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Foreword
In this volume issues of the future population are regarded concerning the
structure of their living arrangements, their households, needs for care and
other support, and their biographies. A main topic is to develop demographic
scenarios.
It can be foreseen that the structure of the population in Germany will
change remarkably. There will be ever more cohorts which show an
increasing percentage of non-married persons (single and ever married).
Even if this does not mean that all non-married, adult persons are living
alone, the proportion of one-person-households will increase. Such
projections presented and discussed here were done with a new software
program for demographic macrosimulation (ProFamy) which uses a broader
range of data on living arrangements. On the other hand, the scenarios for
the countries of the European Union followed the well-known headship-rate
approach for household projections. One scenario assumed an ongoing
individualisation, the other one a higher preference of family formation, a
third one lies between these extremes. One consequence of the ageing of
population are growing demands for long-term care. In this volume the
financing implications are examined. Using information about future
incomes the contribution rate necessary to finance the pension system can be
derived. Obviously, it is rather difficult to project the amount and kind of
future support services for frail elder persons which might go beyond the
long-term care. There are large differences of the present use of these
services. The future housing demand, as one contribution in this volume
shows, will underlie similar methodological doubts: the present supply
might be determined not only by the size of the whole population and by
their structure as regards marital statuses and household relations, but also
by the present housing supply. Last but not least, sequence analyses are
discussed as one particular approach to study life courses.

This reader is one outcome of the joint project of the Federal Institute for
Population Research (BiB), the Max Planck Institute for Demographic
Research (MPIDR) and the German Federal Statistical Office (StBA) which
has been accompanied by several consultants. I want to thank all of them,
especially those who have contributed to this volume.
Dr. Charlotte Höhn
Director and Professor
Bundesinstitut für Bevölkerungsforschung
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Projections of living arrangements, household and
family structures
Gert Hullen, Wiesbaden

This collection of papers is the result of a project carried out by the Federal
Institute for Population Research (BiB, Wiesbaden) together with the Max
Planck Institute for Demographic Research (Rostock) and the German
Federal Statistical Office (Wiesbaden). The objective of the project was to
pilot the macrosimulation for household and living arrangement projections.
The first two articles explain this procedure, and projection results are
presented. This is followed by articles on how demographic projections can
be carried out using both classical and new methods. This is about forecasts
for sub-populations, in particular households and living arrangements, the
demand for long-term care and for housing.

1.

Introduction

still not available. For another, however, and perhaps even more
importantly, they are also to be found in the historically drastic changes of
household formation and living arrangements. The reader's interest should
therefore be directed first of all towards an evaluation of the methods and
prognostic approaches, rather than towards the numerical results.
This article, with its own model calculations of living arrangements,
household and family structures in Germany, reviews and expands a version
created in 1999 and variously discussed. 1 The results have now been
measured against the reality which is now in place. On this basis, specific
prognosis parameters have been changed to approximate even closer to
reality. One may therefore expect the new model calculation to become
more reliable. It is nevertheless indispensable at the same time to introduce
these projections by stating that they are experimental. Model calculations of
living arrangements in fact pose greater problems than those of the
population or of households by their size.
The fact that research of this nature is necessary and makes sense in spite
of all the reservations is a result of the major practical significance which is
attached to quantitative development of household and living arrangement
structures. During their work on the project, the workers repeatedly felt the
strong demand from the administration and from private business for
information on future households, the demand for housing, the resultant
1

Macrosimulation needs and offers much more information than the
traditional household head or household member quota procedure, as well as
being much more demanding as to the information content of the results.
Here, models are created not only of future household and living
arrangement structures, but also of the transitions between them. On the
basis of a sufficiently differentiated base population, groups of individuals
are expanded in this procedure using probabilities of transition, where in
addition to age and sex, membership of specific household forms or living
arrangements is also a constitutive characteristic.
Such a model approach entails many risks. These lie for one thing in the
data requirement, in particular as long as adequate longitudinal statistics are

The results of the model calculations were presented to the German-PolishHungarian meeting of demographers in Warsaw (2000), at the "Statistical Week"
in Nuremberg (2000) and at the annual conference of the PAA in Washington
(2001). The Advisory Board (Kuratorium) of the Federal Institute for Population
Research (BiB) has repeatedly taken an interest in the project. I would like to
express my heartfelt thanks to Professors Herwig Birg and Heinz Grohmann for
their commitment to the continuation of this work. Major improvements to the
manuscript are thanks to Prof. Grohmann, who also coined the term "group
simulation", drawing on experience from the SPES project which he carried out
in Frankfurt in the seventies and eighties. In particular I would like to thank
Professor Zeng Yi, his wife Wang Zhenglian, the microcensus staff of the
Federal Statistical Office, and the authors of this collection, for their
participation in and assistance to the project, for the submission of their own
articles and for their attendance at the workshops and other discussions.

Living Arrangements

5

demand for consumer goods, for forecasting of relationships between
generations and care-givers, for instance in households of the elderly and
households with children. Investment decisions in the new Länder were even
taken on the basis of household forecasts being presented. This demand
increased personal commitment to maintain the objectives of the work.
Forecasts are very difficult in a time when living arrangements are
undergoing rapid change. It is possible to perceive the uncertainties with
which information on the future is burdened if one considers the trends of
the past decades as regards the reduction in the number of births and of
marriages contracted, and the increase in the number of consensual unions,
and especially by asking whether this could have been predicted. The only
possible answer to this is probably: no. This naturally does not obviate the
need for household forecasts for administrative planning and for private
business.
In model calculations and projections a base population is "extrapolated"
using assumptions regarding natural population change (fertility and
mortality), migration and household formation. They cannot claim to
accurately forecast the future number and structure of populations or
households. If the projection parameters appear plausible, it will also be
possible to afford the results of the model calculation a certain plausibility
and authority. Variants in the parameter values that are deliberately chosen
make it possible to cover a greater range of potential developments in
"scenarios". Finally, it is possible using "target calculations" to ascertain
how certain parameters should be numbered in order to obtain a stable
population or household structure, or to develop it. In the case of decisions
relating to the future, it is not only interesting to consider what the future
will actually look like, but also how it could develop based on specific
assumptions.

Household

1.1

Living arrangement

Definitions

Before the work carried out in the project is described, first of all an
exposition of the terminology will be made and the differences between the
methods for model calculations indicated.

According to the up-to-date point of view, a private household exists if it is
the place of long-term residence of one or several persons, and if it is an
economic unit for the persons belonging to it. Relatives and non-relatives
can belong to the household (e.g. domestic staff). Community and
institutional housing does not constitute a private household, but may
accommodate households (e.g. a home for the elderly containing private
households). Persons with several places of residence may therefore belong
to several households.
In such a definition, forming a household is not necessarily linked to
starting one's own family. This tie was regarded as constitutive decades ago
(Hajnal 1983; Laslett 1983). Today, the demographic developments of
families and households are to be kept separate (Burch 1995; Hagestad
1999).
Family
A family consists of persons related by blood and persons related by
marriage; its core consists of parents or one parent and their children.
Married couples with and without child(ren) count as families as defined in
the official statistics (cf. definition of the Federal Statistical Office;
Statistisches Bundesamt 1996 et seqq.), as do unmarried single parents,
married persons living separately, and divorced and widowed fathers and
mothers living in the same household with their unmarried children. As the
rights of consensual unions become approximated towards those of married
couples, two partners and their children are also being increasingly regarded
as constituting a family.

One's living arrangement is an individual characteristic in one's lived
relationship with the world (Lebenswelt) with its socialisation and
enculturation effect (Vaskovics, Lipinski 1996/97). There is a clear
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delimitation towards lifestyles describing social action of individuals and
groups (cf. Zapf et al. 1987: 14; Hartmann 1989).
Living arrangements are defined by:
the relationship to a household,
the generation composition of the household (one-generation, twogeneration, three-generation household),
the marital status (single, married, separated, divorced, widowed), and
the number of children of the interviewees.
Frequently added to this is the type of partnership (marriage/consensual
union). A further criterion of the living arrangement may be the socioeconomic status of the individual and his/her partner (in gainful
employment, housewife, in training, military/substitute service, unemployed,
retired; cf. Zapf et al. 1987: 30; Kaufmann et al. 1997: 90 et seqq.). This
characteristic is however not to be included in the following projections.
In the definition by Zapf et al. (1987: 31) more than one hundred living
arrangements could be identified, 25 of which were sufficient to classify
two-thirds of a random population sample. It has become customary to
distinguish between the living arrangements according to the model of the
NIDI, the Netherlands Interdisciplinary Demographic Institute, divided
among twelve "positions", three of which are for children, and two each for
marriages, for consensual unions and for single persons (Imhoff, Keilman
1991).
The social network
At this point we should also mention social networks. In addition to
partnerships, households and the biological family, this may include distant
relatives, as well as neighbours, friends and acquaintances, i.e. individuals
with close communicative relationships who as a rule live closer together.
Surveys of social networks have shown that the "close" social network,
where it exists, continues to be linked by relationships, but that cohabitation
is not so important (Schulz 1995; Bien 1994).

In a study on care for members of the older generation whose households
tend to stand at the centre of interest, a clear order of the support
expectations, possibly also of the ability to provide support, was listed. First
of all, those in need of care understandably relied on their partner. If there
was no partner, "adult children take the place of the helper". If there are no
children, "other relatives, friends and neighbours, as well as formal serviceproviders, become relevant" (Dallinger, Walter 1999: 10). Whether
voluntarily or involuntarily, thus, the borders of the household gradually
become porous. It loses essential characteristics as an economic unit and a
social community.

1.2

Methods for model household calculations

The methods used today for model household calculations differ most
noticeably through the mathematical projection procedure used and the data
requirement, both as regards the base population, and with regard to the
prognosis parameters.
Household quota procedures
The most common and at the same time the most economical with regard to
methods and the data requirements are two types of household quota
procedure. In both cases, a forecast of the population is first carried out by
age and sex. Next, certain household-related quotas are used as parameters
of the prognosis. In the head of household quota procedure, these are the
proportions of the heads of household among the age and sex groups, where
appropriate sub-divided by household size. In the household member quota
procedure, these household-related quotas are replaced by the proportions of
those living alone, members of two-person households, of three-person
households, etc. As a rule, the quotas are taken from the base population,
and can be deliberately changed to create new scenarios of the future
household structure (cf. Linke 1983, Bucher 1986, Putz 1986). Using these
procedures, which may be adequately applied to projections of the
population by marital status (Höhn, Roloff et al. 1997), the future structure
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of the population to be calculated can be determined by trends according to
age and sex, by the extant household and marital status structures, and by
arbitrary decisions on the structural parameters. The terminology of Van
Imhoff and Keilman (1991) refers to these procedures as "static".
Macro simulation procedure
In the macro simulation procedure, a base population sub-divided by age,
sex and household structures or living arrangements is extrapolated using
probabilities of transition and of household changes. The terminology of
Van Imhoff and Keilman refers to these as dynamic models. They are also
called group simulation procedures, or simply transition procedures. These
include not only trends as to fertility, mortality and migration, but also status
changes such as formation and dissolution of marriage and of consensual
unions, leaving the parental home and transitions between private and
institutional households. Allotting the population to "positions" arising by
these events, a very much more differentiated description of households is
created than in the classical sub-division of the population into fractions by
household size. The LIPRO program (Lifestyle Projections) developed by
Van Imhoff and Keilman proposes eleven positions, three of which are for
children (where the parents are married, in the case of unmarried partners,
otherwise with lone parents), four for couples (marriages and consensual
unions with and without children), one each for one-person households, lone
parents, unrelated persons outside the family, and institutional households.
The estimation units are revealed assuming Markov chains of transitions
from one age to the next, and especially from transitions between the
positions. The setting of the prognosis parameters should be based on
empirical data relating to the transitions between the positions. The number
of positions may naturally be reduced if no such data exist. However, this
means that preference to the model of offering a more differentiated
description of the population is correspondingly restricted. Recent work of
national significance with LIPRO includes forecasts for the United Kingdom
(Murphy, Wang 1999) and for Austria (Hanika 2001). Further
macrosimulations are given by Boulanger et al. 1994; Keilman, Brunborg
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1995; Lindgren, Vikat 1995; Murphy, Wang 1999; Suzuki 1997; Hullen
1999.
If one considers more closely the dependence of the results on multistatus projections of the base population and on the parameters used, one
quickly stumbles over the greater contingency of the estimation units and
change flows. Murphy and Wang point out that the impact of setting
parameters depends on how large the groups of persons concerned are, how
frequent the event is and, ultimately, at what age the event mostly occurs.
Changes in the transition rates towards cohabitation, accordingly, have a
greater impact than changes in the number of divorces (Murphy, Wang
1997; Murphy, Wang 1999). It is therefore suggested that the greatest
possible attention should be given to household projections of leaving the
parental home and the start of cohabitation with a partner because these
events occur at an earlier age and concern major sections of the population.
At least in Germany, however, neither event is covered by the current
adjustment of population. It becomes necessary to rely on the microcensus
and on surveys if one wishes to base prognosis parameters on empirical
change quotas. Murphy and Wang also outlined the possibly unforeseen
effects of changes in the estimate parameters. For instance, increasing the
changes in cohabitation, whilst keeping the marriage level constant,
paradoxically leads to a higher number of marriages. Also, the number of
lone parents was affected. Here, however, it is not clear whether transitions
to the status of a lone parent would be more numerous than transitions to the
status of consensual union with children.
Microsimulation, entropy
In order to complete the overview of methods of household forecasts, two
more approaches should be mentioned, namely microsimulation and the
procedures of entropy optimisation and information minimisation.
Microsimulations always require individual data sets on the base population.
With the aid of Monte Carlo procedures, these are exposed to the risk of
status changes (Steger 1980; Arminger, Galler 1991 for household forecasts;
Merz 1996 with population further detailed by economic variables). The
entropy optimisation procedures for model calculations have almost been
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forgotten (Zelle, Schechtner 1989 on household structures; Tessaring, Blien,
Fischer et al. 1990 on educational participation; Grünewald 1992).

2.

The ProFamy project

The interest on household projections is not a new topic in the research work
of the Federal Institute for Population Research (BiB). In 1993 and 1995
models of household and family structures, initially for the elderly, then for
the total population were expanded (Höhn, Roloff et al. 1997; Dorbritz,
Hullen, Schiener 1995). An insight into support and interaction within the
family networks of the future elderly was also offered by the network study
carried out by the Federal Institute, which was concluded in 1996 (Schulz
1996). The Federal Statistical Office submitted a household projection in
1996 on the basis of the newest household projection available at that time
(Voit et al. 1996). In 1997 the "Projections of living arrangements,
household and family structures" project was implemented jointly by the
Federal Institute for Population Research (BiB, Wiesbaden), the Max Planck
Institute for Demographic Research (Rostock) and the Federal Statistical
Office (Wiesbaden).
Prof. Zeng Yi (University of Beijing and since 1997 Head of the Research
Group "Ageing and Family Dynamics " at the Max Planck Institute for
Demographic Research in Rostock) has developed a computer program for
integrated projection of population and household structures (Zeng, Vaupel,
Wang 1997). "ProFamy" has been also been available to other users as a
Windows application since 1999.
In December 1997, a first workshop took place on the project in
Wiesbaden. Representatives of the Federal Institute, the Max Planck
Institute for Demographic Research and of the Federal Statistical Office
attended, as did demographers from the Universities of Bamberg and
Ontario (Canada). A second workshop with the same group of colleagues
took place in Rostock in July 1998. More advisers attended the third
workshop in August 1999, held in Wiesbaden once more. Some of their
contributions have been incorporated into this publication.

2.1

The ProFamy prognosis program

The "ProFamy" PC program developed together by Zeng Yi and Wang
Zhenglian uses a procedure taking as its basis the family-status table by
Bongaarts (1990) thus benefiting from the progress which has been made in
multidimensional demography (Rogers 1975) and especially multistate
marital status life tables (Willekens et al. 1982; Willekens 1990). Zeng Yi
expanded Bongaarts' model by including both nucleus families and threegeneration households (Zeng 1988, 1991). In the table models of Bongaarts
and Zeng Yi, population development is only determined by one sex, namely
female, and it is presumed that the age structure of transition probabilities
remains constant. In the further development of Zeng's family-status table,
Zeng, Vaupel and Wang (1997) concluded a two-sex dynamic projection
model. In this, demographic behavioural patterns can change, and there is no
need for data unavailable from what they consider to be classical data
sources.
Projecting Markov processes forms the basis of the program. It is
presumed that changes in living arrangements depend on age and current
position, but not on their history, and definitely not on the duration of the
previous episodes. Moreover, the statistical presumption is applied that
persons with the same characteristics are subject to the same risks of change
to other states.

2.2

Living arrangements of individuals

Groups of individuals with the same living arrangements are the basic units
(base population) for the projections. They differ as to age, sex, marital
status/partnerships, living together with parents, with children or in
institutions, and number of children living in the household:
age
sex
(marital) status
cohabiting

0 to the highest age
female, male
single, married,

widowed,

divorced,

Living Arrangements
co-residence with parents
living without / with one / with two parents
co-residence with children
0 to the highest number of children
type of household
private / institutional household
Additionally it is possible to introduce the status "married but separated",
the type of residence (rural/ urban), and parity (children ever born).
In one step, together with the living arrangements of individuals the
households and families (living in a common household) are described. An
adult female or male person, chosen as "marker", determines its main
characteristics.

2.3

Mathematical procedure

It is presumed that changes in living arrangements depend on age, sex, and
the current position, irrespective of their history and the duration of the
previous episodes. So the base population is projected from year to year by
means of transition probabilities. We would like to repeat a few statements
by the authors of the program on the mathematical procedure (Zeng, Wang
1998):
"Let li(x,t) denote the number of persons of age x with composite status i
(i=1, 2 ... T) in year t, and Pij(x,t) denote the probability that a person of age
x with composite status i in year t will survive and have status j at age x+1 in
year t+1. The number of individuals in the next age step in the next year is
calculated with
l j ( x + 1, t + 1) =

T

li ( x , t ) Pij ( x , t )
i =1

If the estimations of Pij(x,t) of the changes in status, they are elements of a
(T,T) matrix, met all requirements, the calculation of lj(x+1,t+1) would be
very simple. Unfortunately, however, estimates are difficult with, as in this
model, such a high number of different types of status T."
E.g., five (marital) statuses, three types of co-residence with parents and
six-coresidences with children are resulting to 5 * 3 * 6 = 90 statuses and to
90 * 90 = 8.100 transition probabilities for each sex and age group. A great
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deal of them will not occur in reality, others might not to be estimated from
empirical data.
To overcome this difficulty ProFamy uses an approach of Bongaarts
dividing the transition process (Bongaarts 1990: 209-211). For the first half
of the year and once again for the second half a probability of birth is
applied. The consequence is a new distribution of the population also in the
middle of the year. At this time the other demographic events are to take
place: deaths, migration, changes in living together with parents, changes in
marital status/partnership and changes in children surviving or living in the
household. They depend on the probability of a transition over the year and
on the status at the start of the year.

2.4

Procedures to ensure consistency

Because the projections initially take place separated for sex and
generations, inconsistencies which can be expected must be compensated
for:
The same total figures for men and women in unions emerge with the aid
of the arithmetic tool of estimation units.
The status of children living in the parental home can change by their
leaving, the death of a parent or their own death. The corresponding changes
in the living arrangements of the parents are created through consistency
algorithms.
The birth of children is calculated in the two-sex model for both the
female and the male population. The number of children of married men
should be almost the same as that of the children of married women. Since
virtually no age-specific "birth figures" for men are available, and certainly
not with a further distinction according to the number of children, these
parameters are derived from the birth figures of women, taking account of a
certain age difference between the partners.
Death and separation in partnerships naturally impact the living
arrangements of their children. This is created within the program by
corresponding consistency algorithms.
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Consistency algorithms are also made available for the changes in the
living arrangements of children as a result of the remarriage of a parent.

2.5

Data requirements

ProFamy claims to be user-friendly and requiring only the demographic data
normally available. This is achieved in internal projections, firstly, by the
base population being derived from the Public Use File of the microcensus.
As a large random sample of the total population, this source permits the
allocation of all persons to households, and hence also the allocation of the
persons to the many "positions" which are relevant here, as well as to the
types of household emerging therefrom. Secondly, the program itself,
working from the base population, develops model distributions as
demographic tables which restrict the parameter entry to the age medians
and summary measures of propensity, such as to the age and the propensity
to leave the parental home. So the program user has not to estimate agerelated transition probabilities.

3.

Scenario settings

A first ProFamy projection of living arrangements, household and family
structures for Germany was ready in 1999 and was made widely available
for discussion. Three years later, it was compared against reality, meaning
that the results were compared for the start of the projection period with the
empirical data that by then had become available. By modifying the
prognosis parameters of the first model calculation, named "Scenario
S1999", a "Scenario S2002" was developed which portrays an "ex post pro
ante-projection" for the recent years. Both scenarios are based on the
population of 1996 and the prognosis parameters to be calculated using the
"official" population statistics were assumed to be unchanged in both cases.
Differences lie in the use of parameters from other sources.

3.1

Base for the projections

When the main phase of the works took place, the Scientific Use File 1996
was the latest one, a factually anonymised, 70 per cent random sample of the
microcensus (Köhler, Schimpl-Neimanns, Schwarz 2000). As we are aware,
this is a one per cent random sample of the population in Germany. The
database consists of more than half a million individual datasets (509,243)
with information on age (0 to 95+), sex, marital status and – particularly
important – allocation to households.
Extrapolations of the random sample lead to population numbers for all of
Germany. For this, the random sample is simply weighted with a factor of
1000/7. If the model calculations continue to be restricted to the four types
of marital status, the official statistics of the population by marital status
(table B14 of the Federal Statistical Office) are preferred as a reference
because it was shown that the marital status distribution derogated slightly
from it in the Scientific Use File.
The individual sets of the Scientific Use File also list consensual unions
among the reference individuals of the household, understood as long-term
partnerships between persons of the opposite sex in a household. For the
prognosis of the households and living arrangements, this is now viewed as a
fifth marital status exclusive of all others.
The projections are restricted to the main places of residence of the
population. Second residences, which according to an official estimate made
up more than 800,000 of the total of 37 million households in 1996, are
therefore not taken into account. Institutional households are included,
however. Table A-2 (Annex) shows the household structure in Germany in
1996 as it emerges from the Scientific Use Files of the 1996 microcensus.
The extrapolation with the so-called household factor ensures agreement
with evaluations on the basis of the entire microcensus.
The end of the projection period was set at 2040. It is certainly brave to
select such a long period, but appears to be justified in order to clarify the
trends of possible developments.

Living Arrangements
3.2

Assumptions

The component method of population projections presumes a base
population, sub-divided by age and sex, from which an extrapolation is made
according to specific demographic parameters. There is a need at least for
assumptions as to fertility and mortality of this population in the period of
the projection. If international migration is also to be included,
corresponding parameter settings are needed. Projections of living
arrangements, household and family structures also require assumptions as
to the transitions between living arrangements and on household formation.
Apart from cases in which extreme assumptions are set deliberately, the
estimations of the demographic parameters must be plausible. Usually, it is
constancy assumptions which are the most likely, in accordance with which
the demographic parameters of the base year are retained unchanged for the
projection period or parts of it. Even if this implies the somewhat unrealistic
assumption that previous trends will not continue, such projections come
closest to expectation and show what will definitely change under such
circumstances. The momentum of demographic developments has a longterm effect. If demographic projections do not start with constant
parameters, reasons should be given for the corresponding settings where
possible.
An overview on the assumptions is given below. A comprehensive table
is presented in the Annex (Table A-1).
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marriages (marital parity-specific fertility). The mean age of women in
wedlock at births in 1996 was taken as the average birth age of all mothers,
namely 29.47 years (Federal Statistical Office [StBA] FS1, R1 1996, Table
9.4). Setting these parameters constant appears to be justified because
increased fertility is conceivable due to further promotion of the family, but
is very difficult to measure as to its degree. Lower fertility could also not be
ruled out.
Mortality
Average life expectancy is very likely to increase further in future. It seems
implausible to presume that it will remain constant. On the basis of the
abbreviated life table for Germany 1996/98 (StBA FS1, R1 1998) it was
assumed in the projection that men's life expectancy would rise from 74.0 by
5.3 years to 79.3 by 2040, and that of women from 80.3 years by 5.5 years to
85.8. This is the low variant of the mortality assumptions by Birg et al. In
other variants, those authors presume a rise in life expectancy of up to ten
years by 2040 (Birg et al. 1998; Birg, Börsch-Supan 1999). In this respect,
the projection now submitted is to be regarded as conservative. If one were
to assume higher life expectancies, all changes in the population structure
which are linked to a growing proportion of the elderly generation among
the population, and are generally linked to demographic ageing, would stand
out even more clearly.
Migration

Fertility
In the old Federal territory, the total fertility rate was between 1.28 (1985)
and 1.45 (1990) for about two decades. There are few indications of this
level undergoing major changes. The TFR fell to a historic low of 0.77 in the
new Federal Länder in 1993/1994, and did not reach a value higher than one
again until 1997.
For Germany as a whole, a TFR which is around 1.32 as in the base year
1996 was used in the projection. Parity-specific fertility had to be estimated
because, in Germany, the birth order is only collated for births in existing

Germany's population, including the age structure, will be determined by the
very high probability of a migration surplus over the coming decades (StBA
2000; Federal Ministry of the Interior [BMI] 2000; Grünheid 2000; Fuchs
2000). But, in order to simplify the calculation, balanced migration is
presumed in the projection to be presented here. Added to this is the
presumption that international migration which indeed takes place has no
impact on the population structure. This must be taken into account in the
following statements on the development of the 1996 resident base
population.
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Partnerships: marriages and consensual unions
Entering into and dissolution of marriages and consensual unions is
extremely significant to forming households and to types of cohabitation.
Marriage is a tradition handed down over thousands of years, constitutes
intercultural dissemination and is a cultural and legal privilege. Consensual
unions, on the other hand, in which partners of differing sex also share a
household in a long-term relationship (other partnerships are not considered
here) did not come into the public view until they rapidly increased in
number.
Ideas about the future of marriage and of consensual unions exist en
masse. This is precisely what one would expect in light of the great
significance attached to heterosexual partnerships for all individuals and the
ease with which this topic can be popularised. The most widely-accepted
supposition is certainly that there will be little change. The rapid change
which has taken place over the last few decades is not expected to continue.
Assumptions on nuptiality
The present development is the starting point on the one hand of beseeching
statements that marriage will remain the form of partnership preferred by a
majority of people. They refer to the population statistics according to which
most adults indeed live in the living arrangement of marriage, and they can
also base themselves on the fact that most young couples still aim to marry,
and hence wish to terminate their consensual unions by marrying (Vaskovics
et al. 1994).
Contrary to that, the sociologists Ulrich Beck and Elisabeth BeckGernsheim are the best known apologists of the thesis of ongoing
individualisation, according to which marriage and family lose significance
in favour of post-family family relationships. Private life is alleged to be
subject to similar requirements as the labour market, and the future model
was the individual with no partner, unmarried and childless. The previously
important significance of marriage, namely survival and to provide
(im)material security in old age, has declined since this is increasingly taken
over by individual gainful employment and the modern welfare state. In a

permissive society, the need for one's own household and for sexual
intimacy could be met without marriage. Furthermore, the striving towards
women's equality supports the desire to live far from classical role models
for women, which can be realised in a marriage based on partnership, but
even more so in a consensual union (Beck 1986; Beck-Gernsheim 1986;
Lesthaeghe 1992; Prinz 1995: 101). Consequently, the meaning given by
marriage was built up more strongly on solidarity and fondness of the
partners for one another. This includes seeing marriage from a rational point
of view once more, and always bearing in mind the risk of divorce (Roussel
1989; Manting, Alders 1998: 17).
Men's propensity to marry at least once (Total first marriage rate) in 1996
has been calculated at 64 per cent, women's propensity at 73 per cent
(Dorbritz 2000: 19), the mean age at first marriage at 30 resp. 27.6 (StBA
FS1 R1 1996). The propensity of re-marriage was calculated at 56 per cent
for men and 61 per cent for women (Dorbritz 1998: 261). No distinction is
made between divorcees and widows as there is an insufficient data base. As
mentioned before, the ProFamy program itself models age-specific transition
rates referring to the base population. The own projection presumes that
these marriage parameters remain unchanged.
Age-specific structures were assumed for entering into consensual unions,
as had been ascertained in the Family and Fertility Survey (cf. on the FFS:
Pohl 1995; Hullen 1998; Roloff, Dorbritz 1999). The objective of adjusting
the results of scenario S2002 to meet the empirical numbers of consensual
union in the years 1997 to 2000 led to a reduction to 0.7 times the FFS
values. The propensity was set at 53 per cent instead of the previous value of
67 or 70 per cent respectively (male/female).
Separations and divorces
It is understandable that changes in nuptiality have also led to changes in
divorces, and possibly also in the dissolution of consensual unions. In
Western Germany, the proportion of marriages from the marriage year 1990
onwards which end or will end in divorce is estimated at 32 per cent (StBA
FS1 R1 1996). Seen in the long term, the tendency towards divorce has
grown considerably.
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According to one thesis, the proportion of stable marriages among all
marriages is higher in times of lower nuptiality than in times of higher
nuptiality. It is presumed that a closer selection of the couples takes place
who are sure of their decision and who are better able to manage marital
conflicts. This "weeding thesis" is certainly correct if one considers that
there was a reduction both in absolute and relative terms in the number of
"premature marriages" which are known to be subject to a higher-thanaverage divorce risk. Additionally, the supposition is put forward that the
number of divorces will continue to increase in a society in which marriage
has lost its claim to exclusivity for living arrangements based on partnership.
Even if some then enter a second or more marriages, the number of married
persons will fall (Furstenberg 1987: 30; Beck-Gernsheim 1989: 116; Hall
1997: 289).
It is consistent, as for divorce, to also argue for the separation of
consensual unions: If one presumes that marriages as a whole will fall in
number in favour of further singularisation, the conclusion can be reached
that they will have a stability which is at least constant, if not indeed greater
than is the case today. If, in contrast, one presumes that going through
various living arrangements - in sequence or repeated - increases in the socalled patchwork biographies, it is also to be presumed that consensual
unions are less stable (Prinz 1995: 171).
In the constancy scenario, it is assumed that the divorce rate will remain
unchanged at the value of the starting period. The age-specific divorce rates
were taken from official statistics. They show a sharp increase until the age
range of 30-35 to about 0.02, after which a slow decline is observed.
According to the FFS, consensual unions lead to marriages with a rate of
about 0.02. The rate of separations of consensual unions peaked at 0.13 with
21- to 22-year-old women, and 0.11 per cent with 21- to 22-year-old men.
Despite of the smoothing (a three-year moving average was taken for all
density functions) the small empirical base is visible in a lack of
monotonicity at middle ages.
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Forms of accommodation
Assumptions as to future trends in forming new households and in
dissolving households will be described below. From a quantitative point of
view, (1) children leaving the parental home, (2) entering a communal or
institutional home (children's home, care home, old-age home, etc.), and (3)
entering a private household with dissolution of one's own household, are
the most significant. It should be noted that this demographic conduct is of
necessity linked to a certain capacity of the housing market and the budgets
of the institutions. Leaving is conditional on new accommodation being
made available; accommodation in a home is conditional on the availability
of an appropriate number of free places. The demographic decisions are also
determined by the housing market, as well as by state policy as far as it
affects this market and the homes available (cf. Ermisch 1990).
Leaving the parental home
One of the most confusing observations of the past few years was the fact
that adolescents and young adults are remaining in their parents' homes for
longer and longer. It was astonishing that in a time when greater mobility
and independence are expected at work, private decisions on forming one's
own household are being postponed to later years.
Young people are obviously not leaving the parental home simply because
of a decision to change their place of residence. Marriage and the birth of
(one's own) children are traditional reasons for leaving the parental home, as
is moving to a training facility further away. If one bears this in mind, it
becomes recognisable that leaving the parental home is just as dependent on
other biographical events as it is on the availability of (additional) housing
(cf. Lauterbach, Lüscher 1999). From an international point of view, there
appear to be varying patterns of living arrangements among young adults. In
Southern European countries, children continue to remain in their parents'
home for longer, whilst it has become more usual in Scandinavia and in
Western and Central Europe to move into one's own one-person household
(Manting, Alders 1998: 15-18; Corijn, Klijzing 2001).
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Foreign surveys have explained that many young adults leave their
parents' home several times. This could not be demonstrated for Germany
(cf. Hullen 1995). Moving back in another manner is more frequent in later
years if parents or a parent move into their children's homes. Many
variations are practised in keeping a household jointly. For this reason, it is
very difficult to gain empirical data as to whether it is a household or two
households under a shared roof or very close by. The future development is
likely to be determined by whether it is possible at all to move together in
such a combination, and whether there are alternatives. In many families, the
family members of the grandparent generation will be more numerous than
the grandchildren, so that help and private care for the elderly will soon
impose an impossible burden on the younger. Networks and institutions
going beyond the family will gain significance. It is understandable that
projections in the form to be submitted here cannot quantify this.
In scenario S2002, the results of the Family and Fertility Survey (FFS)
questionnaire on young people leaving the parental home were modified in
order to approximate to the empirical values now available for the first years
of the projection period. The propensity of moving out was changed to 81
per cent for men and 83 per cent for women, which can be understood as a
balance corrected to allow for all instances in which children moved back in
and in which children and parents moved together. The median age on
leaving the parental home is said to be 23 for women and 25 for men,
slightly higher than the results of the FFS and of the Family Survey (cf.
Hullen 2000).
Institutional households, communal forms of accommodation
Almost one per cent of the entire population and about five per cent of
persons aged over 59 years in Germany live in institutional households.
About 460,000 of these persons are over 64 (1995), the vast majority of
whom live in old-age and care homes. The probability of one day being
cared for in a home in old age is about 18.4 per cent according to a careful
estimate on the basis of a city population over 65 (Saup, Reichert 1997: 1516). Widowhood, by which women are naturally more frequently affected

than men, frequently precedes accommodation in a home (cf. Klein 1998 for
an estimate of entry into a home).
Forecast calculations of the institutional population are understandably
subject to the question of whether entering and leaving children's homes,
prisons, old-age homes, etc. - apart from a lethal outcome - are to be
understood as stochastic processes, or whether they are not determined to a
considerable degree by exogenous settings, in particular of policy. One
example of this is provided by the change in the principles of residential
home care in the course of the discussion of care insurance, which was
finally introduced.
If it is taken into account at all, it is usual to simply assume quotas of
these population groups. Thus, Nelissen (1997), with unchanged age-specific
proportions, forecasted a considerable both absolute and relative increase of
the institutional population in the Netherlands. Manting and Alders (1998)
also showed this demographic ageing effect in their forecasts of households
in the European Union.
New aspects of implementing projections of residential forms may be
revealed through the so-called communal types of accommodation of elderly
persons. Saup and Reichert distinguish between communal living
arrangements of the elderly, communal ownership and rental and "integrated
living" (Saup, Reichert 1997). In the latter, young and old live together.
Scepticism is permitted as to whether the new forms of accommodation will
gain quantitative significance in addition to the traditional individual
households and homes, but this would be possible.
"Although these new types of accommodation and living arrangements
are likely to meet the needs of many elderly people, in particular the single
persons among them, they remain rare in Germany [...] One can however
presume that future generations of the elderly will be more likely to accept
such types of accommodation because of their different accommodation
histories and experience. It is however also necessary here to for builders
and funding agencies of assistance for the elderly to support and monitor
such models. State support - such as in the shape of tax relief - should
provide a considerable impetus for such projects." (Saup, Reichert 1997: 27;
cf. Walter 1999)
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ProFamy offers to modify the proportions of members of households,
differentiated according to age and sex, related to the base subpopulation of
those who do not live together with parents or with children. In scenario
S2002 it has been held constant. This means that there might be no change in
the proportions of institutional households and of non-relatives/non-partners
in private households.

3.3
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The results of two projections made in 1999 and in 2002 are presented
below. Variants are included where the population is sub-divided according
to four types of marital status (single, married, widowed, divorced), or in
addition, consensual unions are considered as a fifth marital status.

3.4

Calibration of the parameters (1996 until 1999/2000)

Procedural settings

The ProFamy user can make some procedural settings him/herself. The
following were made in this case:
The number of married men and women is to be the same, as is that of men
and women in consensual unions. Methodologically speaking, an open
marriage market is assumed with this presumption of consistency.
It is presumed that all children remain with the mother after divorce and
separation of consensual unions.
The option to model three-generation households in greater detail was not
taken because they are few in number.
The possibility to distinguish with mortality according to marital status is not
taken.
Leaving and moving back into the parental home are not taken into account
separately.
The city/rural area distinction offered by ProFamy is understandably not
used because the data are not available. (It shows the facility offered within
the program to distinguish according to subpopulations).
If persons living in one-person households state their marital status as
"married", they are regarded as divorced during the projection period. The
status of separated married persons, which is certainly extant and given a
legal basis by German divorce law, is therefore not taken into consideration.
Otherwise, it would have to be treated as a further marital status with
appropriate transition probabilities to the others.

The degree to which scenario S2002 approaches subsequent reality should
be stated from the outset. This was the objective of drafting the scenario. As
described above, calibration consisted of reducing the instances of leaving
the parental home and the formation of consensual unions. Survey results are
of necessity burdened with greater uncertainties than are the other prognosis
parameters derived from the official population statistics. Additionally,
younger survey respondents are probably more likely to have leaving the
parental home and entering a consensual union written down than heads of
household asked by official statistics, which may have led to excessive
transition probabilities.
Fig. 1 shows trends in the female population in Germany by marital status
according to empirical data from 1991 to 1999 and the data projected for
1997 to 2002. The sources are the microcensus, the Public Use File of the
1996 microcensus and the results of scenario S2002, which are identical in
this evaluation to those of scenario S1999 since consensual unions and
leaving the parental home become irrelevant. The relative proportions of
married and single persons, as emerging from the model calculation, are to
some extent identical for 1998 and 1999 to the empirical proportions. In the
two years previously, the empirical data on married persons show a dip, and
the scenario results differ from them by one or two percentage points. With
the proportions of widowed and divorced women, the model calculation is
identical to the empirical one. The proportion of divorcees increases slightly
as a result of the high divorce rate and lower re-marriage rate.
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Fig. 1: Female population by marital status - comparison of empirical
data and projection (straight lines for empirical data, markers only for
projection outcome)
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Fig. 2: Female population by four resp. five types of status - comparison
of empirical data and projection (straight lines with four types of status
for empirical data, markers only for projection outcome with five types
of status)
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In Fig. 2, the empirical data on the four types of marital status are compared to the results of those projection variants in which consensual unions
are treated as a fifth marital status. The proportion of singles reduced by the
number of women in consensual unions is understandably much lower than
the proportion of those who are single. The projected proportion of widows
is slightly higher. The graphs for the further projection period portray the
slight increases anticipated in proportions of single and divorced persons,
and consensual unions. The proportion of married persons falls accordingly.
In order to examine the projection of consensual unions, they are
compared in Fig. 3 to the absolute numbers recorded in the microcensus.
One notices that the base population of the projection showed fewer
consensual unions than anticipated in line with the 1996 microcensus. This
is likely to be a distortion of the sample which unfortunately cannot be
remedied using only this base year. The further projected increase in the
number of consensual unions seems to be constant, as suggested by the
empirical data.
Fig. 4 portrays the proportion of one-person households by the
microcensus and by scenario S2002. Two time series were projected,
differing in the allocation of persons outside the family to households which
is carried out internally by the program. These are persons who are not
partners or relatives of the reference individual of the household, and also
the residents of institutional households. When "with no adjustment", as it is
called in ProFamy, is chosen, these persons count as residents of one-person
households. By contrast, in the projection variant "with adjustment", these
persons are allocated to other households, and this leads to a lower number
of one-person households. The information for the base year 1996 already
shows how such a strict allocation leads to far fewer one-person households
than appear in the microcensus evaluation. The difference is almost four per
cent. Apart from this, the graphs of both household projections show the
further increase that can be anticipated in the number of one-person
households.
One may sum up by finding that the level and trend of the four types of
marital status could be forecast accurately using the constant parameters of
marriage and divorce conduct. The possible overestimated further fall in the
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proportion of married
persons on the one hand,
and the empirical dip in
the 1996 and 1997
microcensus data on the
other, remain to be
investigated. The marital
status
and
status
proportions which were
calculated using changed
prognosis
parameters,
consensual union and
household
type
proportions are certainly
close to the empirical
values. With one-person
households, the differing
allocations carried out by
the program itself must
take account of the
differing allocations of
persons not belonging to
the family - which is
equally a problem in
implementing
the
microcensus, such as
with surveys in shared
dwellings. The goal of
adjusting the results
relating to consensual
unions and one-person
households for the beginning of the prognosis
period to reality can be

Fig. 3: Consensual unions and cohabiting women
- comparison of empirical data and projection
(straight line for empirical data, markers only
for projection outcome)
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Fig. 4: One-person households - comparison of
empirical data and projection (straight line for
empirical data, markers only for projection
outcome)
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considered to have been achieved. The results to be received for the further
prognosis period hence become more plausible.
From a methodological point of view, this calibration is an "ex post pro
ante-projection". Its characteristic is that approaching reality was controlled
primarily optically, by curve fitting. Extrapolations for further base years
should also apply arithmetic procedures to such examinations.

4.

Projection results

If fertility remains as it is, life expectancy continues to increase and the
international migration balance is zero, the population in Germany will
decrease. It will shrink by 2020 from about 82 million to 74 million,
reaching 63 million in 2040. The younger generations will be fewer in
number than the older; the peak of the population pyramid – which in fact
will look less and less like a pyramid – will be broader than its base. It is not,
now, the total size of the population and its sub-groups which are to be the
focal point below, but the structural change which might occur in the
decades to come.
In the 1996 base population, married persons, with 51 per cent among
men and 47 among women, formed the largest population group. 42 per cent
resp. 37 per cent were single. Because of the differences in life expectancy
and in age at marriage, there were fewer widowers than widows (fewer than
three per cent resp. twelve per cent). The relative proportions of divorcees
have been about three per cent for males and four per cent for females (Fig.
5 to 7).

4.1

Scenario S2002

In 1996 four per cent both of males and females have been cohabiting.
Following scenario S2002, under the assumption of constant transition rates
for the whole time window, this might increase to six per cent. The change
of the present structure is more visible regarding the broader population
groups. There will be an increasing number of cohorts who show more

single persons than married persons up to their forties. The proportion of
married persons will therefore fall (Fig. 8 to 10).

Living Arrangements

Fig. 5: Population structure by
marital status

19

Fig. 8: Population structure by five types of status
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Fig. 6: Male population

Fig. 9: Male population
Household structure
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Fig. 7: Female population

Fig. 10: Female population
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of 39 per cent in 2040, amongst women from
47 per cent to 36 per cent. The absolute figures
will fall by more than one-third.
In contrast, the proportion of single men (never
married, not cohabiting) could increase from
40 per cent in 1996 to 2040 to 48 per cent.
Among women, the proportion will remain over
the coming decades at 34 to 39 per cent, but will
exceed this value after 2030. The proportion of
widows (not cohabiting) will stay almost stable,
among men with three per cent, among women
with eleven per cent. The proportion of divorcees
(not cohabiting) might also reach stable levels of
three resp. four per cents (Tables A-3, A-4, A-5).
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As mentioned above, the ProFamy program employs two procedures to determine the household
structure. Persons who are not partners or relatives of the reference individual of the household
are either counted as members of their own
households, or they are allocated to the reference
individuals in line with the structure of the base
population. With this adjustment, one naturally
has a smaller number of one-person households
and smaller average households. Fig. 11 shows
the results for scenario S2002 (cf. also tables A-6
and A-7). Without adjustment, the initial proportion of one-person households increases from 36
per cent to 48 percent in 2040, and with adjustment from 31 to 42 per cent. The average household size accordingly falls from 2.2 to 1.9, or
from 2.3 to 2.0. The model calculation without
adjustment hence conforms more accurately to
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from 32 per cent to 29 per cent. In the case of adjustment this proportion
might remain stable at about 33 per cent. In both manners, of course, the
calculated proportions of household with three and more persons are
increasing.
If one takes a look at the cohabitation of generations in households, with
scenario S2002, compared with scenario S1999 (cf. below), slight changes
may be anticipated in the projected households because of the increase in
living together with parents and the reduction of consensual union. The
proportion of one-generation households increases slightly from 64 to 69 per
cent, whilst that of two-generation households falls from 35 to 30 per cent.

the empirical value
for 1996, at 35.4 per
cent and 2.2 persons
per household. The
model calculation
with
adjustment
nevertheless cannot
be rejected. It makes
it
clear
how
important is the
allocation of those
not belonging to the
family.

Fig. 11: Proportion of one-person households
(percentages) and mean household size (persons
per household)
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Children in the household
Low birth rates are accompanied with the phenomena that living
arrangements such as living together with children are losing their
quantitative significance from a historical point of view. These may be
married couples with children, parents in consensual unions, single parents,
as well as three-generation households. The co-residence with parents is
taken as the basis for the definition of children, so they can be of any age.

The proportion of
two-person
households - with
no adjustment - will
slightly
decrease

Fig. 12: Children in the household (household percentages)
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Households(Mio)

Senior citizens' households
Otherwise, if no children live in the household, this does
Fig. 13: Household relations of elder men and women
not imply "childlessness".
Three-quarters of elderly men,
(Million households)
At present, 44 per cent of 20- to 34-year-old women
that is to say the over 64s, now
live together with children in their household (21 per
live
with a partner – the majority
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Male 80+
cent with one child, 23 per cent with two or more
5
5
being married – and less than
children). From 2010, this is likely to be the case for
alone
4
4
one-fifth live alone. This will
with partner
with others
only 25 per cent of women. To put it differently, the
3
3
change over the years to come
percentage of women aged 20 to 34 who do not live
2
2
because of the low marriage
together with children will increase in the relatively
1
1
frequency. The proportion of men
short period until 2010 from 56 per cent to about 75 per
0
0
living in a union could fall to less
cent.
2000
2020
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than 60 per cent. Accordingly, the
Female 65-79
Female 80+
The major change in households naturally does not
proportion of those living alone
5
5
concern only women, but equally men living in
will increase to one-third. The
4
4
partnerships. This development is caused by both the
proportion
of men living together
3
3
high age of mothers at childbirth and the low number of
with "other persons" will remain
2
2
children. In 1980, mothers in the old Federal territory
small. These are largely residents
1
1
were an average of 25.19 at the birth of their first child
of institutional households.
0
0
born in wedlock, a figure which had increased to 26.93
2000
2020
2040
2000
2020
2040
In comparison, more elderly
by 1990 and 28.15 by 1995.
women
will live alone, a fact also
The impact of the fall in fertility is shown most
influenced
by
their
higher
life
expectancy.
The
projection
shows a rather
clearly among 35- to 54-year-old women, who are in the phase in which
stable proportion of 48 to 52 per cent of all women aged 65+. The
families have already been formed, and by which time children, if there are
proportion of women living with a partner changes, increasing in the first
any, increasingly leave the parental home. Today, the proportion of women
two decades to 41 per cent, after which it falls to 34 per cent. Accordingly,
living either with no child (0) or with more than one child (2+) is equal in
the
proportion of women living with others is declining in the beginning and
size. The proportion of women with precisely one child in the household is
increasing again at the end to 15 per cent. Roughly twice as many women as
lower. These proportions will change towards households with no children.
men live with others, especially with their children or in institutional
Every second 35- to 54-year-old woman will live with no children, every
households.
fourth with more than one child, every sixth with one child (Fig. 12).
The number of over 79s will roughly treble in the period covered by the
The youngest and oldest women will understandably live with children
projection. It would however be wrong to conclude that this will be
less frequently. In the future too, 99 per cent of women under 20 will be
accompanied by major changes in their living arrangements. One-third of
without children. Among 55- to 64-year-olds, living together with children
men will live alone, and this will be the case for two-thirds of women. The
will fall from 21 per cent to 17 per cent. This is an echo of the rapid fall in
proportion of persons living with a partner is 59 per cent among men, and
fertility from 1964 onwards, followed by decades with relatively constant
among women it will increase from eleven to seventeen (Fig. 13).
period fertility.

Fig. 14: Households by size (million)
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It should be repeated once more that the scenario drawn up in 1999 (S1999)
used the Scientific Use File of the 1996 microcensus as a base, in the same
way that scenario S2002 used constant fertility with a TFR of 1.32, life
expectancy rising by 2040 to 79.3 and 85.8 (male/female) and a migration
surplus of zero. The parameters relevant to household formation were taken
as far as possible from official statistics (marriages, divorces, re-marriages),
but otherwise from the 1992 Family and Fertility Survey (leaving the
parental home, start and end of consensual unions). All parameters were kept
constant, with the exception of life expectancy. There are some differences
of the scenario's household structure compared to that of S2002.
Household structure
The expectation is confirmed that the number of households will remain at a
level of 36 to 37 million even when the populations size is shrinking. The
number is unlikely to fall until after 2020, namely to reach 35 million in
2040 with an average size of 1.8 persons. The assumed low propensity to
enter into partnerships, frequent separations and the low number of children,
as well as the increase in the number of elderly persons with no partner, lead
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Scenario S1999

The proportion of twoperson households will
increase from 33 per cent
to more than 36 per cent
in 2020 but then fall once
again, even if only
slightly, to 34 per cent in
2040. In the last decades
of the projection period,
the baby boomers of the
sixties, with their even
higher
nuptiality
compared with later
years, will be of an age in
which
deaths
and
widowhood will increase
in number. Households
with three persons and
more will continually fall
in number. Both the
absolute number and its
relative proportion will
halve from 2000 to 2040.
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4.2

to an increase in the
number of one-person
households. According to
the projection,
their
proportion could grow
from 37 per cent to
49 per cent between 2000
and 2040, meaning that
every second household
would only accommodate
one person (Fig. 14).

Households (Mio)

17,5

The increase in average life expectancy to 80 and more, rather, has a clear
effect on the living arrangements of 65- to 79-year-olds. The proportion of
men living alone increases from 14 to 34 per cent, the proportion of men
living with a female partner falls from 82 to 59 per cent. Of women of this
age, 46 per cent now live with a partner. This could increase to roughly
52 per cent by 2010, but then fall once more. The increase is caused by the
growing life expectancy of men, the biologically increasing "supply" on the
marriage market, the fall to low nuptiality and, for this reason, in fact, falling
real supply.
In the years from 2010, if more women live with a partner than was
previously the case, roughly every fourth private household in Germany will
accommodate a couple over 64.
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If households are grouped according to the number of
generations which they accommodate, the effects of longer life Fig. 17: Average size of households, following projections of Birg 2000,
Bucher/Schlömer 1999, own Scenario S1999 and own Scenario S2002
and a small number of children are shown. Households
accommodating two generations (parents and child, including one
average household size
parent with a child) are falling in number from twelve to seven
2,5
million, whilst households with a single generation (persons
2,4
living alone, partnerships with no children) are undergoing
2,3
considerable growth in both absolute (23 to 27 million) and relative terms. The number of three-generation households remains
2,2
Birg 2000
small at about 400,000 (Fig. 15). Information on the generations
2,1
Bucher/Schlömer 1999
living together is given in further detail below for specific
S1999
2,0
population groups.
S2002_without adjustment
1,9
The increase in the number of one-generation households is
1,8
brought about by the increase in the number of one-person house1,7
holds. From 2000 to 2040, this figure will increase from 14 to
0,0
over 17 million. The number of households composed of couples
2000
2010
2020
2030
2040
2050
(married, with no children in the household) will increase in the
first two decades to about ten million, that period whereas strong
BiB II5 proj_lhf\..\lhf_hh2 2002
cohorts are at an age at which children have already left the
Birg 2001: 137 et seqq.). Both follow the household member quota
parental home and both parents are still alive. One-generation households of
procedure.
persons who are not married to one another remain at two to three million in
the whole projection period. The latter largely consist of consensual unions
The Federal Office for Building and Regional Planning sub-divided the
(1996 1.7 million). A second, larger group is comprised of institutional
population numbers derived from its own model calculations by sex and six
households. With the quotas calculated for the present, kept constant for the
age groups, households of five size classes, as well as by 97 regions. The
future, this total number will rise to up to 2.5 million as a result of the age
prognosis of the households follows assumptions on how the previous trend
structure (Fig. 16).
towards smaller households is continuing in specific age groups. It is
presumed with households headed by a male that the proportions of one- and
4.3
Comparison of household projections
two-person households are increasing, whilst with households headed by a
female aged less than 55, one also presumes an increase in the proportion of
three-person households. These suppositions are based on considerations
The results of our own calculations are finally to be compared with other
regarding
the impact of fertility, mortality and migration. In particular for
more recent household projections, namely the prognosis of the Federal
the
new
Länder,
the supply of housing was also considered. The forecast
Office for Building and Regional Planning (BBR; s. Bucher, Schlömer
states
with
regard
to the potential impact of family formation and dissolution
1999) and the household forecast of Herwig Birg (Birg 2000: Chapter 5;
that its "net effect on household formation" is hard to estimate.
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Birg sub-divided the population into private households by four age
groups, and the households themselves into one- and multi-person
households. The household member quotas were extrapolated for the
forecast reaching until 2050. The presumption is stressed that the proportion
of the population living in one-person households aged from 20 to 40 will
continue to increase until 2030, reaching a level of 22 per cent, and the
proportion of the corresponding population aged between 40 and 60 will rise
to 15 per cent. A fall in the number of one-person households is presumed
with the population aged 60 and over, in line with the trend of the past years.
Bucher/Schlömer and Birg also arrive at an average household size of
slightly lower than 2.1 in 2015. Birg takes the projection further and
calculates for 2030 that the average household size will be fewer than two
persons, then reaching a value of 1.96 for 2050 (Fig. 17).
The average already dipped under two prior to 2015 in our own scenario
S1999, and a value of 1.8 was calculated for 2040. As was described above,
this is the result of a projection with parameters on household formation
taken from the official population statistics and the Family and Fertility
Survey. Appropriately to the survey population, the household formation
parameters are characteristic for persons aged up to 40. The return of
children and parents to a shared household and the duration of partnerships
may have been underestimated. As an introduction, reference was made to
the statements made by Murphy and Wang (1997, 1999), concerning the
major importance attached to those events affecting living arrangement
projections which occur early in a biography, and to which the highest
possible proportions of the population are subjected. Scenario S1999 can
hence be referred to as being characterised by the high mobility of young
adults.
The presumption of a survey-specific projection is fed by the fact that it
was possible in scenario S2002 especially by modifying these parameters of
household structuring to adjust the results for the first part of the time
window to the reality which has now occurred. From almost 2.2 in the base
year 1996, the average household size falls to less than 2.1 after 2010 and to
less than 2.0 after 2025. These values are very close to those of Birg and
Bucher/Schlömer. The model calculations have in common that they

cautiously extrapolate the trend of the past, either from the household
member quota procedure by directly setting the future household structures,
or in the macrosimulation by setting the endogenous processes of household
formation. The proximity of the results cannot prove the "rightness" of either
of the model calculations, but may be regarded as an indication that they are
plausible.

5.

Problems and Outlook

Finally, beyond the uncertainties already referred to above as to the base line
and the estimated parameters, problematic results and objectionable
methodical steps should be listed, on the one hand to draw attention to the
dependence of the previously made assumptions once more, and on the other
to highlight the need for further work.
Places of residence: The projections which have been presented presume
the population at its main place of residence. This is necessary since,
otherwise, persons with several places of residence (main and secondary
place of residence) would be counted several times. The consequence is that,
in turn, only the numbers of main places of residence can be projected here.
Separate estimates which have little to do with the projection of the living
arrangements are needed for a projection of secondary residences as well.
Migration: In order to simplify the calculation, it was presumed that the
international migration balance is zero and that migration which may
nevertheless take place has no impact on the projected population structure.
One should therefore bear in mind with all the results that the information
only refers to the resident population of the base year and their descendants.
Germans/foreigners: No distinction was made in the projection between
Germans and foreigners.
East-West differentiation: No attempt was made to reflect regional
differences within the population. It can be presumed here that the
demographic developments in the new Länder will continue for quite some
time to be characterised by much lower fertility and nuptiality. Because of
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the difficulties involved in providing precise estimates of future living
arrangements, such projections appear too difficult at present.
Seniors living with their children: Adults moving back into the parental
household resp. parents moving into their children's household could not be
modelled in an other way than by lowering the exit rate. The projected
numbers of such two-generation households thus may be too small, the
number of households of elderly partners without children overestimated.
Projections are seldom undertaken with the aim not only of describing the
possible developments, but also of evaluating them. However, at least in
cases where drastic change is expected, questions arise as to how to cope
with them. With the understandable idea that abrupt change is negative, one
searches for measures and means to counteract it. The scenarios presented
here were rather conservative because all projection parameters besides life
expectancy remained constant at today's figures. Alternative scenarios
should be justified by anticipated change in the trends or change in the social
monitoring of demographic events.
Presumably the given projections will lead readers to expect above all an
increase in the number of one-person households. This might be followed by
reflections about social isolation, as well as to growing efforts being directed
towards subsidiary networks and state support, both immaterial and material.
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Tab. A- 1: Projection parameters S1999 and S 2002 (not notified in S2002 if there were no changes compared to S1999)
Parameter
Life expectancy, m 1996
Life expectancy, f 1996
Life expectancy, m 2040
Life expectancy, f 2040
Mothers' age at births / TFR
TFR first births
TFR second births
TFR third births
TFR fourth births
TFR fifth births
Extra-marital births
First marriage male
First marriage female
Divorce
Remarriage by divorcees, m
Remarriage by divorcees, f
Remarriage by widowers
Remarriage by widows
Single (not coh.) > married
Single > cohabiting
Cohabiting > married
Cohabiting > single
Leaving the parental home, m
Leaving the parental home, f

S1999
Propensity

0,64
0,73
0,32
0,56
0,61
0,56
0,61
0,14
0,7
0,2
0,7
0,89
0,92

Source

Dorbritz 2000:19
Dorbritz 2000:19
StBA FS1 R1 1996
Dorbritz 1998:261
Dorbritz 1998:261
estimation, cf. Rem. of div.
estimation, cf. Rem. of div.
FFS 1992
FFS 1992
FFS 1992
FFS 1992
FSS 1992
FSS 1992

Age
74,04
80,27
79,3
85,8
29,47

Source
StBA ST98D.xls
StBA ST98D.xls
Birg et al. 1998: 34
Birg et al. 1998: 34
StBA FS1 R1 1996

30
27,6

StBA FS1 R1 1996
StBA FS1 R1 1996

24
21,6

FFS 1992, Familiensurvey 1994
FFS 1992, Familiensurvey 1994

Rate

1,32
0,61
0,46
0,16
0,09
0,01
0,18

Source

S2002
Propensity

Age

0,2
0,5
0,2
0,7
0,8
0,8

25
23

StBA FS1 R1 1996
BiB/Calot; own calc.
BiB/Calot; own calc.
BiB/Calot; own calc.
BiB/Calot; own calc.
BiB/Calot; own calc.
StBA FS1 R1 1996
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Tab. A- 2: Households (thousands) by type and number of persons - Source: Scientific Use File of Microcensus 1996
1

2
%

private
institution
second place
of residence
total

3

4

%

%

12692

35

11864

33

5704 16

3

3

5

5

7

499

60

176

21

71

13194

35

12045

32

5+

total

%

%

%

4509

12

1705

5

36474

100

7

8

8

72

76

95

100

9

53

6

33

4

832

100

5782 15

4569

12

1810

5

37401

100

BiB II5\~\proj_lhf\lhf001.sps

Tab. A- 3: Population by five types of status (thousands, percentages)
STATUS
never married

married

%

widowed
%

divorced
%

cohabiting
%

%

1996

30050,6

37

39926,2

49

5815,6

7

2961,1

4

3152,9

4

2000

29766,8

37

38215,0

47

6081,8

7

3243,4

4

3923,6

5

2005

30557,8

38

36218,7

45

5884,9

7

3246,3

4

4177,2

5

2010

30871,8

39

34419,8

44

5794,1

7

3125,1

4

4317,4

5

2015

31021,1

40

32568,8

43

5702,8

7

2953,7

4

4385,0

6

2020

31082,7

42

30644,2

41

5578,6

7

2760,3

4

4395,1

6

2025

30986,6

43

28619,3

40

5427,5

8

2559,1

4

4378,3

6

2030

30693,2

44

26598,0

38

5197,5

8

2365,2

3

4322,8

6

2035

30179,1

46

24693,2

37

4888,6

7

2187,2

3

4268,2

6

2040

29412,8

47

22830,9

36

4643,4

7

2030,0

3

4224,5

7

BiB-II5\~\proj_lhf\lhf05.sps 2002
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Tab. A- 4: Male population by five type of status (percentages)
GENDER M
STATUS
never
married

married

widowed

divorced

cohabiting

1996

40

51

3

3

4

2000

41

48

3

3

5

2005

42

46

3

4

5

2010

43

45

3

4

6

2015

44

44

3

4

6

2020

45

42

3

3

6

2025

46

41

3

3

6

2030

47

40

3

3

6

2035

48

38

3

3

7

2040

49

37

4

3

7

BiB-II5\~\proj_lhf\lhf05.sps 2002
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Tab. A- 5: Female population by five types of status (percentages)
GENDER F
STATUS
never
married

married

widowed

divorced

cohabiting

1996

34

47

11

4

4

2000

33

46

12

4

5

2005

35

44

12

4

5

2010

36

43

12

4

5

2015

37

42

12

4

6

2020

39

40

11

4

6

2025

40

39

11

4

6

2030

42

37

11

4

6

2035

43

36

11

4

6

2040

44

35

11

3

6

BiB-II5\~\proj_lhf\lhf05.sps 2002
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Tab. A- 6: Households by number of persons
household size with no adjustment to other & non-relatives

1

2

3+

Mio

%

Mio

%

Mio

%

Mio

%

1996

12,8

36

11,4

32

11,7

33

36,0

100

2000

13,9

37

11,4

31

11,9

32

37,1

100

2010

14,5

40

11,1

30

11,0

30

36,6

100

2020

15,2

43

10,8

30

9,7

27

35,8

100

2030

15,4

45

10,1

30

8,5

25

34,0

100

2040

15,1

48

9,2

29

7,4

23

31,7

100

BiB-II5\~\proj_lhf\lhf03.sps 2002

Tab. A- 7: Households by number of persons
household size with adjustment to other & non-relatives

1

2

3+

Mio

%

Mio

%

Mio

%

Mio

%

1996

11,3

31

12,1

34

12,6

35

36,0

100

2000

12,2

33

12,2

33

12,7

34

37,1

100

2010

12,8

35

12,1

33

11,8

32

36,6

100

2020

13,4

37

11,8

33

10,6

30

35,8

100

2030

13,5

40

11,2

33

9,3

27

34,0

100

2040

13,3

42

10,3

33

8,1

26

31,7

100

BiB-II5\~\proj_lhf\lhf03.sps 2002

Household Projection Using Conventional Demographic
Data
Zeng Yi, James W. Vaupel, Wang Zhenglian∗

In most countries, the size and structure of households are changing.
Populations are ageing in most countries as a result of lower fertility and
increasing 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 children
and parents in developing countries are resulting in reduction of extended
family households. These factors, in various combinations and strengths for
different populations, are yielding new patterns and distributions of
household structures.
There is an important interaction between changes in household structure
and the health status of the elderly. Living alone without nearby relatives 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 services
∗

Reprinted with the permission of the Population Council from Zeng Yi, James
W. Vaupel, Wang Zhenglian, "Household Projection Using Conventional
Demographic Data," Frontiers of Population Forecasting, Wolfgang Lutz, James
W. Vaupel, Dennis A. Ahlburg, editors. (1999) pp. 59-87.

increases. Health care costs and social services provided to the elderly now
account for over 10 percent of gross national product in many countries,
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 modelling of population, development,
and environment. A strong argument in favour of this is that private
consumption patterns are mostly defined in terms of household
consumption, 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 organisations.
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
persons 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 household
projection is presented in the next section. We then discuss our modelling
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
structure: 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
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major advantages in studying the variability of individuals and households
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
methods 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 computing
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
colleagues handled this problem by starting with a presimulation for a few
decades before the beginning year of their projections. Using a manageable
sample for this presimulation, they were able to approximate the family,
household, and kinship distribution at the beginning year of the projection,
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 procedure demands additional
detailed data for a few decades before the beginning 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 household
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 shortcomings.
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 regression 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, divorce, and
mortality in such models (Mason and Racelis 1992: 510; Spicer, Diamond,
and Ní Bhrolcháin 1992: 530).
The macrosimulation approach does not suffer the shortcomings inherent
in headship-rate methods. Although not as flexible as microsimulation
models in analysing variability and probability distributions and in fully
utilising 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 userfriendly 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
approach. Most of these models require data on transition probabilities
among various household types or statuses, data that have to be collected in
a special survey because they are not available in the conventional
demographic 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 important

Household Projection
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
demography (Rogers 1975; Land and Rogers 1982), and especially the
multi-state marital-status life table model (Willekens et al. 1982; Willekens
1987), Bongaarts (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
demographic rates are constant. Building on Zeng's family-status life table
model, this chapter develops a two-sex dynamic projection model that
permits demographic 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 consistent
changes in both patterns when they are projected into the future. As is shown
in this chapter, our new household model projects households and
individuals simultaneously and consistently.
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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 individual is
that demographic rates available from conventional population 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 dimensions of
demographic statuses: age; sex; marital status (single, married, divorced,
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;1 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 individuals. Brass (1983) calls the reference person a household "marker." In
Brass's original work and Zeng's family-status life table model, only a senior
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").2 The household type and
size are derived from the characteristics of the reference person. For
example, a person who is not married or cohabiting, not coresiding with
parents, not living with a child, and not living in a collective household
represents a one-person household. A married or cohabiting woman who is
not coresiding with parents and not living with a child, represents a onecouple household. A married or cohabiting woman who is not coresiding
with parents and living together with i children is a reference person
representing a two-generation household of 2 + i persons. If this person is
not married, the household size is 1 + i.3 A person who is married or
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cohabiting, coresiding with two parents or one parent, and living with i
children is a reference person representing a three-generation household of 2
+ 2 + i or 1 + 2 + i 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
identified the reference persons. Based on the characteristics of the reference
persons and following the accounting system described above, we derived
the distribution of households by types and sizes. The household distribution
derived in this way may be called a "model-count." Second, we followed 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 "directcount." A comparison of distributions of household types derived 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 proportion 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 direct-count using
the Chinese data set are also reasonably small: 0.4 percent 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).
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As shown in Tables 3 and 4, the relative differences in
frequency distributions 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
Number of family households
Frequency distribution
the model-count does not include those who are neither stemFamily type
Mod-co.
Dir-co.
Dif. #
Dif. % Mod-co. Dir-co. Dif. #
Dif. %
family members nor spouse (or cohabiting partner) of the referOne person
1229673
1228831
842
0.07 0.2696
0.2695 0.0001 0.03
ence person. This problem is more serious in the United States
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
and Germany than in China since some persons who live with
3+ generations
134268
134319
-51 -0.04 0.0294
0.0295 0.0000 -0.07
their unmarried partners may not report as cohabiting, but rather
report as "other relative" or "non-relative." The second factor is
Total
4561214
4559686 1528
0.03 1.0000
1.0000
NA
NA
that we limit the highest parity to 5 in the illustrative examples,
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
which underestimates the size of the large family households that
spouse (or cohabiting partner) and children, but he or she may or may not live with other relative(s) or non-relative(s).
have more than 5 children. As demonstrated by results not shown
NA = not applicable.
here, if we exclude those "other relatives" and "non-relatives"
(i.e., who report as neither stem-family members nor spouse, or
TAB. 2: Comparison of number of family households by household type in Germany
cohabiting partner, of the reference persons) in both the directbetween the results derived from the model-count and the direct-count,
using the 1995 micro-census data
count and the model-count, the differences between the two
become almost zero. This clearly demonstrates that the first factor
Number of family households
Frequency distribution
is
the major factor causing the lower accuracy in the household
Family type
Mod-co.
Dir-co.
Dif. #
Dif. % Mod-co. Dir-co. Dif. #
Dif. %
size model-count. Our model overestimates the number of oneOne person
90036
90036
0
0.00
0.3934
0.3934 0.00
0.00
person
households by 15.9 percent using the US 1990 census data
One couple
55554
55554
0
0.00
0.2427
0.2428 0.00
0.00
set
and
13.8 percent using the German 1995 mini-census data set.
2 generations
81054
81051
3
0.00
0.3542
0.3542 0.00
0.00
In
the
US
1990 census, the living arrangement of cohabiting with
3+ generations
2209
2209
0
0.00
0.0097
0.0097 0.00
0.00
an unmarried person is one of the codes of relationship to the
Total
228853
228850
3
0.00
1.0000
1.0000
NA
NA
reference person of the household, so that we could include
Notes as in Table 1.
"cohabiting" as one of the marital statuses distinguished.
NA = not applicable.
However, some cohabiting persons might be incorrectly reported
as other relatives or non-relatives. In the case of the German 1995
To see how well our model works for populations in Western countries,
mini-census, information about cohabitation was not required, so that a
we tested it on the 5 percent sample data file of the United States 1990
person who was non-married but living with a cohabiting partner was
census and the German 1995 micro-census sample data file (sample size of
counted as a "one-person" household in our model, because of lack of
the German mini-census is one percent of the total population). As shown in
information. The underestimation of the number of households with 6 or
Tables 1 and 2, the distributions of the major household types derived by the
more persons is more serious in the case of the US 1990 census data set
"model-counts" and the "direct-counts" are almost identical.
(36.5 percent), but less serious in the German case (10.3 percent). Large
TAB. 1: 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
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TAB. 3: Comparison of number of family households by household size in the United
States between the results derived from the model-count and the directcount, using the 5 percent data tape of 1990 census
Number of family households
Family type

Mod-co.

Dir-co.

1 person alone
2-3 persons
4-5 persons
6+ persons
Total
Average
household size

1229673
2225382
982828
123331
4561214

1051897 177776
2289644 -64262
1023977 -41149
194168 -70837
4559686
1528

2.66

NOTES: (1) Same as in Table 1.
NA = not applicable.

2.52

Dif. #

-0.15

Frequency distribution
Dif. %

Mod-co.

Dir-co.

Dif. #

16.90
-2.81
-4.02
-36.48
0.03

0.2696
0.4879
0.2155
0.0270
1.0000

0.2307
0.5021
0.2246
0.0426
1.0000

0.0389 16.86
-0.0143
-2.84
-0.0091
-4.05
-0.0155 -36.50
NA
NA

Dif. %

-5.68

NA

NA

NA

NA

(2) "1 person alone" household here refers to one person who is living alone.

TAB. 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

Computational strategy

Frequency distribution

Family type

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

90036
101375
35173
2269
228853

79128
110682
36512
2528
228850

10908
-9307
-1339
-259
3

13.79
-8.41
-3.67
-10.25
0.00

0.3934
0.4430
0.1537
0.0099
1.0000

0.3458
0.4836
0.1595
0.0110
1.0000

0.0477
-0.0407
-0.0059
-0.0011
NA

13.78
-8.41
-3.67
-10.25
NA

2.14

2.22

-0.08

-3.42

NA

NA

NA

NA

Notes as in Table 3.
NA = not applicable.

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 nonrelative(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 developing 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. However, 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.

It is theoretically possible for a woman or man to have any
realistic combination of the statuses identified in the model. We
may call the combination the composite state. Let li(x,t) denote
the number of persons of age x with composite state i (i=1, 2 ... T)
in year t. Let Pij(x,t) denote the probability 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,

l j ( x + 1, t + 1) =
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

T
i =1

li ( x, t ) Pij ( x, t )

If Pij(x,t), which are elements of a T x T matrix, were properly
estimated, the calculation of lj(x+1,t+1) would be straightforward.

Household Projection
Unfortunately, the estimation of Pij(x,t) is usually not practical when the total
number of states T is large, as is the case in our model. In an illustrative
numerical application, for instance, 2 statuses of residence, 4 marital
statuses, 3 statuses of coresidence with parents, 6 parity statuses, and 6
statuses of coresidence with children are distinguished for females and males
respectively, and the total number of composite statuses distinguished at
each age for each sex in our model is:

T = 2 × 4 × 3×

5

( 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
probabilities, 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
particular 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 beginning 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
probabilities only for those transitions triggered by the specific demographic
events included in the projection model - birth, death, marriage, divorce,
remarriage, leaving and returning to parental home, migration, and so on. As
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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. If 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 status is distinguished, the number of cohabiting males is equal to
the number of cohabiting females; the number of males who exit from
cohabiting status is equal to the number of female counterparts.
Mathematical formulas for the harmonic mean used in our two-sex model to
ensure consistency can be found elsewhere (e.g., Keilman 1985: 216-221). It
has been shown that the harmonic mean satisfies most of the theoretical
requirements 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 sizeable
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 perspective4: C1: number of status transitions from
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living with two parents to not living with parents due to leaving home and
due 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 living
together5 of wives (and cohabiting women if any) due to children leaving
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 leaving
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. Therefore,
an adjustment is needed to ensure that S1 and S2 are equal to each other.
Readers interested in the mathematical formulas and their derivation, 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 female and male populations in our two-sex model. The
total number 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 are
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
population is adjusted (by raising or lowering the male age-specific birth
rates) 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
dissolution 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 children
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
simplicity, we assume that the probability that a remarried woman or man
will have additional children from their new partner's previous union
depends only on the frequency distribution of the status of coresidence with
children of newly married men or women in the year.6

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

Household Projection
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status, deaths, and so on in each projection year. The basic structure of all
accounting equations is:

List of assumptions made

number of persons age x+1 with status i at time t+1 =
(number of persons age x with status i at time t) +
(number of new entries into status i that occur in the year (t,t+1) among
persons age x+1 at time t+1) (number of exits out of status i that occur in the year (t, t+1) among
persons age x at time t).
The number of events including birth, death, migration, marriage, divorce,
leaving and returning to parental home, and so on between age x and x+1
(and between time t and t+1) is calculated as the number of persons 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 t 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 t and t+1
for all individuals of the population. Readers interested in these formulas are
referred to Zeng, Vaupel, and Wang (1997: 197-199, 211-214).
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 future years.
The distribution of household size and structure are derived from
characteristics of the reference persons. The tabulations of population size,
age/sex distributions, and other demographic indexes such as proportions of
the elderly, school-age children, and youth, dependency ratios, and size of
labour 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 individuals
and households is guaranteed. This is not the case in other models for
projecting households or population.

To present a clearer picture of the nature of our model and to aid
interpretation 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 independent of
duration in the status. More specifically, we assume that fertility depends on
age, parity, and marital status. Mortality, first marriage, widowhood,
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.7
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 independent 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 independent.
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 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
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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 collective
household. Information on parity (number of children ever born) is optional.
If no parity information is available, we assume that birth probabilities
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 probabilities 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 returning home are not
available, one can use the age- and sex-specific 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.
It is 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 available,
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 possible
transitions among marital statuses including cohabitation and separation if
they are distinguished by the user; proportion eventually leaving 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-specific. In this
case, age-, sex- (and marital-status if available) specific net rates of rural-tourban migration within the country or region under study will be needed.
One will also need to specify the proportion of urban population in the future
projected years.
The observed age-specific or age-parity-specific rates or probabilities
define demographic schedules. The demographic schedules and the
projected parameters that specify future levels of fertility, first marriage,
divorce, 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
future 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, including research on
joint forecasting of economic and demographic variables .

Household Projection

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; distribution of
one-person households by age, sex, and marital status; distribution of onecouple 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 persons, 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; labour force population; and so on. These distributions
are presented in absolute numbers and percentages. Applications 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
academic 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
fertility, 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 applications
together with careful interpretation and policy analysis will be presented in
our subsequent publications on this subject. We therefore simply present our
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new sensitivity analysis on how demographic changes may affect
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 schedules are
derived from the one percent sample data tape of the 1990 census, the 1988
Two-Per-Thousand Fertility and Contraceptive Survey (State Family
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 demographic
parameters in one or two dimensions while everything else remains
unchanged are compared with the baseline scenario. The numerical results
are presented in Figures 1 and 2 and in Appendix Tables 1-3.
Comparing the baseline scenario with the four scenarios in which fertility
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),8 we
found that fertility decrease not only reduces total population and household
size and increases the proportion of elderly, but also substantially increases
the proportion of elderly living alone (see Figures 1 and 2) and the
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
households. When fertility decreases by 40 percent to an extremely low
level, 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
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Figures 1 and 2

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
reduction, other things constant, there will be
proportionally more elderly because of population
ageing. 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 parities by 1, 2, 3, and 4 years9 as compared
with the baseline scenario (marked as AGE+1, AGE+2,
AGE+3, AGE+4 scenarios) would decrease total
population 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 proportion 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
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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 studies
(Zeng and Vaupel 1989). The expected mortality decrease will substantially
increase total population size and the proportion elderly. As compared 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 depending on whether the mortality
improvement is 15 or 25 percent, as compared 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 widowhood among all elderly. With
marital status transition probabilities being constant, mortality improvement
(15 percent and 25 percent respectively) 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 Figures 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 improvement 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 populations. 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 expectancy
(marked as F-30E+25 and F-40E+25) would more sharply increase the
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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 households.
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 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,
respectively; 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
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coresidence between parents and married children is one of the most
important factors affecting future household structure in a developing
country such as China. The simulation also suggests that the rarity of
married children coresiding with parents in Western countries, and the high
proportion of married children doing so in developing countries, explain
much of the large difference in household structure between Western and
developing countries.
Although the results of the sensitivity analysis presented and discussed
above are useful in understanding demographic impacts on household
dynamics, they should be interpreted as a country-specific illustration and
should not be generalised to other populations without caution. For example,
our simulations have shown that the substantial decrease in the Chinese
remarriage rates would have relatively minor impacts on household
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 households
and their members, using demographic data that are usually available 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 area or a

developing country with poor data resources), model standard schedules
from another region or country with similar demographic conditions can be
used. The user can then project summary measures, such as life expectancy,
total fertility rate by birth order, proportion eventually leaving the parental
home, proportion eventually married (and cohabiting, if any) and divorced,
proportion eventually remarried after divorce and widowhood, and the like.
We therefore expect it to be relatively easy to apply the model.
Second, unlike the traditional headship-rate method in which
demographic factors are not systematically reflected in the rates themselves,
our model can closely link the projected household and its members'
characteristics 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 application 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 countries
where only nuclear households are dominant, and in Asian countries as well
as some other developing countries where nuclear-family and threegeneration 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 demographic
statuses as well as household status in future years. The distribution of
household size and structure is derived from characteristics of the reference
persons. The tabulations of population size, age/sex distributions, marital
status distribution, and other demographic indexes are derived from all
individuals, including reference persons and non-reference persons.
Consistency between patterns of changes in individuals and households 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
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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 policies. For
instance, long-term projections provide insights into the relative impact on
population ageing 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,
forecasts that capture the actual details of future events. Unfortunately,
however, even a careful demographic forecast may not necessarily produce
precise results over a ten-year time frame because of the uncertainties of the
demographic parameters and the associated socioeconomic variables.
Furthermore, 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 chapter
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
variables. 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
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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
development is another future research endeavour that needs more attention.

Appendix
Based on the census data set, we can derive h(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 i direct family members in year t.
The term "direct family members" here refers to spouse (or cohabiting partner),
children, and parents of the reference person.
for all i. The maximum value of i in our model is 2+2+P, i.e., the largest threegeneration household has two grandparents, two parents, and P (highest parity
distinguished) children. j = 0, 1, 2, 3, É O, where O is the largest number of other
relatives or non-relatives living in a household. We chose O as 5 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(i,t) as the number of households of size i accounted by our model
before the adjustment. Denote N(i,j,t) as number of households with i direct
family 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,j,t) is i+j. Regrouping N(i,j,t) by summing
i and j as z, we obtain the adjusted number of households with size z in year t,
which is denoted as H(z,t), where z=1,2,3,É,2+2+P+O (i.e., the largest
household size is 2+2+P+O).
The average number of other relatives or non-relatives among all households
with i direct family members is: a(i,t) = h(i,j,t) * j. We can allow a(i,t) to change
over time. We may assume that the relative changes in h(i,j,t) for all j>0 in year t
as compared with year t-1 is the same as the relative changes of a(i,t) as
compared with a(i,t-1), and h(i,0,t) will change accordingly to fulfill the constraint
of the sum of h(i,j,t) for all j is equal to one.

50

Zeng Yi, James Vaupel, Wang Zhenglian

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

h(i,0, t ) = 1.0 −

h(i, j.t )
j >0

To help readers understand how this procedure works, we present a
numerical 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 - (0.0631+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
H6+
COUP
GEN2
GEN3
SP2-3
HSIZE
H1
H2-3
H4-5
H6+
COUP
GEN2
GEN3
CONST90
4.1
8.1
26.3
48.3
17.3
6.7
62.7
22.5
4.6
FERT-10
4.0
8.1
26.6
49.1
16.3
6.6
62.8
22.5
4.6
-1.0
-.4
1.2
1.5
-5.9
-1.0
.1
.1
FERT-20
4.0
8.0
27.4
49.1
15.5
6.7
62.7
22.6
4.6
-2.1
-.6
4.2
1.6
-10.5
-.1
-.1
.4
FERT-30
3.9
8.1
29.5
48.2
14.2
6.9
62.5
22.6
4.6
-3.3
-.2
12.3
-.2
-18.0
3.6
-.4
.2
FERT-40
3.9
8.1
32.7
46.0
13.1
7.3
62.1
22.4
4.6
-4.7
.6
24.2
-4.7
-23.9
9.5
-1.0
-.4
AGE+1
4.0
9.0
26.3
47.1
17.6
7.0
62.0
22.0
4.8
-.6
11.1
.1
-2.5
1.8
4.9
-1.1
-2.2
AGE+2
4.0
10.0
26.3
45.9
17.8
7.3
61.2
21.4
5.0
-1.4
24.1
0
-5.1
2.9
9.8
-2.4
-4.9
AGE+3
4.0
11.2
26.3
44.6
17.9
7.6
60.5
20.6
5.2
-2.3
38.8
-.1
-7.6
3.4
13.9
-3.5
-8.3
AGE+4
3.9
12.6
26.2
43.4
17.8
7.8
59.9
19.7
5.4
-3.5
55.3
-.4
-10.2
3.1
16.9
-4.5
-12.4
E+15
4.1
8.0
26.2
48.3
17.4
6.7
62.6
22.6
4.5
.2
-.7
-.3
0
.8
.9
-.2
.6
E+25
4.1
8.0
26.2
48.3
17.5
6.8
62.5
22.7
4.4
.3
-1.1
-.4
-.1
1.4
1.5
-.4
1.0
F-30E+25
3.9
8.0
29.4
48.2
14.4
7.0
62.2
22.8
4.3
-3.1
-1.3
11.8
-.2
-16.8
5.0
-.8
1.2
F-40E+25
3.9
8.0
32.5
46.1
13.3
7.4
61.9
22.7
4.4
-4.4
-.6
23.7
-4.6
-22.9
10.7
-1.3
.7
DIV+100
4.1
8.1
26.3
48.3
17.3
6.7
62.7
22.5
4.8
0
.2
.1
-.1
-.1
-.3
0
.1
DIV+200
4.0
8.1
26.4
48.2
17.2
6.7
62.7
22.5
4.9
-.1
.5
.4
-.2
-.3
-.3
0
0
DIV+300
4.0
8.1
26.5
48.2
17.2
6.6
62.7
22.5
5.0
-.2
.8
.6
-.3
-.5
-.4
0
0
DIV+400
4.0
8.2
26.5
48.2
17.2
6.6
62.7
22.5
5.1
-.2
1.0
.8
-.4
-.6
-.6
-.1
0
REM-25
4.1
8.1
26.3
48.3
17.3
6.7
62.7
22.5
4.7
0
.2
.1
0
-.1
-.1
0
0
REM-50
4.0
8.1
26.3
48.3
17.2
6.7
62.7
22.5
4.7
-.1
.3
.1
0
-.3
-.1
0
-.1
LH+20
4.0
8.6
28.2
47.2
16.0
7.6
63.3
20.5
4.7
-2.2
6.6
7.4
-2.4
-7.7
13.2
.9
-8.9
LH+35
3.9
9.1
29.8
46.2
15.0
8.4
63.6
18.9
4.8
-4.0
12.4
13.2
-4.5
-13.4
25.1
1.5
-15.9
LH+50
3.8
9.6
31.4
45.0
13.9
9.3
63.8
17.2
4.8
-5.9
19.3
19.4
-6.9
-19.3
39.6
1.7
-23.4
LH+100
3.7
10.4
33.0
43.7
12.9
10.6
63.5
15.5
4.8
-8.0
28.6
25.3
-9.6
-25.1
58.3
1.2
-31.0
st

SP2-3

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 1 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; H1, H2-3, H4-5, H+6: percent of households 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.

-.2
-.4
-.3
.2
4.0
8.1
12.6
17.2
-3.4
-5.6
-5.9
-5.6
2.8
5.6
8.4
11.2
1.0
2.1
2.1
3.3
3.9
3.2

APPENDIX TABLE 2: How changes in demographic rates may affect households in China in the year 2020
Absolute values of households summary measures
SCENARIO
CONST90
FERT-10
FERT-20
FERT-30
FERT-40
AGE+1
AGE+2
AGE+3
AGE+4
E+15
E+25
F-30E+25
F-40E+25
DIV+100
DIV+200
DIV+300
DIV+400
REM-25
REM-50
LH+20
LH+35
LH+50
LH+100

HSIZE
3.7
3.6
3.5
3.4
3.3
3.7
3.7
3.7
3.7
3.8
3.8
3.5
3.4
3.7
3.7
3.7
3.7
3.7
3.7
3.6
3.4
3.3
3.1

Notes as in Appendix Table 1.

H1
8.3
8.3
8.3
8.6
8.9
9.4
10.7
12.1
13.5
7.9
7.6
7.8
8.1
8.5
8.7
8.8
9.0
8.4
8.5
10.0
11.5
13.3
15.9

H2-3
35.7
37.9
40.6
45.1
50.7
34.9
33.8
32.7
31.5
35.5
35.5
44.8
50.3
35.8
35.9
36.0
36.1
35.7
35.8
38.4
40.4
42.1
43.1

H4-5
43.8
43.8
42.6
39.5
35.0
43.1
42.3
41.7
41.2
43.8
43.8
39.8
35.6
43.7
43.4
43.2
43.0
43.8
43.7
41.0
38.7
36.4
33.9

H6+
12.2
10.1
8.5
6.7
5.4
12.6
13.1
13.5
13.8
12.8
13.1
7.7
6.1
12.1
12.0
11.9
11.9
12.1
12.0
10.6
9.4
8.2
7.1

COUP
10.6
11.2
12.2
13.6
15.4
10.7
10.9
10.9
10.7
11.0
11.3
14.1
15.6
10.5
10.5
10.4
10.3
10.6
10.5
13.2
15.6
18.4
22.2

Relative changes (%) as compared with baseline scenario (CONST90)
GEN2
62.9
62.4
60.9
58.3
55.3
61.3
59.3
57.4
56.3
62.5
62.2
57.9
54.9
62.8
62.7
62.6
62.5
62.8
62.8
61.0
59.2
56.6
52.5

GEN3
18.2
18.2
18.6
19.4
20.4
18.6
19.2
19.5
19.4
18.6
18.9
20.3
21.4
18.2
18.2
18.2
18.1
18.2
18.1
15.8
13.8
11.6
9.4

SP2-3
6.8
6.9
6.9
6.8
6.7
7.0
7.2
7.3
7.4
5.9
5.3
5.3
5.3
7.4
7.9
8.5
9.0
7.1
7.4
6.5
6.2
5.7
5.0

HSIZE

H1

H2-3

H4-5

H6+

COUP

GEN2

GEN3

SP2-3

-2.9
-5.7
-8.7
-11.6
-.4
-.9
-1.5
-2.0
.8
1.3
-7.2
-10.0
-.3
-.6
-.9
-1.2
-.2
-.4
-4.2
-7.6
-11.4
-15.6

-.6
.5
3.6
7.6
12.9
28.8
46.2
62.7
-5.2
-8.6
-6.5
-3.0
1.9
4.2
6.3
8.4
1.4
3.0
19.9
37.9
60.4
91.4

6.2
13.8
26.5
42.0
-2.3
-5.2
-8.4
-11.6
-.4
-.4
25.4
40.9
.2
.7
1.0
1.3
.1
.2
7.8
13.2
18.0
20.8

-0.1
-2.9
-9.8
-20.1
-1.7
-3.4
-4.9
-6.1
-.1
-.2
-9.1
-18.8
-.4
-.9
-1.4
-1.9
-.2
-.3
-6.5
-11.7
-17.0
-22.7

-17.3
-30.6
-44.7
-55.9
3.7
7.7
10.7
13.2
4.8
7.8
-37.2
-50.0
-.6
-1.4
-2.1
-2.8
-.7
-1.5
-12.9
-22.7
-32.6
-41.4

5.1
14.3
27.9
44.2
.8
2.1
2.6
.7
3.6
6.0
32.0
46.6
-1.1
-1.6
-2.4
-3.1
-.5
-1.0
24.2
46.0
72.8
108.8

-.7
-3.1
-7.2
-12.1
-2.5
-5.7
-8.7
-10.4
-.6
-1.0
-7.9
-12.6
-.1
-.2
-.4
-.5
-.1
-.1
-3.0
-5.9
-9.9
-16.5

-.2
2.3
6.9
12.4
2.3
5.3
7.5
6.8
2.5
4.1
11.5
17.6
.1
-.1
-.2
-.3
-.1
-.3
-13.0
-24.0
-36.0
-48.3

.2
.1
-.4
-1.4
2.6
4.5
6.2
8.6
-14.3
-22.5
-22.0
-22.6
8.1
16.0
23.9
31.7
3.9
8.2
-4.4
-9.4
-16.7
-26.9

APPENDIX TABLE 3: How changes in demographic rates may affect households in China in the year 2050
Absolute values of households summary measures
SCENARIO
CONST90
FERT-10
FERT-20
FERT-30
FERT-40
AGE+1
AGE+2
AGE+3
AGE+4
E+15
E+25
F-30E+25
F-40E+25
DIV+100
DIV+200
DIV+300
DIV+400
REM-25
REM-50
LH+20
LH+35
LH+50
LH+100

HSIZE
3.4
3.3
3.1
2.9
2.7
3.4
3.4
3.4
3.3
3.5
3.5
3.0
2.9
3.4
3.4
3.4
3.3
3.4
3.4
3.3
3.1
2.9
2.7

Notes as in Appendix Table 1.

H1
13.2
14.7
16.5
18.6
20.8
13.3
13.8
14.7
15.7
12.7
11.9
15.1
16.3
13.7
14.2
14.6
15.0
13.6
14.1
15.1
17.2
20.2
24.8

H2-3
39.3
41.8
44.2
48.0
52.2
39.9
39.9
39.6
38.9
39.3
39.8
49.5
54.4
39.3
39.4
39.4
39.5
39.2
39.1
42.1
43.7
44.5
44.2

H4-5
36.9
34.6
31.8
27.9
23.2
36.8
36.7
36.4
36.2
35.7
34.8
27.8
24.1
36.5
36.2
35.8
35.5
36.8
36.6
34.0
31.6
29.1
26.0

H6+
10.6
8.9
7.5
5.6
3.9
10.0
9.6
9.3
9.2
12.3
13.5
7.6
5.2
10.5
10.3
10.1
10.0
10.4
10.2
8.7
7.4
6.2
5.1

COUP
14.6
16.6
18.9
21.8
25.0
13.9
13.3
12.8
12.1
16.6
18.1
25.0
27.9
14.4
14.1
13.9
13.6
14.4
14.1
17.1
19.8
23.5
28.8

Relative changes (%) as compared with baseline scenario (CONST90)
GEN2
52.9
49.0
44.3
40.2
36.3
54.8
55.7
55.9
56.2
49.7
47.4
37.9
35.4
52.8
52.6
52.5
52.4
52.9
52.9
52.3
50.1
46.2
39.3

GEN3
19.2
19.7
20.3
19.5
17.9
17.9
17.2
16.7
16.0
21.1
22.6
22.0
20.4
19.2
19.1
19.0
19.0
19.1
19.0
15.5
12.8
10.0
7.1

SP2-3
8.1
8.4
8.7
9.3
10.2
9.1
10.0
10.6
11.4
6.0
5.0
6.4
7.4
9.3
10.5
11.6
12.7
8.8
9.5
7.9
7.2
6.0
4.3

HSIZE

H1

H2-3

H4-5

H6+

COUP

GEN2

GEN3

SP2-3

-4.7
-9.4
-14.7
-20.1
-.7
-1.4
-2.3
-3.0
1.4
2.5
-11.2
-16.2
-.6
-1.3
-2.0
-2.6
-.5
-1.0
-5.0
-9.3
-14.2
-20.5

11.2
24.7
40.2
57.0
.6
4.4
11.3
18.8
-4.2
-9.8
14.2
23.3
3.5
7.0
10.4
13.7
2.8
6.3
14.2
30.3
52.8
87.2

6.4
12.6
22.1
32.7
1.5
1.6
.7
-1.1
.1
1.2
25.9
38.5
0
.2
.3
.5
-.2
-.4
7.3
11.2
13.3
12.5

-6.1
-13.8
-24.3
-37.1
-.1
-.6
-1.4
-1.9
-3.2
-5.7
-24.7
-34.7
-.9
-1.9
-2.9
-3.8
-.3
-.7
-7.8
-14.3
-21.2
-29.6

-16.5
-29.3
-47.5
-63.5
-6.0
-9.5
-11.8
-13.1
16.2
27.6
-28.0
-51.1
-1.3
-2.9
-4.3
-5.6
-1.8
-3.9
-17.7
-29.8
-41.5
-52.3

13.1
29.2
48.7
70.4
-5.1
-9.4
-12.9
-17.2
13.0
23.6
70.5
90.5
-2.0
-3.6
-5.4
-7.1
-1.6
-3.6
17.0
35.4
60.6
96.8

-7.4
-16.2
-24.0
-31.3
3.6
5.3
5.6
6.2
-6.2
-10.5
-28.3
-33.1
-.3
-.5
-.8
-1.0
0
-.1
-1.2
-5.3
-12.6
-25.7

2.7
5.5
1.4
-6.6
-6.5
-10.5
-13.2
-16.8
9.9
17.6
14.6
6.2
-.1
-.6
-.9
-1.3
-.6
-1.3
-19.3
-33.2
-47.8
-63.2

2.8
6.7
14.4
25.2
12.1
22.3
30.0
39.3
-25.9
-38.9
-20.9
-9.4
14.5
28.7
42.7
56.3
7.6
17.1
-3.5
-11.0
-25.9
-47.3

Household Projection

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 Foundation for Promotion of Cultural Exchanges between The
Netherlands and China. Part of the work was carried out while the first author was a
visiting professor at the Center for Health and Social Policy at Odense University
(Denmark), the Center for Population Analysis and Policy of the Humphrey Institute
at the University of Minnesota (United States), and the Netherlands Interdisciplinary
Demographic Institute. The authors acknowledge comments and suggestions
provided 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 software with a manual
associated with the model described in this chapter. Scholars interested in applying
this model and software may write to: Computer and Information Service System,
Max Planck Institute for Demographic Research, Doberaner Strasse 114, 18057,
Rostock, Germany.
1 The status of "coresidence with parents" 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 earlier
and live longer, reliable age-parity-specific fertility data for women are much easier
to obtain than for men, and, following divorce, young children are more likely to
live with their mother.
3 Those elderly who live together with child(ren) and grandchild(ren) in a threegeneration household are not reference persons of the household, since the child of
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the middle-generation adult with whom they live has already taken the position of a
reference person. A household cannot have two reference persons. Therefore, the
number of those nonmarried elderly and female married elderly that is equal to the
number of three-generation households should be subtracted when we compute the
number of reference 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 capacity of memory today,
we may include an additional dimension in version 2.0 of our software ProFamy:
living with grandchild(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 relative 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 living together is reduced by i, i events are
accounted.
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,
parity, 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 under study than most other demographic projection models, the
Markovian and homogeneity assumptions in our model are less restrictive than in
most other models.
8 Total fertility rates of cohorts who were age 10 years and younger in 1990 and
those new cohorts born after 1990 are assumed to be reduced by 10, 20, 30, and 40
percent respectively as compared with the 1990 level.
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9 The median ages at first marriage and at parity-specific births for cohorts who
were age 10 years and younger in 1990 and those new cohorts born after 1990 are
assumed to increase by 1, 2, 3, and 4 years respectively as compared with the 1990
level.
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Household Scenarios for the European Union, 1995-2025
Maarten P.C. Alders and Dorien Manting

1.

Introduction

Forecasting household trends makes it possible to prepare for future
demands of public and private services, for outlining policies in housing,
social care, social security, welfare, and so on. These forecasts are also of
interest to the private sector, since households are the basic consumer unit.
Statistics Netherlands has prepared internationally consistent household
forecasts for all fifteen member countries of the European Union (EU). Most
member states have not (yet) produced their own national household
forecasts and the available household forecasts are not consistent with each
other. To overcome this drawback, the European Commission commissioned
Statistics Netherlands to produce a set of internationally consistent household scenarios1).
The scenarios cover the period 1995-2025. For each country, they project
the number of persons in institutional households by sex and single year of
age and the number of persons in the following four (private) household
positions by sex and single year of age:
living alone
living as a couple
living at the parental home with one or both parents
living in another household position

Persons without a partner who live with children or with other persons
belong to the latter category.
Moreover, the scenarios specify the number of one- and multi-person
households as well as the average number of persons per household. This
article summarises the findings reported to the European Commission
(Alders and Manting, 1998a and 1998b).

2.
Converging and diverging trends in household
positions in Europe
For the analysis of demographic trends and the compilation of the household
scenarios the EU countries were clustered. Countries within each cluster
experience rather similar demographic developments:
Northern cluster:
Denmark, Finland and Sweden
Central and Western cluster: Austria, Belgium, France, Germany, Ireland,
Luxembourg, the Netherlands and the United Kingdom
Southern cluster:
Greece, Italy, Portugal and Spain
In the following three countries will represent the clusters: Italy, the
Netherlands and Finland.
Before discussing the household scenarios, it may helpful to present some
trends in the four household positions. Trends are discussed on the basis of
uncorrected information from the Labour Force Surveys (LFS) 1983-1996.
For the use of the scenarios, data were compared with other data sources.
This comparison resulted in a number of corrections. The LFS time series
are not always available. If available, figures before 1991 and after 1992
generally have to be interpreted with caution, as the time series for most
countries are interrupted, due to a variety of reasons. Finally, the following
overview does not include Sweden as this country does not provide
household data on the basis of the LFS2).
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Tab. 1: Percentage of persons living at the parental home at age 20 and 30, by sex and country, LFS 1995-1996
GR
IT
PT
ES AT
BE DE
FR
IE
LU NL UK DK1
FI
Age Males
20
84
96
91
95
87
82
83
78
76
85
81
72
67
34
30
44
43
38
44
22
9
15
12
23
20
10
11
7
7
Age Females
20
76
91
83
92
75
77
67
64
63
77
65
55
48
24
30
20
27
24
30
10
4
6
6
13
10
2
6
1
1
N.B.: Greece (GR), Italy (IT), Portugal (PT), Spain (ES), Austria (AT), Belgium (BE), Germany (DE), France (FR),
Ireland (IE), Luxembourg (LU), the Netherlands (NL), United Kingdom (UK), Denmark (DK), Finland (FI).
1) Denmark, based on data of 1992-1993.

Living at the parental home
With respect to trends in the number of children, it is observed that the
majority of them live at home until at least age 15. After this age, the
proportion of children starts to decline in all countries, although to a
different degree.
At almost every age and in every country, relatively more young men live
at the parental home than young women. There is a clear-cut difference
between Southern European and other European countries. To give an
example, more than 40 % of 30 year-old Italian men still live at their
parents’ home, compared with only 10 % of Dutch men of that age (table 1).
Northern European countries have the lowest proportions of children staying
at the parental home. At age 30, only 7 % of Finnish men and 1 % of Finnish
women live with their parents. The Finnish LFS-figures at age 20 would
appear to be incorrect in that the proportion is much too low in comparison
with other Finnish data sources.
Leaving home in Italy, as well as in the other Southern European
countries, has been increasingly postponed since 1983. There are also
countries in the Central and Western European cluster, like France, where

leaving home is increasingly delayed. In other
countries, such as the Netherlands, there has been
almost no change.
Due to these different trends since the beginning
of the 1980s, involving minor changes in Central
and Western European countries and a large delay
in Southern countries, countries now differ more
from each other than they did at the beginning of
the 1980s.

Living alone

Living alone is much less popular in Southern than
in Northern European countries. Until about age 50,
very few men and women in most Southern European countries live alone
(between 1 % and 5 % on average). After age 50, living alone becomes
increasingly more common both for men and women. Due to the fact that
women generally live longer than men, more women live alone at old age.
To give an example, about half the number of Italian women live alone at
age 80, against less than a fifth of Italian men at age 80 (table 2).
Age- and sex-specific patterns of people living alone are rather similar in
all other EU-Member States. However, in Central, Western and Northern
countries, a large proportion of young people tend to live alone for some
time, whereas in the Southern countries almost no young adults live alone.
At age 20, for instance, one out of ten of Dutch men live alone, compared
with one out of hundred of Italian men. Due to the fact that this solitary
phase is generally of a temporary nature, it leads to a peak in the proportions
of persons living alone at ages between 20 and 30. On the whole this peak
occurs a few years later in the course of life of men than of women, as men
leave home and marry or form a union a few years later than women.

European Union
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Tab. 4:
2: Percentage of persons living
in other
alone
household
at selected
positions
ages, by
at selected
sex and country,
ages, by sex
LFSand
1995-1996
country, LFS 19951996
GR
IT
PT
ES AT
BE DE
FR
IE
LU NL UK DK1
FI
GR
IT
PT
ES AT
BE DE
FR
IE
LU NL UK DK1
FI
Age Males
20
Age
Males
8
1
1
0
4
3
9
10
2
3
10
5
25
21
20
67
36
62
42
7
13
4
7
207
9
4
16
79
32
30
14
12
23
16
12
18
30
23
30
54
78
104
74
18
3
12
7
9
8
65
107
11
113
12
14
9
121
14
17
16
60
4
8
5
8
18
4
12
10
3
4
2
9
80
15
18
15
136
28
243
20
28
18
23
29
37
38
80
13
17
20
14
12
5
6
22
24
3
8
0
47
Age Females 11
20
8
1
2
0
4
3
12
12
3
4
14
5
30
25
Age
Females
30
10
14
10
11
15
18
20
84
44
92
51
11
127
5
7
304
107
4
248
51
25
65
12
13
17
15
20
18
13
13
19
19
27
27
30
4
9
109
66
11
17
9
8
16
8
5
19
1
11
80
49
51
31
32
60
60
69
59
49
49
69
58
77
74
60
12
16
17
15
16
20
6
8
18
13
8
8
2
10
N.B.:
(PT),
(DE),
France
(FR),
80 Greece (GR),29Italy (IT),
26 Portugal
40
42 Spain
23 (ES),
17 Austria
12 (AT),
13 Belgium
35 (BE),
30 Germany
14
0
0
26
Ireland
(IE),
Luxembourg
(LU),
the
Netherlands
(NL),
United
Kingdom
(UK),
Denmark
(DK),
Finland
(FI).
N.B.: Greece (GR), Italy (IT), Portugal (PT), Spain (ES), Austria (AT), Belgium (BE), Germany (DE), France (FR),
1)
Denmark,
based on data (LU),
of 1992-1993.
Ireland
(IE), Luxembourg
the Netherlands (NL), United Kingdom (UK), Denmark (DK), Finland (FI).

European countries. In some of the latter countries,
such as the United Kingdom, a peak at young ages
emerged during the 1990s. In most Central and
Western European countries, this peak was already
present from the beginning of the 1980s.
The proportion of middle-aged single persons has
generally risen as well through the years. Only
among people who are about 60 to 75 years old, the
proportions of persons who live alone have
decreased. In most countries this is the case for both
men and women. More couples survive because both
men and women have increasing life expectancies.

Living with a partner

1) Denmark, based on data of 1992-1993.

Tab. 3: Percentage of persons living with a partner at selected ages, by sex and country, LFS 1995-1996
FI
GR
IT
PT
ES AT
BE DE
FR
IE
LU NL UK DK1
Age Males
20
1
0
2
1
2
2
5
5
2
3
4
6
8
14
30
45
44
50
47
56
62
59
69
58
60
71
66
63
62
60
92
83
90
86
84
71
86
83
73
80
84
81
81
75
80
74
69
67
72
73
60
70
73
51
58
74
63
63
16
Age Females
20
8
4
5
3
10
8
16
16
4
10
18
16
21
27
30
72
61
64
62
69
72
72
76
67
75
82
68
75
70
60
75
69
72
76
67
64
73
73
68
73
76
73
71
63
80
23
23
28
27
17
22
19
28
16
20
26
28
23
1
N.B.: Greece (GR), Italy (IT), Portugal (PT), Spain (ES), Austria (AT), Belgium (BE), Germany (DE), France (FR),
Ireland (IE), Luxembourg (LU), the Netherlands (NL), United Kingdom (UK), Denmark (DK), Finland (FI).
1) Denmark, based on data of 1992-1993.

Through the years, the proportions of young persons living alone have
increased significantly in almost all countries. In Southern European
countries, these increases were much smaller than in Central and Western

Most people live with a spouse or with a partner
without being married. The age pattern of men and
women living with a partner resembles a mountain
with a flat top. The proportion of persons living with
a partner generally increases rapidly between the
ages of 20 and 30. For example, about 4 % of Dutch
men live with a partner at age 20, against 71 % at age
30 (table 3). Thereafter, it increases at a much lower
rate or remains more or less stable. At later ages,
between 50 and 70 years, the proportions of persons
living with a partner decline relatively slowly,
followed by a more rapid decline after about age 70.

Relatively more women live with a partner at
young ages than men, because women are on average
2 to 3 years younger than men when they marry.
Because wives generally survive their husbands, far
more men aged 50 and over are married than women. In Italy, for instance,
at age 80 about 70 % of men and just over 20 % of women live with a
partner.
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Because most young people from Southern Europe live at home,
relatively fewer 20-30-year olds in these countries form a couple in
comparison with the rest of the European Union. The proportion of middleaged people living with a partner is generally highest in the Southern European countries, with Greece in front. Relatively many Dutch women
compared to women in other Central and Western European countries live
with their partners: over 80 % of those aged 30-55.
Between 1983 and 1996, fewer and fewer people live with a partner at
young ages. Union formation and marriage have been increasingly
postponed. Later in life, on the other hand, more and more men and women
live together. This is to a major extent the result of a continued increase in
life expectancy for both men and women. The proportions of people aged
between 30 to 55 years living with a partner usually decrease.

Other household positions
All those who are not child, single, or living with a partner belong to the
category ‘other’. The household position ‘other’ therefore includes single
parents and members of multi-family households. In general, the proportion
of ‘others’ is low at young ages and high at old ages (table 4). Also, the
proportion at old age is much higher for women than for men. In most
countries, there is a peak at young ages, sometimes declining over the years,
and sometimes rising. This peak is probably partly due to the phenomenon
of students living in student’s houses and partly due to the increase in the
number of one-parent families. Finland is the only country with an irregular
age pattern. This is probably due to fluctuation in the LFS. Other data
sources show the common pattern.
In most countries, the proportion of persons living in another household
position is on the decline, especially in the second half of life.

Institutional population
Information on institutional households is scarce in both censuses and
surveys. From the censuses around 1990 it is known that in the European

Union about 1 % of the population does not live in a private household. For
the purpose of this project, a few countries generated more detailed (ageand sex-specific) information on institutional households. The age patterns
show a rise in the proportions with age, especially at advanced age. In the
Netherlands, proportions are less than 1 % for persons younger than 60 years
old, against 27 % for men and 40 % for women older than 90 years.

3.

Background of household trends

The household developments described above are closely related to
demographic developments and to socio-economic, cultural, technological
and policy-related conditions.

Demographic backgrounds of household trends
Postponement of first marriage, for instance, is accompanied by higher
proportions of young adults living at home (especially in the Southern
European countries), by higher proportions of people living alone (especially
in the Central, Western and Northern European countries) and by lower
proportions of young couples. The mean age at first marriage for the EU
increased from 26.0 years in 1980 to about 28.7 years in 1994 for men and
from 23.3 to 26.3 years for women (Eurostat, 1997). Although marriage is
also delayed in the Northern, and Central and Western European countries,
the delay in marriage is no longer the most important factor influencing the
time at which young people leave the parental home in these countries. This
is caused by the fact that leaving home and marriage are no longer closely
linked. In the Netherlands, it has become even more common to leave home
alone than to leave home for the purpose of forming a union (Mulder and
Manting, 1994). Within the Central and Western European countries, there
are exceptions to this rule. In Belgium, for instance, the majority (still)
leaves home to marry (Corijn and Manting, forthcoming). Postponement of
entry into a union goes hand in hand with a lengthening of the period of

European Union
living alone among young persons in some countries, but with a lengthening
of the period of living at the parental home in other countries.
The decrease in the proportion of young couples and the increase in the
proportion of young adults living alone is also closely linked to the timing
and incidence of first childbirth. A relatively low fertility in the past two
decades has led to high numbers of childless women and relatively high
numbers of childless couples. Marriage and childbearing are, however, much
more closely linked in the Southern European countries than in the Northern
ones. For example, just under half of Danish children are born outside
marriage, whereas the proportion is only three out of every hundred in
Greece (Eurostat, 1997). And thus, postponement of family formation in
Southern European countries is more closely linked to the number of young
couples than in the Northern ones. A lower proportion of couples in their
thirties and forties may also be the result of the increase in childlessness at
these ages, since couples without children have much higher divorce rates
than couples with children.
The higher proportions of people in their thirties living alone and the
increasingly lower proportions of persons of that age living in a union are
also influenced by the higher instability of unions, especially of consensual
ones (Beets, 1989; Hoem and Hoem, 1992; Manting, 1995). Instability of
unions is much higher in the Central, Western and, in particular, Northern
European countries than in the Southern ones. It is also more common to
cohabit (mostly before marriage) in these countries (for an overview, see
Klijzing and Macura, 1996) and it is a well-known fact that these unions are
more likely to break up than marriages. Moreover, marriages preceded by a
period of cohabitation are more likely to break up than the ‘traditional’ ones
which were not preceded by cohabitation (Bracher et al., 1993; Bumpasss,
1990; Klijzing, 1992; Manting, 1993; Schoen, 1992; Teachman et al., 1991).
The increasing life expectancy has led to rising numbers of couples at
ages between 60 and 70. An increasing tendency of children to stay at home
also leads to a decrease in proportions of 60- to 70-year old women living
alone.
The decreasing number of persons in other household positions is partly
the result of the fact that the number of multi-family households is on the
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decline, although this is to a minor extent counteracted by an increase in the
number of one-parent families.

Social and cultural backgrounds
Secularisation has led to a declining commitment of people to normative
guidelines of the church (Lesthaeghe, 1983, 1991). As a result, nontraditional social bonds such as one-parent families and cohabitation, as well
as living alone, have been increasingly accepted. Together with a quest for
greater individual freedom, (non-traditional) relationships and sex before
marriage have become increasingly common (Lesthaeghe and Surkyn,
1988).
The loss of the societal functions of marriage is also seen as a major cause
of changes in living arrangements. Functions such as procreation, education,
care and socialisation of children, economic and social security of the
individual members of the family have increasingly been taken over by the
state and private institutions. Both men and women have become less
dependent on marriage and the family for the fulfilment of a variety of needs
(Espenshade, 1985). As such, marriage has become less attractive, leading to
a decline in the number of marriages. With it, a change in ‘marriage models’
was introduced, leading to a greater instability of marriage (Roussel, 1989).
The goal of the old, traditional, model was to survive and to ensure
(im)material security at old ages. Later on, a model based on solidarity
between the members through affection was developed. Marriages based on
such affection are much more vulnerable to divorce than marriages based on
a number of societal functions. The most recent model is a model based on
reason, in which a break-up of the marriage is implicitly accepted as a risk.
These developments have led to an upsurge in divorce rates (Roussel, 1989).
Individualisation can be observed in most European countries. With the
need for more privacy and independence from others, individualisation is
one of the reasons for the increasing number of one-person households (Van
de Kaa, 1987; Kuijsten, 1996). Young people increasingly tend to live alone
before they commit themselves to others. This is especially the case in the
Central, Western and Northern European countries.
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A cultural trend towards avoiding risks in the sense of being independent
in financing one’s family has also been mentioned as reason for the changes
in demographic behaviour (Galland, 1997). Young adults increasingly
follow a strategy in which they try to keep their future flexible in the sense
that they avoid long-term commitments in the household and housing career
(Birg et al., 1990; Mulder and Manting, 1994). Sharing a residence with a
partner means a first step in making such commitments. Marriage is a further
step as it creates legal barriers to union disruption. Parenthood in particular
involves a long-term commitment (Mulder and Manting, 1994). This flexible
strategy may be accompanied by leaving home later. In the 1960s, young
people wished to leave home as soon as possible in order to obtain
residential independence. Today, material assistance at home and emotional
support by the parents, combined with a large amount of personal freedom at
the parental home, make young people hesitant to leave (Galland, 1997).
This idea was also mentioned for the postponement of leaving home in
Germany (Nave-Herz, 1997) and the Netherlands (Mulder and Hooimeijer,
1995).

Economic backgrounds
Favourable economic conditions may allow people to choose between living
alone and living with others, depending on their individual values and
preferences. A relatively low income makes it more difficult to live alone or
in a small household, as the latter is relatively more expensive than a large
one (Burch and Matthews, 1987).
In the past years, an increasing uncertainty on the labour market, an
increasing number of temporary contracts and a decreasing labour force
participation among the young are seen as major causes of the delay of
young persons in leaving home in France (Galland, 1997), in Germany
(Nave-Herz, 1997) and in the Netherlands (Latten, 1991). Another response
to recent labour market situations is the increase in educational participation
in order to enhance career opportunities. This is, for instance, visible in
Spain, where parents judge longer education for their children to be
important in view of the difficult employment situation (Cordon, 1997). In

all countries, duration of educational participation has increased through the
years, with major repercussions for demographic and household behaviour.
Up to now, increasing enrolment in the educational system and higher
educational levels have greatly influenced the timing of demographic
behaviour in Europe. This has led to postponement of union formation,
marriage and fertility in several European countries (for Germany:
Blossfeld, 1995; for Sweden: Hoem, 1986; for Spain: Delgado, 1995; for
Great Britain: Kiernan and Lelièvre, 1995; for France: Leridon and
Toulemon, 1995; for Belgium: Lesthaeghe and Moors, 1992; for the
Netherlands: Manting, 1995; for Italy: Pinelli and De Rose, 1995). It has
also influenced the process of leaving home, in as far as young people were
obliged to leave their parents in order to follow an education in another city
(for the Netherlands: Baanders, 1989), with the exception of Italy (Rossi,
1997). Furthermore, these trends have been responsible for a rise in the
number of persons leaving home to live alone for a while (Mulder and
Manting, 1994; Mulder and Hooimeijer, 1995). This is related to the general
view that marriage (and non-married cohabitation) and college/university
attendance are difficult to combine. People tend to get married or start
cohabiting when they have completed their education.
The increasing level of education or, more generally, emancipation of
women has stimulated the decline in marriage and fertility rates as well as
the rise in divorce rates (Blossfeld, 1995). Emancipation also led to
economic independence of women. This economic independence of women
through their participation in the labour market or through individualisation
of social security is thus accompanied by less material advantages of
marriage and greater marriage instability (Roussel, 1989).

Policy-related conditions
Divorce laws differ strongly between the countries of the European Union.
In the Southern European countries and in Ireland, the law is quite
restrictive, contributing to low divorce rates.
Housing policies may have influenced the timing of leaving home to a
large extent. In the Netherlands and Denmark, for instance, housing needs
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for young people are recognised (Jones, 1995), which probably explains the
low proportions of young persons living at home in these countries. In the
Netherlands, for example, there are special housing units for those who opt
to live alone. In Italy and Belgium, on the other hand, the housing situation
stands in the way of leaving home among the young: housing is rather
expensive and rented accommodation is in limited supply, which implies
that young adults need to have their own income. However, it is difficult to
estimate the real impact of the housing situation. Although there is an
increasing shortage of housing for young people in the United Kingdom, the
number of people leaving home has not diminished in this country (Jones,
1995).
Social security measures in the form of public assistance, student grants,
child benefits, and rent subsidies may also have an important impact on
household formation and dissolution. The choice between leaving home and
studying, for example, partly depends on the availability of student grants.
Rent subsidies provide a greater degree of independence to those who are
not able to obtain a mortgage. The possibility of getting public assistance
can influence the choice whether or not to divorce. Child benefits and
facilities for combining parenthood and employment have been generated to
stimulate higher fertility.

Technological backgrounds
The introduction of the pill initially went hand in hand with a decline in the
number of families with relatively many children. Another consequence of
the introduction was postponement of fertility among young couples.
Nowadays, it also enables couples to realise their voluntary childlessness.
Other modern technological developments, such as urbanisation and
increasing mobility have made individuals less dependent on other
household members (Burch and Matthews, 1987). Telecommunications and
cars made physical distance increasingly irrelevant, enabling people to act
more independently. For older people, in particular, it has become easier to
live alone.
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4.

Three Household Scenarios

The complexity of numerous determinants influencing past household
behaviour makes it difficult to predict future behaviour. It is furthermore not
always easy to predict whether or not differences between countries will
become smaller or larger. To express the uncertainty about future household
developments, two completely different scenarios have been drawn up: the
Individualisation Scenario and the Family Scenario. A third scenario, the
Baseline Scenario, is the average of the other two. Separate scenarios have
been made for three clusters of countries already defined above: the socalled Northern, Southern and Central and Western clusters.
The household scenarios had to meet a number of conditions. First of all,
they had to be made consistent with the latest set of long-term European
Population Scenarios (De Beer and De Jong, 1996) and with the new Labour
Force Scenarios (De Jong, 1999). Three long-term European Population
Scenarios are distinguished: the Low, Baseline and High Population
Scenario. Also, Low, Baseline and High Labour Force Scenarios were made.
Furthermore, consistency with (six) national household projections was
preferred.
For several reasons, however, the scenarios do not completely correspond
with these projections. The main reason is that the scenarios differ from
official projections by their nature. National statistical agencies often
attempt to make a projection of the most likely future, whereas the European
Household Scenarios aim to explore realistic boundaries of future household
developments within the context of consistency with European Population
and Labour Force Scenarios.
The age- and sex-specific patterns of the three clusters are illustrated by
the age patterns of Italy, the Netherlands and Finland (figures 1, 2 and 3).

Italy

90+
90+
90+

90+

80-84

70-74
70-74

80-84
80-84

80-84

60-64
60-64
60-64

70-74

60-64

70-74

40-44

50-54
50-54

40-44
40-44

50-54

40-44

50-54

30-34

20-24
20-24

30-34

30-34

10-14
10-14

30-34

%

10-14

0
20-24

0

10-14

20
90+

40

20
80-84

60

40

60-64

60

70-74

80

40-44

80

50-54

%
100

20-24

%
100

0-4

90+

0-4

0

20-24

0-4

90+

70-74

0
70-74

20
80-84

40

20
60-64

40

50-54

60

40-44

80

60

20-24

80

30-34

%
100

0-4

%
100

0-4

Living at the
parental home

80-84

0
60-64

20

0
40-44

20
50-54

40

20-24

60

40

30-34

60

0-4

80

10-14

80

0-4

%
100

10-14

Living with
a partner

Females
%
100

10-14

Living alone

Males

30-34

68

Fig. 1: Population in Italy by sex, age and household position in 1995 and 2025, as percentages
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The Individualisation Scenario is also consistent with the Low Labour
Force Scenario in terms of qualitative economic assumptions. The
assumption of an unfavourable economic climate in the Low Labour Force
Scenario will somewhat counteract the assumed increase in the number oneperson households. It will also make the wish of a growing number of young
people to live independently from their parents impracticable. Both
Scenarios are consistent with the population structure of the Low Population
Scenario.

The Family Scenario
In the Family Scenario it is assumed that the slowing down of secularisation,
emancipation and individualisation, together with a relatively strong
economic growth, will lead to an increase in the number of couples at all
ages. In the Family Scenario, the process of leaving home is accelerated due
to a relatively strong economic growth. Leaving home earlier leads to earlier
union formation and thus to more couples at young ages. The age pattern of
living alone at young ages hardly changes. The proportions of middle-aged
people living with a partner increase slightly, due to a slowing down of
union instability. As a result the proportions of people living alone at these
ages stabilise. The relatively low proportions of people living in another
household position do not change significantly in the Northern cluster. In the
Central and Western and especially in the Southern cluster, proportions
decrease at older ages, because of the diminishing influence of multi-family
households.
The Family Scenario is consistent with the High Population Scenario and
the High Labour Force Scenario. The Family Scenario is therefore coupled
with expectations such as high fertility, high life expectancy and a
converging trend in sex-specific life expectancy. These assumptions,
together with the assumption that this is a family-oriented scenario, will lead
to a relatively large increase in the proportions of persons living with a
partner. This increase is further stimulated by the fact that there will be a
relatively strong economic growth, according to the High Labour Force

Scenario, which is also consistent with the population structure of the High
Population Scenario.

The Baseline Scenario
A third household scenario, called Baseline Scenario, is an average of the
other two household scenarios. Until 2000, historical trends are largely
continued. Its population structure is identical to the Baseline Population
Scenario. This household scenario should not be interpreted as the scenario
which predicts the most likely future.

Convergence or divergence?
As shown above, differences between Southern Europe and the rest of
Europe with respect to children living at the parental home have increased.
Trends in living alone show a completely different picture. In a general
sense, there are leading, middle-bracket and lagging countries, closely
corresponding with the Northern, Central and Western, and Southern
European countries. This general picture is supported by a number of studies
of household trends and living arrangements in Europe which show that the
Northern European countries lead the way with regard to new demographic
developments, whereas Southern European countries seem to be lagging
behind (Blossfeld et al., 1993; Van de Kaa, 1987). On the other hand, delay
of entry into a union is a common trend in most countries.
Empirical analyses provide mixed evidence with regard to the longstanding debate on the issue of convergence or divergence in future
household trends in Europe. Broadly speaking, discussions evolve around
the question of whether or not country-specific demographic differences in
Europe since the mid-1960s will continue to diminish. Demographic
changes since the beginning of the 1960s can be understood in terms of the
so-called second demographic transition (Lesthaeghe and Van de Kaa,
1987). In principle, the second demographic transition assumes that at some
time in the future, all countries will have gone through this transition. Those
on favour of convergence argue that the transition will lead to more
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Tab. 5: (continued)
Number of persons by household position; three scenarios.
1995

Individualisation Scenario

2010
Baseline
Scenario

Family
Scenario

2025
Baseline
Scenario

Family
Scenario

85.6
71.3
2.7
1.4
12.8
7.3
2.8
1.3
10.2
5.3
1.8
1.6
2.2
2.1
14.1
12.7
16.4
17.8
1.0
0.7
0.11
0.09
3.6
3.5
13.9
12.4
1.1
1.4
1.1
1.3
1.9
2.4

96.9
59.4
3.1
1.2
14.3
6.2
3.1
0.9
11.5
3.7
2.1
1.3
2.6
1.7
16.0
10.6
18.6
15.4
1.2
0.5
0.14
0.07
4.4
3.0
15.2
10.4
1.3
1.2
1.2
1.1
2.3
2.1

111.7
45.5
3.4
0.9
16.0
4.9
3.4
0.5
13.3
2.0
2.5
0.9
2.9
1.2
18.6
8.1
21.9
12.5
1.4
0.4
0.17
0.04
4.9
2.3
17.7
8.0
1.5
1.0
1.4
0.9
2.7
1.8

172.8
22.2
5.4
0.5
26.0
3.7
4.8
0.7
18.6
2.6
3.7
0.6
4.3
1.0
27.7
3.2
38.1
4.0
1.4
0.4
0.20
0.03
7.7
0.6
26.3
4.1
2.3
0.1
of con2.2
0.3
4.0
0.4

201.2
23.9
6.1
0.6
29.3
4.3
5.6
0.8
21.4
3.1
4.3
0.7
5.1
1.1
32.0
3.3
45.1
4.0
1.7
0.4
0.25
0.04
9.2
0.6
31.0
4.0
2.8
0.2
2.6
0.4
4.8
0.4

232.7
25.8
6.9
0.7
32.8
5.0
6.5
1.0
24.6
3.6
5.1
0.8
6.0
1.2
36.7
3.5
53.1
3.9
2.0
0.5
0.31
0.05
10.7
0.6
36.1
4.0
3.3
0.2
3.0
0.5
5.7
0.4

Individualisation Scenario

x 1 000 000
Number of persons living at
alone
parental home
EU
118.4
42.0
103.7
62.6
Greece
3.7
0.8
3.2
1.3
Italy
20.4
4.6
16.6
6.6
Portugal
3.8
0.5
3.3
1.0
Spain
15.9
1.5
13.0
4.0
Austria
2.5
0.9
2.2
1.4
Belgium
2.9
1.1
2.6
1.8
France
18.1
7.0
16.4
10.9
Germany
22.2
12.7
20.0
16.8
Ireland
1.5
0.3
1.2
0.5
Luxembourg
0.13
0.04
0.13
0.07
The Netherlands
4.6
2.0
4.2
2.9
United Kingdom
17.6
7.1
16.1
10.7
Denmark
1.4
1.1
1.3
Finland
1.3
0.9
1.2
Sweden
2.4
1.7
2.2

108.1
51.0
3.4
1.0
17.1
5.5
3.4
0.7
13.4
2.6
2.3
1.1
2.8
1.4
17.1
8.9
20.9
14.2
1.3
0.4
0.14
0.05
4.6
2.4
16.5
8.7
1.4
1.1
1.3
1.0
2.4
1.9

114.5
38.9
3.5
0.8
17.7
4.4
3.5
0.3
14.2
1.3
2.5
0.8
2.9
1.0
18.3
6.8
22.5
11.5
1.3
0.2
0.15
0.03
4.8
1.8
17.7
6.7
1.5
0.9
1.4
0.8
2.5
1.6

Number of persons living in
with
other
a partner
household positions
EU
179.5
26.4
175.5
24.7
195.0
25.4
215.4
26.1
Greece
5.1
0.7
5.3
0.6
5.7
0.6
6.2
0.7
Italy
26.1
4.9
26.3
4.5
28.6
5.0
30.9
5.4
Portugal
4.6
1.0
4.7
0.8
5.2
0.9
5.8
1.0
Spain
17.9
3.7
18.6
3.2
20.6
3.4
22.8
3.7
Austria
3.7
0.7
3.7
0.7
4.1
0.8
4.5
0.8
Belgium
4.7
1.3
4.2
1.3
4.8
1.3
5.4
1.4
France
28.5
3.3
27.9
3.2
30.9
3.3
33.9
3.3
Germany
41.6
4.2
40.1
3.9
45.0
3.8
50.2
3.6
Ireland
1.4
0.4
1.4
0.4
1.6
0.4
1.7
0.5
Luxembourg
0.20
0.04
0.20
0.04
0.23
0.04
0.26
0.05
The Netherlands
8.1
0.6
7.9
0.6
8.8
0.6
9.7
0.6
United Kingdom
28.4
4.6
26.5
4.5
29.7
4.4
33.1
4.2
Denmark
2.5
0.2
2.4
0.2 between2.7
0.2
3.0
0.2
uniformity
in household
structures
countries. Opponents
Finland
2.4
0.4
2.3
0.4
2.5
0.4
2.8
0.4
Sweden
4.3
0.4
4.1
0.4
4.5
0.4
5.1
0.4

vergence argue that there are many variations in
time and space that do not really show a declining
trend. They say that differences in household
structures between countries cannot solely be
interpreted as differences in the rate at which
countries follow the basic demographic changes
as described by the demographic transition
(Kuijsten, 1996).
In the Individualisation Scenario, focusing on
developments in trends in living alone, it is
assumed that the Northern countries lead the way
ahead of the Central and Western countries, which
in turn are followed by the Southern countries. In
the Family Scenario, it is assumed that differences
between the various countries remain more or less
stable over time. Within the clusters, future trends
will differ between the countries to a certain
degree, due to different population structures.
No time series are generally available for the
institutional population, nor are there sufficient
other sources of information. For these reasons
(estimated) age profiles of the institutional
populations are assumed to be constant over the
period 1995-2025.

5.

Main results of the scenarios

All three scenarios predict an increasing
institutional population, varying from 6.0 to 7.5
million in 2025 for the European Union. As the
proportions of persons in institutional households
are held constant over time, this is a consequence
of the ageing of the population. This fact
emphasises the importance of the underlying
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Population Scenarios for the outcomes of the different Household Scenarios.
The Individualisation Scenario projects a declining population in private
households, from about 366 million in 1995 to 352 million in 2025. This is
mainly the result of the combination with the Low Population Scenario,
which predicts a declining overall population. The number of children living
with their parents declines from 118 to 86 million in 2025, despite the
assumption that the proportion of children living at home remains more or
less constant (table 5). The number of couples as well as the number of
persons in other household positions decline as well. In contrast, the number
of persons living alone increases from 42 to 71 million. In 2025, almost one
out of every five persons lives alone, against only one out of nine today.
Consequently, the average household size declines from about 2.5 in 1995 to
2.1 in 2025. The number of households increases from 148 to 172 million in
2025.
Even in the Family Scenario, in which it is assumed that the proportions
of persons in one-person households will remain stable, the number of
persons living alone increases to almost 46 million in 2025. This increase is
mainly due to the growing number of people, in particular the elderly
people. The growing number of persons living with a partner, from 180 to
233 million in 2025, is the result of the decline in the age at union formation
together with a slowing down in the increase in divorce rates, a higher life
expectancy of men and women and a growing population. Both the number
of persons living at the parental home and the number of persons living in
another type of household decline. As a result of these trends, the number of
private households grows by 30 million in the next three decades, while the
average household size decreases to about 2.4.

European Union
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Tab. 6: Number of persons in the EU (in millions) by sex, age and household position; three scenarios.
1995

Alone

0-19
20-64
65-79
80+
Total
0-19
With partner
20-64
65-79
80+
Total
At parental home 0-19
20-64
65-79
80+
Total
0-19
Other
20-64
65-79
80+
Total

Males
0.2
12.6
2.5
1.2
16.5
0.1
73.2
14.0
2.4
89.8
43.7
20.1
0.0
0.0
63.8
1.1
6.1
1.2
0.6
9.0

Females
0.2
10.7
9.3
5.3
25.5
0.3
76.6
11.5
1.3
89.7
41.3
13.3
0.0
0.0
54.6
1.1
10.9
3.3
2.2
17.5

Individualisation
Scenario, 2025
Males Females
0.2
0.4
23.3
19.9
6.0
11.8
2.4
7.2
31.9
39.4
0.1
0.1
64.7
67.3
18.5
16.7
3.2
2.3
86.4
86.3
31.9
30.2
14.2
9.2
0.0
0.0
0.0
0.0
46.2
39.4
0.8
0.8
5.1
9.0
1.4
2.9
0.7
1.6
8.0
14.2

Baseline Scenario,
2025
Males Females
0.2
0.4
18.5
15.0
5.2
10.1
2.6
7.5
26.5
33.0
0.2
0.5
74.8
77.0
21.3
19.6
4.5
3.4
100.7
100.5
38.2
36.0
14.1
8.6
0.0
0.0
0.0
0.0
52.3
44.6
1.0
0.9
5.5
9.2
1.6
2.9
0.9
1.9
8.9
15.0

The Baseline Scenario figures for the EU in 2025 are 388 million for the
total population and 382 million for the private population. The number of
persons living alone rises to 60 million in 2025. Whereas the number of
persons living with a partner increases as well, the number of children living
at home and the number of persons living in another type of household
decline. Again, the number of private households will increase to 175
million in 2025, whereas the average household size will decrease to 2.2 in
2025.
Figures 4, 5 and 6 show the level of convergence and divergence in the
proportions of persons living alone between countries. Figure 4 shows
proportions of persons living alone in 1995. The differences between the
clusters are clearly visible. The Individualisation Scenario assumes

Family Scenario,
2025
Males Females
0.2
0.3
13.1
9.6
4.1
8.0
2.6
7.5
20.0
25.4
0.4
1.0
86.1
88.0
24.0
22.5
6.1
4.7
116.5
116.2
46.3
43.5
13.9
7.9
0.0
0.0
0.0
0.0
60.3
51.4
1.2
1.1
6.0
9.4
1.8
3.0
1.1
2.2
10.0
15.8

convergence in household structures, in particular living alone. In most
countries more than 16 per cent of the population lives alone in 2025, except
in the Southern European countries (figure 5). On the contrary, figure 6
shows that no convergence is assumed in the Family Scenario. The
proportions of persons living alone are very similar to the proportions
observed in 1995, which means that existing differences between countries
will persist.
Developments in the numbers of people by household position differ
between men and women and between age groups (table 6). In all scenarios
and countries, the number of men living with a partner is similar to the
number of women living with a partner.
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The numbers of men and women living alone in the EU both increase by
about 15 million until 2025 in the Individualisation Scenario. The increase in
absolute numbers is, for both sexes, largest for the age group 20-64 years.
The relative increase among men, however, is largest for those in the age
group 65-79 years.
The Family Scenario projects an increase in the number of men living
alone and a stabilisation of the number of women living alone. The increase
for men takes place in all age-groups, whereas an increase for women only
occurs among those younger than 20 and older than 80 years. Among 65-79
year old women a relatively large decline takes place, which is the result of
the increase in the number of women living with a partner.
The Individualisation Scenario projects a decline in numbers of persons
living with a partner in 2025, caused by decreasing numbers of these people
aged between 20 and 65 years. There is, however, an increase in the number
of people older than 65 years, especially for women.
In the Family Scenario the total number of men and women living with a
partner increases by 30 % to about 233 million in 2025. The assumption of
union formation at an earlier age in the Family Scenario leads to an
increasing number of people younger than 20 years living with a partner.
The increasing numbers for the age groups 20-64 years and 65-79 years are
the result of increasing population numbers and increasing proportions of
people, especially women, living with a partner.
It has been assumed that the majority of people younger than 20 years live
at the parental home. For this age group the number living at home decreases
in the Individualisation Scenario and the Baseline Scenario, whereas it
increases in the Family Scenario. The decrease in the Individualisation
Scenario is the result of low fertility leading to smaller new birth cohorts
together with a stabilisation or a small decrease in the proportions of persons
living at the parental home. The increase in the Family Scenario is due to a
relatively high fertility, despite the assumed decrease in the proportions of
people living at the parental home. The number of people of 20 years or
older living at the parental home falls in all three scenarios.
The numbers of people in other household positions are comparatively
small. These numbers usually decrease for men and for women. They

increase, however, for men of 65 years or older. In all three scenarios fewer
women live in another household position. Fewer elderly women, in
particular, are members of a multi-family household.

Notes
1) For several reasons this first set of internationally consistent household scenarios
should be used with caution. First, due to the use of sample survey data (LFS),
the base population structure is subject to measurement errors (see also Alders
and Manting, 1998a). Second, most countries of the European Union have little
or no experience with household projections, and therefore our knowledge on
their errors is limited. Third, first comparisons with observed trends indicate that
the Family Scenario might underestimate the number of one-person households
in the short run.
2) Due to the late arrival of Swedish data, no thorough analyses could be made for
Sweden. The data for Sweden arrived in July 1998 when the project was already
finished. For this reason there is no extensive assessment of the data source, no
description of recent trends in household positions in Sweden and no trend projection up to 2000 for the case of Sweden. It has been decided to include
scenarios for Sweden, in order to give a complete picture of the future
development in numbers and types of households for the whole European Union
instead of for the European Union without Sweden.
Household figures for the base year are estimated from the EU-regulated 1995/1996
Labour Force Surveys. These Eurostat data sets do not always correspond
exactly with the data published by the countries. This is due to various aspects,
such as different weighing procedures, different kinds of data subsets, mid-year
figures instead of figures for 1 January, and possibly differing definitions.

European Union
Fig. 4: Proportions (in %) of persons living alone in the EU, 1995
(observations)
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Fig. 5: Proportions (in %) of persons living alone in the EU,
Individualisation Scenario, 2025
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European Union
Fig. 6: Proportions (in %) of persons living alone in the EU, Family Scenario, 2025
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Providing Long-Term Care for the Elderly in Germany★
Projections on Public Long-Term Care Insurance Financing

Heinz Rothgang

In this paper, the financing implications for the statutory public long-term care
insurance (LTCI) in Germany shall be examined. In section 2 basic information
about this insurance system is provided, in section 3 a simulation model is
introduced and in section 4 the development of the number of LTCI beneficiaries is
discussed. Based on the respective results, expenditure can be calculated (section
5). Using information about contributory income the contribution rate necessary to
finance the insurance system can be derived (section 6). In section 7, finally, the
major findings are summarised.

2.
The newly introduced Long-Term Care Insurance in
Germany
1.

Introduction

As a general trend in OECD countries the mortality has been declining for decades
while fertility is remaining below replacement rate. As a consequence, the
population is ageing (see e.g. Höhn 1996; Enquete Commission 1998, chapt. 1).
Against this background problems connected with the provision of long-term care
for more and more elderly have become a major concern for Western welfare
states, leading to respective legislation in Austria, Germany, Japan, and
Luxembourg, and ongoing debates in England, Finland, France and Italy about the
necessity to introduce new social security systems.1 Any social security systems for
long-term care, however, will have to deal with growing expenditure on long-term
care due to the demographic change but also for other reasons.

In 1995 a statutory long-term care insurance (LTCI) was introduced in Germany
covering about 90 % of the population.2 Those who have private health insurance
are obliged to buy private long-term care insurance guaranteeing at least as much
coverage as public funds do. As a result, more than 99 % of the population are
eligible for respective benefits. 3 Public long-term care insurance is almost entirely
financed through contributions calculated as a legally fixed percentage of
individual gross earnings up to a contribution ceiling. Following the pay-as-you-go
principle contributions are spent within the same period. The building up of a
capital stock is not intended.

★ Revised version of a presentation at the BiB workshop "Projections of living

arrangements, household and family structures" in August 1999. The paper was finished
early 2000 and uses data available then. For projections based on more recent
demographic forecasts see Rothgang, Heinz (2002): Projections of Public Long-Care
Insurance Financing, in: Conrad, Harald / Lützeler, Ralph (eds.): Ageing and Social
Policy - A German-Japanese Comparison, München: Iudicum, forthcoming.
1 For an overview see Eisen 1998; Igl 1995; MISSOC 1999; OECD 1996; Sieveking
1998; Schulte 1997, and Pacolet et al. 1998.

2

For a more detailed description of the institutional arrangements see Igl/Stadelmann
1998; Schulte 1996, and Rothgang/Schmähl 1995.
3 Contrary to the Japanese insurance system, benefits are not limited to the elderly in
Germany.
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Tab. 1: Monthly LTCI benefits
Grade of severity

I
II
III
Special Cases
a

Home care
Family care
400
800
1 300

Professional care
750
1 800
2 800
3 750

Nursing home
carea
2 000
2 500
2 800
3 300

Figures are valid until 31-12-2001. Apart from that, however, there is an upper
limit of 2800 DM per case (special cases excepted) and a ceiling on the average
at 2500 DM per month.

There are three grades for those eligible for LTCI benefits: those who are
considerably (grade I), severely (grade II) or very severely (grade III) in need of
care. Severity of need is measured with respect to the ability to perform activities
of daily live without help. Benefits, which are not means-tested, depend on these
three grades of severity of need. Benefits include cash benefits for family care, in
kind benefits for professional home care, and a certain allowance for nursing home
care. Beneficiaries in home care are allowed to choose between and even to
combine cash and in kind benefits. Table 1 contains the respective amount of
money.
Apart from those LTCI provides additional benefits. In order of budgetary
relevance,
contributions to the pension funds for non-professional caregivers,
funding for day-, night- or short-term nursing home care,
payments for substitutes while non-professional caregivers are on holiday, and
special aids and teaching arrangements for non-professional caregivers
deserve to be mentioned. To calculate overall expenditure administrative costs
must be added.

Finally, the adjustment mechanism for the amount of benefits must be explained.
These amounts are neither indexed to prices or income, nor is there any provision
for regular increases. Increases rather depend on discretionary decisions of federal
government, taking into account effects on the contribution rate.

3.

A Simulation Model

Figure 1 contains the major factors determining the necessary contribution rate of
the public long-term care insurance in Germany. Since LTCI is a pay-as-you-go
system, the necessary contribution rate can be derived as the quotient of LTCI
expenditure and total contributory income. The development of the former is
calculated within the simulation model, while projections for the latter are taken
from a study by Prognos (1998).
Of course, LTCI expenditure can be calculated as a product of the number of
beneficiaries and the average expenditure per beneficiary. Apart from the legal
definition of being in need of care, the number of beneficiaries depends on ageand sex-specific care probabilities and level and structure (age and sex) of the
population. Average expenditure per beneficiary on the other hand is determined
by the grade composition of beneficiaries, the type of care chosen, and the
respective LTCI benefits. The former depend on numerous other factors, while the
development of the latter can be influenced through repercussions from the
development of the contribution rate.
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Fig. 1: Determinants of LTCI contribution rate
adjustment of benefits in order to keep
contribution rate constant
Family &
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4.
The Number of Beneficiaries and its
Development

Total
contributory
income

The future number of LTCI beneficiaries for a certain type
of care and grade of need of care (Nkl) for a given year can
be calculated as the sum of all products of age- and sexspecific care probabilities for this type and grade (Pijkl) and
respected population figures (Aij) multiplied with a

Contributory
obligations

In order to calculate future contribution rate, therefore, assumptions about the
population size and structure, care probabilities, utilisation patterns, LTCI benefits,
and their respective development must be made.
Demographic information for the baseline model is taken from the “8.
koordinierte Bevölkerungsvorausberechnung“, the latest scenario released from the
Federal Statistics Office (see Sommer 1994). Since this model does not contain any

scenario with a significant decline in mortality, a model
developed by Eckart Bomsdorf is used in addition.4
The care probabilities needed for further calculations are
estimated through the relative frequencies of persons in need
of long-term care among their age group and sex as
identified by Infratest in two studies covering home care
(Schneekloth/Potthof 1993) and nursing home care
(Schneekloth/Müller 1997) and kept constant over time. 5
Consequences of relaxing this assumption are discussed in
section 4.2.
Basic data on utilisation patterns can be taken from the
statistics published by the Federal Department of Labour.
For some minor types of benefits data from sickness funds
must be utilised additionally. Future utilisation patterns,
however, must be assumed.
The latter also applies for LTCI benefits, the actual
amounts of which are legally fixed.

4
5

Basic results from these demographic scenarios are given in Rothgang/Vogler 1997a.
Care probabilities are given in the appendix. For the baseline model the number of
beneficiaries in West and East Germany has been calculated separately and summed up
later, calculations based on Bomsdorf’s model have been computed with care
probabilities for Germany as a whole.

parameter (f) estimating the fraction of publicly insured of all persons in need of
long-term care.6

N

kl

with

=

f

.
i

j

P

ijkl

.

A

ij

i = 1, 2
j = 1, ..., 100
k = 1, 2, 3
l = 1, 2, 3
f ≡ 0.95

sex
age
type of care
grade of need of care, and
fraction of publicly insured frail persons.

Formula (2) yields the overall number of LTCI beneficiaries for each year.

Number of LTCI beneficiaries

2.000.000

1.500.000

1.000.000

500.000

2010

2020

2030

2040

Year
home care: grade I
home care: grade III
nursing home care for the disabled
6

=
k

l

N

kl

Results
(1) from these calculations depend on the demographic assumptions and the
care probabilities used. In section 4.1 a baseline model is calculated using the low
migration scenario (“Variante 1”) of the Federal Statistics Office’s demographic
forecast and constant care probabilities. In section 4.2 variations of the
demographic development and declining care probabilities are considered.

4.1

Results from the Baseline Model

Figure 2 contains the results from the baseline model. According to this model the
number of LTCI beneficiaries rises from 1.760 million in 2000 to 2.386 million in

Fig. 2: Number of LTCI beneficiaries according to the baseline model

0
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N
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home care: grade II
nursing home care for the elderly

Based on the number of all publicly and privately insured beneficiaries in 1996 (see
BMA 1997: 20f.), the value chosen for f is 0.95.
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2040, which is an overall growth of about 35.6 %. Interestingly enough, the growth
rate is much higher for people in nursing home care (42.1 %) than for people in
home care (32.8 %),7 due to a higher institutionalisation rate among the very old
persons in need of care (see Rothgang 1997: 91 for details).

4.2
Effects of Changing Morbidity, Mortality and Migration
Patterns
The robustness of this forecast against changes in demographic assumptions can be
checked by variations of migration and mortality patterns.8 The “8. koordinierte
Bevölkerungsvorausberechnung” contains three scenarios, allowing for a net
immigration of 100 000 (“Variante 1”), 200 000 (“Variante 2"), and 300 000
(“Variante 3”), respectively. Hence a kind of “migration effect” can be calculated
as the difference between the number of LTCI beneficiaries resulting from the high
and the low migration scenario. The computed overall difference in 2040 is about
149 thousand, which is about 6 % of the total number for this year according to the
baseline model. Migration therefore is of minor importance for the number of
beneficiaries and LTCI expenditure and can even reduce the contribution rate if
migrants can (partly) be integrated into the labour market (see Rothgang/Vogler
1997b for respective calculations).
Mortality has been declining ever since mortality tables have been calculated in
Germany (see Buslei 1995 and Meyer/Paul 1991 for an overview). Whereas for a
long time in the past declining infant and child mortality has been the major reason
for this, in the last few decades the increase in life expectancy has been particularly
driven by rises in the further life expectancy of the elderly. Nevertheless, in its projections the Federal Statistics Office has always been very conservative concerning
a further decline in mortality.
7

Since benefits for nursing home care for the elderly and nursing home care for the
disabled differ, in figure 2 both types are distinguished. The given growth rate,
however, relates to both types of nursing home care.
8 See Rothgang/Vogler 1997a for details. Since long-term care predominantly occurs in
high age, fertility figures are fairly irrelevant.
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As Table 2 demonstrates, the Federal Statistics Office’s estimated life
expectancy has been much lower than the one projected by other demographers and
economists at about the same time. More recent projections (see Schäffer 1996 or
Birg et al. 1997) assume even higher increases in life expectancy. Hence, it is
sensible to check the effects of higher life expectancy on the number of LTCI
beneficiaries.
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Tab. 2: Life expectancy at birth in Western Germany in 2040 (in years)

Men
Women

Stat. Bundesamt
8. koord. Bevölkerungsvorausber.)
74.7
81.1

DIW

75.7
82.1

Birg/Flöthmann
(„erweiterte Standardvariante“)
75.2 – 76.2
81.7 - 82.7

Börsch-Supan
(„wahrscheinlichstes
Szenario“)
78.7
85.7

Source: Buslei 1995: 31, based on Birg/Flöthmann 1993; Börsch-Supan 1995 and DIW 1993.

Tab. 3: Number of LTCI beneficiaries and its development
Year
Numbers in 2000 (in tsd.)
Numbers in 2040 (in tsd.)
Baseline model
plus mortality
plus migration
Overall Growth in %
baseline model
plus mortality
plus migration

Home Care
1 245

Nursing Home Care
489

Together
1 667

1 566
1 812
1 668

695
826
734

2 260
2 638
2 401

32.8
53.7
41.5

42.1
68.9
50.1

35.6
58.2
44.0

Source: own calculations.

In the early 90s Bomsdorf used a trend analysis to compute a population forecast
for the elderly with continuously declining mortality (Bomsdorf 1993 and 1994;
Bomsdorf/Trimborn 1992) resulting in a much higher domestic old-age population
than in the Federal Statistics Office’s forecast.9 He also computed a reference
scenario which basically follows the assumptions from the Federal Statistics

Office.10 Comparing the number of LTCI beneficiaries resulting from the
combination of constant care probabilities and both of Bomsdorf’s scenarios yields
a “mortality effect”.
Declining mortality leads to an additionally 399 thousand beneficiaries in 2040,
which is equal to 17 % of the number according to the baseline scenario. Including
the “mortality effect” overall growth goes up from 35.6 % to 58.2 % (Table 3).
Taking into account that Bomsdorf’s approach might still underestimate the effect,

9

10 Bomsdorf (1994: 10), however, explicitly exludes migration from his model to receive

The assumed gain in life expectancy was regarded high when the forecast was published
but seems almost moderate compared to recent projections.

pure effects of mortality and fertility.

Providing Long-Term Care
we have to concede that a mortality decline is of much higher relevance for LTCI
expenditure than variations in migration patterns. Moreover, additional
contributions from the elderly are by far insufficient to counter additional expenditure (Rothgang/Vogler 1997b).
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Tab. 4: Age of main caregivers
Age
Absolute percentage Cumulated percentage
< 18 years
18-29 years
2
2
30-44 years
17
19
45-64 years
49
68
65-74 years
21
89
75 years and older
10
99
Missing data
1
100
Source: Schneekloth/Potthoff 1993: 128.

Fig. 3: Declining ratios of caregivers
100

Index (1993=100)

90
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40
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Year
women aged 20-65

women aged 45-60

women aged 45-69

If mortality is declining, however, the assumption of constant age-specific care
probabilities becomes highly disputable. Though the dispute between those who
believe in a compression of morbidity (Fries 1980) at the end of life and thus a gain

in disability-free years and those like Verbrugge (1994) who expect the additional
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lifetime to be spent in bad health is not yet settled, 11 evidence rather suggests that
age-specific morbidity is declining.12 A simulation computed with the predecessor
of the Federal Statistics Office’s forecast used here yielded a decline in the number
of LTCI beneficiaries of about 16 % if the care probabilities are shifted two years
to the right (Rothgang 1997: 250f.).13 Thus, the mortality effect might be countered
through a “morbidity effect” of similar weight. Changes in mortality must therefore
be regarded as a serious risk to LTCI financing. As long as reliable data on the
development of care probabilities over time are not available, however, we must
not jump to any rapid conclusions.

argument for the likelihood of a shift towards professional care is presented,
whereas section 5.2 contains the results from simulations with different utilisation
patterns.

5.

the declining caregivers’ potential,

Expenditure According to Different Utilisation Patterns

5.1

Reasons for a Shift towards Professional Care

The long-term care act contains numerous measures to prevent a run on nursing
home care (see Rothgang 1997: 116-131 for details). However, there are at least
three secular trends that might lead to a shift towards professional care:

the growing female work participation, and
Overall LTCI expenditure (E) can be calculated as product of the number of
beneficiaries (N) and average expenditure per beneficiary ( E ).

E =N .E
with

=

k = 1, 2, 3
l = 1, 2, 3

N .E
kl

k

l

changes in family and household structures.

5.1.1 Declining Caregivers’ Potential
kl

type of care, and
grade of need of care.

The former can be taken from the above baseline model. In order to compute the
latter, information about utilisation patterns are needed. In section 5.1 a detailed
11 As a kind of compromise Kane et al. (1990) suggest that age-specific morbidity patterns

might improve for a majority of people while at the other hand an increasing share of
the elderly might be disabled and in need of long-term care (bi-modality).
12 National and international epidemiological studies reveal a declining age-specific
morbidity with respect to chronic diseases (see Borgers et al. 1999 for an overview),
and self-assessments of health status also show a declining age-specific morbidity
(Brückner 1997, Borgers et al. 1999). For a more detailed discussion see
Fachinger/Rothgang 1997 and Rothgang 1999. Declining age-specific morbidity was
also assumed in the projections published by the OECD (Jacobzone et al. 1998;
Jacobzone 1999).
13 To compute such a shift the number of persons aged x was multiplied by the care
probabilities of person aged x-2, resulting numbers were summed.

(3)
According to Schneekloth/Potthof (1993: 126) about 83 % of all main caregivers
are women, and it is hard to imagine that the share of male caregivers might
increase significantly in the future. As the breakdown in table 4 shows, about half
of the caregivers are aged between 45 and 64 and two third of them are aged
between 30 and 64 years. Hence, the future number of middle-aged women can be
regarded as a major determinant of future family care-giving. The ratio of women
of relevant age and people in need of long-term care can therefore be regarded as
an indicator of the potential for family care-giving.
Figure 3 plots the development of this ratio with 1993 as a starting point.
Though the curves differ considerably according to the age groups under
consideration, the general tendency remains stable: the ratio of caregivers will
decline indicating a decreasing potential for family care-giving.
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Tab. 6: Household structure of the elderly and of elderly in need of care
Household size

1

of persons in need of care

in grade I
33
in grade II
13
in grade III
4
total
20
of persons aged
60 and more
35
75 and more
54
Source: Schneekloth/Potthof 1993: 128; BIB 1994: 64.

2

3

32
37
30
34
52
37

17
27
26
22
9
5

4 and
more
18
23
40
24
5
5

Table 7: Non-professional care-giving according to size of household
1
care-giving
one main caregiver
different caregivers
no caregiver
Amount of care-giving
as much as needed
rarely / never
Utilisation of professional services

Household size
2
3

all types

53
25
22

89
8
4

79
14
8

77
14
9

82
18
51

93
7
31

95
5
27

92
8
33

Source: Schneekloth/Potthoff 1993: 127, 155, 177, 180.

5.1.2 Growing Female Work Participation
Caregivers bear a heavy burden, which makes it hard to continue working in the
formal labour market. As table 5 shows, almost one third of those caregivers who
worked at the beginning of care-giving stopped working, while more than one

quarter at least reduced the hours of work, and only four out of ten continued
working with unchanged hours of work.
Effects differ greatly according to the severity of need of long-term care.
Whereas more than 60 per cent of those who cared for a person in grade I did not
change their working patterns, the respected fraction was only 12 per cent among
those who cared for a person in grade III. Among the latter more than half stopped
working at all. These figures strongly support the view that care-giving and work
in the formal labour market is difficult to combine. Since younger women are
better educated and therefore receive higher wages, opportunity costs for a
resignation from the labour market will increase for future generations. Hence, a
declining willingness to care has to be expected (Enquete Commission 1994: 145).

5.1.3 Changes in Family and Household Structures
Finally, the consequences of changes in family and household structures have to be
considered. As table 6 shows, the share of persons living in single households is
much smaller among those persons in need of long-term care than among the
elderly in general. The number of persons in need of care who live in 3-, 4- or more
person households on the other hand is much higher than among the elderly.
Obviously, it is difficult for persons in need of long-term care to live in a single
household. If long-term care is needed, the respective persons rather move into the
households of their children and children in law or into a nursing home. The share
of people living in single households declines with the severity of need of care,
thus reinforcing the above interpretation.
Moreover, the share of those who do not receive as much care as needed is more
than twice as high among those in single households than among those in two ore
three person households (Table 7), while the amount of professional care received
is higher among the former.
The evidence therefore suggests a growing utilisation of professional care, if the
share of the elderly and the frail elderly that live in single households is growing as
projected by respective forecasts (see Hullen; Zeng et al. and Alders/Manting in
this volume).
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Tab. 8: Average Expenditure per Case on Home Care
Type of
Expenditure
Basic benefit (in kind / cash)
Contributions to pension funds
Special aids
Administration
Substitutes
extra amount
utilisation rate (in %)
Day / night care
extra amount
utilisation rate (in %)
Short-Time Care
amount
utilisation rate (in %)

Grade I
400
92
60
74

Family Care
Grade II
Grade III
800
1 300
184
276
60
60
74
74

Professional Care
Grade I
Grade II
Grade III
750
1 800
2 800 a
92
184
276
60
60
60
74
74
74

2 400
0.122

2 000
0.25

1 500
0.482

2 050
0.122

1 000
0.25

0
0.482

350
0.362

350
0.577

350
0.646

0
0.362

0
0.577

0
0.646

2 400
0.332

2 000
0.451

1 500
0.615

2 050
0.332

1 000
0.451

0
0.615

a For 3 % of beneficiaries in grade III benefits might go up to 3 750 DM per month (special cases).

5.2

Results from the Simulation Model

As the above section demonstrates, a shift from family to professional care is to be
expected. This can either lead to a growing share of persons in nursing home care
or to an increasing utilisation of transfers in kind for home care. In order to
estimate the fiscal effects of the latter, the following calculations are executed for
four scenarios:
Scenario 1: all LTCI beneficiaries in home care choose cash benefits only.
Scenario 2: all LTCI beneficiaries in home care choose in kind benefits only.

Scenario 3: a fixed ratio of those beneficiaries who choose cash benefits and those
who choose in kind benefits is assumed. In accordance to actual utilisation patterns
a rate of 80 (cash) to 20 (in kind) is chosen.
Scenario 4: Starting from a ratio of 80 (cash) to 20 (in kind) a shift towards in kind
benefits is assumed at a rate of one percentage point per year, thus leading to a
ratio of 40 (cash) to 60 (in kind) in 2040.
Scenario 1 and 2 mark the upper and lower limit of the expenditure corridor
whereas scenario 3 represents a status quo assumption. Scenario 4, finally, is an
attempt to compute the expected shift towards professional care and is to be
regarded as the most likely scenario.
Apart from utilisation rates for cash and in kind benefits, average expenditure
figures for other benefits must be assumed. For some additional benefits, which are
quite rarely chosen, a separate utilisation rate must also be assumed. Table 8 and 9
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contain the figures used in the below calculations.14 For those benefits that are
taken instead of cash or in kind benefits table 8 only contains the amount of
additional expenditure. Based on these data the development of overall LTCI
expenditure according to different utilisation patterns can be computed (figure 4).
According to this simulation, overall expenditure in 2040 will be about 40 %
higher as in 2000 if utilisation is kept constant (scenario 1-3). Scenario 4, however
yields an overall growth of almost 60 %.15 The importance of utilisation patterns is
also emphasised by the fact that the 2040 expenditure figure in scenario 3 is exactly
as high as the figure for 2000 in scenario 2. Hence, utilisation patterns can be as
important for LTCI expenditure as demography is.

Tab. 9: Average Expenditure per Case on Nursing Home
Care
Grade I
Grade II
Nursing Home Care for the Elderly
Basic benefits
2 000
2 500
Administration
74
74
Nursing Home Care for the Disabled
Basic benefits
500
500
Administration
74
74

Grade III
2 800a
74
500
74

a For 5 % of beneficiaries in grade III benefits might go up to 3 300
DM per month (special cases).

14 Apart from the legally fixed amounts, assumptions are based on current utilisation as

published by the Department of Labour and Social Affairs and by Germany’s largest
sickness fund (AOK). See Rothgang/Vogler 1997b for details on the sources used.
15 Respective overall growth rates are 40.3 % (scenario 1), 37,6 % (scenario 2), 39,6 %
(scenario 3) and 59,1 % (scenario 4).
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6.

Scenario 2: in kind benefits only
Scenario 4: variable ratio

Expenditure, Contribution Rate and Real Purchasing
Power According to Different Adjustment Rules

The above growth rates relate to expenditure only. In order to compute contribution
rates, the development of contributory income has to be considered as well.
Moreover, assumptions about adjustments of benefits must be made, if rising prices
and wages are taken into account. In section 6.1, therefore, a few theoretical
considerations are made, whereas section 6.2 contains the results from the
simulations.

6.1

Theoretical Considerations

Since LTCI is a pure pay-as-you-go system, overall contributions (C) must be
equal to overall expenditure (E).16
C=E
Contributions depend on the overall contributory income (Y) and the
contribution rate (R).
16 Contrary to old-age insurance there is no contribution from federal or state budget. In

the short run, however, a temporary deficit or surplus may occur.
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C=R Y

Hence, the contribution rate necessary to balance the LTCI budget can be
computed as the ration of overall expenditure and contributory income
R=E/Y
If small letters denote respective growth rates, then
r = (e – y) / (1 + y)
Since the actual LTCI budget is fairly balanced, 17 the overall income for 2000 is
assumed to equal respective expenditure (see below). Using the legally fixed
contribution rate of 1.7 % and the computed expenditure for 2000, from equation
(6) the contributory income for 2000 can be calculated. (Real) growth rates for the
development of contributory income (y) are taken from Prognos (1998).
Expenditure figures are calculated from the baseline model with utilisation
patterns according to scenario 4. LTCI benefits are adjusted according to three
scenarios: 18
Scenario A: benefits are adjusted in order to keep contribution rate stable.
Scenario B: benefits are adjusted along with prices for long-term services in order
to keep constant the real purchasing power of LTCI benefits. Since long-term care
is very labour intensive it is assumed that prices for care goods follow wages for
nurses, which are assumed to grow in line with average gross earnings as given by
Prognos (1998). As long as real wages grow, benefits therefore must be increased
in real terms.
Scenario C: benefits are adjusted according to general inflation, i.e. they are kept
constant in real term. Resulting expenditure figures are equal to those in section 5.2
(scenario 4).
In scenario A and C real purchasing power of LTCI benefits is changing over
time. Real purchasing power (X) is given as
X=B/P

(5) with

X = amount of care received
B = LTCI benefits (in cash)
P = price index for long-term care.

With (6)
respect to growth rates it follows
x = (b – p) / (1 + p)
(7)
Based on these formula and figures the development of expenditure, contribution
rate and real purchasing power can be simulated.

6.2

Results from the Simulation Model

Figure 5 contains the development for overall (real term) LTCI expenditure
according to different adjustment rules. Starting from 31.2 billion DM in 2000,
annual expenditure goes up to 48.5 billion DM (scenario A), 49.7 billion DM
(scenario C) and even 84.7 billion DM (scenario B) in 2040, respectively. Related
overall growth rates are 55.4 % (scenario A), 59.1 (scenario C), and 171.3 %
(scenario B). Comparisons of the growth rates in particular demonstrate the
importance of the adjustment rule. According to the simulation demographic
change and changes in utilisation patterns only lead to an increase of real
expenditure of slightly more than one per cent per year (scenario A and C). Rises in
real wages, however, cause an additional rise in expenditure of more than one and a
half per cent per year, if benefits are adjusted accordingly. 19
This is also reflected in the contribution rates (figure 6). Inflation-linked
adjustment (scenario C) can almost be financed by a constant contribution rate. If
benefits rise along with real wages in order to keep real purchasing power constant
(scenario B), however, the necessary contribution rate will approach 3 % by
2040.20
(8)
19 The average annual growth rates (geometric means) are 1.1 % (scenario A), 2.5 %

17 In 1998 overall expenditure of 31.05 billions DM was almost as high as overall income

(31.30 billions DM). Budgetary results for 1999 show a small deficit of 0.06 billions
DM.
18 See Rothgang (1997: 272ff.) for a formal derivation of the respective adjustment rules.

(scenario B), and 1.2 % (scenario C), respectively.
20 With 2.97 the calculated contribution rate for 2040 is 75 % higher than the starting

value of 1.7 % in 2000 (scenario B). Due to its construction scenario A guarantees a
constant contribution rate.
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If – to the contrary – contribution rates are kept constant (scenario A), real
purchasing power is declining rapidly (figure 7). According to the simulation, real
purchasing power of LTCI benefits will then be less than 60 % of its current value
in 2040. A similar figure follows from inflation-linked adjustment (scenario C).21
Hence, it is impossible to stabilise contribution rate and real purchasing power at
the same time. Politicians rather have to choose among two evils and must find
their way between Scylla and Charybdis.

21 Respective index values are 57.3 (scenario A), 100 (scenario B), and 58.6 (scenario C).
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Fig. 7: Real purchasing power according to different adjustment rules
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Conclusion

The above results depend heavily on assumptions made on processes and
parameter values. Nevertheless some general conclusions can be derived from that.
First, demographic change will lead to a growing number of people in need of
care and hence to more and more LTCI beneficiaries. Constant age- and sexspecific care probabilities given, however, demographic projections as released by
the Federal Office of Statistics only lead to an increase of LTCI beneficiaries and
thus LTCI expenditure of less than one per cent per year. Among other factors,
these results from the baseline model depend on migration and mortality patterns.

Additional (net) immigration, however, does not change findings significantly,
declining mortality on the other hand does. Fortunately, declining mortality and
declining age-specific morbidity might be siblings. Therefore, a morbidity effect
might counter the mortality effect.
Second, LTCI expenditure also depends on utilisation patterns which are in part
influenced by demographic development as well. There are good reasons to assume
a shift from family care towards professional care leading to considerable extra
expenditure. Even allowing for such a shift, however, only yields an average
annual growth rate for overall LTCI expenditure of slightly more than one per cent.
Third, a growth rate of that kind can easily be financed from economic growth if
LTCI benefits are kept constant. According to Prognos (1998), however, the
assumed rise in overall contributory income is due to rising real wages with a
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declining number of contributing employees. Since costs of long-term care
predominantly depend on wages, the very reason that causes a growing overall
contributory income would therefore lead to a dramatic decline in real purchasing
power of LTCI benefits, if adjustment is restricted to inflation or in order to keep
contribution rate constant. If benefits are adjusted in line with (average) real wages,
the contribution rate goes up due to an increasing number of beneficiaries, a shift in
utilisation patterns, and a declining number of contributing employees. According
to the simulation, contribution rate then approaches 3 per cent by 2040, which is
about 75 % above the starting value.
Though numerical results of any simulation depend heavily on the input
parameters, the trade-off between a constant contribution rate and constant
purchasing power following from the above calculations is robust against changes
in parameters. Politicians, therefore, unavoidably face a tragic choice between two
evils.
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Appendix: Care Probabilities

in %
Grade I
Men
Women
Total
Grade II
Men
Women
Total
Grade III
Men
Women
Total

in %
Grade I
Men
Women
Total
Grade II
Men
Women
Total
Grade III
Men

101
Women
Total

Used22

< 16

Care Probabilities for Home Care in Germany
16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89

0.20
0.25
0.23

0.09
0.11
0.10

0.40
0.15
0.27

0.94
0.68
0.80

1.37
0.59
0.92

2.03
1.86
1.92

3.58
2.66
2.94

4.62
5.58
5.30

6.11
8.96
8.21

[0.00]
0.04
0.02

0.14
0.25
0.19

0.25
0.08
0.17

0.85
0.14
0.48

1.17
0.49
0.77

1.09
0.72
0.85

2.54
2.57
2.56

3.03
4.79
4.28

10.86 4.69
12.16 15.44
11.82 13.10

0.21
0.26
0.24

0.11
0.08
0.10

0.06
0.06
0.06

0.20
0.25
0.23

0.09
0.05
0.07

0.76
0.29
0.46

1.01
0.55
0.69

1.29
1.16
1.20

2.47
2.58
2.55

Care Probabilities for Home Care in West Germany
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89

90+
18.45
16.35
16.81

3.69
8.53
7.47

90+

0.17
0.28
0.22

0.09
0.12
0.10

0.41
0.14
0.28

0.98
0.74
0.86

1.29
0.51
0.84

1.68
1.85
1.79

2.98
2.11
2.38

4.50
5.58
5.26

5.86
8.65
7.92

19.64
17.70
18.13

[0.00]
0.03
0.01

0.11
0.31
0.20

0.28
0.05
0.17

0.99
0.08
0.53

1.14
0.52
0.79

1.00
0.72
0.82

2.61
2.29
2.39

2.54
4.17
3.69

10.65 5.48
12.46 14.70
11.98 12.66

0.22

0.12

0.06

0.16

0.07

0.79

1.20

1.52

2.08

4.31

22 Figures in brackets were not given by Infratest, but have been estimated in order to fit to

the ones given.

in %
Grade I
Men
Women
Total
Grade II
Men
Women
Total
Grade III
Men
Women
Total

0.25
0.24

2.38
2.30

8.79
7.80

Care Probabilities for Home Care in East Germany
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89

90+

0.32
0.15
0.24

0.08
0.10

0.06
0.07
0.07

[0.00] 0.26
0.07 [0.00]
0.03 0.14
0.18
0.28
0.23

0.09
0.10
0.10

0.08
0.07

0.31
0.24

0.05
0.07

0.33
0.49

0.62
0.80

1.22
1.31

0.33
0.19
0.26

0.74
0.45
0.59

1.76
0.94
1.26

3.71
1.92
2.50

6.85
5.29
5.73

5.22
5.58
5.48

7.30 11.39
10.37 9.17
9.59 9.61

0.14
0.20
0.17

0.22
0.37
0.30

1.31
0.33
0.72

1.58
0.71
0.99

2.13
3.89
3.39

5.48
7.58
7.01

11.9 [1.7]
10.78 19.39
11.06 15.47

0.08
[0.0]
0.04

0.38 0.08
[0.0] [0.05]
0.18 0.06

0.17
0.88
0.69

4.37 [0.61]
3.52 7.15
3.74 5.70

0.62 [0.01]
0.12 0.28
0.28 0.20

Care Probabilities for Nursing Home Care for the Elderly (Alteneinrichtungen) in Germany
in %
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
Grade I
Men
0.01 0.00 0.01 0.08 0.06 0.20 0.68 0.90 2.17 3.51
Women
0.02 0.00 0.02 0.07 0.15 0.32 0.50 1.50 3.11 6.64
Total
0.01 0.00 0.02 0.07 0.11 0.28 0.55 1.32 2.86 5.96
Grade II
Men
[0.01] 0.00 0.03 0.04 0.09 0.14 0.73 0.84 2.17 2.50
Women
0.02 0.00 0.02 0.06 0.20 0.52 1.14 1.91 4.56 7.76
Total
0.01 0.00 0.03 0.05 0.16 0.39 1.01 1.60 3.94 6.61
Grade III
Men
0.00 0.00 0.03 0.07 0.11 0.19 0.34 1.17 2.41 10.45
Women
0.03 0.00 0.06 0.08 0.21 0.36 0.73 2.18 6.00 11.73
Total
0.02 0.00 0.05 0.07 0.17 0.30 0.61 1.89 5.06 11.45

Care Probabilities for Nursing Home Care for the Elderly (Alteneinrichtungen) in West Germany
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in %
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
Grade I
Men
0.00 0.00 0.01 0.08 0.04
0.1
0.74 0.95 2.37 3.71
Women 0.02 [0.00] 0.02 0.08 0.16 0.29 0.52 1.49 3.11 6.76
Total
0.01 0.00 0.02 0.08 0.11 0.22 0.59 1.33 2.92 6.09
Grade II
Men
[0.01] 0.00 0.03 0.04 0.10 0.12 0.77 0.83
1.8
1.86
Women 0.01 0.00 0.02 0.07 0.20 0.51
1.2
1.84 4.77 7.18
Total
0.01 0.00 0.02 0.05 0.16 0.37 1.07 1.54 3.99 6.00
Grade III
Men
0.00 0.00 0.03 0.07 0.12 0.22 0.34 1.13 2.65 11.39
Women 0.04 [0.00] 0.07 0.03 0.23 0.40 0.71 2.24 6.59 12.33
Total
0.02 0.00 0.05 0.05 0.19 0.34 0.59 1.91 5.56 12.12

Care Probabilities for Nursing Home Care for the Elderly (Alteneinrichtungen) in East Germany
in %
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
Grade I
Men
0.03 [0.00] 0.03 0.05 0.13 0.72
0.3
0.62 1.18 2.31
Women 0.04 0.00 0.04 0.04 0.13 0.44
0.4
1.51 3.09 6.01
Total
0.04 0.00 0.03 0.05 0.13 0.53 0.37 1.27
2.6
5.26
Grade II
Men
[0.00] 0.01 0.02 0.05 0.06 0.24 0.53 0.85 3.96
6.3
Women 0.05 0.00 0.03 0.06 0.22 0.58 0.82 2.24
3.6 10.85
Total
0.02 0.01 0.03 0.06 0.15 0.47 0.74 1.86 3.69 9.93
Grade III
Men
0.01 0.00 0.02 0.06 0.08 0.05 0.35 1.39 1.24 4.89
Women 0.01 0.01 0.02 0.26 0.11
0.2
0.84
1.9
3.26 8.57
Total
0.01 0.01 0.02 0.17 0.10 0.15
0.7
1.76 2.74 7.83
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Women 0,04
Care Probabilities for Nursing Home Care for the Disabled (Behinderteneinrichtungen) in Germany
Total
0,04
in %
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
Grade II
Men
[0,01]
Grade I
Men
0,02 0,01 0,03 0,02 0,03 0,01 0,01 [0,01] 0,03 0,24
Women 0,01
Women 0,01 0,03 0,01 0,01 0,01 0,02 0,01 0,04 [0,00] 0,01
Total
0,01
Total
0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,03 0,01 0,06
Grade III
Men
0,03
Grade II
Men
0,01 0,07 0,06 0,11 0,07 0,08 0,12 0,06 0,05 [0,01]
Women 0,05
Women 0,01 0,05 0,07 0,06 0,05 0,03 0,02 0,04 0,07 0,28
Total
0,04
Total
0,01 0,06 0,07 0,08 0,06 0,05 0,05 0,05 0,06 0,22
Grade III
Men
0,02 0,02 0,02 0,04 0,01 0,02 [0,01] [0,00] 0,01 [0,00]
Women 0,02 0,02 0,01 0,02 0,00 0,03 0,01 0,06 0,09 0,33
Total
0,02 0,02 0,02 0,03 0,01 0,03 0,01 0,04 0,07 0,25

Care Probabilities for Nursing Home Care for the Disabled in West Germany
in %
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
Grade I
Men
0,01 0,01 0,03 0,01 0,04 0,01 [0,00] [0,02] [0,00] 0,16
Women 0,01 0,03 0,01 0,02 0,01 0,02 [0,00] 0,05 [0,00] [0,01]
Total
0,01 0,02 0,02 0,02 0,02 0,01 [0,00] 0,04 [0,00] 0,04
Grade II
Men
0,01 0,08 0,07 0,12 0,08 0,10 0,14 0,02 [0,00] [0,00]
Women 0,00 0,05 0,07 0,07 0,06 0,02 0,01 0,03 0,08 0,13
Total
0,01 0,06 0,07 0,09 0,07 0,05 0,05 0,02 0,06 0,10
Grade III
Men
0,02 0,02 0,03 0,04 0,01 0,02 [0,01] [0,00] [0,01] [0,08]
Women 0,02 0,02 0,02 0,02 [0,01] 0,04 [0,00] 0,05 0,09 0,31
Total
0,02 0,02 0,02 0,03 0,01 0,03 [0,00] 0,03 0,07 0,25

Care Probabilities for Nursing Home Care for the Disabled in East Germany
in %
< 16 16-39 40-59 60-64 65-69 70-74 75-79 80-84 85-89 90+
Grade I
Men
0,03 0,02 0,01 0,03 [0,10] [0,01] 0,09 [0,00] 0,15 0,67

0,01
0,01

0,01
0,01

[0,00]
0,01

0,01
0,01

0,01
0,01

0,05
0,06

0,00
0,00

[0,00]
0,04

0,04
0,17

0,07
0,06
0,07

0,04
0,03
0,03

0,04
0,03
0,04

0,02
[0,00]
0,01

0,00
0,07
0,05

[0]
0,06
0,04

0,23
0,12
0,15

0,30
0,03
0,10

[0,13]
1,03
0,83

0,01
0,02
0,02

0,00
0,00
0,00

0,01
0,01
0,01

0,02
0,01
0,01

0,04
0,08
0,07

[0,02]
0,38
0,30

0,03 [0,00] [0,00]
0,01 0,06 0,09
0,02 0,04 0,06

Housing and Services for Seniors
On the Response of Housing Associations to the Demographic
Ageing Process

the best chance to remain competitive. The ageing process of the German
population means a special challenge for the branch as it becomes apparent
that the growing number of seniors do not come across an adequate housing
supply.

The second national senior report revealed that more than nine out of ten
people aged 65 and older live in accommodation without special features for
seniors (Bundesministerium für Familie, Senioren, Frauen und Jugend 1998:
Peter Fehr
94; cf. Figure 1). It is true that many elderly people are still in a healthy
condition, but in the course of ageing it becomes increasingly difficult to
stay in a normal flat. Only 7.3 % live in special accommodation for seniors.
Most of them (3 %) can be found in nursing homes which are designed for
very frail patients. Senior flats with specially designed doors, sanitary
The housing industry traditionally pays much attention to demographic
equipment, floors and other features account for 1.7 %. An equal number
projections, especially concerning household size and living arrangements.
live in old age homes which can be appropriate for people who are
Housing investments are made for generations and building concepts which
considerably frail.
take into consideration long-term changes in household constellations stand
Senior housing is not only an architectural matter but also a
question of service provision. Both components must fit to ensure an
independent living. Figure 2 shows the proportion of people in need
of regular health care services and housekeeping support depending
Fig. 1: Housing options inhabited by people aged 65 and older
on the age of a person (Schneekloth et al. 1996: 109-112). It is typical
for younger seniors that a helping hand in the household is more
frequently required than health care. Whereas the share of those
Common
0,3 % Service-oriented housing
housing
needing housekeeping support increases proportionally with age, the
1,7 % Senior flats
need for health care services grows exponentially. Finally, in the age
group
of 85 and older both levels nearly equal at about 30 %.
0,7 % Other homes/residences
A projection by Höhn et al. shows that the absolute number of
1,6 % Old age homes
92,7 %
7,3 %
people in private households who need health care services should be
about 1.2 Mio. in 2000, rising up to 1.6 Mio. in 2030, whereas the
number of those in need of housekeeping support will rise from 2.3
Nursing
homes
3%
Mio. to 2.9 Mio. (Höhn et al. 1997: 110). If only for that reason, the
matter of service supply will become increasingly important and it
Senior housing
has to be kept in mind that long-term care insurance does not cover
the costs of housekeeping services. The corresponding benefit
payments by health insurance are also very limited.
Source: Bundesministerium für Familie, Senioren, Frauen und Jugend (ed.): Zweiter Altenbericht - Wohnen im Alter, Bonn 1998, p. 94.
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Fig. 2: People in need of home help services by age group
People concerned in private households as a share
of the entire population of this age group (in %)

Regular need of health care services

30

28,2

Need of housekeeping support

26,3

19,4

20
13,2
10,7
8,6

10

6,2

6
1,7

3,2

0
65-69

70-74

75-79

80-84

85 and older

Age
Source: Schneekloth, U. et al.: Hilfe- und Pflegebedürftige in privaten Haushalten - Endbericht, Stuttgart/Berlin/Köln 1996, p. 111.

Fig. 3: General willingness to pay regularly for
amenity services by age group
Mean budget for services provided by the housing company in DM per month
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35
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25
20
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The former nonprofit sector of the housing industry (Gemeinnützige
5
0
< 30 y.

30 - 39 y.

40 - 49 y.

50 - 59 y.

60 - 69 y.

70 - 79 y. 80 y. and older

Wohnungsunternehmen) in particular engages in housing models for
senior renters. This sector in Germany consists of more than 3.000
associations managing about 7 million or more than 30 % of all rented
flats in 1998 (Fehr 2000: 20). Regardless of the abolition of a special law
in 1990, which had once forced the nonprofit sector to build flats for lowincome households and in turn granted tax exemptions, social
considerations still play an important role for the management of those
companies. Due to its building history and the low mobility of its renters
many of the former nonprofit associations have to face a high quota of
elderly residents. There are housing cooperatives in which the seniors’
share among members reaches 60 % (Eichener 1997: 142). Some blocks
represent what in the USA is sometimes designated as a „NORC“ - a
naturally occurring retirement community (Coates & Jarratt, Inc. 1995:
65). Landlords who feel obliged to respond to their ageing clientele are not
only a German phenomenon; similar developments can also be observed
in other European countries (Boer/Roose 1997).
Different approaches are available to provide adequate senior
accommodation. Apart from the adaptation of flats for elderly residents it
is possible to intersperse senior flats in existing blocks of the housing
association or to build concentrated senior accommodation. The most
popular type of such projects of the recent past were service-oriented
housing centers. The focus of service-oriented housing rests on living
rather than receiving care, although an access to a broad service program is
ensured. The resident has to pay a rent which is usually above the local
average plus a regular fee for basic services. Eligible advanced services are
charged separately. Service-oriented housing should combine the
advantages of institutional care, especially the security of a professional
service provision, with the advantages of independent living (Heinze et al.
1997: 77-78).
There are different strategies to establish service provision in the
common residential areas as well. They reach from the initiation of self help
among neighbours and the cooperation with existing service suppliers to
founding an own home help agency.
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The engagement for the seniors is not only driven by social motives but
may also serve economic purposes. The problem solving ability of a housing
provider with respect to service needs can turn out to be a competitive
advantage in the marketplace, attracting new residents and raising the loyalty
of the present ones. As a consequence, the costs of resident turnover
(administration, renovation and marketing costs) may be reduced. However,
the erection of a service infrastructure produces definite upfront costs,
whereas indirect cost savings are not only difficult to estimate ex ante, but
also difficult to measure ex post. In any case it is vital for a service provider
to reach an acceptable customer base quickly, otherwise the burden of fixed
costs will cause considerable losses.
In the discussion of the market potential for senior services the increase of
the oldest old as well as the advance of single seniors, a process sometimes
referred to as the „singularization“ of the age (Heinze 1996: 10), are
interpreted as factors which should contribute to an overall growth in service
needs. At first glance, the housing industry might draw the conclusion that
these developments will also lead to rising service demands of their
customers and that it will therefore make sense to invest in the provision of
services. However, although it is proven - as Figure 1 has shown - that the
share of people who need support is relatively high among the older old, it is
not self-evident that this group would accept more services by a housing
association than their younger counterparts. For instance, they could switch
to alternative formal or informal providers when growing older.
The assumption that senior singles would use services by the landlord
more extensively than senior couples also does not have to be true.
Generally speaking, small households have a disadvantage with reference to
the efficiency of household production, they suffer from their „diseconomies
of small scale“ (Heinze/Offe 1987: 157). Besides, specialisation within a
family can lead to further gains in productivity and the flexibility of production is generally higher in larger households (Seel 1994: 147-148,
Garhammer 1988: 79). These arguments mean on the other hand that
outsourcing services is relatively favourable for a single. Whereas time
constraints may be an important motivation for working singles to outsource
household jobs, pensioners usually have enough time do to it on their own.

Although it is obvious that senior singles miss a partner to help each other,
this lack can be compensated for by several sources and must not lead to a
higher service demand with the housing association. Since a bad investment
in services can have serious financial consequences for housing associations,
it is imperative to carefully analyse the relationship between demographic
developments and service demand.
In 1998 the author of this paper conducted a case study on the service
demand of customers of Veba Immobilien AG, since renamed „Viterra AG“,
one of the largest housing associations in Germany. The first part of this
study was a series of focus group interviews, one of which was held with a
group of senior renters. The purpose of the focus group interviews was
primarily to find hypotheses about the determinants of service demand and
to limit the range of services that should be discussed in the questionnaire of
the standardised mail survey which formed the second part of the empirical
study. 1493 questionnaires had been sent to customers, 587 of which were
returned and could be used (39.3 %). The sample was representative for the
customers of Veba Immobilien in the cities of Bochum, Gladbeck and
Herten, all situated in the Ruhr area in Northrhine-Westphalia. In the
following pages some selected results with respect to the matter of this paper
will be presented (cf. Fehr 1999 for the complete study).
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Fig. 4: General willingness to pay regularly for
amenity services by senior group
Mean budget for services provided by the housing company in DM per month

35
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26,81
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Elderly Singles

Old Singles

Elderly Couples

Old Couples

Senior group

One important question to the renters was how much money they would
spend regularly per month for the use of amenity services provided by the
housing association. Figure 3 shows the mean DM-budget for services
depending on the age group of the principal earner in the respondents’
household. This budget can also be interpreted as an overall measure of the
individuals’ esteem for services of the housing association. An explanation
for the occurrence of the absolute minimum value in the class aged 60-69
years might be that this group in particular suffers from the financial
constraints of retirement, but has enough time for and is still capable of
doing household and other work on their own. As the degree of frailty
increases with age, there is a tendency of a growing willingness among the
older senior groups to pay for services. Although some well explicable

differences between the age groups are recognisable, there is no
significant connection between the budget and the age group on the
whole.1
For further analysis it is useful to concentrate on the seniors. 55 years
of age was chosen as a lower age limit because many of the customers of
Veba Immobilien come from the working class and retire at about this
age. If the seniors are subdivided into two age groups (55-69 y. = elderly
seniors or 70+ years = old seniors) and if only the most important living
arrangements of the seniors (single or couple) are included in the
analysis, one can form four senior groups by combining the two
characteristics. On the whole 243 respondents fit the scheme (37 elderly
singles, 58 old singles, 95 elderly couples, 53 old couples). The mean
budget of each group is presented in Figure 4. The means for the elderly
are about seven to ten DM lower than the corresponding sums for the
old. There is no obvious difference between singles and couples of the
same age. However, the differences between the four groups also turned
out to be non-significant.
Figure 5 shows the respective share of each of the four groups which
„sometimes on demand“ or „regularly“ use a service or help from
outside the own household for a special task. Not surprisingly old singles
are the most frequent users of external support. Considering the ten
services taken as examples, the rate of the old singles using support is
47.8 % on the average for all tasks, whereas it is 40.2 % for the elderly
singles, 27.1 % for the old couples and only 14.9 % for the elderly couples.
The weighted average for the singles is 44.8 % versus 19.3 % for the
couples. The weighted average for elderly seniors is 22.0 % as opposed to
37.9 % for the old seniors. With the exception of moving the mean (rank), of
frequency of use (regularly, sometimes on demand, never so far), differs for
all tasks depending on the senior group as well as on both living
arrangements and on both age groups.

1

The overall mean budget is 25.33 DM with a standard deviation of 40.27 DM.
As tests for significance this paper exclusively uses nonparametric tests (MannWhitney U-tests; Kruskal-Wallis H-tests) with p = 0.05.
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Fig. 5: Usage of support
depending on the task
Peter Fehr
Share of seniors using external help or services concerning
the respective task sometimes on demand or regularly

Fig. 7: Sources of support
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Fig. 6: Demand for selected services if provided by the housing
Share of seniors who would use the service definitely or probably
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The rates of present usage can be seen as first indicators of the importance
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of a service to the target group. However, the customers
were also explicitly asked if they would use the service
if it were offered by the housing association. Figure 6
shows the respective proportion of respondents who
indicated that they would „definitely“ or „probably“ use
a special service (alternative items: „probably not“,
„certainly not“). Each share can be interpreted as the
respective demand potential. In comparison to the levels
of present usage, the average figures for the demand
potential of the singles are lower. The mean rates are
only about half as large: 20.1 % for the elderly singles
and 24.5 % for the old singles. In the case of the couples,
the demand potential nearly equals the present usage:
16.6 % for elderly couples, respectively 25.4 % for the
older couples. In general, the differences between the
four groups are smaller concerning their demand
potential compared to their present usage. The
differences of mean ranks are here only significant for
the laundry service as well as for cleaning the staircase
depending on the senior group and the age group, but not
at all dependent on the living arrangement.
In addition, those respondents who presently use
external help or services were asked about the sources of
support. The results are shown in Figure 7. It is
noteworthy that the support network of the elderly
singles is very similar to that of the older couples. More
than one half of each group refers to relatives from
outside the own household, about one third to friends
and to neighbours and more than 25 % of each group to
„other persons“. The latter group may especially consist
of people doing illicit work. The support network of the
elderly couples is different in so far as the level of those
using commercial providers and friends is higher,
whereas other persons are less important to them. The
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most striking fact concerning the older singles is that they highly depend on
their relatives while the importance of friends decreases sharply.
To sum up, it can be said that - as it was expected - senior singles do more
frequently use external support than senior couples. On the other hand, it
does not mean that they would use the services of the housing association
more extensively. The average monthly sum that they would pay for services
equals the sum that would be spent by couples of the same age. Furthermore,
the demand potential concerning special services does not indicate any
significant difference between singles and couples.
With respect to the differentiation between elderly and old seniors, the
latter use significantly more support than their younger counterparts. In
some cases they would also make more extensively use of the services
provided by the housing association and there is a tendency to pay more for
it than the younger seniors. However, the average monthly service budget
for all senior groups is less than 30 DM. This sum shows the rather low
esteem for charged services and would not allow, for example, more than 70
minutes of commercial housekeeping support per month.
Elderly singles can obviously rely on a broad support network of people
they know and are not much used to formal services. In the course of time
the number of friends naturally lessens as well as their importance for the
individual support of the single. The burden of help for older singles
increasingly concentrates on the external family, while the acceptance of
formal providers rises only slightly. The differences concerning the support
network between elderly and old couples are less strongly developed.
Parallel to the singles, the family outside the own household becomes more
relevant to older couples. However, if it is true that the importance of
traditional social ties decreases, the normal family erodes, women become
increasingly involved in working life and therefore the help potential of the
family declines (Bucksteeg/Eichener 1995: 18, Wilbers 1996: 374), in the
long run the old seniors in particular will have to fall back upon alternative
sources of support.
The survey shows that it is problematic to draw simple conclusions from
demographic developments for the service market. A thorough market
research should be done by every housing association which intends to
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engage in senior services. Much patience as well as monetary input are
required to set up an effective program. Due to the business risks associated
with the service provision it is not likely that a larger share of housing
associations will become integrated housing and care organisations.
Presumably a growing number of housing providers will seek cooperations
with welfare organisations and other specialists in order to extend the ability
of problem solving for the elderly customers.
A further refinement of projections on living arrangements in different
age groups will meet the approval of the housing industry because it will
help to improve the adequacy both of housing and service provision for an
increasingly sophisticated clientele.
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30 years of age1 rarely own the apartment or house they are living in. As the
age of household heads is increasing so is the home-ownership rate, reaching
a maximum of 60 % as late as at the age of 45. The interpretation of this is
straightforward and backed by other research: as houses are comparatively
Harald Simons and Katharina Maschke
expensive in Germany, households wait or need to wait until they have
reached a stable position in terms of household formation, income and
equity.
After the age of 45 the home-ownership rate is decreasing continuously
hitting only about 30 % at the age of 75 years. This could be interpreted in
the way that households sell their house later in life and become tenants
1.
Introduction
again, most probably after the children have left the family homes to make
up their own households. But private anecdotal evidence tell us, that
In applied research on household matters or individual behaviour there
virtually no-one moves again at this age. Almost all real estate ads display
seems to be an unanimously agreed set of standard bi-variate statistics,
happy customers in their 30s rather than “empty nester households”.
which is applied regardless of the kind of research topic. Living
Reversed mortgages are unknown in Germany.
arrangements, behaviour at the
The reason for this apparent
polls, consumer preferences are
contradiction is the inappropriate
analysed by age, by income, by Fig. 1: Home-ownership by age groups 1983
interpretation of the graph. The graph
sex, by working and professional
displays the results of a cross-section
status
(blue-collar
worker,
70%
analysis based on microdata collected in
employee, retiree) and the like.
1983. Accordingly, it is a snapshot of
60%
Some researchers produce multithe situation in 1983, but does not
variate statistics by running
display
the actual behaviour of a
50%
regressions to capture correlations
representative household in the course
among those socio-economic
40%
of its life cycle. The cause for the very
variables. These analyses give
low home-ownership rate of the
30%
valuable insights but might not
household aged above 70 years in 1983
give the whole picture.
is not any change in property status. The
20%
very old households in 1983 never had
The home-ownership rate may
10%
been home-owners at any higher rate
serve as an example. Figure 1
throughout their life. The 70+ olds in
displays the home-ownership
0%
1983 were born before 1913. They were
<25
25-29
30-34
35-39
40-44
45-49
50-54
55-59
60-65
66-69
70-74
75-79
>79
rates for Western Germany in
age of household head
1983. Young households below
percentage of households

Cohort-Models – a Tool for Household Projections

Source: calculations from EVS 1983

1

empirica
The age of the household is given by the age of the household head.
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in their family phase during WWII and lost their family homes if they were
able to build them in the first place. This generation never quite recovered in
terms of home-ownership rates from the set-back caused by WWII. Whereas
those born in the 1940s began their career in the 1960s. Meanwhile incomes
had risen considerably during the “economic miracle” in the 50s and 60s.
This generation was about 50 years old in 1993 and had reached a homeownership rate of almost 61 %.
For a projection of living arrangements, information about the actual
behaviour of households in their life cycle is indispensable. Apart from age
and to a lesser extend sex, present income and the like, the year of birth is an
essential determinant, that needs to be taken into account. In what follows,
we therefore develop cohort models to analyse the actual behaviour of
households throughout their life cycle. We found stable life cycle profiles
but strong differences among individual cohorts (year of birth). The
identified patterns and differences are then used to project future housing
demand and future development of the home-ownership rate in West
Germany. In a concluding outlook, the applicability of cohort models for
further projections is discussed.
When discussing cohort-models, several different effects need to be
considered. As they might cause confusion we would like to introduce them
beforehand. We take migration as an example.
The age effect describes the fact that young persons are more likely to
migrate than older ones. Pronounced life cycle profiles as in migration can
often be observed in different research fields.
When the age structure of a society is changing – as e.g. ageing in the
developed countries – the life cycle profile of migration will lead - ceteris
paribus – to a decrease in migration. We would like to name those
interaction between age effect an demographics, the demographic effect.
The cohort effect account for the fact that one generation (cohort, i.e. year
of birth 1950-1955) might be more mobile than others. While still young
persons are more likely to migrate than older, e.g. generation X is when
young even more mobile than generation X-t when they were young. This
can be caused, e.g. by a permanent change in immigration laws in the

neighbouring country. In our opinion, those cohort effects are not
appropriately considered in some projection concerning household research.
The cohort-models described here are based on the use of cohort effects.
Finally the period effect which describes a most often sudden nonpermanent change. In migration this can be caused e.g. by a war. Still, the
other effects are still in place. Old people are more likely to remain in the
war zone than young ones, the age effect holds.
In reality all effects work together, but when attempting to calculate a
projection, the different causes for changes need to be considered.

2.

Data Requirements

For projection based on cohort models knowledge about life cycle profiles
are needed. Those life cycle profiles could best be identified by using true
panel data, where a set of given households is repeatedly observed. In
Germany only the German Socio-Economic Panel (SOEP) is available,
whose first wave dates back to 1984.
In the absence of appropriate panel data, repeated cross-sectional data are
second choice. Repeated cross-sectional data can be used to distinguish
quasi-cohorts by using the fact that the year of birth is an invariable
characteristics. A 30 year old in 1983 will be 40 years in 1993. Any other
variable, such as education, profession, marital or family status might
change and can therefore not be accounted for.
For the projections in this text, calculations use data from the Income and
Expenditure Surveys (Einkommens- und Verbrauchsstichproben – EVS)
carried out by the Federal Statistical Office in Germany. This analysis is
based on four waves of the EVS (1978, 1983, 1988 and 1993), covering an
interval of 15 years. It represents a random sample of about 0.25 % of all
households, capturing household income, consumption and wealth as well as
household size and composition. The sample is taken in five year intervals;
at the present time the 1998 survey is not yet released so the latest data set
dates back from 1993.

Cohort-Models
There are a few shortcomings of the database that ought to be noted. The
EVS is supposed to be representative. A slight “middleclass bias” due to
differing readiness to participate in the voluntary survey is cured by applying
different weights. Those weights are gained from the micro-census, an
annual 1 %-random sample with compulsory participation. Second, the
richest two percent of the population are excluded from the sample due to
representation difficulties.
1993 has been the first survey to include households headed by foreigners
and the East German population. In order to achieve historic continuity, the
present analysis can only regard West German households with heads of
German nationality.
Another problem arises with the fact that the EVS is a household survey
and thus collects data for households instead of individuals. The attribution
of a household to a specific quasi-cohorts is therefore done via the birth-year
of the household head. This can cause two effects.
The definition of household heads is unclear and is done by the
households themselves. It may be that the definition of the household head
has changed between 1978 to 1993, e.g. more often the wife regarded as the
household head. E.g. in Thailand – as Deaton and Paxson showed – there is
in average no household head younger than 30 or older than 50, due to the
definition of household heads. The main earner being the household head2,
the status of household head goes from the grandfather to his son without
change in the household composition or the grandparents move back to their
children as they grow old. In Germany, however, the number of threegeneration-households is very small, so this is not likely to have any
considerable effects on the present calculations. Secondly, there might exist
a household survival bias – in analogy to the survival bias, that is the higher
live expectancy of the more affluent population – that might have a slight
influence on the results.

2

Deaton, Angus and Christina Paxson. 1999. Growth and saving among
individuals and households. Research Program in Development Studies,
Princeton University. Page 13
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3.

The Projection of Household Numbers

Before projecting housing demand a projection of the number of households
by age structure is necessary to capture the demographic effect.
Unfortunately there has been no household projection available which would
serve our requirements (age structure, time horizon). We are looking forward to the research done meanwhile, which is supposed to be presented in
this reader. In the meantime, we had to compute our own household
projection, which can only be justified by the absence of more sophisticated
projections.
Future development of household numbers is determined by demographic
trends (concerning both numbers and age structure) and by trends in
household formation. The population prognosis of the German government’s
Interministerielle Arbeitsgruppe from 1995 is used as a base. An updated
version of the prognosis was due in January 2000, but is not available yet.
For the household formation, i.e. the relative distribution of households
grouped by household size, age and gender of the household head, one
calculation assumes constant household formation behaviour from 1997
onwards (“without change of behaviour”). Still, average household size
decreases due to the societal ageing process. The number of household
members a person lives together with changes along the life-cycle. In ageing
societies, one- and two-person households gain weight compared to younger
families with children, which results in increasing household numbers
despite decreasing population numbers.
A second projection uses a projection of household head rates until 2010
(Source: BfLR- Bundesforschungsanstalt für Landeskunde und
Raumordnung, based on German micro-census until 19913). After the year
2010 household formation behaviour is assumed to remain constant. The
values had to be slightly modified, since the most apparent changes of
housing demand per household are to be expected for households above 65,
which made a more distinguished view at these households necessary.
3

Raumordnungsprognose 2010. Themenheft 74: Materialien zur Raumordnung,
Bonn (1996). Page 6

Household heads as shares of respective population group
Harald Simons,
Katharina Maschke
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2030

1991

female
1997 2010

Household size

below 25

1
2
3
4
5

5.2
2.2
0.9
0.2
0.1

4.4
1.6
0.7
0.2
0

5.7
2.8
0.8
0.1
0.1

5.7
2.8
0.8
0.1
0.1

5.7
1.4
0.2
0
0

5.1
1.4
0.3
0.1
0

6
1.5
0.3
0.1
0

6
1.5
0.3
0.1
0

25 to 34

1
2
3
4
5

22.1
17.8
16
13.6
4.1

25.2
17.2
14.1
11.9
3.8

22.5
19.3
15.2
12.7
3.7

22.5
19.3
15.2
12.7
3.7

15.4
6.4
2.5
1
0.3

17.1
7.8
3.5
1.4
0.4

15.5
6.8
2.8
1
0.2

15.5
6.8
2.8
1
0.2

35 to 44

1
2
3
4
5

13.8
13.3
20.8
30.2
13.2

17.4
13.5
17.4
28.4
12.7

13
14.5
22.2
29.2
12.4

13
14.5
22.2
29.2
12.4

6.5
5.8
3.5
1.6
0.6

9.3
6.4
4.4
2.2
0.9

7.5
5.5
3.5
1.5
0.3

7.5
5.5
3.5
1.5
0.3

45 to 54

1
2
3
4
5

12.1
26.3
25.6
21
9.8

13.9
26.3
22.8
21.5
9.2

12.6
28
25.3
20.9
8

12.6
28
25.3
20.9
8

10.2
6
2.7
0.9
0.3

11.2
6.6
2.7
1
0.4

10
7
2.5
0.7
0.1

10
7
2.5
0.7
0.1

55 to 64

1
2
3
4
5

10.6
51.4
21.7
8.9
4.1

12.8
54.2
18.5
7
2.8

11
51.5
22
9.1
3.7

11
51.5
22
9.1
3.7

19.3
5.7
1.5
0.4
0.2

19.1
5.9
1.2
0.3
0.1

17
5.3
1.3
0.4
0.1

17
5.3
1.3
0.4
0.1

65 to 75

1
2
3
4
5 and more

11.7
70.2
10.9
2.6
1

13.1
70.5
9.6
2
0.9

13.4
73
9
2
0.9

13.4
73
9
2
0.9

43.3
5.3
0.7
0
0

39.2
4
5.1
0.7
0
0.4

75 and above

1991

male
1997 2010

Age

1
23.8
25
25
25
66.1
2
62.8
63.9
68
68
Which is why different rates of future household formation were applied4.2
3
4.5
4
4
4
0.5
4
0.7
0.6
0.6
0.6
0
5 and more
0
0.4
0.4
0.4
0

2030

(own setting) for the age groups “65 to 74” and “75 and
above” for the year 2010. Values for all other age
groups remain unchanged.
Both methods of calculation are rather rough.
Despite actual changes between 1991 and 1997 is
sometimes contradicting the direction of the projection
of the household head rates, we stick to the initial projection. In population studies, already the use of rates
of household heads is questionable. Present discussion
deals with micro- and macro-simulation procedures
that might serve as more appropriate models for
projection, and may come closer to actual
development. For the interpretation of the results this
gains importance as micro- and macro-simulation
models usually yield lower results for the average
household size in present projections for West
Germany.4 The data used here are thus quite likely to
underestimate household numbers.

39.2 Gert.
39.2 1997. „Changing Living Arrangements“. In: Vorträge auf den
Hullen,
5
5 Arbeitskreises „Bevölkerungswissenschaftliche Methoden“ der
Tagungen des
0.7
0.7
Deutschen
Gesellschaft für Bevölkerungswissenschaft. Bundesinstitut für
0
0
Bevölkerungsforschung:
Materialien zur Bevölkerungswissenschaft: 15-41, 36
or:0.4
Heigl,0.4
Andreas. (Forthcoming). „Vorausschätzung von Haushalts- und
Familienstrukturen mit einem Makrosimulationsverfahren“, Bamberg. Speech
66.6 draft,
66.6 mimeo.
66.6
3.8
0.4
0
0

4
0.4
0
0

4
0.4
0
0
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4.

Projections of future housing demand

4.1

Projection of living space demand

4.1.1 Life cycle profile in living space demand
Besides a rise in household numbers, an increase in the living space per head
can lead to a additional housing demand. Between 1968 and 1987, mean per
capita living space in Germany rose from 23.8 sqm to 35.5 sqm. This
increase in living spaces alone necessitated (in terms of calculation) annual
new construction of 370,000 new dwellings of 100 sqm. each. 5 Since 1987,
per head living space is estimated to have increased to 42 sqm., see below.
Any further rise in living spaces per head leads to huge volumina of housing
construction. Accordingly for projection of future demand, it is
indispensable to analyse the mechanisms that make per capita living spaces
grow.
Per capita living space is quite abstract as a criterion. People live in
households, where living space is – more or less - common ground for all
members. Only in one-person-households will per capita living space be
defined exactly by the floor space of the dwelling. Per capita living space in
a household can grow for two different reasons:
the household is moving to a larger dwelling, or
5

Kühne-Büning, Lidwina and Jürgen Heuer. 1994. Grundlagen der Wohnungsund Immobilienwirtschaft. 3rd ed., Frankfurt/Main. Page 209

Fig. 2: Projection of household numbers west Germany 1970-2030
35

Number of households in western Germany (millions)

The results of the household projection used for further calculations in the
text are presented in Figure 2. Accordingly, the number of households is to
increase from 30.5 mn. in 1998 to 33.3 mn. (33.1 mn. without changes in
behaviour) in 2030 despite a decrease in population numbers from 66 mn. to
63 mn. Ageing causes new housing demand.
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With changes in behaviour
Assuming no changes in behaviour

15

10
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1990

2000

2010

2020

2030

Year

Source: Microcensus, Population prognosis of German governmental “Interministerielle Arbeitsgruppe”, BfLR, own calculations
empirica

the number of household members is decreasing.
Within a household’s life-cycle both effects can be observed, see Figure
3, depending on the age of the household (age effect). Each line is
representing a specific cohort in 1978, 1983, 1988 and 1993. Young
households (in our sample the 1946 to 1966 birth cohorts), need to move to
larger dwellings as the number of household members is increasing by
marriage (or the like) and birth of children (dart 1). Movements to larger
houses are in average done latest by the age of 50, but mostly by the age of
about 45. Afterwards, per household living space remains constant. The
curves are running flat, indicating constant mean living space thereafter (dart
2).
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The picture that households stop moving at a certain
age and stay in their family homes is confirmed also by
other sources of evidence.6 Older households are not
‘retiring’ from their habitual surroundings at a
significant scale. This “remnant behaviour in housing”
leads to a rise in housing demand in ageing societies
(demographic effect). For the projection of housing
demand, we make exactly use of that fact, that living
space per household remains constant after the age of
about 45.

Fig. 3: Living space per household in the life-cycle

Average living space per household in sqm

120

2
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80

1

60

40
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4.1.2 Cohort effect

0
<25

25-29

30-34

35-39

40-44

45-49

50-54

55-59

60-65

66-69

Age groups

Source: own calculations from EVS 1978-1993

Households seem to optimise their dwelling consumption at a time in life
when household size has in general reached its max. This optimisation is
probably done with regard to income, household size and other socioeconomic factors. Later on in life, living space per household remains
constant. As it remains constant thereafter, living space per household is
thereafter independent of any socio-economic factors such as present
household income or present household size. Income or household size is
only relevant at time of optimisation, but therefore historic data would be
necessary.

The present projection for housing demand is based on
a cohort-model of living space demand based on the
data represented in Figure 3, i.e. living space per
household for any cohort. The use of 10-year age
70-74
75-79
>79
groups was necessary to match with the projection of
household numbers. The essential assumption of the
projection
is what we named the “remnant behaviour in
empirica
housing”. Looking at Figure 3 this means that the
1936-cohort (born 1934 to 38) will not move again in
old age and will – in the mean - live on more than 100
sqm. per household still in 2010. With regard to the significant “remnant
behaviour in housing” observed among the cohort’s predecessors, this
assumption is quite legitimate. Graphically this assumption results in

6

The latest Census of Buildings and Dwellings of the German official statistics
took place in 1995. Households were also interviewed with respect to
frequencies of change of dwelling in the past 10 years. 70 % of households
between 30 and 40 had moved at least once, in contrast to 15 % of households
between 60 and 70. Among the older household that had moved during that time,
only 55 % had moved to a smaller appartment, 45 % had changed to a larger
place.
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of households under 40, who have not yet moved to or
built their family homes, it remains reasonable to
conclude from their socio-economic background to their
housing demand later in life. Whether or not younger
3400000
56
1978
1983
1988
1993
generations
will experience the same upward leaps in
54
Space area per household in sqm.
Age
3200000
space
area
consumption
is a very important question at
52
this point.
<25 47,6
49,5
48,2
48,9
50
3000000
Included in Table 2 are living spaces of the birth
25-35 79,3
80,3
76,9
75,2
48
cohorts after 1951. As can be seen, the living space of
2800000
97,9
101,9
99,0
100,2
46 35-45
this cohort has not increased compared to their
predecessor. Rather, the living space even seems to have
97,5
102,0
101,8
104,7
44 45-55
2600000
slightly decreased, see the cohort that was 25 to 35 in
42 55-65
85,2
91,0
94,3
98,5
1993. Those born around 1961 lived on less space in
2400000
40
Living Space per Capita (left axis)
65-75 71,8
76,8
83,2
88,3
1993 than the 1946 cohort did fifteen years earlier.
Total living space (right axis)
38
Behavioural changes in household formation can
above 75
64,9
68,8
72,5
75,4
2200000
Actual development*
36
probably only in part be made responsible for that.
Source: own calculations from EVS 1978-1993 empirica
34
2000000
Rather, the reason is to be found in increases in ground
1985
1990
1995
2000
2005
2010
2015
2020
2025
2030
2035
and construction prices as well as the decrease in real
* Continuation of 1993 stock by completion statistics, minus 0.5% of stock p.a.
incomes of the younger generations. 7 Whether the startup position of today's young generation is continuing to
Source: own calculations
empirica
deteriorate or not, we do not want to predict. We
A
extending the cohort lines of each household older than 40 (all birth years up
therefore assumed that they will succeed in reaching the same levels as their
to 1946) in a flat line in Figure 3.
predecessors. This lack of precise knowledge on the topic of younger
households’ incomes can only be accepted in the special context of this
What drives to future development of living space per head is an cohort
projection. The effect of younger households’ dwelling consumption on
effect. Up to the 1946 cohort, each group of birth years made it to larger
gross housing demand is of minor importance for the result as a whole.
dwellings than their predecessors. One can observe upward leaps in living
Presuming e.g. that the birth cohorts after 1951 reach only 100 sqm. instead
space per household from one cohort to the next, see Figure 3, dart 3. When
of 107 as their predecessors, this changes average per capita living space
the 1911 birth cohort set up their family and moved to their family house in
the 1940s they moved to an average of 70 sqm. The 1921 cohort already
demand in 2030 at a scale of less than 1 sqm.
moved to 90 sqm. in the 1950s. The 1946 cohort is living on an historically
unequalled 107 sqm. per household. Each one of these leaps in average
household living space amplifies the demographic effect.
The present cohort model of housing requirements is restricted by the
7 Hamm, Hartwig and Harald Simons. 1999. „Vermögensbildung der Babyprojection of the housing demand of the older generations. For the age group
Total living space in 1,000 sqm.

Per capita living space in sqm.

Tab.
Fig. 2:
4:Development
Projection of of
living
space
space,
area per
per capita
households
and total, 1993-2030
by age groups 1978 to 1993

Boomer-Generation“. In: Der langfristige Kredit. 50(14). Page 468-72
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4.1.3 Projection results
Per capita living space increases to almost 48 sqm. in 2015 and further to 52
sqm. in 2030. Altogether living space in housing in Western Germany will
rise from 2.7 billion sqm. in 1993 to almost 3.2 billion in 2015. After that,
growth of the required overall living space in housing is expected to slow
down due to the amount of larger dwellings being increasingly bequeathed
and because household numbers are growing at smaller pace. After 2025, the
increase in housing demand caused by the remnant behaviour is petered out,
overall housing living space will amount to 3.3 billion sqm. Between 1993
and 1997, the housing stock rose by about 250 million sqm, which about
equals the living space blocked by the remnant behaviour.
Aberrations from these projections into both directions are likely.
However, the basic factor – living space being blocked in future by the
remnant behaviour of today’s middle aged – has a high probability. No
generation in Germany has ever had higher income or accumulated more
wealth. Not that sure is to what extent younger generations will succeed in
offsetting this effect by new construction.

4.2

Projection of home-ownership rate

growing numbers of households purchasing their own home. For the
younger cohorts, the lines blur into one another, indicating an age-effect.
Wealth and thus the chance of owning a home grows during an individual’s
life-span, a fact well known8. Stand alone, this fact will already lead to an
increase in the overall home-ownership rate in ageing societies
(demographic effect).
Compared to other European countries one might note that homeownership curve is somewhat shifted right. German household are older
when they buy their first and only family home. Caused by very high ground
and construction costs due to shortages in building ground supply and high
quality requirements9 .
Again the home-ownership rate is not decreasing after the age of 50
indicating another remnant behaviour in housing. Home-ownership rates
stay constant even in very old age. A household that has become a homeowner at one point is almost perfectly sure to stay so for the rest of their
lives.10 Notably, it would not change the home-ownership rates if bigger
family homes were sold after the children have left the household, and part
of the sales revenue were spent by the remaining members of the household
to buy a smaller apartment to live in. It was shown already that this
possibility is of no great relevance.

4.2.1 Life cycle profile of home-ownership
The projection of home-ownership rates is based on the same kind of quasicohort model as the projection of the living space. The age profile of homeownership follow almost perfectly along the same lines as living space
consumption, see Figure 5. As their is a strong collinearity between homeownership and floor space, this is not that surprising.
Figure 5 shows how home-ownership rates evolve over the life-cycle.
Each cohort consists of a group of five birth-years. Among the younger
cohorts, there is again the age effect of family foundation resulting in

8

See: Deaton, Angus and Christina Paxson. 1999. Growth and saving among
individuals and households. Research Program in Development Studies,
Princeton University; Jappelli, Tullio and Franco Modigliani. 1998. The AgeSaving Profile and the Life-Cycle Hypothesis. CSEF Working Paper no. 9.
Fisciano (SA).
9 Expertenkommission Wohnungspolitik (on behalf of the Federal government):
Wohnungspolitik auf dem Prüfstand. 10/16/1994. § 2305
10 Institutionalised households are not covered by the EVS.
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Fig. 5: Home-ownership rates in the life-cycle

Tab. 3: Home-Ownership rates by age groups from
1978 - 1993
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34,3%
37,6%
42,5%
Source: own calculations from EVS 1978-93 empirica

0%
<25

1983

60-65
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70-74
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>79

groups of ten years in the observed years that form the
base for the projection.

Age groups

Source: own calculations from EVS 1978-1993

4.2.2 Cohort effect
With the 1931 cohorts the picture starts to disintegrate just as in Figure 3,
showing again the cohort effects of gradually improving start up conditions
of the post war era. Again the home-ownership rate of today's ‘old old’
households is lower than those of today's ‘younger old’ and today's middle
age is hitting a comparably high 61 % home-ownership rate. Today's ‘oldold’ will be survived soon by ‘younger old’. Therefore, the ownership rates
will increase in near future. The biggest part of this growth is to be expected
within the next 15 years. Table 3 presents home-ownership rates for age

empirica

Again the young households with heads aged 25 to 35
faced a slight decline in home-ownership rates compared
to their predecessors in 1983 and 1988. As in the case of home-ownership
just as in the case of household living space it is a matter of time to show
whether young households today will succeed in reaching the same average
probability of moving to their own home in the course of their lives.
The consequences of this possibly adverse cohort effect among the
younger generations in the present projection is offset by the strong positive
cohort effects among the older generations. Even if home-ownership rate
among the younger generations were never to exceed 55 % (instead of
almost 61 % as the 1931 cohort), overall home-ownership rate will still
increase up to 49 % in 2015.
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Active housing policy maker might note that the future increase of the
home-ownership rate is not caused by any politics introduced in the 1990th
or any future politics, but by the politics of the 1950th till 1970th. In this
period home-ownership among the young households spread further, due to
the long time lags in housing this success still lasts. When evaluating
housing policies the indicator for ‘good policy’ can only be an increased of
home-ownership among young households under 40 years of age.

Fig. 6: Projection of home-ownership rates until 2028
54%

Percenteage of all households
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50%

5.
Further use of cohort models as a tool for
projection
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Any projection is risky as the future will remain uncertain. But the degree of
uncertainty can be different. A straight forward extrapolation from historic
data has a high degree of uncertainty, it basically assumes that development
in future will run along the same lines and intensity as in the past.

Year

Source: own calculations

empirica

4.2.3 Projection results
For the projection the same cohort model is used as for the projection of
housing demand. The basic assumption can again be graphically be
illustrated by lengthening each cohort line to the right in Figure 6.
The projection result is shown in Figure 6. From a level of less than 46 %
in 1993, the overall home-ownership will grow by a significant 15 %, hitting
50 % in about 2010 and levels out at 52 % thereafter. The continuing slight
increase is not anymore caused by the cohort effect, but by the overall
ageing of the society (demographic effect). Note that the factual overall
home-ownership rate in West Germany is lower (43,1 % in 1998) than the
measured 46 % in 1993, as non-Germans needed to be excluded from the
analysis due to data insufficiencies. Scaling the factual rate up by those
15 %, the factual home-ownership rate will increase up to 50 % in 2030.

Cohort models make different assumptions. They assume that the cohort
X+t will act similar to any known cohort X-t. This assumption is less strict
than it seems as for reasonable short time horizons the cohorts X+t are
already in place. When all known cohorts X-t have chosen A1 when they
were young and A2 when old, and today’s young cohort has already chosen
A1, than the assumption is, that they will also chose A2 in future. In short, an
observable and reasonable life cycle profile or age effect must exists.
In all industrialised countries the age profile of the population is
drastically changing. “Global Ageing” seems to become one of the most
discussed issues in applied research. Whenever a life cycle profile exist, than
“global ageing “ will yield a significant demographic effect. Cohort models
cover implicitly demographic changes. In that way cohort models “import”
certainty from demographic projection which have shown a very high
accuracy in the past.
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Fig. 7: Percentage of households holding public bonds
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But cohort models take a second aspect into account. Cohort models does
not require identical observed life cycle profiles of every cohort, but only
similar. Possible differences between cohorts can be taken into account. In
the basic case, as the two projection presented here are, another assumption
is necessary. The observed difference D between cohort X and cohort X+t in
period 1 will remain in period 2. In short, the cohort effects will remain
constant. Whether this is reasonable or not, can only be justified empirically.
In the projection presented in here, the cohort effect where reasonable

constant, see Figure 3 or Figure 5. In principle, it is
possible to apply dynamic cohort effects, but the data
base is limited.
The cohort effect of cohorts not yet in place cannot
be measured. The uncertainty therefore increases the
more yet not observable young cohorts have to be
taken into account. Here, an extrapolation is still
necessary. In the two projections presented here, we
were lucky, as the positive cohort effects seems to
have petered out. We did assume neither a positive nor
a negative cohort effect for the upcoming cohorts. This
might be questionable and here are the limit of cohort
models. But with regard to the sensitivity of the overall
results to possible mistakes, we feel that cohort models
still produce reasonable accurate projections. Consider
a time horizon of 20 years and a life expectancy of 80
years. Than, still for 75 % of the population we did not
1916
1921
need to make any assumption on the cohort effect. Due
1946
1951
to the ageing of the population, in 2030 impressive
70 % of the households will belong to cohorts which
are already in place today. For those no additional
assumptions are necessary.
70-74
75-79
>79
But the use of cohort models as a tool for projection
has some strict limits. Both features projected in this
paper were characterised by a strong age and cohort
empirica
effect. They were therefore “good” examples for
cohort models. Figure 7 gives an opposite example, the
percentage of households holding public bonds. Neither an age nor an cohort
effect seems to exist. For all observed cohorts, the curves leaps upwards,
signifying a dominant period effect. In 1993 the capital market offered very
high interest rates, the households seemed to have rebalanced their portfolio.
The only interesting result is, that the demand for public bonds seems to be
highly sensitive according to the offered interest rates. But cohort models are
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not applicable for projection. Incidentally, savings contract with a building
societies are different. Strong age and cohort effect do exist.
Whenever a dominating period effect exists a projection based on cohort
models is not possible. Obviously dominating period effects can in principle
thwart also historically significant age and cohort effects, but those period
effect needs to be massive. We do not want to speculate on a possible period
effect, that would mix up settled living arrangements of all cohorts.
In the absence of period effects cohort models produce – at least in our
opinion – projection with a reasonable degree of certainty and accuracy.
Demographic projections have an outstanding accuracy. Demographic
projection have a stepping stone into the future, the number of potential
mothers in 2020 are already born and therefore countable today. Cohort
models use a similar stepping stone into the future, that are stable life cycle
profile.
The range of applicability of cohort models could be wide. We have
found strong cohort and age effects e.g. in leisure expenses as well as in
household saving rates. Labour force participation rates of women will
probably show strong age and cohort effects. Voting behaviour might be
another example. In Germany “young equals green” has been conventional
wisdom for more than a decade. Now it has turned out, that not an age but a
cohort effect was the underlying reason.
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1.

Sequence analysis in demographic research and
applications

for demographic research. For instance, a substantial part of the design of
the recent Fertility and Family Survey Project of the UN/ECE was
influenced by the wish to use event history modelling techniques in the
analyses.

Francesco C. Billari

Though it has played a crucial role, event history analysis cannot solve
every potentially interesting issue that arises in life course research. On the
one hand, macro-effects emerging from individual behaviours cannot be
directly studied by analysing individual life histories only. On the other
hand, by neglecting events, researchers may lack of a general overview of
life courses. Taking this latter remark as a starting point, I shall focus in this
paper on the idea of coupling the widespread event-oriented perspective with
a holistic perspective on life courses. I shall review and discuss an approach
that may prove useful for this purpose, and in fact, it has already done so.
Many different theoretical approaches share a common need: to analyse
what is the life course of individuals starting from a certain point in time
and, where applicable, up to a certain point in time. But why should one be
interested in choosing – in addition to an event-oriented approach – a holistic perspective on life courses? I see at least two theoretically significant
ways of justifying this interest, each with a distinct emphasis on the strength
of underlying hypotheses on individual behaviour.
From a “strong” perspective, which is present for instance in some of the
traditional literature in neo-classical economics, life courses are subject to
accurate inter-temporal planning. If the expectations of the agents are not
fully rational, however, the plans may be affected by changes at the macro
level. This vision has led to the study of long-term plans in life courses and
their consistency, as well as to critiques of a dynamic programming view of
lives (see the literature review of Camerer, 1995 on experimental
economics). I am thinking for instance of Modigliani’s life-cycle hypothesis,
of Friedman’s permanent income concept, and of the ensuing stream of
research. In other words, life courses are mainly thought of as being the
outcome of planning: a holistic perspective is thus assumed to be present in
the behaviour of individuals themselves. In the social-demographic
literature, the notion of strategy, or “life-planning”, has been emphasised.
Settersten and Mayer (1997) maintain that older conceptions of the “life

Holistic perspectives on life course data analysis:
the strong vs. the pragmatic view1

The study of life courses has in recent years focused increasingly on event
histories. This is naturally connected to the stress on life events as the
ultimate explanandum emphasised by the life course research stream (Mayer
and Tuma, 1990; Giele and Elder, 1998), as well as to the productiveness of
this approach. In fact, with the help of event history analysis it is possible to
study the intersection and mutual interdependencies between parallel careers
of individuals and between potentially interdependent individuals such as
couples. In addition, one can analyse the impact of variables situated at
different levels of aggregation on individual behaviour (Blossfeld and
Rohwer, 1995). Event history analysis has become impressively important
1

Preliminary presentations based on this paper were given at the workshop
“Projections of living arrangements, household and family structures”, Federal
Institute for Population Research, Wiesbaden, August 1999 and at the Workshop
on Longitudinal Research in Social Science - a Canadian Focus, University of
Western Ontario, London, Ontario, Canada, October 1999. I gratefully
acknowledge the participants at these workshops for their stimulating comments,
and especially Gert Hullen for helpful comments on a draft version. Karl
Brehmer has provided kind help in polishing language. The views expressed in
this paper are the author‘s own views and do not necessarily represent those of
the Max Planck Institute for Demographic Research.
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course” notion – in demography we could think of the life cycle concept –
were holistic, with more or less explicit reference to biological structures.
This is no longer true in the life course literature, which also started out with
a strong emphasis on internalised life calendars and schedules. Nevertheless,
holistic views are still a matter of fundamental debate: see for instance
Giddens’ work on life planning:
“In a world of alternative lifestyle options, strategic life-planning becomes
of special importance (…) Life-planning is a means of preparing a course of
future actions mobilised in terms of the self’s biography” (1991: 85, cited in
Liefbroer, 1999).
In the psychological literature, individual life courses are assumed to be
scaffolded by internalised timetables (see e.g. Heckhausen, 1999). When
referring to similar ideas, one should also recognise an underlying concept
that whole parts of the life courses can be holistically designed. So, for
theoretical approaches that figure the individuals look holistically at their
own lives, it is necessary to have tools that allow us to follow the same
perspective, and to treat the life course as a conceptual unit.
From a “pragmatic” perspective, the life course as a conceptual unit is
thought of as being a contingent results of subsequent events. Following this
viewpoint, researchers should focus principally on events when they wish to
explain individual behaviour. This view (see, e.g., Rohwer, 1994 and
Blossfeld and Rohwer, 1995) is justified by its links to the philosophical
notions of causality and time. Nevertheless, even if one takes such a
position, which I myself favour, a holistic perspective may prove to be
useful as a way to describe and to summarise the past history of individuals:
one can also play the role of an historical descriptor. In life course research,
it is fundamental to study the timing of events, their sequencing, the duration
of time spent in states, and the spacing between events (Settersten and
Mayer, 1997). Comparative research across countries or regions or across
cohorts is one of the examples where the comparison of life courses as
whole conceptual units might provide particular insights.
If we accept that the issue of studying life courses as meaningful
conceptual units is worthwhile – and perhaps even that it is remarkably
important – it is necessary to complement event-oriented techniques with

techniques aimed at analysing the life course as a whole. In this paper, I deal
with the sequence analysis approach to this topic. In Section 2, I give a brief
introduction to the sequence representation of life courses. Then, I review
some of the approaches for the analysis of life courses represented as
sequences. In Section 4, I briefly review some applications of this approach
for demography. The issue of data collection is dealt with in section 5.
Section 6 discusses the use of sequence analysis as a tool for analysing
synthetic biographies. Finally, I consider some of the open questions and
opportunities. In the appendix the reader will find a very short reference to
existing software on sequence analysis.

2.
Life courses in a word: the sequence
representation2
Different approaches have been proposed in the literature for the study of
life courses as whole conceptual units from a quantitative point of view.
Nowadays, at least in sociology, there is an increasing amount of agreement
about focusing on the set of techniques known as sequence analysis (for a
review, see Abbott, 1995). The basic idea is to represent each life course or
trajectory in the life course as a ‘word’, or to be precise: as a string of
characters (also numerical). This representation is thus identical to the one
used to code DNA molecules (Waterman, 1995). By and large, one focuses
on a time window with a precise beginning and endpoint (two specific ages).
Then, the technical question arising is how to analyse such strings in a
meaningful and easily interpretable way.
Abbott (1995) makes a distinction between “non-recurrent sequences”,
those where a character may not repeat itself several times, and “recurrent
sequences”, where repetition is possible, exactly as in molecular biology.
For our purposes, the distinction might be further connected (though not
2

Some of the material in Sections 2, 3, and 4 is based on past research conducted
with other colleagues, mostly from Billari and Rohwer (1998) and Billari and
Piccarreta (1999b).

Sequence analysis
exactly) to another one, say, the division between “sequences of events” and
“sequences of states” (Billari and Piccarreta, 1999b). We shall make very
brief reference to sequences of events and then discuss sequences of states in
greater detail.
When representing a life course as a sequence of events, one normally
assigns a letter (or a number) to an event, and the ordering of events gives
the ordering of letters in the word. Let us, for example, represent the union
behaviour of an individual. He/she first forms a cohabiting union (event
denoted by C), then gets married (M), then gets divorced (D) and remarries.
A representation of this life course via a sequence of events could be:
CMDM
The main advantages of such a representation are simplicity and
compactness. The main problem with it is that one cannot take into account
the time between events – in fact, this approach makes use of time only in
the sense that events are ordered. In particular, it is not clear what to do
when events occur simultaneously, which can be the case when analysing
demographic behaviour. The approach is however interesting when either
the number of events is low or the complexity of life courses is limited, in
the sense that they are concentrated in patterns that have exactly the same
representation.
To overcome the limitations of the latter approach and to take explicitly
into account the duration between events, recent research efforts have
focused on representing life courses as (recurrent) sequences of states. The
origin of this approach can be traced back to computational biology, where
this representation is used for macromolecules such as DNA (see Sankoff
and Kruskal, 1983 and Waterman, 1995). From this perspective one
explicitly views life course data as being framed into discrete time units. The
corresponding assumption is that either there is a “natural” discrete time unit
(e.g. month or year) in the data, or that some discretisation has been
performed. We now briefly go into some formal detail. Let t refer to time,
and consider a sequence of state variables such that yit represents the state s
of individual i at time t, t=1,...,h, with h finite and s∈S. We shall assume that
S is a state space consisting of a finite number k of discrete states,

S = {s1 , s2 ,..., sk }
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A vector can then represent the life course of the i-th individual
yi=(yi1,yi2,...,yih), i=1,...,n.
The sequence representation for the individual is then

yi1 yi 2 ... yih
and the number of possible sequences is kh.
As a simple example, we shall consider three states: single (S), cohabiting
(C), married (M), in a monthly time scale from 20 years to 24 years and 12
months. The sequence representation of an individual life course could thus
be:
SSSSSSCCCCCCCSSSSSSSSSSSSSSSSSSSSSSCCCSSSSSSSSSSSSM
MMMMMMMM
This individual, starting as a single on his/her 20th birthday, entered a
cohabiting union at the age of 20 years and 6 months, ended the cohabitation
at 21 years and 2 months, entered a new phase of cohabitation at 22 years
and 12 months which ended at 23 years and 3 months, and got married at the
age of 24 years and 3 months. The representation as a sequence of states can
thus be easily reverted back into an event history representation with discrete
time scale and vice-versa (we shall come back to this point later, when
dealing with data collection).
The representation can be further generalised to a – possibly small – set of
parallel words. It is common to consider life courses as being composed of
several, say d, parallel domains, each characterised by a state space Sd. This
happens for instance when union history and reproductive history are studied
jointly. We can then have a representation where each individual is
represented by a vector of states at each point in time:
yij=(yij1,yij2,...,yijh), i=1,...,n, and j=1,...,d.
Moreover, this idea can be used when looking at parallel careers of
different individuals. One possibility could be to join the state spaces of each
separate domain to obtain a joint space S=S1×S2×…×Sd. We can represent
individuals by a single letter for each point in time. The drawback is that the
number of states, and thus the size of the alphabet required, then grows
quickly.
In demographic analysis (see, e.g., Wunsch and Termote, 1978), a key
distinction is made between renewable and non-renewable events.
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Renewable events can be converted into (different) non-renewable events by
distinguishing them by their respective rank orders. Let us briefly discuss a
particular type of recurrent sequence, using as an example non-renewable
events concerning birth histories in marriages. Let us suppose that there are
four sequences, each representing whether a birth of the 1st, 2nd, 3rd, or 4th
order has occurred. Let us indicate as 0 the initial state of childlessness, 1
afterwards for each birth order. So, Sj={0,1}, for j=1,2,3,4. A simple
example of a sequence is the following one:
00000000000001111111111111111111111111111111111111111111111
00000000000000000000000000000000001111111111111111111111111
00000000000000000000000000000000000000000000000000000000111
00000000000000000000000000000000000000000000000000000000000
Each of the above sequences represents a non-renewable (and possibly
never occurring) event, which potentially ends into an absorbing state. Such
sequences have the property that:
if yijt=1 then yijt=1 for s≥t.
In a sense, in such cases the state at a certain point in time contains a
summary of the past history of the process. This does not happen when
events are renewable. This property allows us to study sequences in a
specific fashion, as we shall see in the next section. It is also interesting
because it outlines the distinctive feature of sequences representing the
demographic aspects of life courses. In this specific simplified case, the time
order between sequences is also specified, so that there are restrictions on
the possible sequences (one cannot have the first child after the second), and
the joint sequence has only five reachable states, which might be
characterised simply by the sum of the single sequences:
00000000000001111111111111111111111222222222222222222222333

While the description of individual life courses may be effective, especially
with graphical tools (see, e.g., the descriptions provided by BioBrowser
(Statistics Canada, 1999)3 and the monograph by Wehner (1999)), it is
difficult to represent more than a handful of life courses. So, we need
specific tools. We may distinguish two different approaches to the
description of sequences of states, one “cross-sectional”, the other
“longitudinal”. The cross-sectional approach to sequence description takes

3.

3

Reading behind the words: analysing the life
course as a sequence of states

What analytical strategies can we follow when we have access to a set of
sequences of states? Standard distribution-based methods will not work

simply as a consequence of the complexity of the problem. With sequences
of usual length, the probability will be almost 1 for a given finite sample, so
that each two sample members can only be represented by different
sequences of states. We therefore need techniques tailored to the problem. In
addition, it would not be straightforward to directly employ the methods
used in computational biology, because the problems of the two fields are
clearly of a different nature. Biological sequences are typically very long,
and each of them has complex internal patterns with a vast number of states
and state changes and a specific meaning (see, e.g., Myers, 1995). In the
social sciences, the normal case is to have a high number of sequences of
relatively short length (compared to biological sequences), say, a sample
from the population of interest, and we are hardly interested in each
individual sequence. The aim is rather to derive some hints (is “derive some
hints” technical jargon? Otherwise it needs reformulation. discover
something?) about a collective group of people. Here, I shall briefly review
some of the approaches proposed in the social science literature.

3.1

Description based on features of individual sequences

BioBrowser (ModGen Biography Browser) is a tool developed by Statistics
Canada to supplement the ModGen language used for dynamic longitudinal
microsimulation modelling. It allows the user to examine the life course of an
actor and her/his close relatives graphically with different representations. Even
if it is not based on discrete time, the representation produced can also be used in
such framework. The software and the documentation can be downloaded at
http://www.statcan.ca/english/spsd/model.htm.

Sequence analysis
as its starting point the hypothesis that there is a common origin on the time
scale between sequences (say, a specific age)4. The purpose is to synthesise
– in various ways – the state distribution at that point in time.
The longitudinal approach starts from the idea that, as Rohwer and
Trappe stated (1997), “it is generally no good idea to classify people
according to their characteristics at only one single point in time”. So, time
and past life history should be considered as being meaningful when
describing sequence data. The purpose is then to synthesise the past history
of individuals up to a certain point in time. The longitudinal approach can
also be seen in a dynamic way: the synthesis we construct evolves across
time.
While we cannot give a full account of the different paths that can be
followed (see Rohwer and Pötter, 1999), we wish to mention here an
interesting idea connected with the longitudinal approach that is common
practice when dealing with biosequences: the search for meaningful patterns.
Let us give an example of this notion, which goes back to the singlecohabitation-marriage sequence we illustrated above. It could be interesting,
for instance, to know how often first marriages are preceded by unmarried
cohabitation. We can indicate this as a pattern in a sequence:
S..SC..CM
where .. means permanence in a given state. Another example of the
idea would be the pattern:
S*C*M
where * stands for an arbitrary (and possibly empty) sequence of states.
The occurrence of patterns in different sequences or within individual
sequences might provide insights for the analyses we are interested in.
Obviously, the search for patterns can also be seen from a dynamic perspective, with the study of pattern presence as a function of time.
Computer graphics – optimally, with colour capability – are particularly
useful in the description of sequences of states. We refer the reader to

4

This term need not necessarily correspond to the traditional notion of “crosssectional” in demography.

127
Rohwer and Trappe (1997) and Rohwer and Pötter (1999) for a
comprehensive discussion of this issue.

3.2

Optimal matching analysis

The “optimal matching approach” is based on the notion of similarity, or
dissimilarity, between pairs of sequences. This method is used for the
alignment of biosequences. The initial question is the following: what would
it mean to say that two sequences (life courses) are more similar than two
other sequences? This is, of course, a complicated question – one that cannot
be answered easily – and we may well come to the conclusion that the
complexity of whole life courses does not allow for comparison in terms of a
single (one-dimensional) metric. We shall however discuss optimal
matching as one possible solution for the analysis of sequences.
The basic idea of the optimal matching approach is to measure the
dissimilarity of two sequences by considering the question of how much
effort is required to transform one sequence into the other one. In the most
elementary approach, one considers just three basic operations for
transforming sequences:
1) insertion: a state is inserted into the sequence;
2) deletion: a state is deleted from the sequence;
3) substitution: a state is substituted by another one.
To each elementary operation a specific cost can be assigned, and the cost
of applying a series of elementary operations can be computed as sum of the
cost of single operations. The distance between two sequences can thus be
defined as the minimum cost of transforming one sequence into the other
one.
For instance, if insertions and deletions cost one unit and substitutions
two units, the cost of transforming the sequence
SSCCMMM into the sequence SCCMM
is 2 units. Specific dynamic programming algorithms assure that the
minimum cost is effectively sought out (Sankoff and Kruskal, 1983;
Waterman, 1995).
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The computed distance thus takes into account the entire sequence and not
just present states. As a result, one obtains a distance matrix. This can be
employed as an input for any kind of analysis requiring proximity data (e.g.,
clustering and multidimensional scaling). As a result of a series of seminal
papers by Abbott, most of the sociological literature makes use of this
method. Chan (1999) gives a compact and useful review of the application
of optimal matching analysis in life course research.
Unfortunately, this approach also has some drawbacks. First, we must
take each sequence as a whole. We should prefer to view life courses as
dynamically evolving through time. One possible way to cope with this
problem is to do the sequence analysis itself sequentially for each time
period in the observational window. This would then result in a sequence of
distance matrices. The second drawback is that it can be difficult to
understand which of the variables in the definition of the obtained groups are
more relevant than others. As Halpin and Chan (1998) state “while the
clusters are very easy to characterise in a general way, it is impossible to
characterise them formally and exhaustively, that is, to define rules which
will replicate the clusters exactly or close to exactly”.

3.3

Clustering binary sequences

A proposal by Billari and Piccarreta (1999a) overcomes this last-mentioned
problem of the optimal matching approach by explicitly focusing on the
problem of building meaningful groups and by using algorithms for the
clustering of binary variables.
The algorithm applies to a series of parallel sequences that can be
represented by binary variables (such as in the example with births discussed
in the last part of Section 2). For a meaningful interpretation of the algorithm
it is necessary that the events be non-renewable. For example, a 1 at a
certain point in time must imply a 1 at all following points in time. Billari
and Piccarreta’s proposal is to use a monothetic divisive clustering
algorithm. The algorithm is hierarchically divisive, which means that it starts
from the whole sample and divides it into two groups. One of the two groups
is then split into two subgroups. The procedure can be iterated until each

individual belongs to his own group. The algorithm is also monothetic: each
group is divided into two subgroups according to the values of a single
variable (binary in this case). To perform the splitting, it is also necessary to
select a single relevant variable. In this algorithm, the splitting variable is
selected in such a way that the two subgroups induced by its categories are
characterised by the maximum homogeneity within groups and by the
maximum heterogeneity between groups. Heterogeneity can be measured by
means of a quantity, which is adequate for measuring the “variability” of a
qualitative variable (Gini heterogeneity or entropy). The splitting procedure
can be represented by means of a tree diagram.
The main advantage of this algorithm is that it leads to easily interpretable
clusters: the groups obtained are in fact perfectly characterised by the
presence (or absence) of certain attributes (those measured by the splitting
variables). Another interesting feature of the algorithm lies in the fact that it
makes it possible to individuate the most relevant variables in the clustering
process (the splitting variables) and to rank these variables according to their
importance in the clustering process. One will in fact attribute higher
discriminating power to variables that induce the first splits. A major
limitation of the proposal is that it can be applied only when sequences are
initiated by non-renewable events. We shall come back to this approach
later, in the context of an example.

3.4

Multiple correspondence analysis of sequences

Van der Heijden (1987, Ch. 8) illustrates and advocates the use of multiple
correspondence analysis in the study of sequences5. This technique has
become widespread in the analysis of qualitative data within the social
sciences. The type of input data is similar to that which we discussed for
binary sequences.
In the context of life course research, multiple correspondence analysis is
useful for synthesising the cross-sectional situation at each point in time, as
well as for analysing the differences between individuals and identifying
5

In fact, van der Heijden refers to such data as ‘event history data’.
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those individuals who are particularly “distant” from the mean. Graphical
inspection is fundamental to this approach. The applications that have been
carried out up to now (which have generally focused on diaries and timebudgets) are substantially cross-sectional, and sometimes the time points
need to be aggregated. Nevertheless, this technique can become particularly
useful when sequences are generated by non-renewable events, since crosssectional situations depend themselves on the past, as we have seen.

4.

Two demographic applications

In the social sciences, most applications of sequence analysis have focused
on working careers. There is still a lack of applications related to
demographic trajectories such as union histories, childbearing, and
residential mobility. Let us shortly illustrate here two examples of such
applications, using optimal matching analysis and monothetic divisive
clustering. The first application, by Bolan and Stovel (1999), is about
residential mobility, while the second, by Billari and Piccarreta (1999a),
deals with the transition to adulthood.

4.1
Patterns of residential mobility: sequences of place-type
residence
Bolan and Stovel (1999) use optimal matching analysis to study residential
mobility careers in a region of the USA. They focus on movements between
what they define “place-types” and emphasise the need for a holistic
perspective in the field. The place-types are defined by three independent
dimensions: the absolute population size, the metropolitan influence, and the
rural/urban dimension. A state space of nine elements is defined along these
dimensions. Bolan and Stovel’s sequences – built using data from the Panel
Study of Income Dynamics – are on a yearly time scale. The states they
define are thus relative to the place-type where people reside in each year,
for a period of 14 years (some of the time points are missing, and so the
sequences do not represent equally spaced points). The main purpose of the
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study is the identification of empirically typical trajectories and the study of
how people starting at different ages belong differentially to such typical
trajectories. One of the problems they encounter is that only fewer than 40 %
of the people in the sample have ever made a transition over the sequence.
They propose overcoming this problem by oversampling the sequences with
observed transitions.
As Bolan and Stovel focus explicitly on optimal matching analysis, they
face the main problem of specifying substitution, insertion, and deletion
costs. Their focus is on substitution costs, given that the length of sequences
is different only because of the observational plan (i.e. the length of a
sequence has no behavioural meaning). They therefore decided to mix
substitution costs derived from transition frequencies with some theoretical
reasoning, which requires the testing of alternative matrices. The insertion
and deletion costs are set up so that they are high when comparing two
sequences that are of equal length and lower when the sequences have
different lengths. The analysis is performed on eight sub-samples, which are
split according to the age of respondents at the beginning of observation and
to the presence of over-sampling in transition sequences.
The steps of the optimal matching analysis as proposed by Bolan and
Stovel are:
run the computation of distances;
run a hierarchical clustering algorithm;
identify as a “typical” sequence for each cluster the one with the lowest
average within-cluster distance;
the clusters produced in the analyses reflect, first, each of the possible
nine stable residential trajectories (people stable in a place-type across the
whole sequence) and, second, a number of supplementary clusters for each
of the sub-samples (around 5/6). They find, for instance, small clusters of
young people following a pattern rural->city->rural and city->suburb->city,
showing that returning to the place-type is not a common pattern;
the clusters are integrated into a total of 25 residential trajectories, and the
individuals are assigned (with some constraints) to the 25 groups, which can
then be further analysed. It is then shown that the prevalence of different
residential trajectories varies across ages.
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4.2
The transition to adulthood as a whole: a sequence of states
approach

Fig. 1: Tree representation of the monothetic divisive algorithm application
(source: Billari and Piccarreta, 1999a)

Billari and Piccarreta (1999a) apply the monothetic divisive algorithm
illustrated in Section 3.3 to study the transition to adulthood, using data from
the Italian Fertility and Family Survey. The domains considered in their
paper are education, the labour market, living arrangement, behaviour
regarding sexual intercourse, union formation, and parenthood. Time is
measured in years, and each variable is an indicator that represents whether
one has experienced the marker event for each domain in a given year
between the ages of 20 and 35 (so k=6, h=16 for a total of 96 variables). The
variables are named EDUt (having finished education by the t-th year of
age), JOBt (having entered the labour market), LEAt (having left the
parental home), SEXt (having had sexual intercourse), UNIt (having entered
a union), CHIt (having had a child). The feature of sequences initiated by
non-renewable events thus holds. Applying the divisive algorithm yields 8
groups (see Figure 1 for a tree representation of the splitting).
The interest is in seeing which variables are intervening at each stage of
the split in order to be able to characterise the groups (see figure 1). At the
first step, the splitting variable is UNI25 (e.g., having had a union by the age
of 25). Hence, it seems that entering a union at a young age (relatively to the
local standards) is the most important indicator of differences between
Italian young adults. This is consistent with certain views expressed in the
literature that emphasised the role of unions in Southern European countries.
Then, the “early union” group is split according to JOB28, which seems to
represent a traditional vs. modern pattern of female labour force
participation (early union with vs. without early labour force participation).
The third step separates out people who have not entered a union before 25
according to UNI31; again, the central role of marriage is being underlined
here. The fourth step splits people entering an early union and having an
early job according to EDU26, then the group with the comparatively early
end of education is split according to CHI23. This leads to the formation of
an “early-on-everything” group and of two other groups with a

TOTAL SAMPLE
N=2590

UNI25=1
N=1566

UNI25=0
N=1024

JOB28=0
N=456

JOB28=1
N=1110

UNI31=0
N=353

UNI31=1
N=671

EDU26=0
N=163

EDU26=1
N=947

CHI23=1
N=389

CHI23=0
N=558

EDU23=1
N=422

EDU23=0
N=249

SEX29=1
N=236

SEX29=0
N=117
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comparatively late end of education and parenthood. At the sixth step,
EDU23 splits the group of people entering a union between 25 and 31. The
last step divides people not having entered a union at 31 according to
SEX29; this leads to the establishment of a group of people who have had no
sexual relation shortly before their thirtieth birthday. It is not easy to
interpret every single split. Nevertheless, some features appear to be constant: union formation plays a crucial role in classifying life courses in the
transition to adulthood; leaving the parental home is not important, which
must certainly be connected with the high degree of synchronisation of this
event with union formation; the transition to parenthood plays only a
marginal role; sexual behaviour matters only for people outside unions. As a
consequence of having used the monothetic divisive algorithm, group
membership is perfectly defined for specific life courses, and it is possible to
define groups of individuals according to the timing and sequencing of
events in their transition to adulthood.
Billari and Piccarreta then analyse the basic demographic determinants
(gender and cohort) of group membership. Group 1, with early union and
with late (or absent) labour force participation, largely corresponds to a
traditional absence of women from the labour force: there are only very few
men here, and younger cohorts are underrepresented. Group 3 represents an
average of sorts, without cohort and gender particularities, and it represents
more than a fifth of the sample. Group 4 exhibits the faster transition to
adulthood, and it is mainly composed of women; however, no cohort pattern
is evident. Group 6, with unions between age 25 and 31, has comparatively
more men but no clear cohort dynamics. Group 8 has the highest share of
males and of “young” members; it represents people who seem to be in line
with the standard view on patterns of transitions to adulthood for more
recent cohorts, which means that they have had sexual relationships but not
within unions.

5.

Data collection: not just event histories

What kind of instruments for data collection can be used when one wishes to
construct a sequence representation of life courses? The answer is the same
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Fig. 2: A sample individual sequence
for
all
analyses using
y
a longitudinal
approach: we
need data that
allow us to
3
follow
2
individuals
across time. In
1
this section I
briefly discuss
the topic the
0 1 2
...
collection of
real data. In the next section I will deal with “synthetic data”.
First, it is useful to note that, when the time scale for the available
information is discrete, a representation via sequences of states is equivalent
to a representation in terms of event histories (Rohwer and Pötter, 1999). I
have already discussed this in the example in Section 2. A further example
will help. In Figure 2, I represent a portion of a fictitious life course framed
into monthly time units. There are four possible states: 0 (in education, not
employed), 1 (out of education, not employed), 2 (in education, employed)
and 3 (out of education, employed).
The event history is composed of two events only: the individual starts a
job at month 5, and stops education at month 8. The monthly sequence can
be derived from the event history, which is
0000022233333
Since the representation of the life course as an event history is equivalent
to a representation of life course as a sequence using the same time scale,
any instrument that allows the construction of event histories can also be
used to produce sequences of states. This means that retrospective surveys
can – and in fact have been – used also to produce sequence data. It is not
surprising that the technique of data collection known as the “life history
calendar” (Freeman et al., 1988; Axinn et al., 1999) is based on the idea of
representing life courses in a fashion similar to the sequence of states. Such
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methods are embedded in the broader spectrum of the collection of “life
history matrices” (Settersten and Mayer, 1997) in life course research.
When using retrospective surveys we experience the usual problems,
which mainly involve having to rely on the memory of interviewees and the
treatment of missing data. The problem of missing data can have different
consequences in sequence analysis than it has for event history analysis. In
fact, if we wish to study a whole life course, the information is incomplete
even if only one of the events is uncertainly dated. Both the imputation and
the definition of a “missing” state have then to be chosen as possible
strategies. When we have a retrospective survey, choosing to ask the time
order (sequencing) of events rather than – or in addition to – an event history
could be an advantage both as a quality check and because it allows us to
perform analyses based on more reliable data.
The ideal source for sequence data is a population register, provided that
it contains the information we are interested in. It has the advantage of
providing the same amount of data as a retrospective survey but without the
problems of recall. In addition, a population register usually contains less
missing information. The disadvantage is, however, twofold: population
registers are rare, costly, and in some countries it is not even legal to keep
registers. Second, we can only construct sequences for trajectories that are
officially recorded.
Nevertheless, less information is required for constructing a sequence
representation than for constructing a full event history. The linkage of
records from different censuses can provide a sequence that is sufficiently
long and complex that specific techniques are required: for instance, if one
links three census records with the present state (e.g., residential location) at
each census and two recalled states for the pre-census period, one will have
a sequences of 9 time points. Of course, the information about the intervals
between the time points is lost in this case.
An additional and more diffused source of sequence data is provided by
panel surveys. Such surveys normally collect the states occupied by
individuals at various points in time. They do not necessarily provide full
event histories, so discrete-time event history models have been used for the

analysis of such surveys. Consequently, this type of source may prove to be
rather powerful for the construction of sequences of states.

6.

Synthetic data and sequence analysis: the case of
demographic projections

A second sort of data that might prove useful in analyses using the
techniques of sequence analysis is data that is artificially created. The term
“synthetic biographies” has been used for such artificial life courses6.
Sometimes, we can also consider the results of demographic projections as
producing such biographies. In this section, I shall focus on the possibility of
using the sequence approach as an additional tool for analysing the results of
demographic projections. The question is whether or not the sequence
representation of the life course can be useful when evaluating, discussing,
or describing the results of population projections when several states (e.g.
education, labour force status, living arrangement, family status) are taken
into account. I shall try to answer this question by making reference to the
two broad categories of methods for population projection: macrosimulation
(or aggregate-level models) and microsimulation.
Some methods of demographic projection, namely, macrosimulation
methods based on cohort-component methods or on more sophisticated
multistate dynamics (e.g., approaches such as the ones embedded in software
such as LIPRO or ProFamy) provide pictures of the population only at an
aggregate level. They do not, for instance, reflect the longitudinal evolution
of sets of individuals as such. When these methods are used, there is no
production of individual synthetic biographies, and sequence analysis cannot
be useful.
We face a different picture when we consider techniques that produce
individual synthetic biographies. This is the case in microsimulation, but
also in other methods that keep track of the evolution of individuals in a
state space across time (e.g., more theoretically oriented agent-based
6

I borrow here the term of “synthetic biography” from Frans Willekens.
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models). Let us briefly focus on the case of microsimulation as applied to
population projections.
Microsimulation methods could become useful for future population
projections in general or as a projection tool for the evaluation of policies, as
suggested in Lutz (1997). As he states:
“Computers can be also used to generate new virtual people. Such
computer-generated individuals are only partial, inadequate images of real
people. They may, nevertheless, be generated in a way that they carry some
of the characteristics of real people that we consider decisive in determining
their own behaviour and their impact on other people”.
Techniques of sequence analysis might become useful tools to:
1. check the results of projections. Longitudinal consistency may be one
of the ways to check the preparation of microsimulations and also their
sensitivity to different hypotheses;
2. present the results of projections from a longitudinal perspective.
Both purposes can be pursued by:
1. describing the outcomes of microsimulation by exploiting fully the
longitudinal nature of the underlying approach;
2. individuating the presence of particular synthetic individuals (e.g., with
specific life courses);
3. longitudinally grouping people according to their life courses, using the
clustering algorithms developed for sequences.
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Some research questions are still open and will not necessarily be
solvable. Let us briefly consider a few of them:
First, from the applied side, there has been no effort up to now to study
synthetic biographies by sequence analysis. As we saw in Section 6, this
could be advantageous in studies based on microsimulation, for instance.
Second, further research is needed on the impact of the time scale used for
sequence representations. The “ideal” time scale unquestionably depends on
the matter under investigation. Normally, event histories are available as
monthly data, but sometimes demographic data are of an annual nature.
What is the impact of the time scale both on the burden that is put on the
researcher and on the outcomes of the analysis?
Third, how can one sensibly deal with right censoring, which is almost
always present when analysing life courses?7 Given that the length of
sequences has itself an impact on the analyses, we need to clearly distinguish
between censored sequences and short sequences. The problem then is how
to perform a joint analysis using censored and non-censored sequences.
Finally, to close the circle, it will be useful to connect this approach to
other more explanatory longitudinal approaches, such as it has been done in
genetics. There, for example, sequences analysis and Markov models are
different tools for the analysis of outcomes and for investigating how such
outcomes are generated, respectively (Waterman, 1995).

Appendix: software for sequence analysis in the social sciences

7.
Open questions for sequence analysis in
demographic research
From what we have seen, the approach based on the representation of life
courses as sequences and related analytical methods can be a powerful tool
for the study of the demographic components of life courses, as it has been
in the study of labour careers. It is thus advisable for demographers to make
a wider use of sequence analysis in their research work. This will add some
information and help to clarify some of the current explanatory approaches.

There is an abundance of software for sequence analysis in the natural
sciences (a review can be found in Abbott, 1997). However, some of the
problems typical in the social sciences (shorter sequences but greater
amounts of them) call for specific software. Up to now, two programs have
7

Some authors (e.g. Halpin and Chan, 1998) seem to argue that censoring should
not be considered a problem when one is dealing with techniques that can handle
sequences of different length in principle. However, the conceptual difference
between having sequences of different length because one's labour or union
career is short, on the one hand, and because we do not know how long it is, on
the other, cannot be disregarded.

134

Francesco C. Billari

been developed for the study of life courses represented as sequences.
Fortunately, they are both available in the public domain.
Optimize was developed by Abbott (1997) and his colleagues. It is
specially designed for optimal matching analysis. It has some limitations on
the number of sequences (up to 150 sequences at a time).
TDA (Transition Data Analysis) is now a general program for statistics
and data analysis. It was developed by Rohwer and Pötter (1999), and it
provides a large number of commands for the complex description of
sequences, as well as for the comparison of sequences (allowing for multiple
sequences for each individual). Cluster analysis and correspondence analysis
are also included in the more recent versions.
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Gert Hullen: Projections of living
arrangements, household and family
structures
Scenarios on living arrangements, household
and family structures in Germany are presented.
The population is broken either by four marital
statuses (single, married, widowed, divorced),
or by five statuses where non-marital
partnerships were taken into special account.
The calculations were done with the new
macrosimulation program ProFamy.
The present structure of the population in
Germany will change remarkably. There will be
ever more cohorts which show more single than
married persons up to their fourth life decade.
The total number of households will remain
stable even with a shrinking population size.
The small propensity to enter partnerships, more
frequent separations and the small child number
as well as the increase of old people without
partners lead to more one-person households.
Their proportion might increase from 2000 to
2040 from 37 per cent to 49 per cent, i.e. in
every second household only one person will be
living.

Due to the low birth rates it can be concluded
that living arrangements with children will
loose, in a historical view, quantitative
importance. At present 43 per cent of the
women aged 20 to 34 live together with children
in their household (21 per cent with one child,
23 per cent with two or more children). As of
2010 this will presumably only apply to 25 per
cent of the women.
1996 four per cent of all men and of all
women lived in non-marital partnerships.
According to the second scenario this will
increase to nine per cent in 2040. This
corresponds to the expectation that this living
arrangement will quantitatively gain importance, however not replace marriage. Naturally
these proportions are very much higher for
younger adults than for the population
altogether. In 1996 twelve per cent of the men
aged 25 to 29 and 16 per cent of the women of
the same age lived in such partnerships. In the
year 2000 these ratios amount to 35 per cent for
men and 31 per cent for women, 2010 then 38
and 34 per cent respectively.

Zeng Yi, James W. Vaupel, Wang
Zhenglian: Household Projection Using
Conventional Demographic Data
The presented model and its associated software
ProFamy contribute to the development of
methods for projecting household structures.
First, the model permits projection of many
characteristics of households and their members,

using demographic data that are usually
available from conventional data sources in
most developed countries and some developing
countries. The user can then project summary
measures, such as life expectancy, total fertility
rate by birth order, proportion eventually
leaving the parental home, proportion eventually
married (and cohabiting, if any) and divorced,
proportion eventually remarried after divorce
and widowhood, and the like.
Second, unlike the traditional headship-rate
method in which demographic factors are not
systematically reflected in the rates themselves,
the model can closely link the projected
household and its members' characteristics 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.
Third, the model includes both nuclear-family
and three-generation households, so that it can
be used to project households in Western
countries where only nuclear households are
dominant, and in Asian countries as well as
some other developing countries where nuclearfamily and three-generation households are both
important.
Fourth, the model includes all individuals in
the population at the starting year of projection,
and updates their survival status and other
demographic statuses as well as household
status in future years.
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Maarten P.C. Alders and Dorien
Manting: Household Scenarios for the
European Union, 1995-2025
This paper reports on three Household Scenarios
for the countries of the European Union. Just
like
population
forecasts,
demographic
scenarios which focus on households, provide
much needed information to government
institutions as well as to the private sector. The
scenarios predict the numbers of persons living
alone, living with a partner, living as a child at
the parental home and living in another
household position, as well as the institutional
population. The period covered is 1995-2025. In
all three scenarios, the number of persons living
alone will grow. According to the
Individualisation Scenario, the number of
persons living alone will show the strongest
increase, whereas the slowest growth will take
place according to the Family Scenario. In contrast, the number of children who live at the
parental home will decline in all scenarios. The
total number of households increases, whereas
the average household size declines, the extent
depending on the scenario.

Heinz Rothgang: Providing Long-Term
Care for the Elderly in Germany Projections on Public Long-Term Care
Insurance Financing
As a general trend in OECD countries the
mortality has been declining for decades while
fertility is remaining below replacement rate. As
a consequence, the population is ageing. Against
this background problems connected with the
provision of long-term care for more and more
elderly have become a major concern for
Western welfare states, leading to respective
legislation in Austria, Germany, Japan, and
Luxembourg, and ongoing debates in England,
Finland, France and Italy about the necessity to
introduce new social security systems. Any
social security system, however, will have to
deal with growing expenditure on long-term
care due to the demographic change but also for
other reasons.
In this paper, the financing implications for
the statutory public long-term care insurance
(LTCI) in Germany are examined. Based on a
simulation model, the development of the
number of LTCI beneficiaries and respective
expenditure is computed. Using additional
information about contributory income, the
contribution rate necessary to finance the payas-you-go insurance is calculated. These
calculations show that demographic change not
only increases the number of beneficiaries, but
also contributes to a shift from family to

professional care, which causes additional
expenditure. Due to economic growth, the
growing expenditure can be financed with a
constant contribution rate if benefits are
nominally kept constant. This, however, would
lead to decreasing purchasing power. If benefits
are adjusted to rising prices for professional
long-term care a significant increase of the
contribution rate cannot be avoided.

Peter Fehr: Housing and Services for
Seniors – On the Response of Housing
Associations to the Demographic Ageing
Process
This paper examines briefly the state of housing
for seniors in Germany and shows strategies
which are employed by the housing industry to
respond to the demographic ageing process. As
several housing associations consider extending
their offer to support services for frail elderly, it
is important to analyse the determinants of
service demand and to reflect on its future
development. Some relevant findings of a case
study are presented. The main result is that
differences in the present use of support
between different age groups and living
arrangements does not have to mean a diverging
consumption behaviour with respect to services
provided by the housing supplier. Therefore, it
cannot be easily concluded that developments
concerning ageing and living arrangements
which speak for an increase of overall service
needs will also lead to growth in service demand
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with the housing associations. As a
consequence, investments in the infrastructure
for service provision should be carefully thought
out.

those projections is expected to be high, as in
ageing societies impressive 70 % of all
households cohorts in 2030 are already in place
today. Further applications are discussed in
brief.

Harald Simons and Katharina Maschke:
Cohort-Models – a Tool for Household
Projections
In this paper we discuss the use of age and
cohort effects for projections of household
matters. Using repeated cross-sectional data
from the Income and Expenditure Survey (EVS)
for Western Germany 1978, 1983, 1988 and
1993 we produce quasi-cohorts to separate age,
period and cohort effects. We argue that where
strong age effect, i.e. a pronounced life cycle, do
exist, it is feasible to combine those results with
household projections. When additional strong
cohort effects exist, the results are astonishing.
We exemplify the use of cohort-models using
living space per household and home-ownership
rates. The average living space per head is
projected to increase from 39 sqm in 1993 to
more than 52 sqm in 2015 petering out
thereafter while the overall homeownership rate
rises from 46 % to 52 % among West German
household with German household head. In both
cases strong cohort effect exist. The rise is only
caused by today’s middle age surviving today’s
old-olds with comparable low home-ownership
rates, while homeownership among young
households is not increasing. The validity of

Francesco C. Billari: Sequence analysis in
demographic research and applications
In this paper, I review and discuss the sequence
analysis approach to the study of life courses,
with a particular focus on demographic
research. According to existing theories on
demographic behaviour, there is undoubtedly a
need to have a holistic perspective on life
courses, at least from a pragmatic historical
point of view. The representation of life courses
as recurrent sequences of states lies at basis of
this approach, and it is briefly recalled in the
paper. Then, I briefly review some of the
approaches that have been used to analyse such
data: from complex description to optimal
matching, from divisive clustering algorithms to
correspondence analysis. Two examples of
applications to demographic behaviour are also
discussed. I then consider the important issue of
collecting sequence data, and the opportunities
to use such perspective on synthetic
biographies. Finally, some open questions are
put forward.

Zusammenfassungen
Gert Hullen: Modellrechnungen der
Lebensformen, Haushalts- und Familienstrukturen
Die Ergebnisse von Modellrechnungen der
Lebensformen,
Haushaltsund
Familienstrukturen in Deutschland werden
vorgestellt. Die Bevölkerung wurde dabei
sowohl nach vier Familienständen (ledig,
verheiratet, verwitwet, geschieden) als auch
nach fünf Stati unterteilt, indem die
nichtehelichen
Lebensgemeinschaften
berücksichtigt wurden. Die Berechnungen
erfolgten mit dem Makrosimulationsprogramm
ProFamy.
Die jetzige Struktur der Bevölkerung in
Deutschland wird sich erheblich verändern. Es
wird immer mehr Kohorten geben, die bis ins
vierte Lebensjahrzehnt hinein mehr Ledige als
Verheiratete aufweisen. Die Gesamtzahl der
Haushalte wird auf dem jetzigen Niveau
bleiben, selbst wenn die Bevölkerungszahl
abnimmt. Die gegenüber früheren Jahrzehnten
geringen
Neigungen,
Partnerschaften
einzugehen, häufigere Trennungen und die
geringe Kinderzahl sowie auch die Zunahme
von Älteren ohne Partner führen zu mehr Ein-

Personen-Haushalten. Ihr Anteil könnte der
Modellrechnung zufolge von 2000 bis 2040 von
37 Prozent auf 49 Prozent zunehmen, d.h. in
jedem zweiten Haushalt lebt dann nur eine
Person.
Mit niedrigen Geburtenzahlen geht einher,
dass Lebensformen des Zusammenlebens mit
Kindern in historischer Betrachtung an
quantitativer Bedeutung verlieren. Gegenwärtig
leben 43 Prozent der 20- bis 34jährigen Frauen
mit Kindern in ihrem Haushalt zusammen (21
Prozent mit einem Kind, 23 Prozent mit zwei
oder mehr Kindern). Ab 2010 wird dies
voraussichtlich nur noch für 25 Prozent der
Frauen zutreffen.
1996 lebten jeweils vier Prozent aller Männer
und
Frauen
in
nichtehelichen
Lebensgemeinschaften. Dies erhöht sich der
zweiten Modellrechnung zufolge bis 2040 auf
neun Prozent. Die Zunahme entspricht der
Erwartung, dass diese Lebensform gegenüber
der Ehe quantitativ an Gewicht gewinnt, sie
aber nicht ablösen wird. Naturgemäß sind diese
Anteile bei jüngeren Erwachsenen sehr viel
höher als für die Bevölkerung insgesamt. 1996
lebten zwölf Prozent der 25- bis 29-jährigen
Männer und 16 Prozent der gleichaltrigen
Frauen in solchen Partnerschaften. Im Jahr 2000
betragen diese Anteile 35 Prozent bei den
Männern und 31 Prozent bei den Frauen dieses
Alters, 2010 dann 38 bzw. 34 Prozent.

Zeng Yi, James W. Vaupel, Wang
Zhenglian:

Haushaltsvorausberechnungen mit
herkömmlichen demographischen Daten
Mit dem dargestellten Modell und der dafür
bereitstehenden Software ProFamy werden die
Verfahren
der
Vorausberechnung
von
Haushaltsstrukturen weiterentwickelt. Erstens
ermöglicht das Modell, verschiedene Merkmale
der Haushalte und ihrer Angehörigen zu
projizieren, wobei Daten verwendet werden, die
in den meisten entwickelten Ländern und
einigen Entwicklungsländern üblicherweise
verfügbar
sind.
Der
Anwender
kann
Projektionen mit demographischen Parametern
wie
der
Lebenserwartung,
der
Geburtenhäufigkeit nach Parität, dem Auszug
aus dem Elternhaus, der Heiratsneigung (auch
der
Neigung,
nichteheliche
Lebensgemeinschaften
einzugehen),
den
Scheidungs- und Wiederverheiratungsneigungen
und ähnlichem durchführen.
Zweitens kann das Modell, anders als die
herkömmliche
Haushaltsvorstands-Methode,
deren Quotenansätze die demographischen
Einflüsse nicht systematisch wiedergeben, die
Vorausberechnung der Haushalte und der
Merkmale ihrer Angehörigen mit Schätzungen
künftiger Bevölkerungsparameter verbinden, so
dass das Modell für die Analyse politischer
Entscheidungen und theoretischer Erörterungen
darüber, wie demographischer Wandel die
Haushalte betrifft, geeignet ist.
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Drittens werden im Modell sowohl
Kernfamilien als auch Drei-GenerationenHaushalte berücksichtigt, so dass gleichermaßen
Projektionen für die westlichen Länder und
Entwicklungsländer möglich sind.
Viertens enthält das Modell im Basisjahr alle
Individuen der Bevölkerung. Ihr Status und
ebenso der Status der Haushalte werden im
Projektionszeitraum fortgeschrieben.

Maarten P.C. Alders und Dorien
Manting: Haushalts-Modellrechnungen
für die Europäische Union 1995-2025
In diesem Beitrag wird über drei HaushaltsModellrechnungen für die Länder der
Europäischen
Union
berichtet.
Wie
Bevölkerungsvorausberechnungen setzen auch
demographischen Szenarien für die Haushalte
Daten über institutionelle und private Haushalte
voraus. Die Modellrechnungen weisen die
Zahlen der Alleinlebenden, der mit einem
Partner Lebenden, der Kinder im Elternhaus und
die Personen in sonstigen Haushalten, darunter
die Anstaltsbevölkerung, aus. Der betrachtete
Zeitraum reicht von 1995 bis 2025. Allen drei
Szenarien zufolge wird die Zahl der
alleinlebenden Personen zunehmen. Beim
"Individualisierungs-Szenario"
ist
dieser
Zuwachs am größten, geringer im "FamilienSzenario". Demgegenüber wird in allen
Szenarien die Zahl der im Elternhaus lebenden
Kinder abnehmen. Die Gesamtzahl der Haushalte nimmt bei abnehmender Haushaltsgröße in

einem Ausmaß zu, das vom gewählten Szenario
abhängig ist.

Heinz Rothgang: Die Aufrechterhaltung
des Pflegeleistungsangebots für die
Älteren in Deutschland – Projektionen
der Finanzierung der gesetzlichen
Pflegeversicherung

Zuhilfenahme von Daten über die Ausgaben pro
Leistungsfall und Vorausberechnungen über die
Gesamtsumme
der
beitragspflichtigen
Einnahmen wird dann der zur Finanzierung im
Umlageverfahren
benötigte
Beitragssatz
ermittelt. Die Berechnungen zeigen, daß der
demographische Wandel nicht nur die Zahl der
Leistungsempfänger erhöht, sondern auch zu
einer Verschiebung der Pflegearrangements von
der familialen zur professionellen Pflege
beiträgt, die ebenfalls ausgabensteigernd wirkt.
Zwar
kann
die
resultierende
Ausgabensteigerung durch das zu erwartende
Wirtschaftswachstum und die damit verbundene
Erhöhung der Bemessungsgrundlage bei einem
konstanten Beitragssatz finanziert werden,
allerdings nur um den Preis einer dramatisch
sinkenden
realen
Kaufkraft
der
Versicherungsleistungen.
Werden
die
Leistungshöhen dagegen entsprechend der
Preisentwicklung für Pflegeleistungen angepaßt,
ist
ein
erheblicher
Beitragssatzanstieg
unvermeidlich.

Ganz allgemein nahm in den Ländern der
OECD in den letzten Jahrzehnten die Sterblichkeit weiter ab, während die Geburtenhäufigkeit
unterhalb des Reproduktionsniveaus blieb.
Folglich altert die Bevölkerung. Vor diesem
Hintergrund wurden die Probleme der
Langzeitpflege von mehr und mehr älteren
Personen ein wichtiges Thema in den westlichen
Wohlfahrtsstaaten.
Dies
führte
zu
entsprechenden Gesetzen in Österreich,
Deutschland, Japan und Luxemburg und zu
andauernden Debatten in England, Finnland,
Frankreich und Italien über die Notwendigkeit,
das System der sozialen Sicherung zu erneuern.
Jedes System ist jedoch betroffen von den
wachsenden Ausgaben für die Langzeitpflege,
verursacht sowohl durch die demographische
Entwicklung als auch durch andere Faktoren.

Peter Fehr: Wohnungsversorgung und
Hilfsdienste für Senioren – Zur Antwort
von Wohnungsunternehmen auf die
demographische Alterung

In diesem Beitrag werden die finanziellen
Auswirkungen
für
die
gesetzliche
Pflegeversicherung in Deutschland untersucht.
Auf der Basis eines Simulationsmodells wird
zunächst die Entwicklung der Zahl der
Pflegebedürftigen
berechnet.
Unter

Der Beitrag geht kurz auf die Wohnsituation der
Senioren in Deutschland ein, und er beschreibt,
mit
welchen
Maßnahmen
Wohnungsunternehmen auf die demographische
Alterung antworten. Weil einige dieser

Zusammenfassungen
Gesellschaften erwägen, das Angebot an
Dienstleistungen für hilfsbedürftige Ältere
auszubauen, ist es wichtig, die Nachfrage nach
Unterstützungsdiensten zu analysieren und die
zukünftige Entwicklung zu umreißen. Es
werden ausgewählte Ergebnisse einer Fallstudie
dargelegt, die zeigen, dass Unterschiede
zwischen bestimmten Altersgruppen und
Lebensformen
bei
der
gegenwärtigen
Inanspruchnahme von Hilfen nicht einhergehen
müssen mit entsprechenden Unterschieden
bezüglich der Dienstleistungsnachfrage nach
Serviceangeboten des Wohnungsunternehmens.
Deshalb kann nicht einfach gefolgert werden,
dass mit der Alterung und der Entwicklung der
Lebensformen, welche auf einen zunehmendem
Hilfsbedarf schließen lassen, die Nachfrage
nach Unterstützungsleistungen durch die
Wohnungsunternehmen
wachsen
würde.
Insofern müssen Investitionen in den Ausbau
der jeweiligen Service-Infrastruktur sorgsam
bedacht werden.

Harald Simons und Katharina Maschke:
Kohorten-Modelle – ein Instrument für
Haushalts-Modellrechnungen
In dem Beitrag diskutieren wir die Bedeutung
von Alters- und Kohorteneinflüssen für
Haushaltsvorausberechnungen.
Mit
Querschnittsdaten der Einkommens- und
Verbrauchs-Stichprobe (EVS) für Westdeutschland 1978, 1983, 1988 und 1993 bilden
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wir Quasi-Kohorten, um Alters-, Perioden- und
Kohorten-Effekte zu trennen. Wir sind der
Auffassung, dass es bei Vorliegen starker
Alterseinflüsse, d.h. im fortgeschrittenen
Lebenszyklus, angemessen ist, diese Daten mit
Haushalts-Modellrechnungen zu verbinden.
Wenn außerdem starke Kohorteneinflüsse
bestehen, sind die Ergebnisse erstaunlich.
Beispielhaft führen wir die Anwendung des
Kohortenmodells für den Wohnraum pro
Haushalt und die Hauseigentümeranteile vor.
Beim durchschnittlichen Wohnraum pro Kopf
wird ein Anstieg von 39 qm in 1993 auf mehr
als 52 qm in 2015 projiziert, danach klingt die
Steigerung ab. Der Anteil der Hausbesitzer
nimmt von 46 % auf 52 % zu (Westdeutschland,
deutsche Haushaltsvorstände). Bei beiden
Entwicklungen gibt es starke Kohorteneinflüsse.
Die Zunahme wird allein durch die heutige
Bevölkerung im mittleren Alter verursacht, die
die heutigen Hochbetagten mit ihrem niedrigen
Hauseigentümeranteil überleben, während der
Eigentümeranteil bei den jungen Haushalten
nicht
steigt.
Die
Gültigkeit
dieser
Modellrechnung ist hoch, da beachtliche 70 %
aller im Jahr 2030 lebenden Haushaltskohorten
schon heute schon leben. Weitere Anwendungen
des Modells werden kurz diskutiert.

Francesco C. Billari: Die Sequenzanalyse
in der Demographie und ihre
Anwendungen
Ich gebe einen Überblick und diskutiere Ansätze
der Sequenzanalyse in der Untersuchung von
Lebensverläufen, mit speziellem Schwerpunkt
auf demographischen Fragestellungen. Den
gegebenen Theorien des demographischen
Verhaltens zufolge gibt es zweifellos einen
Bedarf nach einer ganzheitlichen Sicht des
Lebensverlaufs, zumindest wenn man von
einem pragmatischen historischen Standpunkt
ausgeht. Die Darstellung der Lebensverläufe als
fortgesetzter Sequenzen von Zuständen bildet
die Grundlage dieses Ansatzes. Das wird in dem
Beitrag kurz in Erinnerung gerufen. Dann
berichte ich über die Ansätze, die für die
Analyse solcher Daten gebraucht worden sind:
von komplexen Beschreibungen zu optimalen
Übereinstimmungen,
von
unterteilenden
Cluster-Algorithmen zur Korrespondenzanalyse.
Zwei
Beispiele
der
Anwendung
für
demographisches Verhalten werden diskutiert.
Dann betrachte ich die wichtigen Fragen der
Sammlung von Sequenzdaten und die
Möglichkeiten, unter diesem Gesichtspunkt
synthetische Biographien zu nutzen. Schließlich
werden einige offene Fragen angesprochen.
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