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FOREWORD

This report is one of a series covering various specific topics
related to transportation energy consumption. Projections of Automobile
Ownership and Use Based on Household Lifestyle Factors is the result of
work done by Environmental Systems Engineering Program, Institute for
Research on Interactions of Technology and Society, Universicy or
Pittsburgh, under ORNL Subcontract No. 7356. The work was done in
support of Qak Ridge National Laboratory's transportation energy
project, which is an area of study for the Data Management and Analysis
Group of the Energy Division and is under the direction of

Or. Andrew S. Loebl.
This document was prepared under subcontract to Oak Ridge National

Laboratory. The assumptions, views, and conclusions expressed in the
docvment are those of the authors and are not to be interpreted as those
of ORNL, Union Carbide Corporation, Nuclear Division, or of the

Department of Energy.
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The purpose of this research is to project to the year 2025 the total
number of automobiles that would be owned by American households, (total
ownership) and the total number of miles that these vehicles would be
driven per day (total use) given certain assumptions about the future of
U.S. society. These assumptions relate to demographic, economic, and
geographical attributes of U.S. society which are relevant to the automobile.
The impacts of these assumptions have been analyzed via a set of projection
models which explicitly recognize the relationship between these particular
attributes of society and the automobile.

Part I of this report presents an overview of the research. The
results from the projections are presented in Part II. The methodology used
to generate these projections is discussed in some detail in Part III.

In a “base case" projection the number of automobiles and average
daily travel of Americans double by 2025 due to increases in population,
headship rates (households per population), and incomes. Economic
variables account for about half of this increase as indicated by a
“no economic growth" projection in which ownership and daily travel
increase just over 40% and 50% respectively. Other projections explore
the effects of differing assumptions regarding rates of household forma-
tions, population growth and income growth. Model projections suggest
that changed work schedules and the reemergence of cities as growth

areas will have only slight impacts on future travel and vehicle ownership.




PART I - OVERVIEW







A. The Conceptual Framework
Looking back over the past 80 years of U.S. history reveals that the

automobile has had an extraordimiry impact on U.S. society. In his first
book on the automobile James Flink enumerated some of these impacts:

««. Since its introduction in the United States in 1895 the motor
vehicle has been the most significant force sh2ping the development

of modern American civilization.

- Heary Ford created a new class of semiskilled industrial worker
and set a new standard of remuneration for manual labor.

- At general Moturs under Alfred P. Sloan, the decentralized,
multidivisional structure of the modern industrial corporation,

modern management techniques and consuner installment credit as
we know it were pioneered in the 1920's.

- Automobile sales became the backbone of a new consumer-goods-
oriented ecouomy that emerged during the 1920's.

- Patterns of courtship, residence, socialization of children,

education, work habits, and use of leisure time were radically

altered by the adoption of the automobile.l

A look at the U.S. in the 1970's shows the continued importance of
the automobile to U.S. society. In 1970 Arericans made 87.3 billion
automobile trips, using over 85 million cars, resulting in 776 billion
vehicle miles of travel (VMT). Over half of all families owned one car
in 1920 and one quarter owned two or more. It is clear that the automobile
continues to play a central role in the current day- to-day lif_e ’pf Americans.

Because of the great historical significance of the auMiie and its
continued importance in the present, any attempt to project its ownership
and use 50 years into the future should be based on a methodology which
accounts for at least some of the dominant processes of societal evolution.
This requirement is fulfilled in the current researcﬁ by applying the general
concept of household lifestyle.

The household, rather tha; the individual, is used for analysis
because decisions Ly A=mei1can consumers regarding the automobile are
made on the basis of the total needs and resources of each household,




not on the needs and resources of individuals. When purchasing cars, the
incomes of all household wage earners are likely to be considered as a
single resource. Even if there is only one wage earner, all licensed
drivers are likely to make use of the household's automobile(s). Addition-
ally, the needs of non-licensed persons which necessitate automobile travel
will also affect the number of automobiles owned and the distance they are
driven.

Arerican househalds own and use their automobiles in order to partici-
pate in a wide range of activities. Thus, any explanation of ownership
and use of the automobile must also attenpt.to explain the participation of
households in different activities. Such a requirement cannot be fulfilled
by a simple one dimensional description of households. Rather, a broad
characterization of households is required. This research fills this need
by using the concept of a household's lifestyle. Household lifestyle is
dafined in terms of a household's size and age, the social roles contained
within it, the resources available to it, and the density and variety of
activities open to it. This definition provides an extensive yet detailed
typology of households.

Specifically, lifestyle is defined by the three general dimensioas of
household lifecycle stage, income and location. Life cycle stage is an
indicator of the social roles present in different househalds as well as,
the size and age of the household. Associated with different roles is
participation in various activities which in turn lead to travel. Income

is recognized as the resource pool from which automobile purchase and

operating costs are paid. Location is considered as a measure of the density

and variety of activity sites surrounding a household which generate
travel. Individually these three dimensions provide very different but
important informatiun bearing on the ownership and use of the automobile
by American households. In combination they provide a realistic

framework for projecting automobile ownership and use.




There is an additional advantage to this conceptualization. The use
of a household life cycle stage typology for defining lifestyle, allows
these projections to be made using the well developed set of techniques of
mathematical demography. In this way the research is given a solid founda-

tion in both a cross sectional sense and longitudinal sense.

B. Projection Versus Prediction
One point that should be made clear from the outset is the distinction

betwaen projections and predictions. One of the clearest statements of
this distinction, which is also used in this research, was set forth by
Nathan Keyfitz (1972), the noted mathematical demographer. Keyfitz defined
projections as the “numerical consequences of the assumptions chosen.®
Specifically, in his own field this meant:
“The numbers [projections] are conditional on the assumptions
being fulfilled: if birth and death rates move in a certain
fashion, and net migration is of such an amount, then the total
populaticn and its age-sex distribution will be such and such®.2
In this way projections are statements of the consequences of initial
assumptions and differ from predictions which are statements of what will
actually happen. Based on this distinction Keyfitz warns that:
...the user [of population projections] is typically not a

professional demographer and he wants a prediction of what
will actually happen in the future. The calculation of

future ulation presented as an innocent (indeed tauto-
logical) projection by its author, is accented as a
prediction by the reader.3

Although this discussion by Keyfitz is in the context of demography and,thereby,
pertains to the population projections in this research, his comments also

apply to the ultimate projections of automobile ownership and use presented
in this report. Various assumptions regarding several dimensions of U.S.
society that are relevant to the automobile are made and carriad 50 years
into the future. The use of the term prediction for any one of these

projections is valid only if the assumptions underlying the projection are

realistic.
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C. Variables Used
The two variables analyzed in this research are the number of auto-

mobiles owned by a household - referred to generally as ownership, and the
number of vehicle miles of travel made in one day (OVMT) by 2 housekold -

generally referred to as use. These variables are considered at the
individual household level and at the aggregate national level. At the
household level thay are referred to as average ownership and average use.
At the national leva! they are referred to 2s total ownership and total
use.

The definitions of the three principal dimensions of the lifestyle
concept are presented in Table 1. Life cycle stage is defined in terms
of three variables - the age of the head of the household, the presence or
absence of spouse, and the presence or absence of children. Previous
research has shown that these three variables provide an effective means
for distinguishing differeat types of households. * Household income is
defined by four broad income classes <$5,000, $5,000 to $9,900, $10,000 to
$14,000, $15,000+. In 1970 these classes roughly approximated quartiles.
Location is defined by a trichotomy of urban, suburban and rural residential

locations.

0. Presuppositions
In carrying out this research some assumptions were made which remained

constant for all the projections. Such fixed assumptions are referred to as
presuppositions. The simpler term of assumption is wused to indicate
conditions which are specified differently for each nrojection. Three
presuppositions are presented in this section - the linit on income effects,
the use of cross sectional models and the continued avaiiability of resources
such that demand is always fulfilled.

One of the most important aspects of the lifestyle typology is the
categorization of the income dimension. The use of a maximum income class

( $15,00C+)presupposes an eventual limit on income effects. Initially,

o e I




Life Cycle
Stage

I

11
Il
v

v

VI
VII
VIIl
IX

Income
Class

194
111
v

n

TABLE 1

Life Cycle Stage

Nad'  pesente
18- No
18 - M4 Yes
18 - 4 Yes
45 - 64 Yes
45 - 64 Yes
45 - 64 No
65+ Yes
65+ No
18+ No
Income

Definition of Major Lifestyle Dimensions

Children

Present ?

No
No
Yes

Yes

Yes

Mmount of Household Income

$ 0-54,90

$ 5,000 - S 9,900

$10,000 - $14,900
$15,000+

Location

Urban = Central City - SMSA

Suburban = Non Central City - SMSA

Rural = Non SMSA
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growth in income from the base period will have a positive impact on
ownership and use. However, once all households have attained the highest
income class,continued growth in income will have no further effect.

This presupposition of a limit on incore effects may lead to conserva-
tive estimates of ownership and use. It is possible that growth of household
income beyond $15,000 could lead to higher levels of ownership and use. The
specification of income as a categorical dicension seems preferable, however,
to the alternative specification of income as a continuous dimension. Such
a continuous specification presupposes that ownership and use grow linearly
with inccme. Thus, constant growth of income would lead eventually to all
households owning four cars and driving them 100 wmiles every day. Such an
Gutcome 2ppears highly improbable when one considers the limits of a
twenty-four hour day and speed limits of 55 MPH.

Another presupposition underlying these projections is represented by
the use of cross sectional models of household cwnership and use. Such
cross sectional models presuppose that the ownership and use patterns of
different types of households as observed in 1970 remain the same over
time. What is being projected then is the distribution of households
within the life cycle stage - income - location typology. Behavior in
any single class of households remains constant.

A third presupposition states that the supply of goods and
services needed to support the projected levels of ownership and use
will rise to meet the projected demand. Thus, resource and supply
constraints always contain considerable slack.

E. Assumptions
Up to this point the discussion has focused on the interaction

between the three dimensions of household lifestyle and the automobile.
The actual projection, however, requires that attention be paid to the
larger systams or processes which over time generate the observed distri-

bution of households across the three dimensions of the lifestyle typology.
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With respect to each of these systems there is an associated sat of
parameters which must be given numerical specification. The values assigned
to these parameters reflect the assumptions underlying each projection.

The larger system relating to the life cycle stage dimension is the
demographic system. This system contains two different sets of parameters
which require specification. First, the age specific fertility rates need
to be specified for each five year period. Second, the proportions by
which households are estimated from the population need to be specified,

Income, naturally, is derived from the economic system. However,
rather than construct a large macroeconomic model, the ecomomic system has
beea silpiified to a single parameter, the annual rate of growth of
household income.

The location of households is the result of the interaction of both
economic and demographic systems. However, the detail required to fully
model location goes beyond the resources of this research. Thus, the
distribution of households across the locational dimension is exogenously
specified.5

The use of regression in the use model provides an opportunity for
evaluating variables beyond those proposed within the lifestyle concept.
Two such variables are the number of employed persons in the household
and the geographic region of the country.

Another dimension not specifically part of the lifestyle concept but
found to be important is time. The use model contains variables for the
day and month of travel. These dimensions must also be specified for
each projection.

Thirteen projections were gcnetl-ated in the course of this research.
The principal reason for having so many projections was to evaluate the
sensitivity of future automobile ownership and use to changes in each of

the dimensions of household lifestyle. In some respects such projections
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are artificial. Parameters associated with each dimension are specified
differently from one projection to the next, but within each projection
these parameters are held fixed throughout each projection period. In
actuality these parameters are likely to change over the course of the
next 50 years. Thus, the interest in these pro‘actions lies primarily
in the relative differences in automobile ownershis and use between
projections and not in the actual valies attained.

Several additional projections trace the impacts of simulated
societal trends. In these latter projections, parcmeters are modified
throughout each projection. The interest in these projections is more in
how the impacts of the assumed trend unfold throughout the projection
period.

As a benchmark for these various projections, one projection was
developed based on assumptions reflecting a best guess of what the future
will be. The projection based on this set of assumptions is titled the
Base Case. This projection assumes a continuation of present trends in
household formation,a rise in fertility toalevel associated with ultimate
zero population growth, an annual income growth rate of 2.5% and the
continued movement of American households into a suburban living enviromment.
Household employment and the distribution of travel across time are both
held constant at 1970 levels.

A brief description of the other projections follows:

Constrained Pro:'j'ection - The age distribution of the population is

xed according to the 1970 distribution. The size of the
population is allowed to grow as in the Base Case.

Economic Projections - Four such projections are presented having
annual income growth rates of 0%, 1%, 4% and 6%, respectively.

?ﬁgramic Pro!’ections - Five such projections are presented.
ree are specified w fertility rates which remain constant
over the projection period. The first of these three has
fertility rates which are smaller than those in the Base Case.
The remaining two of these three projections have fertility rates
which are larger than those in the Base Case. The fourth of
these five projections is specified with fertility rates which
vary in a manner so as to replicate the World War II baby boom.
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The fifth demogrpahic projection simulates an acceleration in
the existing trend toward single individual households.

Additional Projections - One projection assumes the change to a
our day work week. other assumes the return of households to
the central cities.

F. Computational Procedure

The computational procedure used to analyse these assumptions is

as follows:

1. The U.S. age-sex specific population was projected by five
year increments to the year 2025 using the cohort component

method.

2. Estimates of households were developed from the projection
of population using a set of household proportions which
were projected using the Census Bureau methodology.

3. The remaining lifestyle factors of income and location
were projected for each life cycle stage.

4. Estimates of future total ownership and use were then

computed by applyirg the set of cross sectional models
of ownership and use for each lifestyle class.

G. Summary of Projections

Examination of the various projections of total ownership and use
reveals one predominant theme - there is very likely to be a break from
previous trends in the growth of ownership and use. Between 1940 and
1970 the number of automobilesowned by Americans and the number of miles
these automobiles were driven grew at a constant rate. Over the next
50 years, however, total ownership and use are likaly to continue to grow
but at a decelerating rate. In fact by 2025 total ownership and use may
reach a stable plateau.

The basis for this deceleration in growth is due to both demographic
énd economic systems. The level of fertility for the next 50 years is
expected to be very close to the level associated with zero population
growth. The leveling of the population at a fixed size is likely to
occur at or just beyond the year 2025. Furthermore, the maturation of the
baby boom progeny will lead to a reduction in average travel expected of

households.
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In the economic domain the continued growth of household income will

lead to most 1f not all households having incomes of aver $15,000 (in

1970 dollars). Most households will fall into the maximum income class

and further growth in income will yield only modest increases in ownership
and use. Thus, income will no longer be a binding constraint for most
American households. Rather the number of people in the household and

the time available for travel will take over as the dominant constraints on

total ownership and use.

An additional conclusion, which is implicit in what has already been
said, is that demographic factors are equally as important as economic
factors in determining future levels of automobile ownership and use.

The variation observed in the demographic projections is equal to that
seen in the economic projections. Furthermore, demographic factors have
a much more complex effect on the automobile than do economic factors.
Variation in the annual income growth rate leads to different times at
which the limit on income effects is reached. Variations in fertility
rates, however, can lead to accelerating growth, decelerating growth and

even a decline in ownership and use.
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A. The Base Case
The demographic parameters of the projection methodology consist of the

age specific birth rates and household formation rates. A common character-
1zation of the birth rates is the total fertility rate, TFR, which is the sum
of the age specific birth rates (times S if S year cohorts are being considered).
TFR represents the number of children likely to be born to a woman if she were
expased to the set of birth rates observed for a specific period ia time. The
TFR, when compared to survival rates, is a measure of the rate at which a
population is growing. For example, in the U.S., a TFR of 2.1 (given current
survival rates) represents zero population growth.* The TFR between 1917 and
1975 hit a maximum of 3.7 in 1957 and a minimum of 1.8 in 1974. See Figure 1.
The projection of TFR over a fifty year period is raturally a very tricky
business as this figure reveals. Indeed, it is hard to argue convincingly

for any single future value or sequence of values for TFR. Thus, the selection
of a TFR of 2.1 was somewhat arbitrary and was used as a convenient benchmark
representing zpg.

The remaining set of demographic parameters is related to the household
formation process, and consists of a very large number of parameters. There
are eleven different types of proportions used in estimating housenolds and
nine age cohorts are considered. Thus, 99 parameters must be specified.

This task was completed for the Base Case by employing the standard methodology
developed by the Census But;awa.sua-:;y. regression models of the type In(p) = =
By + Bjt (where p is the proportion being projected By and B, are coefficients
and t is time (years)) were fit to data for 1960 through 1976. These models
were then used to estimate future values of the proportions. The data

and predicted values from these models are presented in Sharp (1978).

*Reference to a TFR of 2.1 as representing zero population growth is
somewhat misleading. Actually with TFR of 2.1 and current survival rates,
population would continue to increase for about the next S50 years, but at
a decelerating rate. After about 2035, however, the population would remain

fixed in size.



Fie. 7. TOTAL FERTILITY RATE
FOR THE U.S.
P 1817 10 1976

3.6

3.88

2.40

1.80,

1.20

© I%IHL FERTILITY RARTE

Ill'llll'lllllllll'll'lllllll"ll]llll'llrl'lll"llll'!ll"

1920 1926 1930 1936 1840 1945 1860 1966 1868 1866 18780 1875
YEARS

02

o= o o Aot i %8



21

The economic parameters consist of the rate at which real income
grows, and the number of employed persons in the household. The rate of
income growth for the Base Case was set at 2.5%. In the historical
context this represents the average rate at which real income grew
between 1951 and 1970. See Figure 2. Employment between 1960 and 1970
held fairly constant at about 1.25 employed persons per ‘isehold. For
the Base Case, emplayment was held at this level.

Location is defined in terms of an urban/surban/rurel tri-
chotomy. According to several authors the proportion of the population

living in suburban areas will continue to grow. This trend is a result
of the annexation of rural lands adjacent to metropolitan areas which
will achieve suburban status in the coming decades. Specifically by the
year 2000 the population is likely to be distributed in the following

manner:
Metropolitan Location 1970 2000
Urban 31.4% 10.6%
Suburban 38.0 62.3
Rural 29.6 27.2

The temporal variables, day of thc week and month of the year, reflect
fmiinitheil).S . s Forithe;Base; Case the.wi i i

the weekly and yearly pattern; ’ , the
proportion of travel occurring in each dqy of the week and each month of

the year was left constant throughout the pr . 2ction peri:
In the Base Case, both the total number o automobiles a. ctor

DOVMT driven doubles in the course of the projection period. See

and Figures 3 and 4. This increase is due to a 255 increase in the
population, an increase in the headship rate (ratio of number of households
to population) from .50 to .59, and increases in the average number of
automobiles owned by households from 1.25 cars to 1.44 cars and the
average number of miles driven from 31.5 DVMT to 38.5 DVMT.
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TABLE 2 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1575 - 202%

USING BASE CASE ASSUMPTIONS

Ownership (Autos) Use (DVMT)
Year Total Avg. H.H., Total Avg. H.H.  Households  Pop.
(x108) (x10%) (xi10%)  (x10%)
1975 86.9 1.25 2.20 31.6 69.6 210.3
1980 92.6 1.28 2.50 32.7 76.5 218.3
1985 108.2 1.0 2.8) 33.9 a3.l 206.4
1990 1nz2.3 1.33 3.10 35.2 85.3 233.7
1995 125.5 1.36 3.3% 36.3 92.3 239.%
2000 134.1 1.39 3.99 37.2 96.6 244.4
2005 142.9 1.41 3.83 37.8 101.3 249.1
2010 151.0 1.43 4.04 38.2 105.8 253.6
2015 157.0 SR R L IR I BRI . P EURRRE |1 FY SCHR——"L. Y 5. T
2020 161.2 1.44 4.3 38.5 112.2 260.3

2025 164.4 1.44 4.40 8.5 (O 26d.3
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Perhaps the most interesting aspect of the Base Case is the attenuation
of these increases due to a redistribution of the population into different
life qycle stages. In the course of the projection period, the proportion
of the population in life cycle stages characterized by low ownership and
use rates increases substantially. See Table 3. The most dramatic changes
are the increase of 9.0% wn Life Cycle Stage I (young single individuals)
from 6.4% to 15.42 of all households and the decrease of 8.1% in Life Cycle
Stage 11! (young couples with children) from 27.3% to 19.2% of all house-
holds. The depressing effect of the maturation of the population becomes
clear when one holds the distribution of households across the life cycle
stages constant and allows only the total number of houscholds to increase
as in the Base Case. The results for such a Constrained Projection are
presented in Table 4 and Figures S and 6.

The redistribution of households in the Base Case has a significant
effect on ownership and use. Had the distribution of households stayed
constant from 1970 onward, (as in the Constrained Projectior) then average
ownership and use would have risen to 1.52 cars and 42.2 DVMT, respectively,
instead of 1.44 cars and 38.5 DVMT. These higher rates would have resulted
in total ownership of 173.9 million cars(6% increase over the Base Case) and
total use of 4.83 trillion DVMT (103 increase over tha Base Case). Such a
result is a good example of the complex effect of demographic vactors
on ownership and use.

One of the major causes for the increase in averige ownership and
average use in the Base Case is the growth in household income. Even as
households move into life cycle stages with lower ownership and use rates,
these rates increase due to economic growth. The distribution of
households across ownership classes for 1975 and 2425 are shown in Table
5. The income distribution for housenolds for the two years is shown in
Table 6. This last table makes clear the limit on income effects. Even a
modest growth rate of 2.5% results in over three quarters of all households

having incomes of over $15,000 (1970 dollars) in 2025.



'3

TABLE 3 DISTRIBUTION OF HOUSEHOLDS ACORSS
LIFE CYCLE STAGE CLASSES 1975 - 2025

LIFE CYCLE STAGE

YEAR Ao mr v v vLoovinovor ax r
1975 64 6.2 2.3 10.7 W0 S9 9.5 88 1.2 100.0
1980 BY 62 27.8 9.4 128 5.6 9.5 9.0 1.6 100.0
1985 9.5 6.0 28.7 84 1.7 52 9.4 91 1.9 100.0
1990 0.4 56 287 84 1.0 49 9.4 9.2 12.3 100.0
1998 N0 S 2.2 9.0 N 5.0 9.3 9.1 2.7  100.0
2000 1N.8 48 253 10.2 121 55 88 86 13.0 100.0

205 12.7 44 228 N 13.4 5.1 83 8.0 3. 100.0

2010 13.4 4. 21.1 n.2 4.3 6.5 8.4 7.8 13.2 100.0

2015 4.0 3.8 2.5 10.4 145

a1k

2020 4.7 3.7 200 .95, 13.8

2025 15.4 3.5 19.2 9.3 12.8 56 NMN.5 9.1 136 100.0
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TABLE 4 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025
USING A FIXED AGE DISTRIBUTION

Ownership (Autos) Use (DVNT)
Year Total Avg. H.H. Total Avg. H.H. Households Pop.
(x108) (x10%) (x10%)  (x08)
1975 8.9 1.2 220 3.6 69.6 210.3
1980 98.7* 1.29 2.54* 33.2 76.5 218.3
1988 110.5* 1.33 2.89* 34.8 83.1 226.4
1990 120.1* 1.3 3.0 36.4 88.3 233.7
1998 129.2* 1.0 3.49* 37.8 92.3 239.5
2000 138.1* 1.43 3.77* 39.0 96.6 244.4
2005 146.9* 1.45 4.03* 39.8 101.3 249.1
2010 155.5* 1.47 4.30* 40.6 105.8 253.6
2015 163.0* 1.49 4.51* 41.2 ‘IOQ.’ 257.5
2020 169.4* 1.51 4.68* 4.7 112.2 260.3
2025 173.9* 1.52 4.83* 42.2 114.4 262.3

* = Avg x Households




FIG.

240
—

20@.060

N MILLIONS)
16@.00

-

5.

o
~
Ll

1

.58

1

1.40

1.30
ERSHIP

a AVERAGE OWN

1.20

e.0e
1}10

PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
RUTOMOBILE OWNERSHIP

0
i,
¥

.

e

19756 10 2025
ASSUMING A FIXED AGE DISTRIBUTION

|
1976

|
1860

Ey

|
1985

|
1990

|
1895

2Jee
YEARS

|
2005

|
2010

|
20156

|
2020

1
2025

62




FIG. 6.

1]
43 .88

40.00

S.80

4.088

ONS)
37.08

3.80
4.00

34

1
|

2.80
31.08

1

28.88
- AVERAGE DVMT

o TOTAL DVMT (IN TRILLI

8.080
J

PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD

DAILY VEHICLE MILES OF TRAVEL
ASSUMING A FIXED AGE DISTRIBUTION

18756 T0 20825

2

|
1876

| |
1860 1885

|
1880

|
1886

2J09
YEARS

|
2085

1
2010

T
2018

|
2020

|
2028



TASBLE § Distribution of Households Across Osnership Classes
Number of Automobiies in Household

Year 0 1 2 3+ I

1975 17 47 2D 6 100

2025 12 42 37 10 100

TABLE 6 Distribution of Households Across Income Classes
Iacome Class

Year <$5,000 $5-9,999 $10-14,999 $15,000 + =
1975 26 28 24 22 100
2025 7 8 7 78 100

31
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B. Economic Projections
The next set of projections depicts the effect of various inccme

growth rates on ownership and use. Growth rates of 0X, 1%, 4% and 6%
were specified in these four projections. The remaining variables were
left as per the Base Case.

These various growth rates led to a wide range of ownership and use
levels by the year 2025. Se2 Tables 7 to 10 and Figures 7 to 14. The
No Growth Projection driven entirely by population growth and its spatial
redistribution into suburban areas, had final values of total ownership and
use of 130.0 million automobiles and 3.18 trillion DVMT, respectively.
These values represent increases of 43.2% and 52.1% respectively over 1975
values. Here again we see the effect of the redistribution of the population
into life cycle stages with low ownership and use rates: the number of
households increased by 54.4% between 1975 and 2025. This increase was
far greater than the increases in ownership and use.

This effect is highlighted by the changes in average household
ownership and average household use. Save Tor momentary pauses,they
both decreased throughout the projection period from 1.20 to 1.14
automobiles per household and from 30.0 to 27.8 DVMT per household.

The 1% Growth Projection yielded considerably higher values of total
ownership and use by 2025. Total ownership increased by nearly three
quarters from 85.1 million autos to 148.2 million. Total use increased by
almost four fifths from 2.09 trillion DVMT to 3.18 trillion DVMT. Average
household ownership and use rose rapidly over the first thirty years of the
projection period due to the 1% income growth rate. Subsequently, they
both leveled off at 1.30 automobiles per household and at about 33.7 DVMT

per household.
A grbwth rate of 4% led to still higher values for both total and

average housechold ownership and use. Total ownership almost doubled from

88.4 million to 171.5 million. Total use experienced a similar increase
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TABLE 7 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OMNERSHIP AND USE 1975 - 2025
ASSUMING A OX ANNUAL INCOME GROWTH RATE

Ownership (Autos) Use (DVNT)

Total Avg. H.H. Total Avg. H.H. Households Pop.
(x10%) (x10°) (x10%)  (x10%)
83.8 1.20 2.09 30.0 69.6 210.3
91.1 1.19 2.26 29.6 76.5 218.3
98.2 1.18 2.44 29.4 83.1 226.4
103.8 1.18 2.60 29.5 88.3 233.7
108.4 1.17 2.72 29.5 92.3 239.5
113.5 1.18 2.83 29.3 96.6 244.4
119.2 1.18 2.96 29.2 101.3 249.1
124.1 .17 .. 3.06 28.9 » 105.8 253.6

s rimbings R - o R SRR e e

127.3 1.16 3.13 28.6 109.4 257.5
128.9 1.15 3.16 28.2 112.2 260.3
130.0 1.14 3.18 27.8 114.4 262.3
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TABLE 8 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE ONNERSHIP AND USE 1975 - 2025
ASSUMING A 1% ANNUAL INCOME GROWTH RATE

Ownership (Autos) Use (DVMT)
Year Total Avg. H.H. Total Avg. H.H. Households Pop.
(x10%) (x10%) (x108)  (x108)
1975 85.1 1.22 2.14 30.1 69.6 210.3
1980 93.7 1.23 2.36 30.8 76.5 218.3
1985 v102.4 1.23 2.60 31.3 83.1 226.4
1990 109.5 1.24 2.81 31.8 88.3 233.7
1995 116.0 ° 1.26 3.00 32.5 92.3 239.5
2000 122.8 1.27 3.17 32.9 96.6 244.4
2005 130.3 1.29 3.3% 33.2 101.3 249.1
2010 137.1 1.30 3.54 33.5 105.8 253.6
2015 142.2 1.30 . 3.68 33.7 109.4 257.5
2020 145.3 1.30 3.n 33.6 2.2 260.3
2025 148.2 1.30 3.85 33.7 4.4 262.3
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FI6. 10. PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
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TABLE 9 PROJECTION OF TOTAL ANC AVERAGE HOUSEKOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025
ASSUNING A 43 ANNUAL INCOME GROWTH RATE

Ownership (Autos Use (DVMT)
Year Total  Avg. H.H. Total  Avg. H.H. Households  Pop.
(x10°) (x10°) (x108)  (x10%)
1975 88.4 .27 2.26 32.4 69.6 210.3
1980 100.3 1.32 2.62 34.3 76.5 218.3
1985 Nna.2 1.36 3.00 36.1 83.1 226.4
1990 123.8 1.40 3.34 37.9 88.3 233.7
1995 132.3 1.43 3.59 38.9 92.3 239.5
2000 1411 1.46 3.83 39.6 96.6 244.4
2005 150.2 1.48 4.06 40.1 101.3 249.1
2010 158.3 1.50 4.26 40.3 105.8 263.6
2015 164.3 1.50 4.42 40.4 109.4 257.5
2020 168.4 1.50 4.53 40.4 n2.2 260.3
2025 7.5 1.50 4.61 40.3 4.4 262.3
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TABLE 10 PROJECTION OF TOTAL AND AVERAGE HWOUSEHOLD
AUTOMOBILE OMNERSHWIP AND USE 1975 - 2025
ASSUMING A 6X ANNUAL INCOME GROWTM RATE

Ownership (Autos) Use (DVNT)

Year Jotal  Avg. H.H. Total Avg. H.H. Households Pop.
(x10%) (x10°) (x10%)  (x10%)

1975 90.7 1.30 2.34 33.7 69.6 210.3
1980 105.0 1.37 2.78 36.3 76.5 218.3
1985 118.3 1.42 3.19 38.4 83.1 226.4
1990 - 129.2 1.46 3.52 39.9 88.3 233.7
1995 137.9 1.49 3.77 40.8 92.3 239.5
2000 146.6 1.52 3.99 41.3 96.6 244.4
2005 155.2 1.583 4.21 41.5 101.3 249.1
2010 162.9 1.54 4.40 41.6 105.8 253.6
2015 108.2 1.54 4.54 4.5 109.4 257.5
2020 171.6 1.53 4.63 41.3 112.2 260.3

2025 174.0 1.52 4.69 41.0 114.4 262.3




FIGURE 14

FIG. 14. PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
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FI6. 13. PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP 1975 T0 2025
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from 2.25 millicn DVMY to 4.61 million DVMT. Average household ownership
rose to 1.5 automobiles per household and average household use rose to
about 40.4 DVMT per household.

The final economic projection depicted an extremely high rate oi
growth in income, 6%X. In this projection the limit of income effects is
actually attained. Only modest gains were made in this projection over
the 4X Growth Projection. The greatest difference between the 6% Growth
Projection and the 4% Growth Projection is the shorter time it took the
average rates of ownership and use to reach the plateau of values described
in the previous projections. Total ownership eventually rose to a value
of 174.0 million automobiles, oniy 2.5 million automobiles over the 4%
Growth Projection. Total use ultimately reached a value of 4.69 trillion
DVMT, only .08 trillion DVMT over the 4% Growth Projection. Average
household ownership reached a plateau of 1.52 automobiles in the year

2000. Similarly average household use reached a plateau of just over
41.3 DVMT.

C. Demographic Projections

The Demographic Projections depict the effects of changes in birth
rates and household formation rates on ownership and use. As with income,
a wide range of parameter values were specified in five different projections.
Three projections depict the impact of constant Total Fertility Rates (TFRs)

of 1.9, 2.5 and 3.0. Two additional projections are specified by continuously

varying parameters. One of these, the Baby Boom Projection, duplicates

the age specific birth rates observed over the period 1935 to 1975. This
projection is meant to replicate the changes in fertility associated with
the World War II baby boom. The other projection, the Household Transition
Projection, depicts the transition of American society to a future in which
the dominant household configuration is the single individual household.

While one would not expect the age specific birth rates to remain

fixed over the next fifty years, the use of a fixed regime of fertility,

R R T R A P B
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characterized by its total fertility rate, is useful for illustrative
purposes. In the 1.9 TFR Projection, we see a population

growing at a rate which will eventually lead to population decline. With
a TrR of 1.9 and a fixed set of survival rates, population reaches a
maximum in 2015 and thereafter declines. Interestingly enough, because cf
the maturation of the population into older single individual households,
and because of the continuation of the historical trend toward single
individual households among younger persons, the number of households
does not reach such a maximum.

With income effects beginning to reach their limit and the leveling
off of the number of households, ownership and use also level off at
around the year 2015. See Table 11 and Figures 15 and 16. Total ownership
reaches a ceiling of approximately 151 million automobiles. Total use
reaches a maximum of approximately 105 trillion DVHT.

The larger TFR of 2.5 leads to an ever expanding population.
Population increases at an almost constant rate of 11.5 million people
every 5 years. The number of households grcws at a somewhat less than
constant rate around 6 million households every five years. Average
ownership and use follow almost identical paths as in the 1.9 TFR
Projection. Due to the expanding number of households, however, owner-
ship and use reach values of 192.2 million automobiles and 5.13 trillion
DVMT by the year 2025. See Table 12 and Figures 17 and 18.

Whereas the 2.5 TFR Projection exhibits almost constant growth over
the projection period, the 3.0 TFR Projection shows total ownership and
use growing at an accelerating rate. By the end of the projection period,
the total number of automobiles owned by American househol&s is increasing

at almost 20 million cars every 5 years compared to 11.7 million in the
beginning of the projection period. Total use is increasing at a half
trillion DVMT every five years compared to 0.3 trillion in the beginning of
the projection. This high growth rate at the end of the projection is due
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TABLE 11 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025
ASSUMING A TOTAL FERTILITY RATE OF 1.9

Ownership (Autos) Use (DVMT)
Year Jotal  Avg. H.H. Total Avg. H.H.  Households Pop.

(x106) (x10°) (x10%)  (x100)
1975 86.9 i.25 2.20 31.6 69.6 208.8
1980 97.6 1.28 2.50 2.7 76.5 215.0
1985 108.2 1.30 2.81 33.9 83.1 221.3
1990 1172.3 1.33 3.10 35.2 88.2 226.6
1995 124.6 1.36 3.33 36.3 91.7 230.3
2000 131.8 1.39 3.53 37.2 94.9 232.7
2005 139.0 1.41 3.72 37.8 98.5 234.4
2010 145.2 1.43 3.88 38.2 101.8 235.7
2015 149.2 1.43 3.99 38.4 | 104.1 236.1
2020 150.9 1.43 4.04 38.4 105.2 235.4

2025 151.2 1.43 4.05 38.4 105.6 233.7
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TABLE 12 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMGBILE OWNERSHIP AND USE 1975 - 2025
ASSUMING A TOTAL FERTILITY RATE OF 2.5

Ownership (Autos) Use (DVMT)

Year Total Avg. H.H. Total Avg. H.H. Households Pop.
(x108) (x10°) (x108)  (x105)

1975 86.9 1.28 2.20 31.6 69.6 213.5
1980 97.6 1.28 2.50 32.7 76.5 224.9
1985 108.2 1.30 2.81 33.9 83.1 236.7
1990 117.4 1.33 N 35.2 88.3 247.8
1995 127.1 1.36 3.39 36.2 93.6 258.2
2000 138.6 1.39 3.Nn 37.1 99.9 268.8
2005 150.8 1.41 4.03 37.7 106.9 280.3
2010 162.5 1.43 4.34 38.2 113.8 292.3
2015 172.8 1.44 4.62 38.4 120.2 304.1
2020 182.4 1.44 4.87 38.5 126.5 315.7

2025 192.2 1.44 5.13 38.5 133.1 327.2
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solely to the expanding population as average household ownership and use
have leveled off at 1.45 automobiles per household and 3°.5 DVMT per household
respectively, at around the year 2015. See Table 13 and Figures 19 and 20.

It is apparent from these three demographic projections and the
preceding economic projections, that demographic processes play an equally
significant role with respect to the automobile as do econcmic processes.
The range of final values of total ownership and total use was greater for
these demographic projections than it was for the economic projections.
Furthercore, the demographic projections revealed much greater variation in
the rates at which ownership and use changed than did the economic projections.
Higher or lower annual income growth rates led only to varying rates at which

income effects reached a limit. Varying the tota) fertility rate, however,

led to accelerating, steady and decelerating rates of growth.

Two additional demographic projections depict two different
demographic trends. The first projection replicates the age specific
birth rates observed over the pre-to post-World War II period. This
projection shows the impact of the recurrence of such a swell in
fertility. The paths of total ownership and total use observed in this
projection are similar to the 2.5 TFR Projection. While there are

slightly higher rates of‘increase;igAOwngy§hip and use at the end of the

Hur ¢

projection period as compared to the 2.5:}FR'Projection. overall, in
terms of both average and total, the Baby Soom Projection comes very
close to the 2.5 TFR Projection. See Table 14 and Figures 21 and 22.

The Household Transiticn Projection depicts a transition of households
from the nuclear family household toward the single individual household.
This transition is assumed to occur between 1975 and 2000. The assumed
future values of the household formation rates for this projection appear
in Sharp (1978). These household formation rates lead to 57% of all
households being headed by single persons by the end of the projection




Year

1975
1980
1985
1990
1995
2000
2005
2010
2015
2020

2025

TABLE 13 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025
ASSUMING A TOTAL FERTILITY RATE OF 3.0
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Ownership (Autos) Use (DVMT)
Jotal Avg. H.H. Total Avg. H.H. Households Pop.
(x10%) (x10°) (x10%)  (x108)
86.9 1.25 2.20 31.6 69.6 217.4
97.6 1.28 2.50 32.7 76.5 233.2
108.2 1.30 2.81 33.9 83.1 249.5
117.5 1.33 3.1 35.2 88.4 265.5
129.2 1.36 3.45 36.2 95.3 282.2
144.3 1.39 3.86 37.0 104.1 301.1
160.6 1.41 4.29 321 113.9 322.6
177.0 1.43 4.73 38.2 123.9 345.9
193.0 1.44 5.16 38.4 134.2 370.2
210.4 1.45 5.61 38.5 145.6 395.9
229.9 1.45 6.11 38.5 - 158.5 423.8
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TABLE 14 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD

AUTOMOBILE OWNERSHIP AND USE 1975 - 2025
ASSUMING WORLD WAR II BABY BOOM FERTILITY RATES

Ownership (Autos) Use (DVMY)
Year Total Avg. H.H. Total  Ava. H.H. Households  Pop.

(x106) (x10%) (x108)  (x10%)
1975 88.6 1.25 2.25 31.8 70.8 213.1
1980 100.0 1.28 2.57 3.8 78.4 219.9
1985 ni.3 1.30 2.90 33.9 85.5 229.2
1990 120.8 1.33 3.20 35.1 91.1 238.4
1995 129.0 1.36 3.45 36.3 95.2 247.9
2000 136.4 1.39 3.66 37.2 98.4 250.3
2005 145.0 1.4] 3.89 37.7 103.1 276.4
2010 154.2 1.42 4.12 38.0 108.6 294.7
2015 162.7 1.43 4,25 38.1 114.2 307.5
2020 172.9 1.43 4.62 38.1 121.3 317.8

2025 186.3 1.42 4.96 37.9 130.9 323.2
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period. In the Base Case, single heads represented only 43.7% of all

household heads by the end of the projection period. See Table 15.
According to this projection average household ownership and use

drop by over 0% between 1980 and 1985, the period of most rapid transition.

The number of households, however, increases by over 23% for the same

period. Thus, the drop in average househoid ownership and use is compensated

for by the concomitant increase in the number of households. This counter

effect produces values of ownership and use which are very similar to those

observed in the 1.9 TFR Projection. (Remember that this projection assumes

a total fertility rate of 2.1). The total number of automobiles owned by

American hcuseholds over the course of this projection is slightly greater

than the number owned in the 1.9 TFR Projection. Total DVMT, however, is

slightly lower than in the 1.9 TFR Projection. Thus, it appears that

such a household transition has more of a depressing effect on use than

it does on ownership. See Table 16 and Figures 23 and 24.

D. Return To The Cities Projection

A popular notion currently being discussed in the media is the
return of American households in large numbers to the central cities of - ".
the U.S. The basis for such an {dea is an expected jump in the cost of
energy. It is anticipated that this increase in the cost of energy will
lead directly to higher costs of ‘automobile travel, as well as indirectly
to higher costs of new housing in suburban areas. According to this view,
the closer proximity of activities and the existing stock of housing in the
cities will give them a significant advantage over suburban areas in
attracting households. Of course such a trend, if it were to occur, would
represent a reversal of the net migration flows of the past several decades.
However, because of the recent attention given to this idea and the.
seeming reasonableness of its underlying arguments, its inclusfon in this

research is justified.
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TABLE 15 DISTRIBUTION OF HOUSEHOLDS ACROSS THE LIFE CYCLE STAGE.
TYPOLOGY 1975, 2000, and 2025 ASSUMING A HOUSEHOLD TRANSITION

1975 2000 2025
Base  Household Pise  Household  Base  Household

LCS Case Tran. Case Tran Case Tran.

| 6.9 6.9 1i.8 15.4 15.4 13.8

11 6.2 5.9 4.8 3.4 3.5 3.0

I11 27.3 26.3 25.3 18.7 19.2 16.4

v 10.7 10.3 10.2 7.1 9.3 6.8

v 14.0 13.4 12.1 8.4 12.8 9.8

1) 5.9 6.1 8.5 10.9 5.6 12.4

Vil 9.5 9.7 8.8 5.8 11.5 6.8

Vi1l 8.8 9.4 ’ | 8.§ 12.7 : 9.1 4.2
RS R IR e SRS T R e e,

IX 1.2 12.1 13.0 12,7 13.6 16.9
100.0 100.0 100.0 100.0 100.0 100.0
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TABLE 16 PROJECTION OF TOTAL AND AVERAGE FQUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025
ASSUMING A HOUSEHOLD TRANSITION

Ownership (Autos) Use (DVMT)
Total Avg. H.H. Total Avg. H.H. Households Pop.
(x10%) (x10%) (x108)  (x10%)
87.6 1.23 2.20 31.0 . 210.3
97.4 1.26 2.47 31.9 77.5 218.3
11.8 (4 2.65 27.6 95.7 226.4
121.0 1.18 2.90 28.3 102.1 233.7
128.3 1.22 n 29.6 105.3 239.5
135.8 1.25 3.32 30.6 108.6 244.4
143.4 1.28 3.52 31.3 112.3 249.1
150.3 1.30 - 3.69 31.9 115.8 - 253.6
155.4 1.3 3.83 32.3 118.7 257.5
159.1 1.32 3.94 32.6 120.9 260.3
161.8 1.32 4.0 32.7 122.7 262.3
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FIG. 26. PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
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The return to the Cities Projection was implemented by specifying a
50% reduction in the proportion of the population currently (1970) living
outside central cities. This loss in proportion would be gained by the
central cities. This redistribution of the population is assumed to
occur over the first half of the projection.

The assumptions of this projection lead to a modest decline in total
DVMT relative to the Base Case. See Table 17. By the end of the projection
period, total use has beached 4.21 trillion DVMT. Average travel per
household has risen to 36.8 DVMT. (Total ownership is unaffected from the
Base Case due to the nature of the ownership model.)

One qualification which this conclusion deserves is that the definiticns
of urban, suburban, and rural is somewhat approximate. Thus, this result
should be taken as tentative. A more accurate definition of the location
dimension in terms of density and variety of activity might lead to
somewhat different results. On the other hand, one should not lose
sight of the fact that 1ife cycle stage, income, time and employment
account for a great deal of the explained variation in travel behavior,
and that, having controlled for these variables, there is 1ittle difference
between households in the three locational classes. A redifinition of
location is not 1ikely to change this fact. Thus,an increase in the
proportion of households 1iving in central cities will probably not bring
about much of a savings in DVMT. | ' | i

E. Four Day Work Week
A trend which seems 1ikely to continue s the ccntraction of the

work week. The ultimate outcome of this trend could concaivably be the

four day work week. In order to esvaluate the impact of such a trend,

the Four Day Work Week Projection was developed.
The transition to a four day work week was assumed to be completed

by the year 1990. All other parameters were set as in the Base Case.
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TABLE 17 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025

ASSUMING A RETURN TO THE CITIES

Ownership (Autos) Use (DVMT)

Year Total Avg. H.H. Total Avg. H.H. Households Pop.
(x10%) (x10%) (x10%)  (x105)

1975 86.9 1.25 2.20 31.6 69.6 210.3
1980 97.6 1.28 2.49 32.6 76.5 218.3
1985 108.2 1.30 2.77 33.4 83.1 226.5
1990 17.3 1,33 2.99 33.9 88.3 233.7
1995 125.5 1.36 3.20 34.6 92.3 239.5
2000 134.1 1.3 3.42 35.5 96.6 204.4
2005 142.9 1.4 3.65 35.1 101.3 249.1
2010 151.0 1.43 3.86 36.5 105.8 253.6
2015 157.0 1.43 4.02 8.7 109.4 257.5
2020 161.2 1.44 4,13 3.8 2.2 260.3

2025 164.4 1.44 4.2) 3.8 114.4 262.3
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The effect of the four day work week on total travel was surprisingly
slight. Total DVMT increased by only a small amount over the Base Case.
See Table 18. This modest increase was partially due to a 6.7% decrease
in work travel being offset by a 4.8% increase in social leisure travel.
Here again, however, some qualifications are necessary. Because the
day of the week dimension was only one of several explanatory dimensions
of travel, the impact of a four day work may be underestimated. The
decrease in work travel was not one fifth as one might expect from the
loss of one of five work days. On the other haod, the increase in social
leisure travel was not one half as one might expect frcm the addition
of one day to the normal two day weekend.

The sign of this change in total DVMT, however, is less open to
qualification. Socfial leisure trips, which occur primarily on weekends,
are considerably longer, on average, than are work trips which occur
primarily on weekdays. Furthermore, the effect of three continuous
days of leisure time may have a synergistic effect on social lefsure
travel. Households may drive longer distances to recreational sites, given
a three day weekend. Thus, a four day work week is 1ikely to cause
a net increase in total travel by American households.

The results of the preceding section were generated from a fairly complex
and diverse set of models. Part 11l presents a discussion and critique of

these models along with suggestions for future research. Four major
modeling efforts were undertaken in this study and each will be discussed

separately. The four principal models which were developed are:

1. Household Projection Model
2. Income Projection Model Ownership
3. Model
4. Use Model
A final section will briefly describe the data and software used in this

study.
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TABLE 18 PROJECTION OF TOTAL AND AVERAGE HOUSEHOLD
AUTOMOBILE OWNERSHIP AND USE 1975 - 2025

ASSUMING A FOUR DAY WORK WEEX

Ownership (Autos) Use (DVMT)
Total Avg. H.H. Total Avq. H.H. Households Pop.
(x10%) (x10°) (x10%)  (x10%)
86.9 1.25 2.20 31.6 69.6 210.3
97.6 1.28 2.51 32.8 76.5 218.3
108.2 1.30 2.85 34.3 83.1 226.4
117.3 1.33 3.12 35.4 88.3 233.7
125.5 1.36 3.3 3.4 92.3 239.5
134.1 1.39 3.60 37.3 96.6 244.4
142.9 1.4 3.83 37.9 101.3 249.1
151.0 1.43 4.05 38.3 105.8 253.6
157.0 1.43 4.2) 3.5 109.4 257.5
161.2 1.44 4.32 38.6 2.2 260.3
164.4 1.44 4.4) 38.5 114.4 262,3
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A. Household Projection Model

Households were projected by coupling a population p:rojection model

with a household proportions model. The two models are very different and

will be discussed separately.
Population Projection Model. The population model made use of

the cokcrt component method of projecting population.8 This method
explicitly recognizes two underlying demographic processes: birth and
death. (The U.S. population is assumed to be closed, so migration is not
considered.) Specifically, birth rates and survival rates are computed

for some base period for various age-sex classes. These rates are then
specified in a set of equations which are used to carry the population from
an initial year, t, forward At years into the future.

The entire set of equations may be specified in matrix notation as:

LA

Ay -J " . p" [t + at

The matrix on the left hand side is composed of four submatrices. A]

N

coccadecce

e ]

rontains the fertility and survival rates describing the births of female
children to 1iving females and the survival of these same living females
into the next period. Az is a null matrix. A3 contains fertility rates
describing the births of male children to 1iving females. Ay contains
survival rates describing the survival of 1iving males into the next
period. P' 1s 8 column vector containing the sge specific female popula-
tion for the specified year. p' 1s & column vector containing the age

specific male population for the specified year.
Of the two sets of rates menticned above the fertility rates are of

gn -ter significance to the projection because they represent a feedback
mechanism: Female children born in the current period represent an

increase in the pcpulation, but they also have certain probability of
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bearing children themselves in subsequent periods. Survival, on the other
hand, does not have this feedback effect. Furthermore, the range of values
within which future fertility rates are likely to fall corresponds to a much
wicder range of rates of growth for the population as a whole then does th:
range of values within which survival rates are expected to fa11.9 For
these reasons this research has implemented a population projection model
which allows only for the manipulation of fertility rates.

While the role of fertility is well uncerstood, the forces which
drive fertility and cause it to change are generally not well understood.
Because of this situation, this research will specify fertility rates
exogenously. Save for the Baby Boom Projection, one regime of age specific
fertility rates will be used for all projections. In each of the demographic
projections these rates will be muitiplied by a scalar constant to yield

different total fertility rates.
Household Proportions Model. The method used in this research to

project household proportions was developed from a procedure used by the

Census Bureau.'® A cross sections) model is used to allocate the adult

population to varfous types of households. The sllocations are based upon

& sequence of prcportions. Thase proportions are projected by a set of

time series models (P o exp (lo + l,) where p i3 the propurtion being

proJoctod. '0 ond .l are es'imate parowctcrs and t 13 timn 1n yoartn) The
projected sequence of proportfons Is thon oppltod to thc projcctod pébo‘ltlon
tc yleld o projection of houserolds, The clasees of households which are

computed from the population 18 shown In Figure 26,

As 1 apparent from this figure the resultant five categories of
households do not match perfectly with the nine classes of the househald
11fe cycle stage typology. In order to derive estinates of the numer of
households iIn each 1ife cycle stage, two operations were necassery. First,
married cowles Nad to be partitiomed 1ato farried couples with children ond
married couples without children, The partition wes carried out using 1270
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FIG. 25. CENSUS BUREAU PROCEDURE FUR COMPUTING HOUSEHOLDS
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FIG. 25. (cont.)
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proportions. Second, age cchorts and sexes were summed to yield the nusber
of households in each of the nine classes of the iife cycle stage typology,

The procedures just described are very close to the procedures followed
by the Census Bureau. The difference is due to simpilifications wade in this
research and hence, some loss of detail. Future research might consider 3
more deta;lcd procedure ¢.9. use single year cohorts instead of five year
cohorts.

There is, however, an improvement th-t goes beyond the addition of

details and which would represent a substantial improvement in the
projection of households. One of the requirements for projectinyg
population 13 a projection of future fertility. The methud used by the
Census Bureeu makes usc of a fixed timing pattern of fertility and
applies to this pattern ¢ completed cohort fertility rate. Tne timing
pattarns used by the Cemsus RBurcau were developed by Ansley J. Coale and
T. James Iroascll."Coalc and Trussel) 1mplementsd a rwdel of fertility
which recognized fertility as being o process associated with marriage,
Thus, their mode! of fertility Iy composed of two cusponents: one for
nuptial ity end one for ferti)ity within marriage or auptial fartility,
Thes, o topic werih comidaring for futury reseerch I8 the ples

mantation of a4 Mousenn!s pnucmm unded which wuuld Lie tugmihar Lhe
the projection of the pnvorﬂn m morrisd (port of (he ﬁnm!d
proportions model) with Cosle end Tresswl)'s mude! wf mlluly. The
addition of this 1image frew the hevsamld propertisng pwide) beck Lo Lhe
popuiation prejection mod] wnvld Pelp amid pussible Incansisviem ley
and would alse mete the prujection of Rovsehoidy mre semilive Lo Lhe

Movsetold proportions model,
¥, Losome Prejeciion Mossl

M eno1d Income was projecled wing ¢ Lenhniqse smplayed by the
Cens vy Imw.“ 18 13 o single perameter {axhrique and aveids the wie
0t o large ecomomelric mode! of the U.3. stonony. The tecrtnigee
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i
requires & annual growth rate of income be specified for the projection
pericd. This growth rate is then applied against the current income
distribution to yield the projected income distribution. This procedure
Has the benefit that it is simple and allows for a high degree of
flexibility. Furthermore, the income dimension may be easily characterized
in the discussion of the projectionsbya single parameter.

Due to the requirements of the ownership and use models, income
distributions for each cf the nine household 1ife cycle stages were
accounted for. Thus, the projection of {.:-:. m~e¢> carried out separately
for each life cycle stage.

C. Ownership Model
The variable used to represent ownership was the number of automobiles

owned by the household. No distinctions were made among the ages, sizes
and costs of the automobiles. Ownership took on four values 0, 1, 2, and

J where 3 stands fo. 3 or more.
In .pite of the cardinal nature of the ownership variable the values

of wwnership were used only to distinguish different ownership patterns.
Because of this essumed categorica) mature of ownership and because of en
interest in the distribution of households across the four ownership clesses,
ownership wes projected via the wse of & three dinensional contingency
teble. The three disansions of Lhe contingency table are ownership, Vife
cycle stege and ncome. Originally, ocation was L0 be ineluded o o
fourth dimension. Unfortunetely, the size and hesce the complenity of the
contingancy table increases esponentiely es the nunber of dimensions 1n Lhe
tedle iIncreases. Thus, isplementetion of the complete Ledle, ¢» defined by
the conceptuel framework, had 0 be left for future resesrch, [n spite of
the simplified form of the contingency teble, on enalysis wiing log 1imer

models revesled the presence of o complen set of iateractions ewong the

dimensions of the ublc."
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Very simply, 1og linear models explain the joint probabilities

‘sppearing in the cells of the table via the use of summary information

éonuimd in the marginals derived from the original table. This epproach

contrasts with regression in which the conditional expectation of one
eimension is explained by the distributions of each of the remaining
variables. For the three way table under consideration here, one
may construct a model using the following terms:

b - the mean effect term associated with the entire table.

the zeroeth order interaction teims Jssociated with

Mas» Hpe MBp =
A* 78 7C the three one dimensional marginals.

Mag* ¥ace Bge - the first order intcraction terms associated with
the throce two dimensional marginal tables.

Mage ~ the second order interaction term associated with
the complete three dimensional tadle.

One constraint imposed on these models is that for every term present in
the model, its Tower order relative oust also be present. Thus, if Ay

is present, then both A and Vg must o130 be present. Naturally, f VARG
is present, al) possible terms must be present. furthermore, since VADC
is based on the complets table, such o model (referred to as the saturated
model) fits the table perfectly,

The goa) in log Vinear modeling 13 to find the best umaturated mod'!

(mode) with one or more terms missing). The best wnsatrusisd model |»

defined as the mode) with the fewest number of tarm which s still able
tu 71t the table and which 1s Interpretable Iin tarm of the dimensions of
the tadble. In the present instence the singlest unsaturated mode) which
ylelded o 11t was the Jus: unsaturated model, 1.0., the mude!l with

1) terms present except for the Y, tarm. Thiy reletively twlcu
mode) miy bDe c.ntristed with the model which wowld have Fit I there

hed Deen complete indepandence anong Lthe three dimens iom of Lhe Lable,
In such & case, the model with only the mess effect and terveth order
tntereaction term would Nave It the tedle perfeclly, he present table
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diverges consicerably from such a corndition of independence. In fact,
The resul:s of the log linear models appliec to this table indicate the
preserce of 3 very complex set of interactions eémonqg the dimensions of
the tadle. Thus, we may conclude that the c¢imensicas of household life
cycle stage and houserold income are significantly related to one another
and to automobile ownership, and that variations in ownership for each life
cycle stage - income class should be carried thrcugh the analysis.
Thus, the three dimensional table was handled in the following
way. The conditional probability distribution of ownership given life
cycle stage and income class was assured to remain constant over time.
The marginal distribution of bousoholgs across life cycle stages wes
projected by the demographic model, and the conditional probabilities of
income given 1ife cycle stage were projected using the income growth
rate modal. A pictorial representation of this procedure appears in
Figure 26,
This mode]l may be susmerized mathematically as
P(ABC) = P(A[BC)*P(B]C)*P(C)
where: A = automobile ownership
B = income
C = 1ife cycle stage
0. Yselodel
Pasa Problems, In an effert to ansalyse travel b 4 diseggregate
level, daily trave) wes broken down into eight seperete ™easures besed on
two dimensions - the purpose of travel (Work, Bhop, CLducational-Religiovss
Civic, Social=Laisura) and sex of driver (Male, Femele), . Kight seporate
regressions models were estimeted, one for each ¢less of travel,

One of the difficulties faced In astimeting these models wes the
1imited time period for which detailed “ta were avetlelle. The trip file
of the Nationwice Persomal Tremportation Survey (NPTS) contains dete on
travel occurring over the course of ene day. Because Of (L Timitation o
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FIG. 26. PICTORIAL REPRESENTATION OF THE OWNERSHIP MOOEL
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one day of travel, these data exhibited the randomness of household partici-
pation in travel generating activities. Compounding this difficulty is the
crude measure of location of households. The grossness of the urban/suburuan/
rural trichotomy undoubtedly generated additional random variation in the
measures of travel. Thus, the standard deviations of each measure of travel
for each household class, typically, were twice as large as their means. And
this situation resulted in the estimated regression models having poor fits

to the data.

One means of avoiding this data problem is to ook at the NPTS person
file rather than the trip file. The person file contains the total mileaga
each vehicle in the household was driven in the previous twelve months.

Thus, the total vehicle miles traveled by the household in one year could be
computed. Use of yearly VMT would provide & means of averaging out the
reandom component generated by the 1imited time scale of the trip file data.
Unfortunately, the goal of this research was to delve into the ceuses of
travel at the diseggregate leve). The person file cannot be used for such
an nalysis. Thus, the WPTS trip record file was used. It 13 suggested,
however, that future date collection and resesrch consider travel occurring

over the course of & week, month or yesr,

[stimetion Resyits, The genera) form of the models finelly
selected for DYMT 13 o3 follows:
OVMT o By o By* (LCS §8) * By° (LC3 111) » By® (LC3 1Y)
v 8y* (1CS V) o g% (LCS Vi) » By° (LCD vil)
* 8g* (LCS VIID) ¢ By* (LC3 1X) » By* (Sun)
00y, (MOW) ¢ B,,° (T&) » 8;,° (WD)
o 0y,° (THR) o B0 (FRI) o B, (APR)
*0,," (W) + 8y (AB) + 8,9° (XT)
* 8° (MOURTAIR) 8 ( SLBURSAN )
v 8,0 (RUML) * Byy® (EWPLATED)
* (LOMIDINC) » Bpe° (UPHIDING)
® (MICHING) * B,4,° (AV333)

* 8
® I“

e ———— T A I R R T B e




where:
Les 11
Les 11l
Les v
s v
Les vl
Les Vil
LCs viIl
sun
mot
Tue
WED
THUR
FRI
APR
Ju
AUG
ocT
MOUNTA 1N
SUBURBAN
RURM
twLoveo
LOMIDING
UPHIDING
HIGHING
nTOS

8l

1 1f household is in Life Cycle Stage II, O otherwise

- - 11, -
N N v, -
- . v, -
- - Vi, “
“ “ vil, "
® " vIlI, "

) if travel occurred on Sunday, O otherwise

- " Honday, -
” 4 Tuesday, o
“ " Wedresday, =
N Lt Thursday, "
b . Friday, &

1 #f trave) occurred in April, 0 otherwise

. » July, .
" » August, »
o " Oc tober, "
1 17 household 15 In Mowntain Division, O elherwise
* " Sburben Ares, ”
5 o Rure) Arees, "

naber of employed persens In hevsenald
1 17 howsameld Income 14 $5 - 10K, O otharwire
" o $10 - 18k, .
» . §iee, .
nnder of svtombdiles in howeho!d

Cight modals, one fer esch sen and Lrip purpose were eslimetud, The
results are reported in Toble 19,
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-2.0

-1.1*
(0.5)

-1.7*
(0.4)

-1.3*
(0.5)

0.9*
(0.5)

-0.%
(0.4)

1.2¢
(0.6)

TABLE
VARIABLE WURK
"l
CONSTANT -1.€
Lcs 11 1.0
(] . 5)
LCS 111 0.2
(1.2)
LCS IV -2.3°
(1.3)
Lcs v -3,6°
(1.5)
LCS vl -3,1¢
(1.4)
Lcs vis -4,8°
(1.3)
LCS VIl «4,0°
(1.6)
L ¢t + femele

MODEL

Sinp

n
2.2

-5.8*
(1.0)

-0.3
(0.8)

-1.1
(0.9)

-2.5"
(1.0)

-2.2°
(0.9)

-1.2°
(0.9)

Y N L
(1.0)

F
-015

-0.3
(0.6)

0.4
(0.5)

-0.5
(0.5)

0.04
(0.6)

-0.3
(0.6)

-0.5
(0.5)

2.1°
(2.6)

-0.1°
(0.5)

(0.5)

0.)
(0.%)

-0,
(0.6)

19 COEFFICIENTS FOR ESTIMATED USE MODELS

S:b
N F
6.0 -).2
-1.0 -0.7
(3.4) (V1)
-8.2* -0.2
(2.8) (0.9)
-8.2* 0.3
(3.0) (0.9)
-10.6° 1.\
(3.4) (1))
-6.9* 0.8
(3.2) (1.0)
.8,7¢ 0,00
(2.9) (0.9)
1,30 2.0




83

MODEL
VARIABLE WORK SHOP ERC -
C F no K F ] f
SUN -3.4* -0.8* -2.2* -1.1* -1.1*  0.6* 3.6* 0.8
(0.7) (0.2) (0.5} (0.3) (0.3) (0.1) (v.6) (0.%)

0.1 0.4* -13.8* 0.04

pON 5.9 1.6*  -1.6* 0.3 , ;
(0.9) (0.3)  (0.6) (0.4) (0.3) (0.1)  (2.0) (0.6)
TUE 4.8 1.4*  -1.2° -0.) 0.6* 0.3* -12.5% -0.9
(0.9) (0.3)  (0.6) (0.4) (0.3) (0.1) (2.0) (0.6)
WED 5.9* 1.5  -1.2* 0.2 0.1 0.3* -14.4* -1.0
(0.9) (0.3)  (0.8) (0.4)  (0.3) (0.1) (1.9) (0.6)
THUR 5.6 1.0%  -1.3* 0.8* 0.2 0.5 -12.4* -1.1*
(0.9) (0.3)  (0.6) (0.4) (0.3) (0.})  (2.0) "(0.0)

FRI 5.1 1.9 -1.0* 0.3 0.04 0.3* - 9.8 -0.%
(0.9) (0.3) (0.6) (0.4) (0.3) (0.1) (2.0) (0.6)

0.4 1.0° -0.2 0.2* 6.1* 1.0*

4] 0.6 0.2 '
(0.7) (0.J) (0.5) (0.3) (0.3) (0.1) (1.7) (0.%)
AL 1.0 °0) 0.6 0.6 -0.5 -0.2* 7.0 1.0°
(0.7) (9.)) (0.8) (0.3) (0.3) (0.v) (17) (0.%)

L] 0.2 0,0 0.3 0.9 0.1 -n2*  BA* )R
(0.8) (0.3)  (0.8) (0.9) (0.3) (0.0) (1.7) (0.%)

oct 1.4 0.7 * 2 0,00

0.2 A 0.2 ’ «0.0%
(0.7) (0.3) (0.8) (0.3) (0.3) (0.01) (1.7) (0.%)




MODEL
VARIABLE MoRK Shop £RC St
" F ] F M F N F

MOUNTAIN -0.2 -0.02 0.4 -0.7 =0.1 0.2 -4.9* 1.5

(1.3) (0.5) (0.9) (0.5) (0.5) (0.2) (2.9) (0.9)
SUBURBAN 0.8 0.6* 1.0* 0.5° -0.03 0.1* 1.3 0.5

(0.6) (0.2) (0.4) (0.2) (0.2) (0.05) (1.4) (0.4) ‘
RUKAL 0.5 2.6* 1.2* 0.8* 0.3 0.1 0.3 0.1

(0.6) (0.2) (0.4) (0.2) (0.2) (0.1) (1.3) (0.4) .
LOMIDINC 1.5* -0.3 0.4 0.1 0.) 0.1 5.0 0.9

(0.7) (0.2)  (0.4) (0.3) (0.2) (0.1) (1.8) (0.5)

UPHIDING 3.9* -0.% 0.5 0.4 0.2  0.) 4.8* 0.9
(0.8) (0.3) (0.8) (0.3) (0.3) (0.1) (1.8) (0.6)

HIGHInG 5.0 0.2 0.2 1.3 0.4 0.2 8.8* 0.9
(1.)) (0.4) (0.7) (0.4) (0.4) (0.1) (2.4) (0.8)

[wLoveo 0s 1.8 0.2 -0.2° 0.} -0,03 1.2* .0,0/
(0.4) (0.1) (0.2) (0.1) (0.1) (0.04) (0.8) (0.3)

TS Ny 1,40 1,00 |,80 0.4° 0,9 9.4° ), 70
(0.4) (0.1) (0.3) (0.2) (0.)) (0.00) (0.9) (0.3)
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The explanatory power of each of thes2 models is limited., They 2re
merely explaining the mean value of DYMT for each purpose of travel-sex of
driver class. Such models, however, are useful ia that they recognize
significant overall differences between these classes. Furthermore, our oual
fs to develop estimates of total OVMT for households. For such 3 purpose the
adility to predict the mean of a distribution is Jjust as useful as pradicing
the entire distribution.

The overall statistics of each mode) are presented in Table 20. Cluarly
none of the models explain ve 'y much of the total variation in the Jdistri-
bution of DVMI. An interesting result of this partition on total DVMT, |
however, 15 the difference in the reens and variances of the eight
distridbutions being modeled. There i3 substantial veriation between son o
and purposes. Thus, the pertition 1tself explains conviderable vartaliuvn
in the dats. The frequency distridutions relating to the eight partiti.ons
are presented In Figures 27 thru 0.

The significance of the various dimensions 1s presented in Table ZI.“'

A1) Dut one of the éimensions was srgiificent in three or mrg mudels., OF

TABLL 20
SUMARY STATISTICS FOR USE MODIL)

ux o ‘
PuBPOAL pALYA [ L MAXY  MDMY. ¢t

Work " P 10 7.0 1.7 2).n
r 0 () 1.9 g
nop ] ,07 8.0 1.4 19,0
r .02 ./ 1 9.4
trC M .02 14,0 0,7 LR
F .08 1.4 0.4 2.7
$-1 9 .03 9.4 ",? 82,9
F 01 1.3 2.0 13,4
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