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IN MOST COUNTRIES, the size and structure of households are changing. Popu-
lations are aging in most countries as a result of lower fertility and increas-
ing life expectancy. Age patterns of childbearing are changing, with more
people having their first child at an older age. In some countries, marriage
rates are declining and divorce rates and proportions of cohabiting couples
are rising. People are living longer, so that an increasing number of middle-
aged workers have living children, parents, and even grandparents. The
gap between male and female life expectancy is widening, leaving more
widows. Increased mobility is leading children to move to areas distant from
their parents. Changes in attitudes about coresidence between adult chil-
dren and parents in developing countries are resulting in reduction of ex-
tended family households. These factors, in various combinations and
strengths for different populations, are yielding new patterns and distribu-
tions of household structures.

There is an important interaction between changes in household struc-
ture and the health status of the elderly. Living alone without nearby rela-
tives can cause or worsen ill health and disability. Nearby family members
often support the elderly who are ill or disabled. In the absence of such
support, the need for nursing homes, social services, and health care ser-
vices increases. Health care costs and social services provided to the elderly
now account for over 10 percent of gross national product in many coun-
tries, including the United States. As the proportion elderly grows, these
costs grow as well. Some scholars have proposed that household size and
structure should be explicitly treated in the modeling of population, devel-
opment, and environment. A strong argument in favor of this is that pri-
- vate consumption patterns are mostly defined in terms of household con-
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sumption, not individual consumption (Lutz and Prinz 1994: 225). For the
preceding reasons and others, projections of household structure are clearly
of considerable interest to planners and policy analysts in governmental,
business, nonprofit, and academic organizations.

How will demographic changes alter the number and proportion of
different kinds of households, including the single-parent household, the
three-generation household, the household consisting of only one or two
elderly people without children, the household of cohabiting couples? How
many elderly persons will need assistance, but will not have children,
spouse, or other close relatives to provide it? How many middle-aged per-
sons will have to care both for elderly parents and for young children?
This chapter develops a multidimensional model for projecting households
using conventional demographic data that can be employed to address such
questions as these.

A brief review of the three kinds of major models for family house-
hold projection is presented in the next section. We then discuss our mod-
eling strategy and analytical framework. This is followed by an illustrative
example of the application of the model with a sensitivity analysis on how
demographic changes can affect households and population dynamics.

Models for household projection

Demographers mainly use three kinds of models to project household struc-
ture: microsimulation, macrosimulation, and headship-rate.

The microsimulation model simulates the life course events and keeps
detailed records of demographic status transitions for each individual. It
has major advantages in studying the variability of individuals and house-
holds and their probability distributions (Hammel et al. 1976; Wachter 1987;
Smith 1987; Nelissen 1991). It is particularly powerful in complex kinship
simulation and projection, which macrosimulation and headship-rate meth-
ods cannot do. In a large population, in which households are classified by
a large number of characteristics, however, the size of the representative
sample to be used as the starting point of a projection should also be large.
For instance, a sample of one percent of the populations of China and the
United States consists of about 12.5 and 2.6 million persons, respectively.
To simulate so many persons one by one would take substantial comput-
ing power and time. Another problem is that a census usually asks simple
questions that cannot provide enough data for the microsimulation to model
detailed characteristics of individuals. Hammel, Wachter, and their col-
leagues handled this problem by starting with a presimulation for a few
decades before the beginning year of their projections. Using a manage-
able sample for this presimulation, they were able to approximate the family,
household, and kinship distribution at the beginning year of the projec-
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tion, and then simulate it forward. This approach is not as good as directly
using the population, household, and kinship distribution obtained from a
census or a large survey, for two reasons. First, the simulated family and
population distribution at the beginning year of the projection may not
accurately reflect the census or survey enumeration. Second, the proce-
dure demands additional detailed data for a few decades before the begin-
ning year of the projection, and such data may not be available.

The headship-rate method is a classic approach that has long been
used by demographers to project households. In a census or a survey, a
“head” is identified for each household. The age-sex-specific headship rates
are computed by dividing the number of persons who are head of a house-
hold by the total number of persons of the same age and sex. The future
households are projected by extrapolating the headship rates. Despite their
widespread use, headship-rate methods suffer several serious shortcom-
ings. The head is an arbitrary and vague choice that varies from area to
area and may change over time; this creates great difficulties for projection
(Murphy 1991). Trends in headship rates are not easy to model (Mason
and Racelis: 510), although some recent work has shown that the regres-
sion approach to headship rates has some merit (Burch and Akaburskis
1993). Often the information produced by projections using the headship-
rate method is inadequate for planning purposes (Bell and Cooper 1990).
Above all, the major disadvantage of the headship method is the unclear
link to underlying demographic events: it is very difficult to incorporate
demographic assumptions about future changes in fertility, marriage, di-
vorce, and mortality in such models (Mason and Racelis 1992: 510; Spicer,
Diamond, and Ni Bhrolchdin 1992: 530).

The macrosimulation approach does not suffer the shortcomings in-
herent in headship-rate methods. Although not as flexible as micro-
simulation models in analyzing variability and probability distributions and
in fully utilizing information at the individual level, macrosimulation models
are not limited to the sample size at the beginning year of the projection
and can effectively use the grouped data from a census or a large survey as
a starting point. Furthermore, planners and policy analysts can conduct
macrosimulation projections relatively easily on a personal computer if user-
friendly software and a lucid manual are provided.

Although we believe there are some important advantages to
macrosimulation, we do not wish to imply that microsimulation approaches
are less useful. We believe that microsimulation is more powerful in some
applications such as complex kinship simulations. It would be desirable to
develop both kinds of approaches, since they have complementary strengths.

Keilman (1988), Van Imhoff and Keilman (1992), and Ledent (1992)
reviewed dynamic household models based on the macrosimulation ap-
proach. Most of these models require data on transition probabilities among
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various household types or statuses, data that have to be collected in a
special survey because they are not available in the conventional demo-
graphic data sources of vital statistics, censuses, and ordinary surveys. As
stated by Van Imhoff and Keilman (1992), the high data requirements,
especially for data not commonly available on transition probabilities of
household types or statuses in dynamic household models, are an impor-
tant factor in the slow development and infrequent application of these
models. Furthermore, the status-transition-based model cannot directly link
changes in household structure with demographic rates. For example,
changes in the probability of transition from households of husband and
wife with more than two children to single-parent households with fewer
than two children jointly depend on changes in divorce rates, death of
spouse, fertility rates, and rates of leaving the parental home. It is extremely
difficult to decompose the impacts of each demographic factor on changes
in household status transition probabilities. Therefore, it is important to
develop a dynamic household projection model that requires as input only
conventional demographic rates that can be obtained from vital statistics,
censuses, and ordinary surveys.

Benefiting from methodological advances in multidimensional demog-
raphy (Rogers 1975; Land and Rogers 1982), and especially the multi-state
marital-status life table model (Willekens et al. 1982; Willekens 1987), Bon-
gaarts (1987) developed a nuclear-family-status life table model. Zeng (1986,
1988, 1991) extended Bongaarts’s model and included both nuclear and
three-generation households. The life table models by Bongaarts and Zeng
are female-dominant one-sex models and assume that age-specific demo-
graphic rates are constant. Building on Zeng'’s family-status life table model,
this chapter develops a two-sex dynamic projection model that permits de-
mographic schedules to change over time. The model requires only data
that are available from conventional demographic data sources. It can be used
to identify effects of changes in demographic rates on household structure.

As pointed out by Lutz and Prinz (1994: 225), population models and
household models cannot convert information based on individuals directly
into information on households. Even if these two different aspects could
be matched for the starting year, there is so far no way to guarantee con-
sistent changes in both patterns when they are projected into the future.
As is shown in this chapter, our new household model projects house-
holds and individuals simultaneously and consistently.

Demographic status identified

Following Brass’s (1983) approach, we select the individual as the basic
unit of the projection model. The major reason why we chose the indi-
vidual is that demographic rates available from conventional population
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data sources can then be readily applied to individuals. The individuals of
the base (or starting) population derived from a census or survey and the
future projected population are classified according to the following dimen-
sions of demographic statuses: age; sex; marital status (single, married, di-
vorced, widowed, optionally cohabiting, and separated can be included);
parity (optional); number of children living at home; coresidence with two
parents or one parent or not living with parents;' rural or urban (optional);
and whether living in a private household or a collective household.

Accounting system to link individuals’
characteristics with households

We follow Brass’s marker approach to identify households among indi-
viduals. Brass (1983) calls the reference person a household “marker.” In
Brass’s original work and Zeng’s family-status life table model, only a se-
nior female is chosen as a marker, which implies a female-dominant one-
sex model. In the model discussed in this chapter, both sexes are included,
and a female adult, or a male adult when a female adult is not available, is
identified as the reference person (or “marker”).? The household type and
size are derived from the characteristics of the reference person. For ex-
ample, a person who is not married or cohabiting, not coresiding with par-
ents, not living with a child, and not living in a collective household repre-
sents a one-person household. A married or cohabiting woman who is not
coresiding with parents and not living with a child, represents a one-couple
household. A married or cohabiting woman who is not coresiding with
parents and living together with 7 children is a reference person represent-
ing a two-generation household of 2 + i persons. If this person is not mar-
ried, the household size is 1 + i.> A person who is married or cohabiting,
coresiding with two parents or one parent, and living with 7 children is a
reference person representing a three-generation household of 2 + 2 + i or
1 + 2 + 7 persons. If this reference person is not married, the household
size is reduced by one. Readers interested in the mathematical formulas
for computing the number of households with various types and sizes are
referred to Zeng, Vaupel, and Wang (1997: 191-193).

Empirical test on the accuracy of the accounting
system

We have tested the accounting system described above using real data sets.
We identified each individual code by sex, marital status, and status of
coresidence with parents and children. According to these codes, we iden-
tified the reference persons. Based on the characteristics of the reference
persons and following the accounting system described above, we derived
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the distribution of households by types and sizes. The household distribu-
tion derived in this way may be called a “model-count.” Second, we fol-
lowed the standard census tabulation approach and derived the household
distribution directly using the codes that record household membership and
relationship to the household head. This kind of census tabulation may be
called “direct-count.” A comparison of distributions of household types de-
rived by “model-counts” and “direct-counts” using the one percent data set of
the China 1990 census shows that the relative differences are very small,
all below one percent with one exception. The exception is that the error
in the model-count of three-generation family households is 1.98 percent.
The reason is that a joint family of two or more married brothers, with
children living together, is counted as two or more stem-family households.
This kind of error will be essentially eliminated in societies where the pro-
portion of joint families is negligible. This is the case at present in Western
countries and is likely in future years in China. The relative differences in
frequency distributions of household sizes between model-count and di-
rect-count using the Chinese data set are also reasonably small: 0.4 per-
cent for one-person households, 2.5 percent for small households with 2—
3 persons, 5.7 percent for middle-size households with 4-5 persons, and
-10.7 percent for large households with 6 and more persons (Zeng, Vaupel,
and Wang 1997).

To see how well our model works for populations in Western coun-
tries, we tested it on the 5 percent sample data f{ile of the United States
1990 census and the German 1995 micro-census sample data {ile (sample
size of the German mini-census is one percent of the total population). As
shown in Tables 1 and 2, the distributions of the major household types de-
rived by the “model-counts” and the “direct-counts” are almost identical.

Comparison of number of family households by household type in

the United States between the results derived from the model-count and the
direct-count, using the 5 percent data tape of the 1990 census

Number of family households Frequency distribution

Family type Mod-co. Dir-co. Dif.# Dif.% Mod-co. Dir-co. Dif. # Dif. %

One person

1229673 1228831 842 0.07 0.2696 0.2695 0.0001 0.03

One couple 1170281 1171011 -730 -0.06 0.2566 0.2568 -0.0002 -0.10
2 generations 2026992 2025525 1467 0.07 0.4444 0.4442 0.0002 0.04
3+ generations 134268 134319 =51 -0.04 0.0294 0.0295 0.0000 -0.07
Total 4561214 4559686 1528 0.03 1.0000 1.0000 NA NA

NOTES: (1) Mod-co. = Model-count; Dir-co. = Direct-count; Dif # (Absolute difference) = (Mod-co. - Dir-co.); Dif % (Relative
difference) = 100*(Mod-co. - Dir-co.)/Dir-co. (2) The one-person household type refers to a person who does not live
with spouse (or cohabiting partner) and children, but he or she may or may not live with other relative(s) or non-relative(s).
NA = not applicable.
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TABLE2 Comparison of number of family households by household type in
Germany between the results derived from the model-count and the direct-
count, using the 1995 micro-census data

Family type

Number of family households

Frequency distribution

Mod-co. Dir-co.

Dif. #

Dif. %

Mod-co. Dir-co. Dif. #

Dif. %

One person
One couple
2 generations

90036
55554
81054

90036 0
55554
81051

0.00
0.00
0.00

0.3934
0.2427
0.3542

0.3934
0.2428
0.3542

0.00
0.00
0.00

2209
228853

3+ generations 0.00

0.00

0.0097
1.0000

0.0097
1.0000

0.00

0
3
2209 0
3 NA

Total 228850

0.00
0.00
0.00
0.00

" NA

Notes as in Table 1.
NA = not applicable.

As shown in Tables 3 and 4, the relative differences in frequency dis-
tributions of household sizes between model-counts and direct-counts are
not small. Two factors contribute to the lower accuracy in the household
size model-count. The first is that the model-count does not include those
who are neither stem-family members nor spouse (or cohabiting partner)
of the reference person. This problem is more serious in the United States
and Germany than in China since some persons who live with their un-
married partners may not report as cohabiting, but rather report as “other
relative” or “non-relative.” The second factor is that we limit the highest
parity to 5 in the illustrative examples, which underestimates the size of
the large family households that have more than 5 children. As demon-
strated by results not shown here, if we exclude those “other relatives”
and “non-relatives” (i.e., who report as neither stem-family members nor
spouse, or cohabiting partner, of the reference persons) in both the direct-

TABLE 3 Comparison of number of family households by household size in the
United States between the results derived from the model-count and the direct-
count, using the 5 percent data tape of 1990 census

Family type

Number of family households

Frequency distribution

Mod-co. Dir-co. Dif. #

Dif. %

Mod-co. Dir-co. Dif. #

Dif. %

1 person alone
2-3 persons
4-5 persons
6+ persons

Total

Average
household size

1229673
2225382
982828
123331

4561214

1051897
2289644
1023977

194168

4559686

177776
-64262
—-41149
-70837

1528

2.66 2.52 -0.15

16.90
-2.81
—4.02
-36.48

0.03

-5.68

0.2696
0.4879
0.2155
0.0270

1.0000

0.2307
0.5021
0.2246
0.0426

1.0000

0.0389
-0.0143
~0.0091
-0.0155

NA

NA NA NA

16.86
-2.84
—4.05
-36.50

NA

NA

NOTES: (1) Same as in Table 1.

NA = not applicable.

(2) “1 person alone” household here refers to one person who is living alone.
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TABLE 4

Comparison of number of family households by household size in

Germany between the results derived from the model-count and the direct-
count, using the 1995 micro-census data

Number of family households Frequency distribution

Family type Mod-co. Dir-co. Dif. # Dif. % Mod-co. Dir-co. Dif. # Dif. %
1 person alone 90036 79128 10908 13.79 0.3934 0.3458 0.0477 13.78
2-3 persons 101375 110682 -9307 -8.41 0.4430 0.4836 -0.0407 -8.41
4-5 persons 35173 36512 -1339 -3.67 0.1537 0.1595 -0.0059 -3.67
6+ persons 2269 2528 -259 -10.25 0.0099 0.0110 -0.0011 -10.25
Total 228853 228850 3 0.00 1.0000 1.0000 NA NA
Average

household size 2.14 2.22 -0.08 -3.42 NA NA NA NA

Notes as in Table 3.
NA = not applicable.

count and the model-count, the differences between the two become al-
most zero. This clearly demonstrates that the first factor is the major factor
causing the lower accuracy in the household size model-count. Our model
overestimates the number of one-person households by 15.9 percent us-
ing the US 1990 census data set and 13.8 percent using the German 1995
mini-census data set. In the US 1990 census, the living arrangement of
cohabiting with an unmarried person is one of the codes of relationship to
the reference person of the household, so that we could include “cohabit-
ing” as one of the marital statuses distinguished. However, some cohabit-
ing persons might be incorrectly reported as other relatives or non-rela-
tives. In the case of the German 1995 mini-census, information about
cohabitation was not required, so that a person who was non-married but
living with a cohabiting partner was counted as a “one-person” household
in our model, because of lack of information. The underestimation of the
number of households with 6 or more persons is more serious in the case
of the US 1990 census data set (36.5 percent), but less serious in the Ger-
man case (10.3 percent). Large households with 6 or more persons are
more likely to have member(s) who are other relative(s) or non-relative(s)
of the reference person. But those large households made up a very small
proportion of the total number of households, namely, 4.3 percent in the
United States in 1990 and 1.1 percent in Germany in 1995. The inaccurate
accounting of household-size distribution in the starting year and future
projection years as a result of the lack of capacity to identify the reference
person’s living-together, other relative(s) or non-relative(s) in our model
can be reasonably corrected by a procedure described in the appendix.

In sum, our model works better for developed countries than for de-
veloping countries in terms of accounting of household types because joint
family households with two or more married siblings living together, which
our model cannot identify, are negligible in the developed countries. How-
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ever, our model counts household size less accurately in the United States
and Germany than in China because of underreporting of cohabitation in
the United States and Germany. The errors in household size accounting
can be reasonably corrected by a simple procedure.

Computational strategy

It is theoretically possible for a woman or man to have any realistic combi-
nation of the statuses identified in the model. We may call the combina-
tion the composite state. Let [(x,t) denote the number of persons of age x
with composite state i (i=1, 2 ... T) in year t. Let P.(x.1) denote the probabil-
ity that a person of age x with composite state i in year t will survive and be
in composite state j at age x+1 in year t+1. Thus,

T
L(x+1Lt+1)= Y L(x1)P(x,1)
i=1

If P,(x,1), which are elements of a T x T matrix, were properly esti-
mated, the calculation of lj(x+l,t+1) would be straightforward. Unfortu-
nately, the estimation ofvP,.}.(x,t) is usually not practical when the total num-
ber of states Tis large, as is the case in our model. In an illustrative numerical
application, for instance, 2 statuses of residence, 4 marital statuses, 3 sta-
tuses of coresidence with parents, 6 parity statuses, and 6 statuses of
coresidence with children are distinguished for females and males respec-
tively, and the total number of composite statuses distinguished at each
age for each sex in our model is:

S
T=2x4x3x)Y (p+1)=504.
p=0
The total number of cells in the transition matrix is thus: 504x504=254,016.
There would be one such large matrix for males and one for females at
each single age. Although there are many zero cells in the matrices, the
number of non-zero cells to be estimated is still much too large. Since so
many categories have been distinguished, the number of observed events
for some categories is too few to estimate the status-transition probabili-
ties, even if the sample size is large. Therefore, the estimation of such large
transition matrices is not practical.

Bongaarts’s nuclear-family-status life table model also distinguishes
numerous statuses. Bongaarts overcame the difficulty by assuming that par-
ticular events take place at particular points in time between age x and x+1
(Bongaarts 1987: 209-211). Here, we follow Bongaarts’'s useful approach,
and assume and compute the status transitions at different points of time
in the single-year age interval. In particular, 1) births occur throughout
the first half and the second half of the year. The birth probabilities used
refer to the corresponding half year. They depend on the status at the be-
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ginning and the middle of the year, respectively. 2) Deaths, migration,
changes in status of coresidence with parents, marital status transition, and
changes in number of surviving and coresiding children resulting from
children’s death or leaving or returning home occur in the middle of the
year. These probabilities of occurrence of events refer to the whole year
and depend on status at the beginning of the year. We calculate probabili-
ties only for those transitions triggered by the specific demographic events
included in the projection model—birth, death, marriage, divorce, remar-
riage, leaving and returning to parental home, migration, and so on. As
shown mathematically and numerically by Zeng (1991: 61-63, 81-84), the
strategy of assuming that births occur throughout the first and the second
half of the year and other status transitions at the middle of the year leads
to accurate numerical estimates.

Consistency in the two-sex and multi-generation
model

Because our model deals with two sexes and both children and parents,
the following procedures are adopted to ensure consistency.

1) Consistency between females and males. 1f the population under study
is a closed marriage market with negligible inter-marriages with outsiders,
such as a country with extremely few international marriages, we use the
harmonic-mean procedure to ensure the two-sex consistency. In any 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 females (males) is equal to the number of
new deaths of currently married men (women). When the cohabiting sta-
tus is distinguished, the number of cohabiting males is equal to the num-
ber of cohabiting females; the number of males who exit from cohabiting
status is equal to the number of female counterparts. Mathematical for-
mulas for the harmonic mean used in our two-sex model to ensure consis-
tency can be found elsewhere (e.g., Keilman 1985: 216-221). It has been
shown that the harmonic mean satisfies most of the theoretical require-
ments and practical considerations for handling consistency problems in a
two-sex model (Pollard 1977; Schoen 1981; Keilman 1985; Van Imhoff
and Keilman 1992). If the population under study is not a closed marriage
market, such as a subregion within one country or a country with sizable
international marriages, the two-sex consistency should not be computed.
Our software ProFamy provides appropriate options for users to choose
whether to compute the two-sex consistency.

2) Consistency between children and parents. We define three quantities
from children’s perspective*: C1: number of status transitions from living
with two parents to not living with parents due to leaving home and due
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to death of parents; C2: number of status transitions from living with one
parent to not living with parent due to leaving home and due to death of
parent; C3: number of deaths of persons who lived with parents at time of
death. Let S1 = C1 + C2 + C3. Define three quantities from the perspective
of parents: P1: number of events of reductions in number of children liv-
ing together® of wives (and cohabiting women if any) due to children leav-
ing home and due to children’s deaths; P2: number of events of reductions
in number of children living together of single parent due to children leav-
ing home and due to children’s deaths; P3: number of deaths of a couple
(both parties die in the same year) multiplied by number of their coresiding
children plus number of deaths of single parent multiplied by number of
their coresiding children. Let S2 = P1 + P2 + P3. In any year, S1 should be
equal to S2. In the numerical calculation, however, S1 and S2 may not be
exactly the same because of differences in estimation procedures. There-
fore, an adjustment is needed to ensure that S1 and S2 are equal to each
other. Readers interested in the mathematical formulas and their deriva-
tion, which follows the harmonic mean approach to ensure S1 = S2, are
referred to Zeng, Vaupel, and Wang (1997: 195-196).

3) Consistency between births computed for the female and male populations.
Changes in parity and status of coresidence with children are computed
for both femalc and male populations in our two-sex modcl. The total num-
ber of births computed based on the female population should be equal to
the total number of births computed based on the male population. Single-
year age- and parity-specific fertility rates for male populations arc rarely
available. Therefore, we estimate male birth rates based on female birth
rates and the average age difference between male and female partners.
Clearly, computation of births for the female population is more accurate
than for males. Therefore, the number of births produced by the male popu-
lation is adjusted (by raising or lowering the male age-specific birth ratcs)
to equal the number of births produced by the female population. In our
model the assumption about how fertility depends on marital status for
females is consistent with that for males.

4) Consistency between female and male status of coresidence with children
before and after divorce (and dissolution of cohabitation). Children would stay
with either the mother or the father after their parents’ divorce or dissolu-
tion of cohabitation. Therefore, the number of children living together with
the mother or father immediately after the parents’ divorce should be equal
to the number before divorce. The living arrangement of the children of
divorced couples is a complicated social phenomenon, and data are sparse.
Because young children in most societies are more likely to stay with their
mother after divorce, we assume that if a couple has an odd number of
children living together before divorce, the mother will have one more
child than the father after divorce. If a couple has an even number of chil-
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dren living together before their divorce, each party would have half of
their children after divorce. In societies where divorced couples do not wish
their children to be separated from each other, our model and ProFamy
software can provide an option for users to assume that all children stay
with their mother after their parents’ divorce.

5) Consistency between female and male status of coresidence with children
before and after remarriage. Children living with a single mother and a single
father would join the new household after a parent’s remarriage. A newly
remarried couple’s number of children living together should equal the
sum of children living with either of the parties before remarriage. For sim-
plicity, we assume that the probability that a remarried woman or man
will have additional children from their new partner’s previous union de-
pends only on the frequency distribution of the status of coresidence with
children of newly married men or women in the year.

The demographic accounting equations

Demographic accounting equations are used to compute the number of
female and male persons and the changes in marital and cohabiting status,
parity, the status of whether living with parents and children, residence
status, deaths, and so on in each projection year. The basic structure of all
accounting equations is:

number of persons age x+1 with status 7 at time t+1 =
(number of persons age x with status 7 at time f) +

(number of new entries into status 7 that occur in the year (t,t+1)
among persons age x+1 at time f+1) —

(number of exits out of status 7 that occur in the year (¢, t+1) among
persons age x at time t).

The number of events including birth, death, migration, marriage, di-
vorce, leaving and returning to parental home, and so on between age x
and x+1 (and between time  and #+1) is calculated as the number of per-
sons age x at risk of the occurrence of the events in the year multiplied by
the probability of occurrence of the events between age x and x+1 (and
between time f and t+1).

Based on the above-stated principles as well as the analytical framework
presented in the previous sections, we derive the accounting equations and
the procedures for estimating the status transition probabilities to calculate
changes in coresidence with parents, marital status, parity, and number of
children living at home between age x and x+1 and between time ¢ and t+1 for
all individuals of the population. Readers interested in these formulas are re-
ferred to Zeng, Vaupel, and Wang (1997: 197-199, 211-2 14).
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The accounting equations discussed above include all individuals of
the population at the starting year of projection and update their survival
status and other demographic statuses as well as household status in fu-
ture years. The distribution of household size and structure are derived
from characteristics of the reference persons. The tabulations of popula-
tion size, age/sex distributions, and other demographic indexes such as pro-
portions of the elderly, school-age children, and youth, dependency ratios,
and size of labor force are derived from all individuals including reference
persons and non-reference persons. Our new household projection model
has thus simultaneously projected households and population consisting
of individuals, and the consistency between patterns of changes in indi-
viduals and households is guaranteed. This is not the case in other models
for projecting households or population.

List of assumptions made

To present a clearer picture of the nature of our model and to aid interpre-
tation of the model output, we list the major assumptions.

1) Markovian assumption: status transitions depend on age and the
status occupied at the beginning of the single-year interval, but are inde-
pendent of duration in the status. More specifically, we assume that fertil-
ity depends on age, parity, and marital status. Mortality, first marriage, wid-
owhood, divorce, and remarriage depend on age, sex, and marital status,
as does the probability that a child will leave his or her parents” home.

2) Homogeneity assumption: people with the same characteristics have
the same status transition probabilities.’

3) Births occur throughout the first half and the second half of the year,
and other status transitions and deaths occur at the middle of the year.

4) Parents may or may not live with one married child and his (or
her) spouse and their unmarried children. No married brothers and sisters
live together.

5) Multiple births in a single age interval for one woman are counted
as independent single births.

6) Some of the events are assumed to be locally independent. The
events of a child’s death and leaving home are independent. Events of deaths
and births are independent. Deaths and marital status changes are inde-
pendent of parity and number of children living at home. Events of death
of one or two parents, divorce of parents, remarriage of the non-married
parent, and leaving the parental home as well as returning home are inde-
pendent.

7) If a couple has an odd number of children living together before
divorce, the mother will have one more child than the father after divorce;
if a couple has an even number of children living together, each party has
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half of their children after divorce; or the user can assume that all children
stay with their mother after their parents’ divorce.

8) A remarried person’s probability of having additional children from
the new partner’s previous union depends on the frequency distribution
of the status of coresidence with children of the newly married persons
with opposite sex in the same year.

Data needed

1) Base population derived from a census or a survey, and classified
by age, sex, marital status, parity (optional), number of children living at
home, and coresidence with parents as well as whether living in a collec-
tive household. Information on parity (number of children ever born) is
optional. If no parity information is available, we assume that birth prob-
abilities depend on age and number of children living at home.

2) Age-specific demographic schedules observed in the recent past:

a) Age-, sex- (and marital-status if possible) specific probabilities of
surviving.

b) Age- and sex-specific occurrence/exposure rates or probabilities
of marital status transitions.

c) Age- and parity-specific occurrence/exposure rates or probabili-
ties of birth by married women. If births by non-married women
are not negligible, the ratios of the overall fertility level of women
with various non-married statuses to the overall fertility level of
the married women will be needed.

d) Age- and sex-specific occurrence/exposure rates or probabilities
of leaving and returning to the parental home. If data on return-
ing home are not available, one can use the age- and sex-spe-
cific net rates of leaving the parental home.

e) Age-, sex- (and marital-status if possible) specific occurrence/
exposure rates or probabilities of migration outside the country
or region under study; age-, sex- (and marital-status if possible)
specific frequency distribution of immigration from the rest of
the world to the country or region under study.

Itis ideal to have the observed age-specific data described in a) through
e) above from the country or region under study. When this is not avail-
able, however, one may use the standard schedules based on data from
other countries or regions where the general age pattern of demographic
processes is similar to that in the country or region under study.

3) Parameters to specify levels of parity-specific total fertility rates
(TFR); propensity of eventual marriage, divorce, remarriage, and other pos-
sible transitions among marital statuses including cohabitation and separa-
tion if they are distinguished by the user; proportion eventually leaving
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parental home; mean age at first marriage for males and females, mean
age at births of all orders combined, mean age at leaving parental home,
life expectancy at birth, and total number of male and female immigrants
and out-migrants in the future projected years.

If the option of rural-urban regional classification is chosen by the
user in the application, the data specified in 1) through 3) are region-spe-
cific. In this case, age-, sex- (and marital-status if available) specific net
rates of rural-to-urban migration within the country or region under study
will be needed. One will also need to specify the proportion of urban popu-
lation in the future projected years.

The observed age-specific or age-parity-specific rates or probabilities
define demographic schedules. The demographic schedules and the pro-
jected parameters that specify future levels of fertility, first marriage, di-
vorce, remarriage, mortality, leaving home, and migration are used to
project the corresponding age-specific probabilities in future years. This can
be done by assuming that future age patterns are some function of the
demographic schedule, as in the Brass model life tables, or by choosing an
appropriate schedule among a set of model schedules, as in the Coale-
Demeny regional model life tables. Another possibility is to estimate fu-
ture demographic schedules based on a standard schedule and projected
changes in the median age and the inter-quartile ranges (Zeng et al. 1993).

At this stage of our research, only modest attention has been paid to
incorporating the best methods for projecting the future demographic rates
required by the projection model. Much more work on this is planned, in-
cluding research on joint forecasting of economic and demographic variables.

Illustrative application: A sensitivity analysis on
how demographic changes affect households and
population dynamics

Our household projection model and its associated computer software
ProFamy can produce a large number of output tables and graphics for
each of the projection years, including cross-tabulations of distributions of
age, sex, marital status, parity, and coresidence with one or two parents or
not living with parents, and number of children living together; distribu-
tion of one-person households by age, sex, and marital status; distribution
of one-couple households by age of wife or husband; distribution of nuclear-
family and three-generation households by household size and structure
and by age, marital status, and other characteristics of the reference per-
sons, as well as the age and sex distribution of the population; percent of
school-age children; percent and age distribution of elderly; dependency
ratios of children and elderly; labor force population; and so on. These dis-
tributions are presented in absolute numbers and percentages. Applications
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of our model and the software ProFamy can be used for purposes of policy
analysis, social planning, or market analysis. They can also be used for aca-
demic purposes to answer such important questions as how demographic
changes affect future households.

Elsewhere we have presented an illustrative application of two major
scenarios with the same assumptions about medium fertility, first marriage,
divorce, remarriage, and leaving parental home, but with medium and low
mortality assumptions. Some straightforward analysis on how medium fer-
tility, the assumed trends in future marriage, divorce, and leaving home,
and medium versus low mortality may affect future Chinese household
structure and population can be found in Zeng, Vaupel, and Wang (1997).
Since then, we have been using Chinese and American data to conduct
more in-depth and substantive applications; however, it is impossible to
present them here because of space limitations. Such substantive applica-
tions together with careful interpretation and policy analysis will be pre-
sented in our subsequent publications on this subject. We therefore simply
present our new sensitivity analysis on how demographic changes may af-
fect households in future years, using the Chinese data to illustrate the
application of the model mainly for academic purposes.

The base population and other required data of demographic sched-
ules are derived from the one percent sample data tape of the 1990 census,
the 1988 Two-Per-Thousand Fertility and Contraceptive Survey (State Fam-
ily Planning Commission 1990), and the 1985 in-depth fertility survey (see
Zeng, Vaupel, and Wang 1995 for more detailed resources, the estimates,
and discussion).

The baseline scenario keeps everything constant at the 1990 level. In
1990, the TFR in China was 2.2, with parity-specific rates of 0.980, 0.767,
0.298, 0.096, and 0.056 for the first, second, third, fourth, and fifth and
higher births, respectively. Life expectancy at birth was 70.7 and 67.5 years
for females and males. The proportions eventually marrying were 0.99 and
0.97 for females and males. The probability of eventually divorcing was
0.071; the probabilities of eventually remarrying were 0.41 and 0.76 for
the divorced and widowed.

The simulation results of all other scenarios with changing demo-
graphic parameters in one or two dimensions while everything else remains
unchanged are compared with the baseline scenario. The numerical re-
sults are presented in Figures 1 and 2 and in Appendix Tables 1-3.

Comparing the baseline scenario with the four scenarios in which fer-
tility levels are reduced by 10, 20, 30, and 40 percent respectively (marked
as FERT-10, FERT-20, FERT-30, FERT-40 in the figures and tables),® we
found that fertility decrease not only reduces total population and house-
hold size and increases the proportion of elderly, but also substantially in-
creases the proportion of elderly living alone (see Figures 1 and 2) and the
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FIGURE 1 Percent of total population that are elderly under various scenarios
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proportion of one-person and one-couple households. Further decline in
fertility alone would slightly increase the proportion of three-generation
households because there are fewer siblings to establish new nuclear house-
holds. When fertility decreases by 40 percent to an extremely low level,
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the proportion of three-generation households decreases by 6.6 percent in
2050 as compared with the baseline scenario—the extremely low fertility
would cause some elderly to be unable to live with a married child even if
they wish to do so (Zeng 1991: 136-137). It is interesting to note that as
compared with the baseline scenario, fertility decline alone would have a
very small effect on the proportion of single-parent households in the first
quarter of the next century, but this effect would be much larger by the
middle of the next century—the proportion would increase by 14 or 25
percent if fertility decreased by 30 or 40 percent (see Appendix Tables 2
and 3). This is perhaps because with the further substantial fertility reduc-
tion, other things constant, there will be proportionally more elderly be-
cause of population aging. The elderly are more likely to be in the status of
widowhood or to remain non-married after divorce, as compared with
younger persons.

Increase in median age at first marriage and at births of various pari-
tiesby 1, 2, 3, and 4 years® as compared with the baseline scenario (marked
as AGE+1, AGE+2, AGE+3, AGE+4 scenarios) would decrease total popu-
lation size by 13, 26, 39, and 51 million in 2020; and by 22, 45, 68, and 91
million in 2050. The increase in age at first marriage and at births would
modestly increase the dependency ratio of the elderly. It would increase
the proportion of elderly living alone in 2020 because of the age structure
change. By the middle of the next century, however, the increase in age at
first marriage and at births would result in a modest decrease in the pro-
portion of elderly who are living alone (see Figures 1 and 2), because the
prolonged length between generations would enable more elderly to live
with their young children who have not yet reached the age of leaving
home. An increase in age at first marriage would lead to an increase in the
proportion of one-person households; this impact will be larger in years
2000 and 2020 than in 2050. Delaying marriage may result in an increase
in proportion of single-parent households (see Appendix Tables 1-3). The
reason is that delayed marriage will reduce the total number of two- and
three-generation households, whereas the rates of divorce and remarriage
are assumed to be constant.

Two mortality reduction scenarios assume that life expectancy will
increase linearly by 15 percent and 25 percent respectively from 1990 to
2050 (marked as E+15 and E+25), which are about the same medium and
low mortality assumptions used in our previous population projection stud-
ies (Zeng and Vaupel 1989). The expected mortality decrease will substan-
tially increase total population size and the proportion elderly. As com-
pared with the baseline scenario, the increase in the proportion of the
oldest-old in these two scenarios will be much more dramatic—a 187 or
355 percent increase of the oldest-old, age 85 and older, in 2050 depend-
ing on whether the mortality improvement is 15 or 25 percent, as com-
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pared with a 35 or 57 percent increase for all elderly age 65 and older. As
compared with the baseline scenario, the percent of elderly age 65 and
older living alone in 2050 would decrease by 8.7 or 4.5 percent if mortality
improvement is 15 or 25 percent because of the general reduction of wid-
owhood among all elderly. With marital status transition probabilities be-
ing constant, mortality improvement (15 percent and 25 percent respec-
tively) alone would, however, increase the percent of the elderly age 85
and older who are living alone by 8 and 13 percent in 2000, 54 and 92
percent in 2020, and 145 and 227 percent in 2050, respectively (see Fig-
ures 1 and 2). This is because the mortality differentials between males
and females tend to be larger at extremely high ages, which will result in
more oldest-old widows when life expectancy increases substantially. Some
recent studies (e.g., Kannisto et al. 1994) have shown that future improve-
ment of mortality at advanced ages will be greater than at younger ages.
Consequently, there will be more persons age 85 and older. It is clear that
demographers should pay more attention to the study of these popula-
tions. Mortality improvement would result in a considerable decrease of
single-parent households among two- and three-generation households
because of the reduction of the likelihood of widowhood.

The combination of decrease in fertility and increase in life expect-
ancy (marked as F-30E+25 and F-40E+25) would more sharply increase
the proportion elderly and the elderly living alone, especially those age 85
and older (see Figures 1 and 2).

Increase in divorce rates by 100, 200, 300, and 400 percent (marked
as DIV+100, DIV+200, DIV+300, and DIV+400) would slightly increase the
proportion of elderly living alone. Its impact on reducing household size is
not substantial, about 0.6-1.2 percent in 2020 and about 1.0-2.5 percent
in 2050, but it will modestly increase the proportion of one-person house-
holds. The increase in divorce rates will, however, substantially increase
the proportion of single-parent households by 8-31 percent in 2020 and
15-56 percent in 2050 (see Appendix Tables 1-3). The divorce propensity
in the baseline scenario, which keeps the Chinese 1990 demographic rates
unchanged, is very low (7 percent of all marriages would end in divorce in
1990). A 400 percent increase in the Chinese divorce level by the middle
of the twenty-first century, which is probably the maximum possible change
in the Chinese cultural and social context, would still be lower than the
current divorce level in the United States. If a more dramatic increase in
divorce rates in China were to occur in the next century, its impact on
household dynamics would be more significant than the simulation results
presented in Appendix Tables 1-3.

The direction and magnitude of decreasing remarriage rates (decreased
by 25 percent and 50 percent in scenarios marked REM-25 and REM-50)
on the proportion of elderly living alone and on average household size
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are minor. The impact on the increase of the proportion of single-parent
households is about 4-8 percent in 2020 and 8-17 percent in 2050 (see
Appendix Tables 1-3).

If the propensity for leaving the parental home after marriage increased
by 20, 35, and 50 percent (marked as LH+20, LH+35, and LH+50), the
proportion of elderly aged 65+ and 85+ living alone would increase by 17—
69 percent and 22-77 percent in 2050. The average household size would
decrease by 5-14 percent; the proportions of one-person and one-couple
households would increase by 14-53 percent and 17-61 percent, respec-
tively; the two- and three-generation households would decrease by 1-26
and 19-48 percent, respectively; and the single-parent household would
decrease by 4-26 percent. It is clear that change in the propensity for co-
residence between parents and married children is one of the most impor-
tant factors affecting future household structure in a developing country
such as China. The simulation also suggests that the rarity of married chil-
dren coresiding with parents in Western countries, and the high propor-
tion of married children doing so in developing countries, explain much of
the large difference in household structure between Western and develop-
ing countries. .

Although the results of the sensitivity analysis presented and discussed
above are useful in understanding demographic impacts on household dy-
namics, they should be interpreted as a country-specific illustration and
should not be generalized to other populations without caution. For ex-
ample, our simulations have shown that the substantial decrease in the
Chinese remarriage rates would have relatively minor impacts on house-
hold dynamics in the future. This is mainly because the divorce level and
remarriage rates at ages over 50, when widowhood is more likely to occur,
were very low in the Chinese 1990 baseline scenario. If, elsewhere, the
baseline divorce rates are high and the remarriage and cohabiting rates of
widows and widowers over age 50 are also relatively high, as is the case in
the United States, the impact of changes in remarriage rates on household
dynamics may be substantially larger.

Concluding remarks

As Keyfitz (1985) and Bongaarts (1983) observed, family demography is a
difficult and underdeveloped field. Our model and its associated software
ProFamy contribute to the development of methods for projecting family
structures in the following ways.

First, the model permits projection of many characteristics of house-
holds and their members, using demographic data that are usually avail-
able from conventional data sources in most developed countries and some
developing countries. When the necessary data to establish the demographic
schedules for the population under study are not available (e.g., in a small
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area or a developing country with poor data resources), model standard
schedules from another region or country with similar demographic con-
ditions can be used. The user can then project summary measures, such as
life expectancy, total fertility rate by birth order, proportion eventually leav-
ing the parental home, proportion eventually married (and cohabiting, if
any) and divorced, proportion eventually remarried after divorce and wid-
owhood, and the like. We therefore expect it to be relatively easy to apply
the model.

Second, unlike the traditional headship-rate method in which demo-
graphic factors are not systematically reflected in the rates themselves, our
model can closely link the projected household and its members’ charac-
teristics with future demographic rates, so that the model can be used for
policy analysis and academic studies in exploring how demographic changes
may affect households. As demonstrated by our illustrative numerical ap-
plication and the sensitivity analysis, such an exercise offers useful insights
into household and population dynamics and their policy relevance.

Third, the model includes both nuclear-family and three-generation
households, so that it can be used to project households in Western coun-
tries where only nuclear households are dominant, and in Asian countries
as well as some other developing countries where nuclear-family and three-
generation households are both important.

Fourth, our model includes all individuals in the population at the
starting year of projection, and updates their survival status and other de-
mographic statuses as well as household status in future years. The distri-
bution of household size and structure is derived from characteristics of
the reference persons. The tabulations of population size, age/sex distribu-
tions, marital status distribution, and other demographic indexes are de-
rived from all individuals, including reference persons and non-reference
persons. Consistency between patterns of changes in individuals and house-
holds is guaranteed in our model. This is not the case in other models for
projecting households or population.

There is a need for long-term projections, 30 or 50 years or even a
century into the future. Uncertainties about developments so far in the
future are sufficiently great that such projections should not be interpreted
as forecasts. Nonetheless, long-term projections may be useful to policy
analysts as scenarios for comparing the relative effects of alternative poli-
cies. For instance, long-term projections provide insights into the relative
impact on population aging of a one-child versus a two-child-plus-spacing
policy in China (Vaupel and Zeng 1991). The model presented in this chapter
will also be useful for such scenario analysis of the long-term consequences
of alternative policy directions.

Most planners and analysts in governmental agencies and in business
firms are primarily interested in short-term forecasts of trends over the next
five or ten years. They need forecasts that are as accurate as possible, fore-
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casts that capture the actual details of future events. Unfortunately, how-
ever, even a careful demographic forecast may not necessarily produce pre-
cise results over a ten-year time frame because of the uncertainties of the
demographic parameters and the associated socioeconomic variables. Fur-
thermore, a long-term forecast is nearly certain to be wrong if it consists of
a single number; if it consists of a range with probability attached, it can be
deemed correct when the range straddles the subsequent outcome (Keyfitz
1985: 204). We believe that the model presented here has the potential of
performing satisfactorily for shorter-term forecasts, even though it involves
a substantially richer set of variables than most demographic projections.
Of course, the method of household projection presented in this chap-
ter requires further development. For example, the formulation of more
accurate assumptions about future demographic parameters deserves more
attention. Ideally, the demographic assumptions should be formulated based
on prediction of future changes in social and economic factors and their
association with demographic parameters. Although the methodology for
doing so is not mature and the prediction of future socioeconomic factors
is itself inexact, we should continue to develop good models to forecast
demographic parameters using socioeconomic factors as explanatory vari-
ables. In addition to formulating assumptions about the main parameters
in the household projection—such as total fertility rate, life expectancy,
and proportions eventually married, divorced, remarried, and leaving and
returning to the parental home—we also need to formulate assumptions
about model schedules of these demographic processes. Regional model
life tables are well developed. Migration model schedules were developed
at IIASA some years ago by Rogers and his colleagues (1975). However,
very little work on regional model schedules of fertility, marriage, divorce,
remarriage, and leaving and returning to the parental home has been done.
Since model schedules are important for demographic projections, their de-
velopment is another future research endeavor that needs more attention.

Appendix

Based on the census data set, we can derive A(i,j t), the proportion of households
with i direct family members and j other relatives or non-relatives among the total
number of households with 7 direct family members in year t. The term “direct
family members” here refers to spouse (or cohabiting partner), children, and par-
ents of the reference person.

Zh(i,j,t) =1.0, for all 7. The maximum value of i in our model is 24+2+P, i.e.,
i
the largest three-generation household has two grandparents, two parents, and P

(highest parity distinguished) children. j =0, 1, 2, 3, ... 0, where O is the largest
number of other relatives or non-relatives living in a household. We chose 0 as 5
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in our current version of software ProFamy since we think that the number of
single households with more than five other relatives or non-relatives in modern
societies is negligible.

Denote H(it) as the number of households of size 7 accounted by our model
before the adjustment. Denote N(ij,t) as number of households with 7 direct fam-
ily members and j other relatives or non-relatives in year t. N(i,j,t) = H(i,t) * h(i,j,t).
The actual household size of N(i,jt) is i+j. Regrouping N(ij,f) by summing i and j
as z, we obtain the adjusted number of households with size z in year ¢, which is
denoted as H(zt), where z=1,2,3,...,24+2+P+0 (i.e., the largest household size is
2+24P+0).

The average number of other relatives or non-relatives among all house-
holds with i direct family members is: a(i,t) = h(i,jt) » j. We can allow a(i,f) to
change over time. We may assume that the relative changes in A(ij.t) for all />0 in
year t as compared with year -1 is the same as the relative changes of a(i,t) as
compared with a(i,t~1), and 4(,0,¢) will change accordingly to fulfill the constraint
of the sum of 4(i,j,¢) for all j is equal to one.

h(ijt) =h(ijt=1) = a(it)/a(i,t-1) for all j>0. If the sum of h(ij,t) (>0) is greater
than one, which may usually not happen in the real world, we will have to stan-
dardize h(i,j,t) (j>0) to make sure the sum is not greater than one. We then esti-
mate h(i,0,t) as:

h(i,0,6)=1.0= h(i, j,¢)
j>0

To help readers understand how this procedure works, we present a nu-
merical example as follows. Based on the US 1990 census data set, we know that
the proportions of American households with four direct family members and 0,
1, 2, 3, 4, 5 other relatives or non-relatives were 0.9320, 0.0516, 0.0102, 0.0040,
0.0012, and 0.0011 respectively, and the average number of other relatives or non-
relatives among the households of four direct family members was 0.09 in 1990. If
we assume that this average will become 0.11 in year 2000, we then estimate:
h(4,1,2000) = h(4,1,1990) * 0.11/0.09 = 0.0516%1.222=0.0631;
h(4,2,2000) = h(4,2,1990) » 0.11/0.09 = 0.0102%1.222=0.0125;
h(4,3,2000) = h(4,3,1990) + 0.11/0.09 = 0.0040+1.222=0.0049;
h(4,4,2000) = h(4,4,1990) « 0.11/0.09 = 0.0012+1.222=0.0015;
h(4,5,2000) = h(4,5,1990) »0.11/0.09 = 0.0011%1.222=0.0013;
h(4,0,2000) = 1.0 - (0.06314+0.0125+0.0049+0.0015+0.0013) =0.9167.



APPENDIX TABLE 1 How changes in demographic rates may affect households in China in the year 2000

Absolute values of households summary measures

Relative changes (%) as compared with baseline scenario (CONST90)

SCENARIO HSIZE H1 H2-3 H4-5 Hé6+ COUP GEN2 GEN3 SP2-3 HSIZE HI H2-3 H4-5 Hé6+ COUP GEN2 GEN3 SP2-3
CONST90 4.1 8.1 263 483 173 6.7 627 225 4.6

FERT-10 4.0 8.1 26.6 49.1 163 6.6 62.8 225 4.6 -1.0 -4 1.2 1.5 -59 -1.0 .1 .1 -2
FERT-20 4.0 8.0 274 49.1 155 6.7 62.7 226 4.6 -2.1 -6 4.2 1.6 -10.5 -1 -1 4 -4
FERT-30 3.9 8.1 295 482 142 6.9 62.5 226 4.6 -3.3 -2 123 -2 -18.0 3.6 -4 2 -3
FERT—-40 3.9 8.1 327 46.0 13.1 73 621 224 4.6 —-4.7 6 242 4.7 239 9.5 -1.0 -4 2
AGE+1 4.0 9.0 263 47.1 176 7.0 62.0 220 4.8 -6 11.1 Q=25 1.8 4.9 -1.1 2.2 4.0
AGE+2 4.0 10.0 263 459 178 73 612 214 5.0 -1.4 24.1 0 5.1 2.9 9.8 -2.4 -4.9 8.1
AGE+3 4.0 11.2 263 446 179 76 605 206 5.2 -2.3 38.8 -1 =76 34 139 -3.5 -8.3 12.6
AGE+4 3.9 126 262 434 178 7.8 599 197 54 -3.5 55.3 -4 -10.2 3.1 16.9 4.5 -12.4 17.2
E+15 4.1 8.0 262 483 174 6.7 62.6 226 45 .2 -7 -3 0 .8 9 -2 6 =34
E+25 4.1 8.0 26.2 483 175 6.8 625 227 4.4 3 -1.1 -4 -1 1.4 1.5 -4 1.0 =56
F-30E+25 3.9 80 294 482 144 7.0 622 228 43 -3.1 -1.3 118 -2 -16.8 5.0 -.8 1.2 =59
F—40E+25 3.9 8.0 325 46.1 133 7.4 619 227 44 —4.4 -6 237 4.6 -229 10.7 -1.3 7 =56
DIV+100 4.1 8.1 263 483 173 6.7 627 225 4.8 0 2 .1 -1 ~1 -3 0 1 2.8
DIV+200 4.0 8.1 264 482 172 6.7 627 225 49 -1 .5 4 -2 -3 -3 0 0 5.6
DIV+300 4.0 8.1 265 482 17.2 6.6 62.7 225 5.0 -2 .8 .6 -3 ~.5 -4 0 0 8.4
DIV+400 4.0 8.2 265 482 17.2 6.6 62.7 225 5.1 -2 1.0 .8 ~4 -6 -6 -1 0 112
REM-25 4.1 8.1 263 483 173 6.7 627 225 47 0 2 1 0 ~1 -1 0 Q 1.0
REM-50 4.0 8.1 263 483 172 6.7 62.7 225 4.7 -1 3 .1 0 -3 -1 0 -1 2.1
LH+20 4.0 8.6 282 472 160 7.6 633 205 47 -2.2 66 74 -24 77 13.2 9 -8.9 2.1
LH+35 3.9 9.1 298 462 150 84 63.6 189 48 —4.0 124 132 45 -134 251 1.5 -15.9 3.3
LH+50 3.8 9.6 314 450 139 93 638 172 48 -5.9 193 194 -69 -193 396 1.7 -234 3.9
LH+100 3.7 10.4 33.0 43.7 129 10.6 63.5 155 4.8 -8.0 286 253 -9.6 -25.1 58.3 1.2 -31.0 3.2

NOTES: (1) Codes of scenarios—CONST90: everything constant as in 1990; FERT-10. FERT-20, FERT-30, FERT-40: fertility reduces 10%.20%,30%.40%; AGE+1, AGE+2, AGE+3, AGE+4:
age at lst marriage and at parity-specific births increases 1,2.3,4 years; E+15, E+25: life expectation at birth increases 15%,25%; F-30E+25: fertility reduces 30%. life expectation increases
25%; F-40E+25: fertility reduces 40%, life expectation increases 25%; DIV+100, DIV+200, DIV+300, DIV+400: divorce propensity increases 100%.200%, 300%,400%; REM-25,REM-50:
remarriage propensity reduces 25%, 50%; LH+20, LH+35, LH+50: leaving parental home propensity increases 20%.35%,50%; LH+100: everyone leaves parental home after marriage.

(2) Abbreviations of the households summary measures—HSIZE, average household size; HI, H2-3, H4~5, H+6: percent of houscholds of size 1, 2-3, 4-5, 6+ persons; COUP: percent of one-

couple households with no children; GEN2, GEN3: percent of 2-generation, 3-generation household; SP2-3: percent of single-parent households among two- and three-generation

households.



APPENDIX TABLE 2 How changes in demographic rates may affect households in China in the year 2020

Absolute values of households summary measures Relative changes (%) as compared with baseline scenario (CONST90)

SCENARIO HSIZE HI1 H2-3 H4-5 Hé+ COUP GEN2 GEN3 SP2-3 HSIZE HI1 H2-3 H4-5 Hé6+ COUP GEN2 GEN3 SP2-3
CONST90 3.7 83 357 438 122 10.6 62.9 182 6.8

FERT-10 3.6 83 379 4338 10.1 11.2 624 182 6.9 -2.9 -6 62 -01 -17.3 5.1 -7 -2 2
FERT-20 3.5 83 406 426 8.5 122 609 186 6.9 -5.7 5 13.8 29 -30.6 14.3 -3.1 2.3 .1
FERT-30 3.4 8.6 451 395 6.7 13.6 583 194 6.8 -8.7 3.6 265 -9.8 447 279 -7.2 6.9 -4
FERT—40 3.3 89 50.7 350 5.4 154 553 204 6.7 -11.6 7.6 42.0 -20.1 -559 442 -12.1 124  -14
AGE+1] 3.7 9.4 349 431 126 107 613 186 7.0 -4 129 23 -17 3.7 .8 -2.5 2.3 2.6
AGE+2 3.7 10.7 338 423 13.1 10.9 59.3 192 7.2 -9 288 -52 -34 7.7 2.1 -5.7 5.3 4.5
AGE+3 3.7 12.1 327 417 135 109 574 195 73 -1.5 46.2 -84 49 10.7 2.6 -8.7 7.5 6.2
AGE+4 3.7 13,5 31.5 412 138 10.7 563 194 7.4 -2.0 62.7 -11.6 -6.1 13.2 7 -104 6.8 8.6
E+15 3.8 7.9 355 438 128 11.0 625 186 59 .8 -5.2 -4 -1 4.8 3.6 -6 2.5 -143
E+25 3.8 7.6 355 43.8 13.1 11.3 622 189 53 1.3 -8.6 -4 -2 7.8 6.0 -1.0 4.1 =225
F-30E+25 3.5 7.8 448 3938 7.7 14.1 579 203 5.3 -7.2 -6.5 254 -9.1 -37.2 320 -7.9 11.5 -22.0
F-40E+25 3.4 8.1 503 356 6.1 156 549 214 53 -10.0 -3.0 409 -188 -50.0 466 -12.6 17.6 -22.6
DIV+100 3.7 8.5 358 43.7 121 10.5 62.8 182 74 -3 1.9 2 -4 -6 -l -1 .1 8.1
DIV+200 3.7 87 359 434 12.0 10.5 62.7 182 7.9 -6 4.2 7 -9 -1.4 -1.6 -2 -1 16.0
DIV+300 3.7 8.8 360 432 119 104 626 182 85 -9 6.3 1.0 -14 -2.1 -2.4 -4 -2 239
DIV+400 3.7 9.0 36.1 43.0 11.9 10.3 625 181 9.0 -1.2 8.4 1.3 -1.9 -2.8 3.1 -5 -3 317
REM-25 3.7 8.4 357 438 12.1 106 62.8 18.2 7.1 -2 1.4 1 -2 -7 -5 -1 -1 3.9
REM-50 3.7 8.5 358 43.7 12.0 10.5 62.8 18.1 7.4 -4 3.0 2 -3 -1.5 -1.0 -1 -3 8.2
LH+20 3.6 10.0 384 41.0 106 13.2 61.0 158 6.5 —4.2 199 78 -65 -129 242 -3.0 -13.0 44
LH+35 3.4 11.5 404 38.7 9.4 15.6 59.2 138 6.2 -7.6 379 13.2 -11.7 =22.7 46.0 -59 =240 -94
LH+50 3.3 13.3 421 364 8.2 184 56.6 11.6 57 -11.4 604 18.0 -17.0 -32.6 72.8 -9.9 -36.0 -16.7
LH+100 3.1 159 43.1 33.9 7.1 222 525 94 50 -15.6 914 208 -22.7 414 1088 -16.5 -483 -269

Notes as in Appendix Table 1.



APPENDIX TABLE 3 How changes in demographic rates may affect households in China in the year 2050

Absolute values of households summary measures Relative changes (%) as compared with bascline scenario (CONST90)

SCENARIO HSIZE H1 H2-3 H4-5 Hé6+ COUP GEN2 GEN3 SP2-3 HSIZE HI1 H2-3 H4-5 Hé+ COUP GEN2 GEN3 SP2-3
CONST90 3.4 13.2 393 369 106 14.6 529 19.2 8.1

FERT-10 33 14.7 41.8 34.6 8.9 16.6 49.0 19.7 8.4 47 11.2 64 -6.1 -16.5 13.1 -7.4 2.7 2.8
FERT-20 3.1 16.5 442 31.8 7.5 189 443 203 8.7 -94 247 126 -13.8 -293 292 -16.2 5.5 6.7
FERT-30 2.9 186 48.0 279 5.6 21.8 40.2 195 9.3 -14.7 40.2 2211 -243 -475 487 -24.0 1.4 144
FERT—40 2.7 208 52.2 232 3.9 250 363 179 10.2 -20.1 57.0 327 -37.1 -63.5 704 -31.3 -6.6 25.2
AGE+1 3.4 13.3 399 368 100 139 548 179 9.1 -7 .6 1.5 -.1 -6.0 5.1 3.6 -6.5 12.1
AGE+2 3.4 13.8 399 36.7 9.6 13.3 557 17.2 100 -14 4.4 1.6 -.6 -9.5 94 53 -10.5 223
AGE+3 3.4 147 396 364 9.3 128 559 167 106 -23 11.3 7 -14 -11.8 -129 56 -13.2 30.0
AGE+4 33 157 389 362 9.2 12.1 562 160 114 -3.0 188 -1.1  -19 -13.1 -17.2 6.2 -168 393
E+15 3.5 12.7 393 357 123 16.6 49.7 21.1 6.0 1.4 4.2 1 =32 16.2 13.0 -6.2 9.9 -25.9
E+25 3.5 11.9 398 348 135 18.1 474 226 5.0 2.5 -9.8 1.2 =57 27.6  23.6 -10.5 17.6 -38.9
F-30E+25 3.0 15.1 495 27.8 7.6 250 379 220 6.4 -11.2 14.2 259 -247 -28.0 705 -283 14.6 -209
F—40E+25 2.9 16.3 544 24.1 5.2 279 354 204 7.4 -16.2 23.3 385 -347 -51.1 90.5 -33.1 6.2 -94
DIV+100 3.4 13.7 393 365 105 144 528 19.2 23 -6 3.5 0 -9 -1.3  -=2.0 -3 -.1 14.5
DIV+200 3.4 14.2 394 36.2 103 14.1 526 19.1 105 -1.3 7.0 2 -19 =29 36 -.5 -.6 287
DIV+300 3.4 146 394 358 10.1 139 525 190 116 =20 10.4 3 =29 43 -54 -.8 -9 427
DIV+400 3.3 150 39.5 355 100 13.6 524 190 127 =26 13.7 S5 -38 -5.6  -7.1 -1.0 -1.3 563
REM-25 3.4 13.6 392 368 104 144 529 19.1 88 -5 28 -2 -.3 -1.8 -l.6 0 -.6 7.6
REM-50 3.4 141 391 366 102 14.1 529 190 95 -10 63 -.4 -.7 -39 =36 -.1 -1.3 17.1
LH+20 3.3 15.1 42.1 34.0 8.7 17.1 523 155 7.2 -50 14.2 73 -78 -17.7 17.0 -1.2 -193 =35
LH+35 3.1 17.2 437 31.6 7.4 19.8 50.1 128 7.2 -93 30.3 11.2 ~143 -29.8 354 -53 =332 -11.0
LH+50 2.9 20.2 445 29.1 6.2 23.5 46.2 10.0 6.0 -14.2 52.8 133 -21.2 415 606 -12.6 478 -259
LH+100 2.7 248 442 26.0 5.1 28.8 393 7.1 4.3 =205 87.2 125 -29.6 -523 968 -257 -63.2 -473

Notes as in Appendix Table 1.
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Notes

This chapter is based in part on Zeng, Vaupel,
and Wang (1997). New material includes the
accuracy tests on our model using the data
sets from recent censuses of the United States
and Germany, the sensitivity analysis, and
discussions. We have sought to explain the
model in an accessible manner.

The research reported in this chapter was
supported by the Alfred P. Sloan Foundation
(United States), the National Natural Science
Foundation (China), and the Dutch Foun-
dation for Promotion of Cultural Exchanges
between The Netherlands and China. Part of
the work was carried out while the first au-
thor was a visiting professor at the Center
for Health and Social Policy at Odense Uni-
versity (Denmark), the Center for Popula-
tion Analysis and Policy of the Humphrey
Institute at the University of Minnesota
{United States), and the Netherlands Interdis-
ciplinary Demographic Institute. The authors
acknowledge comments and suggestions pro-
vided by Thomas Burch and Frans Willekens.
Discussions with Eugene Hammel, Thomas
Pullum, and Kenneth Wachter are also highly
appreciated. The authors have developed the
first version of user-friendly computer soft-
ware with a manual associated with the
model described in this chapter. Scholars in-
terested in applying this model and software
may write to: Computer and Information
Service System, Max Planck Institute for De-
mographic Research, Doberaner Strasse 114,
18057, Rostock, Germany.

1 The status of “coresidence with par-
ents” is here broadly defined. A child who is
living with parent(s) or grandparent(s) or
other senior family members who act as care
providers when parents are not available is
classified as “living with parent(s).”

2 When both an adult woman and an
adult man are present in a household, we
chose the woman as the reference person of
the household, because women marry ear-
lier and live longer, reliable age-parity-spe-
cific fertility data for women are much easier
to obtain than for men, and, following di-
vorce, young children are more likely to live
with their mother.

3 Those elderly who live together with
child(ren) and grandchild(ren) in a three-

generation household are not reference per-
sons of the household, since the child of the
middle-generation adult with whom they
live has already taken the position of a ref-
erence person. A household cannot have two
reference persons. Therefore, the number of
those nonmarried elderly and female mar-
ried elderly that is equal to the number of
three-generation households should be sub-
tracted when we compute the number of ref-
erence persons who represent two-generation
households. The subtraction involves some
reasonable approximation since we do not
track whether living with grandchild(ren) in
the current version of our computer software.
Those who are interested in the formulas are
referred to Zeng, Vaupel, and Wang (1997:
191) or Zeng (1991: 195). Given the enhanced
computer capadity of memory today, we may
include an additional dimension in version 2.0
of our software ProFamy: living with grand-
child(ren), so that the approximation will not
be needed since those who are living with
child(ren) and grandchild(ren) will be clearly
distinguished as non-reference persons.

4 The definition of children here is rela-
tive to parents. For example, a person aged
60 and older is still a child if he or she lives
with parent(s).

5 When status of number of children liv-
ing together is reduced by i, i events are ac-
counted.

6 We exclude persons newly married for
the first time with no premarital births from
computing the frequency distribution of the
maternal status of newly married persons,
since those young people are much less likely
to choose a partner whose previous marriage
was dissolved.

7 The homogeneity assumption can be
relaxed by introducing more characteristics.
For instance, the assumption is less strong
for a fertility model that considers age, par-
ity, and maternal status, than for one that
takes account of age only. Since our family
household projection model accounts for
more characteristics of the population un-
der study than most other demographic pro-
jection models, the Markovian and homo-
geneity assumptions in our model are less
restrictive than in most other models.
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8 Total fertility rates of cohorts who 9 The median ages at first marriage and
werc age 10 years and younger in 1990 and  at parity-specific births for cohorts who were
those new cohorts born after 1990 are as-  age 10 years and younger in 1990 and those
sumed to be reduced by 10, 20, 30, and 40 new cohorts born after 1990 are assumed to
percent respectively as compared with the increase by 1, 2, 3, and 4 years respectively
1990 level. as compared with the 1990 level.
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