds, it is to be expected that the spatial distribu

tions of transit trip destinations will be more compact than 

of car trip destinations. A test of this expectation is detailed 

in the following sections. 
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2. The Travel Fields 

A travel field is defined in this report as the area where about 

2/3 (one standard deviation) of all destinations are expected 

to terminate. It is further assumed at this stage, for the sake 

of simplification and as a first-approximation, that the distri

bution of destinations about the mean follows a normal distribution. 

The technique for defining such travel fields is as follows: 

(I) List all trips originating from a zone and 

terminating at the destination zones; 

(2) List the coordinates of all zones; 

(3) Find the centroid of destinations from each origin zone, i, as: 

(4) 

x. 
J 

Y· J 

where T. 
l. 

= 
[T.x. 

l J 

= 

is the number of trips originating from 

zone i and terminating at each destination zone j, 

and x. and y. are the coordinates of the destination 
J J 

zones; 

Find the angle between the origin zone and the centroid 

of destinations by: 

-
Yi - y. 

tgo( •• J D (5.7-3) 1.-J -
xi - x. 

J 

where x., y. are the coordinates of the origin zone i 
l. l 

and x, y are the coordinates of centroid of destinations j; 
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(5) Transform the coordinates of all i-j zones by the angle 

x• • x cos o(. + y sin o<. 

y' • y cosol - x sine<. 

where x', y' are the new coordinates; 

(5,7-4) 

(6) Repeat the calculation for the centroid of all destinations j 

from an origin zone i in accordance with step (2), based on the 

new coordinates x', y'; 

(7) Calculate q , and q , 
X . y 

,LTi (x' . - 2 - x. ') 
(1 X ' = J J . 

L Ti 
' 

(5,7-5) 

·[T. (y' - y' )2 
' - l. ): :i . 

" y L Ti 
' 

(8) Draw q , and CJ , along the axes x', y', centered on the 
X y 

centroid of destinations x' ., y' ., The area thus defined 
J J 

(which can be approximated by a rough ellipsoid) will include 

about 2/3 of all destinations. 

Examples of such travel fields for a selection of zones in 

Washington, D.C., 1968 (all trips in this case) are shown 

in Figure 5,7-1, 
'.l 
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Figure 5,7-1 : Travel Fields for Selected Districts in 
Washington, D.C. 1968 

5.3 Travel Fields in Nuremberg 

The technique described above was applied to a selecti~n of zones 

in the Nuremberg region, as shown in Figure 5,7-2 for car trips 

and in Figure 5,7-3 for transit trips. 

The following indications may be inferred from the two figures: 

(I) The direction of destinations tends to be towards the 

major urban areas in the region. For instance, the 

direction from zones 19 and 23 is towards the city 

of Nuremberg, in zone I;. while the direction from 

zone 15 is slightly shifted from zone 1 due to the 

effect of the town of Erlangen; 
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Figure 5,7-2 Travel Fields of Car Travel for Selected Districts 
in the Nuremberg Region, 1975 

'l 



LAN0KREIS 
ERLANGEN - H. 

LANDKREIS 
FURTH 

231 

@) Centroid of Trip Oricin:; 

• Centroid of Trip Destination3 

LANDKREIS 
NURNBERGER -
LAND 

LANDKREIS ROTH 

NM MN Ni 
0 2 4 6 8 10 KM 

Figure S, 7-3 : Travel Fields of Transit Travel for Selected 
Dictricts in the Nuremberg Region, 1975 
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(2) The extension of the travel field tends to be proportional 

to the distance of the origin zone from the majcr urban 

areas in t!1e region. For instance, the travel field of 

the city of Nuremberg is the most compact one, while 

the travel fields of the other zones are elongated. 

(3) Car travel fields tend to be larger and more elongated 

than transit travel fields, thus suggesting a higher 

dispersion of destinations; 

(4) The direction of the travel field is also affected by 

the available system supply. For instance, the transit 

travei field of zone 15 is predominantly directed to 

the town of Erlangen, following the transit system, 

while the car travel ~ield is predominantly towards 

the city of Nuremberg. 

While all the above indications reflect and follow the expected 

trends, as derived from standard procedures of origin-destination 

matrices, assignments and desire-lines, the advantage of the 

travel fields is that they concentrate the spatial distributions 

of many single trips into a simple geometrical visualization 

of a probability field, where the single trips are expected to 

terminate. Furthermore, the two measures of disperson, (1 and. 
X 

(J , can be coll:bpsed into a single measure, called 'the standard 
y 

distance', and described by: 

sd (5,7-6) 

Thus, the standard distance and its direction are a simple measu~e 

of trip distribution characteristics, which may simplify the 

techn~qucs of travel analysis. For instance, the travel field 
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is a result from the interactions between !ravel demand, 

system supply and urban structure. Thus, it can serve as 

a direct link between the three factors, for a one-phase 

trip generation-distribution-assignment model. 

It should,however, be noted at this stage, that the 

technique of travel fields is in its first stages of 

development, and that much research is still needed 

before it can be regarded as an approved tool for analysis. 

* * * 

l. 





235 

CHAPTER 6. CONCWSIONS AND RECOMMENDATIONS 

6.1 Conclustons 

The purpose of the research reported in the previous chapters was 

twofold. First, to analyze the consistency of previously observed 

phenomena that travelers within urcan areas appear to have average 

daily time and money expenditures on travel which are stable both 

between cities and over time in the same city. Second, if such 

expenditures are indeed found to be predictable, to explore and 

develop the conceptual framework of a transportation planning tool 

which takes advantage of such regularities in relating travel denand 

and transportation system supply to urcan form. 

The findings of this study were very encouraging and agreed with 

previous findings. They can be sumnarized as follows: 

The Travel Time Budget (TT-budget) 

(1) The mean daily TT-budget per motorized traveler of each of 55 
different household types in Munich is stable over weekdays. 

Namely, although the travel time expenditure of each individual 

traveler within his group nay vary between days, the group's 

mean value is stable over weekdays. Furthermore, the mean values 

are similar to the TT-budgets observed j_n other cities of deve.:.. 

loped countries. 

(2) The variations around the- mean value of daily TT-budgets by 

individual travelers within each population segment in Munich 

and Nurenberg are very stable for all population segments, and 

are similar to those found in other cities, including cities of 

developing countries (Coefficient of variation about 0.6). 

(3) The mean da.ily TT-budget per traveler is an inverse function 

of speed, decreasing as speed increases, and vice versa. 

(4) When low speeds increase, such as by transfer from bus to car 

travel, part of the "saved" time is actually saved, while the 

other part is traded-off for more travel distance. However, 
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at initially high speeds, practically all speed increases are 

traded-off for more travel distance. 

(5) The minimum mean daily TI-budget per traveler in an url:a.n area, 

at high travel speed, is just over 1 hour per day, and slightly 

higher in the Nurenberg region (including intra-regional travel). 

The maximum mean daily TT-budget per traveler, at low travel 

speeds, is about 1.5 hours per day in cities of developed countries. 

In large and/or fast expanding cities in developing countries, the 

mean daily TT-budget per traveler at low travel speeds can reach 

and pass the two-hour level per day. 

(6) The mean TT-budget per traveler was found to be closely related 

to the household's income level, to the availability of ca.rs and 

transportation system supply, and to url:a.n structure. High income 

travelers, having better opportunities for traveling at higher 

speeds than low income travelers, can both travel more daily dis

tance (i.e., a~d have better spatial and economic opportunities) 

than low income travelers, and still save travel time. low income 

travelers,-on the other hand, have to spend more time in order to 

travel less daily distance. 

The reason for this difference is due to the travel money budget, 

as detailed below. 

The Travel Money Budget (TM-budget) 

(1) The mean TM-budget per household, for all households over time, 

is found to be a stable proportion of disposable income in Ger

many, the U.S., the U.K. and Canada. While the proportion may 

vary by definition and conditions between countries, the sta

bility within one country remained unchanged even during the 

energy crisis and cost increases in 1973-75. 

(2) The daily TM-budget per household in an url:a.n area isstrongly 

related to the household's disposable income level and car avai

l.ability. It is about 11-12 percent of disposable income for car 
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owning households; and about 3-5 percent for non car owning 

households, stable at all income levels. Such results in the 

Nurenberg region are similar to those in Washington, D.C. and 

Twin Cities in the U.S. 

(J) The significant gap, or "quantum-jump", in the TM-budget of 

car and carless households suggests that purchasing a car is 

a major household decision, closely related to other major 

decisions, such as residence location. However, the prol:a

bility of a household to make such a decision increases rapidly 

with income, 

(4) The daily variations around the mean TM-budgets per household 

within each segment of the 55 household types in the Nurenberg 

region (as reflected by the daily travel distance) are higher 

by about 50 percent than the variations around the mean TT

budgets. One possible explanation for this result is that it 

is easier to transfer money between days than to transfer travel 

time; daily travel times are constrained by 24-hours per day, 

while the_travel money is constrained by the monthly or the 

yearly income. The point to note, however, is that the coeffi

cient of variation of the TM-budget, similar to the case of the 

TT-budget, is very similar for all population segments. 

In conclusion, the TM-budgets ·of car and carless households appear to 

be strongly related to income, and stable over time. Hence, the TM

budget, together with the TT-budget, can be applied as two simulta

neous budgets under which all travel choices take place, as summarized 

below. 

Implications of the TT and TM Budgets 

Given the households' socioeconomic characteristics and the transpor

tation system supply characteristics, the UMOT process proceeds along 

the following, simplified, steps: 

(1) The Derrand for Travel: Household income affects the.upper limit 

of the TM-budget allocated to travel, Household size ·and income 
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level affect the number of travelers per household and, hence, 

the initial TT-budget per household. 
l 

Applying the travel-distance maximization process under the 

TM and TT budgets, and the unit costs of available or planned 

modes, in money and time terms, results in the demand for travel 

distance by each mode. 

(2) The Car Ownership Model: The demand for car travel-distance 

generates car o~mership, in order to satisfy the demand. No 

specific assumptions about cause and effect are necessary since 

the interaction between the estimated number of cars and a given 

road network results in new unit costs of travel. These new unit 

costs are fed l:::ack into the travel demand phase, affecting both 

the TT-budgets (which are sensitive to speed) and the demand for 

travel distance by mode, and the process is repeated by iteration 

until equilibrium between the demand for travel and system supply 

is reached. 

~ensitivity tests have shown that convergence of the process is 

rapid, resulting in the observed travel characteristics. 

The process gives equal attention to all modes, generating the 

demand for travel by all defined modes, such as walking, car, 

bus, url:::an and interurl::an train, all of which are expressed by 

their operational characteristics. 

(3) Url:::an Structure: The UMOT process has the potentiality of com

bining both the url::an strcture and travel aspects in one process. 

Preliminary tests suggest that the differential accumulation 

process, which expresses the interactions between the spatial 

distributions of population and jobs1 and results in a measure 

of the average trip distance in the area, applies equally well 

to the Nurenberg region. Even so, more detailed analyses are 

still required in this specific area, as proposed in Section 6.2. 
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Theoretical Foundation of the UMOT 

Special attention is given in this report to the theoretical foun

dation of the UMOT process. The travel behavior concepts of UMOT 

were developed with respect to a particular theory of hunan decision 

naking called utility theory. While this is not the only theory 

capable of providing a basis for the analytical strcture of the pro

posed process, it is adequate to, and may in fact be, the best alter

native currently available, particularly in light of its extensive 

and successful use in describing nany types of consumer choices in 

microeconomics. 

The particular forms of utility functions applicable to travel situa

tions were formulated, and it was found that these forms predict the 

empirical regularities in travel decisions which form the roses of 

the UMOT process. 

Forecasting individual travel denand can be accomplished by two alter

native approaches. The current approach is to calibrate a demand model 

to individual travel behavior with an extensive number of independent 

variables in ~rder to describe the variability of individual choices. 

This approach has the difficulty that each of the independent variables 

must be predicted separately for the future date. 

The UMOT approach, on the other hand, is based on the observation tmt 

the variabilities in the travel budgets among individuals within groups 

are similar for all population segments. Therefore, assuming that such 

variabilities remain stable over time as well, it is necessary to fore

cast only the mean values of the budgets for each group. These mean 

values, together with the variabilities around them, provide the pro

oobilities of individual travelers to behave in predicted ways. 

One advantage of this process is that it needs only a few independent 

variables in order to predict individual travel behavior under new 

conditions. Furthermore, the relative stability of such relationships1 

as distance per traveler vs. speed, and their transferability between 

cities, ensures their stability over time as well. 
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Additional Results 

Several additional concepts evolved during ~he conduction of this 

research study. Although they are still at a preliminary stage 

of development, it is worthwile to note them, as follows: 

(1) Spatial Distributions of Population and Jobs: Preliminary tests 

suggest that the UMOT process can generate the prol:abilities of 

households of different types to reside in certain areas of a 

city, given system supply. Coupled together with the differen-

tial accumulation, the process can generate the population and 

job spatial distributions under alternative assumptions. One 

important advantage of the UMOT process in dealing with urban 

structure is the question of equilibrium. Practically all urban 

form models that deal with dynamic changes in urban structure are 

based on the principle of equilibrium between demand and supply, 

so that all tested alternative urban structures always reach, or 

at least approach, equilibrium conditions, such as between popu

lation and job spatial distributions. In the UMOT process, on 

the other hand, urban structure may impose on the population long 

trip distances or trip times which may become the binding constraint, 

overriding the TT and TM budgets, While conventional models regard 

such a case as being in equilibrium, based on the definition that 

observed demand is always in equilibrium with supply, the UMOT 

process measures the amount of disequilibrium between the stable 

TT and TM budgets under stable ur1:an conditions and the TT and 

TM budgets that travelers will be forced to spend in order to 

satisfy their minimum demand for travel, such as nondisretionary 

travel, This is an especially important issue when increases in 

travel costs might cross a critical threshold, a possibility now 

in sight even in cities of developed countries, 

(2) Travel Probability Fields: Changing conditions in an urban area 

can also change travel patterns, including trip rates, trip dis

tances, mode choice and trip distribution, Current techniques of 

trip distribution depend on detailed trip origin-destination 
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ma.trices, dealing with a vast number of single trips that rave 

to be distribute~ between a large number of traffic zones. 

Thus, any significant change in the study area, such as in url::a.n 

structure, population socioeconomic characteristics, system supply, 

or travel costs, requires the redistribution of trips. 

In The UMOT process, on the other hand, the distribution of trip 

destinations, generated by different population segments, can 

be viewed as a spatial probability distribution that can be ana

lyzed by statistical techniques. More specifically, if a house

hold can generate a certain amount of travel-distance, subject 

to its constraints on travel, each trip has a certain probability 

of terminating within a certain area, called a "travel field", 

which can be defined by one or two standard deviations. Thus, 

the daily demand for travel, as measured by the daily travel 

distance, can be transformed directly into an 0-D matrix, serving 

as a link between the distribution/assignments phases of single 

trips and the UMOT process. 

The point to note is that the UMOT process expresses the inter

action between the demand for travel and system supply by a feed-

1:a.ck process, where each factor both affects, and is affected by, 

the other. Thus, households with limited budgets of time and money 

will tend to search actively for accessibilities in order to maxi

mize their spatial and economic opportunities, but by doing so on 

a given system supply, they will affect local accessibilities, 

thus also affecting their choices. Repeating this feedback process 

by iteration will result in the equilibrium condition (on a daily 

l::asis) between travel demand and its distribution within the urban 

area. 
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6.2 Recommendations 

The recommendations emerging from this study can be summarized under 

the following major headings: 

Special attention should be given to the adequacy and consistency of 

data sets in subsequent data analyses. For instance, the lack of 

information on household incomes in the Nurenberg and Munich dau~ 

required elaborate procedures for their estimation, and while the 

results appear to be reasonable and consistent with those observed 

in other cities, the question of uncertainty still remains open. 

Furthermore, experience with available data suggests that careful 

screening is required before the data are analyzed. For example, 

home-interview results are usually checked for underreporting by 

comparing origin-destination matrices with screen-line volumes and, 

more often than not, they have to be amended by adjustment factors. 

The analyses in this report, however, are based on the original data 

and, hence, a-certain underreporting is to be expected. While this 

factor is not critical in our case, since underreporting usually 

refers to short trips (i.e., short in time and distance) and, there

fore, not affecting much the total daily travel times and distances, 

this problem should be looked into in subsequent research. 

But perhaps the most important requirement for future research of 

travel budgets is the availability of_ two data sets in the same study 

area, at two points in time, in order to compare the stability and 

change of travel budgets versus changes in urban structure, system 

supply and travel characteristics. Hence, more thorough analyses 

than those carried out in Washington, D.C. and Twin Cities are still 

required, and recommended. 

The UMOT Process 

Further developments should be m:l.de to the UMOT process to improve 

its ability to explain small nuances in transportation choices, The 

most obvious improvements would include: 
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(a) As already mentioned above, further verification of the stability 

of the travel budgets over time. 

(b) Determination of whether additional attributes besides travel 

time and money are needed to derive mode choice from the budgets. 

These attributes are allowed for in the utility functions of 

UMOT. A further part of this invstigation would determine what 

modal characteristics, such as comfort and safety, would be 

required. 

(c) To further relate trip :rate with trip distance for different 

purposes and modes, and to relate trip distances with urlan 

structure. 

(d) Further elaboration of the car ownership model, as a link to 

travel demand, system supply and url:an structure. 

(e) To integrate url:an structure in the UMOT process, as detailed 

below. 

Url:an Structure 

The relationship of travel and urban structure should be more fully 

developed. This would include the determination of aspects such as 

the prol:ability distribution of residence and job locations. A goal 

of this work is to include the dynamic processes of url:an development, 

including relaxation times, as an integral part of the model. In this 

case, however, the process will have to include the housing supply as 

an explicit component, and the travel utility functions will have to 

include money expenditures on housing. An additional link between 

travel, url:an structure and system supply is the further development 

of the travel prol:ability fields. 

The UMOT Model 

Even at this stage of development of the UMOT process, the multiple 

interactions among the travel components require its development 

into a computerized model. Such development would enable it to 

both be examined and checked under more complex situations, and to 

be tested on more data that vary over time, including at least one 
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city for which comprehensive data at two points in time are avai

lable. 

While some parts of the recommended developments, such as the 

pro't:ability distributions of population and jobs, and travel pro-

1:a bili ty fields, can be carried out as separate phases, it appears 

that the complete range of interactions and feedback processes 

between the demand for travel, system supply and urban structure 

can be tested by a computerized model only. 

The UMOT Interurban Model 

After the completion of this research study, the UMOT process was 

also tested for its ability to generate interurban travel charac

teristics. Preliminary tests included the interactions between 

three principal modes, namely car, rail and air. A wide range of 

money and time expenditures was assumed, and the process generated 

estimates of mode choice by travel distance, based on the modes' 

operational characteristics. Comparisons between the UMOT outputs 

and observed mode-choice vs. distance relationships in Europe.showed 

a very close agreement between the two(*). Additional tests sugges

ted that both mode choice and travel distance are very sensitive to 

the number of persons traveling together as a group (e.g., members 

of one family), sharing the same money budget. Such results may 

also reflect on url:an travel {although probably to a lesser degree) 

and they should be checked carefully when developing the UMOT urban 

model. It was also noted that changes in the modes' operational 

characteristics (such as increasing rail speed) had significantly 

different effects of different group sizes. Thus, the UMOT process 

appears to be sensitive also to the number of persons who make a 

joint travel decision when sharing one - or more - of the travel 

budgets. This indication may have many important implications 

to travel behavior modeling. 

Since the UMOT interurban process does not depend on urban structure, 

it can be further tested and developed directly into an operational 

model. 
* * * 

(*) "The Future of European Passenger Transport". Organisation for Econo
mic Co-operation and Development (OECD), Paris 1977. 
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APPENDICES 

Appendix I. The Munich 3-day Tu.ta 

1. Travelers per Household 250 
2. Tu.ily Travel Time per Traveler - 1st Tu.y 252 
3. Tu.ily T:ravel Distance per T:raveler - 1st To.y 253 
4. Tu.ily T:ravel Time per Traveler - 2nd To.y 2.54 
5. Tu.ily T:ravel Distance per T:raveler - 2nd Tu.y 255 
6. Tu.ily Travel Time per T:raveler - 3rd To.y 256 
7. Tu.ily Travel Distance per T:raveler - 3rd To.y 257 
8. Tu.ily Average Speed 258 

Appendix II. The Nurenberg Data 

1. T:ravelers per Household 
2. Tu.ily Travel Time per Traveler 
3.Tu.ily T:ravel Distance per Traveler 
4. Tu.ily Ave:rage Speed 
5. Iaily Travel Time per Household 
6. Iaily Travel Distance per Household 

Appendix III. The Munich Complete 1-day Sample 

1. Summary Table per Traveler 
2. Summary Table per Household 

Appendix IV. Travel Time and Money per Household 

1. Nurenberg and Munich 

259 
260 
261 
262 
263 
264 

265 
266 

267 
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APPENDIX I-1 • The Munich )-day I::ata (KONTIV) 
Travelers who ma.de at least one motorized trip, 
per Household, by householf type and day 

1st I::ay 2nd I::ay 

H1YPf: MOT.HH MCT. 'fuv. T"I.V.IHH HTYPE HOT.M-1 MOT.TRA\'e T~.aV./HH 

1 40 40 1.00 I 31 31 1.00 
2 44 44 1.00 2 46 46 1.0t' 
3 47 47 1.00 3 35 35 1.00 
4 12 12 1.00 .. 20 20 1.00 
5 14 23 1.64 5 12 20 l.67 
6 63 93 l.4l' f 47 73 1.55 
7 1 1 1.00 7 1 l 1.00 
8 0 (I o.oo 8 0 0 o.oc 
9 0 0 o.oo 9 (I 0 o.co 

10 6 8 1 .33 tr> 5 8 1.60 
11 5 9 1.eo 11 4 6 1.so 
12 4~ 6~ 1 .s P. 12 37 59 1.59 
1~ 11 HI 1.64 13 7 13 1.s,-
14 20 3? 1.65 14 10 n 1.10 ... 9 16 1.1e 15 9 lb 1.78 
16 7 11 1.57 lb 6 9 1.50 
17 l 2 2.00 17 1 2 2.00 
J8 14 24 1.71 lP 15 25 1.67 
J9 0 0 o.oo 19 0 0 o.oo 
20 2 5 2.so 20 l 3 3.00 
n 3 6 2.0(\ 21 3 6 2.00 
22 4 ., 1.75 22 3 5 ).67 
23 11 23 2.09 23 10 19 l.90 
24 3 7 2 • .33 24 3 7 2.33 
25 0 0 0.00 2~ 0 0 o.oo 
26 l 2 2.00 2b 3 7 2.33 
n 4 9 2.25 27 6 10 leb7 
2ft 7 12 1.11 2P 9 l7 l.89 
29 3 ~ 1.67 29 2 4 2.00 
30 0 0 o.oc ~(I 1 1 1.oc 
31 0 0 o.oo 31 0 0 o.oo 
~2 1 2 2.co 32 1 2 2.00 
'.'4~ 0 0 o.c,o 3, 0 0 o.oo 
?4 1 l 1.00 ~4 0 0 o.oo 
35 0 0 o.oo 35 0 0 o.oo 
3f, 0 0 o.oo 36 0 0 o.oo 
37 0 0 o.oo 37 0 0 o.oo 
3e 0 0 o.oo :\8 0 0 o.oo 
39 0 0 o.oo 39 0 0 o.oo 
40 l 1 1.00 40 2 3 1.50 
41 2 b 3.00 41 2 6 3.00 
42 1 2 2.00 42 0 0 o.oo 
43 2 7 3.50 43 2 7 3.50 
44 0 0 o.oo 44 0 0 o.oo 
45 2 4 2.00 45 1 2 2.00 
46 0 (' o.or. 46 0 0 o.oo 
47 0 0 o.oo 47 0 0 o.oo 
4P 3 l' 2.67 48 0 0 o.oo 
1t9 3 10 3.33 49 3 11 3.67 
50 1 1 1.00 ~n 1 4 4.00 
~l 1 4 4.00 51 I 3 3.00 
52 1 3 3.oc ~2 0 0 o.oo 
!'i3 1 3 3.00 'i3 0 0 o.oo 
5,. 1 3 3.00 54 1 4 4.00 
~~ ~ ' 2 •. ~J ":5 _______ 2. 7 h~2 
,6 3•0 588 1.47 ~6 343 50CJ 1.48 
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APPENDIX I-1 • 

3rd Dly Total 

HTYPE MOT.H'i MOT• TRAY. T~AY./HH HTYPE: P1".?T.HH "IDT.TRAY. TRAY./HH 

l 35 35 1.00 l 106 106 1.00 
2 51 '5 J 1.00 2 141 141 1.00 
3 50 50 1.0.0 3 132 132 1.00 
4 21 21 1.00 4 53 53 1.00 
5 13 22 1.69 5 39 65 1.67 
6 74 10~ 1.47 6 1P4 27!\ J.49 
7 0 0 o.oo 7 2 ~ 1.00 
e 1 1 1.00 8 1 1 1.00 
q 0 0 o.oo 9 0 0 o.oo 

10 6 9 1.50 10 17 2!1 1-47 
11 5 ca 1.eo 11 14 24 1.11 
1, 49 85 1. 7~ J? 129 212 1.64 
13 11 17 1.55 13 29 ,, (I 1.66 
]4 14 25 1.79 14 44 7!- t.70 
J !, 11 u, 1.45 15 ?9 46 1.66 
16 3 6 2.co 16 16 26 J.63 
17 2 2 1.00 17 4 6 1.50 
l!! 15 27 t.fO JA 44 76 1.n 
lea 1 2 2.00 }.C,, 1 2 2.00 
20 4 10 2.50 20 7 18 2.51 
21 2 4 2.00 21 fl 16 2.00 
22 6 12 2.00 22 13 24 t.P.5 
23 11 24 2.1e 23 32 66 2.0b 
24 3 6 2.00 24 9 20 2.22 
25 0 0 o.oo 25 0 0 o-oo 
2't· 2 3 1.50 U, 6 t? 2.00 
'17 4 7 1. 75 27 14 26 le86 
2~ 11 24 2.18 28 27 53 1.tJ~ 
29 2 4 2.00 29 7 13 le86 
30 1 2 2.00 30 ~ 3 la50 
31 1 2 2.00 31 1 2 2.00 
32 1 3 3~00 32 3 7 2.33 
33 0 0 0.00 33 0 0 o.oo 
~4 1 2 2.00 34 2 3 1.50 
35 0 0 o.oo 35 0 0 0.0(1 
36 0 0 o.oo 36 0 0 o.oo 
37 Q 0 o.oo ~7 0 0 o.oo 
38 0 0 o.oo 3P. 0 0 o.oo 
39 0 0 o.oo 39 0 0 o.oo 
40 I 1 1.00 40 4 5 1.25 
41 2 ., 3.50 ltl 6 19 3.17 
42 2 5 2.so 4'1 3 7 '1.33 
43 2 l 3.50 43 6 21 3.50 
44 0 0 o.oo 44 0 0 o.oo 
45 1 2 2.00 45 4 8 2.00 
46 1 4 4.00 46 l 4 4.0(l, 
47 0 0 o.oo 47 0 0 o.oo 
48 2 5 2.50 4(' 5 n 2.60 
49 3 11 3.67 4q 9 32 3.5b 
50 2 6 3.00 50 4 11 2.15 
51 1 4 4.00 !( 1 3 11 3.67 
52 0 0 o.oo 52 l 3 3.00 
53 0 0 o.oo ~3 1 3 3.00 
~4 l 2 2.00 ~,. 3 9 3.00 
5~ 2 8 4.00 ~s 7 23 3.2Q 
56 431 652 1.s1 56 1173 1149 1.49 
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APPENDIX I-2. The Munich 3-day Thi.ta (KONTIV) 

Iaily Travel Time per Traveler and Standard Deviation - 1st Iay 

cRr.SSTA bULAT ION FOR TIME/MOT.TRAVtlER S.OEVJATION TIM~ 

1 
H~TYPE CAR TRANSIT TOTAL TOTAL 

l 0.07 l.lt. 1.23 0.s4e 
'1' o.t-4 0.39 1.03 0.608 
3 0.04 1.c,4 1.07 0.611 
4 o.1e 0.38 1.16 O.Sbl 
5 o.oo 1.13 1.13 0.6~4 
b Oelb 0 ... 2 1.1e o.756 
7 o.oo 1.42 1.42 0.000 
8 o.oo o.oo o.oo 0.000 
q o.oo o.oo o.oo 0.000 

10 0.19 1.21 1.40 0.834 
11 0.68 o.oe o.76 0.392 
12 0.66 o.~4 1.20 0.133 
13 1.04 0.15 1.18 0.728 
14 0.09 1.11 1 .• 26 0.664 
1~ Oo6b 0.20 0.86 0.125 
lo o.on o.a7 0.87 0.457 
11 0.68 0 .25 1.13 o.ns4 
1n 0.64 o.s1 1.14 0.643 
19 o.oo o.oo o.oo 0.000 
20 o.39 o.1e 0.57 0.476 
21 0.26 o.94 1.20 o. 741 
22 0.87 0.36 1.23 0.488 
23 o.39 0.69 1.08 o.so5 
24 O.!>O 0.13 0.63 0.464 
25 "·00 o.oo o.oo 0.000 
26 0.0(1 1.17 1.17 0.000 
27 o.67 0.39 '1.2b 0.,1~ 
28 0.96 0.42 1.38 0.735 
29 0.10 0.9& 1.oe 0.177 
30 o.oo o.oo o.oo 0.000 
31 n.oo o.oo o.oo a.coo 
3? o.oo D.75 o.75 0.000 
33 o.oo o.oo o.oo 0.000 
34 0.15 o.~e 1.33 0.000 
35 o.oo o.oo o.oo 0.000 
36 o.oo o.oo 0.00 0.000 
37 0.00 0.{'10 o.oo a.coo 
3~ o.oo o.oo o.oo 0.000 
39 o.oo o.oo o.oo 0.000 
40 0.25 o.oo 0.25 0.000 
4) 1.11 0.46 1.5b o.1te2 
42 0.61 o.oo 0.67 0.236 
43 C.14 1.44 1.58 0.937 
44 o.oo o.oo o.oo 0.000 
4r; r,.2q 0.15 1.04 0.083 
46 o.oo o.oo o.oo 0.000 
47 C'l.00 o.oo o.oo 0.000 
4S o.te 0.09 1.11 0.5C4 
4Q 0.21 o.~l 1.17 O.PBl 
50 ,.65 ~.oo 2.65 o.rioo 
51 0.69 0.52 1.21 0.3~0 
Iii? f\ .C'O 1.31 1.31 o.~z9 
53 r.~6 o.n t.33 o.ie9 
5,. o.so o.u2 1.42 0.300 
'>~ 0.71 0.46 1.11 0.611 

TOT o.4q 0.66 1.15 0.657 
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APPENDIX I-3. The Munich J-day :ta ta (KONTIV) 

:taily Travel Di.stance per Traveler and Standard Deviation - 1st :tay 

CROS~TAPULATJON f~R OJSTANCE/HOT.TRAVELE~ S.~EVJATICN OJSTA~CF 

1 
HHTYPE CAR TRANSIT TOTAL , TOTAL 

1 ('. q7 14.17 15 .15 8.Q66 
2 14.f' 2 6.34 2lelb 20.719 
3 1.43 13.6EI 1~.10 l~.205 
Ct l'- .67 4.08 18.75 14. 0 07 
5 o.oo 16.18 lbel8 13.248 

'6 20.1e 6.01 26.19 22.967 
7 o.oo 20.00 20.00 0.000 
'4 o.oo o.oo o.oo 0.000 

,9 o.ob o.oo o.oo 0.000 
10 3.00 1 t-. 13 19.13 16-~31 
11 13.06 o.Te 13.83 12.088 
l? 1~.09 a.21 23.36 19.f:36 
13 25.11 2.06 27.17 21.041 
l'+ 6•18 17.58 23.75 23.e3a 
15 23.50 1.f'4 25.34 36.403 
16 o.oo 12.43 12-:'t3 6.998 
17 2?..50 6.00 28.50 23.335 
18 15.02 8.04 23.06 ]5.]43 
1~ o.oo o.oo o.oo 0.000 
20 8.40 2.EIO 11.20 9.550 
21 3.50 7.73 11.23 4.989 
22 21.00 4.29 31.29 19.771 
23 9.63 9.75 19.38 11.1~3 
24 10.07 1.29 11.36 8.410 
25 o.co o.oo o.oo 0.000 
26 o.oo 15.00 15.00 7.071 
27 24.56 3.38 27.93 27.977 
28 22.38 10.33 32.71 17.441 
2q 1.00 14.40 15.40 11.121 
30 o.oo o.oo o.oo 0.000 
31 o.oo o.oo o.oo 0.000 
32 o.oo 8.50 e.so 2.121 
33 o.oo OaC'O o.oo 0.000 
34 18.00 1e.oo 36.00 0.000 
35 o.oo o.oo o.oo o.coo 
36 o.oo o.oo o.oo 0.000 
37 o.oo o.oo q.oo 0.000 
38 C'aOO o.oo o.oo o.coo 
30 o.oo 0.('10 o.oo n.ooo 
40 2.50 o.oo 2.50 0.000 
41 22.03 12.67 34.70 15.302 
42 18.00 o.oo 18.00 2.828 
43 4.29 23.14 21.43 17.396 
44 o.oo o.oo o.oo 0.000 
45 1.00 9.~o 16.80 9.628 
46 o.no q.oo o.oo 0.000 
47 o.oo o.oo o.oo 0.000 
48 4.13 11. 75 15.88 10.ao~ 
40 5.60 22.10 28.30 33.357 
50 43.00 o.oo 43.00 0.000 
51 l'+ .!iO u.sn 26.0'l 10.954 
52 o.oo 22.00 22.00 7.211 
53 14.33 13.33 27.67 13.279 
54 ll.33 6.00 17.3~ 14.'-34 
5'> 2~.86 6 0 15 35.6) 33.7M1 

TOT l?.24 9.S4 21.79 l9.b5tl 
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APPENDIX I-4. The Munich 3-d.ay Is.ta (KONTIV) 
IB.ily Travel Time per Traveler and Standard Deviation - 2nd Tay 

CROSSTAPULATION FOR llMf/MOT.TRAVELER s. OEVlATlON TIM~ 

2 
Ht11YDE CAR TRAN~JT TOTAL TOTAL 

l 0.03 1.32 1.3~ 0.60b 
2 Oef->3 0.53 1.16 0.735 
3 0.03 1.?6 1.29 o.ec;o 
4 Cle45 o.c,1 1.os 0.335 
5 0.04 1.?o le24 o.6e2 
f, 0.60 o.~o 1.10 o.576 ., o.oo 1.42 1.42 0.000 
R o.oo o.oo o.oo 0.000 
9 o.oo o.oo o.oo 0.000 

10 o.oo 1. H, lelb 0.69P. 
11 ~.62 0.32 0.94 1.115 
12 0.68 0.42 1.10 0.623 
13 0.9F 0.15 1.13 0.549 
14 o.oo o.'>5 0.95 0.460 
15 0.64 0.!"2 1.17 o.s40 
16 o.oo l el 5 1.15 0.699 
17 o.•n 0.21 1.12 1.002 
18 o.e,9 0.49 1.17 0.12n 
19 o.oo o.oo o.oo c.ooo 
20 0.59 o.2e 0.87 1.065 
21 o.1e o.e1 0.99 0.232 
22 0.7!, 0.40 1.15 0.454 
23 0.49 0.67 1.16 0.102 
24 1.os 0.20 1.25 o.e14 
25 o.oo o.oo o.oo 0.000 
26 0.21 OeR8 1.10 o.450 
27 0.9R 0.22 1.20 o.761 
2A o.ro 0.40 1.20 0.440 
2'> o.oo 0.96 0e9b 0.323 
30 1.50 o.oo 1.50 0.000 
31 c,.oo o.oo o.oo 0.000 
32 o.oo 1.ff6 1.96 0.530 
3:' o.on o.oo o.oo 0.000 
34 o.oo o.oo o.oo 0.000 
35 o.oo o.oo o.oo 0.000 
36 o.oo. o.oo o.oo 0.000 
37 f'.l.oo o.oo o.oo o.oot' 
3f:\ o.oo o.no o.oo 0.000 
3Q o.oo o.oo o.oo 0.000 
40 o. lt$ 0.33 1.11 0.922 
41 0.54 0.16 1.29 0.454 
42 o.oo o.oo o.oo 0.000 
43 0.01 1.52 1.60 o.735 
44 o.oo o.oo o.oo 0.000 
4r; o.oo 0.96 o.9e, 0.059 
46 o.oo o.oo o.oo 0.000 
47 n.oo o.oo o.oo 0.000 
4R o.oo o.oo o.oo 0.000 
40 n.,.P. o. ·n 1.05 0.434 
~o O.R2 O.ClO o.e2 1.oso 
!it 0.69 O.Q7 1.67 0.122 
52 o.oo o.oo o.oo 0.(100 
53 ,:,.oo o.ro o.oo 0.('100 
54 o.94 0.L5 1. p1 1.139 
'S5 0.67 C.44 1.11 o.~35 

TOT 0.4F 0.68 1.16 0.646 
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APPENDIX I - 2. The Munich J-day Tu.ta (KONTIV) 

03.ily Travel Distance per Traveler and Standard Deviation - 2nd lay 

tRn~fiTHULATION FP.R OISTA~CE/~OT.TP.AVELER S.OEVIATION OJSlANCE 

2 
HHTYf'F CAR TRAN!- IT TOTAL TOTAL 

1 (I• 2 lo 17.11 17.37 11 • 137 
2 10.00 q.10 25.10 23.076 
3 O.P.3 13.4Q 14.31 11.169 
4 a.q~ 5.53 15.48 11.551 
5 o.~o 13.45 13 .95 8el9b 
f: lf-.12 6.lO 22.82 17.t,32 
7 o.oo 20.co 20.00 0.000 
p o.oo o.oo o.oo 0.000 
Q o.oo o.oo o.oo 0.000 

10 o.oo 15.63 15.63 14e9bb 
11 7.75 5.00 12.75 17.192 
12 15.29 l.26 22.55 lo.523 
13 2~.12 2.69 25.81 16.023 
14 C'.OO 11.07 11.97 7.281 
1 r; lf.66 4.tl 23.47 16.r.97 
lf- o.oo 13.52 13.52 10.024 
n 21.50 6.-50 28.00 21-213 
16 lU.80 6.24 25.JO 17.377 
19 o.oo o.oo o.oo 0.000 
2~ 20.67 2.t-7 23.33 35.233 
21 2.33 R.25 10.se ... 716 
22 20.so 4.BO 25.60 15.388 
2?. <>.84 B.71 18.55 11.344 
24 24.93 1.29 26.21 22.338 
21i o.oo o.oo o.oo 0.000 
26 5.93 10.51 16.50 12.626 
27 21.20 2.20 23.40 22.5r,9 
2ti 19.79 8.53 28.32 13.582 
2~ o.oo 14.75 14.75 13.150 
30 26.00 o.oo 26.00 0.000 
31 o.oo o.oo o.oo 0.000 
32 o.oo 14.00 14.00 5.657 
33 o.or o.oo o.oo 0.000 
34 0,JO o.oo o.oo 0.000 
35 (1.00 o.oo o.oo 0.000 
3b o.oo o.oo o.oo 0.000 
37 o.oo o.r.o o.oo 0.000 
38 (\.00 O.flO o.oo 0.000 
39 o.oo o.co o.oo 0.000 
4(1 lh.50 2.t>7 21.17 27.705 
41 11.20 n.10· 21.30 12.491 
42 0.0('1 o.oo o.oo 0.000 
43 0.8b 26.14 21.00 18.556 
44 o.oo o.oo o.oo 0.000 
45 o.oo 12.t,O 12.60 JO.465 
4f. o.oo o.oo o.oo 0.000 
47 o.oo o.oo o.oo 0.000 
48 o.oo o.cio o.oo 0.000 
4(1 t-.5'i 10.13 17.27 11.064 
5(\ 1'1.00 o.c:o, ).8.00 24.00() 
51 23.33 15.~?. 38.67 2£1.024 
!i2 o.oo o.oo o.oo 0.000 
53 o.oo o.oo o.oo 0.000 
!i4 ?J.25 2.00 23.25 27.342 
5"i ll' .Bb 7.Rb 26.11 23.'124 

TOT U.69 .-.~9 20.68 16.520 
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APPENDIX I-6. The Munich J-day La.ta (KONTIV) 

D:Lily Travel Time per Traveler and Standard Deviation - Jrd Lay 

C i>~c: c; Ti'! "'U l A TJ"l ._, f C.'R TJ~F/~~T.TRAVtLFR S.OEVlATION TJMt= 

3 
HtfTY?[ CAS{ TRAN~ IT TOTAL TOTAL 

1 :-.02 l.lP 1 .21 0.122 
2 ,.,_ 7,. n.'.:'s 1.12 0ebf.3 
3 C\.02 1.11 1.13 0.738 .. o.!\O o.~s 1.05 0.509 
II o.o~ 1.20 1.25 O.t!09 

" c.6? 0.47 1.10 o.646 
7 f'.0o o.oo o.oo 0.000 
p n.oo 1.C"e 1.08 0.000 
9 o.oo o.oo o.oo 0.000 

10 o.oo 1.26 1.26 0.695 
J1 0.72 o.2e 1.00 o.545 
12 0.61 o.s1 1 .12 0• b66 
13 1.06 0.13 1.19 0.684 
1 .. n.on 1.40 1.40 0.759 
1~ 0.63 0.33 o.96 Cl.365 
11. 'l.OO 1.19 1.19 o.630 
17 o.oo o.t3 0.83 C.411 
lP 0.6H 0.b2 1.29 0.671 
1«> c.oo la40 1.40 1.273 
20 o.54 o. 0 4 1.48 o.554 
21 o.oC' 0.91 0.91 0.375 
22 0.85 o.~6 1.41 0.707 
23 0.4£1 0.10 1.18 0.475 
24 o.33 0.44 0.78 0.386 
25 f'l.00 o.oo o.oo 0.000 
2t, o.31 0.1a 1.09 0.149 
27 o.5o o.s1 1.01 o.365 
28 0.61 O.bl 1.22 0.678 
2t:j o.oo 1.21 1.21 0.741 
30 1.00 0.25 1 .25 1.061 
31 1.10 o. 17 1.27 0.96b 
32 o.oo 1.22 1.22 0.536 
33 ,:,.oo o.o<t o.oo 0.000 
34 o.oo 0.38 0.38 o. 177 
3~ o.oo o.oo o.oo 0.000 
3b o.oo o.oo o.oo 0.000 
37 o.oo o.oo o.oo o.coo 
3JI o.oo o.oo o.oo 0.000 
3"> o.oo Cl. CIO o.oo 0.000 
40 o.2!i o.oo 0.25 0.000 
41 tleb5 O.b2 1.27 0.121 
42 0.65 0.23 0.89 0.241 
4':4 0.02 1.56 1.58 o.~54 
44 o.oo o.c.o o.oo 0.000 
4!i C'.58 o.~4 1.12 0.059 
46 o.oo 1.f,2 1.62 o.a21 
47 o.oo o.oo o.oo o.coo 
48 n.oo 1.27 1.21 0.655 
4q o.32 1.01 1.3? o.568 ~,, 0.11 o.Fl 0.92 0.!,22 
~1 rl.~7 0.<>2 1.00 0.561 
~2 n.tJo n.no o.oo o.coo 
!i3 o.oo o.oo o.oo o.coo 
54 l .4t-. (\e33 1.79 1.2:n 
5~ o.f'O 0.'\6 1.11 Oe67e 

TOT I)·" C> 0.10 lalb 0.6!-2 
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APPENDIX I-7. The Munich J-day :ta.ta (KONTIV) 

:te.ily Travel Distance per Traveler and Standard Distance - Jrd :te.y 

c~c•ssn ,.llJUT roN fOR. 01 ST U:C.F/MOT • TRAVHE~ s.OEVlATlON OISTA~Cr 

3 
HHTYPE CAR TRA~~ lT TOTAL TOTAL 

l o.79 14.r o 15.59 10.s;32 
2 1"-10 1.02 25.12 '-1.759 
~ '>.60 14.?8 15.38 12.re7 ,. 10.P.h 5.-,9 16.65 15.133 
': n.6,. 14.Pl 1~.4~ 16.065 
6 n.o9 6.P.l 23.90 20.335 
7 o.oo o.ro o.oo o.noo 

" o.oo 14.C"O 14.00 0.000 
9 o.oo o.oo o.oo 0.000 

lf' o.oo lE' • El9 18.89 13.411 
11 11.2r- 4.11 15.39 11.768 
12 1!-.87 7.b5 23.51 19. 738 
13 24.~2 0.71 25.53 15.~89 
14 O.O(I 2e.77 28.77 27.742 
15 15.94 4.16 20.09 13.442 
16 o.oo 19.08 19.08 9.687 
17 c.oo 22.00 22.00 2•~2R 
18 lf.F-3 9.49 2P..32 19.997 
19 o.oo 21.00 21.00 24.042 
20 15.46 12.83 28.29 20.593 
21 o.oo 11.25 11.25 5.252 
22 23.29 6•'>4 29.83 22.875 
23 14.21 10.04 24.25 22.595 
24 1.00 6.P3 13.83 7.567 
25 o.oo o.oo o.oo 0.000 
26 3.33 10.00 13.33 5.774 
27 12.57 4.86 17.43 15.393 
ze 14.87 9.33 24.20 12.715 
29 r, .O'> 1s.oo is.co H•.971 
30 26.00 3.50 29.50 31.820 
31 13.25 1.75 15.00 11.314 
32 o.oo 10.00 10.00 1.211 
33 o.oo o.oo o.oo 0.000 
34 o.oo 4.30 4.30 1.131 
35 o.oo o.oo o.oo 0.000 
36 o.oo o.oo o.oo 0.000 
37 o.oo o.oo o.oo 0.000 
38 o.oo o.oo o.oo 0.000 
3<> o.oo o.oo o.oo o.oo-, 
40 2.50 o.oo 2.50 0.000 
41 15.70 P..86 24.5b 20.738 
42 15.22 2.12 17.94 s.100 
43 0.36 26.50 26.86 7.290 
44 o.oo o.oo o.oo 0.000 
45 14.00 s.oo 22.00 8.485 
46 o.oo 26.50 26.50 lla619 
47 o.oo o.ro o.oo 0.000 
4~ o.oo 13.!-0 13.50 9.407 
49 ?.<>1 15 .18 23.09 10.222 
~(\ 5.33 10.33 15 .E,7 5.125 
51 11.00 11.50 22.so 16.442 
5~ o.oo 0.('0 o.oo 0.000 
~3 o.oo o.oo o.oo 0.000 
54 31.00 2.00 33.00 ~5.35 5 
5~ 20.7~ !I. "75 26.50 z-;.545 

TOT 11. 78 10.20 21.98 lS.~86 
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APPENDIX I-8. The Munich J-day Ia.ta (KONTIV) 

Iaily Average Speed 

1st lay 2nd lay 3rd lay 

CROS~T•PULATJON F~~ SPEEO 

HHTVPE TOTAL TOTAL TOTAL 
1 12.33 12.~7 12.92 
2 20.54 ?1."11 l2.4f3 
3 14.05 11.06 13.5!! 
• 16.17 14.70 15.R9 
5 14.26 11.27 12.34 
6 22.14 20.10 21.72 
7 14.12 14.12 o.oo 
e o.co o.oo 12.92 
q o.oo o.oo o.oo 

10 13.68 13.44 15.{\4 
11 18.22 13.50 15.?9 
17 19.49 20.49 21.05 
13 22.QS 22.so n.47 
14 is.a .. 12.63 20.58 
1~ 29.53 20.08 20.99 
16 14.34 11.12 15.98 
17 25.33 24.119 26.40 
1e 20.1a 21-36 21.ee 
19 o.oo o.oo 15.00 
20 19.53 26.92 19.07 
21 t.J.36 10.73 12.33 
22 25.51 22.26 21.16 
23 17.89 16 .05 20.49 
74 18.00 20.97 17.79 
25 o.oo o.oo O.O'l 
26 l2 ■8b 15.07 12.24 
27 22.lR 19.50 11.22 
28 23.69 23.5lt 19.88 
29 14.22 15.39 14.90 
30 o.oo 17 •. 33 23.60 
31 o.oo o.oo 11.84 
32 11.33 1.15 R.18 
33 o.oo o.oo o.oo 
34 21.00 o.oo 11.47 
35 o.oo o.oo o.oo 
36 o.oo o.oo o.oo 
37 0.(\0 o.oo o.oo 
311 o.oo o.oo o.co 
39 o.oo o.oo o.oo 
40 10.00 19.05 10.00 
41 22.19 16.4~ 19.35 
42 27.00 o.oo 20.23 
43 17.38 16.93 16.96 
~ o.oo o.oo o.oo 
45 16.13 13.15 19.56 
46 o.oo o.oo 11,.31 
47 . o.oo o.oo o.oo 
48 13.61 o.oo 10.6b 
"~ 24.09 16 .!:2 17.42 
so lo.23 21 ... 2 17.09 
51 21.52 23.20 22.50 
52 16 .r.s o.oo o.oo 
5:\ 20.75 o.oo o.oo 
54 12.24 19.58 1e.42 
51i 30.52 24.13 22.11 

TOT 18.99 11.a~ 18.«Jl 
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APPENDIX II-1. The Nurenberg Ia.ta - Travelers per Household 

HTYPE HOUSEHOLDS HH-~TC:UZ!:O TRAY. T~AVELERS/HH 

1 3e738 22526 o.se 
2 26941 22785 o.85 
3 654Be 2462 0 0.38 
4 7574 5303 0.10 
5 17564 12C8:? 0.91 
6 44536 3%21 1.29 
7 542 412 1.02 
e 415 ?-74 1.40 
9 72 53 1.44 

10 13849 10573 1.17 
11 9786 9115 1.54 
12 40221 37741 1.60 
13 7~57 7471 1.79 
14 24799 10519 C.65 
15 12057 84<;1 i.16 
16 5322 395') 1.30 
17 5073 4581 1 • .-..4 
18 7600 7240 1.92 
19 2956 2802 2.02 
20 3077 2989 2.32 
21 3326 2784 1.55 
22 3964 3764 1.93 
23 11638 11C'74 2.11 
24 3215 3153 2.43 
25 4372 3776 1.58 
26 2940 2752 1. 79 
27 9814 9215 1.91 
28 6733 6531 2.19 
29 2784 232C' 1.32 
30 1878 1737 1.43 
~1 2788 2519 1.44 
32 555 513 1.66 
33 1124 1042 1.90 
34 928 816 1.94 
35 1597 1499 2.33 
36 1427 1376 2.48 
37 438 426 2.90 
38 1068 1045 2.89 
39 3187 2978 2.42 
40 2388 2279 2.11 
41 8194 7969 2.78 
42 6935 6845 3.15 
43 2261 2021 2.ce 
44 2183 2088 2.42 
45 3969 3839 2.56 
46 2394 2312 2.r;o 
47 2432 2419 3.25 
48 2434 2127 2.26 
49 2103 202c; 2.1,1 
50 5886 5714 2.90 
51 2736 2703 3.41 
52 1qe1 1767 2.14 
53 1685 lt>:'- 2.22 
54 4630 4'.!-71 2.33 
JSS 6289 ~1<~9 z.q3 

TOT, 456553 346904 1.35 

Households - Total Households 
IDI-Motorized - Households genera.ting at least one motorized trip 
Tra.velers/HH - Travelers per Total Households 
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APPENDIX II-2. The Nurenberg Data - Time per Traveler 

CROSSTASULAT10~1 FOR TIME/MOT.TRAVELER S.DE•IJArtlJN TIME 

GRANO TOTAL 
HHTYPE CAR TRANSIT TOTAL TOTAL 

l 0.19 1.20 1.39 0.930 
2 1.13 0.10 1.22 0.901 
3 0.13 1.29 1.1t2 0.922 
4 1.05 0.18 1. 23 0.871 
5 0.23 1.17 1.40 0.926 
6 1.01 0.26 1.26 1.023 
7 0.22 1.15 1.36 O.E64 
e o. 73 0.65 1.37 0.824 
9 1.13 o.o-; 1.22 O.b9l 

10 0.25 1.10 1.36 0.?32 
11 o.eo 0.32 1.12 0.944 
12 0.99 0.27 1.25 0.990 
13 1.35 0.03 1.38 1.050 
14 0.11 l .40 1.51 0.988 
15 1.03 o.21t 1.21 o.ae3 
16 0.23 1.1a 1 ■ 41 0.961 
17 0.74 o.ss 1.29 1.C96 
18 0.76 o.53 1.29 1.060 
19 0.67 0.58 1.25 O.E7F 
20 1.07 0.26 1.33 0.909 
21 0.24 1.oa 1.32 0.838 
22 0.63 0.50 1.13 0.855 
23 0.11 0.51 1.2a 0.974 
24 1.11 0.23 1.34 1.019 
25 0.2s 1.10 1.35 0.9C2 
26 0.66 0.45 1.11 0.795 
27 0.79 0.54 1.33 1.045 
28 1.09 0.17 i.27 1.035 
29 o.n 1.17 1.34 0.792 
30 o.n o.so 1.26 1.047 
31 0.85 0.45 1.31 0.883 
32 o.a2 0.56 1.39 1.036 
33 1.06 0.1s 1.23 o.~36 
34 0.24 1.05 1.29 0.925 
35 0.54 0.66 1.20 0.905 
36 v.60 0.63 1.23 0.844 
37 0.66 0.69 1.35 0.992 
38 0.97 -0.43 1.40 1.052 
39 0.24 1.12 1.36 0.909 
40 o.s1 0.10 1.22 0.947 
41 0.5a 0.69 1.2a 0.957 
42 0.90 0.41 1.30 1.01a 
43 0.24 1.12 1.35 O.f.3~ 
44 0.60 0.64 1.23 1.009 
45 0.62 0.71 1.33 1.01~ 
46 o.54 0.68 1.22 0.810 
47 0.85 0.42 1.21 0.8bb 
48 0.23 1.oa 1.32 0.840 
49 0.52 0.69 1.21 0. 1923 
50 0.59 0.68 1.27 0.887 
51 0.90 0 ■ 48 1.38 o.~79 
52 0.32 1.09 1.42 0.895 
53 0.61 0.54 1.15 o. 0 59 
54 o.74 o.s2 1.27 1.00~ 
55 0.99 0.25 1.24 o.97o 

TOT 0.12 0.58 1.30 0.9bb 
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APPENDIX II-). The Nurenberg Data - Distance per Traveler 

CROSS TABULATION FOR DISTANCE/MOT.TRAVELER !:.oevu.na~, OtSTA'lC( 

GRANO TOTAL 
HHTYPE CAR TRANSIT TOTAL TOTAL 

l 4.37 12.52 16.89 15.St'O 
2 28.22 1.27 29.49 24.803 
3 2.60 12.12 14.71 13.513 
4 26.89 2.15 29.04 30.370 
5 5.50 13.96 19.46 18. 700 
6 26.72 3.40 30.12 26.614 
7 3.56 14.21 17. 78 16.565 
8 22.32 10.47 32.79 24.533 
9 33.45 1.c8 34.53 28.052 

10 5.99 12.c.3 18062 180661 
11 19.73 4.76 24.49 23.516 
12 25.12 3.76 28.87 24.611 
13 36093 O.'i8 37.41 28.491 
14 2o70 13.69 16.40 15 • 84(.\ 
15 23.93 2.44 26.38 22.857 
16 4.92 14.a9 19.81 20.104 
17 18.03 7.36 25040 24.964 
18 18094 6082 250 76 24.279 
19 18.40 6064 25004 22.309 
20 29.67 3.45 33.12 27-652 
21 5.7s 12069 18.43 19. 725 
22 14.75 6074 21.48 19.326 
23 "19.37 6.35 25.72 23.820 
24 30.53 3.19 33.72 27.149 
25 'to62 l4o07 18.69 17.25~ 
26 16.38 7.41 23o79 20.873 
27 19.47 7.19 26.65 24.475 
28 27o67 2.58 30.25 25. 116 
29 2.87 14.27 17.14 17.351 
30 19.01 7.12 26.13 24.306 
31 24007 s.ss 29.61 26.159 
32 24.09 7.94 32.03 27.66~ 
33 28.59 2.04 30.63 27.304 
34 . 4.53 16.32 20.85 21.993 
35 16.19 11.03 21.22 33.767 
36 17.05 8.35 25.39 24.267 
37 15.96 9.26 25.22 19.692 
38 28.11 5.84 33o94 30.287 
39 S.18 15.18 20.36 19.662 
40 13.64 10.91 24.54 25.238 
41 15.66 9.85 25.51 26.307 
42 24.54 6.62 31.16 28.336 
43 6.20 14.77 20.97 22.026 
44 15.71 9.16 24.87 230864 
45 15.76 9.28 25.04 25.490 
46 14.37 8.48 22.85 21.035 
47 23.23 5.69 28.92 24.143 
48 5.13 13.29 18.41 18.510 
49 12.28 8.65 20.93 19.B34 
so 15.03 8.89 23.93 24.100 
51 25.56 6.?4 32.50 29.863 
52 7.22 14.86 22.08 23.lt'6 
!S3 16.41 8.51 24.92 26.3e3 
54 18.63 8.62 27.25 25.445 
55 26.92 4.21 31.13 Z6o52S 

TOT 18.51 7.24 _25.76 24.401 
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APPENDIX II-4. The Nurenberg Ia.ta - Iaily Ave:rage Speed 

tROSSTABULATtCN FOR SPEED 

GRAN, TOTAL 
HHTYPE CAR TRANSIT TOTAL 

l 23.42 10.44 12.19 
2 25.06 13.09 24.10 
3 20.59 q .37 10.37 
4 25.69 11.73 23,61 
5 23.88 11.94 13.90 
6 26.58 ' 13.29 23.88 
7 16.33 12.41 13.03 
8 30.71 16.16 23.85 
9 29.63 12.so 28.41 

10 23.65 U.44 13.71 
11 24.66 14.64 21.77 
12 25.4S 14.06 23.05 
13 27.32 14.83 21.02 
14 24.75 9.76 10.84 
15 23.25 9.98 20.11 
16 21.10 12.59 14.06 
17 24.29 13.37 19.64 
18 24.87 12.ao 19.90 
19 27.64 U.38 20.05 
20 27.71 13.46 24.96 
21 24.19 11.75 14.00 
22 23.44 13.52 19.06 
23 25.23 12.40 20.09 
24 27.48 13.64 25.07 
25 18.52 12.00 13.86 
26 24.71 16.42 21.36 
27 24.80 13.24 20.01 
28 25.28 14.99 23.88 
29 16 .58 12.20 12.77 
30 24.85 14.38 20.73 
31 28.27 12.20 22-67 
32 29.20 14.10 23.08 
33 27.04 11.so 24.80 
34 18.65 15.56 16.14 
35 30.08 16.69 22.70 
36 28.53 13.17 Z0.62 
37 24.22 13.39 18.68 
38 29.04 13.52 24.26 
39 21.44 13.56 14.96 
40 26.51 15.55 20.18 
41 26.87 14.23 20.01 
42 27.36 16.28 23.91 
43 26.40 13.21 15.50 
44 26.32 14.37 20.15 
45 25.31 13 • .)4 18.77 
46 26.80 12.39 18.73 
47 27.27 13.50 22.71 
48 22.12 12.25 13.99 
49 23.49 12.60 17.30 
_50 25.66 13.06 18.89 
51 28.42 14.42 23.54 
52 22.32 13.57 15.57 
53 Zo.93 15.65 21.61 
54 25.05 16.46 21.50 
55 21.11 16.63 25.03 

TOT 25.78 12.54 19.88 
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APPENDIX II-5. The Nurenberg I.at.a - Iaily Time per Household 

CROSSTAeULATIO~ FOR TI Mc /"IOT elili 

GRAN~ TOTAL 
HHTYPE CAR TRANSIT TOTAL 

1 0.19 1.20 1.39 
z 1.13 0.10 1.22 
3 0.13 1.29 1.42 
4 1.05 a.1s 1.23 
5 0.30 1.55 1.85 
6 1.46 0.37 1.83 
7 0.29 1 .• 54 1.84 

• 1.13 1.00 2.13 
9 2.20 0.17 2.37 

10 0.39 1.10 z.09 
11 1.32 o.54 1.86 
12 1.68 0.45 2.u 
13 2.48 0.06 2.~4 
14 0.11 2.15 2.31 
15 1.10 0.40 2.11 
16 0.40 2.01 2.47 
17 1.35 1.00 2.34 
18 1.53 1.01 2.60 
19 1.42 1.24 2.66 
20 Z.56 0.61 3.17 
21 0.44 2.00 2.44 
22 1.2a 1.01 2.29 
23 1.11 1.14 2.&s 
24 2.75 o.se 3.33 
ZS 0.46 2.02 2.47 
26 1.21 0.86 z.u· 
27 1.60 1.10 2.10 
28 z.47 o.Jt 2.86 
29 o.n 1.s5 2.13 
30 1.u 0.11 1.95 
31 1.36 0.13 2.09 
32 1.48 1.01 2.49 
33 2.11 o.36 2.53 
34 0.54 2.32 2.86 
35 1.34 1.64 2.98 
36 1.54 1.63 3.17 
37 1.97 2.06 4.03 
38 2.86 1 .• 21 4.13 
39 0.62 2.89 3.52 
40 1.46 1 .• 99 3.45 
41 1.66 1.97 3.63 
42 2.86 1.30 4.16 
43 0.55 2.61 3.15 
44 1.51 1.61 3.13 
45 1.65 1.ae 3.53 
46 l.61 2.05 3e66 
47 2.78 1.38 4.16 
48 0.60 2.91 3.41 
49 1.42 1.86 3.28 
50 1.75 2.03 3.78 
51 3.10 1.66 4.75 
52 0.1a Ze63 3.41 
53 1.39 1.24 2.64 
54 1.84 1 .• 29 3.13 
55 z.95 0.1s 3.70 

TOT i.27 1.02 2.30 
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APPENDIX II-6. The Nurenberg Ia.ta - Ie.ily Distance per Household 

CROSSTABULATlON J:CR OISTANC::/MOT.HH 

GRAN, TOTAL 
HHTYPE CAR TRA~,sn TOTAL 

1 4.37 12.~2 16.89 
2 28.22 1.27 29.49 
3 2.60 12.12 14.71 
4 26.89 2.1s 29.04 
5 7.27 18.45 25.72 
6 38.7't 4.94 43.bS 
7 4.80 19.14 23.94 
8 34.60 16.23 50.83 
9 65.21 2.11 67.32 

10 9.21 19.43 28.63 
11 32.54 7.85 40.39 
12 42.74 6039 49.13 
.13 67.135 0.89 68.74 
14 4.14 20.94 25.08 
15 39.57 4.04 43.60 
16 8.62 26.09 34.71 
17 32.68 13.35 46.03 
18 38.08 13.72 51.80 
19 39,.,17 14.14 53.30 
20 70~92 8 .. 25 79.17 
21 10.63 23.48 34.12 
22 29.99 13.71 43.70 
23 43 .crs 14.12 57.17 

'24 75.56 7.88 83.44 
25 8.47 2s.go 34.27 
26 31.26 14.15 45.42 
27 39.57 14.bl 54.U 
28 62.55 5.83 68.?8 
29 4.55 22.61 27.15 
30 29.44 11.03 40.48 
31 3e.43 8.86 47.29 
32 43.19 14.23 57.42 
33 58.62 4.19 62.81 
34 10.02 36.08 46.10 
35 40.25 27.41 67.65 
36 43.84 21.47 65.31 
37 47.61 27.61 75.22 
38 82.99 17.23 100.22 
39 13.39 39.25 52.64 
40 38.69 30.95 69.64 
41 44.63 29.08 72.71 
42 78.39 21.14 99.53 
43 14.47 34.43 48.90 
44 39.81 23.21 63.0l 
45 41.67 24.54 66.21 
46 43.17 25.4b 68.63 
47 75.88 18.57 94.45 
48 13.27 34.40 47.67 
49 33.26 23.43 56.71 
50 44.87 26.54 71.41 
51 88.02 23.90 111.93 
52 17.37 35.74 53.11 
53 37.56 19.46 57.02 
54 45.98 21.29 67.27 
55 80.04 12.50 92.54 

TOT 32.81 12.83 45.64 
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APPENDIX III-1. The Munich 03.ta, the Complete 1-day Sample (KONTIV) 

Summary Table per Traveler 

HTYPE 

1 
2 
?, 
4 

5 
6 
7 
e 
q 

10 
11 
12 
13 
14 
15 I 

I 

16 
17 
18 
lq 
20 2-1-· 
22 
23 
24 
2c; 

26 
1.1 
2e 
2C> 
30 
31 
32 
33 
34 

MOT.Hi ,MOT.TRAY • 

-
2CJ8 2qp 
522 ~22 
2:16 236 
116 116 
127 194 
441 I 6"79 

15 l 22 
13 19 

3 3 
[15 141 ----- 20···· . . 32 

3C>6 702 
128 233 

R4 142 
101 17~ 

:!15 68 
36 6~ 
60 124 

TRAVe/H~ TlHEAIOt. 01 
tRA\'ELEA 

1.00 -l•l~--
1.00 

I --1.12-
1.00 I ----l..41-
1.00 I -- J..16-. 
1.53 --1.38 -
1.54 --1.15..--
1.47 --1-21-- ' 1.46 

' 
.... 1.15 .. I 

1.00 ···- .o.sa __ I 
: I 

___ l.66 ______ •· - _l.36 ~--·· 
1.60 : -le06- : 
1.77 .-l.17-
1.82 -.l.16-
1.69 -1.25-
1.71 -l.2S-
1.94 l -..1.16..-
1.75 ' -1.17-

I 
; i 

2.Cl7 -1.19-

STANCE/MOT. 
Tl\A V EL f; R. 

---··-· J. •. ·--- --·. 

SP.EEtL 
, S.DEVIATICN 

-tI~-

.. ll ■OL _lZ.50_ _ 0.65S-
__ 24.58_ _ 21.as_ •·- O.bbl-
. 11.11- _12.13_ _ 0.792_ 
__ 19 • .57_ .. 16.94_ __Q.750--
_17.95_ .. 12.98 ... - .. 0.735.---
_23;.29_ _20.u_ --0.690.-
_20.zi_ _ 16.&2_ __ o. 121-
_23. 71._ .... Z0.68 ___ _ __ 0.639 ----
-- 9 ■ 1I .. _ i _ 15 ■ 71_ --0.461t -

-=l7.81_=- ___ j __ ~13~_1_4~--= --Q~6!!~ 
.. 18.38__ I -1.J.21_ _0.608-
_.22 ■5L __ 19.z.3_ _ 0.622--
__ 25.65- __ zz.os_ _o.~2s-
-1s.33_ .... -12.26_ --0.049-
_2.o.15_ _16.63_ _Q.Bl~ 
__ 11t.s5_ _ __ 12.50___ _ CJ.6S l--
__ 16 e.77 _ __ l4.3(t_ --0.643-
_ l 9. 53_ __.16.43___ -0.604--) 

38 I 84 2.21 i -1.20 - _21.20_ , _17 .tiL_ 
1 
_.Q.10'1-

-~}i-_J :r t~~ : -t::t: ... i::g~_ ---+ _ -1;:::-_ -·t:~! ~-= 
6 13 2.17 , --1•07.. . . ..17.35_ i ___ 16.26__ ... 0.79l--

R'3 195 2.35 -1.19- __ 19.8:L_ j _ .. 16069._ _ 0e66,_._ 
39 94 2.41 1 _1.02 _ _2c.3a _ __ zo.oo__ __ o.561--
15 28 1.El7 -lel9- __ 19.38._ _16.23 .. _ _Q.63S---

5 12 2.40 --0.'iO- _ll.68_ _13.e,4_ -0.6~0 -· 

11 20 1.82 ... 1.22 -· 
2 4 2.00 ' --1.10 -\ 
5 11 2.20 

i 
--1.33 ' 

4 12 ?.oo 1.06 -- I -· -

43 qz 2.14 --1.20- _18.3"L- __ 1s.26_ _ o.66~-
31 72 I 2.32 --1-16- .. 21.53__ _18.32__ .. 0.692-- I 

8 l 16 , 2.00 I -le60- _2s.c1._ __15.60___ --0-852---
1 

19.SO__ __ ls.•n__ .. o. 635 --- i 
30.ss_ _.21.aa. __ , .. 0.439 ___ i 
.J1.3a_,.. _23.60__ .. 1.004-- I 

I ::l i .~ 
2.0~ ! -1.1~ 
2.14 j --1.ltt - -

37 l 4 4.00 I --1.06- -
'P 8 20 2.50 ! ---1.SZ-: --

- :~ 2h----------ii-- 3.14 ' -1.13 - I 2.50 ---1.12 --- 2.95 ___ 1 -· 1.39 ! 

·rl ___ 2 ______________ '! __ J_ ___ 2_!'00_-i_J......~--- 31t.so.... __ ~~z.~~---: --=-"-•.le-~ 

1s.s1__ _ __ 14.29__ .... o.s06- 1 
-1.s.2.L _u.as._ -0.6&.S..-:.. j 
16■ 87_ _.14 • .80_ ~.41t7-- I 
15,;JL __ Jt..42..- --0-533- I 
25.6'9_ _lbe9L_ C.910-- i 

-14.64....... __ 12.91__ -.0.556-- ~ 
~~.!...7h___ :-- l't.01 ___ j_ ~4i.=. 
20.07.- .. 14.43 -- ; .. o. 741. --

42 16 I 52 3.25 ! -.0.92 - } --
43 8 17 ?.13 i _1.11 .... -
44 9 19 2.11 i -.1.36-- ! -
45 25 56 2.24 

: 
- .. 0.9S-' 1 -

46 '.B f4 2.~5 I _ 1.oa - ' I -· 

15. 11 __ __ 17 .15 _ __ 0.53,-__ l 
15.94__ .. - 13.66._ - .. 0.646-
22 .. 73__ _.lo.75 _. ---C.663--
16.57- _ 16. 71,__ --0.64~ 
18.54_ _ 17.lb_. _0.641--

47 11 M 2.73 I --1.17-- ' ! . -
4P. 9 32 3.56 ' --1.oa .. l i ·-
4C> 1 24 3.43 i --1.10- I -
~o ~-? 93 ~-~-~_J __ L- l• '-" -
51 15 53 3.53 ! - i ♦29. I 

52 3 q 3.00 - 1.02 
~?, 1 4 4.00 --0.5t> .. 

' -
!'i4 8 22 2.75 - 1.1 ... - ' 
55 9 25 ?..7f!I --- lelS . I -

_JOT. 3304 5215 1.58 .1.21 ' -

-- l 

22 ■1t9... _ 19.20_ --0e76S.-
12e90- . u.94_ .... 0.701~ , 
11.19_ __ 15.6b _. \ --0-520 - I 
.22.10... _ is.76 ..,. _ _.. ... o.tie~; 
zs.co. .. 19.~3.____ . ·- 0.661 -- j 
.U.2't . 11.0't --· 0.714 ... I 

e.92__ __15.e1_ __0.410-. I 
23.82 _ _. Z0.96 _ j . 0.548 ... 
32.n_ _ 2J.a1t _ 1 ··- o.an --· I 
20:eo.. __ 1_~:~~ ~ __ J __ ~-~:~~so ___ j 
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APPENDIX III-2. The Munich D:tta, the Complete 1-day Sample (KONTIV) 

Summary Table per Household 

_Gii.i,.o_J_ou ________________ _ 
-~_til_1~_E CAR ____ ~ RA~SIT___ _JOT AL __ 
___ 1 ______ 2.02 _____ 4.99 ~1.02 __ 

2 _2c,.35 ______ ,..23 _____ 24.58 __ 
__ ) l.26-_____ 5.85,___ _17.lL __ 

4 3-0~ _____ 6.52 19.57 ___ _ 
--~5 ______ 3_.93 · n.49 ______ 21.42 __ _ 

6 _2ti.l4 9. J_.,__ _____ 35.85 __ 
7 l5.n ____ l4.56 ______ 29.7l __ 
e 22.19 ____ 12.46 ____ J4.65 __ 

__ , _______ 9.11 o.oo ______ 9. n.___ __ 
__ 10 _____ --'7 _. 3~ _____ 22 • 2\.) ______ 29. S 5 ___ _ 
__ ll 18.~~ 10.55 _____ 29.40 __ 
__ l2 _____ ~be63. _____ l3.29 ____ ___,9.9~z __ 
__ 13 _s_.2ec_ ____ e.1t- 46.69 __ _ 
_1_4 4e69 ____ ~l.2J _____ 25.9L-2 __ 
__ is 21_._02 l't,._s2 _____ Js.54 __ 
__ J.6 ______ 6.54 19.72 _____ 26.26 __ 

n u .• n ____ ~s.z4 ___ 29.35 __ _ 
__ 1e. _____ ~4·28 ____ ~fu0a _____ 4r,.37 __ 
__ J.9 29~61 17.26 _____ 46.66 __ 
--20 3t>.so 16.08 ____ s2.sa ____ _ 
__ 21 s.a'l __ 2c;.16 _____ 3s.oo __ 

22 _____ ~21.11 16.42 37.58 __ 
==:2i ____ __,25 .4 L-____ 21.1..._ ____ 46.59 ___ _ 

24 ______ :n.22 11.89 ____ 49.l~l __ 
--2~-----~2.10 24._0._ ____ 36.17 __ 
__ 26. ______ 1.eo 16.2~----- 2s.01t. __ 
__ 21, ______ 11~11 21.52 _39.23 __ 
__ 28 ______ 34 ■ 74. ____ ~5.27 ____ 50.02 __ 
__ 29 ______ B .50 _____ 41. 52 _____ sv. 02____ __ 
__ 30 o.so ____ J.s.5c ____ 69.oo __ _ 
--~1 ______ 1e.~4 _____ l6.82 ______ 35.45 __ 
__ 3i ______ o1.10 _____ 0.00 ______ 01.10 __ 
__ )3 _____ 64.20 _____ 4.80 _____ ~9.QQ __ 
--~------11.co ___ 35.52_ ___ 4b.52 ___ _ 
_,5 n.o._ ____ u • .so --30.s~1 __ 
--~-----_.. 'J .43 _____ 16 • 7..__ ____ .36 • 14 __ 
__ 37'---- 't'te00 ____ ~7.3C _____ 6l.)0 __ 
__3a _____ 4s.es ______ 1s.2s, _____ 64.10 ___ _ 
__ 39 ______ ~2e2l ____ 33.80 ____ 't6.0l __ _ 
--~----- 13.15 ____ 26.25 _____ 39.40 ___ _ 
__ 41 ______ Z3.76 . _____ 35.50 _____ -59.26. 
__ 42_ _____ 3~.4_9 _____ 1s.1.5 ______ s1.z4 __ _ 
_· _'t,3 _____ 13.05___ _Z0.82 ____ 33.87-___ _ 
___ -.'!:.___ ____ _.., t,.56___ _ 17 • 42. ---__ 41. 98 ---
__ 'tS _____ __..9 .55. ____ 11. sa _____ 37.13 __ _ 
---~6 29.~4 ____ ~7-65___ 47.19. __ 
____ 4.__ _____ 't2 .25 ________ l 9. 09____ -- _61.35 ___ _ 
--~8 l9ell____ 2.b.7b _____ 45.57 __ _ 
__ 49 _____ ~ti.43 -- ___ 32.50 ______ 58 .93 __ 
___ 50 _____ ~9.59 _______ 6.39 --- 65.98 ____ _ 
-51 43.b7 _____ 2't.b7 _____ ae.n ___ _ 
__ 5z ______ z.e3 ____ 30.90 _____ 33.73 ____ _ 
-~•-_____ 1.1o ____ _za.oo___ _3s.10 ___ _ 
---~---- 33.75_ _____ 31.75 _______ . 65.5C _____ _ 
__ S~---- 72.61 _____ 16.56 _________ 89.37 ___ _ 
_1ot _____ 19.O9____ 13. 74 ________ 32.aJ 

_tRCSSTASULATlQN_f0JL TlHLJH0f.HK 

__tAR_ ___ __, RANSl t_ ----l'OT AL- --- -
__o.og ______ 1.2,____ ____ -1e36---
___o.79 _____ O.33 _____ _.__12 __ 
__o • .c,. ______ .J6, _____ ..., .41-_ 
_ o_.55 _____ o.01 -----l..16----
_ __ Q.19 _____ ~.9, _____ -'•ll--
---1.os o .. n 1.75 __ _ 
__ 0 • .56 1.21 _____ 1,77 __ _ 
_ __ O.t>l 1.os _____ l.68- ----
_ o.sa _____ o.o..__ ____ o.sa __ 
__0.36 _______ 59____ 2.2!i- _ -

-0-28 0-82 J.70--
--1.oa 1.oo _____ z.oa __ 
___L.44___ 0.1>1 2. 12--
___a.19 l.92 2.11---
_o.Ja >-~6 2.1~ 
__o_._·n 1.93 2.26--
___o .. !>9 1.46-----2.0S--
--1..04 1 .4L-----2.46--
--1..)4 > .52 2.66--
-1-3.,.__ ____ }..29- 2.67 -
____j) .28 2.31- ------.C. • 59 __ 
--1.c:3 1.2..__ _____ z.31----
-1.ob J.73 _____ __.....79_ ---
_ l.45•------•00 2.46- __ _ 
____j).53, ______ 7U-----2.23--
_ Q.53, ______ .6,"----- 2.1S---
__o. 7'-------1-83------2.57--
--1.a'tb-------•Zl ---------2. 73 -
_ .Q.40------' •8~-----3.21-
--1..50-----1-34---------- 2.84 - --
____o.9 ______ 1.30 _______ -2-23- ---
----2.19 ----0-00--- ----2.19---
_ 2.32 ___ D.60------------'•92---
_Q.49 _____ 2. 7'------ 3.23----
_______o.al-----1-40-----~21--
_c. .. 7 ______ 1. 1-------2.44 ---
--1. .. 1s _____ -'.so 4.2S---_ 
-Za'tl.-----1-37--- 3.79----
-0.52-----~•04-----~.56 _· 
_ _o.as 1.96---------'•sl--
--1..O1e ______ 3.07 ______ ,._ u _ -
--1.67 1.3L--------2.99 ---
_ .Q.!)2 ______ 1.90--____ .2.U---
--1..2a _____ 1.59 2.86-- --
-'l.76-----1.45--------'•22---
--1.22 ).53-----2.75----
--1-62---- 1.58 ----~-20--
_ .ci.as ______ z.99- ----3.84_----
--1.. 01. ____ ____..,. 7 5 -3. 7 6---
--1.25 ____ __..2. 94 ----- t..19 -- --·-
-2.4.._ _____ 2 .11--- ----4.57- - _ 
__ c.zs _____ 2.s1 _______ 3.01> __ 

-0elt2 --------le83--- -2.25---
-1.38 __________ -1,.75 ----- 3.12 
-2.1ea ______ .z7 _______ 3.75 ---
__u.77 _____ 1.13 -·---- - 1.90 - --
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APPENDIX IV. Travel Time and Money Budgets per Household, by Type, 

the Nurenberg Region 1975 and Munich 1976 

THE NURENBERG REDION MUNICH 
Type Size Ca.rs 

.. 

TT, hr. M, DM Inc/In:r M % Inc. TT, hr. M, DM 

1 1 0 1.39 1.6J 42.08 J.9 1.36 1.68 
2 1+ 1.22 12.36 72.85 (1 7. 0) 1.12 12.08 
J 0 1.42 1.44 42.08 3.4 1.41 1.70 
4 1 1+ 1.2'3 12.17 72.85 (17.0) 1.16 11.76 
5 2 0 1.85 2.49 I 75.33 3.3 2.11 2.70 
6 1+ 1.81 1J.80 112. 72 12.2 1.78 1J.36 
7 0 1.84 2.33 75.33 3.1 1.77 2.79 
8 1 2.1J 15. 01 112. 72 1J.J 1.68 13.39 
9 2+ 2.37 25.43 - - (0.58) 20.21 

10 0 2.09 2.75 75.33 J.7 2.25 2.87 
11 1 1.86 1J.66 112.72 12.1 1.70 12.84 
12 1 2.13 14.35 112. 72 12.7 2.08 13.90 
13 2+ 2,54 25.49 - - 2.12 23.95 \ 
14 0 2.31 2.45 75.33 3.3 2.11 2.53 l 
15 2 1+ 2.11 13.75 112.72 12.2 2.14 1'3.58 ! 
16 J 0 2.47 3.37 106.41 I J.2 2.26 2. 72 i 
17 1 2.34 14.45 129.25 11.2 2.05 13.23 I 
18 1 2.60 14.97 129.25 11.6 2.46 14. 09 j 
19 1 2.66 15.13 129.25 11.7 2.66 14. 73 i 
20 2+ 3.17 26.80 - - 2.67 24.86 j 
21 0 2.44 3.29 106.41 J.1 2.59 J.43 j 
22 1 2.29 14.26 129.25 11.0 2.31 1).86 ! 
2J 1 2,85 15.47 129.25 12.0 2.79 14. 90 I 
24 2+ J.J7 27.15 - - 2.46 24.J4 
25 0 2.47 J.J3 106.41 J.1 2.23 J.47 
26 1 2.13 14.43 129.25 11.2 2.15 13.01 
27 1 2.70 15.23 129.25 11.8 2.57 14.27 
28 2+ 2.86 25.72 - - 2.73 24.60 
29 0 2.1'.3 2.66 106.41 2.5 J.21 4.90 
JO 1 1.95 lJ.83 129.25 · 10.7 2.84 16.73 
Jl 1 2.09 14.32 129.25 11.1 2.23 13.69 I 
J2 1 2.49 15.49 129.25 12.0 2.19 15.08 
11 '3 2+ 2. 5'3 25.1 'i - - 2.q2 2c;.?2 
.34 4+ 0 2.86 4.49 121.94 ! 3.7 3.23 4.52 I 

JS 1 2.98 17.08 141.79 i 12.1 2.21 13,09 
J6 1 J,17 16.57 141.79 j 11.7 2.44 13.75 
37 1 4.0J 17.76 141. 79 12.5 4.25 15.99 
J8 2+ 4,13 29,11 - - J.79 25.99 
39 0 J • .52 5.11 121.94 4.2 ;.59 4.45 
40 1 J.45 17,43 141.79 12.3 2.81 14.,54 
41 1 J.6J 17.56 141.79 12.4 4.11 16.76 
42 2+ 4,16 29.26 - - 2.99 24.7) 
43 0 3.15 4.71 131,94 J.9 2,48 J.2J 
44 1 J.13 16.45 141.79 11.6 2.86 14.83 
45 1 J,53 16.81 141. 79 11.9 2.22 1J.88 
46 1 J.66 17,06 141.79 12.0 2,75 14.77 
47 2+ 4.16 28.68 - - J,20 25.79 
48 0 J.41 4.61 121,94 J.8 J.84 4.J6 
.9 1 J,28 15.91 141.79 11.2 J.76 16.58 
So 1 3.78 17,37 141,79 12,3 4.19 17.39 
51 2+ 4.75 J0,50 - - 4.57 28.45 
52 0 J.41 5.10 121.94 4,2 J.06 J.J4 
53 1 2.64 15.73 1~-1.79 11,1 2.25 14.JO 
54 1 J.13 16.73 141.79 11.8 J.12 17.12 
55 ~ 2+ J,70 28.19 - - 3,75 28.1J 

' 

<rU.S. GOVERNMENT PRINTING OFFICE: 1981--729-348/2048--l-3 
















