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ABSTRACT

SIMULATED LONG-RUN HOUSING REQUIREMENTS BY TYPE AND REGION
By

Thomas Marcin

Better knowledge of long-run housing requirements is
necessary to plan for the nation's future material require-
ments for shelter. Long-run housing projections in the past
have generally been made in an informal manner which allows
no basis for testing or revision of assumptions. Changes in
the age composition of the population which can have a major
effect on the long-run housing requirements are often ignored.
This study provides a systematic framework for projecting
the number, type, and geographic distribution of the future
requirement for dwelling units which is based on explicit
consideration of age-related demographic factors. Projec-
tions are made for the period 1970 to 2000.

The foundation of the study is a computer model. The
model developed in the study brings together many aspects of
housing requirements into a single quantified framework.

The type of housing unit required, the components of its
final disposition, and the regional distribution of housing
are integrated into the computer model. Mobile homes are
incorporated directly into the model. Annual housing projec-
tions are for the first time developed directly from annual
projections of population by age class. Alternative time-

paths of housing requirements are generated simply and
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economically by rerunning the computer model.

The effect of alternative assumptions of future popu-
lation and economic conditions on the housing requirement
can be quickly and economically assessed by using the com-
puter model.

The model is used to examine various assumptions about
the rate of household formation by population age class
(the headship rate), vacancy rates, removal rates, the type
of housing unit occupied, and the regional distribution of
population.

Three series of housing projections are presented in
the study for the United States and by region. The highest
series assumes the level of housing requirement assumed by
the national housing goals. The next series assumes a more
modest increase in the housing requirement. These two series
form the upper and lower limits of probable housing require-
ments. The third series is an analytic series which measures
the effect of population change only.

The study indicates that population pressure alone will
not cause a housing boom of great magnitude. Substantial
increases in headship, vacancy, and replacement rates are
necessary to reach the level of construction envisioned in
the national housing goals. Population pressure will
increase in the 1970's, reach a peak in the early 1980's
and then decline for the rest of that decade.

The total housing requirement is projected to increase

in the 1970's and level off in the 1980's. In the 1990's
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the total housing requirement will for the first time be
significantly affected by current population growth.

Unprecedented changes in the age composition of the
population which will occur in the next 30 years will lead
to dramatic shifts in the type-mix of the housing require-
ment, since the type of housing unit required varies system-
atically with the age of the household head. As the great
bulge of population born from 1940 to 1960 passes through
its 1life cycle a shift toward single-family housing units is
projected to begin in the late 1970's. The study also shows
that no change in multiunit occupancy rates by age of house-
hold head is required to account for the number of multiple
dwelling units constructed in the 1960's. The apartment
boom of the 1960's can be accounted for by demographic
factors and by a return of housing production to normal mix
of the housing stock (30 percent multiunit in 1960) from the
abnormal period of high single-family house production of

the 1950's.
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I. INTRODUCTION

The Problem

Estimates of future housing requirements are necessary
to plan for the wise use of our forest resources. Residen-
tial construction is the largest market for lumber and panel
products. Residential construction activity has been subject
to violent fluctuations which have adversely affected the
stability of the forests products industry and the efficient
allocation of our forest resource. Annual variations in
housing starts of over 30 percent have occurred four times
from 1950 to 1968. Even more dramatic movements have
marked the long swings of residential construction activity
over the last century. Peaks in housing starts several times
higher than troughs have been common.

Striking changes have also taken place in the type-mix
of dwelling units constructed during this century. Grebler,
Blank, and Winnick (1953) have pointed out that through the
twenties the trend was away from single-family houses. With
the exception of one three-year period, the ratio of single-
family houses to total housing units declined fairly
continuously over the first three decades éf this century.
The ratio generally ranged from 60 to 70 percent, reaching a

low of 56 percent in 1927. In the early thirties the trend
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reversed, and the ratio of single-family houses reached an
all time high of over 90 percent of all housing starts in
the mid-fifties. 1In the late fifties the trend reversed
again, and by 1968 the proportion of single-family units to
total housing starts was about the same as it was in 1928,
57 percent. Over the long run it appears that about
two-thirds of total housing starts are normally single-
family units.

In the sixties, the mobile home emerged as a dynamic
and significant innovation in the housing market. The number
of mobile home units shipped increased from 90 thousand in
1961 to 390 thousand in 1969. The mobile unit itself has
undergone a dramatic evolution in the last decade. The
maximum size of mobile units has increased from 8 feet by
45 feet before 1955 to 12 feet and even 14 feet by 68 feet
today. '"Double wide" units and units with "expandable" rooms
are also offered today. Further relaxation of public high-
way regulations regarding trailer size could allow even
bigger units to be transported. The mobile home became
considerably more competitive with conventional housing units
with the introduction of the 12-foot wide mobile home in
1962.

The changing type-mix of housing units is of great
importance in determining future material requirements for
residential construction. For example, a single-family
housing unit requires about 13,000 board feet equivalent of

wood products, a multiunit housing unit requires about 6,000
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board feet equivalent, and a mobile home requires only about
3,400 board feet equivalent.

Better knowledge of future housing requirements is
needed to plan for future material requirements for shelter.
To adequately plan for the proper development and allocation
of our forest resource through time more information is
needed about the number, type, and geographic distribution
of future housing units.

The term housing requirement is defined as the addition
to the housing stock required by a given population under a
particular set of economic and social assumptions. The term
housing demand is often used for our definition of housing
requirement. However, the term housing demand may be used
in other ways. The economist usually reserves the term
demand to mean the "effective demand" in the market place,
or the number of housing units which consumers are willing
and able to purchase or rent. Closely related to the
economist's concept of demand is the concept of housing
"need". Housing need is defined as the number and quality
of housing units required to provide every member of the
population with a certain minimum socially adequate level of
housing regardless of ability to pay. The distinction
between housing need and housing demand is not as clear as
the definition would indicate. The standard of decent
housing is determined by the same social and economic forces
which determine the effective demand for housing. Housing

need may be transformed into effective demand by various
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forms of government action. For example, the National
Housing Goals (First Annual Report on Housing Goals, 1969)
represent housing need. Government programs concerned with
housing attempt to translate this need into effective demand.
To meet future housing needs a systematic framework for
long-run projections of housing requirements is necessary
for planning realistic national housing goals and for design-
ing government programs which may effectively utilize the
economic forces of the housing market.

The most common method of making long-run housing pro-
jections is to consider the components of the housing inven-
tory. The components of final disposition of housing units
which are usually identified are new households, changes in
vacant units, and units for replacement of those units
removed from the housing stock by design or disaster. Esti-
mates of future housing requirements are made for each of
these components and totaled to obtalin the final requirement.
This method of projection is not objectionable if performed
properly. But most often the estimates of these components
are made in an informal unscientific manner, and the result-
ing projections have no basis on which they can be tested or
revised to investigate alternative conditions and assumptions.
For example, see "The First Annual Report on Housing Goals"
(1969), especially pages 14 and 15 where 1967 assumptions
are used to determine 1968 goals. An unrealistic vacancy
rate of 13.2 percent for 1977 is used, and mobile homes are

not considered in meeting the goals.
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Purpose and Objectives

The purpose of this study 1s: (1) to develop a computer
model for projecting long-run housing requirements which
makes maximum use of available information related to housing
requirements, and (2) to project the number, type, and
regional distribution of housing units 1likely to be required
from 1970 to 2000. A computer model is used to develop
housing projections 1in an effective and systematic manner.
The many forces which influence the level of housing require-
ments are best studied by separating the housing market into
components of housing requirements. Each component is
studied in detail and relations formulated. As new informa-
tion becomes available the model can be easily updated by
changing the appropriate model sectilon.

In the long-run projection model the use of exogenous
variables whose values can be projected with some degree of
confidence is highly desirable. One of the few variables
which can be projected with some certainty is population
already born. The major emphasis of this study is the
analysis of the effect of demographic variables in the
projection of housing requirements. In summary, the model
was developed with the following specific objectives in mind:

(1) To develop a comprehensive framework for projecting
long-run housing requirements in the form of a computer
model. The advantages of this approach are: (a) it forces
us to quantify vague concepts, (b) alternative projections

may be made quickly and economically, (c) we can disaggregate
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to a degree otherwise impossible, and (d) the model could
serve as a basis for development of more elaborate models.

(2) To utilize long-run population projections as the
basis for projecting long-run housing requirements. Popula-
tion already born is one of the few variables that can be
projected with confidence over long periods of time. The
number of housing units required for the next 20 years is
largely determined by the population already born, since over
99 percent of all household heads are over 20 years old.

The projection model is based on annual projections of
population by age.

(3) To relate long-run housing requirements to the
demographic characteristics of the population. The very
important relationship of age of household head to the number
and type of housing units required over the human 1life cycle
is explicitly included.

(4) To develop regional projections of housing require-
ments.

(5) To use the computer model to examine the effects of
changes in the size and age composition of the population on
housing requirements. The model is also used to examine
alternative conditions and assumptions about future housing
requirements.

The computer model has two major sections--the national
demographic sector and the regional housing market sector.
The demographic sector calculates age-related parameters for

allocating the total housing requirement by type of unit.
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Estimates are derived of the number of households by age
class and the type of housing (i.e., single unit, multiunit,
or mobile home) that would "normally" be required for the
given population when all households are provided with units
which are "normally" suited to their needs and preferences.
The measure of normalcy is occupancy rates by age class as
calculated from the 1960 census, with the following exception.
The occupancy rate for mobile homes is adjusted upward at
the expense of single-family housing units so that the mobile
home requirement is consistent with 1969 levels of consump-
tion of mobile homes.

The regional housing market sector distributes total
households by region and calculates the total housing
requirement for each region. The total housing requirement
is allocated by type of unit using the age-related parameters
from the demographic sector and adjustment factors for
regional variation. National totals are obtained by summing

over the regions.

Organization of Study

In Chapter 2, the study begins with an enumeration of
the basic concepts and background information upon which the
computer model is based. First the housing 1life cycle and
the relationship of age of household head to the number and
type of housing unit demanded is developed. The last part
of Chapter 2 is devoted to the development of a housing
" market model. A framework for analysis 1is constructed from

basic definitions and identities as a first approximation of
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the housing market process. The concept of components of
housing demand 1s presented and each component of final
demand 1s discussed.

In Chapter 3, the actual computer model is formulated.
The input data requirements, the mechanics of the computer
relationships, and the output are discussed. Past demo-
graphic patterns and projection of future patterns of house-
hold formation and housing type requirements are analyzed in
Chapter 4. The effect of fluctuation in the number of births
on the age composition of future population is examined. The
rising trend in the ratio of households to population
(headship) is also explored. Chapter 5 presents the summary
of housing requirements by region and nationally. The
housing projections are broken down by type of unit and by
components of requirement. Alternative sets of projection
series are presented for various assumptions. Chapter 6
summarizes the results of the study and discuss possible uses

of the model.

Summary of Findings

In the short run, the age composition of the population
can change very little. But over long periods of time
changes in the age composition of the population are pro-
nounced and have a major impact on the housing requirement.
Failure to consider the age composition of the population
can lead to fallacious conclusions about trends in residen-
tial construction and consumer preferences.

Housing preferences and needs change several times from
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man's college days until his twilight years. A measure of
the effect of age-related changes in the population was
derived by dividing the population into age classes and
determining the proportion of household heads (headship) in
each age class. The number of households in each age class
was multiplied by occupancy rates for each housing type to
obtain a measure of the housing requirement by type. On the
basis of these data it was shown that the wide swings in the
number of births since 1925 will lead to unprecedented change
in population age classes in the next 30 years. Assuming
1960 occupancy rates for multiple housing units, it was found
that over half of the shift from single unit housing to
multiple unit housing from 1955 to 1968 can be accounted for
by changes in the age composition of the population. The
requirement for multiple housing units by additional house-
holds increased from 27 percent in 1955 to a projected
45 percent in 1971, then declined to a projected 44 percent
in 1975 and to only 18 percent in 1990. This has obvious
implications for the type-mix of future housing. The require-
ments for multiple units have ebbed and flowed with the long
swings in population. A direct implication of the change in
the type of housing required of the population over the human
life cycle is that a bulge in births or immigration that
increases the population change from one period to the next
for young households will initially increase the demand
primarily for multiple units. Then, with a delay of as much
as 20 years after the initial effects on the requirement for

multiple units is felt, the peak increase in the demand for
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single-family housing units will take place. Considering
the upgrading in quality of housing units over the housing
life cycle, especially within the ownership market, the peak
impact of a population wave on some types of single-family
housing units may not occur until 30 or 40 years later.

The primary projections, series 1, illustrated in
Chapter 5 presume a strong economy and an effective govern-
ment housing program. The total housing requirement is pro-
jected to increase rapidly through the 1970's, level off in
the 1980's and then to increase again in the 1990's. The
type-mix of the housing requirement is projected to shift
dramatically. The requirement for mobile homes and apart-
ments will continue strong through the 1970's, but will
weaken in the 1980's. The single-family housing requirement
is expected to increase slowly until the late 1970's when it
will rise sharply. By the mid-1980's, single-family housing
units are projected to dominate the housing requirement while
the number of multiple units required will decline in
absolute numbers. In the 1990's, the trend should reverse
again. The degree of the change will be determined by the

number of births in the 1970's.



IT. ANALYTIC FRAMEWORK AND BACKGROUND

An analytic framework for projecting housing require-
ments is developed in this chapter. Background information
on the conceptual formulation of the model is provided. The
analytic framework can also be used to simulate previous
patterns of housing demand. First, the demographic basis for
projecting housing requirements will be considered by explor-
ing the relationship of age of household head to the number
and type of housing units required. This relationship is
fundamental to the model developed in this study. Next a
model of the housing market consisting of a complex system
of many interacting forces 1is developed. The influence of
these forces is studied by separating the housing requirement
into components. An analytic framework is constructed from
definitions and identities and is used to show how the demand

for housing may be conceptually separated into components of
final disposition, i.e., households, vacant units, and
replacement. The many factors which influence housing demand
are consldered as each component is discussed.

A general background of the determinates of housing
demand and the housing market process are presented by
Grebler and Maisel (1960), Needleman (1965), Grebler, Blank,
and Winnick (1953), Gribsby (1963), Maisel (1963), Smith
(1966), Winnick (1957), Beyer (1965), Campbell (1963, 1966),
Martin (1966), and Atkinson (1966). Projections are dis-
cussed by Atkinson (1960, 1963), Gillogly (1964), and

Newcomb (1963, 1966, 1967). Smith and Campbell emphasize

11
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the demographic aspects of housing demand. The complexities
involved in choosing a measure of income and relating income
to housing is emphasized by Reid (1963) and Muth (1960).
Recent econometric models of housing were developed by
Maisel (1965) and Sparks (1967). Long-run studies of
resource requirements which include housing projections were
made by the Stanford Research Institute (1954), Resources in
America's Future, Inc. (Landsberg, et al., 1963), and the

Forest Service (1958, 1965).

The Demographic Basis of Housing Demand

The ultimate purpose of all housing units is to provide
shelter for people. Therefore, the most logical and impor-
tant place to begin a long-run projection model is by study-
ing the characteristics of the population. For a population
with a given set of characteristics, a particular mix of
housing types would be necessary to provide for theilr
housing needs and preferences. Variables which relate
primarily to the characteristics of the population are
termed demographic. These variables may include age, sex,
race, family status, number of children, etc. Other
variables are primarily economic in nature. Economic
variables may include income, income expectation, assets,
employment status, etec.

The first consideration of the model is the relation-
ship of population to household formation. The desire and
ability to establish a separate household varies with an
individual's age, sex, marital status, income, etc. But the

primary variable associated with household formation 1is age
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(Smith 1966, p. 53). Many variables of interest are highly
intercorrelated with age. For example, the sex ratio,
martial status, income, and assets have age-related cycles.
Age serves as a good proxy for many of these variables. Age
also has the advantage for projection because its future
value 1s determined. Age 1s also a primary factor in other
aspects of housing demand.

Typically, total population is included in housing
demand models directly as an independent variable or indi-
rectly as a basis for determining household formation. The
usual procedure is to assume an average number of persons
per household and to use this ratio to determine the number
of households from the total population. A refinement of
this approach is to consider the population above a minimum
age level as being the relevant housing population variable.
This approach fails to consider changes in housing require-
ment over an individual's lifetime and is unsatisfactory for
this reason. Campbell (1966, p. 3) states that:

The number of separate dwelling units demanded by a
glven number of individuals, the type of dwelling
unit demanded, and the average value of the dwelling
units demanded all vary systematically between 1life-
cycle stages. Moreover, these differences in hous-
ing demand by age class have remained remarkably
stable over long periods of time in the United
States--even as real income has risen in all age
classes--and seems to be the result of relatively
stable patterns of income, income expectation,
family situations, and tastes over the 1life cycle.

Most models of housing demand ignore the effect of

changes 1n the age composition of the population on housing

demand. The effect of changes in the age composition as well

as the size of the population can be of great importance in
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determining long-run housing demand. In fact, changes in
age composition of the population can lead to changes in
housing demand even if economic condition and consumer
preferences remain constant. An increase in births such as
occurred during and after World War II has its first impact
on apartment demand, then after a number of years the peak
demand for single-family houses will occur.

The number of births in the United States has undergone
several long-run cycles over the last 50 years which will
lead to unprecedented changes in the age composition over
the next 30 years. Campbell (1966) has constructed a model
which establishes how and why swings in age composition are
important in explaining residential building cycles. Wide
swings in age composition of the population which have
occurred over the last century in the United States were
shown by his studies to be important in determining the
type-mix of housing demand. He states that (p. 41):

Clearly, if we are ever to properly evaluate the

place of population changes in determining past
residential building cycles and long swings in
economic growth, or to utilize population projec-
tions to assess the prospects for future develop-
ments in housing markets, the housing 1life cycle
will have to be included in the analytical process.

The model developed in this study is similar to
Campbell's (1963, 1966) life-cycle model of housing demand.
Other authors have used similar approaches to the same prob-
lem in a less formal manner (Smith 1966). The starting

point of this approach is to divide total population into

age classes. The procedure is then to formulate
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relationships with respect to age. The first l1life-cycle
effect to be considered is the relation of population by age
to household formation.

Ideally, it would be desirable to represent the entire
population profile by single years of age and to move this
demographic model through time by applying appropriate birth,
mortality, and migration factors. The Census Bureau
(Current Population Report Series P-25, No. 381, 1967) has
constructed such a model for population projection. The
results of the Census Bureau's model, single-year projections
of population by age class, are used as the population input
of our model. The number of births for the period 1966 to
1969 was slightly below the population series D projection,
which was the lowest series. Eight age classes were con-
sidered to be significant in the model formulation in this
study. They are: (1) 15-19, (2) 20-24, (3) 25-29,

(4) 30-34, (5) 35-44, (6) 45-54, (7) 55-64, and (8) over 65.

The Household Life-Cycle Model

A primary goal of this analysis is to isolate demo-
graphic factors. For this purpose the concept of headship,
h, is defined to be the proportion of the population that
heads households; or,

= (households,.
population

The number of households (HH) can be calculated from the
headship rate and the population as follows:

HH = h¥*POP,



16
Where POP represents the demographic characteristics of the
population and h is a function of economic and social rather
than demographic forces. Age will be the only demographic
variable to be considered in this study. But other dimen-
sions such as sex, race, marital status, etc., could be
added to further distinguish the population array.

Household headship first becomes significant in the
late teens. Over 99 percent of all households are headed
by individuals over 20 years old. The headship rate rises
sharply from ages 20 to 29. Almost 50 percent of the popu-
lation of age 30 individuals head households, most of whom
are married couples. The rate rises slightly from ages 30 to
50. It then increases more rapidly until at age 75 about
two-thirds of the population heads a separate household.
After age 80, headship decreases rapidly as individuals are
no longer able to maintain separate quarters. Headship will
approach some definitional upper bound. The ultimate 1limit
would be 100 percent, but if everyone cohabitated as couples
then the maximum headship rate would be 50 percent. This
state of affalrs (so to speak) is reached during the middle
age classes in which over 80 percent of the population lives
as couples.

The Census Bureau (Current Population Repoft Series
P-25, No. 394, 1968) has recently provided projections of
households by type and age class for the period 1967 to 1985.
These projections follow the same age cohort format. The

basis for the projections is an extrapolation of headship
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from 3-year averages centered around 1957 and 1964 to 1985.
This inflexible mechanical projection method leads to the
odd result that headship in 1985 will be 55 percent for the
35- to U4lb-year-old age group and only 51.8 percent for the
45~ to 54-year-old group. The projections are also based on
population series B which is outdated by present birth rates.
Fortunately, birth rates are not important until after 1985,
and the census projections do provide a usable estimate of
the mix of household types between families and primary
individuals. These projections can serve as an adequate
beginning for projecting housing requirements for the next
decade if used judiciously. The model developed in this
study may use Census Bureau projections, but it also has the
capacity for generating other household projections which
could be more meaningful in the long run. For example, it
is of interest to develop household projections related to
alternative rates of GNP or income growth. Alternative
population projection series may also be used. Population
series D best fits present birth rates.

The general household formation relationship can be
1th i th

formulated for the population age class and the

household type in time period as follows:

i

ik o ik
HHIK = n2“*pop)

where for year n:

HH1K = total household for age class
i and type k
POP! = population in age class i
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hik = headship for household tyve k in
age class 1i.

Household types might include husband and wife families,
other families, and primary individuals. Our model will not
distinguish household types because of inadequate data,
however, this would be worthwhile refinement. The total
number of households can be obtained by summing over the age
classes and household types. Then:

HHT | = o HHLK

The intertemporal household increment for the ith age

class and k°P household type will be:

ik o puik ik
SHHTK = HHC - mHO S
_ pikgpapl _ 1K i
= h “#¥POP_ - h T ¥POP,

ik

- (hn—l

+ Ahlk)(POP; L APOP™) -

ik, 1
h (hlk

* 1 1
o (h T ¥POP,_1)*POP, )

; i 1k 1 1k i
Ah;kPOP + h__ APOP, + AnT S APOP

n-1 n-1
The first term of the expression represents the effects
of change in the headship rate or the effect of nondemo-
graphic factors. The second term represents the effect due

to change in the size of the population in the ith

age class.
The third term represents the interaction of changes in both

headship and population. If headship does not change then
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ik ik

AHH = h APOPi
n-1 n

s
and household formation is a function of demographic factors
only. The total increment in households may be obtained by
summing over k and 1i. ]

AHHT = g%AHHik

For the remainder of this section the superscript k for
the household type will be dropped since our model will
consider only the gross overall headship rates. However, it
should be remembered that in theory household types can be
differentiated.

The tenure relationship of housing demand can be cal-
culated in a manner similar to household formation. A
homeownership function can be defined for each age class of
th

households. The homeownership requirement for the 1 age

class in year n is:

HOD = ol #upl
where;
HOi = the number of homeowners
Oi = the homeownership rate among

households in age class 1

th

HH' = the households in the i'" age class.

The increment in homeowners is:

i i HH

i
AHO™ =0 n-1""n-1

HHT - O
n
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i 1 i i
= + + -
(0, _, + 207) (HH___ + AHHT)

i i
On—lHHn—l
. . . i .
= notunl 4+ ol _ammt + aotammt
n-1 n-1

If homeownership rates are unchanged, then;
i i
AHO™ = 0 |AHH

The totals can again be obtained by summation:

iy

HOT, = IHO.
i
AHOT = SAHO™.

The rental housing requirement will be defined to be the
residual of the total requirement and the homeowner require-
ment. Then for households in age class i the rental rate is:

121 - ohy.

The rental requirement is:

HRi = HHi - HOi

and the increment is
AHRT = AHHT - AHO™,
The total rental requirement and increment will be:

HRT

HHT - HOT

AHRT AHHT - AHOT.
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Housing Types

The type-mix of the housing requirement is a major
concern of this model. Various classifications of housing
type may be made. Either structural types, value classes,
or final uses can be distinguished. In this model three
structural types are considered: single-family houses,
multiple unit structures, and mobile homes. Second homes
will also be considered but as a separate classification.
Occupancy rates will be defined for each housing type in
relation to age class in a manner similar to headship.
Occupancy rates for the three structural types must add to
one. The second home possession rate is independent of the
structural types.

th

The J housing type required by the ith age class can

be expressed as follows:

i
n

1J

i;
= *
HTn tn HH

where in year n:
Hle = housing type J occupied by house-

holds in the ith age class
1J

t the occupancy rates of housing type

J by household in the ith age class

i th

HH households in i

age class.
The housing type increment is

surtd = mrid - prld
n n-1
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13 i 1
(e dy + 8t) (HHD .+ AHHT) -

ij i
tn-lHHn-l

+ t13 samnt ¢ At wannt
1 n-1

gyl
At HHn—
If housing type occupancy rates remain constant, then:
+ o . i
AHTHd = 1 *amm
n-1 .
The total requirement and increment for each housing type

may be made by summing over the age classes:

J o fypid
HTTY = ZHT,

i .
AHTTS = zaHTY .

Components of Housing Demand

In this section the analytical framework for the housing
market is outlined. Beginning with some simple definitions
and relationships the demand for housing will be conceptually
separated into components of final disposition.

New housing will be produced either: (1) to be occupied
by additional households, (2) to be added to the inventory
of vacant units, or (3) to replace units removed from the
existing housing stock. This convenient classification of
housing demand by end use serves as a useful device for
examining the various aspects of the determinants of housing
demand. The determinants of housing demand are the many

variables which influence final demand such as income, credit,
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costs, price, population, etc. Our model can serve as a
beginning for the analysis of the determinants of demand.
Just as the concept of supply and demand is useful in
analyzing market behavior and the concept of national income
is useful in the analysis of the national economy, so too is
the concept of the components of housing demand useful in
studying the housing market. For a variable to affect final
housing demand, it must affect at least one of the components
of demand. The determinants of housing demand will be
examined with respect to each component of demand.

To begin the housing market model, HUn is defined to be
the stock of housing units in existence in time period n.
Those units which are occupied as primary residences as
defined by the Census Bureau are designated as households,
HHn' Units which are not occupied as primary residences are
termed vacant units, Vn' At any point in time, n, the demand
for housing units is divided between households and vacant
units. This is stated in the following identity:

HUn = HHn + Vn.

Similarly at the next point in time

HUp4q = HHppq + Vpgq,

The incremental demand for housing can be derived from the
above.

(HU

11

pe1 - HUY) = (HHpyq - HH)) + (Vg - V)

AHU

AHH + AV
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Then by definition the increment to the housing stock between
periods must be reflected in a change in either the number
of households or the number of vacant units.

The number of existing housing units may be altered
either by the addition of new housing units or by the removal
of existing ones. New units may be added by new construction,
production of mobile homes, or from other sources such as
conversion or adaptation of existing structures. Housing
units may be removed from the housing stock for many reasons
such as demolition, natural disaster, merger, or abandonment.
A net replacement demand, Rn, is defined to be total
removals minus net additions from sources other than new
conventional construction and mobile homes.

The increment to the housing stock may also be defined
to be the sum of new conventional construction plus mobile
homes minus net replacement. Then:

AHU = (ch + MHn) - Rn

Total housing demand may be derived by equating the two

identities for the housing increment.

(HC + MH) AHH + AV + R
n n n

Conventional housing construction is:

HC_ = AHH + AV + R - MH
n n n

Total housing demand, new construction plus mobile homes,
will be determined if relationships can be derived for each

of the components of demand.
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Household Formation

In the long run the most important component of housing
demand 1s household formation. The number of households at
any point in time is determined by the number of individuals
willing and able to occupy separate dwelling units. The most
obvious and necessary determinant of household formation is,
therefore, the size and structure of the population. A
person by definition may have only one primary residence
which will be called his household. Any dwelling maintained
as second home for occasional use must be considered as
vacant. Population sets only an upper limit on the number
of households. The number of households is also bounded by
the size of the housing stock. A household is an occupied
housing unit, thus the number of households cannot by
definition exceed the size of the housing stock. If the
housing stock is not allowed to expand freely through new
construction, then household formation may be restricted by
lack of adequate housing units. For example, some families
doubled up because of the housing shortage caused by World
War II. In the long run, population factors dominate the
level of household formation and the supply of housing units
adjust to meet this demand. The supply of housing units may
come from sources other than convention housing starts, such
as the conversions of exlisting units in the thirties and
forties and the additions of mobile homes today.

As the previous discussion has indicated, demographic

variables are the most important determinants of household
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formation. These variables are not affected very much by
outside economic forces (Adelman 1963). In the long run it
can be expected that demographic variables will dominate
household formation (Maisel 1963, p. 363).

Nondemographic variables are also important in deter-
mining the level of household formation. These variables
may be classified as social, economic, and institutional.
The most important economic variable is the level of personal
income, both its size and its distribution. The level of a
consumer's permanent income largely determines his ability to
establish a separate household (Reid 1963; Freidman 1957).
During the Great Depression income, or more precisely the
lack of 1t, retarded household formation. However, for the
entire decade of the thirties household formation was only
slightly below what was expected from population growth
(Campbell 1966, p. 66; Grebler, et al. 1953, p. 76). During
the great economic expansion since World War II, the rapid
rise in personal income has been accompanied by a steady
rise in headship; i.e., an increase in the proportion of
households to population. This increase in headship, which
is greatest among the young and old age groups, seems to be
related to the prosperous economy and the consequent social
changes that affluence has allowed. The distribution of
income can also be an important determinant of household
formation. The use of social security taxes to distribute a
permanent income stream to the elderly and the increase in

retirement payments has undoubtedly made possible the rapid
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increase in headship among the senior citizens. Government
action to redistribute income, such as a quaranteed minimum
income plan, could also increase the ability of the poor to
form households. Household formation may be influenced by
other economlc variables such as consumer's assets and the
cost of housing and credit condition, but the significance
and direct effect of these other variables is not easily
established.

Among social variables, the changing structure and
attitude of the family are probably the most important. The
increased mobility of our society and the loosening of family
ties seems to have been reflected in the willingness of the
young and older age groups to maintain separate quarters. The
number of individuals maintaining households has increased
much faster than the total. The increase is paced by older
women who outlive their mates. A movement to communal 1living
correspondingly would decrease household formation.

Government action can also be an important institutional
influence on housing demand. A government program to supply
low cost or free housing to the poor and the elderly could
increase household formation among these groups. If poverty
is to be eliminated, then household formation must surely be
increased among the poor, and in particular the nonwhite
minorities. So any government program to redistribute
income or housing services could increase household formation.
The recent open housing law could also influence household

formation by eliminating market restrictions.
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Vacancies

The second component of housing demand is the vacant
unit. Vacancies may occur for many reasons, but two broad
categories of vacant units can be distinguished: (1) those
units available for sale or rent in the market and (2) those
units held vacant for other reasons and not available in the
housing market. Avallable vacancies are the housing market
inventory of new and used homes which is needed for an
orderly exchange of real estate and the migration of people
plus a number of units built or held on speculation of future
demand. The available inventory will fluctuate widely 1in
response to changes in credit conditions and bullders
expectations. The construction process from planning to
completion of a project or a house and the response of
builder to changes in condition takes a considerable length
of time. This timelag inherent in the construction activity
response can lead to the cyclical behavior of homebuilding
activity. 1In the United States available vacancies in
recent years have ranged from a war-induced shortage of
1.6 percent in 1950 to 3.5 percent during the early 1960's.
During normal times, it can be expected that available
vacancies will range between 2 and U percent of the total
housing stock.

The primary factor associated with available vacancies
is credit. Credit may have several dimensions such as its
cost (i.e., the rate of interest), the availability of funds,

and the terms of debt. Vacancy 1s a lagged variable with
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respect to credit due to the length of the construction
process. Also important are the level of vacancies in the
previous period and the rate of change of household formation.
Expectations also can play an important role in determining
the level of vacancies, especially in relation to the factors
mentioned above. Other variables which could be significant
are rents, prices, and the cost of construction.

In the long run the level of available vacancies is a
relatively unimportant component of the total housing
requirement since it will normally fluctuate between 2 and 4
percent of the total stock. Typically the long-term lag in
mobilization of resources and the inertia of the construction
process in response to an increase in long-run demand will
lead to overbuilding and unwanted vacancies. This was the
case in the late 1920's and the early 1960's. It is likely
the late 1980's will also be the same.

The second category of vacancy is the intended or
unavailable vacant housing unit. The most important type of
vaéancy in this group is the second home. Housing units may
also be held off the market for a variety of reasons, such
as speculation during rising prices, lack of buyers in a
particular location, dilapidation, or units sold or rented
and awaiting occupancy. Unavailable vacancies will be
divided between second homes and other miscellaneous
vacancies.

Second homes are growing in number in this affluent

soclety and have been the object of much discussion and also
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much confusion. There 1s a great deal of discrepancy in
estimating the size of the second home market and 1ts effect
on total housing demand. Estimates of the number of second
homes range from 2.6 to 5.0 percent of the total housing
stock. A special survey conducted by the Census Bureau and
the Forest Service cited below indicated the lower figure.
Other surveys by Weyerhaeuser Company, American Telephone
and Telegraph, and the University of Michigan Survey Center
report the higher figures (Lansing 1966, p. 2; Sumichrast
and Seldin 1967, p. 21).

These differences arise from the definition of a second
home and from neglecting to consider the role of exchange of
existing second homes. Most of the second home market is
already considered in our model. In the last 10 years there
has been no increase in unavailable vacancies rate. If we
assume 4 percent of the vacancies are second homes and the
increment to the housing stock is about 1 million units a
year, then 40,000 units a year are needed to maintain the
overall vacancy rate. An additional 30,000 units a year
would be needed to maintain a 1 percent rate of replacement
of the housing stock. A recent survey by the Census Bureau
(Current Housing Report H-121, No. 16, 1969) and the Forest -
Service reports that second home construction averaged
55,000 units annually from 1960 to 1967. This survey used
a rather strict definition of a second home and found a
total of only 1.7 million units in 1967 or about 2.6 percent

of total housing units. It also reported that 110,000
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second homes were acquired in 1967. This indicates a large
turnover of existing units which requires no new construction.

In any case the second home requirement is included in
our model and should not be added on separately. Second
home demand is by definition vacancies and must be added to
the vacancy total. Some second homes are also replacements.
There is no statistical evidence that in the last decade the
possession rate of second homes has increased, although this
is often assumed to be the case. Some forecasters may be
guilty of double counting by assuming a vacancy rate and a
replacement rate and then an estimated additional need for
second homes which may already have been implicitly included.

Second home possession is age-related. Generally only
the older age classes are financially able to afford an
additional home. According to the Census survey only
8 percent of the households heads who possess a second home
are under age 35, while 24 percent of all household heads
are under 35. The greatest occurrence of second home owner-
ship is from ages 45 to 64. The level of personal income
would also seem to be an important factor in determining the
demand for second homes. Other factors could include leisure
time, availability of credit, and the cost of construction.

The second home relationship can be formulated in the
age cohort manner which was outlined in an earlier section.
For the ith age class in year n:

supt = slaggl
n n
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where:
SHH™ = second home households of age i
Si = second home possession rate of age i
HH = households of age 1i.
The total number of second homes can be obtained by
summing over 1i.

1,
SHHT = rSt#mupt
n n

In this manner change in the number and age composition
of households can be isolated from the rate of occurrence of
second home possession. The S parameter may be assumed to
have a secular tend upward through time.

Other miscellaneous vacancies are a relatively unimpor-
tant and stable part of overall vacancies. It will be
assumed that they will move in the same direction as avail-
able vacancies reflecting the overall condition of the
housing market.

The total number of vacancies can be calculated from

the housing stock and the vacancy rate for year n.
T T
V = v _¥HV
n n n
Vacancles may also be calculated from the household total

and the vacancy rate.

o HHT,

VvV =
no (1-vl)
n
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Replacement

The third component of housing demand is the number of
housing units required to replace existing units which are
withdrawn from the housing stock. Each year a substantial
number of units are lost from the housing stock. Replace-
ment demand constitutes approximately 30 to 40 percent of
the yearly housing demand. Estimates of replacement are
difficult to make because of a paucity of data. Housing
units may be lost from fires, floods, storms, or other
disaster. Units may be removed by demolition either by
government or private action. Other units may be abandoned
and left to deteriorate. Conversions may make two or more
units from existing units. Conversely, fewer units may
result from merger of existing units. Nonresidential
structures may also be adapted for residential purposes.

This study is concerned with the net replacement rate
of housing units. A certain number of units are added each
year by sources other than new construction or mobile home
production. These units are subtracted from the gross
number of units removed from the housing stock to obtain the
net number of removals. The net replacement rate is the
percentage of the total housing stock removed in a given
year.

The replacement rate for housing is dependent on many
factors. The age and characteristic of the existing housing
stock is very important. The general level of economic

growth can be important in stimulating alternative land use
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and increase the level of personal income. The level of
available vacant units which reflects the general avail-
ability of housing can also affect removals. When housing
is plentiful more units can be withdrawn from the market.
Government action to rehabilitate deteriorating units may
reduce the need to replace these units with new ones.
However, government action also has been one of the most
important factors in destroying housing units through urban
renewal and highway construction programs.
' The replacement requirement for housing may be con-
sidered in the short run and long run. In the short run
the government may set a goal of removing all substandard
housing units. In this case the replacement requirement
would consist of replacing or rehabilitating the backlog of
units not meeting the minimum standard of decent housing.
The relative cost of rehablilitating units versus the cost of
new construction would be important in determining the level
of each activity.

In the long run it is useful to consider the average
life of housing. Let us consider the average life of a
housing unit to be the number of years that elapse before
half of the housing units bullt in a particular period have
been lost from the housing stock.

In the long run the normal replacement rate of the
housing stock should approximate some average housing 1life
to avoid the accumulation of a quality backlog of outdated

units. If the size of the housing stock remains constant
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then the average life will simply be 1/r, where r is the
rate of replacement. If the replacement rate is 1 percent,
then the average 1life is 100 years. For a housing stock
that is growing, its average life may be calculated from

the formula (Needleman 1966):

log(l + g + g2 + gr)
r 2r

log(l + g)
where:
n = average 1life
g = annual rate of growth of housing stock
r = annual rate of replacement of housing
stock.

For a housing stock growing at a rate of 1.5 percent a
year with a replacement rate of 1 percent a year, the average
life would be 62 years.

The characteristics of the housing inventory are also
important in determining long-run revlacement demand.
Relatively few new apartment buildings were constructed from
1930 to 1959. Thus, the potential replacement demand for
the stock of older apartment buildings is high. The mobile
home construction process 1is less mgterial intensive than
conventional construction. The stock of mobile homes is
considered to have an average life much shorter than the
average life of conventional units. The average life of a
mobile home has been estimated to be only 14 years. If we
assume that the mobile home stock will grow at an annual

rate of 5 percent, then a replacement rate of 5 percent
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would mean an average life of 14.8 years. 1In any case,
mobile homes are significantly different from conventional
types of construction. Today's rapid advance of technology
would indicate a shorter average life for housing and thus
a larger replacement demand is likely.

Total replacements can be calculated from the replace-
ment rate and the housing stock by age class. For the

housing stock of age class i in year n replacement is:

R = r»lJ*HV:lj

n n
where:
HVij = housing stock of type j in age
class 1
rij = replacement rate for type j in
age class 1
Rij = total replacement for type J in

age class 1.
The total for each type may be obtained by summing
over the age class.
Rg = %rinVij
Two housing types, conventional housing units and
mobile homes, will be used 1in our model. No differentiation

for age will be made. For conventional units the relation

is:

1 1 .1
R™ = r HV
n n n
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and for mobile homes it is:

2 .2
R2 = r HV
n n n.

Then total replacement is:



ITT. THE COMPUTER MODEL

The purpose of this chapter of the study will be to
present a computer model to aid in the projection of housing
requirements over extended periods of time. The use of the
computer model will enable us to examine in detail the effect
of changes in the age distribution and size of the population
on future housing requirements. Population by age class is
used as a foundation for projecting housing requirement by
type. The effects of changes in the components of housing
demand can be considered systematically in a comprehensive
overall framework. Considered explicitly are household
formation, vacant units including second homes, and the
effect of mobile homes on new construction. Projections are
made for households, home ownership, new construction by
type, mobile homes, and second homes.

The housing market is essentially local in nature. The
model recognizes this fact. It is designed to operate on
regional or area vacancy and replacement rate data. National
totals are arrived at by aggregating the geographic
divisions. The total number of households will be dis-
tributed on the basis of projected future population of each
geographic division, adjusted for its variation from the
national average according to 1960 census data. The total
housing requirement will be distributed according to housing
type parameters from the demographic sector of the model;
again adjusted for geographic variation as recorded by the

1960 census. Four major regional divisions defined by the

38
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Census Bureau are used in this study. The regions are the
Northeast, North Central, South and West.

In theory, the approach taken in this model will permit
any degree of geographic disaggregation desired. The only
restriction is that the set of regions must be mutually
exclusive and cover the nation. For example, one could
choose the Chicago SMSA, the rest of the North Central
region, and the rest of the U.S. as his geographic divisions.
It should be noted that each division increases the data
requirements of the model and makes manipulation of model
parameters more complex. This type of system could be used
to arrive at estimates of present housing need by gathering
data on a regional basis and to project future housing
requirements by geographic division.

In this first model most of the parameters are estimated
exogenously and combined over time via the computer. Judge-
ment and analytic relationships are combined into an overall
framework from which hypotheses and econometric relationships
could be formulated. Alternative parameter levels could be
specified to fit particular sets of assumptions.

The model considers the period 1950 to 2000. Of partic-
ular interest is the projection period 1970 to 2000. Annual
projections are generated for all model variables. Figure 1
presents the flow chart of the model.

The computer model has two main sections--the national
demographic sector and the regional housing requirement

section. The demographic sector is based on elght
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DEMOGRAPHIC SECTOR
POPULATION BY AGE

HEADSHIP BY AGE

TOTAL HOUSEHOLDS HOUSEHOLDS BY AGE H”w”w ol o

INCREMENT

INCREMENT OCCUPANCY
RATES

TOTAL HOUSING TYPE
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NEW CONSTRUCT IIREMENT MENT
O T CREGIoN BY R

Figure 1. Flow chart of the model.
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population age classes. They are: 15-19, 20-24, 25-29,
30-34, 35-44, 45-54, 55-64, and over 65. Household formation
is estimated for these age classes. The occurrence of three
types of housing structures (single-family houses, multiunit
structures, and mobile homes) and second homes are also
considered. The demographic sector calculates age-related

parameters for allocating the total housing requirement by

type.

The Demographic Sector
The basic steps for the demographic section of the pro-
gram are listed below. The index I refers to age class, J
refers to housing type and N to the year.
(1) Population.
Estimates and projections of population, POP(I, N),
by age class are read in by single years from 1950-2000.
(2) Headship.
Estimates and projections of headship, H(I, N), by
age class are read in for 5-year intervals from 1950-2000.
(3) Households.
Households by age class are derived from population
and headship. For each age class I households are:
HH(I, N) = H(I, N) * POP(I, N).
The household increment from the previous year 1is:

DHH(I, N) = HH(I, N) - HH(I, N-1).
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Total households and the total household increment are

obtained by summing over I.

T

HOT(N) = & HH(I, N)
T

DHHT(N) = % DHH(I, N)

(4) Homeownership.

Estimates of homeownership rates, O(I, N), were
made for 1960. Annual rates were set equal to these
estimates.

The number of homeowners was derived from owner-
ship and households.

HO(I, N) = O(I, N) * HH(I, N)
The homeowner increment is:
DHO(I, N) = DHO(I, N) - DHO(I, N-1).
The totals for homeowners and the increment to

homeowners in all age classes are:

I
HOT(N) = £ HO(I, N)
I
DHOT(N) = I DHO(I, N).

The percentage of households that are homeowners
is also calculated.

HOP(N)

HOT (N) /HHT (N)

DHOP(N)

DHOT(N)/DHHT(N)
(5) Housing type occupancy rates.

Two housing type occupancy rates are defined.
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They are:

(i) The overall occupancy rate for the housing
types by age class.--T1(J, I, N).

(1ii) The incremental occupancy rate is the rate
at which the net annual increment to households by age class
occupy different housing types.--T(J, I, N).

If the overall rate is known then the number of housing
units for each type required by households is:
HT(J, I, N) = T1(J, I, N) * HH(I, N).
Given the incremental rate, the incremental requirement
for each type is:
DT(J, I, N) = T(J, I, N) * DHH(I, N).
And the requirement by age class for each type is:
HT(J, I, N) = HT(J, I, N-1) + DT(J, I, N).
Given the incremental rate; the overall rate can also
be calculated as:
T1(J, I, N) = HT(J, I, N)/HHT(N).

The total requirement and the increment requirement are:

I
HTT(J, N) = £ HT(J, I, N),
and
I
DHT(J, N) = £ DT(J, I, N).

The percentage of household occupancy for each housing
type and for the increment of each housing type can be

calculated as follows:

PHT(J, N) = HTT(J, N)/HHT(N)

PDHT(J, N)

PHT(J, N)/DHHT(N).
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The housing types considered were:
J = 1 - single-family units
2 - multiunit structures
3 - mobile homes
L - second homes
(6) Second Homes.
A secular time trend is assumed for the second
home occurrence rate. The rate was adjusted as follows:
T(4, I, N) = (1 + AT4 * (N-20)) * T(4, I, 20)

Where AT4 is a constant.

The Regional Housing Requirement Sector

This phase of our model projects the components of
housing requirement by region. It distributes the total
number of households by region on the basis of regional
population projections. Vacancy rates and replacement rates
are input for the regions and total housing requirement by'
type 1s estimated for each region. The national total is
obtained by summing over the regions. The steps in this
section of the model are:

(7) Regional distribution of households.

The total number of households will be distributed

on the basis of the population over 21 years in the region
adjusted for the variation of the region from the national

household formation rate.
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The adjustment factor is:

Household .
si(x) - (Popatasion 214) ReEion X
Household U.S

Population 21+

The adjustment is made on the basis of the 1960
Census.

Estimates of the regional adult population
POPR(K, N), are input by 5-year intervals. Single-year
estimates are by interpolation.

The equation for distributing households between
the K regions is:

HHR(K, N) = HHT(N) * (A1(K) * POPR(K, N)),

k
where Al's are restricted so that £ Al1(K) = 1.

(8) Vacancies and the housing stock.

Estimates of vacancy rates, V(K, N), by region are
made by 5-year intervals for the period 1950-2000. Annual
rates are obtalned by interpolation. Vacancy rates include
an allowance for second homes.

The housing stock, HU(K, N), is estimated from the

vacancy rate and the number of households as follows:

- HHR(K, N) .
HU(K, N) T VIR W)

Total vacant units are then:
VR(K, N) = HU(K, N) - HHR(K, N), and
the national totals are:

K K
HU(N) = £ HU(K, N); VR(K, N) = £ V(K, N).
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(9) Replacement.

Replacement rates, R(K, N), by region are estimated
for 5-year intervals for the period 1950-2000. Annual rates
are obtained by interpolation. These rates apply to
conventional constructed housing units only. The mobile
home inventory is considered separately. A mobile home
replacement rate 1s estimated separately.

The total of conventional replacements needed each
year is estimated as follows:

RR(K, N) = R(K, N) * (HU(K, N) - HUMH(K, N)).
The mobile home replacements are estimated by the
relationship
RMH(K, N) = S % HUMH(K, N),
where S 1s based on an estimate of the average life of a
mobile home. The national totals for replacement are
obtained by summing over the K regions.
(10) New construction.

New construction for each region is estimated
from the components of housing demand; household formation,
net change in vacant units, net replacement and the net
number of new mobile home households. Then new construction
is:

HC(K, N) = HF(X, N) + DVR(K, N) + RR(K, N) - AMH(K, N),
where household formation is:

HF(X, N) = HHR(X, N) - HHR(K, N-1),
and the net change in vacant units is:

DVR(K, N) = VR(K, N) - VR(K, N-1).
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The net addition of occupied mobile homes, AMH(K, N), is
defined later.
(11) The type-mix.

The number of single-family units 1is estimated by
assuming that the net increment to the housing stock will be
distributed according to the increment housing types derived
from the demographic section of this model. The component
of replacement demand will be assumed to be distributed
according to the distribution of the total housing stock.
The relation for single-family units for each region K and
year n is:

HCS(K, N) = (HF(K, N) + DVR(K, N) - AMH(K, N)) * B1(K) ¥

DHT (1, N) + RR(K, N) * B1(K) * HHT(1, N)
DHHT(N) - DHT(3, N) HHT(N) - HTT(3, N)
where:

B1(K) = % mobile homes in region K.
% mobile homes in U. S.

Multi-family dwellings, HCM, are simply the difference:
HCM(K, N) = HC(K, N) - HCS(K, N)

The national total is obtained by summing over the
K regions.

(12) Mobile homes.

An estimate of the additional number of mobile
homes used in each region as primary households is obtained
by adjusting the national percentage of new mobile households
for regional variation and multiplying this by the household

formation of the region:
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AMH(K, N)

HF (X, N) ¥ B3(K) * PDHT(3, N),
where;:

B3(X)

% mobile homes in region K.
% mobile homes in U. S.

This adjustment is based on 1960 Census data.
Total mobile home shipment will be net mobile
homes plus replacement adjusted for units not used for

primary residences.

TMH(K, N) = AMH(X, N) + RMH(K, N),
SX
where:
SX = % mobile homes used as residences.
National totals are obtained by summing over the
regions.

(13) Total housing requirement.
The total housing requirement 1is the sum of new
construction plus mobile homes used as primary residences:
Total(K, N) = HC(K, N) + SX ¥ TMH(K, N).
The national total is again obtained by summing

over the regions.



IV. DEMOGRAPHIC PATTERNS

The information input and output for the demographic
sector of the housing requirements model 1s presented in
this chapter. The input information requirement for this
sector includes population, headship, ownership rates, and
housing type occupancy rates for the age classes considered
in the model. The relationship of population by age to
household formation and housing type occupancy is considered
for the period 1950 to 2000. The output information pro-
vided by this sector is the total and annual increment for
households, homeowners, and the housing types. The ratio
of homeowners and the housing types to the household total
and annual household increment is also calculated. A
summary of the model output 1is provided in Appendix B for
1970 to 2000. Specific information by age class is also

included in the Appendix.

Population

Until the 1920's, immigration was an important factor
in population change in the United States. But since the
enactment of the Immigration Act of 1924, the basis of
population change has been fluctuations in the number of
births. As Figure 2 shows, the number of births in the
United States has undergone some wide swings in this century.
These swings will lead to unprecedented changes in the age
composition of the population for the remainder of this

century.

b9
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Figure 2. The number of births in the United States from

1909 to 1990. Source: U.S. Public Health Service, Vital
Statistics of the United States.
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A major decline in births occurred from 1925 to 1933
as births fell from almost 3 million to only 2.3 million.
An enormous increase in births followed as the "war baby"
boom raised births from under 2.5 million in 1939 to over
4.3 million in 1957. A sharp decline in births followed,
starting in 1962. Births dropped by 800,000 to less than
3.5 million in 1968. A recovery in the number of births is
expected in the 1970's as the "war babies" reach child
bearing ages. Even the Census Bureau's most pessimistic
population projection series D projects births to reach an
all time high of 4.5 million by 1980. Actual births for the
period 1966 to 1969 were slightly below the series D pro-
Jjection.

Future population may be projected from an appropriate
model of births, mortality, and net immigration. The Census
Bureau has constructed such a model and its output is used
as input for our model. Annual projections of population
by age group were obtained for the period 1960 to 2000 from
the Census Bureau (Current Population Report P-25, No. 381,
1967). Annual estimates of population for the 1950's were
also obtained from Census Bureau estimates (CPR P-25,

No. 310, 1965). Population series D was used in the model
since this series most closely approximates recent birth
rates. Other birth rate assumptions such as those of
series C could be used in the model, but the birth rate
assumption does not significantly affect our model until

after 1990.
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The difference in population change by age class due to
the past fluctuations 1in births are illustrated in Table 1.
For example, from 1960 to 1970 the number of persons aged
30 to 39 decreased by 2 million, but those of ages 15 to 24
increased by 11.8 million. Figure 3 compares the change in
the 1960's. The figures show that the population increase
is concentrated in those age groups which were born from
1940 to 1960. In 1970 this population bulge was of ages
10 to 30; by 1990 it will be ages 30 to 50. The annual
population projections used in the model are present in

Table B3 in Appendix B.

Headship

The second input to our model i1s headship. Headship is
the proportion of the population that heads households. As
such it is a measure of the nondemographic factors in house-
hold formation. A headship curve is the relation of headship
to age. Figure U4 shows the headship curve for various points
in time. The headship curve has a well-defined shape as the
chart indicates.

Headship rates have remained relatively constant
through the first half of this century. But since WW II
headship has increased steadily. The greatest increase has
been among the younger and older age classes. The trend
toward increased headship cannot continue unabated. Some
upper limit of headship will be approached. The ultimate
limit is, of course, 100 percent. More realistically, if

86 percent of the population is living as couples and the
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Figure 3. Population change by age class for 1960 to 1970
and 1980 to 1990. Source: Table 1.
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remaining 14 percent as singles, then the maximum headship
rate would be 57 percent. In fact, headship for the 45- to
S5h-year-old group increased from 49 percent in 1950 to
53 percent in 1958 and then leveled off to 52 percent in the
1960's.

The headship curve rises abruptly from age 20 until age
30, where it levels off at just under 50 percent. Most
people by this time are married and cohabitat in a separate
household. Headship rises slowly after this until late
middle age and then it increases moderately as death and
separation produce more single-person households. Headship
increases until about two-thirds of the population in their
late seventies have a separate household. Headship declines
rapldly after age 80 as individuals no longer are able to
maintain separate households. In our model this last
decline in headship for the very old 1s lost due to the
aggregation of the 65 and over age group.

Headship rates were calculated from estimates of house-
holds and population by age class. Estimates were made from
the decennial census of 1950 and 1960. Annual estimates
were also made for 1954 to 1968. Unfortunately, the annual
series for households has a high variance suggesting that
an average of several years be used. Current Population
Report Series P-20 by the Census Bureau reports estimates of
household characteristics annually. As an input to our
model, headship estimates from the decennial census of 1950

and 1960 are used for those years. For 1955 and 1965 a
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3-year average from the annual headship series is used.

For the projection period, 1970 to 2000, three alter-
native assumptions can be made about headship. These
assumptions are designated Series A, Series B, and Series K.
The primary projection series, illustrated in this study,
Series A, projects present trends with the following
restrictions. Headship trends will be modified for a con-
ceptual upper bound and headship will increase with age up
to the 65 and over age class. Series B assumes a more
moderate increase in headship, while Series K assumes
constant 1965 headship rates. The headship rates used in
the model are illustrated in Table 2. The annual headship
rates are also in Table B4 of the Appendix B for Series A.

Many other assumptions about future headship could be
easlly examined with the model. By assuming headship to
remain constant at 1965 rates, we can measure the effect of
changes in the size and age composition of the population on
household formation. It would also be possible to develop
household projections related to alternative rates of GNP or
income growth. In this case, the primary headship series
would be associated with a real GNP growth rate of say
4 percent. A higher GNP growth rate assumption would be
associated with higher headship and a lower GNP growth rate

would mean lower headship projections.
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Table 2. Headship rates by age class for 1890, 1930, 1940 and for 5-year
intervals from 1950 to 2000.

Year : Age class
: 15-19 ; 20-24 ; 25-29 : 30-34 : 35-44 : 45-54 : 55-64 : 65+

(percentages)
1890 0.6 10.7 27.3 38.5 46.5 52.0 56.0 51.8
1930 .7 11.7 ( 32.8 ) 44.9 50.4 53.7 53.2
1940 .6 11.3 28.2 37.7 44.6 50.7 54.0 56.8
1950 1.2 16.1 32.9 39.9 44.8 49.2 52.0 52.8
1955 1.6 19.0 35.7 42.8 47.5 51.1 54.4 55.1
1960 1.8 22.1 39.6 45.0 48.4 52.6 56.2 56.1
1965 1.6 22.9 42 .4 46.1 49.1 52.2 56.4 60.4
Projection
series
1970 A,B 1.9 25.1 45.6 47.6 50.5 52.3 57.7 62.9
1975 A 2.0 26.7 46.9 48.8 51.4 52.8 58.0 64.1
B 1.9 26.0 46.3 48.3 50.8 52.3 57.7 63.6
1980 A 2.1 28.2 48.1 49.9 52.1 53.2 58.4 65.2
B 2.0 26.9 46.9 48.9 51.0 52.3 57.7 64.3
1985 A 2.2 29.6 49.2 50.8 52.6 53.6 58.8 66.3
B 2.0 27.8 47.5 49.4 51.2 52.3 57.7 65.0
1990 A 2.3 30.6 49.8 51.4 53.0 54.0 59.2 67.0
B 2.1 28.7 48.1 49.9 51.3 52.3 57.7 65.5
1995 A 2.4 31.5 50.4 52.0 53.4 54.4 59.6 67.6
B 2.1 29.6 48.6 50.3 51.4 52.3 57.7 65.9
2000 A 2.5 32.4 51.0 52.6 53.8 54.8 60.0 68.0
B 2.1 30.5 49.0 50.6 51.5 52.3 57.7 66.2

Source: 1890 - 1950 Campbell (1966), 1955 - 1965 author's estimates based
on data from U.S. Bureau of the Census, Current Population Rpt. Series
P-20 and P-25.
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Homeownership Rates

Homeownership rates are the proportion of households
who own a home. The relation of ownership rates to age in
an ownership curve shows that the frequency of ownership
increases with age. As Figure 5 indicates, in 1960 owner-
ship rose rapidly for those aged 20 to 35 years. Ownership
reached a level of 65 percent for the 35- to Udb-year-old age
class and increased slowly to 72 percent for the 65 and over
class. The 1960 estimates of ownership rates were derived
from the 1960 Census of Housing and Population (U.S. Bureau
of the Census 1963).

In the model, ownership rates are assumed to be constant
at 1960 rates in order to measure the effect of changes in
the size and age composition of the population on the tenure
of the number of occupled housing units required. The
homeownership rates are reproduced in Table B7 of Appendix B.

Many other assumptions about ownership rates can be
considered in our model. Decreasing or increasing ownership
rates could be assumed over time. Ownership is positively
related to income and negatively related to the real cost of
mortgage loans. These relationships could be formulated.
But for now the model measures just the demographic effects

of population on homeownership.
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Housing Type Occupancy Rates

Housing type occupancy rates define the proportion of
households that occupy a particular class of housing. These
rates are defined for household head age classes. Housing
types considered are single-family houses, multiunit
structures, and mobile homes. An estimate of the second
home possession rate is also made. The housing type
occupancy rates are presented in Table 3.

Housing type occupancy rates were approximated for
1960 from the following considerations. The 1960 census
reported 62 percent of the occupied housing stock was owner
occupied. It also reported that 69 percent of the housing
stock was detached one-unit dwellings.

In the model it was assumed that in the future single-
unit dwellings would be distributed in a proportion similar
to owner occupied units, except that persons over 60 years
(past the age for having children at home) would occupy
relatively fewer one-unit dwellings. Mobile homes were
assumed to be occupied in relatively greater proportion by
persons under 35 years. Mobile homes accounted for only
about 1.4 percent of the occupied housing inventory in 1960.
Multiunit occupancy rates were calculated as the residual
of single unit and mobile home occupancy estimates for the
elght age classes. These occupancy rates are only
approximations; but the important factor, the general
relationship of age to the housing type required, is

adequately represented. A more satisfactory and formal



62

snsus) ayjz JOo neaang

swoy aTTqou
24N30NJ3S 3TUNTATNW
9SNOY payoeq13p 34IUN-3UO

*(£96T)

‘g WOJJ BJBP UO pasBQ S93BUTISS S,J0UYjny - (Q9fT :99Jnog

€

c
T :sadk3 Butrsnoy/e

€0t 9T 9T '8 T°h 1°c e T° 000¢
€ h 8°9 8°9 € LT 6° ¢’ 0 096T
Sauwoy puooag

0°0¢ 0°6T 0°6T 0°ST 0°0¢ 0°0¢ 0°0¢ 0°0¢

0°¢t¢ 0°he £°6T 612 0°6G¢ 0°6H 0°0.L 0° 0.

0Ly 0°T9 L*S9 G €9 0°Gn 0°T¢ 0 0 0002-0.L6T
gsoTnga Aourdnodo TEBjUSWSJIOUT

6°6 9t °9 8- L 0°0T L°GT 0°6T ¢'8T €

0°¢¢ 0'fe £ 6T G 1¢ 0°G¢ T 64 0°0L 0°0. c

T°L6G Tl otk £ 1. 6°1G IS 0°'TT 6 T 000¢

0°¢ 0°1 L® 0°'T 8°T 8 ¢ € G £

0°¢¢€ 0"he £ 6T G°1¢ 0°6G¢ 0°6h 0° 0. 0°0.L c

0769 0°6G. 0°08 68l ¢'€9 ¢ 8t L° G2 G 12 T 096T

(ss3rjgus0a9])
+G9 P 79-6S ¢ ySG-Gh ¢ ph-=GE e -0¢ 6c-62 * pe-02 * 6T-6GT M\m adfa M teox
SseTo 83y . dutsnoy .
*0002 pPue (96T J0J sseTO 83® KQq sajea Kourdnoop °§ 3IQRY,



63
procedure would be to obtain the occupancy rates directly
from Census Bureau data tapes for the 1960 census.

The second home possession rate was assumed to be
age-related. The recent Forest Service-Census Bureau survey
of second homes confirms this relation. Second home
possession rates are assumed to increase at a constant rate
of 0.3 percent over time for Series A.

To adjust the occupancy rate shown in Table 3 for the
present high level of moblile home additions to the housilng
stock, new type occupancy rates are defined for the annual
increment to households. These incremental rates are also
seen in Table 3. Mobile home occupancy is known to be
greater among those under 35, so the curve 1s weighed as
such.

The occupancy rates for detached one-unit housing
(single-family houses and mobile homes) are assumed to
remain constant. The increase in mobile home occupancy
rates is subtracted from single unit occupancy rates as an
alternative type of detached one-unit housing. Multiunit
occupancy rates are assumed to remain the same. The incre-
mental occupancy rates apply only to the annual household
increment. They are used to calculate the required increment
for each type. The increment rates are held constant for
the projection period 1970 to 2000. By applying these rates
to the household increment the overall occupancy rate can be
changed each year. The result of this is shown in Table 3

for 2000. Tables of the housing type occupancy rates are
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listed in the computer output tables in Appendix B.

The housing type occupancy rates considered here are
just one example of how the relation of the age of population
to the type of housing unit required can be formulated. The
simplest example would be to assume no age effect; 1l.e., age
of occupant has no relation to the type of housing unit.

The occupancy rate for each age class would be the same as

the overall proportion in this case.

Households

The basic output of the demographic sector 1is households
by age class. Households are determined by headship and
population. Both the number of households and net household
formation are calculated annually for the period 1950 to
2000. Net household formation 1s defined as the increment
to total households from the previous period. The number of
households and net household formation for Series A are
listed by age class in Table B5 and Table B6, respectively,
in Appendix B. The totals for all age class are present 1in
the demographic summary Tables Bl and B2 for Series A. The
summaries for Series B and Series K are contained in Tables
B25-B29.

Long-run fluctuations in the number of households in
the model correspond to fluctuations in population. Figure 6
shows how Series A net household formation projects for
selected age classes vary through time as the population
bulge of persons born from 1940-1960 passes through the

various age classes. As the chart indicates, household
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formation for the 30 to 44 age group declines in the 1960's
but will increase by almost a million a year by 1985.

For the projection period, many sets of assumptions can
be made which will generate alternative sets of household
projects. Table U4 shows the three alternative projections
of total net household formation made in this study.
Projected total household formation will reach a peak in
the early 1980's, then decline for the rest of the 1980's in
all three series. An upswing in household formation in the
1990's will require an upswing in births in the 1970's as

population Series D projections.

Homeowners

The number of homeowners is determined by the product
of homeownership and the number of households. The number
of homeowners and the net increment of homeowners for Series
A projections are listed in Tables B8 and B9, respectively,
of Appendix B. The totals for all age groups are listed in
the summary Table D-1. The percentage of total households
who are owners and the percentage of household increment who
are owners 1s also listed in the summary tables in Appendix B.

The ownership requirement for total net housing
formation varies widely over time due to changes in the age
composition of households. Under the assumption of constant
ownership at 1960 rates, the homeownership percentage of
total net household formation decreases from over 65 percent
in 1955 to 49 percent in 1967 and 1971. As Figure 7

indicates a long upswing in ownership will raise the annual
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requirement to 70 percent of total net household formation
by 1990.

If we assume that all households who are not owners are
renters, then the percentage who are renters is the com-
plement of the owners. In this case the renter requirement
increased from 35 percent in 1955 to 50 percent by 1970.
Then, by the late 1980's the rented requirement will drop to

30 percent,.

Housing Types

The housing fype requirement by age class is derived
from the housing type occupancy rates and the number of
households. In the model until 1960 the housing type
requirement is established by the 1960 estimates of occu-
pancy. After 1960 net household formation is multiplied by
the increment in housing types to calculate the required
increment for each type. The increment is added to the
existing occupied housing stock by type and the overall
type occupancy rate for the total stock is derived. For
1960 to 1969 the increment occupancy rates are adjusted to
approximate net additions to mobile home households. For
the projection period the rates are held constant at a level
which approximates 1969 mobile home additions. Second homes
are calculated from the second home possession rate and
households.

The housing type-mix required by households is summarized
for Series A in Table Bl of Appendix B. The percentages of

each housing type required in the mix are also listed in
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Table B2. These percentages are used as parameters to
allocate the housing stock increment in the housing require-
ments section of the model. The figures used in the individ-
ual housing type calculations for Series A are listed in
Tables B1l0 to B25 for single-family houses, multiunit
structures, mobile homes, and second homes, in that order.

The mix of housing types will change dramatically
according to the assumptions used in this sector of the
housing requirement model. The multiunit requirement
increases from 27 percent in 1955 to 45 percent in 1971. It
then falls to only 18 percent in 1991. The conventional
single-family house requirement falls from 71 percent to
32 percent and increases to 69 percent for the same years.
Similarly the mobile homes requirement goes from 1.3 percent
to 24 percent and back to 13 percent of total net household

formation for the same period.



V. HOUSING REQUIREMENTS

Time-paths of housing requirements are generated in the
housing requirements sector of the model. The data input
requirement for this sector of the model includes projections
of total households and regional projections of population,
vacancy rates, and removal rates. The output includes annual
housing requirements by region and for the United States.
The housing requirement series is broken down by type of
unit and by component of final demand. The national housing
summary 1is presented in Tables Al and A2 of the computer
printout in Appendix A. The regional summaries are con-
tained in Tables A3 to AlO.

Three series of future housing requirements are pre-
sented to show how the model can be used to examine alter-
native time-paths of housing requirements under various
assumptions. The series are designated series 1, series 2,
and series 30. Series 1 assumes a large increase in head-
ship, vacancy, and replacement rates. This upper time-path
assumes that the National Housing Goals will be met through
a strong economy and a very high priority for housing.
Series 30 is an analytic series which measures the housing
requirement due to increase in population only. It assumes
constant headship, vacancy, and replacement rates. Series
30 is important because it shows the effect of population
pressure alone on the housing requirement. Series 2 is an
intermediate series between series 1 and series 30. It

assumes moderately increasing headship, vacancy, and

71
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replacement rates. This series can be considered as the
lower range of 1likely housing requirement. Other series
could be generated for various sets of assumption, but they
are likely to fall between series 1 and series 2. The
assumptions for the components of housing demand used to

develop the three series will be considered next.

Input Information

Household Formation

The first input requirement for the housing market
sector is net household formation. Household formation will
be defined to be the net change in total households from the
previous period. Household formation may be obtained from
the demographic sector or it may be input exogenously. This
provision permits the use of the Census Bureau household
projection series which are standard reference series. Of
course, it is possible to use many alternative series of
household projections.

Three series of household formation based on the
assumptions of Census Bureau series 1, series 2, and series
K will be considered (Current Population Report P-25,

No. 394, 1967). These series are analogous to our series A,
B, and K. Each series has been extended to the year 2000.
Headship rates have been adjusted among age classes to
remove illogical relationships which were pointed out
earlier in Chapter 2. The series are also based on popu-
lation series D rather than original series B basis. It

should be pointed out again that in the model the population
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series used has absolutely no effect until after 1985 and no
significant effect till the 1990's. The household formation
projection series are listed in Table 10 on page 87. Series
1 assumes headship will increase at the pace of the last 20
years. This pace cannot continue indefinitely, if only by
definition. Series 30 assumes constant headship and measures
the increase in households due to changes in the size and age
composition only. Series 2 assumes headship will increase at

a more moderate rate than the last two decades.

Vacancy Rates

Vacancy rates by region are the next input to the model.
Vacancy rates can be obtained from the Decennial Census of
Housing for 1950 and 1960. Quarterly vacancy rates estimates
by region were begun by the Census Bureau in 1955 (Current
Housing Reports, Housing Vacancies, Series H-111). Vacancy
rates have varied widely by region. These variations will
be assumed to continue in the future. Three assumptions
about the overall United States vacancy rates are made for
the series 1, 2, and 30 projections. The projected rates
are listed in Table 5.

Series 1 assumes a rapid increase in vacancies after
1970. The average long-run vacancy rate is assumed to
increase to 13.6 percent by 2000. Series 30 assumes vacan-
cles will remain at the average rate of 9 percent recorded
in 1969. Series 2 is an intermediate assumption which
assumes average long-run vacancies will rise moderately to

11.3 percent in 2000. Short-run fluctuations in vacancies
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Table 5. Total and avallable vacancy rate estimates and
projections for the United States from 1950 to 2000.

Available and total

Year vacancy rates

(Percentages)

Estimate

1950 Census (1.9) 6.7

1955 Annual series H-111 (2.3) 8.3

1960 Census (3.4) 9.1

1960 Annual series H-111 (3.4) 10.1

1965 Annual series H-111 (3.5) 10.5

1969 Annual series H-111 (2.2) 9.1
Projections Series 1 Series 2 Series 30
1970 (2.0) 8.7 (2.0) 8.7 (2.2) 9.0
1975 (2.6) 9.6 (2.5) 9.3 (2.2) 9.0
1980 (3.1) 10.4 (2.8) 9.7 (2.2) 9.0
1985 (3.4) 11.2 (3.0) 10.1 (2.2) 9.0
1990 (3.5) 12.0 (3.1) 10.5 (2.2) 9.0
1995 (3.6) 12.8 (3.2) 10.9 (2.2) 9.0
2000 (3.6) 13.6 (3.2) 11.3 (2.2) 9.0

Source: U.S. Bureau of the Census, 1950 Census of
Housing, 1960 Census of Housing, and Current
Housing Rpt. Series H-111.
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will occur about these projected long-run trends.

The projected vacancy rates do not include vacant
mobile homes, since vacant mobile homes are not counted in
housing statistics. It will be assumed that 10 percent of
the shipment of new mobile homes will not be used as
primary residence. They may be used as second homes or for
other purposes. One study indicated one of eight mobile
homes used as a second home (Muncy 1968). Accordingly,
actual vacancies rates including mobile homes may be higher
than indicated vacancy rates. Including vacant mobile homes
would raise the series 1 vacancy rate to 15 percent in 2000.

Vacancies can also be distinquished between those
available for sale or rent and those not available.

| During normal times the available housing market inven-
tory can be expected to fluctuate between 2 and 4 percent of
the housing stock. In 1969 the available housing inventory
was 2.2 percent. In 1970 it is expected to drop to 2.0
percent. This rate is projected to rebound from this acute
low level to 3.6 percent for series 1 and 3.2 percent for
series 2 by the end of the century. The second major type
of vacancy 1is the unavailable vacant unit, including second
homes. It i1s projected to rise by 2000 to 10.0 percent for
series 1 and 8.1 percent for series 2. The majority of
second home buyers are between 40 and 60. This age group
will increase very little in number until the late 1980's,
when an upswing in second home requirements is likely to

occur.
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Replacement Rates

Regional replacement rates for conventional housing
units are also required by the model. The replacement rates
are based on the 1960 Census of Housing, Components of
Inventory Change (U.S. Bureau of the Census, 1963). Infor-
mation is provided on replacement requirements for the
periods 1950 to 1956 and 1957 to 1959 by region and by type
of unit. The type of housing unit lost did not vary signif-
icantly from the overall mix of the housing stock. But
significant differences in replacement rates existed between
periods and among regions. These differences will be
assumed to exlist in the future. Table 6 shows the conven-
tional replacement rates by region for 1950 to 1956 and
1957 to 1959.

Three replacement rate projections are shown in Table 7.
Series 1 assumes conventional replacement rates for the
United States will advance to 1.05 percent. Slight variation
occurs because of the changing regional distribution of the
total housing stock. Series 30, the status quo series,
assumes the conventional housing stock will be replaced at
the 0.84 percent rate of 1957-59. Series 2 makes an inter-
mediate assumption of a replacement rate of 0.95 percent.

Mobile homes are considered separately. A mobile home
is not included in the housing stock by the Census Bureau
when it is not used as a primary residence. Mobile homes
are assumed to be withdrawn from use as primary residences

at a rate of 5 percent of the occupied mobile home stock.
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Table 6. Replacement rates for 1950-1956 and 1957-1959
for the United States and regions.

United ° North-  North-

Period ' States east ‘ central South : West
(Percentages)

1950-56 0.46 0.27 0.33 0.76 0.49

1957-59 .85 .48 .65 1.27 1.03

Source: U.S. Bureau of the Census, 1960 Census of
Housing, Components of Inventory Change (1963).
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This assumption is made for all regions and for all three
series. By adding mobile home replacement to conventional

replacement an overall average replacement can be calculated.

Regional Population Distribution

Estimates of the regional population over 21 years of
age are required to distribute net household formation by
region. Projections and estimates of population over age 21
are available from the Census Bureau to 1985 (Current
Population Report P-25, No. 375, 1967). The assumptions and
methodology used to make these projections are outlined in
the reference cited above. Census Bureau projection series
I-D is used as an input to the model until 1985. Extra-
polation of trends 1s used to make projections for the
period from 1990 to 2000. Recent population statistics
indicate that the South's share of the population is 1likely
to be greater than was projected by the Census Bureau.
Again, other projections of population by region may be
easily considered in the model. The projected regional
adult population percentages used in the model are illus-
trated in Figure 8. A change in the migration rates between
regions will, of course, effect regional housing require-
ments but will have 1little effect on the national housing
requirement. The model assumes a continuation of present
trends in the regional distribution of population.

To adjust the model for regional variations in household
size, and type of housing unit, the number of households,

the population, and the stock of housing units by type of
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unit must be known for each region for some base year.
Estimates of these factors were obtained from the 1960

Cce€ensus.

The Output Information

The computer model generates the total housing require-
ments from the preceding information according to the pro-
ce dures described in Chapter 3. The increment to the
h ousing stock is assumed to be distributed in proportion to
the type-mix for the household increment. The replacement
requirement is assumed to be distributed according to the
P roportion of each type in the total housing stock.

Total housing requirements for all types of units are
P rovided as the model output. The units are separated into
conventional new construction and mobile homes. New con-
St ruction is further divided between one-unit and multiunit
S tructures. The housing requirement is also divided into
components of households, vacancies, and replacement. Pro-
Jections of the total housing stock, occupied and vacant,
are presented along with the vacancy rates, the conventional
r"eplacement rate, and the overall replacement rate. The
e gsional summary also provides information on each region's
P& rcentage share of population, total housing requirement,

and new construction requirement.
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T otal Housing Requirement

The total national housing requirement for series 1 and
series 2 is summarized in Table 8. Figure 9 shows the range
o f requirements for all three series. The series 1 housing
p rojections for the United States by unit type are presented
in Figure 10. Table 9 lists past housing production from
1959 to 1969 and series 1 housing projections by type of
unit and by region. Table 10 compares the variation in the
c omponents of housing requirements for all three series,
while Figure 11 illustrates the components for projection
series 1.

The future housing requirement is likely to fall
between series 1 and series 2. Alternative time-paths of
housing requirements can be examined with the model. For
€ Xample, one could use household assumption 1, vacancy
assumption 2, and replacement assumption 3, and generate a
New series.

The output data provided in Tables 8-10 have been used
t o develop projection of housing requirements for the U.S.
Forest Service. An earlier mid-1969 version of projection
Series 1 is compared in Table 11 with projections made by
The Department of Housing and Urban Development. The
"ewvised projections prepared at that time by HUD total
24,900 million units for the 10-year period 1969-1978. This
figure agrees with the 24,887 million units generated by the
COmputer model. The time-path of housing requirement

&€nerated from our model can be easily revised to fit the
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condition of the housing market expected in the 1970's.
The revision can be done quickly and economically by simply
changing the assumptions for 1970's and rerunning the
computer model. Thus the model can provide up-to-date
projections to fit any conditions. The projections presented

in this study were made in February of 1970.

The Housing Type-Mix

The model presents only one mix of housing types. It
is based on the assumptions that housing units will be
replaced according to the existing mix of the housing stock
and that the increment to the housing stock will be distrib-
uted in proportion to the housing type-mix of the household
increment as discussed previously. Slight variations occur
among the three series because of the differing proportions
of required housing increment to the required replacement.
Figure 12 shows the relative housing mix for series 1. Other
housing type-mix series could be constructed from the basic
mix series. The model could then be used to project how
occupancy rates by age class would have to change through
time to be consistent with that series. For example, one
could assume 1 percent annual shift from single-family units
to multiunit structures from 1970 to 1975. The mix of
housing types presented projects the effect of changing age
composition upon which other assumptions or trends can be
Superimposed.

A surprising conclusion that can be drawn from the

esults of this study 1s that the occupancy rates by age for
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multiunit structures appear not to have changed much in the
1960's. While there has been a major shift from the 1950's
to the 1960's in the production of multiunit structures,
this has been more of a shift back to the normal mix of the
total housing stock. There has also been a shift to large
apartment complexes from multiunit structures of less than
four units. The overall mix of the housing stock in 1960
was 70 percent detached one-unit structures (69 percent
houses and 1 percent mobile homes) and 30 percent multiunit
structures. In 1940 and 1950 it was 64 percent detached
one-units and 36 percent multiunit structures. The 1950's
were an unusual decade when almost 90 percent of new housing
units were single-unit structures. Historically this was an
abnormal high percentage. Many factors contributed to this
boom in sales housing, particularly the availability of funds
for government-insured mortgages. By 1960 there was a large
stock of recently built single-family houses, while the
stock of multiunit structures was mostly either bulilt before
1930 or converted from existing structures in the 1930's and
1940's. With favorable demographic patterns, increased
apartment construction was a natural occurrence in the 1960's.

In the 1960's the mix of housing units produced,
including mobile homes, between detached one-unit structures
and multiunit structures is about what would be expected
assuming 1960 occupancy rates of housing types by age class.
In the last decade 16,460,000 housing units were produced

including 9,290,000 single-family houses, 2,047,000 mobile
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homes, and 5,123,000 multiunit structures. Of the total
31.1 percent were multiunit structures. This is only
slightly above the 30 percent share multiunits had of the
housing stock in 1960. In other words, multiunits are
holding their share of the total stock taking age composition
into account, while mobile homes are increasing their share
relative to conventional single-family houses.

The impact of ignoring mobile homes in housing start
statistics is also apparent from the model output. For
example, in 1969 over U5 percent of housing starts were
multiunit structures. But only 36 percent of total housing
production were multiunit structures when mobile homes are
included.

The overwhelming preference of families for single-
family homes seems undiminished in the 1960's. Studies by
the Survey Research Center of the University of Michigan
indicate fully 85 percent of all familles state their pref-
erence is to live in a single-family house, and that as one
proceeds up the income scale the proportion of families
living in single-family homes increases to over 90 percent
(Lansing 1964, 1966). Projected increases in per capita
income and the shifting of demographic patterns in favor of
early middle age groups by the late 1970's seem to indicate
that a swing toward single-family structures in the long run
is 1likely.

By projecting these occupancy rates the model has been

very useful in indicating the effect of changing age



94

composition of the population on housing requirements. The
model provides a logical reason for projecting one time-path
of housing mix other than the usual conjecture about changing
consumer preferences, land costs, etec. Other time-paths of
housing mix could be developed from this basic series.

Projection of the type-mix of the housing requirement
was also prepared by HUD as shown in Table 11. HUD used a
method and assumptions similar to this model's. Ownership
rates derived from the 1960 census were applied to Census
Bureau series 1 household formation projections for 1969 to
1978. HUD projections are for sales units. A 7.3 percent
difference exists between the HUD projections and projections
made in this study. This difference probably arose from the
approximately 8 percent difference between renter occupied
housing units and multiunit structures in 1960. The HUD
projections equate rental units required with multiple units
required. Our model maintains the 8 percent difference. If
this adjustment 1s made the HUD projections are almost the
same as the results of this study. The data from 1966
survey of occupancy of new housing by HUD (1968) affirm the

ownership rates used.

Regional Housing Requirements

The model is developed on a regional basis, so regional
series exist for each of the three time-paths of housing
requirement. These series are available in computer printout
in the appendix. Replacement rates, vacancy rates, and the

mix of housing types vary widely by region. The model has
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assumed that these factors will continue to vary in the same
proportion in the future. The South and the West previously
have had higher replacement rates, vacancy rates, and rates
of population growth than the Northeast or North Central
regions. They also have had a larger share of the new
housing construction than they have had of total population.

Mobile homes also constitute a large proportion of the
housing stock in the West and South. The Northeast has the
largest percentage of multiunit structures. All of these
factors are implicitly included in the housing market of
each region. The model assumes these variations to continue.
The regional projections of total housing requirements are
presented in Figure 13 for projection series 1.

A detailed study of the housing requirement for each
region was not possible due to the lack of adequate regional
data. Therefore, only a general estimate for each region
is possible. But the model developed here attacks the
problem of geographic disaggregation directly by developing
its projections on a regional basis. The model presents
long-run projections of housing requirements for each region
which are consistent with national time-paths of housing
requirement. These series should prove useful at least as a
starting point for regional planning and regional analysis

of future housing requirements.
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VI. SUMMARY

This study was undertaken to develop a computer model
to project long-run housing requirements by type of unit and
by region. The study provides annual projections of housing
requirements for the next 30 years. The study is the first
in a series of studies that are needed to determine the
impact of future housing requirements on forest land manage-
ment. The next step in the process is to determine the
volume of wood that would be required to project the total
housing requirement. A step in this direction is being made
in a concurrent thesis by Paul Ellefson which is designed to
measure the volumes of wood that will be required in single-
family homes in the North Central region.

The information provided by this study is of general
housing needs for the entire nation and should be of interest
to anyone concerned with the long-run housing requirement.
The foundation of the study is a computer model which uses
the ability of the computer to disaggregate and process
information to generate alternative time-paths of housing
requirements simply and economically. Mobile homes are
incorporated directly into the housing supply by the model.

The model relates housing requirements directly to
projections of annual population by age class. This unique
feature allows us to consider explicitly changes in the age
composition of the population with respect to a person's
housing 1life cycle. 1In these times of concern about

population growth this model is well-suited for examining
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the impact of alternative rates of population growth on the
long-run housing requirement.

The model examines alternative time-paths of housing
requirements for a population of given characteristics.
These elaborate examinations of the housing requirement are
not sufficient to predict future housing market behavior.
To simulate the housing market requires an equilibrium
model of both supply and demand in the housing market. But
when dealing with a product in relatively fixed supply and
subject to lags in the construction process it is useful to
consider the probable housing requirement rather than the
actual market behavior. In the long run it can be assumed
that the supply of housing units will respond to changing
patterns of housing requirements. The supply response may
be subject to considerable lag and can take many forms. By
examining the model results we can state the conditions
necessary to achieve a particular level of housing require-
ment. And by consldering demographic factors directly, the
model provides an insight into the nature of future changes
in the size and type of the housing requirement. In the
long run demographic factors must be satisfied.

The model is used to examine alternative assumptions
about future housing requirements. The question the model
addresses itself to is: Given an assumed population base
and certain assumptions about the components of housing
requirements, what set of housing requirement projections

will satisfy these conditions? The model can also be used
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to work backward from a given housing requirement to
determine the assumptions consistent with the requirement.
Three series of housing requirement projections are provided
by the study to help answer this question.

The model can also be used to examine the mix of
housing types projected to occur in a particular housing
projection series. One important question to be answered
concerns the relation of mobile homes to conventional
housing starts. Mobile homes are a substitute for conven-
tional construction. What the actual housing type-mix
will be in the future 1is a very difficult question to answer
because many factors must be considered. We can answer the
guestion: Given a certain pattern of housing type occupancy,
what will be the required housing type-mix if these rates
are assumed to remain constant in the future? The model
used in this way is very useful for estimating the effect of
changes in the age composition of the population on the type
of housing unit required. The model provides a logical
reason for making housing type-mix projections. Other
assumptions may be entertained about change in preferences
and life styles, but the age composition effect must still
be considered.

Regional summaries of housing requirements are provided
by the model; in fact, the national summary is obtained from
the regional summaries. The model provides an estimate of
the housing requirements in each region for any set of

regions covering the United States, given a set of
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assumptions about the regional components of housing require-
ment. Thus, the model provides regional projection series
which are consistent with a national housing requirement
series. These series should be useful for regional studies
and planning.

On the basis of the projections provided in the study,
the following conclusions can be drawn about housing
prospects:

(1) Population pressure alone is not enough to cause
a housing boom of large magnitude. Population pressure will
increase in the 1970's and reach a peak in the early 1980's.
But increases in headship, vacancy, and replacement rates
are also necessary to produce a large increase 1in housing
requirements.

(2) The national housing goals as indicated in projec-
tion series 1 will not be met unless there is a drastic
reordering of national priorities and substantial spending
to rebuild our cities. Projection series 1 requires steady
increases in headship, vacancy and replacement rates. Some
necessary conditions for this to occur are:

(a) Continued low unemployment and growth of per
capita real income particularly for the young and the poor.

(b) Expanded housing opportunities for the old
and the poor either by direct or indirect subsidies.

(c) A substantial budget surplus to be used to
provide capital and to free resources for housing. One

study estimates a $20 billion surplus would be needed by
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the mid-1970's.
(d) A major rebuilding program for our cities.

It is unlikely that series 1 housing requirement
projections can be attained in this decade. It 1is simply a
case of "missiles or houses", not both.

(3) Mobile homes now fill a substantial proportion of
the housing requirement. It is misleading to consider only
housing start statistics. Total housing production including
mobile homes in 1969 was nearly 1,900,000 units, of which
nearly 21 percent were mobile homes. Production of mobile
home housing units will continue to diminish the requirement
for conventional housing starts.

(4) The projected increase in population and housing
requirements is largely concentrated in those age groups
born from 1940 to 1960. The type of housing unit required
over the next 30 years is anticipated to shift to meet the
needs and preferences of these age groups as they pass
through the stages of the housing 1life cycle. The great
concentration of population increase in this relatively
small range of age classes at similar stages in their life
cycle will probably produce a large market for housing units
of similar characteristics. Of the projected increase in
population over 20 years of age in the 1970's of 23 million,
15.4 million will be of ages 20 to 34. In the 1980's, of a
projected increase in population over 20 years old of 19.6
million, 15.3 million will be of ages 30 to 44. 1In the

1990's, 14.7 million of an increase of 18.3 million in
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projected population over 20 years of age will be 40 to 54
years old. Dramatic changes in the type of housing unit
required will occur in the next 30 years if the historic
relationship of type of housing unit occupied to the age of
household head continues in the future. How the housing
supply will respond to these changes in the age composition
of the population is not known but we can surmise the follow-
ing:

(a) Large-scale apartment developments and mobile
home production will continue to fulfill the housing require-
ments of the large number of young households in the 1970's.
Multiunit structures could account for 50 percent of housing
starts from 1970 to 1974.

(b) A large potential market for some type of
moderately priced single-family housing unit will build up
in the mid-1970's as the number of households in the 25-34
year old age group increases rapidly. This is the age group
in which households usually acquire their first single-
family house. Some type of large community tract develop-
ment featuring both single-family housing units and multiunit
structures is likely to occur. '"Operation Breakthrough",
the recent program of the Department of Housing and Urban
Development to promote new building systems and the pooling
of local markets for the large-scale production of housing
units should stimulate this type of development.

(c) In the 1980's the number of households in the

30-44 year old age classes are projected to increase by
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nearly a million a year. This age group occupies a high
percentage of single-family housing units and, unless there
is a drastic change in living patterns, there will be a
tremendous increase in the requirement for single-family
housing units.

(d) A large number of apartments will still be
built in the early 1980's, but over-capacity is likely to
occur by the mid-1980's as the decline in births of the
1960's has its effect. In the 1980's an absolute decline
in the number of households under age 25 is projected.

(e) The second home requirement in the 1970's
will not be as great as 1s often anticipated since there will
be little growth in the number of households aged 40-60.
This age group is the major market for second homes. By the
late 1980's a large potential increase in the second home
market should develop as the number of households in their
4o's increases rapidly.

(f) Custom built and individually styled homes
are also demanded principally by individuals in the 40 to 60
age group who are upgrading the quality of their housing.

In the 1990's when the number of households in this age
group is projected to grow sharply, a new era of individ-
ually styled homes is likely as our affluent middle-aged
society seeks to improve the quality of its housing.

(g) The requirement for housing by our senior
citizens will continue at its present strong pace until the
late 1990's when the decline in births from 1925 to 1935

becomes significant.
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(5) The present acute housing shortage is 1likely to
continue to get worse in the early 1970's. New housing
production will be absorbed by population pressure and will
keep vacancy rates from rising. Replacement of housing
units will be retarded by the shortage of housing and 1little
progress will be made in upgrading the housing stock unless
there is a massive increase in the supply of housing units.
In the 1970's it will be difficult to improve the quality of
the housing stock.

(6) The 1980's should present an excellent opportunity
to upgrade the housing stock. Population pressure will reach
a peak in the early 1980's and decline significantly in the
decade. The momentum of housing programs and the mobili-
zation of resources for homebuilding in the 1970's should
provide a large housing production capacity. The combination
of an adequate housing supply plus a decline in population
pressure should allow for substantial rebuilding of cities
and replacement of substandard housing units.

(7) The 1990's should be marked by continued upgrading
of the housing stock and the addition of a large number of
second homes. The number of births in the 1970's or current
population growth will for the first time become a signif-

icant factor in determining the total housing requirement.
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Al-2.

A2-2.

A3-2.

A4-2.

A5-2.

A6-2.

AT-2.

AB-2.

A9-2.

Al0-2.
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Series 2 housing requirements for the United
States - type of unit required.

Series 2 housing requirements for the United
States - components of housing requirements.

Series 2 housing requirements for the
Northeast - type of unit required.

Series 2 housing requirements for the
Northeast - components of housing require-
ments.

Series 2 housing requirements for the North
Central Region - type of unit required.

Serles 2 housing requirements for the North
Central Region - components of housing
requirements.

Series 2 housing requirements for the South -
type of unit required.

Series 2 housing requirements for the South -
components of housing requirements.

Series 2 housing requirements for the West -
type of unit required.

Series 2 housing requirements for the West -
components of housing requirements.
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APPENDIX B

DEMOGRAPHIC TABLES

Series A U.S. demographic summary for households
by type of unit.

Series A U.S. demographic summary for households
by type of unit.

Series A U.S. demographic summary by age class
for population.

Series A U.S. demographic summary by age class
for headship.

Series A U.S. demographic summary be age class
for total households.

Series A U.S. demographic summary by age class
for the household increment.

Series A U.S. demographic summary by age class
for ownership rates.
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for total homeowners.

Series A U.S. demographic summary by age class
for the homeowner increment.

Series A U.S. demographic summary by age class
for single-family housing occupancy rates.

Series A U.S. demographic summary by age class
for single-~family housing incremental
occupancy rates.

Series A U.S. demographic summary by age class
for total occupied single-family houses.

Series A U.S. demographic summary by age class
for the increment to occupied single-family
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for multiunit housing occupancy rates.
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Series A U.S. demographic summary by age class
for multiunit housing incremental occupancy
rates.

Series A U.S. demographic summary by age class
for total occupied multiunit housing.
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for the increment to occupied multiunit
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for mobile home occupancy rates.
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for mobile home incremental occupancy rates.
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