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Abstract

This paper describes the core methodological ideas, the required input data, and
estimation issues of the extended cohort-component approach to simultaneously project
household composition and population distributions at sub-national levels. We assess the
projection accuracy of this approach by calculating projections from 1990 to 2000 and
comparing projected with the census-observed counts in 2000 for the 50 states and the District
of Columbia and for sets of randomly selected 25 counties and 25 cities which are more or less
evenly distributed across the United States. The comparisons show that most absolute percent
errors of the main indices of household and population projections and the corresponding
census observations are small — less than three percent — and almost all errors are less than ten
percent. We then report illustrative household projections from 2000 to 2050 for the 50 states
and the District of Columbia, and household/housing projections for the small town of Chapel
Hill, North Carolina up to 2015 in order to demonstrate the practical capabilities of the new
approach. Among many interesting numerical outcomes, the aging of American households over
the next few decades across all states and the aging of the housing market in Chapel Hill are

particularly striking trends in the projections.

Key words: household projections, cohort-component approach, sub-national household
projections, household projections at the state level, sub-state area household projections, aging

of households, aging of housing markets.



1. INTRODUCTION
There is a growing demand for projections not only of population size but of the distribution of
the household types, sizes, and living arrangements for socioeconomic planning, business, policy
and scholarly analysis. For example, there is a need to integrate household size and structure
explicitly into projection models of population, environment, and development (Lutz & Prinz
1994; Mackellar et al. 1995). Moffitt (2000) argues that better projections of demographic and
household trends could provide valuable intelligence to guide planning and should be a major
policy goal. Extant research has well established that demands for energy use (e.g., gas and
electricity), automobiles, housing, water, durable goods and other home-related products and
services are largely determined by changes in households (e.g., Foncel & Ivaldi 1999; Myers et
al., 2002; Davis 2003; 2004; Keilman, 2003; Liu et al. 2003; Prskawetz et al. 2004; Wang et al.
2005; Dalton et al., 2008). Past research has also established that household and living
arrangements are the major determinant of the amount and type of long-term care for the elderly
(e.g., Doty, 1986; Chappell 1991; Morris et al. 1998; Soldo et al. 1990; FIFARS 2004). In
particular, the use of long-term care varies by family household status (Freedman 1996). With
rapid population aging in the U.S. and many other countries around the world, the market for
elder-care industries is growing with extraordinary speed, which creates a strong demand for
projections of household and elderly living arrangements (Goldscheider, 1990; Himes, 1992).
In recent years, more researchers and policymakers are demanding demographic

projections at sub-national levels such as states (or provinces)®, sub-state areas such as counties

! Note that a state in the United States is equivalent to a province or other kind of administrative region
immediately underneath the nation in other countries. Accordingly, for applications to other countries,
one may replace the word “state” used in this article by “province” or another compatible unit name.



and cities, and small areas® (Treadway, 1997; Ip and McRae, 1999; Rao 2003; Crowley, 2004).
Sub-national households and population projections are useful for distributing government funds,
allocating various types of resources, planning the development of infrastructure and public
facilities, market research and production planning for household-related goods and services, and
decisions on the expansion or reduction of local businesses (Smith, Tayman, and Swanson, 2001;
Swanson and Pol, 2009).

Most household projections at sub-national levels by statistical offices and market
analysis agencies employ the classic headship-rate approach. However, the headship-rate method
suffers several serious shortcomings and has been criticized widely by demographers for about
two decades (Burch 1999; Mason & Racelis 1992; Spicer et al. 1992; Murphy 1991; Bell &
Cooper 1990). First, the designation of a household head is vague, ill-defined, and an arbitrary
choice, making projections difficult (Murphy 1991). Trends in headship rates are thus not easy
to model (Mason & Racelis 1992:510). For instance, an increase or decrease in female headship
rates may occur because the census or survey was carried out in the daytime or evening, when
more or less women were available to complete the questionnaire than were men. Or the
increase or decrease may be due to an actual change in women’s socioeconomic status. But in
either case, it is not due to real changes in demographic conditions. Second, there is no way to
link headship rates to demographic rates, given the fact that the numbers of households in future
years are projected by cross-sectional extrapolation of the headship rates; graphical illustration of
this is given in panel (B) of Figure 1. It thus is impossible to incorporate projected or assumed
changes in the propensity/timing of demographic processes into headship rates (Mason & Racelis

1992; Spicer et al. 1992). Third, the headship-rate lumps all household members other than heads

? Sub-state level usually refers to counties or cities/towns. The “small-area” term refers to small towns
and places, possibly even tracts or block groups which have a small population size.



into one category “non-head” with no projected information (Burch 1999). This makes it
impossible to study family households, marital status and living arrangements of the elderly,
adults, and children who are “non-head”, whose forecasted information also is useful for
business/academic/policy analysis and planning. Fourth, the information on households produced
by headship-rate projections is very limited and inadequate for purposes of more detailed
planning and analysis (Bell & Cooper 1990). A typical well-done national household projection
using the headship-rate method projected only five household types by age groups of household
head or householder (Bureau of the Census 1996), with no projected household sizes available.’
This is, again, disadvantageous since households with various sizes differ substantially in their
needs for products and services. For example, Prskawetz et al. (2004) and Wang et al. (2006)
found that the headship-rate method yields seriously misleading forecasts of the increase in
automobile use in Austria and increase in housing demand in the U.S., through multiplying the
forecasted number of households (without size information) by the average number of
automobiles or the average housing demand per household derived from the census or a recent
survey. This is because future Austrian and American households will comprise many more one-
and two-person households (which mostly need only one car, or need smaller housing unit/
apartment) than do today's average households, but the headship-rate method cannot forecast

households by size.

————— Figure 1 about here ---

¥ Decennial census data could provide a more detailed stratification of headship rates than what was done
by the Bureau of the Census, if one assumed that the sex-age specific headship rates are constant over the
projection time horizon. This would produce more detailed household projections, but the static approach
of assuming constant sex-age-specific headship rates does not take into account changing demographic
rates and thus may quickly depart from population trends.



In contrast to the headship-rate method, the extended cohort-component model for
households and population projections (abbreviated as “ECC” model hereafter), as discussed and
justified in details in Zeng et al. (2006), does not suffer the vague, ill-defined and an arbitrary
chosen designation of the household heads; it projects all individuals grouped by cohorts and
specified attributes, for instance, a group of persons of the same race, sex, age, marital/union
status and co-residence status with parents and children. The calculations proceed iteratively,
group-by-group, cohort-by-cohort and time-period-by-time-period, using demographic rates as
input (see panel (A) in Figure 1); it projects much more detailed household types, sizes, and
living arrangements for all members of the population®. Note that detailed forecasts of household
sizes by various types are particularly useful in market analysis. For example, after Prskawetz et
al. (2004) and Wang et al. (2006) found that the headship-rate method yields seriously
misleading forecasts of increases in automobile use and housing demand, they applied the ECC
approach and produced much more realistic and detailed forecasts of future households (by size,
types, and age of the reference persons) and the resulting automobile use and housing demand
market potentials in Austria and the U.S.

The basic mechanism of the ECC model is that projections of changes in demographic
components (marriage/union, fertility, leaving parental home, mortality, and migration) are made
for each of the cohorts that produce household distributions in future years. This is analogous to,

and a substantive extension of, the conventional cohort-component population projection model.

% The choice between methods with different degrees of comprehensiveness depends on the
user’s needs. If a simple static projection of the number of households with limited types without
household size information using easily accessible cross-sectional data at a low cost is sufficient
for the purpose of the project, the headship-rate approach may be the good choice. For in-depth
analyses for socioeconomic planning, market study, academic simulation, or policy scenarios,
which need detailed projections of household types, sizes, and elderly living arrangements using
various demographic rates as input, the ECC approach is preferable.



Tests of projections from 1990 to 2000 using the ECC model and based on observed U.S.
demographic rates before 1991 show that forecast errors measured by discrepancies between the
projected values and the U.S. 2000 census observations are reasonably small, validating the new
ECC model (Zeng et al., 2006). Using data from national surveys and vital statistics, census
micro files, and the extended model, Zeng et al. (2006) presented projections of U.S. households
from 2000 to 2050. Medium projections as well as projections based on smaller and larger family
scenarios with corresponding combinations of assumptions of time-varying race-sex-age-specific
marriage/union formation and dissolution, fertility, mortality, and international migration rates
were performed to analyze future trends of U.S. households and their possible higher and lower
bounds, as well as enormous racial differentials.

However, Zeng et al. (2006) dealt with households and population projection at the
national level only; important questions concerning whether the ECC model also works
reasonably well at sub-national level were not addressed. Motivated by the growing scientific
and practical needs of household projections at sub-national levels, this paper further develops
the ECC model for applications to sub-national household and population projections. We
describe in the next section the core ideas of the ECC model for the projection of household
composition and population distributions. In the third section, we discuss data and estimation
issues. The fourth section presents validation tests of household projections from 1990 to 2000
using the ECC model through comparing the projected and the census observed in 2000 for the
50 states, the District of Columbia (DC), 25 randomly selected counties and 25 randomly
selected cities (each state has one randomly selected county or city). This is followed in the fifth
section by a description of illustrative household projections from 2000 to 2050 for the 50 states

and the DC, and household/housing projections for a small town (Chapel Hill, North Carolina)



up to 2015 in order to demonstrate the practical capabilities of the new approach. A discussion

and conclusion section ends the paper.

2. CORE IDEAS OF THE EXTENDED COHORT-COMPONENT MODEL

Building on methodological advances in multidimensional demography (Rogers 1975,
1995; Willekens et al. 1982; Land & Rogers 1982; Schoen 1988), and based on Bongaarts’ and
Zeng’s one-sex family status life table models (Bongaarts 1987; Zeng 1986, 1988, 1991), Zeng,
Vaupel, and Wang (1997; 1998) developed the early version of the ECC model which was a two-
sex dynamic macro model for projections of households and living arrangements. Zeng et al.
(2006) presented a substantial extension of the ECC model and applied it to U.S. household
projections at the national level. The ECC model is built on five core ideas, which now are
described.

Core idea 1: A multi-state accounting model. The innermost core of the ECC model is a
multi-state accounting model for transforming the marital/union statuses and co-residence with
children and parents statuses of members of a population in year t into their corresponding
statuses in year t+1. In the ECC model, groups of individuals are the basic units of the analysis
and all individuals of the population are grouped and projected forward cohort by cohort and by
age, sex, marital/union status, parity, and number of co-residing children and parents (Zeng et al.,
2006). Why does the ECC model use groups of individuals as the units of analysis, in contrast to
the most other macrosimulation models which use groups of households as the units? This is
because using households as units of analysis requires data on transition probabilities among
household-type statuses—data that have to be collected in special surveys as they are not

available in vital statistics, censuses, or ordinary surveys (Ledent 1992; Van Imhoff & Keilman



1992; Keilman 1988). As stated by Van Imhoff and Keilman (1992), such a stringent data
demand is an important factor in the slow development and infrequent application of these
models. The distribution of households by size is impossible to project unless the size of the
household is explicitly incorporated with the household types into the state space (Van Imhoff et
al. 1995:348). Incorporation of household size into the household-type state space would greatly
increase the size of the transition probabilities matrices that need to be estimated at each age for
men and women, which is likely not feasible in practical applications, due to sample size
limitations. Furthermore, the household-status-transition-based models cannot directly link
changes in household structure with demographic rates. Thus, it is difficult for such a model to
identify the impacts of demographic factors on changes in household structure.

The ECC model uses groups of individuals as the units of analysis. Consequently, only
conventional and normally available census, surveys and vital statistics data are required as
inputs to project household and population age/sex distributions simultaneously. In addition to
identifying the individual members of a population by single years of age, sex, race and rural-
urban residence (optional), the ECC model keeps track of individuals’ marital/union status,
statuses of co-residence with one or two parent(s) and number of co-residing children in each
year of the projection. To derive the distributions of household types and sizes, we follow Brass's
(1983) basic concept of using a marker or reference person to identify and classify households
based on the individuals’ marital/union and co-residence statuses with parents/children. For
example, a married or cohabiting woman who is not co-residing with parents and whose number
of co-residing children is ¢ (¢c=0,1,2,3,4,5+), is a reference person representing a two-generation

and couple household of 2+c family members. If the reference person is not married and not



cohabiting, he or she is the reference person for a single-parent household of 1+c¢ family
members.

Core idea 2: Distinguishing continuously occurring from periodic demographic
accounting processes. With the model design and individual statuses identified, we would face a
daunting challenge of estimating very high dimensional matrices of cross-status transition
probabilities if we adopted the conventional multistate computation strategy. For example, if 7
marital/union statuses®, 3 statuses of co-residence with parents, 6 parity (i.e. parity 0, 1, 2, 3, 4,
5+, while grouping parities 5 and higher into one category of 5+) and 6 co-residence statuses
with children are distinguished as in the U.S. household projections of Zeng et al. (2006), one

would have to estimate a cross-status transition probabilities matrix with 194,481 elements (7 x 3

5
X Z( p11)) =441 x 441 = 194,481)° at each age of each sex for each race group. This is
p=0

certainly not practical, as it would be impossible to have a huge dataset with appropriate size of
the sub-samples to reasonably estimate so many (e.g. 194,481) elements of the cross-status
transition probabilities matrix at each age of each sex for each race group. Thus, we adopted a
computational strategy of calculating individual group marital/union, co-residence (with
parents/children), migration and survival status changes by assuming (a) births occur throughout
the first and second half of the single-year age interval and (b) marital/union status changes,
leaving parental home, migration and death occur in the middle of the age interval (see Figure 2).

This strategy, which was originally proposed by Bongaarts (1987) and further justified

®> The seven marital/union statuses are: 1. Never-married & not-cohabiting; 2. Married; 3. Widowed &
not-cohabiting; 4. Divorced & not cohabiting; 5. Never-married & cohabiting; 6. Widowed & cohabiting;
7. Divorced & cohabiting.

® Because number of co-residing children is equal or less than parity, the number of composite statuses of

5
parity and co-residing children is Z (pt1) rather than (6 x 6).

p=0
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mathematically and numerically by Zeng (1991: 61-63 & 80-84), circumvents the problems of

estimating huge matrices of cross-status transition probabilities.

----- Figure 2 about here ---

Core idea 3: A judicious use of stochastic independence assumptions. Coupled with
core idea 2, the third core idea of the ECC model greatly simplifies the estimation of the multi-
status transition probabilities. This idea, also originally suggested by Bongaarts (1987) and
adapted and generalized by Zeng et al. (1997; 1998), is that not all of the elements of the
transition probability matrix depend on many of the other elements, and, indeed, some of their
real-world dependencies can be reasonably assumed to be stochastically independent. In other
cases, the reality of limited data sources available for estimation of transition probabilities that
depend on many other covariates forces the application of an independence assumption. In either
case, the consequences of the stochastic independence assumption are that either (a) some
statuses do not affect or condition the risks of transition between other statuses, or (b) marginally
or partially conditioned estimates of risk for each of two or more statuses can be multiplied to
estimate the corresponding transition probabilities. More specifically, in the extended model,
marital/union status transitions depend on age, sex, and race, but are assumed to be independent
of parity and co-residence status with parents and children; fertility depends on age, race, parity
and marital/union status, but are assumed to be independent of co-residence status with parents
and children; mortality rates are age, sex, race and marital/union status specific, but are assumed
to be independent of parity, co-residence status with parents and children; the probability of two

parents dying in the same year is estimated by multiplying the corresponding probabilities of

1



death of the mother and father; and the probability of more than one child leaving home in the
same year is estimated by multiplying the corresponding probabilities of leaving home of each of
the children.

Core idea 4: Use of the harmonic mean to ensure consistency between the two sexes
and between parents and children in the projection model. Consistency of the male and female
projections is a basic requirement in any two-sex model dealing with marriage/union of men and
women. In any specific year, the number of male marriages is equal to the number of female
marriages; the number of male divorces is equal to the number of female divorces; the number of
newly widowed women (men) is equal to the number of new deaths of currently married men
(women). When cohabiting status is distinguished, the number of cohabiting men is equal to the
number of cohabiting women; the number of men (women) who exit from cohabiting status
either due to union dissolution or death of partner is equal to the number of their counterparts
with opposite sex. For household projections, we also need to ensure the consistency of changes
in co-residence status between parents and children. More specifically, the number of parents
whose co-residence with children status changed in a year should be consistent with number of
children who left parental home or returned to parental home or died. We ensure the consistency
between the two sexes and between parents and children by using the harmonic mean approach,
which demographers have shown to satisfy most of the theoretical requirements and practical
considerations for consistency of two-sex projection models (Pollard, 1977; Schoen, 1981;
Keilman, 1985; Van Imholf and Keilman, 1992; Zeng et al. 1997; 1998).

Core idea 5. Employing national model standard schedules and summary parameters
at sub-national levels to specify projected demographic rates of the sub-national area in future

years. As Keyfitz (1972) pointed out, a trend extrapolation of each age-specific rate can result in

12



an excessive concession to flexibility and, therefore, readily produce erratic results.
Consequently, as in many applications of the conventional cohort-component population
projection model, the ECC household projection model at national and sub-national levels uses a
set of race-sex-age-specific standard schedules of demographic rates (see (2)-a and (2)-b in Table
1) and the summary parameters thereof (see (3) in Table 1) to specify projected demographic
rates in future years. The standard schedules formulate the age pattern of demographic processes.
One may take into account anticipated changes in the age patterns, such as delaying or advancing
marriage and fertility, as well as changes in the shape of the age-specific schedules towards to be
more spread or more concentrated, through adjusting the parameters (mean or median, and
interquartile range) of the standard schedules (Zeng et al., 2000). The summary parameters of the
age-specific schedules, e.g, the Total Fertility Rate for a fertility schedule, can be used to “tune”
the household and population projections up or down for the development and analysis of
various demographic scenarios.

Note that data for estimating race-sex-age-specific standard schedules of the demographic
rates of fertility, mortality, marriage/union formation and dissolution and leaving the parental
home ((2)-a in Table 1) for household projection may not be available at the sub-national level.
However, once the age-race-sex-specific standard schedules at the national level are prepared
(and updated when the new data become available)’, they can be employed as model standard

schedules for projections at the state level. This is similar to the widely practiced application of

" For the U.S., we have estimated model standard schedules based on national datasets. Based on these
national model standard schedules and demographic summary parameters (including mean ages at
marriage and fertility), estimates of the age-specific demographic rates can be generated for projecting
households and population to future years (see Zeng, Stallard and Wang 2004). With the model standard
schedules in hand, the analysts can concentrate on projecting future demographic summary parameters.
This can be done using conventional time series analysis by statistical software (e.g., SAS, SPSS, or
STATA) or expert opinion approach. Time series data on other related socioeconomic covariates (e.g.,
average income, education, urbanization, etc.) also can be used in projecting the demographic summary
parameters.
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model life tables (e.g., Coale, Demeny, and Vaughn, 1983; U.N., 1982), the Brass logit relational
life table model (e.g. Murray, 2003), the Brass Relational Gompertz Fertility Model (Brass,
1974), and other parameterized models (e.g. Coale and Trussell, 1974; Rogers, 1986) in
population projections and estimations. Numerous studies have demonstrated that the relational
parameterized models consisting of a model standard schedule and a few summary parameters
offer an efficient and realistic way to project or estimate demographic age-specific rates (Brass,
1978; Booth, 1984; Paget and Timaeus, 1994; Zeng et al., 1994). The theoretical foundation of
applications of the model life tables and the other model standard schedules is that the
demographic summary parameters are crucial for determining changes in level and age pattern of
the age-specific rates which affect the projections or estimations, but the race-age-specific model
standard schedules themselves typically are not highly sensitive to the projection and estimation
results as long as they reveal the general age patterns of demographic processes of the population.
Two published tests have corroborated the empirical applicability of the core idea 5 of the
ECC model which employs national model standard schedules and summary parameters at sub-
national level to specify projected demographic rates of the sub-national area in future years. In
one of the tests, Zeng et al. (2006) performed two scenarios of U.S. national projections by race
from 1990 to 2020 with all race-specific demographic summary parameters being identical each
other, but with one scenario using the race-sex-age-specific rates observed in 1990s and the other
scenario using the race-sex-age-specific rates observed in 1980s. The 17 main indices of the
households and population projections then were compared for the years 2000, 2010, and 2020
for these two scenarios. The results showed that, while the projected input summary parameters
are identical, using the standard schedules observed in 1980s and using the standard schedules

observed in 1990s produced almost the same projections. About two-thirds of the relative
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discrepancy rates of the projected main indices between these two scenarios are less than 1% and
the other one-third are 1.0-3.4% (see Appendix A in Zeng et al. 2006).

In another empirical evaluation, Zeng et al. (2000) applied the extended Brass relational
Gompertz model, the observed summary parameters in a population, and a model standard
schedule derived from another population with similar age pattern of the demographic process
under study to estimate the age-specific demographic rates in the population, and then compared
the estimated and observed age-specific rates. The following estimates/comparisons were made:
e Estimates of the age-parity-specific fertility rates in China in 1981-89, using the U.S. average
fertility schedule in 1970-80 as a model standard, and then compare the estimated and the
observed Chinese fertility rates in 1981-89;

e Estimates of the marriage-duration-specific rates of leaving parental home for females in the
1950-69 and 1970-79 marriage cohorts in each of the twelve provinces of China, using the
average of the rates in the other eleven provinces as a model standard, and then compare the
estimated and the observed leaving home rates in each of the twelve provinces;

e Estimates of the female age-specific divorce rates in Australia in 1975, using the divorce
schedule for the U.S. in 1970 as a model standard, and then compare the estimated and the
observed divorce rates in Australia in 1975;

e Estimate of the female age-specific remarriage rates of widows in the Netherlands in 1978,
using the remarriage schedule for Australia in 1975 as a model standard, and then compare the

estimated and the observed remarriage rates of widows in the Netherlands in 1978.
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For these comparisons, it was found that almost all estimated schedules are fairly close to
the observed ones and almost all of the Index of Goodness of Fitting (IGF)® values are above
0.95 (see Figures 1f and Tables A-4, A-5, A-6 in the Appendix in Zeng et al. 2000), indicating a
remarkable accuracy of the estimates. These results are based on the fact that model standard
schedules adopted from another population reflect reasonably well the general age pattern of the
schedules in the population being studied. For example, the general shapes of the marriage-
duration-specific rates of leaving the parental home in the twelve provinces of China are similar
to each other. And the general age patterns of divorce and remarriage in Australia, the
Netherlands and the United States in 1970s did not differ substantially. The relevant estimates
are, therefore, good. Chinese fertility in the 1980s had already begun to roughly conform to a
general age pattern of relatively low fertility comparable to the fertility pattern in the U.S. in the
1970s. Consequently, the average of the age-parity-specific fertility rates in the United States in
1970-1980 could be used as a model standard schedule to estimate Chinese rates in the 1980s,
while the observed parity-specific total fertility rates, median ages and interquartile ranges in
China in the 1980s were used as input for the estimates, and they adequately measure the
differences in fertility quantum, timing, and the shape of the curves between China and the U.S.

Unavailability of detailed race-sex-age-specific demographic schedules of fertility by

parity, marriage/union formation and dissolution and leaving parental home is a common

Total variations - Residual variations

Total variations where, Total variations = [;( f(x)—- F)2 1V (N-1),

b

Residual variations = [Z( F(x)—= f'(x))> 1/ (N-2), f{x) are the observed rates; f'(x) are the estimated

rates; F is the mean of the observed rates; N is the number of the observed values. Similar to R in the
ordinary regression exercises, the closer the value of the IGF to 1.0, the more exact the estimates. If the
estimated rates were completely identical to the observed ones, the IGF would be equal to 1.0. If IGF is
equal or greater than 0.95, the estimates should be regarded as good.
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problem in household projections for sub-national regions. The successful empirical assessments
described above show that it is theoretically and empirically justifiable to use the model standard
schedules at the national level or even from another region or country with a similar age pattern
of the demographic regimes, and use the estimated or projected demographic summary
parameters from the sub-national area under study to reasonably estimate the needed sex-age-

specific demographic schedules for household projections.

---- Table 1 about here----

3. DATA AND ESTIMATION ISSUES FOR HOUSEHOLD PROJECTIONS AT SUB-
NATIONAL LEVELS
3.1. Data requirements

As shown in (1) in Table 1, for population and household projections at the national,
state, and sub-state levels employing the ECC model, a census micro data file that contains the
variables of sex, age, marital/union status, relationship to the householder, and whether living in
a private or institutional household is needed (race and rural/urban are optional). Normally, the
model standard schedules of fertility, mortality, and marriage/union formation and dissolution
and international migrations (see (2)-a in Table 1) need to be estimated at the national level only,
and they can be employed for household projections at the state level (see Core idea 5 in Section
2), while the state-race-age-sex-specific rates of domestic in-migration and out-migration can be
estimated based on census or ACS micro data files (see (2)-b in Table 1). Projected (or assumed)
demographic summary parameters — TFR, life expectancy at birth, general rates of marriage,

divorce, cohabitation and union dissolution, total number of migrants, mean age at first marriage
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and birth in the future years — are needed for projections at both national and state levels (see (3)
in Table 1), but not necessarily for sub-state areas projection (see Section 3.3). In sum, using
existing national model standard schedules and the ECC model, household projections at the
state level require a census micro data file and the projected (or assumed) demographic summary
parameters for the future years; household projections for a sub-state area require only a census
micro data file or relevant households distributions obtained from publicly available census
cross-tabulations, given that the household projections for the parental state where the sub-state

area is located are done.

3.2. Estimation issues for household projections at the state level

Estimation of the required demographic summary parameters — the TFR, life expectancy
at birth, total number of migrants, mean age at first marriage and birth are straightforward. But
the estimation of standardized general rates of marriage, divorce, cohabitating, and union
dissolution for household projections at the state level merit special attention.

The state-specific general rates of marriage, divorce, cohabitating, and union dissolution
in the year t are defined by dividing the total number of events of marriage, divorce, cohabitating,
and union dissolution occurred in the year in the state by the total number of persons who are at
risk of experiencing these events. We use the age-marital/union status distributions of the base
population derived from the census dataset of the state as the “standard” to compute the
standardized state-specific general rates in future projection years. This is a typical application of
the classic demographic procedure of direct standardization (see, e.g. Preston et al. 2001:24). The
standardized general rate in future projection years using the census-counted age-marital/union

status distributions as the “standard” eliminates possible distortions in measuring the levels of
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marriage/union formation and dissolution due to changes in population structure in the future.
For example, the un-standardized general marriage (or divorce) rate would decrease/increase
solely due to the structural growth/decline of the numbers of elderly persons even if the age
specific marriage (or divorce) rates did not change, because the risks of marriage (or divorce) of
the elderly are substantially lower than those of younger people. Detailed discussion of rationales
for applying the standardized general rates of marriage, divorce, cohabitating, and union
dissolution, such as why they are male-female combined to ensure the two-sex constraints and
how the gender differentials in the age-specific rates are retained, were given in Zeng et al.
(2006: 6). We present below the procedures for estimating the race-specific general rates of

marriages, divorce, cohabitation and union dissolution at the state level.

Procedure for estimating the race-specific general rates of marriages and divorce
Given that we have the all-race combined but do not have the race-specific total numbers
of marriages and divorces for each of the 50 states and DC, we employ the following procedure
to estimate the state-race-specific general rate of marriage (GM) and divorce (GD). Let:
Ni(x,s,r,T1) denote the number of persons of age x, race r, marital/union status 1 and sex s
counted in the census year T1 in the state (we omit subscript index of state to simplify the
presentation);
Mij(x,s,r), the national model standard schedules of the race-sex-age-specific o/e rates of

transition from marital/cohabiting status i to j (i # j, where i and j represent the seven

marital/union statues (see footnote 5 for detailed definition and the codes).
m;j (x,s,1,T1), the estimated race-sex-age-specific o/e rates of transition from marital/union status

1to j in the census year T1 (i # j) in the state; and
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TM(TI), the published all-races-combined total number of marriages (newly married couples)
including 1* marriages and remarriages occurred in the state in the census year T1.

We assume that the race-sex-race-specific o/e rates of 1* marriage and remarriage in the
census year are proportional to the corresponding model standard schedule rates, namely,
mp(x,s,r,T1) =y (T1) M ;5(x,s,r) for i # 2 (see footnote 5 for definition of the codes i and 2). The
y (T1) is estimated as:

2TM (T1)

ﬁ: ZZ ZN,-(X,S,I’,TI)Miz(x,S,r) ’

x=a s=1,2 r i

y (T)= i+2;
where o (usually taken as 15) and B are the low and the upper boundary of the age range in
which the events of marriage/union formation and dissolution occur.

We then use the estimated mjy(x,s,r,T1) and Nj(x,s,r,T1) to compute the estimated race-
specific GM in year T1 for the state.

Let TD(T1) denote the published all-races-combined total number of couples who
divorced in the state in the census year T1. We assume that the race-sex-race-specific o/e rates of
divorce in the census year are proportional to the corresponding model standard schedule rates of
divorce, namely,
moy(x,s,r,T1) = 6 (T1) M>y(x,s,r) (the subscript 2 and 4 represent currently married and divorce,
respectively; see footnote 5). The J (7]) is estimated as:

2TD(T1)

0(Tl)= 5 ,
z ZZNZ(x,S,r,Tl)MM(x,s,r)

x=a s=1,2 r

We then use the estimated m,4(x,s,7,T1) and Na(x,s,r,T1) to compute the estimated race-specific

GD in year T1 for the state.
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Procedure for estimating the race-specific general rates of cohabitation and union dissolution
As we do not have data on the total numbers of events of formation and dissolution of
cohabitation unions, we cannot estimate the race-specific general rate of cohabitating (GC) and
union dissolution (GCD) at the state level directly, and we need to employ an indirect estimation
approach by iterative proportional fitting. First, we estimate the so-called standard-schedules and
previous-base-population-implied GC and GCD using the base populations of the state derived
from the previous census and the model standard schedules of the cohabitation union formation
and dissolution. Second, we then project the household distributions from the previous census to
the most recent census for the state using the previous census data as the base population, the
implied GC and GCD and the other estimated demographic rates in the previous census as input.
Through such projections, we obtain the projected proportions of households with a cohabiting
couple among all households in the most recent census, denoted as PC. Third, we then compare
PC with the proportion of the households with a cohabiting couple among all households
observed in the most recent census, denoted as CC. If the PC is higher (or lower) than CC by a
margin of a pre-determined criterion (e.g. 1%), we proportionally reduce (or increase) the
implied GC by a factor of CC/PC and increase (or reduce) the implied GCD by a factor of
CC/PC, and redo the projection, and compute the new PC and compare it with CC. We repeat
this iterative proportional fitting procedure until the projected PC and the observed CC are
reasonably close to each other (e.g. with a relative difference between -1% and +1%). Given the
cohabitation data constraints at the state level, this procedure produces reasonably good
estimates of the GC and GCD, as shown by the results of the validation testing projections from

1990 to 2000 for the 50 states and DC presented in the Section 4.
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3.3. Household projections at the sub-state level

It is usually very difficult to have the adequate data at the sub-state level to estimate the
demographic parameters which are necessary to apply the classic and extended cohort-
component methods for population and household projections, except if the sub-state area has a
large population size with its own strong data collection programs. Indeed, even census micro
datasets, although valuable, cannot provide information at the sub-state level (e.g., a small
county) for all the characteristics that are of interest and needed for cohort-component
projections. Therefore, most researchers use “indirect” methods that “borrow strength” based on
a projection for the parental state to increase the stability and accuracy of population and
household projections for sub-state areas (Smith et al. 2001; Rao 2003; Smith and Morrison
2005). Ratio methods (e.g., extrapolating sub-state’s shares of state population) are frequently
used for the sub-state areas projections because their data requirements are minimal, they are
easy to apply, and their projections have often to be reasonably accurate (Smith 2003). In
household projection using the ECC model, we employ the ratio method with either a constant-
share or a shift-share specification (Smith et al. 2001) to conduct household projections for the
sub-state areas, in combination with the household projections of the parental state. The
household projections of the parental state must be done first as a basis. We then compute the
race-sex-age-specific proportions of households with various types/sizes of the sub-state area
among the corresponding households of the parental state. We assume that the proportions are
constant or changing following past trends or projected new trends, and then multiply the
existing parental state’s household projections by the proportions to derive the household
projections for the sub-state area. The assumption imposed and the rationale of such constant-

share or shift-share approaches in household projections for sub-state areas are the same as those
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generally used for sub-state area population projections, which has been shown to be accurate
(Smith et al. 2001). The formulas of the constant-share and shift-share ratio methods with simple
and easily understandable numerical illustrations are presented and well justified in Smith et al.
(2001: 177-179), and they can be readily applied for households and population projections of
sub-state areas following the ECC approach.

In applying the ratio method for households projections at sub-state level, one additional
proportional adjustment is necessary to maintain consistency between the total population size
implied by the projected numbers of households by type/size/race/sex/age and the projected total
population size in the sub-state area. Let f(h,z,7,x,t) and f’(h,s,r,x,t) denote the preliminarily
projected and finally adjusted projected number of households of type / and size z with a
reference person of race  and age x in a sub-state area in the year #; PS(t), total population size

projected in the future year 7 in the sub-state area. Then

f(hz,rx,t) =0(t) f(h,zrxt), where 6(t) = PS(t) /(ZZZZf(h,Z, r,X,t)z)

Given sample size limitations for sub-state areas, we classify the household projection
output into 11 categories (see Table 2) by household types and sizes and by age/sex of the
reference person and by race (if sample size allows) in the illustrative application to be presented
later. The classification of these 11 categories as shown in Table 2 is for illustration only, as one
may group the available detailed outcomes of household projections by types and sizes (see
Table 2 in Zeng et al. 2006) into larger (more detail) or smaller (simplified) number of the
categories, depending on the population size of the sub-state area under study and the purpose of
the analysis.

Note that the household projection for a sub-state area following the ratio method

approach can be done based on its parental state’s household projection produced either by the
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ECC new approach or the classic headship-rate method. However, as reviewed and discussed
earlier, a typical well-done national household projection using the headship-rate method
projected only five household types by age groups of household head or householder (Bureau of
the Census 1996), with no projected household sizes available (see Table 1 in Zeng et al., 2006:
8). By comparison, the new ECC approach projects much more detailed household types, sizes,
and living arrangements for all members of the population (see Table 2 in Zeng et al., 2006: 9).
Consequently, using the same ratio method, the household projections for the sub-state areas
based on their parental states’ household projections produced by the ECC approach would
contain much more detailed forecasts information than the case in which the parental states’
household projections were produced by the classic headship-rate method. Therefore, the
practical usefulness of the ratio method is strengthened if it is applied with the ECC approach as

compared with the case in which it is applied with the headship-rate method.

--- Table 2 about here ---

4. AN EMPIRICAL ASSESSMENT

A useful validation exercise for a population projection model is to project between two
past dates for which the observations are known, and then compare the observed data with the
projected data. Zeng et al. (2006) conducted such an empirical assessment for U.S. national
household and population projections from 1990 to 2000. The assessment found that most
discrepancies between the projections and census observations in 2000 were small, which
provides evidence towards the validation of the new method at the national level (see Section 2.3

in Zeng et al. 2006).
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Does the ECC method and software also work reasonably well at the state and sub-state
levels? To address this issue, we conducted two sets of the empirical assessments of validation
tests of household projections for the 50 states and DC?, all using the national model standard
schedules (see (2)-a in Table 1) estimated based on the pooled national surveys data'® (Zeng,
Morgan et al. 2010), except that the state-race-age-sex-specific domestic migration rates are
estimated based on the census 5% micro data files of each of the states. The first test projects
from 1990 to 2000 using the 1990 census data as base population and summary parameters based
on data before 1991, and compares the projected and the census-observed in 2000. This test
assumes that we have no data after 1990 when one projects 1990 to 2000 and tests the accuracy
of the projections using the ECC model in the real world (assuming the 2000 census data are
accurate). The second test projects from 1990 to 2000 using the 1990 census data as the base
population and summary parameters based on data in the 1990s, and compare the projected and
the census-observed in 2000. This test assesses the estimation properties of the ECC model based
on the assumptions that the input data (observed in the 1990s) and the 2000 census observations
(outcome in the exercise) are correct. We also performed household projections from 1990 to

2000 for 25 randomly selected counties and 25 randomly selected cities (each state has one

® The numerical projections reported in this paper were calculated with the ProFamy computer software
program; this program incorporates the ECC projection method and contains a demographic database of
the U.S. age-specific schedules of demographic rates (see footnote 7) to assist users in making
projections. A free trial version of the ProFamy software for household forecasting can be downloaded
from the Website http://www.profamy.com/

' The marriage/union history data from the following four national surveys are pooled to estimate the
race-sex-age-specific model standard schedules: (a) National Survey of Family Households (NSFH)
conducted in 1987-1988, 1992-1994, and 2002; (b) National Survey of Family Growth (NSFG) conducted
in 1983, 1988, 1995, and 2002; (c) Current Population Surveys (CPS) conducted in 1980, 1985, 1990,
1995; (d) Survey of Income and Program Participation (SIPP) conducted in 1996 (see Zeng, Morgan et al.
2010 for discussions on justifications of pooling data from the four surveys).
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randomly selected county or city), based on the observed/projected household distributions of
their parental states in 1990/2000 and the constant-share ratio method.''

We use the percent error (PE), Mean Absolute Percent Error (MAPE), Mean Algebraic
Percent Error (MALPE) and Median Absolute Percent Error (MEDAPE), which are the most
commonly used measures of forecast errors (Smith, Tayman and Swanson, 2001: 302-304), to
assess the validity of the households and population projections at sub-national levels using the
ECC approach. More specifically, the PE is defined as the difference between the ECC projected
in 2000 and the census observed in 2000 divided by the census observed in 2000 and multiplied
by 100. The MAPE and MEDAPE are the average and median of the absolute values of PE, and
MALPE is the algebraic mean of PE (in which positive and negative values offset each other),
over all 50 states and DC.

The absolute percent errors based on comparisons of the total number of households,
average household size, percent of households of 1, 2-3, and 4+ persons households and couple-
households, total population size, % of children, % of elderly aged 65+, % of oldest-old aged
80+ and dependency ratios between the projected and the observations in 2000 census for the 50
states and DC are summarized in Tables 3 and 4. Among the first set of tests of the 306 main
indices'? on households of the projected (using data before 1991) and the 2000 census observed
in the 50 states and DC, 29,1, 33.9, 17.4 and 12.9 percent of the absolute percent errors are
<1.0%, 1.0-2.99%, 3.0-4.99%, and 5.0-9.99%, respectively, and 3.1 and 3.6 percent of the

percent errors are 10-14.99% and >15% (see panel (A) in Table 3). As expected, the error rates

" The general data sources for obtaining the base population and estimating the demographic summary
parameters at state and sub-state levels used in the validation tests presented in this section and in the
illustrative applications to be presented in the next section are indicated in Table 1.

2 We compare 6 main indices of households projections and 6 main indices of population projections for

each of the 50 states and DC and thus both of the total number of household indices and the total number
of population indices under comparisons is 306.
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in the second set of the tests which used observed demographic summary measures in 1990s as
input are considerably smaller than those in the first set of the tests. More specifically, 45.9, 42.0,
11.5 and 0.6 percent of the absolute percent errors are <1.0%, 1.0-2.99%, 3.0-4.99%, and 5.0-
9.99%, respectively, and none is over 10% in the second set of the tests of households
projections (see panel (C) in Table 3). The percentage distributions of the absolute percent errors
of the main indices of population in the two sets of the tests by comparing the projected with the
2000 census observations in the 50 states and DC are generally similar: about 29.7-34.5, 39.8-
43.4,14.3-16.5, 7.3-9.5, and 0.8-3.9 percent are <1%, 1.0-2.99%, 3.0-4.99%, 5.0%-9.99 and 10-
14.99%, respectively, and only one (0.3 percent of the total number of the comparisons) slightly
exceeds 15% (see panels (B) and (D) in Table 3).

The Mean Absolute Percent Error (MAPE) and Median Absolute Percent Error
(MEDAPE) of the main household indices in comparisons between the projected and census
observations in 2000 for the 50 states and DC are all within a reasonable small ranges of 0.8% ~
4.7% and 0.7% ~ 3.5%. The Mean Algebraic Percent Error (MALPE) of average household size
and percent of 2-3 persons households in both Tests I and II, and the MALPE of total number of
households in Test II are negative, within a range of -0.33% ~ -1.1%, and all of the other
MALPE:s are positive, within a range of 0.04% ~ 2.9% (see panel (A) of Table 4). Similar to
those error rates of the main indices of household projections, the ranges of the MAPE,
MEDAPE and MALPE of the main population indices comparing between projected and census
observations in 2000 for the 50 states and DC are all reasonably small (Tests I and II in panel (B)

in Table 4)."

3 We also performed another set of the tests of projections from 2000 onwards using data prior 2001 and
comparing the projected and ACS-observed in 2006 for the 50 stats and DC. It turns out that 34.2, 35.0,
21.9, and 9.0 percent of the percent errors of the 306 indices of the household projections are <1.0%, 1.0-
2.99%, 3.0-4.99%, and 5.0-9.99%, respectively, and none is over 10%. Apart from space limitations, we
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---- Tables 3 and 4 about here----

As shown by the results of validation tests of sub-state level household projections from
1990 to 2000 based on the constant-share ratio method and the parental states’ households
projections employing the ECC approach and then comparing the projected and the census
observed counts in 2000 in Table 5, the MALPE for the counties and cities are all within a small
range, and there is no clear different patterns between the counties and cities. However, the
differences of the forecasts errors measured by MAPE and MEDAPE between the counties and
cities are substantial: the MAPE and MEDAPE are within the ranges of 2.99~7.69 and 2.32~6.29
for the 25 randomly selected counties, and 4.78~14.78 and 2.66~9.81 for the 25 randomly
selected cities; it is clear that the percent error rates in the validation tests for the cities are
substantially larger than those for the counties. This might be due to the fact that the constant-
share assumption is more likely to be violated in the cases of cities’ household projections
because the demographics in some cities changed substantially during the 1990s due to
economic/business events such as opening, closing or reallocating the large enterprises or
institutions there.

As shown in Table 6, about one-third of the 25 randomly selected cities have a very
small population size of less than 2,000 residents and the population size in about one-third of
the 25 randomly selected counties is less than 10,000 persons. We analyzed the forecasts errors

of the testing projections from 1990 to 2000 by population size among the 25 randomly selected

did not present the detailed results from these additional tests here (they are available on request) for two
reasons. The first reason is that the 2006 ACS data may not be accurate enough to serve as a benchmark
standard for the validation tests (Alexander, Davern and Stevenson 2010; Swanson, 2010). Second, the 6-
year (2000-2006) projection horizon is relatively short for the purpose of evaluating the forecast errors.
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counties and 25 randomly selected cities, and we did not find significant correlation between the

population size and the forecasts errors.

---- Tables 5 and 6 about here----

The validation tests results at the state and the sub-state levels summarized in Tables 3, 4
and 5 show that the forecasts errors are within a relatively small range. It is uncertain what
portions of the errors are due to the model specification or to inaccuracies of the data. It is clear,
however, that the ECC method for simultaneously projecting households and population work
reasonably well not only at national level as shown in Zeng et al. (2006) but also at the state level,

and in combination with the ratio method, it works at the sub-state level as well.

5. SOME ILLUSTRATIVE PROJECTIONS AT THE STATE AND SUB-STATE
LEVELS

To illustrate some practical applications of the ECC method, we conducted household
projections from 2000 to 2050 for the 50 states and DC, as well as household and housing
projections for the small town of Chapel Hill (with a total population size of 48,715 persons in
2000), North Carolina'* from 2000 to 2015. Due to space limitations and given the nature of

illustrative applications, we present here only summaries of these projections.

5.1. Data and parameter assumptions

'* The town of Chapel Hill is used as an illustrative application to demonstrate the ability of the ECC
approach combined with the ratio method to make household projections for very small sub-state areas.
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The data sources for the projections are listed in the last column of Table 1. As discussed
in the core idea 5 in Section 2, we apply the model standard schedules of race-sex-age-specific
demographic rates (except domestic migration rates) estimated based on national datasets for
household projections at the state level. Based on the 2000 census 5% micro dataset, we
estimated race-sex-age-specific probabilities of domestic out-migration from each state to the
rest of the country and race-sex-age-specific frequencies of in-migration from the rest of the
country to each of the states.

The race-sex-specific life expectancies at birth and the race-parity-specific TFRs from
2000 to 2050 for each of the state and DC are estimated based on the medium assumptions of the
Census Bureau population projection (Hollmann, Mulder, and Kallan 2000). The numbers of
domestic in-migrants and out-migrants as well as the international net migrants for each of the
states and DC are estimated based on the combined data of ACS from 2000 to 2004, which are
assumed to be constant after 2004. The procedures for estimating the general rates of
marriage/union formation and dissolution in 2000 for each of the 50 states and DC are discussed
in Section 3.2. In our illustrative application of the medium projections, the race-specific general
rates of marriage/union formation and dissolutions from 2000 to 2050 are simply assumed to be

constant at the 2000 level."

5.2. A summary of household projections from 2000 to 2050 for the 50 states and DC

'> One common approach in population projection is to hold some of the current demographic rates
constant throughout the projection horizon (e.g., Day 1996; Treadway 1997). Smith et al. (2001:83-84)
argued that neither the direction nor the magnitude of future changes can be predicted accurately, and thus
if upward or downward movements are more or less equally likely, the current demographic rates provide
a reasonable forecast of future rates.
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We summarize the following insights from the nine main indices of the decennial
projections on households and elderly living arrangements of the 50 states and DC presented in

the Tables 7a, 7b, and 7c.

---- Tables 7a, 7b, and 7c¢ about here----

As shown in panel (A) in Table 7a, the average household size would decrease
considerably and pervasively in almost all states in the first half of this century, and the speed of
decrease before 2020 is faster than that in the period 2021-2050. The percent of one-person
households would increase substantially in all states. As compared to 2000, the proportion of
one-person households in 2020 in about 39.2, 33.3, and 27.5 percent of the states would increase
by more than 15%, 10-14.99% and <10%. But the trend of increase in one-person households
would slow down considerably after 2020 (see panel (B) in Table 7a). Clearly, American family
households are expected to be smaller in all states in the next a couple of decades, based on the
results of our household projections at the state level. Note that, adopting the Census Bureau’s
medium fertility variant, we assume that the Total Fertility Rates in the United States would
increase slightly in the next a few decades and thus continuously retain at a relatively high level
as compared to Europe and Eastern Asian (including China, Japan and Korea), etc. If the U.S.
fertility level dropped to the low level in the forthcoming decades as did European and Eastern
Asian countries, American family households would become even smaller.

Husband-wife households would decrease moderately. As compared to 2000, the
proportion of married-couple households among all households in 41.1, 41.2, and 17.7 percent of

the states in 2050 would decrease by <10%, 10-14.99% and >15% (see panel (C) in Table 7a).
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However, cohabiting-couple households would increase considerably up to 2020 or so: its
proportion in about 23.5, 11.8, 25.5 and 39.2 percent of the states will be higher than that in 2000
by >30%, 20-29.9%, 10-19.9% and <10%, respectively (see panel (D) in Table 7b). The
proportion of cohabiting households would remain relatively stable after 2020 in all states.

Directions of changes in the percent of single-parent households among the two-
generation households in the first half of this century are diversified, increase moderately in
some states but decrease moderately or remain more or less unchanged in the other states (see
panel (E) in Table 7b). Such pattern may be explained by the opposite effects of moderate
decline in marriages and considerable increase in cohabitation, plus the stable divorce and union
dissolution rates.

The aging of American households trends shown in the households and elderly living
arrangements projections results presented in panels (F) in Table 7b and panels (G), (H) and (I)
in Table 7c are striking. As compared to 2000, the proportion of elderly households (with at least
one member aged 65+) in about 21.6, 39.2, 27.5 and 11.8 percent of the states in 2020 will
increase by >30%, 20-29.9%, 10-19.9% and <10%; and in 2050, the elderly households in 37.3,
37.2, 23.5 percent of the states will increase by >60%, 40-59.9%, 23-40%, and only DC which
attracts a lot of young in-migrants is an exception (see panel (F) in Table 7b). By the middle of
this century, elderly households will have doubled in Colorado, Hawaii and New Hampshire and
nearly tripled in Alaska. Very similarly to the pattern of increase in elderly households, the
proportion of elderly aged 65+ living alone will increase dramatically and pervasively across all
states (see panel (G) in Table 7c). The panel (H) in Table 7c demonstrates that the oldest-old
aged 80+ living alone will even more dramatically increase in the next a few decades across all

states: as compared to 2000, the proportion of oldest-old living alone will be more than triples in
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5 states (Louisiana, South Carolina, Hawaii, New Hampshire and Alaska), more than doubled in
slightly more than half of the states, increase by 45-99.9% in 37.3 percent of the states, and

increase by 17.3 percent in DC.

5.3. A summary of household and housing projections for Chapel Hill

Based on the trend extrapolation method with constant-share assumption and the household
projections of the parental state NC, we projected the eleven categories of the households by type
and size (as shown in Table 2) for the Chapel Hill. We use the census data to estimate age-sex-
household type/size-income specific homeownership rates and home-renter rates (the sum of these
two rates of one household category is equal to one). We then multiply the homeownership rates
and home-renter rates by the corresponding type/size/age/race/income specific projected numbers
of households to yield projected future housing demands up to 2015. Due to space limitations, we
briefly summarize the main results here, and the detailed numerical results and discussions are
referred to Wang, Gu and Zeng (2006).

The results show that the relative increase in households who own a housing unit over the
period 2005-2015 in Chapel Hill would be 17.2%, and about 1,400 households who own a housing
unit will be added in Chapel Hill. The number of households with a rental unit in Chapel Hill will
increase from 12,176 in 2005 to 14,176 in 2015, representing a 16.4 percent increase. The aging of
households and owned-housing market trend in Chapel Hill is remarkable: the households with
housing units owned by elderly aged 65+ will occupy the largest share (49%) of the increase in
households who own a housing unit after 2012. The projection results also show that the majority of
the cumulative increase in households with a rental housing unit will be mainly one-person or 2-

person households with younger householders aged less than 35 in Chapel Hill where The
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University of North Carolina is located.

6. DISCUSSION AND CONCLUSION

Applying the extended cohort-component method and national model standard schedules
of age-sex-race-specific demographic rates based on the commonly available survey and census
data, we have demonstrated that comprehensive household and population projections at the state
level requires a census or ACS micro data file and the projected (or assumed) demographic
summary parameters. After projections for the parental state are done, and using the widely
recognized ratio method, corresponding projections for a sub-state area requires a census micro
data file (for those with a PUMS code) or the publicly available on-line census tabulations (for
small areas without PUMS codes). We conducted validation tests of household projections from
1990 to 2000 and compared the main indices of the projected and observed in 2000 for the 50
states and DC, 25 randomly selected counties and 25 randomly selected cities. The results show
that the ECC model for household and population projection works well at the state level, with
most absolute forecast error rates less than three percent of observed values; and the enhanced
forecasts outcome at state level produced by the ECC approach can be used to perform more
informative household projections for sub-state areas of counties and cities, employing the ratio
method.

For the purpose of illustrative applications, we calculated household and population
projections from 2000 to 2050 for each of the 50 states and DC. To our knowledge, these are the
first comprehensive household projections by race, age of the householders, and various

types/sizes using conventional demographic rates as input for all of the states and DC in the
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United States. As an illustrative application to the small sub-state areas, we also calculated
household and housing projections for the small town of Chapel Hill.

Some important limitations in our illustrative projections should be noted. First, the
results are our “medium projections” only; we have not reported interval projections with high
and low bounds to reveal uncertainties in the projections for the 50 states and DC, due to space
limitations in a single article. These will be investigated in further study, as was done for U.S.
national household projections by Zeng et al. (2006). Second, our projections are based on trend
extrapolations or expert opinions regarding the demographic summary parameters using
available demographic data. Thus far, we have not included other socioeconomic factors relevant
to changes in demographic components. In sum, this article has focused on a presentation of the
methodological core ideas and validation tests of the extended method, data and estimation
issues, and the presentation of illustrative main results without much detail, due to space
limitations. Further studies could take advantages of using the detailed outcomes of household
projections produced by the new approach to conduct more sophisticated investigations of
socioeconomic planning and household consumption market analysis, as well as incorporating

social and economic factors into the model.
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Table 1. Data for projecting households using the extended cohort-component method and data sources for
U.S. household projections at the national, state, and sub-state levels

Contents of the data

Main data source for U.S.
applications

(1) Base Population for the nation, states and sub-state areas. A census
or a exceptionally large survey micro data file with a few needed
variables, including sex, age, marital/union status, relationship to the
householder, and whether living in a private or institutional household,
and optional categories: race and rural/urban. If a sample data set is used,
published 100% census tabulations of age-sex-marital status distributions
of the entire population including the elderly and those living in group
quarters, as well as the aggregated numbers of households will be used.
This is to ensure accurate total population size and total numbers of
households in the starting year of the projection, while the sample data
set provides more detailed distributions.

Census 5% micro data or more
recent and cumulative American
Community Survey (ACS) data
files and the published online
100% census or ACS cross-

tabulations.

(2)-a Model standard schedules at the national level (may be used for households projections at state level)

(a) Race-sex-age-specific death rates (marital-status specific, if
possible).

Census Bureau’s estimates, Schoen
and Standish (2001)

(b) Race-sex-age -specific o/e rates of marriage/union formation and
dissolution

(c) Race-age-parity-specific o/e rates of marital and non-marital
fertility

Pooled NSFH, NSFG, CPS, SIPP data
sets, see Zeng and Land et al. (2006)
and Zeng and Morgan et al. (2010).

(d) Race-sex-age-specific net rates of leaving the parental home,
estimated based on two adjacent census micro data files and the
intra-cohort iterative method (Coale1984; 1985; Stupp 1988; Zeng,
Coale et al., 1994).

The 1980, 1990, and 2000
censuses micro data files

(e) Race-sex-age-specific rates of international immigration and
emigration.

Census 5% micro data files

(2)-b Model standard schedules at state level

(f) Race-sex-age-specific rates of domestic in-migration and out-
migration for each state

Census 5% micro data, ACS data files

(3) Demographic summary measures for the nation and states

(a) Race-specific general rates of marriage and general rates of divorce
(b) Race-specific general rates of cohabiting and general rates of union
dissolution

Based on census micro data, vital
statistics and pooled survey datasets
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(c) Race-specific Total Fertility Rates (TFR) by parity Based on estimates released by the
(d) Race-sex-specific Life expectancies at birth Census Bureau and the National

(e) Race-sex-specific total numbers of male and female migrants Center for Health Statistics
(f) Race-sex-specific mean age at first marriage and births
Note: (1) the race dimension is distinguished in the U.S. households forecasting, but it can be omitted in the other
countries’ applications if the race differentials are not crucial, or the race-specific data are not available, or the sub-
population sizes of the minority race groups are too small. (2) The rural-urban dimension can be included if the
rural-urban differentials are substantial and the rural-urban specific data are available.

Table 2. Illustrative example of eleven categories of households by type and size for forecasting at sub-
state levels, using the ECC model and the ratio methods

Category | Type | Size | Characteristics of the household category
® | ©
1 1 1 One-single-man only, household size 1
2 1 2-3 | One-single-man with child/other, household size 2-3
3 1 4+ | One-single-man with child/other, household size 4+
4 2 1 One-single-woman only, household size 1
5 2 2-3 | One-single-woman with child/other, household size 2-3
6 2 4+ | One-single-woman with child/other, household size 4+
7 3 2 One-couple only, household size 2
8 3 3-4 | One-couple household with child/other, household size 3-4
9 3 5+ | One-couple household with child/other, household size 5+
10 4 1 Men living in group quarters
11 5 1 Women living in group quarters

Note: “Single-" refers to not-married (including never-married, divorced, or widowed) and not-
cohabiting persons. “One-couple” refers to a married or cohabiting couple.

Table 3 Distributions of the absolute percent errors of comparisons between the ECC projected from
1990 to 2000 and the Census observations in 2000 for the 50 states and DC

ECC projected from 1990 to 2000 versus. ECC projected from 1990 to 2000 versus
Census 2000 obs., based on data before 1991 Census 2000 obs., including data during 1990s
Absolute percent (A) household indices (B) population indices (C) household indices (D) population indices
errors number of number of number of number of
Comparison percent  Comparison percent ~ Comparison percent  Comparison percent
< 1.00% 89 29.13 91 29.69 141 45.94 105 34.45
1.0-2.99% 104 33.89 133 43.42 129 42.02 122 39.77
3.0-4.99% 53 17.37 51 16.53 35 11.48 44 14.29
5.0-9.99% 39 12.89 29 9.52 2 0.56 22 7.28
10.0-14.99% 9 3.08 3 0.84 0 0 12 3.92
>15.0% 11 3.64 0 0 0 0 1 0.28
Total 306 100 306 100 306 100 306 100
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Table 4. The Mean Absolute Percent Error (MAPE), Mean Algebraic Percent Error (MALPE)
and Median Absolute Percent Error (MEDAPE) between the ECC projected from 1990 to 2000
and the Census observations in 2000 for the 50 states and DC

(A) Main indices of household projection

Tot. # of |household| %1 pers |%2-3 pers| %4+ pers | %Couple
household| aver. size | household|household |household |household

Test I: ECC projection vs. census obs.
in 2000 based on data before1991

MAPE 1.63 1.75 4.73 2.63 4.08 2.07
MALPE 0.04 -0.56 2.9 -1.06 0.06 0.56
MEDAPE 1.07 1.16 3.45 2.20 2.76 1.35

Test lI:ECC projection vs. census obs.
in 2000 including data in 1990s

MAPE 1.28 0.82 2.01 1.86 2.21 1.23
MALPE -0.73 -0.33 1.25 -0.79 0.32 0.49
MEDAPE 1.21 0.73 1.67 1.53 2.03 1.08

(B) Main indices of population projection
Pop |%children| % old | % oldest |Dep.ratio|Dep.ratio

size <18 65+ -old 80+ pf children of old
Test I: ECC projection vs. census obs.
in 2000 based on data before1991
MAPE 1.35 1.96 2.52 3.44 2.55 2.80
MALPE -0.58 1.39 -1.45 -2.02 1.56 -1.05
MEDAPE 1.09 1.82 2.08 2.81 2.21 2.19
Test [I:ECC projection vs. census obs.
in 2000 including data in 1990s
MAPE 1.21 1.30 2.77 4.48 1.69 3.76
MALPE -0.92 0.78 -2.05 -3.90 0.62 -2.34
MEDAPE 1.36 1.03 1.90 3.79 1.30 2.80

Table 5. The MAPE, MALPE and MEDAPE between ECC/ratio method projected from 1990 to
2000 (based on data before 1991) and the Census observations in 2000 for 25 randomly selected

counties and 25 randomly selected cities
population Tot. # of household %1 pers %2-3 pers %4+ pers % married
size  household aver. size household household household ~ couple hh

MAPE of the 25 counties 7.69 8.62 2.99 5.78 3.45 6.68 4.23
MALPE of the 25 counties 0.40 1.18 -1.55 3.05 -1.87 1.36 2.23
MEDAPE of the 25 counties 4.49 4.57 2.32 4.69 2.79 6.29 3.34
MAPE of the 25 cities 14.78 13.37 5.29 10.73 4.78 9.77 6.60
MALPE of the 25 cities -4.39 -0.72 -1.24 4.60 -1.89 -0.59 0.16
MEDAPE of the 25 cities 9.81 9.30 4.97 7.58 2.66 9.77 5.53
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Table 6. Population size distributions of the 25 randomly selected counties and the 25 randomly
selected cities (each of the 50 states has one randomly selected county or city)

Randomly selected 25 cities Randomly selected 25 counties
Pop size number % Pop size number %
<2,000 8 32.0 <10,000 8 32.0
2,000-4,999 8 32.0 10,000-49,999 9 36.0
5,000-29,999 6 24.0 50,000-99,999 4 16.0
= 30000 3 12.0 = 100,000 4 16.0
Total 25 100 Total 25 100
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