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We study the effects of an annuity market imperfection on individual agents’ life-cycle
decisions and on the macroeconomic growth rate in an overlapping generations model
with single-sector endogenous growth. Our model features both age-dependent
mortality and labour productivity. We model imperfect annuities by introducing a load
factor on the annuity rate faced by ﬁnitely lived agents. Our main ﬁnding is that annuity
market imperfections decrease economic growth because less assets are necessary for
consumption late in life. In addition we ﬁnd that both the quantitative and qualitative
effects of annuity market imperfections are grossly overestimated in a partial equilibrium analysis because it disregards general equilibrium repercussions.
& 2012 Elsevier B.V. All rights reserved.
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1. Introduction
One of the most robust ﬁndings in economic theory is that individuals facing an uncertain date of death derive
substantial beneﬁts from annuitization of savings. In a seminal paper, Yaari (1965) shows that in the absence of a bequest
motive individuals should fully annuitize all of their savings. One of the key assumptions adopted by Yaari concerns the
availability of actuarially fair annuities. In a recent paper, Davidoff et al. (2005) demonstrate that the full annuitization
result holds in a much more general setting than the one adopted by Yaari, i.e. it obtains also when annuities are less than
actuarially fair.
The objective of this paper is to study the macroeconomic effects of actuarially unfair annuities. Are the optimal
retirement age and the macroeconomic growth rate signiﬁcantly affected by the degree of actuarial fairness of annuities or
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is this imperfection quantitatively unimportant? To answer this question we construct a stylized overlapping generations
model of a closed economy featuring endogenous growth due to an inter-ﬁrm investment externality of the ‘‘AK’’ -type.
Our starting point is the celebrated Blanchard (1985) model. We extend this model in ﬁve directions. First, we endogenize
the individual agent’s life-cycle labour supply decision. Second, we introduce an annuity imperfection parameter which
allows us to study the cases of actuarially fair and unfair annuities in a single framework. In the latter case annuity ﬁrms
make proﬁts which are taxed away by the government and transferred to households. Third, we introduce an asset
constraint that disallows agents from holding negative asset balances. Fourth, we introduce age-dependent labour
efﬁciency. Finally, we incorporate the insights of Heijdra and Romp (2008) and postulate an age-dependent mortality
process.
Our main ﬁndings are as follows. First, the imperfection on the annuity market leads individuals to discount future
consumption by a term including their mortality rate as well as their pure rate of time preference. Due to the agedependent mortality rate this leads to a hump-shaped consumption proﬁle. This in turn reduces capital accumulation as
less assets are required to ﬁnance consumption late in life. The reduction in asset accumulation by the individual agents
leads to lower economic growth on the aggregate level because capital accumulation is the driving force behind economic
development in our model.
Second, in terms of labour supply we ﬁnd that individuals supply less labour during their working life but retire slightly
later if annuities are less than fair. On the whole this leads to a decrease in aggregate labour supply.
Third, we show that the way in which annuity ﬁrms’ proﬁts are redistributed plays an important role in the analysis. In
the baseline analysis we assume that these proﬁts are transferred equally across all agents. If, however, the proﬁts are
redistributed with a skew towards the young, then growth is slightly higher because young agents are savers. On the other
hand, if proﬁts are distributed towards the elderly growth is slightly lower because the elderly are dissavers. Finally, if
these proﬁts are drained from the economy via wasteful government consumption, growth deteriorates dramatically and
the retirement age is reduced substantially.
Fourth, our analysis emphasizes the importance of general equilibrium effects. In a pure partial equilibrium analysis,
the impact of imperfect annuities is grossly overestimated because such an analysis ignores both the redistribution of
proﬁts and the response in the economic growth rate. This ﬁnding shows that, as much as macroeconomics should be
microfounded, microeconomics should be macrofounded.
The two papers most closely associated with ours are Bütler (2001) and Hansen and _Imrohoroǧlu (2008). Both study the
role of annuities for individual consumption decisions over the life-cycle. In addition, Bütler studies endogenous labour
supply decisions, though not in relation to the imperfect annuities market. Hansen and _Imrohoroğlu embed their model in
a general equilibrium context but disregard the labour supply decisions made by the individual agents. In addition they
only study the polar cases of perfect and no-annuities in the general equilibrium model.
We extend the insights of Bütler to the general equilibrium case and explicitly take into account the impact of
imperfect annuities on labour supply and retirement decisions (as opposed to Hansen and _Imrohoroğlu). Furthermore, we
also study imperfect annuities in general equilibrium, not only at the individual level (as in Bütler) or in the absence of
annuities (as in Hansen and _Imrohoroğlu).
In addition to the papers of Bütler and Hansen and _Imrohoroğlu, there is a substantial literature studying the partial
equilibrium implications of annuity market imperfections. It is beyond the scope of this paper to give a full review of this
literature but is good to alert the interested reader to Chai et al. (2011). They study a very detailed partial equilibrium
stochastic life-cycle model in which agents feature an endogenous labour supply decision and can choose between a
variety of assets to invest in. Their ﬁndings regarding the retirement decision ﬁt well with our analysis in the sense that
they ﬁnd that introducing annuities leads to earlier retirement. However, as we show in this paper, the partial equilibrium
literature might be strongly misleading due its neglect of general equilibrium repercussions.
The remainder of the paper is structured as follows. Section 2 sets out the model, whilst Section 3 discusses how
empirical observations are fed into the model. Section 4 studies the relationship between the annuity market imperfection,
the individual life-cycle, and the macroeconomic growth rate and contains some sensitivity analysis. Section 5 concludes.
2. Model
2.1. Firms
The production side of the model makes use of the insights of Romer (1989) and postulates the existence of sufﬁciently
strong external effects operating between private ﬁrms in the economy. There is a large and ﬁxed number, N , of identical,
perfectly competitive ﬁrms. The technology available to ﬁrm i is given by
Y i ðtÞ ¼ OðtÞK i ðtÞeK Ni ðtÞ1eK ,
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where Y i ðtÞ is output, K i ðtÞ is capital use, Ni ðtÞ is the labour input measured in efﬁciency units, and OðtÞ represents the
general level of factor productivity which is taken as given by individual ﬁrms. The competitive ﬁrm hires factors of
production according to the following marginal productivity conditions:
wðtÞ ¼ ð1eK ÞOðtÞki ðtÞeK ,
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