
The following study analyzes the impact of demographic developments in Austria on the long-term aver-
age real interest rate, funded pension provision and the implications of demographic developments for
the stability of the financial system. The key results of this study are twofold: (1) Households� net supply of
savings and the demand for capital by the corporate sector both need to be integrated into the empirical
and theoretical analysis of the impact of demographic developments on financial markets. (2) In addition,
funded pension provision is exposed to demographic risks.

The impact of demographic devel-
opments on financial stability is fre-
quently discussed in the economic lit-
erature using the �asset meltdown� hy-
pothesis. According to this theory, an
increase in the share of pensioners as
a percentage of the total population
triggers a decline in asset prices, as
pensioners dissave in old age and, ow-
ing to this demographic development,
there might be fewer economically ac-
tive persons who act as buyers in the
capital markets. Following a methodo-
logical critique of this hypothesis, an
alternative conceptual framework
which is better suited to the current
object of investigation is presented.
Within this framework, variables are
identified that are of cardinal impor-
tance for the relationship between
demographic developments and the
stability of both financial intermedia-
ries and financial markets. Since some
of the effects identified are diametri-
cally opposed to each other, their rel-
ative significance within the concep-

tual framework is examined by means
of quantitative simulations. The impli-
cations of the theoretical and quantita-
tive results for both the stability of fi-
nancial intermediaries in the arena of
funded pension provision and financial
stability will be analyzed in the final
section. The key results of this study
are twofold: (1) Households� net sup-
ply of savings and the demand for cap-
ital by the corporate sector both need
to be integrated into the empirical and
theoretical analysis of the impact of
demographic developments on finan-
cial markets. (2) In addition, funded
pension provision is exposed to demo-
graphic risks.

Demographic
Developments in Austria
According to Statistics Austria (2003),
the Austrian population is projected
to grow modestly from 8.12 million
to 8.21 million until 2050 thanks to
positive net migration, in particular
(table 1).

1 The author would like to thank Elisabeth Springler and Markus Knell for valuable comments.

Table 1

Population Growth in Austria from 2000 to 2050

Age Population structure in 1,000 Population structure in %

2000 2020 2050 2000 2020 2050

0 to 14 1,351 1,180 1,087 16.64 14.17 13.25
15 to 65 5,510 5,455 4,782 67.85 65.50 58.27
Over 65 1,260 1,693 2,337 15.51 20.33 28.48
Total population 8,121 8,328 8,206 100.00 100.00 100.00

Source: Statistics Austria, 2003.
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Despite positive net migration, a
dramatic change in the population�s
age structure is expected. The share
of people of working age (15 to 65)
will fall from 67.85% in 2000 to
65.5% in 2020 and amount to only
58.27% in 2050. In addition, the share
of children and adolescents (aged 0 to
14) will decline from 16.64% (in
2000) to 14.17% (in 2020) and fall
to 13.25% in 2050. According to Sta-
tistics Austria, the birth rate is ex-
pected to be constant between 2002
and 2050 with 1.4 births per woman
aged 15 to 45. Until the year 2050, life
expectancy at birth will increase from
75.8 years (for men) and 83 years (for
women) in 2002 to 80.2 and 88 years,
respectively. The life expectancy of
60-year-olds will rise from 20.1 (for
men) and 24.2 (for women) to 25.5
and 29.4 years, respectively.

Two demographic factors are of
particular interest for the following
analysis: (1) the long-term average rise
in the number of economically active
people (i.e. employees and the self-
employed) and (2) the ratio of not eco-
nomically active persons (including
the unemployed) to economically ac-
tive persons. The average rise in the
number of economically active per-
sons over the respective preceding
20-year period will fall steadily from

0.3% (in 2000) to —0.16% (in 2030) to
then rise back slightly to —0.05% by
2050. The ratio of not economically
active to economically active persons
will increase from about 83% (in
2000) to some 97% in 2050.

Funded Pension Provision
in Austria
What is the extent of funded pension
provision in Austria? Table 2 shows
that, in the period from 1999 to
2004, passbooks on which a total of
some EUR 115 billion were held were
the most important savings vehicle
(23.68 million savings accounts of do-
mestic nonbanks, of which around
5.67 million were building loan con-
tracts). However, no distinction can
be made between long-term pension
provision in the form of the passbook
and short-term saving motives. Tradi-
tional life insurance with some 9.5
million individual and group policies
(in 2003) and a premium reserve fund
of around EUR 40 billion (in 2004)
are widely used. Since 1999, pension
products geared more to capital mar-
kets have gained in relative impor-
tance. In particular, demand for retail
funds (about EUR 70 billion, includ-
ing some 60,000 contracts of subsi-
dized personal pension schemes (Zu-
kunftsvorsorge) offered by investment

Table 2

Key Long-Term Saving Vehicles in Austria from 1999 to 2004

EUR million
1999 2000 2001 2002 2003 2004

Pension funds (total assets) 7,300 7,833 8,037 7,876 9,122 10,126
Severance funds (assets of collective investment funds) — — — — 146 363
Life insurance premium reserve funds1) 28,323 31,192 33,802 35,656 37,645 40,771
Savings excluding building loan contracts 105,869 102,942 108,180 110,481 114,472 112,806
Building loan contracts 15,998 16,278 16,644 16,504 16,923 17,680
Retail funds2) — 54,038 58,319 57,492 64,100 70,816
Of which pension investment funds — 217 179 238 373 711

Source: FMA, OeNB, OeKB, Austrian occupational pension fund association, adapted by FMA 2004;
1) Estimated reinsurance values for 2004. Domestic insurance companies excluding small mutual insurance companies.
2) Retail funds minus investment by mutual funds in domestic investment certificates.
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companies, KAGs), unit and index-
linked life insurance policies (some
EUR 3.3 billion, including around
420,000 subsidized personal pension
contracts offered by insurance compa-
nies) and pension funds (about EUR
9.6 billion and some 413,000 benefi-
ciaries, including prospective benefi-
ciaries) has grown following the de-
bate on the stability of the public pen-
sion system. At EUR 299 million, the
volume of severance funds is still low
despite some 2.2 million qualifying
periods, as these funds were intro-
duced only in 2003.

The volume of funded pension
provision (in particular, pension
funds, severance funds and subsidized
personal pension schemes) is there-
fore relatively high overall, even if ac-
cumulated contributions and the num-
ber of contracts remain well below
those of savings and building loan
contracts, as many products were
launched only recently. In the next
few decades, however, funded pension
provision will make considerable ad-
vances and gain in relative importance
for financial stability.

To analyze the impact of demo-
graphic developments on financial sta-
bility, there are basically two starting
points: (1) Consumption by not eco-
nomically active persons arises from
claims involving an economic interest
and social security claims on national
income that is generated by economi-
cally active persons, thereby inducing
nonconsumption by the latter — pro-
vided the consumption is not funded
by investment income. (2) The decline
in the number of economically active
persons impacts on economic growth,
capital productivity and the demand
for capital. The first correlation is gen-
erally discussed primarily within the

framework of the �asset meltdown�
hypothesis and largely in isolation
from the second. In this study, a con-
ceptual framework is developed to fa-
cilitate the integrated analysis of both
these effects.

The �Asset Meltdown�
Hypothesis
The �asset meltdown� hypothesis is
based on expectations about the me-
dium- to long-term momentum of
both total saving by economically ac-
tive persons and dissaving (due to
consumption) by pensioners. The im-
pact of these expectations on financial
markets is examined within the con-
ceptual framework of overlapping
generations (overlapping generations
or OLG models).2 According to this
model, the baby boom generation —
i.e. the wave of children born in
1957—70 — will be in a very produc-
tive phase of their working life in
the period from 1990 to 2020, which
will be marked by relatively high in-
come and, consequently, relatively
high net savings. Insecurity about fu-
ture pensions funded by public con-
tribution systems will also boost net
savings. In the period from 2020 to
2030, the baby boom generation will
enter retirement. Baby boomers will
defray a portion of their consumption
from savings invested for this purpose
and thus sell their assets. Since the
next generation to enter a particu-
larly productive phase of economic
activity in this period will be smaller
owing to demographic developments,
the balance between buyers and sell-
ers will be skewed toward the latter.
When the baby boom generation
reaches retirement, this will trigger
a slump in the prices of assets traded
in financial markets. The impact of

2 Inter alia Toporowski (2000); England (2002); Geanakoplos et al. (2002).
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demographic developments on both
the demand for real capital and mar-
ginal capital productivity is not ac-
counted for by the �asset meltdown�
hypothesis.

The �asset meltdown� hypothesis
is considered to be a highly unlikely
scenario in economic literature, as
pricing in financial markets is seen
to have sufficient flexibility to antici-
pate the price effects arising from
baby boomers� dissaving. Instead of a
one-off price effect arising from the
transition between generations, price
adjustment occurs over a relatively
lengthy period, thereby preventing a
sudden slump in prices. Many critics
of the �asset meltdown� hypothesis
contend that equity prices are deter-
mined primarily by the discounted
present value of dividends expected
in future and therefore do not depend
on dissaving by pensioners. However,
this counterargument does not hold
water. In fact, the effect of falling
equity prices also arises within the an-
alytical framework of this study, as the
discount factor and expected future
returns are not independent of demo-
graphic developments.3

The empirical evidence for a his-
torical correlation between demo-
graphic developments and financial
market prices is not clear.4

— Econometric models generally dis-
regard the interaction between the
supply of savings and the demand
for capital.5 However, the latter
is not independent of the rise in
economically active persons, a

demographic variable. If the de-
mand for real capital is not inte-
grated into the model, the corre-
sponding effects will be wrongly
interpreted as effects arising from
pensioners� dissaving. The econo-
metric models cannot differentiate
between shifts in the supply curve
along the demand curve and shifts
in both curves. An equation of the
demand for capital, accounting for
the impact of demographic devel-
opments on the demand curve,
should also be integrated into
these estimations.

— Price formation in financial mar-
kets is frequently modeled as
based on rational expectations.
Demographic developments can
be extrapolated relatively far into
the future as soon as the relevant
cohorts are born. This is why the
price effects arising from the re-
tirement of the baby boom gener-
ation should have already taken
place many years ago. However,
there is no empirical evidence
for this.6

— Frequently, in addition to demo-
graphic variables, control variables
(e.g. the long-term real interest
rate, dividend growth) are in-
cluded in the estimation equa-
tions.7 Since, however, these varia-
bles are not independent of demo-
graphic developments, the estima-
tions of the parameters and their
standard deviation can be dis-
torted owing to the multicolinear-
ity of the independent variables.

3 Lueg et al. (2003).
4 Poterba (2004).
5 These econometric analyses are implicitly based on an interest rate theory, according to which real interest rates

and asset prices are determined by both saving and dissaving decisions within the household sector and not in
capital markets by households� net savings and the corporate (and public) sector�s demand for capital as in the
neoclassical loanable funds theory, or in money markets as in accordance with Keynesian theory.

6 Davis and Li (2003); Poterba (2004).
7 Davis and Li (2003).
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— The specification of the variables
representing demographic devel-
opment (e.g. absolute or relative
cohort sizes, average age) is not
trivial and strongly influences the
results.

— In addition, the growing global in-
tegration of financial markets since
the end of the Bretton Woods sys-
tem does not facilitate this analysis,
as the impact of national demo-
graphic developments on national
equity and bond prices is becom-
ing weaker.8 This is why, in empir-
ical studies, this phenomenon
should be explicitly accounted
for in the estimation equations.
Furthermore, the baby boom gen-

eration�s expected dissaving behavior is
not undisputed empirically. Empirical
studies on a correlation between dem-
ographic developments and aggre-
gated saving behavior at a macrolevel
do not provide any clear results.9

— This lack of clear results is primar-
ily due to the fact that identifying
the effect of demographic changes
requires very long horizons of ob-
servation. As a result, the number
of observations appears to be
much higher than the number of
statistically utilizable independent
observations actually is, so the ef-
fective degrees of freedom are re-
duced.10 Saving behavior depends
on several factors that evolve far
more frequently than demo-
graphic developments and that
can obscure the impact of these de-
velopments. In particular, the in-
stitutional framework of saving be-
havior (e.g. confidence in the pub-
lic pension system, government

measures to promote wealth accu-
mulation) has undergone a sea
change since 1950.

— In addition, in the empirical analy-
sis of saving behavior, different
specifications of demographic vari-
ables have an impact on the results.

— The inclusion of bequest motives
also makes the analysis of saving
behavior in old age problematic.
Bequests can increase the total sav-
ings of pensioners and reduce that
of potential heirs.

— The small size of annuity markets
generates a further saving motive
in retirement as well — the precau-
tionary motive, which is positive
owing to uncertainty surrounding
the time of death.

— Households� unequal distribution
of assets makes statistical analysis
at a microlevel difficult, as wealthy
households are often underrepre-
sented in samples.11

— Many empirical studies go as far as
identifying a positive saving rate
among pensioners. This can be ex-
plained primarily by the fact that
transfer income, which pensioners
receive owing to their claims on a
pension fund or on the public pen-
sion system, is classified as aggre-
gate income instead of aggregate
dissaving.

— In addition, a significant statistical
correlation between the aging of
society and saving behavior does
not indicate direct causality unless
all control variables are included.
The aging of society can have an in-
direct effect on saving behavior
(e.g. lower net marginal capital
productivity).12

8 Davis and Li (2003).
9 Dirschmid and Glatzer (2004).
10 Poterba (2004).
11 Bosworth et al. (2004).
12 McCarthy and Neuberger (2003).
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This study is not based on the con-
ceptual framework of overlapping gen-
erations, as this framework frequently
limits price effects to the transition be-
tween consecutive generations and so
does not do justice to the pricing
mechanism in financial markets. Fur-
thermore, the results are very sensitive
to the assumptions and the structure of
certain models.13 Instead, the real im-
pact of demographic developments
and the dissaving momentum of differ-
ent generations are integrated into a
growth theory framework. Since em-
pirical studies on the correlation be-
tween age and saving behavior do not
provide any clear results, reference is
made to consumption by not econom-
ically active persons and not to their
saving behavior. Furthermore, this
conceptual framework integrates con-
trary effects arising from both the
change in demographic structure
(growing overall consumption by pen-
sioners) and the decline in population
(demand for real capital) on the long-
term average real interest rate.

Demographic
Developments and Real
Interest Rates
The impact of demographic develop-
ments on the real interest rate can
be conceptually represented by a neo-
classical growth model.14 Since pri-
marily the effects on real variables of
a change in the rise of the number
of economically active persons are to
be tested, a supply-oriented concep-
tual framework is best suited to the
problem. The model is guided by a
large number of simplifying assump-
tions: In the long term, prices are as-
sumed as having sufficient flexibility

to ensure an equilibrium in goods, fi-
nance and labor markets in each pe-
riod. In addition, the analysis disre-
gards many other possible influencing
factors for real interest rates. Since
this model operates with real parame-
ters only, potential monetary factors
do not play a role. In other words,
above all, monetary policy, inflation-
ary expectations and financial market
volatility are excluded on heuristic
grounds. Moreover, a closed economy
is assumed. The analysis confines itself
to the correlation between demo-
graphic developments and output po-
tential, as well as to marginal capital
productivity. It is also assumed that
technological progress is exogenous
and not factor-related, i.e. that it is
solely a function of time and increases
the productivity of the overall stock of
the relevant factor and not only that of
the flow in the latest period.

What Is the Correlation
between Demographic
Variables and the Real
Interest Rate in the
Neoclassical Growth Model?
The equilibrium growth path for exog-
enous, not factor-related Harrod-neu-
tral technological progress is derived
from an output function of a general
form as follows:
Y ðtÞ ¼ F ½AKðtÞKðtÞ; ALðtÞLðtÞ� ð1Þ

This function is continuously dif-
ferentiable and satisfies some addi-
tional conditions: output per unit of
labor and marginal capital productiv-
ity stock per unit of labor are defined
as y and k so that y ¼ fðkÞ. In addi-
tion, marginal capital productivity
per unit of labor is positive f 0ðkÞ > 0
but decreases as the capital stock per

13 McCarthy and Neuberger (2003).
14 The corresponding model can be found in any textbook on macroeconomics and growth theory. The representation

selected here follows Mankiw (1997) and Frenkel and Hemmer (1999).
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unit of labor increases (f 00ðkÞ< 0) and
as lim

k!0
f 0ðkÞ ¼ 1; lim

k!1
f 0ðkÞ ¼ 0:

Output Y ðtÞ in period t is a func-
tion of (1) the level of technological
knowledge AKðtÞ determining capital
productivity, (2) capital stock KðtÞ,
(3) the level of technological knowl-
edge ALðtÞ determining labor produc-
tivity, and (4) labor supply LðtÞ in the
period. Only Harrod-neutral techno-
logical progress satisfies the condi-
tions of equilibrium growth: techno-
logical progress leaves both the capital
coefficient k=fðkÞ and the functional
income distribution between labor
and capital unchanged. Harrod-neu-
tral technological progress is defined
as labor-boosting technological prog-
ress that leaves the capital productivity
unchanged but increases the produc-
tivity of the stock of the factor labor.
From this it follows that
@AKðtÞ=@t ¼ 0. If AKðtÞ is normal-
ized to 1, a starting point for the anal-
ysis is derived as follows:

Y ðtÞ ¼ F ½KðtÞ; ALðtÞLðtÞ� ð2Þ
Y ðtÞ

ALðtÞLðtÞ ¼ f
KðtÞ

ALðtÞLðtÞ

� �
ð3Þ

Due to the linear homogeneity of
the output function,
ŷ ¼ Y ðtÞ=ALðtÞLðtÞ — labor produc-
tivity per efficiency unit — can be
given as a function f ½�� of capital in-
tensity per efficiency unit
k̂ ¼ KðtÞ=ALðtÞLðtÞ and simplified to
the labor productivity function per ef-
ficiency unit ŷðtÞ ¼ f ½k̂ðtÞ�. Capital
productivity per efficiency unit is de-
fined as
ŷðtÞ=k̂ðtÞ ¼ ½Y ðtÞ=ALðtÞLðtÞ�=

½KðtÞ=ALðtÞLðtÞ�.
Let us analyze the long-term equi-

librium growth rate, defined as con-
stant capital stock over time per effi-
ciency unit. If the capital intensity
per efficiency unit is differentiated

by time, is remodeled and set to equal
zero, this yields the relationship be-
tween total national saving and na-
tional investment in a state of equili-
brium growth (equations 4 to 6). A
constant saving rate 0< s <1, a con-
stant rise in the number of economi-
cally active persons with the rate
gL¼ @LðtÞ=@t a constant national de-
preciation rate of �, and Harrod-neu-
tral technological progress of
gA ¼ @ALðtÞ=@t are assumed:

k̂ðtÞ ¼ KðtÞ
ALðtÞLðtÞ ð4Þ

@k̂

@t
¼ sf k̂

� �
� ðgL þ gA þ �Þk̂ ¼ 0 ð5Þ

sŷ ¼ ðgL þ gA þ �Þk̂ ð6Þ
Sufficient levels of total national

saving are required to keep the capital
stock per efficiency unit constant. In
other words, depreciation needs to
be financed from this as does addition-
ally required capital stock for addi-
tional efficiency units, which consist
of both additional labor owing to the
rise in the number of economically ac-
tive persons and technological prog-
ress (equation 6). Along the equili-
brium growth path, national output
per efficiency unit and capital stock
per efficiency unit are constant over
time. Output per unit of labor and
per capita income Y=L increase with
the labor productivity that is equal
to the rate of technological progress
gA, gY=L ¼ gA. National income Y in-
creases with both labor productivity
and the rise in the number of econom-
ically active persons ðgY ¼ gA þ gLÞ.

How Can Structural
Population Growth Be
Integrated into the Model?
The standard model assumes that the
population consists solely of economi-
cally active persons. This conceptual
framework is not suitable for analyzing
the economic effects of structural pop-
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ulation growth. Consumption by not
economically active persons also needs
to be financed from national income,
irrespective of the form of underlying
claim thereon. This could be social se-
curity legislation and the Pension Fund
Act, as well as a claim involving an
economic interest. The national de-
pendency ratio dep, the ratio of not
economically active to economically
active persons, is multiplied by real
consumption rep per not economically
active person relative to national in-
come per economically active person.
From this the share of consumption
by not economically active persons as
a percentage of national income per ef-
ficiency unit can be calculated. The
constancy of the variable rep is as-
sumed on heuristic grounds, so that
the real consumption per not econom-
ically active person increases in propor-
tion to national income per economi-
cally active person.15 National income
per efficiency unit can therefore be
broken down into the individual com-
ponents of consumption per efficiency
unit ĉ, consumption by not economi-
cally active persons dep�rep�f k̂

� �
and saving per efficiency unit
f k̂
� �
� dep�rep�f k̂

� �� �
�s. It is as-

sumed on heuristic grounds that not
economically active persons do not
save. It follows from equation (6) that
total saving has to be equal to the de-
mand for real capital. Consequently,
for consumption per efficiency unit ac-
counting for structural population
growth, equation 7 can be derived as:

f k̂
� �
� dep� rep�f k̂

� �
�

� f k̂
� �
� dep� rep�f k̂

� �� ��s ¼
¼ ĉ ¼ ð1� dep� repÞf k̂

� �
�

�ðgL þ gA þ �Þk̂ ð7Þ

Is There A Saving Rate
for which Long-Term
Consumption per Efficiency
Unit Is Maximized?
For any saving rate, there is a constant
capital stock per efficiency unit and
constant income per efficiency unit
which satisfy equation (6). Consump-
tion by not economically active per-
sons is determined by social security
legislation, political considerations,
and holdings of financial and real as-
sets. On this basis, the share of income
of economically active persons can be
calculated as a percentage of national
income, a portion of which the latter
save. Economically active persons are
not indifferent to the level of the sav-
ing rate. They make their saving deci-
sion such that their long-term level of
consumption is maximized. If the sav-
ing rate is too high, the capital stock is
too large and their consumption is
lower despite higher output, as more
output needs to be invested in main-
taining equilibrium capital stock. If
the saving rate is too low, gross mar-
ginal capital productivity will exceed
the level required to maintain the
equilibrium capital stock and, by in-
creasing the saving rate, additional
capital can be saved until maximum
consumption is attained.

15 The variable �rep� is determined primarily in accordance with social security legislation and social policy.
Constancy assumes that cuts in the public pension system will basically be compensated by private provision.
Only a small portion (consumption by beneficiaries from funded pension provision) depends on the real interest
rate. Roughly 50% of not economically active persons will be pensioners in 2020. If around half of these receive
from the second or third pillar a supplementary pension covering a quarter of their average consumption, this will
be equivalent to only 6.25% of the consumption by not economically active persons.
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In equations (8) and (9), there-
fore, consumption per efficiency unit
ĉ � is derived in accordance with k̂ �,
abstracting from a potentially positive
time preference rate of households:

@ ĉ �

@k̂ �
¼ ð1� dep� repÞ @f k̂�

� �
@ k̂�

�

�ðgL þ gA þ �Þ ¼ 0 ð8Þ

@f k̂�
� �
@ k̂�

¼ gL þ gA þ �
ð1� dep� repÞ ð9Þ

Equation (9) shows that gross mar-
ginal capital productivity must be
equal to the sum of the growth in
the number of economically active
persons gL, technological progress
gA and depreciation �, divided by the
share of national income available for
both consumption and saving by eco-
nomically active persons in percent
so that the latter do not have to spend
more than is necessary to maintain the
capital stock and can consume more.

What Impact Do Demo-
graphic Developments
Have on Gross Marginal
Capital Productivity?
The decline in growth in the number
of economically active persons is in-
cluded in the model by gL1<gL. Struc-
tural growth is integrated into the
conceptual framework by the rise in
consumption by not economically ac-
tive persons owing to the dependency
ratio dep increasing to dep1 (including
increased �dissaving� by pensioners).

As equations (10) and (11) show,
the impact of demographic develop-

ments on the long-term average real
interest rate is ambiguous:

@

@f k̂�ð Þ
@k̂�

� �

@gL
¼ ð1� dep� repÞ�1> 0 ð10Þ

@

@f k̂�ð Þ
@k̂�

� �

@dep
¼ ðgLþ gAþ �ÞðdepÞ
ð1� dep� repÞ�2> 0 ð11Þ

The derivatives of gross marginal
capital productivity with respect to
both the rise in the number of eco-
nomically active persons (equation
10) and the dependency ratio (equa-
tion 11) have the same positive sign.
Since the former decreases and the lat-
ter increases, contrary effects on the
long-term average real interest rate
are generated. The heuristic assump-
tion according to which not economi-
cally active persons do not save does
not affect the result in principle.16 It
should be borne in mind that the de-
pendency ratio for the economy as a
whole increases less steeply than is
frequently presented in debate. The
increase in the participation rate of
15- to 65-year-olds partly offsets the
increase in the old-age dependency ra-
tio.17 The increase in the participation
rate has two effects on the share of not
economically active persons as a per-
centage of the economically active,
as it both increases the number of eco-
nomically active persons and reduces
the number of not economically active
persons to the same extent. As a re-
sult, particularly the permanent effect
of a higher participation rate counters

16 For equation (9), the inclusion of a positive saving rate of not economically active persons sdep gives rise to only a
minimal adjustment, which does not affect the results in equations (10) and (11):

@f k̂�
	 


@k̂�
¼ gL þ gA þ �
½1� dep� repð1� sdepÞ�

: ð9aÞ

17 Tichy (2005) underlines that the demographic development of the dependency ratio until 2050 is not unusual in
historical terms, but that the low values of the 1990s were atypically low.
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not economically active persons�
growing consumption induced by ag-
ing. By contrast, the transitory in-
crease in the participation rate (but
not the level thereof) has an impact
on economic growth. The former af-
fects growth only insofar as it influen-
ces the rise in the number of econom-
ically active persons, i.e. only until a
new constant participation rate has
been reached.

In short, in the neoclassical
growth model, the following can be
said for the effects of a decline in
the rise of the number of economi-
cally active persons: the optimal capi-
tal intensity per efficiency unit in-
creases, and the factor labor is parti-
ally substituted by the factor capital.
The net marginal product of capital
— i.e. the long-term average real inter-
est rate — can, on the one hand, de-
cline due to a broadening of the capi-
tal base but, on the other hand, can in-
crease owing to structural change in
the population. Dissaving by not eco-
nomically active persons increases
long-term average real interest rates,
as this reduces the total net saving
available for investment purposes.
Which of the two effects prevails is
further analyzed below by means of
a simulation based on Austrian data.
Total output per efficiency unit and
capital stock per efficiency unit are
constant over time. Output per eco-
nomically active person and per capita
income Y=L rise in tandem with labor
productivity gY=L ¼ gA. National in-
come Y increases in parallel with both
labor productivity and the rise in the
number of economically active per-
sons ðgY ¼ gA þ gL1Þ. Hence, it now
grows at a slower rate than when the
number of economically active per-
sons rises more rapidly. If gA < jgL1j

(for gL1< 0Þ, national income could
also decline.

Although the model is technically
not very sophisticated, it does indicate
the most important influencing fac-
tors of demographic developments
on the long-term average real interest
rate. The key points of criticism about
the neoclassical growth model relate
to two assumptions, in particular:
the rate of technological progress is
exogenous, and the economy it applies
to is a closed economy.

Neoclassical growth theory places
considerable importance on the exoge-
nous rate of technological progress, as
this determines per capita income
growth. The more recent growth
theory18 endogenizes the rate of tech-
nological progress. This is why quanti-
tative analysis uses scenarios that as-
sume future productivity growth fluc-
tuating between 1.25% and 2.25% a
year. In the model, it is assumed that
the rate of technological progress is in-
dependent of demographic develop-
ments.

The model�s most restrictive as-
sumption is definitely that of a closed
economy. As a result, the real interest
rate may fall irrespective of demo-
graphic developments in the rest of
the world. Since in many other OECD
countries (e.g. Germany, Italy, Japan,
Spain, the U.S.A., as well as the CEE
countries) demographic developments
are similar to Austria�s, long-term aver-
age real interest rates are also expected
to decline in these countries. In this
way, the advantages of international di-
versification and integration are mod-
erated. Idiosyncratic risks (country
risks, currency risks and political risks)
frequently associated with investments
in the countries with the fastest popula-
tion growth often render these coun-

18 Inter alia Romer (1986, 1990).
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tries rather unattractive for long-term
pension provision in Austria.19 How-
ever, even if pension provision were
fully diversified internationally, this
would not be enough to avert the im-
pact of demographic developments
on the real interest rate in Austria. If
annuities that have benefited from in-
ternationally diversified assets are is-
sued in Austria, they will increase the
aggregate price level and, conse-
quently, lower real consumption by
economically active persons, which
will lead to a rise in real interest rates
in the model. As Bo‹rsch-Supan et al.
(2003) therefore explain, both invest-
ment and consumption should be inter-
nationally diversified, i.e. especially in
the form of capital exports and goods
imports. If, however, the hypothesis
of fully integrated global financial and
real capital markets is assumed, a glob-
ally uniform net marginal capital pro-
ductivity would result. It would be in-
dependent of demographic develop-
ments in Austria. If Austria�s net mar-
ginal capital productivity cannot fall
below the standard international level,
the capital deepening required will not
therefore take place. The result is a
suboptimal capital stock and a subopti-
mal level of Austrian national income.
The relatively low degree of financial
and real capital market integration is
known in economics as the Feldstein-
Horioka puzzle. In addition, the extent
of investment portfolios� international
diversification is surprisingly low.20

Real Interest Rates and
Funded Pension Provision
The funding principle facilitates inter-
temporal income transfer between
years of economic activity and those
of retirement by the acquisition of as-

sets (especially securities). Assets are
acquired from current savings over
the period of economic activity. At
the end of this period, annuities are
acquired using the accumulated
wealth. What is the relationship be-
tween future annuities and net mar-
ginal capital productivity?

With real constant annual individ-
ual net savings S and an expected
long-term average real interest rate r
(after tax and additional asset manage-
ment costs), after tA years pension
capital PC can be derived from equa-
tion (12):

PC ¼ ð1þ rÞ
tA � 1

r
S

8r; tA : r 6¼ 0; tA 2Nþ ð12Þ

With given real constant annual in-
dividual net savings S, the pension
capital PC attained after tA years de-
creases if the expected long-term
average real interest rate r (after tax
and additional asset management
costs) is reduced:

@PC

@r
¼ ð1þ rÞ

tA�1� rtAð1þ rÞtA�1

r2
S<0

8r; tA : r > 0; tA > 1; tA 2Nþ ð13Þ

, ð1þ rÞ
tA�1

tA
< rð1þ rÞtA�1 ð14Þ

Inequality (14) is valid, as the an-
nual average net return is smaller than
the last period�s interest income dis-
counted over a single period. This re-
sults from the compound interest ef-
fect, whereby the capital stock is far
higher at the start of the last period
compared with the first period. If
the expected long-term average real
interest rate r (after tax and additional
asset management costs) is reduced,
the required real constant net savings

19 Bosworth et al. (2004).
20 Obstfeld and Rogoff (2001).
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s has to increase in order to attain the
given target pension capital PC after
tA years. @S=@r> 0 is also valid under
the same conditions; constant real net
savings have to be higher for a lower
expected long-term average real inter-
est rate so that the same target pen-
sion capital is attained at the end of
the saving period.

For an expected long-term aver-
age real interest rate r (after tax and
additional asset management costs),
pension capital PC, which is required
to receive a constant real annual annu-
ity A over tR years, can be obtained
from equation (15):21

PC ¼ ð1þ rÞ
tR � 1

ð1þ rÞtRr
A

8r; tR : r > 0; tR 2Nþ ð15Þ

If, before entering retirement,
one has saved a capital stock of PC
at the end of the saving period and
the expected real interest rate r (after
tax and additional asset management
costs) falls owing to demographic de-
velopments, this will affect the con-
stant real annuity A:

A ¼ ð1þ rÞtR

ð1þ rÞtR � 1
PC

8r; tR : r > 0; tR 2Nþ ð16Þ

@A

@r
¼ ð1þ rÞ

tR ½�1� rtRð1þ rÞ�1þ ð1þ rÞtR �
½ð1þ rÞtR� 1�2

PC> 0

8r; tR : r > 0; tR 2Nþ ð17Þ

, ð1þ rÞ
tR�1

tR
>

r

ð1þ rÞ ð18Þ

Inequality (18) is valid, as the an-
nual average net return is greater than
the discounted real interest rate of a
single period due to the compound in-
terest effect. If the long-term average
real interest rate r (after tax and addi-
tional asset management costs) falls
owing to demographic developments,
the annual annuity A will also fall
for a given pension capital PC. A de-
cline in the long-term average real in-
terest rate has a twofold effect on
funded pension provision, decreasing
both the pension capital saved and
the resulting annuity.

Demographic Developments,
Real Interest Rates and
Funded Pension Provision:
Quantitative Results
A simulation for 2020 based on equa-
tions (9), (12) and (16), using demo-
graphic data provided by Statistics
Austria (2003) and the Austrian Com-
mittee for Long-Term Pension Sus-
tainability (2002), shows the following
key results:22

In the model, however, demo-
graphic developments trigger a de-
crease in long-term average real inter-
est rates in Austria. This decrease is a
long-term phenomenon. The simula-
tion results in the model are therefore
not fundamentally dependent on the
choice of year (2020).
— In the scenario to which the high-

est probability of event is allo-
cated, future productivity growth
will fall to 1.75% a year and the
participation rate will rise to

21 The costs of both capital accumulation and annuities are abstracted from in this analysis. Although they reduce
the level of the annuity for a given amount of savings, they do not directly affect the relationship between changes
in the real interest rate and pension capital, and changes in the real interest rate and the annuity.

22 The quantitative results of the impact of demographic developments on long-term average real interest rates and
funded pension provision which are derived from the model are used to represent two things: first, the magnitude
of the contrary effects arising from capital deepening and growing consumption by not economically active
persons on long-term average real interest rates and, second, the demographic risk of funded pension provision.
These results are not a forecast of future trends in Austrian real interest rates.
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75%. Despite international diver-
sification in the investment of
funded pension provision and in
consumption by pensioners as well
as partial integration of financial
and real capital markets, demo-
graphic developments will have a
negative impact on funded pension
provision: the long-term average
real interest rate will fall by
around 0.3 percentage point, the
pension capital at the end of the
saving period will be some 2.6%
lower compared with the initial
scenario with a positive rise in
the number of economically active
persons and the annual pension
will be down by approximately
6%. Funded pension provision is
very sensitive to interest rates.

— International diversification and
integration reduce the demo-
graphic risk of funded pension
provision. However, its depend-
ency on international long-term
average real interest rates in-
creases correspondingly.

— Sensitivity analyses show that the
impact of demographic develop-
ments on funded pension provision
is reduced by a rise in productivity
growth and strengthened by an in-
crease in the participation rate.

— Since in many other OECD coun-
tries (e.g. Germany, Italy, Japan,
Spain, the U.S.A. and the CEE
countries), demographic develop-
ments are similar to Austria�s, a de-
cline in the long-term average real
interest rate is also anticipated in
these countries, thus moderating
the merits of international diversi-
fication and integration.23 This is
supported by a study on the im-
pact of demographic develop-
ments on the European real inter-

est rate by Miles (2002), in which
the European real interest rate of
3.95% (2000) falls to 3.66% in
2020 and to around 3.50% in
2050. If the degree of international
diversification and integration is
significant, the dependency of
funded pension provision on inter-
national real interest rate trends is
very high. In the simulation, a de-
cline in the international real inter-
est rate by 0.5 percentage point in-
creases losses to around 10% of
the annual pension, compared
with the initial scenario.

Impact of Demographic
Developments on Financial
Stability
The impact of the decline in long-
term average real interest rates in Aus-
tria on funded pension provision and
financial stability depends primarily
on the diversification of risk in funded
pension provision, which depends, in
turn, on certain products� institu-
tional characteristics. The following
analysis therefore confines itself to
pension funds, severance funds and
the subsidized personal pension
schemes. As a rule, other saving pro-
ducts cannot be clearly classified un-
der pension provision (e.g. building
loan contracts, passbooks, life insur-
ance policies including residual debt
insurance, death insurance). The im-
plications for the general interest rate
exposure of financial intermediaries
cannot be included in this analysis.
The extent to which demographic de-
velopments increase the risk for finan-
cial intermediaries within the frame-
work of funded pension provision (in
particular, pension funds, severance
funds, banks and insurance compa-
nies), from which potential risks for

23 Poterba (2004).
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the financial system could arise, is an-
alyzed.

As far as pension funds are con-
cerned, two types of contracts should
be distinguished: defined benefit and
defined contribution contracts. For
the former, the employer bears the in-
vestment risk. For the latter, the bene-
ficiaries (including prospective benefi-
ciaries) bear the risk. Defined contri-
bution contracts make up a large por-
tion of Austrian pension fund con-
tracts. In both cases, the risk is limited
due to the fact that pension funds are
legally obliged to guarantee a specified
minimum income. The amendment
of the Austrian Pension Fund Act
in 200324 substantially reduced the
amount of the minimum return guar-
antee in view of pension funds� insuffi-
cient capital backing, stipulating that
the actual payout (but not the value
of the asset), which would be equiva-
lent to the minimum return, is guaran-
teed. In addition, the calculation pe-
riod of 60 months was extended until
the minimum return is attained, or
until the prospective beneficiary be-
comes the beneficiary, i.e. eligible to
receive the pension benefits. The min-
imum return is relatively low and is
defined as half of the average secon-
dary market return for Austrian gov-
ernment bonds minus 0.75 percentage
point, with the average being accumu-
lated over 60 months (Article 2 para-
graph 2 Austrian Pension Fund Act).
The minimum return is therefore in-
fluenced by the level of domestic
long-term average real interest rates.
This is why the impact of demographic
developments also reduces the mini-
mum return. Hence, demographic de-
velopments do not directly increase

the likelihood that the relevant guaran-
tee becomes applicable. For pension
funds, therefore, lower long-term
average real interest rates do not gen-
erate any additional risks. The amend-
ment of the Austrian Pension Fund
Act in 2005 will also provide for the
possibility of contracting out the mini-
mum return guarantee, which has in
the past proved to be unreliable in
the long term.25 For defined benefit
contracts, demographic risks are
borne by employers in the form of ad-
ditional contributions and, for defined
contribution contracts (most pension
fund contracts), by the beneficiaries
themselves in the form of lower pen-
sions. Since pension funds have prom-
ised unrealistically high levels of calcu-
lated interest rates in the past, it is
likely therefore that pensions with
lower long-term average real interest
rates will fall short of expectations
on conclusion of the contract.

In the case of severance funds, the
investment risk is largely borne by
beneficiaries. Under Article 24 para-
graph 1, the Austrian act governing
employee retirement and severance
pay provision provides for a guaran-
tee of the sum of severance pay con-
tributions in stipulated circumstan-
ces.26 Although demographic develop-
ments trigger a decline in average
real interest rates, this does not mean
negative values. This is why there is
no fundamental future risk that the
guarantee would become applicable
due to demographic developments.
As a rule, the guarantee is valued
by means of stochastic methods that
use historical price data. As these
methods do not take future trends
into account, the valuation may suffer

24 Austrian Federal Law Gazette Part I 71/2003.
25 790 of the Enclosures XXII. Legislative Period, Committee Report, Article 2 Amendment of the Austrian Pension

Fund Act.
26 Austrian Federal Law Gazette Part I 100/2002.
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slight distortions if the long-term
average real interest rate is lower.
The guarantee could be valued at
too low a level. Furthermore, sever-
ance funds can also guarantee a fixed
interest rate. However, this can be
amended in the (fiscal) years to fol-
low, i.e. they can be adjusted to
new market conditions. An appropri-
ate response can therefore be made
to a decline in long-term average real
interest rates so as to prevent addi-
tional risks for severance funds aris-
ing within the framework of an op-
tional interest rate guarantee.

Investors themselves bear the risk
of subsidized personal pension schemes.
However, a guarantee of the capital in-
vested is stipulated by law for this
product under Article 108h paragraph
1 line 3 of the Austrian Income Tax
Act.27 This guarantee relates to the
nominal value of the sum of the con-
tributions paid minus the government
premia credited. Although demo-
graphic developments trigger a de-
cline in average real interest rates, this
does not mean negative values. This is
why there is no fundamental future
risk that the guarantee would become
applicable due to demographic devel-
opments. As a rule, the pricing of this
guarantee is based on stochastic simu-
lations that are, in turn, based on his-
torical price developments in the fi-
nancial markets. Not taking account
of the impact of demographic develop-
ments on future long-term average
real interest rates could therefore give
rise to a systematic distortion in the
price for this guarantee. Since interna-
tional diversification is of the utmost
importance for mitigating the impact
of demographic developments on
funded pension provision, investment

restriction under Article 108h para-
graph 1 line 1 of the 1988 Austrian In-
come Tax Act28 should be subjected to
critical review.

In short, it can be said that the
risks arising from demographic devel-
opments and lower long-term average
real interest rates have to be borne by
beneficiaries, in particular, in the form
of lower pensions. No significant addi-
tional risks arise for the stability of fi-
nancial intermediaries and hence for
the financial system.

Summary
The �asset meltdown� hypothesis is
considered from a highly critical per-
spective in empirical literature. This
study does not use the conceptual
framework of overlapping genera-
tions, as the price effect is restricted
to the transition between consecutive
generations and so does not do justice
to financial markets� pricing mecha-
nism. Instead, real effects arising from
demographic developments and the
wealth dynamics of different genera-
tions are integrated into a growth
theory framework.

In short, the following can be said
about the impact of a decline in the
growth in the number of economically
active persons in the model: optimal
capital intensity per efficiency unit in-
creases, and the factor labor is parti-
ally substituted by the factor capital.
Long-term average real interest rates
can either fall by an increase in capital
intensity or rise owing to structural
change in the population (dissaving
by pensioners). An analysis of the im-
pact of demographic developments on
financial market prices and real inter-
est rates therefore needs to include
the impact of demographic develop-

27 Austrian Federal Law Gazette Part I 155/2002.
28 Austrian Federal Law Gazette Part I 10/2003.
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ments on both households� net supply
of savings and the demand for capital
by the corporate sector. Among the
underlying data for Austria, the initial
effect prevails and the long-term aver-
age real interest rate falls. Within the
framework of funded pension provi-
sion, a decline in the long-term aver-
age real interest rate reduces both
the pension capital saved and the re-
sulting pension. The key factors of in-
fluence on the long-term average real
interest rate are (1) the rise in the
number of economically active per-
sons, (2) the ratio of the consumption
of not economically active persons (in-
cluding dissaving by pensioners) to na-
tional income, (3) the international
average real interest rate and (4) pro-
ductivity growth.

In the scenario to which the high-
est probability of event is allocated, fu-
ture productivity growth will shrink
to 1.75% a year and the participation
rate will climb to 75%. Despite inter-
national diversification in the invest-
ment of funded pension provision,
consumption by pensioners and the

partial integration of financial and real
capital markets, demographic develop-
ments will have a negative impact on
funded pension provision: compared
to the initial scenario with a positive
rise in the number of economically ac-
tive persons, pension capital at the end
of the saving period will fall by about
2.6% and the annual annuity will fol-
low suit, declining by some 6%. De-
pendency on international real inter-
est rate trends will be very high. If
the international real interest rate
falls by 0.5 percentage point, pension
losses will increase to some 10% rela-
tive to the initial scenario.

The impact of demographic devel-
opments on financial stability will de-
pend primarily on the diversification
of risk. Beneficiaries, above all, will
have to bear the risk of lower long-
term average real interest rates in
the form of lower pensions. No signif-
icant additional risks will arise within
the framework of funded pension pro-
vision for the stability of financial in-
termediaries and hence for the finan-
cial system.
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