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Abstract

Population aging is an inevitable global demogragirocess. Most of the literature
on the consequences of demographic change focuséseoeconomic and societal
challenges that we will face as people live longed have fewer children. In this
paper, we (a) describe key trends and projectidnthe magnitude and speed of
population aging; (b) discuss the economic, soalati environmental consequences
of population aging; and (c) investigate some ef dpportunities that aging societies
create. We use Germany as a case study. Howeeegetieral insights that we obtain
can be generalized to other developed countriesallyige that there may be positive
unintended side effects of population aging that loa leveraged to address pressing

environmental problems and issues of gender ingywald intergenerational ties.



[. Introduction

Countries around the globe are experiencing populaging. In developed societies,
life expectancy has risen at a steady pace of albhweé months per year, and this
trend is not expected to end (Oeppen and Vaupel)2@@ the same time, fertility fell
considerably in almost all countries around thelevdn Europe, three-quarters of the
population live in countries with fertility belowh¢ replacement level (Frejka and
Sobotka 2008). Increasing longevity and low birdites inevitably result in major
changes in the observed age structure, which cbale@ severe consequences for
societal arrangements. The projected changes ffelttanumerous areas of life, such
as family formation, labor market arrangements,shstainability of public finances,

and environmental considerations.

Economic research has so far primarily stresseaé¢gative effects of increasing life
expectancy and declining fertility, such as thedeuarof increasing dependency ratios
(Cutler, Poterba et al. 1990), the dramatic effectshe labor market (Bérsch-Supan
2003; Borsch-Supan 2004), and the effects of glalgadg on the economy (Bloom
and Canning 2008; Bérsch-Supan 2008). Furthernsokdg branch of the literature
focuses on the impact of population aging on ttiansiof social security. According
to numerous studies, health expenditures are gtingncrease (Getzen 1992;
Anderson and Hussey 2000; McGrail, Green et alOR0fs are expenditures for long-
term care (Schulz, Leidl et al. 2004; Comas-Herrgvittenberg et al. 2006). The
increasing burden of public pensions on governrbegets is also of great concern
(Bongaarts 2004; Fenge and Werding 2004; Jimen@sRa al. 2008). The observed
and expected changes in the demographic composite®projected to cause different
problems in different countries, depending mainty the degree of reliance of the

citizens on the public sector in old age and theegesity of public programs.

Still, for most European countries, the primaryrues are expected to occur over the
next three decades, during which a decreasing nuofqgoducers will have to care
for an increasing number of consumers. After thasgitional period, the populations
of these countries will, on average, be older andler; and the costs will be lower
as smaller cohorts start entering retirement aperdfore, while it is certainly true

that the current and expected changes in age wteusill have a negative impact on,



for example, public finances; we expect to see nmidtier consequences in the long
run. In fact, there are a number of ways in whiapuation aging could be
advantageous. These include, for example, lowegldesf carbon emissions, more
balanced intergenerational transfers as the uppuaitic transfers for public pensions
are compensated for through higher inter-vivo tiemssand bequests due to the lower
number of siblings, and increasing gender equality higher female labor force
participation levels and changes in time use. phjger describes some areas in which
we expect to see beneficial effects as populatgingaoccurs. We mainly focus on
Germany, not only because the country is a forezumm terms of aging, but also
because it has a very high level of public trarssterd a huge industrial sector. These

characteristics make Germany highly suitable ferehvisaged analysis.

We investigate five areas that can illustrate thssfple unintended consequences of
population aging in the long run. We focus on tldeicational composition of the
labor force, CO2 emissions in aging societies rgaperational transfers in the form
of bequests, developments in healthy life expegtaand the share of the lifetime
spent working. These five examples demonstratepthtential positive long-term
effects that are either directly caused by popoitataging, such as lower CO2
emissions due to changing consumption patterns twelife cycle; or are indirectly
caused by the aging of the population, such akkbly changes in female labor force

participation rates due to the expected chang#®iage structure.

All of the illustrated results depend on the bebeali adaptations of individuals: i.e.,
the findings are subject to change based on whetld@riduals in the future make
decisions that deviate from the currently obseipaiterns. Thus, our study shows the
likely positive effects if the current conditiongepail. While it is possible to
speculate about the different coping strategiesrttay be implemented in the future,
making such predictions is beyond the scope oféttisle. The article is structured as
follows: We first provide an overview of the popiiden aging process in Germany.
We then present five illustrative examples of ar@aswvhich aging might have
advantageous side effects. In the remainder of phper, we show why these

developments can be important for policy-makerd, @ooncluding discussion.



II. Aging in Germany

We begin our analysis by presenting some desceigigures on population aging in
Germany. Our intention is to show that major derapbic changes have happened in
the past, and that ongoing changes are expectsidajge the future until 2040. The
main reason for these developments is fact thabaltby boomer cohorts are reaching
retirement age. When this influential transitionap&—which is expected to put
pressure on social security programs and create g@neral sustainability issues—
has passed, a more “advantageous” population aggdiion can again be expected.
Figure 1 compares the population age distributionsGermany in 2010 and 2060.
While today individuals of working age are in thajority, these cohorts will grow
old in the coming decades. Thereafter, we will see older but more evenly

distributed age structure.

Figure 1: Population age distribution, Germany 2010 (left) and 2060 (right)
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Source: Statistisches Bundesamt (2012)

Figure 2 depicts the old-age dependency ratioaffoEU-27 countries according to
their aging trajectories. Overall, we see a dogplim the old-age dependency ratio
within the following five decades for the mean dfat the EU-27 countries. Some
countries, such as Germany, Italy, and Greece, akeady relatively old in 2010,

and will age further. Other countries, such as nebshe eastern European countries,



had relatively young populations in 2010, and tiéy age most rapidly after 2030.
The remaining two panels show countries which apeeted to be younger than the
EU average for the entire period of observationwhich are likely to become
younger in the future. The UK and Ireland are amding continuously young
countries, while a number of countries in northarmd western Europe (excluding
Germany) are expected grow younger than the EU-Ztage. Germany is a
forerunner in terms of aging, with a very steep irsthe old-age dependency ratio set
to occur between 2020 and 2040. Thus, Germany iimpartant case to study, as it is
among the first of the countries that will expedena demographic future which

almost all of the industrialized countries will exeally face.

Figure 2: Old-age dependency ratios in conventional age brackets (20-65) for the
EU-27 countries 2010-2060, in comparison to the EU-27 average.
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Germany is at a relatively advanced stage in tmeodgaphic transition for two main

reasons: an early fertility decline and a rapidigreasing life expectancy. We show
some demographic results separately for easternnastern Germany to illustrate
differences in the aging of the population evenhimitthe country. The TFR had

already fallen below the replacement level in thgyel970s (

Figure 3). Economic uncertainties and other insecuritigsrakunification lead to a

temporary reduction to a low record TFR level of b the East. Afterwards it rose
again and now both regions have comparable fgrtdites at around 1.36 in 2011 and
are expected to experience a moderate rise tonlndost population projections for

the coming decades.

Figure 3: Total fertility rate (TFR) 1960-2010, eastern and western Germany
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Source: Human Fertitilty Database (2013)

At the same time, life expectancy is expected toeiase further. Following the fall of
the Berlin Wall, life expectancy in eastern Germaoyverged with western German

levels at an unprecedented pace, and life expectamtinued to rise steadily.

Figure 4 depicts the projected life expectancy at birthiomen until 2100. Increases
in longevity are comparable in Germany and Swedierthe mean UN projection,
women add another 10 years of life expectancy tvercourse of the century. By

2060, female life expectancy at birth is expecteeach 90 years.



Figure 4: Projection of life expectancy at birth, females 2010-2100
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Source: United Nations, World Population Prospetie 2012 Revision

Figure 5 depicts the total dependency ratios ap@at ratios for eastern and western
Germany separately. The increase in the dependeatty in the east is more
pronounced, with each worker having to support mbi@ one other individual.
While the total dependency ratio is calculated withregard to who actually
produces and consumes in a society, the suppattekies these factors into account.
It shows a more refined picture, as it considers il dependencies, and is, for
example, used to calculate demographic dividendasfM and Lee 2006). To
calculate the support ratio, we used data on ageHsp consumption and income
patterns by single years of age from the Nationain3fer Accounts projetto
estimate the real consumption and income valuethi®dpopulation over the coming
decades. The support ratio shows that, currerttipua0.7 producers take care of one

consumer in the east. In the decades to comeattidswill also apply in the west.

! The National Transfer Accounts project offers daiaage-specific consumption, income, and
transfers for 34 countries around the world. Forerinoformation, see www.ntaccounts.org.



Figure 5. Dependency ratios (0-19 and 65+) and support ratios, eastern and western
Germany, 1950-2050

120

100

80

60

40

—— Support ratio East
—— Support ratio West
- - - Total dependency ratio East
- - - Total dependency ratio West

Support and dependency ratio (in percent)

20

T T T T T
1960 1980 2000 2020 2040
Year

Source: Federal Statistical Office, own calculation

The changes in the population age structure irctimeing decades are significant. As
Germany faces a low TFR and parallel increaséteiexpectancy, the aging process
will occur at a rapid pace, and as we stated eaniéll lead to sustainability
problems. While this is certainly the case in spe@reas and for some transitional
decades, we can expect the demographic changesderate after 2050. We have
even identified important areas in which populaégng can be advantageous. These

areas will be presented in the remaining sectidhiseopaper.

[ll. Approach

We used various methods to show the likely advaaag effects of population aging
in selected areas, but we will not describe thesthats in detail here. Instead, at the
beginning of each section, we will briefly presém¢ data and methods used. Yet the
overall approach for all of the sections is compklrawe will show the underlying
age patterns for each variable of interest, sucth@€02 emissions or the education-
specific labor force participation level. This igeénded to provide information on how
age-sensitive our variables are. We will then piojee information into the future.
Our focus is on a point in time relatively far inetfuture, when the demographic

turmoil is likely to be over, and a smaller popidatwith a less unbalanced age



structure is anticipated. Our analysis mainly inigeges what will happen if the
current conditions prevail. We use age profiles tbé monetary system, the
environmental conditions, the labor market, andnbalth-related conditions; together
with the time use variables observed today andrtédium-term population forecasts,
to show what would happen to the results on theroéavel if a different age
structure were assumed. This basic forecast can ugvimportant insights into how
demography will alter the variables on the popaolatievel; and whether we will
encounter an improvement in, for example, polluterels after 2050, if only because

having an older population is, on average, assetiaith lower CO2 emissions.

We will extend our findings with a discussion oéthikely changes in our observed
age profiles. Are the time allocation patterns @nand women subject to change as
a result of increasing female labor force partitgarates? Can we expect pollution
levels to decline due to advancements in technolagy what would the additional
“aging” effects of a reduction in these levels Mél per capita bequests increase as
members of smaller cohorts receive larger sharemtadrited wealth, or will the
capital stock be eaten up by the longer lives efrtharents’ generations? What will
the educational attainment structure of the laboed look like in the future? Will the
care needs of the oldest-old individuals reallycbecentrated in the last two years of

life?

Our scenarios are not meant to provide exact fetecénstead, we intend to offer
some basis for discussion about the possible adgastof population aging and how
key age utilization patterns could lead to chantes will entail important societal

adjustments.

IV. Results — What the future could bring?

To assess the impact of population aging in the Inm, we will focus on some
specific areas in which we argue that aging capdientially advantageous. We will
investigate some of the opportunities that agingjes®s create, using Germany as
our main case study. We will examine labor forcenposition, pollution levels,
intergenerational transfers, the share of life spangood health, as well as the

fraction of the lifetime devoted to work and leisur



A. More productive? — Demographic change and education

Economic activity levels in Germany vary betweee ggoups and between men and
women, and they show the typical reversed u-shtiqgelevel is higher for middle-
aged individuals than for younger and older peopled men are more likely to
participate in market work than women (the “tothiie in Figure 6). In addition to
these known differences, there are also noticeatiterences in labor force
participation levels — our measure of economicvéyti— by individuals’ highest
levels of educational attainment. We created twsiirit education categories: one
that includes everyone with a tertiary degree (eglant to ISCED level 5 or 6), and
one that includes everyone who has a lower leveddofcational attainment (ISCED
level 1 through 4). Figure 6 shows labor force ipgration levels in Germany across
age, sex, and education for the year 2008, bas¢ldeoBuropean Labor Force Survey
(EU LFS).2 The higher the level of education, the higher léneel of labor force
participation, and the smaller the differences leetwwvmen and women. The total size
of the German labor force was about 42.6 million2008, and one-quarter of the
individuals in the labor force had a tertiary degr&his share was slightly higher

among men than among women; or 27% and 23%, résglgct

Figure 6: Labor force participation rate in Germany, by age, sex, and highest level of
educational attainment, 2008
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% The year was deliberately chosen to avoid inclydire impact of the financial crisis. Labor force
participation is defined according to the definitiof the ILO, which means it includes the emploged
well as the unemployed. The labor force particqpatiate is defined as the sum of employed and
unemployed persons divided by the total numbereopie in the respective age, sex, and education
category.



The fact that economic activity levels not only whdistinct patterns by age and sex,
but also by education, plays a crucial role wheooines to assessing the potential
impact of changes in the size and structure ofldber force on economic growth.
The consequences of population aging are only ¢ertin degree determined by a
population’s age structure. Labor productivity & nniform, but varies along several
dimensions, with one of them being the educati@ttdinment levels of workers
(Bloom and Canning 2008). It might very well be tase that a smaller and older but
— in terms of human capital - better equipped ldbore can compensate for some of
the expected declines in economic growth (Lee aaddvi 2010; Ludwig, Schelkle et
al. 2012). However, it is not the goal of this exee to quantify these growth effects.
Instead, we wish to show the potential changeshédomposition of the German

labor force that go beyond the usual projectionadpy and sex.

Before we can project the characteristics of theidorce in terms of age, sex, and
education; we not only need the participation pesfialong these three dimensions,
but also the corresponding population projectiodsing the multi-state cohort-
component method, the German population was pegjefrom 2008 to 2053. The
starting population distribution in 2008 was ca#tad from the EU LFS. The
specifications for future fertility, mortality, migtion, and education transitions are
the same as those presented in K.C., Barakat €2@l0); with the only difference
being that the assumptions about the future dewsdop of fertility, mortality, and
migration have been updated using the 2011 Versibrihe World Population
Prospects (United Nations 2011). The educationsitians came from the GET
(Global Education Trend) scenario, which projectetire transitions based on the
development of historical global patterns of educetl expansion. On the basis of
these assumptions, our analysis showed that nptvalillarger shares of the younger
cohorts attain tertiary education (33% of 25-29r@ds in 2053, compared to 19%
in 2008), but the share of the population with liglevels of education will increase
among the age groups 50 and older, as better edlicahorts will replace cohorts
with lower levels of educational attainment (“ediimaal upgrading”). This means
that the share of Germans aged 50 and older withtiary degree was 21% in 2008,
and is projected to be 34% in 2053.



Keeping the labor force participation profiles fikat the levels observed in 2008 and
combining them with the education-specific popwlatiprojections leads to an
absolute labor force size of 29.1 million in 205%&ich represents a reduction of
almost one-third compared to 2008. This projectetlide in the number of
economically active individuals in Germany, basedrefy on changes in the
demographic structure, has appeared in previowsarels (Bérsch-Supan and Wilke
2009). However, by including the educational dimenswe can also offer some
estimates regarding the educational compositichefuture labor force: the share of
the labor force with tertiary education was 25%2008, but it is projected to rise to
33% in 2033, and to increase further to 42% in 2@88npare Figure 7).

Figure 7: Projected development of the German labor force size, 2008 to 2053, by
level of educational attainment. Scenario with constant labor force participation

rates.
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Source: Own calculations, based on 2008 data fronhIES and WIC educational attainment populatiorjgmiions.

Since participation is held constant, this charggeadlely due to the changes in the
composition of the German population described abdable 1 shows that this
change is expected to happen among all of the agepg, although to varying

degrees.



Table 1: Composition of the German labor force by educational attainment, 2008 and

2053 (constant scenario)

Age-group 2008 2053
25-29 21 % 36 %
30-49 29 % 50 %
50+ 30 % 45 %
overall 25% 42 %

Source: own calculations

Based on the observation of past trends in Gernand/ other aging countries,
increases in the labor force participation ratesaien and of people over age 50 are
likely. In addition to the constant scenario, wdcukted a benchmark scenario in
which we assumed that participation would, by 20&%ch the levels that were
observed in Sweden in 2008. Sweden is often cited Ble model country when it
comes to equality in economic activity levels amamgn and women and to the labor
force participation of workers over age 50. Formpge, in 2008 the labor force

participation rate of 60-64-year-olds was 61% ire8en, but only 36% in Germany.

When we look at our benchmark assumptions, we eanttsat the total size of the
labor force is still set to decline, but only to.Bmillion: this represents a reduction of
20%, rather than the reduction of over 30% thaitniscipated to occur in the constant
scenario. In terms of the educational compositibthe future labor force, the two

scenarios show only very minor differences.

B. Greener? — Demographic change and the environment
Demographic change has important consequencekdamnvironment and for carbon
emissions. In the literature that dates back tol#€l model (Ehrlich and Holdren
1971), population size was the demographic fadtat teceived the most attention.
More recently, the study of the role of populaticomposition has become more

prominent (e.g., O’Neill et al. 2010).



Population aging is a process that entails subatarttanges in the population age
structure. It has been shown that the profile ofgagita CQ emissions by age has an
inverted-U shape (Zagheni 2011). As individualseernadulthood, they tend to

consume and travel more, which in turn leads tdagadr level of emissions. This

trend continues well into adulthood, as older pedmve larger incomes and larger
houses and cars. Emissions then decline when thdils retire and travel less. At an
aggregate level, the inverted-U profile of emissiaver the life-cycle means that a
changing age structure may generate considerablectiens in CQ emissions, all

else being constant.

The figure below shows the trend in emissions fern@any, obtained by multiplying
the age-specific per-capita profile in Zagheni (0&and UN population projections
(the 2012 Revision of the World Population Prospecthe profile of emissions over
the life course is kept constant: changes in epmssiare driven by changes in
population size and age structure. We observepiiatilation aging initially tends to
increase emissions as growing numbers of peopls tmeugh the ages at which
emissions peak. We expect that the effect of cmangiopulation size and age
structure may be lead to an increase in emissibnaase than 30% over several
decades, from 1950 to 2020. But in the long runthasproportion of people older
than age 80 continues to increase and the popuolaiie shrinks, emissions will

decrease and reach pre-1950 levels.

The combined effects of a reduced population smkaamore favorable age structure
(in terms of carbon emissions) are likely to geteersubstantial reductions in GO
emissions. These gains will not happen automayichliéw lifestyles, increased levels
of wealth, and the development of new technologigisinteract with the changing
demographic landscape. However, this is a casehinhwpopulation aging could be

appropriately leveraged to transform a challenge @am opportunity.



Figure 8: CO2 Emissions, Germany 1950-2100
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Source: Zagheni (2011), UN population projectia@ven calculations

C. Richer? — Demographic change and intergenerationdatansfers
The impact of population aging on intergeneratiotransfers has been studied
extensively (e.g., Lee and Mason (2011)). Howevke, effects of demographic
change on the size and timing of bequests ovetifth@€ourse have not received as

much attention.

The relationship between demography and bequestsnplex, and is mediated by a
number of economic variables, like saving rates wgedlth accumulation. However,
the demographic forces that shape intergeneratiomasgfers in the form of bequests

are relatively simple.

Increasing longevity and fertility postponementeaff in opposite directions, the
points in time over the life course when peopleenee bequests. Increasing life
expectancy means that, all else being constanpl@euwill experience the deaths of
their family members later in life. Thus, on averamdividuals will receive bequests
later in life. Fertility postponement acts in theposite direction. Later childbearing
means that, all else being equal, people in theesage group will have, on average,
older parents and grandparents. In the US, lifdetatalculations and empirical

evidence from the Panel Study of Income DynamicSIDp indicate that the rapid



increase in the mean age at childbearing has niane ¢tounteracted gains in life

expectancy in recent years (Zagheni and Wagner)2014

Lower fertility means that bequests are shared gnaosmaller group of people; thus
the per capita amounts that individuals receiveukhde larger. As fertility has
reached below-replacement levels, we expect thatplr capita bequest amounts

people receive will stabilize.

In order to gain insight into the relative importarof changes in life expectancy and
the postponement of childbearing in Germany, wéuawad trends in the life
expectancy at the mean age at childbearing. Ttnsdiis a proxy for the number of
years a surviving woman would expect to live widr mother alive. It can also be
thought of as the average age at which a womandseyderience the death of her
mother, conditional on the woman'’s survival. Tremdthe age at the mother’s death

can be seen as indicative of general trends iadkeat the receipt of bequests.

The figure below shows trends in female life expacy at the mean age at
childbearing for Germany. Overall, the general drendicates that people inherit
wealth, on average, at a later stage of theirddarse. The general increase in life
expectancy at the mean age at childbearing seerhave stalled during the past
decade, as fertility postponement counteractedsgaiife expectancy. However, in
the coming decades, we expect to see that theteffecontinued gains in life

expectancy will prevail. Assuming that people dd eghaust their savings during
retirement and that fertility remains low, gainslifie expectancy may also translate

into larger per capita bequests.



Figure 9: Estimates and projections of female life expectancy at the mean age at
childbearing in Germany for the period 1950-2060. Source: Own calculations using
demographic rates from the UN World Population Prospects. the 2012 Revision.
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As the age at which people experience the deathfamily member is expected to
increase over time, individuals will receive bedaeen average, when they are older;
i.e., after they have established themselves psifieslly and are potentially close to
retirement. Bequests may thus act as a form ofleguaThe family members who
stand to benefit the most from the bequests—aibditectly—are the grandchildren,
who may receive financial help from their parengstlaey attend college or form a

family.

An increase in the age at which bequests are red¢e$svnot necessarily advantageous
or disadvantageous. However, it can be seen agpportanity in an aging society.

Appropriate policies regarding inheritances couéd designed to reduce inequality



and favor intergenerational transfers to those ateat a stage of their life-cycle in

which they require more resources.

D. Healthier? — Demographic change and healthy life geectancy

The projected increases in longevity in the comdecades are substantial. In
Germany, life expectancy at birth for females wile from 83 years currently to
around 90 years by 2050. In the past, gains ofiigu@.5 years were added every 10
years. These projected changes in longevity raseatiestion of whether the lifetime
added will be spent in good health. There are s¢éww&udies on current and past
trends in health expectancies, including disabilge and active life expectancy
(Christensen, Doblhammer et al. 2009). They hawwvshimprovements in health
expectancies for Germany and other developed dean&is measured by different
indicators of limitations in the activities of dailiving or of subjective health
perceptions (Doblhammer and Kytir 2001; Unger 200@nton 2008; Ziegler and
Doblhammer 2008). However, other studies have fdhatithese gains in disability-
free life expectancy have been accompanied by arease in the prevalence of
chronic diseases (Crimmins 2004; Parker and ThiodsB007).

Surprisingly, there are relatively few analysesfuifire health expectancy trends in
Germany. These trends are mainly considered inestush future expenditures on
health care and long-term care in aging welfareestéGetzen 1992; Anderson and
Hussey 2000; Schulz, Leidl et al. 2004; Comas-HarraVittenberg et al. 2006).

Increasingly, studies have found indications tleagtterm care expenditures tend to
be concentrated at the end of life, during the years prior to death (Zweifel, Felder
et al. 1999; Breyer and Felder 2004).

This suggests that the increases in life expectareynot necessarily related to

soaring health care costs. However, the questioraires if Germans enjoy not just

longer lives, but healthier lives as well? In afoefto answer this question, we have
forecasted age-and sex-specific trends in selfgpeed health and the care needs of
household members.

The analysis is based on micro-level data colleatethe German Socio-Economic
Panel Study (SOEP). The SOEP is a representativeechold panel study that reaches



back to 1984, and interviews all of the adult hdnad& members over age 17 on an
annual basis. In the first wave, 12,000 respondemse interviewed. Subsets for
foreigners, eastern Germans (in 1990), and immigrarere added subsequently; and
in 1998, 2006, and 2009, “refreshment” samples weckuded. The participating
households are followed over time. The SOEP costanformation about each
individual respondent, including his or her workihigtory, income parameters, and
household structure. Detailed descriptions of thegb design and description of the
data have been provided elsewhere (Haisken-DeNeMWFeaok 2005; Wagner, Frick
et al. 2007).

The SOEP data are organized into different dataSetsour analysis, we matched the
data elicited in individual-level questionnairesttwbiographic data and health and
disability information. We chose the question “Hawuld you describe your health
at present?” as an indicator for self-perceivedthestatus; and the question “Is there
anyone in your household who is receiving care bseaof old age or health
reasons?” as an indicator for care need amongldeelyemembers of the household.
The first question was asked between 1992 and 24id had five possible answers:
“very good”, “good”, “satisfactory”, “poor” and “wy poor”. We dichotomized this
variable with the first three answers, which meiatt the respondent was healthy.
The second question was asked between 1984 and @6dlhad only two possible
answers: “yes” and “no”. Unfortunately, the SOEResimot contain information on
elderly living in residential homes for the periofl observation. This leads to an
underrepresentation of individuals receiving cadtewever, we base our estimation
on onset of care need rather than the quantityacé ceeded. We assume that the
onset of care need does not necessarily differ dertwndividuals receiving care at
home or in residences. We used this informatiocaigulate the sex-specific mean
age at which good health/bad health and no needai@/need for care was reported.

In a second step, we forecasted these trends asargdom walk with drift.

Our results confirm the findings from the liter&uBetween 1984 and 2011, the
average healthy life expectancy among women rosiESbyears, from 36 to 49 years.
Assuming that the pace of improvement is similathia future, women could add
another 19 years of healthy life expectancy, reagiéi8 years. When we used self-

rated health status as an indicator to projecttingdife expectancy, the numbers did



not differ considerably. In this case as well, \we 8nmense improvements in healthy
life expectancy in recent decades. Over the enbservation period, almost 30 years
of life without any health difficulties are addeftr(the results compare Figure 10).
The improvements are less pronounced among merttilegrare among women, but

they are still large.

Figure 10: Average healthy life years, men and women, Germany 1984-2050,
projected based on care need question (left) and self-rated health status (right)
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Error! Not a valid bookmark self-referencehows the results in relation to life
expectancy. Both of the indicators, care need aidrated health status, show a
significant increase in the share of the lifetirpergt in good health. We estimate that
the average man will spend around 84% of his fifetiin good health in 2050,
compared to around 50% today. The gap between meénvamen is slightly bigger
in this case due to the higher life expectancy ayn@omen. In 2050, the share of the
lifetime spent in good health is expected to beesgyercentage points lower among
women than it is among men. Still, the average woma050 will likely spend over
77% of her lifetime in good health, compared tc lédgan 50% in the past and about
60% today. According to our estimates, the onsetaog need of elderly members of

the household will be pushed to higher ages. Baseithe development of care need



since 1984, for the future our results suggest weawill spend the majority of our

life time without someone in the household who seate.

Figure 11: Share of lifetime spend in good health, men and women, Germany 1984-
2050
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E. Life-cycle adjustments? — Demographic change andntie use

The ratio of market work, housework, and leisurerathe life-cycle and in cross-
section is also of increasing importance, both betwthe sexes and across the life-
cycle at the individual level. As the populatioreagand the pressure for women to
participate in the labor force grows, this areaexpected to undergo significant
changes, which will in turn have an impact on tlherent generational and gender
contract. We used monetary estimates of incomeswoption, and intergenerational
transfers obtained by following the standard methagly of the National Transfer
Accounts. This process provided us with age-speeifonomic variables which were
also decomposed by gender. The theoretical framewass built upon Samuelson
(1958), Diamond (1965), and Lee (1994). Informatabout consumption, income,
and the age utilization of public expenditures agnkenues came from the database

for Germany (Kluge 2009). To estimate productiamnsumption, and transfers in the



household, the Time Use Survey 2001/02 was emploMeel observed differences in
time use by gender provide information about thesain of domestic work within
households, and the overall workload of an indigidWhile working hours in market
employment were found to be twice as high for menthey are for women, the
reverse was shown for domestic labor. Women wewaddo perform two-thirds of
the domestic services, including general housekeetzisks, childcare, elderly care,

and shopping (Table 2).

Table 2: Hours spent on housework per day by gender

<30 30-65 65+
Men 1.3 2.8 3.7
Women 2.2 4.8 4.9

Source: Time Use Survey 2001/02, Germany

Market consumption and labor income, as well as c¢beesponding difference
between the two, or the life-cycle deficit, showsa surprising pattern. We found
that men tend to produce twice as much labor inceam&omen beginning in their
thirties. As the consumption levels were found ® ielatively comparable, the
average woman was not shown to have a surplus herelife course. This picture
changes dramatically if we include unpaid home patidn. For almost all of the
items, such as cooking, cleaning, or shopping, worhave significantly higher
values. Only from retirement age onward were mawshto increasingly engage in
cooking, cleaning, and gardening. We used the afigicireplacement method to
monetize unpaid housework according to the thindypaule (Reid 1934). When we
combined market and unpaid home produétimnage and gender, we found roughly
similar life-cycle patterns of consumption and immfor both sexes. The monetized
results for the lifecycle deficit with and withoutousehold production and

consumption are shown rable 3.



Table 3: Market and non-market values for consumption, income, and corresponding

lifecycle deficit in billion euros, Germany 2003

Men Women Total
Consumption 725 781 1506
Income 814 429 1243
Market Lifecycle Deficit 89 -352 -265
Time adjusted consumption 1,131 1,202 2,333
Time adjusted income 1,124 946 2,070
Time adjusted lifecycle deficit -7 -256 -265

Source: own calculations

The relationship between leisure, market work, hodsework is expected to change
in the future, assuming the currently observedil@®tontinue, as is shown in Table
4. At the population level, we found that the amtooh time devoted to home
production is likely to exceed the time spent penfiog market work. The amount of
time spent on market work as a share of the tota tvailable was only 14.5% in
2010, and is expected to decrease to 11.9% by ZI0&d.analysis showed that the
share of time spent in what we call leisure—i.etjvities other than market work,
home production, or sleeping—is set to increaggti over the study period among
the older population. For the average individualtfiis synthetic cohort approach),
we found that the share of time spent working gguted to be 7.4%, while share of
time spent in leisure activities is likely to acabdor nearly half of the person’s
lifetime. Thus, the aging of the population wilakto an increase in leisure time, if

no further adjustments are made.

Table 4: Percentage share of activities at the population level, Germany 2010 and
2060. Source: Time Use Survey 2001/02, own calculations.

Housework Work Leisure
2010 20.5 14.5 65.0
2060 21.8 11.9 66.3

% Unpaid home production is monetized by using thrly wage of an unskilled worker for all easy

household tasks.




Over the coming decades, the current gender cdnsréikely to change significantly
as female labor force participation rates increasesponse to population aging. As
Vaupel and Loichinger (2006) have observed, it dooé desirable to reduce the
number of hours spent working in the market at gewnages, and to work until
higher ages to compensate for the breaks takeieresarllife to, for example, raise a
family. Thus, individuals would have more time t®vdte to child care and
housework while they are young, and could smooghtiial amount of time spent in
market work over the life-cycle. This type of sadmt could become especially
relevant within the next two or three decades. &nairth cohorts who are currently
middle-aged will have to provide care for their owfffispring, their parents, and—in
the case of one-child families—the parents-in-lehless more flexible arrangements
are introduced, the health and long-term care arse systems will face challenges.
It is, however, clear that the increased demanddorale market labor will change

the traditional gender contract, which currentiynagns in force.

V. Discussion

In this paper, we addressed the important questfomow major areas of life will
change as the population grows older and smallez. W8ed the case study of
Germany, a country that is at a relatively advanstabe of the demographic
transition, to study the potential long-run imptioas of population aging. In the
decades prior to 2040, the consequences of populaging are expected to be
largely negative, as the baby boomers reach retineimge and the dependency ratios
and expenditures for pensions and health careaserestill, we found evidence that
after a period of transition, population aging ebbbve effects that are positive, at

least in part.

We have shown in detail that the potential effasftdraving an older and smaller
population, such as lower pollution levels due @ammges in consumption patterns,
will vary considerably by age. Having a higher ghaf the population with tertiary
education could be beneficial for economic growththe long run, and could
compensate, at least in part, for absolute andivelaleclines in the number of

producers. Inherited wealth will also be split aman smaller number of siblings,



which could compensate for a decline in upward ipultfansfers, such as
contributions to the PAYGO pension system. Furtleeamindividuals are expected to

spend longer shares of their lives in good healthengaged in leisure activities.

The results only take into account pure demographamges, as we chose to look at
only the changes related to shifts in the age stracand their impact on different
areas of society. Given this limitation, we werelbie to predict whether behavioral
changes will occur as individuals adapt to an opgulation structure. We are aware
that changing expectations will alter today’s oledrprofiles.

The higher educational attainment at the populakiwel can be advantageous for
economic growth. Whether this development, throygiesumed increases in
productivity, can compensate for the negative lnng-effects of the shrinking
workforce remains to be seen. The expected redudtiothe levels of carbon
emissions due to population decline could be evesatgr if more advanced
technologies are invented. On the other hand, émnisscould also stagnate, as
shrinking populations might not be able to reakgnificant CQ reductions. For
example, more individuals may be living in smabbersingle households that are not
efficient in terms of per capita energy use. Theyuasts received by future
generations could also be lower than our estinifthsir parents plan for longer lives
and adapt to increasing longevity by using/depietireir capital stock. Moreover, the
projected increase in healthy life expectancy fladilt to estimate. The question of
whether the time spent in intensive care will ek postponed to the last two years
of life, as some studies have proposed (Zweifdtdtest al. 1999; Breyer and Felder
2006), remains open. Trends in dementia, for exajrgrke not entirely clear (Rocca,
Petersen et al. 2011; Schrijvers, Verhaaren e@l2). Furthermore, given the
increases in the mandatory retirement age in megtldped countries, the share of
the lifetime spent working could remain constastéad of declining. We could adapt
to having longer lives by redistributing work difémtly over the life-cycle (Vaupel
and Loichinger 2006; Vaupel and Hofacker 2009).

Nevertheless, the results show that there are i@porareas in which population
aging and decline could be advantageous. Projetttmgehavioral changes in each of
these areas is beyond the scope of this articlethimiis an obvious topic for future

research. Although the results presented refereom@ny, they could be of interest



for other regions around the world, including badlkveloped and developing
countries. Life expectancy is increasing almoswersally, and the health status of
the older population is improving. The importandeirvestments in education are
well known, and education levels are increasinghm great majority of countries.
Depending on a country’s stage in the demograpiaiasition process, the results

from the analyses of bequests and,@@issions are also generalizable.
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