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ABSTRACT
This paper studies howwealth and aging affect portfolio choices in a life-cyclemodel with ambiguity aversion. Ambiguity aversion
implies wealthier and older agents are endogenously more optimistic about risky asset returns, relative to poorer/younger agents.
As life expectancy grows, old agents become even more optimistic, while young agents become more pessimistic, amplifying age
gaps in portfolio composition. We find evidence for the mechanism in survey data on portfolios and subjective life expectancy. In
a quantitative extension of the model, plausible life expectancy projections imply a 26% increase in the age gradient of conditional
risky asset shares between 2019 and 2100.
JEL Classification: D84, E21, G11, J11

1 Introduction

When faced with Knightian uncertainty, ambiguity-averse agents
overweight the probability of the “worst-case” outcomes with
low-utility realizations (Gilboa and Schmeidler 1989; Hansen
and Sargent 2008). These belief distortions differ according to
the agent’s environment, preferences, and characteristics: the
worst case is very different, for example, for wealthy and poor
households (Michelacci and Paciello 2020; 2024), or between
different policy regimes (Ferriere and Karantounias 2019). As a
consequence, when an economy goes through a structural shift,
the belief distortions due to ambiguity aversionmay change, with
implications for a range of aggregate and distributional outcomes.

In this paper, we explore these effects for one of the key shifts
taking place in developed economies today: population aging.
In particular, we ask how increased lifespans affect ambiguity-
averse beliefs about asset returns, and what that implies for
portfolio choices and asset prices. This is likely to be important
for policy in the coming decades, as savings behavior has been

at the forefront of recent discussions of economic policy under
demographic change (Goodhart and Pradhan 2020; Auclert et al.
2021; Kopecky and Taylor 2022). Moreover, there is substantial
empirical evidence that ambiguity aversion is a key determinant
of portfolio choices and asset prices (Antoniou et al. 2015;
Dimmock et al. 2016; Collard et al. 2018; Corgnet et al. 2020).

To analyze the interaction between aging, portfolio choice, and
ambiguity aversion, we build an overlapping-generations model
with ambiguity over risky asset returns. We find that increases
in life expectancy cause young agents to distort their beliefs
more strongly toward pessimistic outcomes, while older agents
in contrast become more optimistic. Population aging therefore
increases the concentration of equity holdings among older
households, as their relatively more optimistic beliefs drive
them to choose higher risky asset shares than the young. This
in turn implies older generations become relatively wealthier,
as they earn greater asset returns than younger agents. The
key to this result is that increases in life expectancy have
opposing effects on the marginal utility of income across age
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groups, leading to differing desires to insure against low-return
outcomes.

This prediction is not present in models with aging that do
not consider ambiguity aversion. To test it, we turn to survey
data from the United States. Consistent with the model, we find
that the age gradient of equity shares is strongly increasing in
subjective life expectancy. That is, among young households,
an expectation of a longer lifespan is associated with less risky
portfolios. Among older households, that pattern is reversed. This
mechanism is important: a quantitative version of the model
predicts that plausible longevity increases over the next 80 years
will cause the age profile of risky asset shares to steepen by 26%.
This is a substantial shift, given that even the current mildly
positive age gradient is already a major puzzle in the portfolio
choice literature, which standard models struggle to replicate
(see, e.g., Ameriks andZeldes 2004; Chang et al. 2018). Our results
therefore suggest that as the demographic transition continues
it will become increasingly important to incorporate ambiguity
aversion into household finance models.

As in Eggertsson et al. (2019) and Malmendier et al. (2020),
we mostly focus on a simple case of the model with maximum
three-period lifespans. This allows us to obtain analytic results,
and inspect the mechanisms at work. We model ambiguity
using so-called “multiplier preferences,” in which agents whose
payoffs are more exposed to ambiguity distort their beliefs more
strongly toward low-utility states (Hansen et al. 1999). Although
all investors view low returns as the worst case, a given drop in
returns is much more damaging to some investors than others,
and those who would be particularly badly affected do more to
insure themselves against that possibility.1

We begin our analysis by considering an economy in which
both the return on safe assets and the distribution of returns
on risky assets are constant. We find that ambiguity aversion
endogenously generates return expectationswhich are increasing
in wealth and age. This is consistent with survey evidence on
return expectations (Giglio et al. 2021), experiments on biases
in financial decision making (Kovalchik et al. 2005), and the
observation that young and poor households typically hold
less risky portfolios than those further up the age and wealth
distribution (Chang et al. 2018; Catherine 2022). Note that we
match this last result despite the fact that, in the absence
of ambiguity, the model reduces to a simple Merton (1969)-
style model in which risky asset shares are constant for all
agents.

Importantly, the effects of age on responses to ambiguity are
driven by changes in life expectancy, rather than the number of
years an agent has lived. As a consequence, reductions in mortal-
ity rates for older agents cause changes in the age profile of risky
asset shares. Specifically, as mortality rates fall, young and old
agents adjust their return expectations in opposite directions. The
young become more pessimistic, distorting beliefs more strongly
toward low risky asset returns, and investing less as a result—
while simultaneously older agents become more optimistic and
invest more. As populations age around the world, this has
consequences for the future of intergenerational inequality and
the composition of asset demand.

These endogenous changes in responses to ambiguitywithwealth
and life expectancy come about because of the interaction of two
distinct channels. The first is the “wealth channel,” in which an
agent who is saving more is more exposed in monetary terms to
low asset returns. They have more “skin in the game,” and so
have a greater desire to make their decisions robust to returns
ambiguity, implying more pessimistic expectations.2 The second
is the “marginal utility channel,” in which an agent who expects
to have a high marginal utility of consumption in the next period
suffers a greater utility loss from a given fall in wealth. A poor
agentmay not losemuch inmonetary terms from a fall in returns,
but due to the curvature of standard utility functions, they have a
high marginal utility of consumption, and so of wealth. A small
monetary loss can therefore have large utility consequences for
these agents.

As life expectancy increases, younger agents save more, to
fund consumption in their now-extended old age. They also
expect to do the same throughout their middle age, implying
lower consumption in the immediate future. With a diminishing
marginal utility of consumption, this means that through both
channels they becomemore exposed to shortfalls in asset returns,
so they distort their beliefs more toward low returns tomake their
decisions more robust to ambiguity. As a result they invest less
in risky assets, and instead allocate more of their savings to the
risk-free asset.

For agents in middle age, the wealth channel operates in the
same way. However, the marginal utility channel is reversed.
When the probability of surviving into old age is low, they do
not save much for those potential future periods. Conditional
on survival, their old-age consumption is therefore low. As the
mortality rate falls and life expectancy rises, they save more for
their old age, which implies greater consumption in that period.
As such, rising life expectancy reduces the expected marginal
utility of consumption in old age, implying utility is less exposed
to a given fall in wealth. Through the marginal utility channel,
middle-aged agents therefore becomemore optimistic about asset
returns, and increase their portfolio share in risky assets.

Which of these channels dominates is regulated by a simple
condition: with CRRA preferences, the marginal utility chan-
nel dominates if and only if the elasticity of intertemporal
substitution (EIS) is less than 1. In that case, marginal utility
changes sharply with (future) wealth, and so outweighs the
wealth channel. Intuitively, this is related to the standard result
that income effects of interest rate changes dominate substitution
effects when the EIS is less than 1 (see Flynn et al. 2023, for
an extended discussion). Substitution effects are small when
marginal utility is highly convex, and this is precisely when our
marginal utility channel is large. Attempts to measure the EIS
among households typically find values below 1 (Havránek 2015),
so we take this as our baseline.

A similar logic drives the effects of wealth on return expectations.
An increase in wealth implies agents save more, making them
more exposed to return fluctuations. At the same time, they
expect to be wealthier in the future, which reduces their expected
marginal utility of wealth. As with changes in life expectancy, the
marginal utility channel dominates whenever the EIS is less than
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1, in which case wealth reduces the extent to which agents distort
return beliefs due to ambiguity aversion.

After characterizing these channels, we extend themodel to allow
for an endogenous equity premium. Initially, as life expectancy
rises from a low level, the dominant force is the increasing
optimism of the middle-aged agents. Aggregate demand for risk
rises, and the equity premium falls. However, as life expectancy
continues to grow, increases inmiddle-aged optimism slowdown,
and are eventually dominated by the greater pessimism of the
young. Past a certain threshold, aggregate demand for risky assets
begins to decline, and the equity premium rises as a result.
This occurs because the effects of age on beliefs are smaller
in the model for agents with more wealth. As mortality rates
fall, young agents save more for their old age, middle-aged
agents become wealthier, and so middle-aged agents become
increasingly unresponsive to further increases in life expectancy.
Interestingly, although the model is very stylized, this result is
consistent with the U-shaped evolution of the equity premium
observed across developed economies since 1950 (Kuvshinov and
Zimmermann 2020).

To test this mechanism, we use survey data to explore one of
the most striking model predictions: that greater life expectancy
is associated with a steeper age gradient of risky asset shares
(assuming an EIS below 1). This prediction is not present in other
models in this literature, so offers a useful way to distinguish our
modelmechanism from others in the literature. In theHousehold
Finance module of the US Survey of Consumer Expectations
(SCE), households are asked about their portfolios and their
subjective life expectancy. Using simple regressions of risky asset
shares on age, interacted with subjective life expectancy, we find
strong support for the model’s prediction. The age gradient of
risky asset shares is close to zero for those with low subjective
life expectancy, but is large and positive for those with high
life expectancy.

Finally, we end with an illustration of how these effects might
play out with plausible degrees of demographic change in the
coming decades. We embed our model of ambiguity aversion into
an otherwise-standard quantitative portfolio-choicemodel, based
on Gomes and Michaelides (2005), which includes risky age-
dependent labor income, Epstein–Zin preferences, and equity
market participation costs. We calibrate the model to data on
mortality rates in the United States in 2019, and to our regression
results from the SCE. The model produces risky portfolio shares
with a similar level and age gradient as those observed in the data,
despite us not targeting these moments in the calibration. With
thismodel, we simulate the effect of an increase in life expectancy,
replacing the calibrated 2019 mortality rates with projected
mortality rates for 2100. As in the analytical model, young agents
become more pessimistic about asset returns relative to older
agents, so the gap between the risky asset shares of old and young
widens. Comparing agents at ages 80 and 35, the increase in
life expectancy increases the gap in their risky asset shares by
26%. The simulated demographic changes to 2100 therefore have
substantial consequences for portfolio decisions.

Related Literature: We principally contribute to the litera-
ture on ambiguity aversion, demographic change, and life-cycle
portfolio choice in macroeconomics and finance.

Ambiguity aversion has been successful in providing theoretical
explanations for a number of phenomena in macroeconomics
and finance (see reviews in Ilut and Schneider 2023 and Epstein
and Schneider 2010). Our work is particularly related to models
in which agents can endogenously adjust their response to
ambiguity based on their own exposure to the variable(s) in
question (Hansen et al. 1999; Cagetti et al. 2002; Bidder and
Smith 2012).3 In particular, Michelacci and Paciello (2020);
2024) show that with ambiguity aversion wealthy and poor
households hold systematically different expectations of aggre-
gate variables. This explains several features of survey data
on expectations, and influences macroeconomic dynamics. Our
model extends these insights to portfolio choice, and shows that
demographic changes therefore affect inequality and the equity
premium.

Several of our results for how the belief distortions driven by
ambiguity change with age and wealth depend on whether
the EIS is greater or less than 1. In this, we therefore add
to the insights of Ferriere and Karantounias (2019) and Balter
et al. (2022), who show that the same condition determines the
outcome of models of optimal fiscal policy and momentum in
asset return expectations, respectively, once ambiguity aversion
is present. Recent empirical evidence has tended to favor an EIS
substantially below 1 (Havránek 2015; Crump et al. 2022), so we
take this as the baseline case for our analysis.

In addition, our results are relevant for the literature on how
demographic change will affect asset markets and inequality.
The link between demography and asset markets was made
prominent by a series of papers attempting to forecast what
would happen as the large “baby boomer” generation aged
(the so-called “asset market meltdown hypothesis,” e.g., Poterba
2001; Abel 2001; 2003; Geanakoplos et al. 2004; DellaVigna and
Pollet 2007). This literature focuses largely on the consequences
of changes in the relative size of older and younger investor
populations. In contrast, the mechanisms we study concern how
portfolio decisions conditional on age may change as expected
lifespans grow.

This is important, because a variety of papers have studied
demographic effects on aggregate asset demand by holding age
profiles of asset holdings or savings rates fixed, and changing the
proportions of households within each age group in line with
past demographic data, or future projections (e.g., Mankiw and
Weil 1989; Mian et al. 2021).4 This approach only yields sufficient
statistics for aggregate asset demand if household decision rules
depend on that household’s age, but are otherwise independent
of aggregate demographic change (Auclert et al. 2021). We show
that under ambiguity aversion, that is not the case, as changes in
life expectancy affect decision rules.

Finally, we also relate to the large literature on portfolio choice
over the life cycle (see Gomes et al. 2021, for a review). Within
this literature, a number of papers have proposed mechanisms to
explain why older households typically invest the same or greater
shares of their wealth in risky assets than young households. This
pattern, while not present in standard life-cycle models (Cocco
et al. 2005; Gomes 2020), can be generated by declines in labor
market uncertainty as households age (Chang et al. 2018), or the
cyclicality of return skewness (Catherine 2022). Indeed, like us,
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Campanale (2011) and Peijnenburg (2018) offer explanations of
the data based on ambiguity aversion.

We view the mechanism in this paper as complementary to these
other forces. The key conceptual distinction between us and
the existing literature is that in many of these previous papers,
portfolio choices depend explicitly on the number of years an
agent has lived to date. In contrast, the endogenous responses
to ambiguity in our model imply that return expectations and
portfolio decisions depend on the number of years an agent
expects to live in the future.5 In Peijnenburg (2018), for example,
savers face Knightian uncertainty over a bounded interval of
possible mean asset returns. With every period of life, they
observe some returns data, and so can shrink that interval.
Ambiguity-averse agents in that model set return expectations
to the lower bound of the plausible interval, so the learning
implies expected risky asset returns rise with age.6 In our model,
we instead consider a constant preference for robustness, and
abstract from reductions in ambiguity through learning.7 In
this environment, we show that older households are typically
less vulnerable to return shortfalls, and so choose to react less
to their ambiguity. Ambiguity aversion therefore generates an
upward-sloping age profile of risky asset shares, even if young
poor households learn nothing about asset markets, as would
be the case if they choose not to pay attention to them (as in,
e.g., Lei 2019; Macaulay 2021). Importantly, our mechanism also
means that the age profile of risky asset shares changes with life
expectancy: among thosewith greater (subjective) life expectancy,
older households are even more optimistic about asset returns
relative to the young, and so the age gradient of risky asset shares
is steeper. This accounts for the facts we document in survey data,
which cannot be explained with other models in this literature.

The rest of the paper is organized as follows. Section 2 sets out the
model environment with a general maximum lifespan. Section 3
characterizes the effects of ambiguity aversion and demographic
change analytically in the special case where the maximum
lifespan is three periods. Section 4 tests predictions of the model
in survey data. Section 5 returns to the model, adds standard
features of quantitative portfolio-choice models, and explores the
implications for the age profile of risky asset shares both now and
in the future. Section 6 concludes.

2 Model

2.1 Environment

Demographics: Time is discrete. In each period 𝑡, a continuum of
agents with measure 1 are born with age 𝑗 = 0. An agent of age 𝑗
survives to age 𝑗 + 1 in the next periodwith exogenous probability
𝜙𝑗 . We set 𝜙𝐽 = 0, implying a maximum age of 𝐽. There is no
population growth.

Preferences: An agent of age 𝑗 chooses consumption and their
portfolio allocation to maximize expected discounted lifetime
utility

𝑈𝑗,𝑡 = 𝐸𝑗,𝑡
𝐽∑
𝑘=𝑗

[
𝛽𝑘−𝑗Φ𝑗,𝑘

𝑐
1−𝛾
𝑘,𝑡+𝑘−𝑗

1 − 𝛾

]
, (1)

where 𝛽 is the discount factor, 𝑐𝑗,𝑡 is the consumption of an agent
with age 𝑗 in period 𝑡, and 𝛾 is relative risk aversion. Φ𝑗,𝑘 is
the cumulative probability of surviving to age 𝑘, conditional on
having survived to age 𝑗, defined as

Φ𝑗,𝑘 =

{
1 for 𝑘 = 𝑗∏𝑘−1

𝑥=𝑗 𝜙𝑥 for 𝑘 > 𝑗.
(2)

Ambiguity aversion affects choices because it distorts the expec-
tations operator 𝐸𝑗,𝑡 away from the expectations calculated
under the objective probability distribution of future outcomes.
Ambiguity-averse agents overweight the probabilities of future
states with low utility and underweight states with high utility
(Gilboa and Schmeidler 1989; Hansen and Sargent 2008).

Endowment andSavings: Agents are bornwith no financial assets.
They receive a stream of deterministic labor income {𝑦𝑗,𝑡}𝐽𝑗 .

There are two assets available for savings: a risk-free bond with
gross interest rate 𝑅𝑓 , and a risky asset with a gross return of
𝑅𝑡 . The return on the risky asset is such that log(𝑅𝑡) has an i.i.d.
Normal distribution with mean 𝜇̃ and variance 𝜎2. For the results
below, it will be helpful to define 𝜇 = 𝜇̃ + 𝜎2∕2, where 𝜇 is the
logarithm of 𝐸𝑡𝑅𝑡+1.

Denote 𝑠𝑗,𝑡 and 𝑑𝑗,𝑡 as the amount of risky assets and risk-free
bonds purchased by an agent of age 𝑗 in period 𝑡. The budget
constraint therefore reads

𝑐𝑗,𝑡 + 𝑠𝑗,𝑡 + 𝑑𝑗,𝑡 = 𝑅𝑡𝑠𝑗−1,𝑡−1 + 𝑅𝑓𝑑𝑗−1,𝑡−1 + 𝑦𝑗,𝑡 . (3)

Define financial wealth 𝑥𝑗,𝑡 as the right-hand side of Equation (3):

𝑥𝑗,𝑡 ≡ 𝑅𝑡𝑠𝑗−1,𝑡−1 + 𝑅𝑓𝑑𝑗−1,𝑡−1 + 𝑦𝑗,𝑡 . (4)

Furthermore, define humanwealth ℎ𝑗,𝑡 as the present discounted
value of future labor income:

ℎ𝑗,𝑡 ≡

𝐽∑
𝑘=𝑗+1

𝑦𝑘,𝑡+𝑘−𝑗

(𝑅𝑓)𝑘−𝑗
. (5)

Following Angeletos (2007), we define the agent’s “effective
wealth” 𝑤𝑗,𝑡 as the sum of financial and human wealth:

𝑤𝑗,𝑡 ≡ 𝑥𝑗,𝑡 + ℎ𝑗,𝑡. (6)

Finally, we impose that 𝑤𝐽+1,𝑇+1 ≥ 0, where 𝑇 denotes the time
period in which the agent will be age 𝐽. This prevents agents
from borrowingwhen they know for certain they are in their final
period. There are no bequests, so by assumption if an agent dies
with positive asset holdings those assets are destroyed.

This setup is somewhat simpler than standard life-cycle portfolio-
choice models, such as Gomes and Michaelides (2005). In
particular, we abstract from income risk, bequests, and risky asset
participation costs. These simplifications allow us to obtain an
analytic solution for portfolio choices. We view this as crucial for
understanding the mechanisms behind the interactions between
aging and ambiguity aversion.8 We include these standard quan-

4 International Economic Review, 2025



titative model features in Section 5, and find that our results from
the analytic model are qualitatively unchanged.

2.2 Value Functions

Let 𝛼𝑗,𝑡 ∈ [0, 1] be the share of the agent’s saving out of period-𝑡
effective wealth invested in risky assets:9

𝛼𝑗,𝑡 =
𝑠𝑗,𝑡

𝑤𝑗,𝑡 − 𝑐𝑗,𝑡
=

𝑠𝑗,𝑡

𝑠𝑗,𝑡 + 𝑑𝑗,𝑡 + ℎ𝑗,𝑡
. (7)

Given this, we can express the budget constraint in terms of
effective wealth only:

𝑤𝑗+1,𝑡+1 = 𝑅𝑡+1𝑠𝑗,𝑡 + 𝑅𝑓𝑑𝑗,𝑡 + 𝑦𝑗+1,𝑡+1 + ℎ𝑗+1,𝑡+1

= (𝑤𝑗,𝑡 − 𝑐𝑗,𝑡)[𝛼𝑗,𝑡𝑅𝑡+1 + (1 − 𝛼𝑗,𝑡)𝑅𝑓],

where we use 𝑦𝑗+1,𝑡+1 = 𝑅𝑓ℎ𝑗,𝑡 − ℎ𝑗+1,𝑡+1, which follows from the
definition of ℎ𝑗,𝑡 .

The agent’s utility maximization problem can now be written as:

𝑉𝑗(𝑤𝑗,𝑡) = max
𝑐𝑗,𝑡 ,𝛼𝑗,𝑡

{
𝑐
1−𝛾
𝑗,𝑡

1 − 𝛾 + 𝛽𝜙𝑗𝐸[𝑉𝑗+1(𝑤𝑗+1,𝑡+1)]

}
(8)

subject to

𝑤𝑗+1,𝑡+1 = (𝑤𝑗,𝑡 − 𝑐𝑗,𝑡)𝑅
𝑝

𝑗,𝑡+1 (9)

𝑤𝐽+1,𝑇+1 ≥ 0. (10)

The initial condition is that 𝑤0,𝑡0 = 𝑦0,𝑡0 + ℎ0,𝑡0 =
∑𝐽

𝑘=0
𝑦𝑘,𝑡0+𝑘

(𝑅𝑓)𝑘
,

where 𝑡0 ≡ 𝑡 − 𝑗 denotes the time period in which the agent is
born. 𝑅𝑝𝑗,𝑡+1 is the agent’s total return on their portfolio:

𝑅
𝑝

𝑗,𝑡+1 ≡ 𝑅
𝑓 + (𝑅𝑡+1 − 𝑅𝑓)𝛼𝑗,𝑡 . (11)

Note that since 𝑅𝑝𝑗,𝑡+1 is a weighted average over a constant 𝑅
𝑓

and a lognormal variable 𝑅𝑡, it is not itself lognormal. We follow
Campbell (1993) and proceed with a log-linear approximation to
the relationship between log portfolio returns and log individual-
asset returns, taken about the point with zero excess returns:10

log(𝑅
𝑝

𝑗,𝑡+1) ≈ 𝑟
𝑓 + 𝛼𝑗,𝑡(𝑟𝑡+1 − 𝑟𝑓) +

1

2
𝛼𝑗,𝑡(1 − 𝛼𝑗,𝑡)𝜎2, (12)

where 𝑟𝑡+1 and 𝑟𝑓 denote the log returns on the risky and
safe assets, respectively. With this approximation, the budget
constraint (9) becomes

𝑤𝑗+1,𝑡+1 = (𝑤𝑗,𝑡 − 𝑐𝑗,𝑡) exp
[
𝑟𝑓 + 𝛼𝑗,𝑡(𝑟𝑡+1 − 𝑟𝑓) +

1

2
𝛼𝑗,𝑡(1 − 𝛼𝑗,𝑡)𝜎2

]
.

(13)

SolutionWithout Ambiguity: If there is no ambiguity, the expecta-
tions operator 𝐸𝑗,𝑡 coincides with expectations formed under the

objective probability distribution of returns. Proposition 1 gives
the optimal consumption and portfolio allocations in this case.

Proposition 1. Solving the household optimization (8) subject to
(13) and (10), without ambiguity aversion, implies a value function
of the form:

𝑉𝑗(𝑤𝑗,𝑡) = 𝐴𝑗
𝑤
1−𝛾
𝑗,𝑡

1 − 𝛾 , (14)

where

𝐴𝑗 =
⎧⎪⎨⎪⎩
(
1+𝑏𝑗+1
𝑏𝑗+1

)𝛾

for 𝑗 = 0, . . . , 𝐽 − 1

1 for 𝑗 = 𝐽,
(15)

𝑏𝑗+1 =
[
𝛽𝜙𝑗𝐴𝑗+1[1 + (1 − 𝛾)𝑟𝑓 +

1

2
(1 − 𝛾)

(𝜇 − 𝑟𝑓)2

𝛾𝜎2
]

]− 1

𝛾

. (16)

Optimal consumption and portfolio choices are given by

𝛼∗𝑗,𝑡 =
𝜇 − 𝑟𝑓

𝛾𝜎2
, (17)

𝑐∗𝑗,𝑡 =
⎧⎪⎨⎪⎩

𝑏𝑗+1

1+𝑏𝑗+1
𝑤𝑗,𝑡 for 𝑗 < 𝐽

𝑤𝑗,𝑡 for 𝑗 = 𝐽.
(18)

Proof. Appendix A. □

As iswell-known, this type of problem implies that the proportion
of the agent’s portfolio invested in risky assets is constant over
time and age (Campbell and Viceira 2002). To simplify notation,
we remove the 𝑗, 𝑡 subscripts and denote the optimal risky
asset share in the absence of ambiguity as 𝛼∗. The path of
optimal consumption depends on future survival probabilities,
and therefore varies over the life cycle.

2.3 Ambiguity Aversion

We consider the case in which there is ambiguity over the
mean of the return on the risky asset, as in Peijnenburg (2018).
Formally, while Equation (11) accurately reflects the return an
agent would receive on a given portfolio invested in period 𝑡, the
agent considers a set of models under which returns are distorted
away from this by an amount 𝜈𝑗,𝑡:

𝑅
𝑝

𝑗,𝑡+1 = 𝑅
𝑓 + (𝑅𝑡+1 − 𝑅𝑓 + 𝜎1𝜈𝑗,𝑡)𝛼𝑗,𝑡 , (19)

where 𝜎1 is the standard deviation of 𝑅𝑡+1:

𝜎1 = exp(𝜇)
(
exp(𝜎2) − 1

) 1
2 . (20)

Tomodel the agent’s aversion to ambiguity, we followHansen and
Sargent (2008) and rewrite their dynamic programming problem
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as

𝑉𝜃
𝑗
(𝑤𝑗,𝑡) = max

𝑐𝑗,𝑡 ,𝛼𝑗,𝑡
min
𝜈𝑗,𝑡

⎧⎪⎨⎪⎩
𝑐
1−𝛾
𝑗,𝑡

1 − 𝛾 + 𝛽𝜙𝑗
[
1

2𝜃
𝜈2
𝑗,𝑡

+ 𝐸𝑗,𝑡[𝑉𝜃𝑗+1(𝑤𝑗+1,𝑡+1)]
]⎫⎪⎬⎪⎭
(21)

subject to𝑤𝐽+1,𝑇+1 ≥ 0, the budget constraint (9), and the distorted
returns process (19).

That is, the agent makes consumption and portfolio decisions
based on a distorted law of motion for their assets, in which
returns on the risky asset are systematically biased towardmodels
for the risky returnwhich deliver low continuation values in their
optimization problem. In this way, they make choices which are
robust to their uncertainty over the process for risky asset returns.

However, the agent does not entertain an infinite set of models.
Rather, they choose the distortion in the returns process behind
their consumption and portfolio choices so that it minimizes
expected utility, plus a cost of 𝜈2𝑗,𝑡∕2𝜃. Intuitively, the parameter
𝜃 controls the agent’s preference for robustness: larger values
of 𝜃 imply the agent entertains larger deviations from the true
returns process in Equation (11). Just as with the consumption
and portfolio choices, the belief distortion 𝜈𝑗,𝑡 is reoptimized every
period, and the agent takes future belief distortion choices into
account when making their decisions in period 𝑡. For a detailed
discussion of this approach to modeling ambiguity aversion, see
Hansen and Sargent (2008) and the survey in Ilut and Schneider
(2023).

This formulation means that agents consider larger distortions
if their value functions are more sensitive to model misspec-
ification; in these cases, the need for robustness is greater.
Equation (21) shows that value functions differ by age directly
through survival probabilities 𝜙𝑗 . In addition, value functions
depend on wealth 𝑤𝑗,𝑡 , which may be correlated with age.
Through both of these channels, the optimal distortions to beliefs
about risky asset returns will vary across the life cycle. Intuitively,
although all agents share the samepreference for robustness (they
have the same 𝜃), agents of different ages have different levels of
exposure to changes in the return on risky assets.

Optimal Belief Distortion: We begin by solving the inner mini-
mization problem, in which the agent chooses how much to dis-
tort their return expectations toward the “worst-case scenario.”
In this, the following result is helpful.

Lemma 1. Taking the same log-linear approximation approach
as in (12) to the distorted returns in (19), we can write

𝐸𝑗,𝑡[𝑉
𝜃
𝑗+1(𝑤𝑗+1,𝑡+1)] ≈ 𝐸𝑗,𝑡[𝑉

𝜃
𝑗+1(𝑤

∗
𝑗+1,𝑡+1)]

+
𝐴𝑗+1

1 − 𝛾 (𝑤𝑗,𝑡 − 𝑐𝑗,𝑡)
1−𝛾(1 − 𝛾)𝜎𝛼𝑗,𝑡𝜈𝑗,𝑡 , (22)

where

𝑤∗𝑗+1,𝑡+1 = (𝑤𝑗,𝑡 − 𝑐𝑗,𝑡)[𝑅
𝑓 + 𝛼𝑗,𝑡(𝑅𝑡+1 − 𝑅𝑓)] (23)

is the next-period wealth the agent would achieve under the central
model without return distortions.

Proof. Appendix A. □

Substituting this into the Bellman equation (21), it is then
straightforward to obtain the first-order condition for the inner
minimization problem:

𝜈𝑗,𝑡 = −𝜃𝐴𝑗+1(𝑤𝑗,𝑡 − 𝑐𝑗,𝑡)1−𝛾𝜎𝛼𝑗,𝑡. (24)

Consumption and Portfolio Allocation: Substituting the optimal
distortion (24) into Equation (21), the household chooses con-
sumption and the share of savings invested in risky assets to
solve:

𝑉𝜃
𝑗
(𝑤𝑗,𝑡 ) =

max
𝑐𝑗,𝑡 ,𝛼𝑗,𝑡

⎧⎪⎨⎪⎩
𝑐
1−𝛾
𝑗,𝑡

1 − 𝛾 + 𝛽𝜙𝑗
[
1

2
𝜃𝐴2

𝑗+1(𝑤𝑗,𝑡 − 𝑐𝑗,𝑡 )
2−2𝛾𝜎2𝛼2

𝑗,𝑡
+ 𝐸𝑗,𝑡 [𝑉𝜃𝑗+1(𝑤𝑗+1,𝑡+1)]

]⎫⎪⎬⎪⎭.(25)

Proposition 2 characterizes the solution.

Proposition 2. The value function takes the form:

𝑉𝜃𝑗 (𝑤𝑗,𝑡) = 𝐴𝑗
𝑤
1−𝛾
𝑗,𝑡

1 − 𝛾 + 𝜃𝐵𝑗
𝑤
2(1−𝛾)
𝑗,𝑡

2(1 − 𝛾)
+ 𝑂(𝜃2), (26)

where 𝐵𝑗 is an age-dependent combination of model parameters,
defined in Appendix A.

In the approximate solution where we drop terms in 𝜃2, optimal
portfolio choice and consumption are given by

𝛼𝑗,𝑡 = 𝛼∗ + 𝜃𝛼∗𝑤
1−𝛾
𝑗,𝑡 Ω𝛼𝑗, (27)

𝑐𝑗,𝑡 = 𝑐∗𝑗,𝑡 + 𝜃𝑤
2−𝛾
𝑗,𝑡 Ω𝑐𝑗, (28)

where 𝛼∗, 𝑐∗𝑗,𝑡 are the solutions without ambiguity defined in
Proposition 1, andΩ𝛼𝑗,Ω𝑐𝑗 are functions of 𝑏𝑗+1, 𝐴𝑗+1, 𝐵𝑗+1, defined
in Appendix A.

Proof. Appendix A. □

With 𝜃 = 0, we therefore return to the standard expected-utility
solution (Proposition 1). With some ambiguity aversion (𝜃 > 0),
however, both portfolio and consumption decisions shift away
from this solution. The deviations from the rational-expectations
solution are directly proportional to the degree of ambiguity
aversion 𝜃. Importantly, the effect of ambiguity aversion depends
on both the agent’s wealth and, through Ω𝛼𝑗 and Ω𝑐𝑗 , their
expected future lifespan. This occurs because agents of different
ages are differentially exposed to the return on risky assets,
and so opt for different levels of belief distortion in response
to their ambiguity aversion. The resulting distortions to beliefs,
consumption, and portfolio shares are generally nonlinear func-
tions of wealth and demographics. To explore the mechanisms
analytically, we therefore consider a case with a particularly
simple demographic process.
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3 Results With Three-Period Lifespans

We now restrict the model to 𝐽 = 2. Agents therefore live for a
maximum of three periods: at ages 𝑗 = 0, 1, 2, we refer to them
as young, middle aged, and old, respectively. Furthermore, we
assume that 𝜙0 = 1, so all agents survive at least to middle age.
In this simple context, population aging therefore only occurs
through an increase in 𝜙1, the probability of surviving to old age.

3.1 Consumption and Portfolio Allocation: No
Ambiguity Case

Consider an agent born in period 𝑡. To understand the effects
of ambiguity aversion in this environment, it is helpful to first
examine the forces that drive consumption and saving in the
baseline model without ambiguity. In this case, the portfolio
share in risky assets is constant, as in Equation (17). Applying
the remaining elements of Proposition 1, we obtain closed-form
solutions for consumption in each period of the agent’s life.

Proposition 3. An agent with 𝜙0 = 1, 𝜙2 = 0 and initial effective
wealth 𝑤0,𝑡 chooses consumption when young and middle-aged
according to:

𝑐0,𝑡 =
𝑏̃2

𝜙

1

𝛾

1 + 𝑏̃(1 + 𝑏̃)
𝑤0,𝑡, (29)

𝑐1,𝑡+1 =
𝑏̃

𝜙

1

𝛾

1 + 𝑏̃(1 + 𝑏̃)
𝑅
𝑝

0,𝑡+1𝑤0,𝑡, (30)

where 𝑏̃ is a strictly positive combination of age-independent
parameters:

𝑏̃ =
[
𝛽

(
1 + (1 − 𝛾)𝑟𝑓 + 1

2

(1 − 𝛾)
𝛾

(𝛼∗)2
)]− 1

𝛾

. (31)

Conditional on surviving to old age, they then have:

𝑐2,𝑡+2 =
𝜙

1

𝛾

1

𝜙

1

𝛾

1 + 𝑏̃(1 + 𝑏̃)
𝑅
𝑝

0,𝑡+1𝑅
𝑝

1,𝑡+2𝑤0,𝑡. (32)

Proof. Appendix A. □

As the probability of surviving to old age (𝜙1) increases, the
incentive to save for consumption in old age rises, so agents
consume lesswhen they are young andmiddle-aged (𝑐0,𝑡 and 𝑐1,𝑡+1
decrease). Savings are therefore depleted less quickly through the
life cycle if life expectancy is longer.11 For agents that do survive
to old age, a greater 𝜙1 implies higher consumption 𝑐2,𝑡+2, due to
the extra savings built up earlier in life.

These patterns are displayed in Figure 1, which plots the paths
of consumption and saving over the life cycle for three different
values of 𝜙1. When the probability of surviving to old age is low,
agents consume a lot in their youth and middle age. If they do

FIGURE 1 Consumption and saving paths with no ambiguity.

Note: Plots constructed using 𝐽 = 2, 𝜇 = 0.06, 𝑟𝑓 = 0.045, 𝜎 = 0.1, 𝛾 = 3,
𝛽 = 0.99, 𝜙1 = 0.2, 0.6, 1, and 𝑤0,𝑡 = 2, and risky asset returns set to their
expected level every period. This therefore abstracts from return shocks.

survive to old age, they therefore experience a large consumption
drop. With a greater survival probability, young and middle-aged
consumption is lower, and the subsequent consumption fall in old
age is lower.12

3.2 Ambiguity Aversion

We now add ambiguity aversion back into the model. The key
element of this model is how the distortion in return expectations
due to ambiguity aversion varies with age, wealth, and the
probability of surviving to old age. These distortions are given in
Proposition 4.

Proposition 4. The optimal distortion in beliefs about risky asset
returns for an agent with 𝜙0 = 1, 𝜙2 = 0, wealth 𝑤𝑗,𝑡 , and age 𝑗 is:

𝜈0,𝑡 = −
𝜃𝜎𝛼∗(𝜙

1

𝛾

1 + 𝑏̃)

𝑏̃𝛾(𝜙

1

𝛾

1 + 𝑏̃ + 𝑏̃2)1−𝛾
𝑤
1−𝛾
0,𝑡 , (33)

𝜈1,𝑡 = −
𝜃𝜎𝛼∗𝜙

1−𝛾
𝛾

1

(𝜙

1

𝛾

1 + 𝑏̃)1−𝛾
𝑤
1−𝛾
1,𝑡 , (34)

𝜈2,𝑡 = 0. (35)

Proof. Appendix A. □

To understand the implications of these distortions, we first
compare agents with the samewealth but different ages, to isolate
the effects of age and survival probabilities. We then go on to
analyze the interactions with varying wealth.
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3.2.1 Age Effects

First, Proposition 4 implies that old agents (𝑗 = 2) do not distort
their beliefs at all (35). This is because they save nothing, and so
have no exposure to asset returns. There is no need for them to
make their decisions robust to doubts about average asset returns.
Similarly, note that if 𝜙1 = 0 then a middle-aged agent sets 𝜈1,𝑡 =
0, for the same reason: they will die for certain at the end of the
period, so they do not save and are not exposed to ambiguity. In
all other cases, 𝜈𝑗,𝑡 < 0, so the agents distort their beliefs toward
lower returns on the risky asset.

Corollary 1 shows a further equivalence between two other
extreme special cases:

Corollary 1. Let 𝜈𝑗,𝑡(𝜙) be the distortion chosen by an agent of age
𝑗 facing a survival probability of 𝜙1 = 𝜙, as well as 𝜙0 = 1, 𝜙2 = 0.
Then, if 𝑤0 = 𝑤1:

𝜈0,𝑡(0) = 𝜈1,𝑡(1). (36)

Proof. Appendix A. □

That is, a young agent who will die for certain after middle age
distorts beliefs in the same way as a middle-aged agent who will
survive to old age for certain. In both cases, the agent knows they
have one more period of consumption, and so behavior is the
same for each. This highlights that life expectancy, rather than
age, is the critical factor in how ambiguity aversion affects beliefs
in this environment.

Second, Proposition 4 also implies that changes in 𝜙1 affect the
belief distortions among young and middle-aged agents away
from these edge cases.

Corollary 2. For an agent with 𝜙0 = 1, 𝜙2 = 0, as 𝜙1 changes the
optimal belief distortions of young agents, holding wealth constant,
are such that:

𝜕𝜈0,𝑡

𝜕𝜙1
< 0. (37)

Holding wealth constant, the distortions of middle-aged agents are
such that:

𝜕𝜈1,𝑡

𝜕𝜙1

⎧⎪⎨⎪⎩
< 0 if 𝛾 < 1
= 0 if 𝛾 = 1
>0 if 𝛾 > 1.

(38)

Proof. Appendix A. □

As the probability of surviving to old age rises, young households
distort their beliefs more strongly, becoming more pessimistic
about equity returns. If the EIS is greater than 1 (𝛾 < 1), middle-
aged households do the same. However, if the EIS is less than 1
(𝛾 > 1), they decrease the magnitude of their distortion.

This divergence is at the heart of our mechanism: in the empiri-
cally plausible case with 𝛾 > 1, as life expectancy rises the young
get more pessimistic about equity returns, while older agents get
more optimistic. The effect is shown in Figure 2.

FIGURE 2 Belief distortions as 𝜙1 varies. Note: Plots constructed
using 𝐽 = 2, 𝜃 = 0.045, 𝜇 = 0.06, 𝑟𝑓 = 0.045, 𝜎 = 0.1, 𝛾 = 3, 𝛽 = 0.99,
𝜙1 ∈ (0, 1], and 𝑤0,𝑡 = 𝑤1,𝑡 = 2, and risky asset returns set to their
expected level every period. This therefore abstracts from the effect of
return shocks. With this calibration, 𝜎1 ≈ 0.01, so (using Equation 19)
a distortion of 𝜈𝑗,𝑡 = −0.01 corresponds to a reduction in expected risky
returns of approximately 10 basis points.

At 𝜙1 close to 0, young households are less pessimistic than
middle-aged households. As the survival probability grows, these
positions reverse.

To understand the mechanisms driving the divergent responses
to increasing longevity, we return to the first-order condition
for the inner minimization in Equation (21). The agent chooses
the degree to which they distort their return expectations by
balancing the marginal damage to expected continuation values
with the marginal penalty to considering a larger distortion:

𝜕

𝜕𝜈𝑗,𝑡

{
1

2𝜃
𝜈2𝑗,𝑡 + 𝐸𝑗,𝑡[𝑉

𝜃
𝑗+1(𝑤𝑗+1,𝑡+1)]

}
= 0. (39)

Equation (24) is then simply the result of combining this with
Lemma 1 and rearranging. However, we can alternatively write
this condition as:

𝜈𝑗,𝑡 = −𝜃
𝜕𝐸𝑗,𝑡[𝑉

𝜃
𝑗+1(𝑤𝑗+1,𝑡+1)]

𝜕𝜈𝑗,𝑡
(40)

≈ −𝜃𝜎𝛼∗ (𝑤𝑗,𝑡 − 𝑐𝑗,𝑡)
⏟⎴⎴⏟⎴⎴⏟
Wealth Channel

⋅
𝜕𝐸𝑗,𝑡[𝑉

𝜃
𝑗+1(𝑤𝑗+1,𝑡+1)]

𝜕𝑤𝑗+1,𝑡+1
⏟⎴⎴⎴⎴⎴⏟⎴⎴⎴⎴⎴⏟
Marginal Utility Channel

, (41)

where the second line uses the same approximation as in
Lemma 1.

The distortion is set proportional to the sensitivity of expected
continuation values to asset returns. Intuitively, themore exposed
the agent is to changes in risky asset returns, the more they wish
to make their decisions robust to ambiguity over those returns.
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That sensitivity can be brokendown into two channels: thewealth
channel, and the marginal utility channel.

The wealth channel operates because when an agent saves more
for the next period, their next-period wealth is more strongly
affected by asset returns. In other words, they have more skin
in the game. As discussed in Section 3.1, when 𝜙1 increases both
young and middle-aged agents increase their saving.13 For both
young and middle-aged agents, this channel therefore implies
greater belief distortions when 𝜙1 rises.

Themarginal utility channel operates because a given decrease in
asset returns will have a larger effect on utility for an agent with a
large marginal utility of wealth in the following period. Through
a standard envelope theorem, the marginal utility of wealth in
period 𝑡 + 1 is equal to the marginal utility of consumption in
𝑡 + 1. Since our model features a diminishing marginal utility
of consumption, this channel will be more powerful when
next-period consumption is expected to be low.

This channel is what drives the divergence in beliefs across
cohorts. Recall from Section 3.1 that, as 𝜙1 increases, the con-
sumption of middle-aged agents falls, while the consumption of
old agents rises. Agents who are currently young therefore expect
to have a greatermarginal utility ofwealth in the following period,
when they will be middle-aged. An increase in 𝜙1 makes them
more sensitive to changes inwealth, increasing the strength of the
marginal utility channel. In contrast, current middle-aged agents
expect to have more wealth in future, and so a lower marginal
utility, implying a smaller marginal utility channel.

For a young agent, both the wealth and marginal utility channels
therefore imply that they becomemore pessimistic when 𝜙1 rises.
For a middle-aged agent, the channels act in opposite directions.
To see which dominates, note that for a middle-aged agent we
obtain14

𝜕𝐸1,𝑡[𝑉
𝜃
2 (𝑤2,𝑡+1)]

𝜕𝑤2,𝑡+1
∝ (𝑤1,𝑡 − 𝑐1,𝑡)−𝛾. (42)

Substituting this into Equation (41) implies

𝜈1,𝑡 ∝ −𝜃𝜎𝛼∗(𝑤1,𝑡 − 𝑐1,𝑡)1−𝛾. (43)

For a middle-aged agent, an increase in 𝜙1 implies a rise in 𝑤𝑗,𝑡 −
𝑐𝑗,𝑡 . With 𝛾 < 1, the wealth channel dominates, and middle-aged
agents therefore increase themagnitude of their belief distortions
when survival probabilities rise (𝜈𝑗,𝑡 becomes more negative). In
the empirically plausible case with 𝛾 > 1, however, the marginal
utility channel dominates, and middle-aged agents become more
optimistic about returns.With log utility (𝛾 = 1) the effects cancel
out and middle-aged agents do not adjust 𝜈1,𝑡 with 𝜙1.

Importantly, these channels depend on how consumption and
saving change in response to an increase in longevity, not on
their level. This explainswhy themechanisms continue to operate
in richer models with more realistic income processes, such as
the one in Section 5. Quantitative models of this kind share the
prediction that agents save more for old age, and consume more
if they survive, when survival rates increase (Gomes 2020).
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0.45

0.46

0.47

0.48

0.49

0.5

1

0

FIGURE 3 Risky asset shares without ambiguity (𝛼∗), and with
ambiguity for young (𝛼0) and middle-aged (𝛼1) agents, as 𝜙1 varies. Note:
Plots constructed using 𝐽 = 2, 𝜃 = 0.045, 𝜇 = 0.06, 𝑟𝑓 = 0.045, 𝜎 = 0.1,
𝛾 = 3, 𝛽 = 0.99, 𝜙1 ∈ (0, 1], and 𝑤0,𝑡 = 𝑤1,𝑡 = 2, and risky asset returns
set to their expected level every period. This therefore abstracts from the
effect of return shocks.

Portfolio Allocation: Figure 3 plots the share of agent portfolios
invested in the risky asset (𝛼𝑗,𝑡) as 𝜙1 changes, for the same
parameters as Figure 2. Both young and middle-aged agents
allocate lower shares of their wealth to risky assets than they
would in the absence of ambiguity, as in other models in the
literature (Garlappi et al. 2007; Campanale 2011) and consistent
with empirical evidence (Dimmock et al. 2016). This is a direct
consequence of Proposition 4: the belief distortions due to
ambiguity aversion imply the agent acts as if the risky asset
has a lower expected return than its true mean, and so invests
less in that asset than they would in the absence of ambiguity.
For 𝜙1 > 0.2 in this calibration, young agents distort their return
beliefsmore in response to ambiguity thanmiddle-aged agents, so
their risky asset share is correspondingly lower. We find the same
qualitative pattern in the quantitative illustration in Section 5.

The changes in risky asset shares as the population ages (𝜙1
increases) follow from Corollary 2. As 𝜙1 increases along the x-
axis, middle-aged agents reduce the distortions in their beliefs,
increasing their risky asset share toward the benchmark share
without ambiguity (𝛼∗).15 In contrast, young households increase
their distortions, and move further from this benchmark level.

Note that themodels in Campanale (2011) and Peijnenburg (2018)
also feature risky asset shares that increase with age (𝛼1,𝑡 > 𝛼0,𝑡).
However, the mechanisms in those papers are different from
ours: there agents learn over time from observed realizations
of asset returns, gradually reducing the set of models they are
willing to consider. In our framework, that would entail a fall in
𝜃 as agents progress from young to middle-aged, independently
of survival probabilities. In contrast, we keep 𝜃 constant, but
allow the optimal distortion to vary with agent exposure to asset
returns. The effect of survival probabilities on the age profile of
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FIGURE 4 Belief distortions and risky asset shares vary with
wealth. Note: Plots constructed using 𝐽 = 2, 𝜃 = 0.045, 𝜇 = 0.06, 𝑟𝑓 =
0.045, 𝜎 = 0.1, 𝛾 = 3, 𝛽 = 0.99, 𝜙1 = 0.7, and 𝑤0,𝑡 and 𝑤1,𝑡 vary from 1
to 5, and risky asset returns set to their expected level every period. This
therefore abstracts from the effect of return shocks.

asset shares, through the wealth and marginal utility channels, is
therefore unique to our mechanism.

3.2.2 Wealth Effects

The first-order condition for belief distortions (41) highlights that,
just as with age, the effects of an increase in wealth depend on the
wealth and marginal utility channels.

With an increase in wealth, these channels act in opposite
directions. The wealth channel implies larger belief distortions
for wealthier households, as they save more, so have more
exposure to asset returns. The marginal utility channel implies
the opposite: wealthier households have smaller belief distor-
tions, because their continuation values are less sensitive to
marginal changes in future wealth. As with the effect of survival
probabilities on middle-aged agents, which channel dominates
depends on whether the EIS is greater or less than 1.

Corollary 3. For agents with 𝜙0 = 1, 𝜙2 = 0, 𝑤𝑗,𝑡 affects optimal
belief distortions such that for 𝑗 = 0, 1:

𝜕𝜈𝑗,𝑡

𝜕𝑤𝑗,𝑡

⎧⎪⎨⎪⎩
< 0 if 𝛾 < 1
= 0 if 𝛾 = 1
>0 if 𝛾 > 1.

(44)

Proof. Appendix A. □

Under our preferred calibrations (𝛾 > 1), being wealthier causes
agents to becomemore optimistic about asset returns. As a result,
wealthier agents invest a greater share of their wealth in the
risky asset. These patterns are shown in Figure 4. Although this
analytic model does not feature nonparticipation, the direction
of this effect is consistent with evidence in Briggs et al. (2020)

that exogenous increases in wealth increase the probability that
households invest in equities.

Interactions With Age Effects: As well as directly affecting belief
distortions as in Corollary 3, an agent’s wealth can affect the
strength of the age effects on beliefs studied in Section 3.2.1. In
our preferred parameter region of 𝛾 > 1, when wealth is higher,
age effects are smaller in magnitude, for agents of all ages.

Corollary 4. For agents with 𝜙0 = 1, 𝜙2 = 0, the age effects on
optimal belief distortions change with wealth such that for 𝑗 = 0, 1:

sign
{

𝜕

𝜕𝑤𝑗,𝑡

(
𝜕𝜈𝑗,𝑡

𝜕𝜙1

)}
=

⎧⎪⎪⎨⎪⎪⎩
sign

{
𝜕𝜈𝑗,𝑡

𝜕𝜙1

}
if 𝛾 < 1

0 if 𝛾 = 1

−sign
{
𝜕𝜈𝑗,𝑡

𝜕𝜙1

}
if 𝛾 > 1.

(45)

This implies that if 𝛾 > 1, the effect of 𝜙1 on optimal belief
distortions decreases in magnitude as 𝑤𝑗,𝑡 increases.

Proof. Appendix A. □

Intuitively, at high levels of wealth, future marginal utility is
less sensitive to changes in returns, and so the marginal utility
channel is weakened. When 𝛾 > 1, the marginal utility channel
is the dominant channel determining how belief distortions 𝜈𝑗,𝑡
change with 𝜙1 at all ages. Weakening that channel therefore
weakens the effects of 𝜙1 on beliefs.

Throughout this analysis, we maintain the simplifying assump-
tion that any wealth left unconsumed by agents who die before
reaching their maximum lifespan is destroyed. One consequence
of Corollary 4 is that this assumption, if anything, implies we will
understate the magnitude of the mechanisms we study.

Specifically, a common alternative assumption in this literature
is that any such unconsumed wealth is left as an “accidental
bequest,” and so is distributed between surviving agents in the
following period (e.g., Gagnon et al. 2021). If we assumed this,
then a rise in the survival probability 𝜙1 would imply fewer
agents die before old age, which in turnmeans fewer agents leave
accidental bequests, which reduces the wealth of all agents.16
With that lower wealth, Corollary 4 implies the direct effects of 𝜙1
on beliefs become stronger. The differences between young and
middle-aged agents widen. To keep the exposition of the main
channels as clear as possible, we continue to abstract from this
endowment effect in the remainder of the paper.

3.3 Intergenerational Inequality

We now use the results developed above to analyze the impacts
of increased longevity through ambiguity aversion. The first
implicationwe study concerns howwealth evolves over an agent’s
life cycle. If realizations of the risky asset return are close to
its mean, this is also informative about intergenerational wealth
inequality, as there are no other shocks that change from one
cohort to the next.
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Using Equation (13), we can express the ratio between wealth at
ages 𝑗 + 1 and 𝑗 as

𝑤𝑗+1,𝑡+1

𝑤𝑗,𝑡
=
(
1 −

𝑐𝑗,𝑡

𝑤𝑗,𝑡

)
exp

(
𝑟𝑓 + 𝛼𝑗,𝑡(𝑟𝑡+1 − 𝑟𝑓) +

1

2
𝜎2𝛼𝑗,𝑡(1 − 𝛼𝑗,𝑡)

)
.

(46)

Expanding out 𝑐𝑗,𝑡 and 𝛼𝑗,𝑡 using Proposition 2, this becomes

𝑤𝑗+1,𝑡+1

𝑤𝑗,𝑡
=

(
1

1 + 𝑏𝑗+1
− 𝜃𝑤1−𝛾

𝑗,𝑡
Ω𝑐,𝑗

)
exp

(
𝑟𝑓 + 𝛼∗(𝑟𝑡+1 − 𝑟𝑓) +

1

2
𝜎2𝛼∗(1 − 𝛼∗)

+𝜃𝛼∗𝑤1−𝛾
𝑗,𝑡
Ω𝛼,𝑗

[
𝑟𝑡+1 − 𝑟𝑓 +

1

2
𝜎2(1 − 2𝛼∗ − 𝜃𝛼∗𝑤1−𝛾

𝑗,𝑡
Ω𝛼,𝑗)

])
(47)

Finally, using the definition of 𝑏𝑗+1 for 𝑗 = {0, 1} (Appendix A)
note that

1

1 + 𝑏1
=
𝜙

1

𝛾

1 + 𝑏̃

𝜙

1

𝛾

1 + 2𝑏̃
(48)

1

1 + 𝑏2
=

𝜙

1

𝛾

1

𝜙

1

𝛾

1 + 𝑏̃
, (49)

both of which are strictly increasing in 𝜙1.

In the absence of ambiguity (𝜃 = 0), only the first term in
Equation (47) changes with 𝜙1. As the survival probability rises,
agents save more for the future, so middle-aged agents become
wealthier relative to young agents, and similarly old agents
become wealthier relative to middle-aged agents.

Ambiguity adds two further channels to this change in wealth
across the life cycle. First, a rise in 𝜙1 affects agent portfolio
choices, and so affects average returns. This generates the terms in
square brackets in Equation (47). In Section 3.2.1, we showed that
rising 𝜙1 has opposing effects on the risky asset shares of young
andmiddle-aged agents in the empirically plausible case of 𝛾 > 1.
Young agents reduce𝛼0,𝑡, which reduces thewealth of themiddle-
aged relative to the young. Middle-aged agents increase 𝛼1,𝑡+1,
increasing the relativewealth of the old. Through this channel, an
aging population leads to a greater wealth concentration among
older households.

Second, ambiguity also affects the amount saved by each agent,
through the term −𝜃𝑤1−𝛾𝑗,𝑡 Ω𝑐,𝑗 . For both young and middle-aged
agents, Ω𝑐,𝑗 varies with 𝜙1, and for middle-aged agents so does
𝑤𝑗,𝑡 . In Appendix A (Equation A.26), we show that this term is
potentially nonmonotonic in 𝜙1, so it has an ambiguous effect
on wealth inequality. However, in the simple calibration used
throughout this section this effect is negligible relative to the
other channels.17

These effects concern how changes in life expectancy affect
the relative wealth between generations. In this simple model,
wealth typically declines with age, because we lack many of the
features commonly added to quantitative life-cycle models.18 The
mechanisms identified in this section imply that a rise in 𝜙1

causes a greater concentration of wealth among older generations
relative to this baseline. When we extend the model for our
quantitative exercises in Section 5, the life cycle of wealth in the
model matches the hump-shaped pattern observed in the data,
but the mechanisms identified here continue to operate.

3.4 Aggregation

Next, we study how aging affects the composition of aggregate
asset demand.

Recall that each period a new cohort of agents is born with
measure 1, so there are three overlapping generations alive in each
period. All agents within a cohort are identical. The aggregate
demand for safe and risky assets is therefore given by

𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) = (1 − 𝛼0,𝑡)(𝑤0,𝑡 − 𝑐0,𝑡) + (1 − 𝛼1,𝑡)(𝑤1,𝑡 − 𝑐1,𝑡) (50)

𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦) = 𝛼0,𝑡(𝑤0,𝑡 − 𝑐0,𝑡) + 𝛼1,𝑡(𝑤1,𝑡 − 𝑐1,𝑡), (51)

where we have used the result that old agents do not save in
either asset, and that all agents survive to middle age. Note
that this implies the composition effects of aging, as studied
in, for example, Auclert et al. (2021), are absent here: the age
composition of asset market participants is constant as 𝜙1 rises.
This simplification allows us to focus on the novel channels
introduced by ambiguity aversion here.

We showed previously that if there is no ambiguity aversion (𝜃 =
0), risky asset shares 𝛼𝑗 are constant, and both young andmiddle-
aged agents cut consumption when 𝜙1 rises (Proposition 3). As a
result, the aggregate demand for both types of asset rises, as longer
life expectancy encourages greater saving for old age.

In the case with ambiguity aversion, the deviation of 𝛼𝑗,𝑡 and 𝑐𝑗,𝑡
from the no-ambiguity benchmark is proportional to the degree
of ambiguity aversion 𝜃 (Proposition 2). For small 𝜃, we therefore
maintain the result that 𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) and 𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦) rise with 𝜙1,
as in the no-ambiguity benchmark.

Ambiguity aversion does, however, affect the speed at which
each aggregate asset demand rises, which therefore affects the
composition of asset demand as the population ages. This is
displayed in Equation (52), which gives the population analog of
the individual-level risky share 𝛼𝑗,𝑡 .

𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)

𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) + 𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)
=
𝛼0,𝑡(𝑤0,𝑡 − 𝑐0,𝑡) + 𝛼1,𝑡(𝑤1,𝑡 − 𝑐1,𝑡)

𝑤0,𝑡 − 𝑐0,𝑡 + 𝑤1,𝑡 − 𝑐1,𝑡
.

(52)

Substituting out for the individual risky asset shares 𝛼𝑗,𝑡 using
Equation (27), this becomes

𝐴𝐷𝑡 ( risky)

𝐴𝐷𝑡 ( safe)+𝐴𝐷𝑡 ( risky)
= 𝛼∗ + 𝜃𝛼∗

(
Ω𝛼,0𝑤

1−𝛾
0,𝑡

( 𝑤0,𝑡−𝑐0,𝑡 )+Ω𝛼,1𝑤
1−𝛾
1,𝑡

( 𝑤1,𝑡−𝑐1,𝑡 )

𝑤0,𝑡−𝑐0,𝑡+𝑤1,𝑡−𝑐1,𝑡

)
.

(53)
In the absence of ambiguity, the relative demand for risky assets is
a constant (𝛼∗).However,with ambiguity (𝜃 > 0), demand for safe
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FIGURE 5 Relative asset demand 𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)∕(𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) +
𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)) varies with 𝜙1. Note: Plots constructed using 𝐽 = 2, 𝜇 = 0.06,
𝑟𝑓 = 0.045, 𝜎 = 0.1, 𝜃 = 0.045, 𝛾 = 3, 𝛽 = 0.99, 𝜙1 ∈ (0, 1], and 𝑤0,𝑡 = 1,
and risky asset returns set to their expected level every period. This
therefore abstracts from the effect of return shocks.

and risky assets are no longer in fixed proportions, and the relative
demand for each asset changes with the survival probability.

These relative demand changes are shown in Figure 5. The no-
ambiguity relative demand is constant at 𝛼∗, which with this
calibration is equal to 0.5. As in, for example, Garlappi et al.
(2007), ambiguity aversion reduces the relative demand for risky
assets below this level. The contribution of our model is that we
can ask how that relative demand changes with survival rates. As
𝜙1 rises, the demand for risky assets relative to safe assets follows
a hump-shape: it rises, reaches a peak, then falls.

This hump-shape in relative risky asset demand occurs because
young and middle-aged agents shift their belief distortions in
different directions as 𝜙1 increases, as shown in Section 3.2.1.
As the survival probability rises, the young become more pes-
simistic about asset returns, while the middle-aged become more
optimistic (Corollary 2). As a result, young agents decrease
their relative demand for risky assets, while middle-aged agents
increase their relative demand.

When the probability of surviving to old age is low, young
households save only a small fraction of their endowment
(Proposition 3, extended to the ambiguity case in Appendix B). As
a result, when they become middle-aged, they have little wealth:
𝑤1,𝑡 is low relative to 𝑤0,𝑡 . Corollary 4 then implies that any small
increase in 𝜙1 has a stronger effect on the beliefs of middle-aged
than young agents. Initially, the middle-aged agents react most
strongly to 𝜙1, and relative risky asset demand rises.

However, as 𝜙1 rises, young agents increase their saving, and
these mechanisms work in reverse. Wealth 𝑤1,𝑡 rises, and so
age effects become weaker for middle-aged agents, ultimately
becoming smaller than the effects on young agents. At high 𝜙1,

further aging of the population therefore implies a fall in relative
risky asset demand.

Finally, note that relative risky asset demand is also affected
by a composition channel. As 𝜙1 rises, 𝑤1,𝑡 rises, which means
that middle-aged agents account for a greater share of aggregate
saving. Since for most values of 𝜙1 middle-aged agents are more
optimistic than young agents (Figure 2), this also causes the
aggregate relative risky asset demand to rise with 𝜙1, shifting the
peak in Figure 5 to the right.

3.5 Endogenous Equity Premium

So far, we have considered a small open economy aging alone. In
that case, the variation in relative demand for safe and risky assets
shown in Figure 5 does not affect returns or asset prices. However,
in a closed economy, or indeed in a world where all countries are
aging simultaneously, this will no longer be true.

We therefore extend the model here, and instead assume that
the relative supply of safe and risky assets is fixed. This allows
us to study the effects of aging on the equity premium 𝜇 −
𝑟𝑓 , as this must adjust to ensure that asset markets clear. The
equity premium is particularly of interest because it controls how
much heterogeneity there is between the wealth accumulation
of agents with different beliefs. It is therefore central to how our
mechanisms will affect intergenerational inequality.

Specifically, let 𝑆𝑡(𝑠𝑎𝑓𝑒) and 𝑆𝑡(𝑟𝑖𝑠𝑘𝑦) denote the supply of safe
and risky assets in period 𝑡. The relative supply of risky assets is
assumed to be fixed at 𝑆̄:

𝑆𝑡(𝑟𝑖𝑠𝑘𝑦)

𝑆𝑡(𝑠𝑎𝑓𝑒) + 𝑆𝑡(𝑟𝑖𝑠𝑘𝑦)
= 𝑆̄. (54)

For asset markets to clear, we therefore require:19

𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)

𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) + 𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)
= 𝑆̄. (55)

This particular assumption on asset supply is useful here, because
it implies that if there is no ambiguity aversion, the solution is
trivial. From Equation (53), if 𝜃 = 0 then the relative demand for
risky assets is constant at 𝛼∗, which itself is directly proportional
to the equity premium (Equation 17). In this case, the equilibrium
equity premium is therefore a constant, unaffected by changes in
survival probabilities:

(𝜇 − 𝑟𝑓|𝜃 = 0) = 𝛾𝜎2𝑆̄. (56)

As a result, any dependence of the equity premium on 𝜙1
must come through ambiguity aversion. In this way, our equity
premium analysis is similar in spirit to our analysis of the
small open economy above, in which individual portfolio choices
are independent of 𝜙1 unless there is some ambiguity over
risky returns.

To analyze the equity premium in the case with ambiguity, it
is useful to first note that relative aggregate demand increases
monotonically in the equity premium.
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Lemma 2. In the model with 𝜙0 = 1, 𝜙2 = 0, for any 𝜃 < 𝜃∗:

𝜕

𝜕𝜇

(
𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)

𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) + 𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)

)
> 0, (57)

𝜕

𝜕𝑟𝑓

(
𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)

𝐴𝐷𝑡(𝑠𝑎𝑓𝑒) + 𝐴𝐷𝑡(𝑟𝑖𝑠𝑘𝑦)

)
< 0, (58)

where 𝜃∗ > 0 is a threshold defined in Appendix A.

Proof. Appendix A. □

This is intuitive: as in the case without ambiguity, if the equity
premium rises, then the expected return on risky assets rises
relative to safe assets, rendering themmore attractive to investors.
Whether the equity premium rises because 𝜇 rises or 𝑟𝑓 falls, the
relative demand for risky assets therefore rises.

From this, we arrive at two implications. First, Proposition 4
implies that for all values of 𝜙1, young and middle-aged agents
distort their beliefs toward (weakly) lower risky asset returns.
This is why ambiguity reduces the relative demand for risky
assets, as shown in Figure 5. To offset this and ensure market
clearing, the equity premium must therefore be higher than if
there was no ambiguity. Ambiguity aversion can therefore help
explain the equity premium puzzle, as in other models in this
literature (e.g., Dimmock et al. 2016).

Second, the analysis in the previous sections highlights that indi-
vidual and aggregate portfolio choices change with 𝜙1, implying
that the equity premiumwill change as survival probabilities rise.
Specifically, the equity premium is U-shaped in 𝜙1.

The intuition for this result follows directly from the discussion in
Section 3.4.As𝜙1 rises froma low level, then the relative aggregate
demand for risky assets rises, asmiddle-aged agents becomemore
optimistic about risky returns. This pushes the equity premium
down, to clear asset markets. As 𝜙1 continues to rise, the relative
aggregate demand for risky assets begins to fall, as increasing
pessimism from young agents dominates the optimism from the
middle-aged. That in turn implies the equity premium rises.

Interestingly, although the model is extremely simple, this is
consistent with qualitative patterns in equity premia in the last
75 years. Since 1950, developed economies have experienced
substantial rises in life expectancy. Over the same period, Kuvshi-
nov and Zimmermann (2020) document that equity premia in
developed economies have followed a U-shape, first falling, and
then rising again after 1990. However, note that in Appendix D.7
we find that in our quantitative model the effects of life
expectancy on equity premia are rather small, so the channel
discussed here is unlikely to explain all of the historical equity
premium experience.

4 Testing the Mechanism

The key novel prediction of our model is that life expectancy,
not just the current age, affects beliefs and portfolio decisions.
In this section, we test this prediction using survey data from

the United States. We find evidence in favor of the mechanisms
outlined in Section 3: for young households, a longer subjective
life expectancy is associatedwith smaller portfolio shares invested
in equities. For older households, that relationship is reversed.
This qualitative pattern is produced by our model for 𝛾 > 1, as
shown in Figure 3.

4.1 Data

We use the Household Finance Module included in the August
waves of the Federal Reserve Bank of New York SCE between
2014 and 2019.20 In each of the six waves, approximately 1100
households are asked detailed questions about their portfolio
choices and, importantly for our purposes, their subjective life
expectancy. The survey also collects rich demographic informa-
tion, including age, gender, race, and education. The sample is
designed to be representative of the US population.

Household Portfolios: The first question we use asks about the
share of the respondent’s portfolio invested in equities:

“What proportion of the money in your (and your
spouse’s/partner’s) saving and investment accounts
(excluding funds in retirement accounts) is invested in
stocks/stock mutual funds?”

This question is not conditional on asset market participation:
people who do not invest in equities give an answer of 0.

Note that this question is similar, but not quite identical, to 𝛼𝑗,𝑡
in the simple model. The question elicits the share of financial
wealth invested in stocks, and the model concept is the share of
total (effective) wealth invested. We focus on the untransformed
data in ourmain analysis for clarity. In Appendix C, we show that
our results are robust to transforming this variable tomeasure the
fraction of total wealth invested in stocks.

As well as portfolio shares, we also use the information recorded
in the survey on household income. We use the many questions
on assets and liabilities to construct a measure of the household’s
net wealth following Armantier et al. (2016).

Subjective Life Expectancy: The key reason for using the SCE here,
rather than larger household finance surveys such as the Survey
of Consumer Finances (SCF), is that households are also asked
for their beliefs about their own longevity. Specifically, survey
participants under the age of 65 are asked:

“What do you think is the percent chance that you will
live to age 85?”

This measures subjective survival beliefs. We do not take a stand
on whether these beliefs are accurate or not. In our model, we
assumed that agents are correct about their survival probabilities,
but the mechanisms are exactly the same if they are not: what
matters for ambiguity-driven belief distortions and portfolio
decisions is the agent’s belief about their survival probability.
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TABLE 1 Summary statistics for key variables in the SCE Household Finance module.

Mean Median Lower quartile Upper quartile

Equity share (%) 20 0 0 35
Equity share, conditional (%) 45 40 20 70
Net wealth ($1000s) 503 139 6 460
Income ($1000s) 105 70 38 110
Subjective survival prob. (%) 52 50 30 75
Age (years) 45 46 35 56

Note: Summary statistics are computed for the sample of survey respondents with non-missing values for the subjective survival probability to age 85, which
therefore only includes households with age<65 . “Equity share, conditional” refers to the equity share among the sample with non-zero shares of wealth invested
in equity. Net wealth consists of the value of financial assets, housing, retirement accounts (IRAs and 401ks), other land, vehicles, and other assets, minus the
value of mortgages, other home equity lines of credit, and non-housing personal debt (including credit card debt and student debt). Units for each variable are in
brackets after the variable name. Sample period: 2014-2019. Source: Survey of Consumer Expectations, core survey and household finance module.
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FIGURE 6 Share of financial assets invested in equities varies with age, income, and net wealth.Note: Plots show binned scatter plots of the share
of financial assets invested in stocks against age, income, and net wealth, respectively. In each panel, each point represents the mean equity share and
the mean x-axis realization in a given ventile of the x-axis distribution. Sample period: 2014–2019. Source: Survey of Consumer Expectations, core survey
and household finance module.

Alongside this question, survey participants are also asked for
the probability that they will live to the age of 65 and 75. We
focus on the longest-horizon question, as this contains the most
cross-sectional variation, giving us the most power to detect
our mechanism.21 In Appendix C, we repeat the regressions of
Section 4.2 using these shorter-horizon questions, and find our
results are qualitatively robust, though imprecisely estimated due
to the smaller variation.

Summary Statistics: Table 1 displays summary statistics for the
key variables in our analysis. In all cases, the statistics displayed
concern the population who answered the subjective survival
probability questions (i.e., those under 65).

Previous literature has highlighted in more detailed data that
risky asset portfolio shares are typically increasing in age, income,
and net worth. The binned scatter plots in Figure 6 show that
this is also the case in the SCE, even though these data do not
(for example) include indirect equity holdings through retirement

accounts, which are typically included in portfolio data from the
SCF.22

Discussion: All of the model results in Section 3 operate through
distortions to beliefs about risky asset returns. We test our
mechanism using data on portfolio shares, rather than directly
using return expectations, for two reasons.

First, in models of ambiguity aversion agents know that they
are acting based on distorted beliefs. They simply act as if the
worst-case outcome is more likely than it really is. It is not
immediately clear whether such agents would answer a survey
about their return expectations with (i) the distorted beliefs they
use for decision making, or (ii) their initial undistorted beliefs,
that still reflect their actual assessment of probabilities. Indeed,
Adam et al. (2021) find evidence that survey-based return expec-
tations reflect undistorted beliefs. Since our mechanism only
operates through distorted beliefs, this implies that survey-based
expectations are not appropriate in this context.
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FIGURE 7 Age-profile of portfolio share in equity, split by sub-
jective survival probability. Note: Plot shows the binned scatter plot
of the share of financial assets invested in stocks against age, among
those in the bottom (𝜙̃𝑖𝑡 ≤ 40%, black) and top (𝜙̃𝑖𝑡 ≥ 67%, blue) terciles
of the subjective survival probability distribution. In each tercile, each
point represents the mean equity share and the mean age in a given
ventile of the age distribution. The solid lines give the predicted values
from a linear regression of the equity share on age in each tercile,
with equations 𝛼̃𝑖𝑡 = 17.251 + 0.070𝑎𝑔𝑒𝑖𝑡 and 𝛼̃𝑖𝑡 = 8.857 + 0.253𝑎𝑔𝑒𝑖𝑡 ,
respectively. The slope coefficient is not significantly different from zero
for the bottom tercile (𝑝 = 0.317) but is for the top tercile (𝑝 = 0.00009).
Sample period: 2014–2019. Source: Survey of ConsumerExpectations, core
survey and household finance module.

Second, even if we dismiss the first conceptual problem, the asset
return expectations elicited in the SCE are not well-suited to
testing our particular mechanisms. The SCE elicits expectations
of overall portfolio returns, but these combine expectations across
a range of risky and safe assets, where our mechanism only
concerns risky asset returns. The SCE also asks participants to
give a probability that the US stock market will be higher in 12
months’ time than at the time of the survey, but this combines
both a point expectation and the uncertainty in household beliefs,
and so also cannot cleanly identify our mechanisms of interest
(see Macaulay 2021, for a discussion of this point).

4.2 Analysis

Corollary 2 predicts that when life expectancy increases, younger
households become more pessimistic about risky asset returns,
while older households become more optimistic—assuming a
standard calibration in which 𝐸𝐼𝑆 < 1. This is reflected in port-
folio choices (Figure 3): increasing survival probabilities imply
young households reduce the share of their wealth invested in
risky assets, while middle-aged households increase their risky
share. The age gradient of risky asset shares therefore increases
with survival beliefs.

This is the prediction that we test in the data. First, we simply
plot the age gradient of risky asset shares among those with high
and low subjective survival probabilities. Figure 7 shows binned
scatter plots of risky asset shares against age for those in the
bottom tercile of the subjective survival probability distribution

(black) and those in the top tercile (blue). Consistent with the
model, a greater subjective survival probability is associated with
lower risky asset shares among young households, but a steeper
age gradient, such that greater longevity is associatedwith greater
risky asset shares for older households.

Next, we test for this result in amore systematic way, and examine
its statistical significance. For that, we estimate the following
equation via OLS:

𝛼̃𝑖𝑡 = 𝛽0 + 𝛽1𝑎𝑔𝑒𝑖𝑡 + 𝛽2𝜙̃𝑖𝑡 + 𝛽3𝑎𝑔𝑒𝑖𝑡 ⋅ 𝜙̃𝑖𝑡 + 𝛿𝑡 + Γ′𝑋𝑖𝑡 + 𝜀𝑖𝑡, (59)

where 𝛼̃𝑖𝑡 is the share of household 𝑖’s financial wealth invested in
stocks in period 𝑡, 𝑎𝑔𝑒𝑖𝑡 is their age in years, 𝜙̃𝑖𝑡 is their subjective
probability of surviving to age 85,23 𝛿𝑡 are period fixed effects, 𝑋𝑖𝑡
is a vector of controls which we vary to check the robustness of
the results, and 𝜀𝑖𝑡 is an error term.

The coefficients of interest are 𝛽2 and 𝛽3. Our model predicts that
𝛽2 < 0 and 𝛽3 > 0. The first of these inequalities implies young
households invest less in equities when their life expectancy is
longer, and the second implies that the age gradient of equity
shares is greater when life expectancy is longer.24

Table 2 shows the results. In column (1), the only controls are
period fixed effects. Column (2) adds income and net wealth
as extra controls, since the analysis in Corollary 2 and Figure 3
holds wealth (financial and human) constant. Column (3) adds a
further range of demographic controls (details in table note). In all
cases, the estimated coefficient on subjective survival probability
(𝛽2) is negative, and the estimated interaction between subjective
survival probability and age (𝛽3) is positive. Both are significantly
different from zero.

The signs of the coefficients 𝛽2 and 𝛽3 are therefore consistent
with the model. The magnitudes are also substantial. The 25th
percentile of subjective survival probability is a household who
believes they have a 30% chance of living to the age of 85. At
this subjective life expectancy, using the estimates from the most
demanding specification (Table 2, column (3)) one extra year of
age is associatedwith a 3 basis point increase in the unconditional
risky asset share. At the 75th percentile of subjective survival
probabilities (75% chance of surviving to 85), that gradient is
more than six times steeper: an extra year of age is associated
with a 19 basis point increase in the unconditional risky asset
share.

Table 3 shows the results from the same analysis, estimated in
the restricted sample for whom 𝛼̃𝑖𝑡 > 0. The dependent variable
here is therefore the conditional risky asset share. Qualitatively,
the results are the same as in Table 2.

These results are robust to a number of specification changes and
checks, documented in Appendix C. In particular, columns (2)
and (3) of Tables 2 and 3 use income and net wealth in levels,
ensuring that we do not exclude households with zero or (for net
wealth) negative values in these variables. However, restricting
the sample to those with strictly positive income and net wealth
and including these variables in logs does not meaningfully alter
the coefficients of interest.
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TABLE 2 Regressions on share of financial assets invested in equity.

(1) (2) (3)
Equity share Equity share Equity share

Age −0.0919 −0.1189 −0.0745
(0.0991) (0.0989) (0.0995)

Subjective survival prob. −0.1659∗∗ −0.1626∗∗ −0.1467∗∗

(0.0745) (0.0746) (0.0718)
Age × Subjective survival prob. 0.0040∗∗ 0.0039∗∗ 0.0035∗∗

(0.0017) (0.0017) (0.0016)
Net wealth ($1000s) 0.0007∗ 0.0004

(0.0004) (0.0003)
Income ($1000s) 0.0023 0.0018

(0.0017) (0.0013)
Period FE Yes Yes Yes
Demographic controls No No Yes
Observations 3466 3446 3438
𝑅2 0.0054 0.0110 0.0724

Note: Robust standard errors in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01. All regressions are weighted using the SCE-provided survey weights. The
demographic controls in column 3 consist of dummy variables for the state in which the respondent lives, gender, home ownership status, marriage status, race,
and education. Sample period: 2014-2019. Source: Survey of Consumer Expectations, core survey and household finance module.

TABLE 3 Regressions on share of financial assets invested in equity, conditional on equity market participation.

(1) (2) (3)
Equity share Equity share Equity share

Age −0.1935 −0.2115 −0.1112
(0.1685) (0.1688) (0.1713)

Subjective survival prob. −0.3444∗∗∗ −0.3360∗∗ −0.2625∗∗

(0.1323) (0.1327) (0.1323)
Age × Subjective survival prob. 0.0076∗∗∗ 0.0074∗∗∗ 0.0055∗

(0.0028) (0.0029) (0.0028)
Net wealth ($1000s) 0.0005∗ 0.0004∗

(0.0003) (0.0002)
Income ($1000s) 0.0011 0.0011

(0.0013) (0.0010)
Period FE Yes Yes Yes
Demographic controls No No Yes
Observations 1579 1568 1562
𝑅2 0.0166 0.0181 0.0735

Note: Robust standard errors in parentheses. ∗ 𝑝 < 0.10, ∗∗ 𝑝 < 0.05, ∗∗∗ 𝑝 < 0.01. For other regression details see the note to Table 2.

Importantly, this pattern is not predicted by any existing mecha-
nism proposed in the literature. In particular, models in which
beliefs depend only on age predict a constant age profile of
return expectations (Campanale 2011; Peijnenburg 2018). In such
models, it does notmatter whether a 30-year old believes theywill
live a long life or not: their beliefs depend only on the fact that

they are 30. In a Merton-style model such as the one we develop
above, this would imply that risky asset shares conditional on age
should be unaffected by life expectancy.

In fact, in richer models pure age-based mechanisms are even
more at odds with the data. Households with longer life
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expectancy should invest more in equities, as their planning
horizon is longer and so they can absorb more short-term risk
(e.g., Yogo 2016). Younger households should therefore have
larger risky asset shares when their subjective life expectancy is
high, which is the opposite of the patterns we observe in the data.
Our model can therefore explain a fact in the data which would
otherwise be extremely puzzling.

5 Quantitative Analysis

We now return to the model with 𝐽-period maximum lifespans
from Section 2, and add the features now standard in quantitative
life-cycle portfolio-choice models: risky age-dependent labor
income, Epstein–Zin preferences, and equity market participa-
tion costs.25 The resulting model is similar to that in Gomes
and Michaelides (2005), with the addition of ambiguity aversion
as specified in Section 2. As these quantitative model features
are standard in this literature, we leave the formal details to
Appendix D.1.

We calibrate the model demographics to survival probabilities in
the United States in 2019. We then use the model to examine
the effect of demographic change on portfolios in the coming
decades. To do this, we compare the 2019 calibration with a
counterfactual using projected survival probabilities for 2100.
Even holding the distribution of labor income fixed, changes in
life expectancy imply nontrivial changes in the age profile of
portfolio composition.

5.1 Calibration

We calibrate the model such that one period is one year. First,
we set the majority of the parameters to typical values in the
literature, as discussed in Gomes (2020) (see Appendix D.2 for
details). We set the initial age to 𝑗 = 20, and the maximum
possible lifespan to 𝐽 = 109: this is the first age in the 2019
mortality data discussed below at which the annual mortality
rate exceeded 50%. The remaining parameters are the survival
probabilities, and the two parameters not present in the model
reviewed in Gomes (2020): the equity market participation cost,
and the degree of ambiguity aversion (𝜃).

Survival Probabilities: We first split households into three groups.
For the first group, we calibrate their survival probabilities using
age-specific mortality rates in the United States in 2019 reported
by the US Office of the Chief Actuary at the Social Security
Administration. This mortality data are representative for the
US population. The survival probability 𝜙𝑗 is one minus the
empirical mortality rate for people of age 𝑗. The second group
(high perceivedmortality) have perceivedmortality rates equal to
(1 − 𝜙𝑗)(1 + 𝜁), while the third group (low perceived mortality)
have perceived mortality rates equal to (1 − 𝜙𝑗)(1 − 𝜁).26 The
perceived survival rates for each group are oneminus the relevant
perceived mortality rates.

This heterogeneity in perceived survival probabilities is a robust
fact of our survey data (see Table 1). We therefore calibrate
the scaling factor 𝜁 to match that data. For each perceived-
mortality group, we calculate the implied perceived probability

of surviving to age 85 at each age. We choose 𝜁 so that the
standard deviation of this perceived survival probability across
agents below the age of 65 is equal to that in our SCE sample
(28%).27 All resulting mortality rates for all groups remain in
(0,1).

The key reason for allowing heterogeneous perceived mortality
rates is to provide a disciplined way to calibrate the degree
of ambiguity aversion, as explained below. However, it is not
crucial for our qualitative results. Appendix D.6 presents the key
quantitative exercise of this section without any heterogeneity
in perceived mortality rates, and our conclusions are robust.
Throughout the rest of this section, we will compare the model
with ambiguity to one without, but which is otherwise identical.
That “no ambiguity benchmark” replicates the standard results
from other quantitative portfolio-choice models, showing further
than mortality rate heterogeneity is not driving any of our
results.

Participation Costs and Ambiguity Aversion: We calibrate the
equity market participation cost to match the average participa-
tion rate in the 2019 SCF (53%). Finally, we calibrate the degree
of ambiguity aversion to target the results of the empirical test of
our mechanism in Section 4. Specifically, we target 𝛽2 and 𝛽3 in
estimates of Equation (59), as these coefficients form the key test
of our ambiguity-driven mechanism.

Matching the Regression Coefficients: To target the results of
Section 4, we estimate Equation (59) on simulated data from
the model.

Solving the model yields decision rules for all three mortality-
rate groups. We simulate 10,000 agents from each group, to give a
simulation sample of 30,000 agents, who differ by age, subjective
probability of surviving to age 85, income, wealth, and portfolio
choices. With this sample, we then estimate Equation (59) on
the simulated data for all agents below age 65 (to match the
SCE sample). We use the conditional risky asset share as the
dependent variable, because the unconditional share is more
strongly affected by the participation cost, which hinders our
ability to separately identify 𝜃 from that cost.

This means that we replicate Table 3 in the model. We choose 𝜃
to target the key coefficients (𝛽2 and 𝛽3) in the most demanding
specification (column (3)). With a plausible degree of ambigu-
ity aversion (see Appendix D.3), we obtain 𝛽2 = −0.3073, 𝛽3 =
0.0047.28 This slightly overstates the level effect of greater survival
probability (𝛽2), and understates the interaction effect between
age and subjective survival probability in particular (𝛽3), relative
to the data. Since our main exercise below concerns the effect
of increased longevity on the gradient of the age profile of
risky asset shares (Section 5.3), understating the interaction
effect implies that our results in that projection are if anything
somewhat conservative.

Note that this calibration approach is only possible because
we have allowed for heterogeneous perceived mortality rates.
Without that (i.e., if 𝜁 = 0), there would be no heterogeneity in
subjective survival probabilities once we condition on an agent’s
age. In that case, we could not run the regression.
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FIGURE 8 Model-generated versus empirical conditional risky
asset shares, 2019 calibration.Note: The solid line is constructed using the
model, with calibration described in Section 5.1 and Appendix D.2. The
dashed line is constructed from the same model, with the preference for
ambiguity set to 𝜃 = 0. The circles and shaded areas are from the August
waves of SCE from 2014 to 2019, as described in Section 4. Each circle is
themidpoint of a 5-year age range, and denotes themean conditional risky
asset share in that range. The shaded area is the 95% confidence interval
around these means.

5.2 Age Profiles of Portfolio Allocations

Figure 8 plots the conditional risky asset share for agents of
different ages in the calibrated baseline model, alongside the
profile froman otherwise-identicalmodelwithout ambiguity, and
the empirical age profile from the SCE.29 As in Section 4, we use
𝛼̃𝑗,𝑡 to refer to the share of risky assets in financial wealth, with
the tilde to distinguish this from the share of risky assets in total
wealth analyzed in Sections 2 and 3.

The calibrated model generates similar levels of conditional risky
shares as seen in the data, and replicates the generally increasing
age profile, despite neither of these being targeted in the calibra-
tion. Note that while the data display a slight downward slope
from ages 40–60, this is not systematically present in other data
sets (see, e.g., Chang et al. 2018; Catherine 2022). The life cycles of
the participation rate and the unconditional risky asset share are
in Appendix D.4.

Of course, the empirical age profile shown is a snapshot of a
particular point in time, and so conflates age, period, and cohort
effects. A large literature attempts to disentangle the pure age
effect using estimated models and a range of identifying assump-
tions (see Gomes and Smirnova 2021, for a recent example).
However, this is not our focus. A key part of our mechanism
is that changes in life expectancy affect portfolio decisions,
through changes in ambiguity-driven belief distortions. Since life
expectancy changes over time and by cohort, we do not want to
strip out these effects. Indeed, exploring how this profile might
change over time is the purpose of Section 5.3.

FIGURE 9 The effects of ambiguity on conditional risky asset
shares.Note: The solid line is the difference between the “ambiguity” and
“no ambiguity” lines in Figure 8. See the note to Figure 8 for details.

To understand themechanisms at work in this result, we begin by
discussing the case without ambiguity, which is similar to many
other standard models in this literature. In this benchmark, the
conditional risky asset share rises rapidly early in life. This is a
well-known effect of participation costs (see, e.g., the discussions
inGomes andMichaelides 2005; Catherine 2022). After this point,
the risky asset share decreases, then after retirement at age 65
it is mildly increasing. This path reflects the changing ratio of
financial assets to “human wealth” (the present value of future
income). Since labor and retirement income are uncorrelated
with risky asset returns, any expected future income acts like
an extra endowment of risk-free bonds in the agent’s portfolio
problem. As the agent moves through their working life, their
financial assets increase relative to the remaining expected future
labor income. To maintain a constant share of risky assets out of
total wealth, this shift to more financial wealth implies the agent
must decrease the share of their financial assets invested in the
risky asset. After retirement, wealth is gradually spent, implying
that the financial wealth to income ratio decreases, reversing this
trend. For a complete discussion of these well-known effects, see
Gomes (2020) and the references therein.

The model with ambiguity features a similar path of risky asset
shares at very young ages. However, the initial rise in 𝛼 is much
smaller, and the subsequent fall lasts for less time.After age 35, the
risky asset share steadily increases, gradually converging back to
the no-ambiguity benchmark.

To express this another way, Figure 9 plots the gap between
the average conditional risky asset share in the benchmark
no-ambiguity model and the model with ambiguity.30

At very young ages, ambiguity has little effect. This is because the
vast majority of very young agents’ total wealth is contained in
the present value of future labor income, not in financial wealth.
Even though they have a high marginal utility of income, they
are not therefore particularly exposed to fluctuations in financial
portfolio returns.
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FIGURE 10 Model-implied conditional risky asset shares, 2019 and 2100. Note: Plots constructed using the calibration and data described in
Section 5.1 and Appendix D.2. In panel (b), each line is the average conditional risky asset share at age 𝑗 in the 2100 calibration, minus the equivalent
average at that age in the 2019 calibration.

However, outside of these very early years, the optimal belief
distortions are similar to those implied by the simple model.
In Figure 2, for the majority of the parameter space we found
that young agents distorted their beliefs more than old agents.
In the language of Section 3.2.1, the marginal utility channel
dominates the wealth channel. As agents age from 35 to 65, their
consumption rises (see Appendix D.4), and so their marginal
utility of income falls, implying a smaller exposure to ambiguity
in risky asset returns. The optimal belief distortion shrinks over
these periods, reducing the effect of ambiguity. After retirement at
65, consumption does begin to fall, but more slowly than wealth.
In this region, the wealth channel therefore dominates, leading to
further declines in belief distortions.

5.3 Projecting Asset Demand

We showed in Section 3 that life expectancy is a key driver of
the age profile of portfolio choices. As populations age, survival
probabilities increase particularly for older cohorts. In ourmodel,
this leads to differential changes in the portfolio choices of
different age groups, with implications for inequality within and
between cohorts.

To explore this dependence on demographics, we take the
calibrated model and replace the 2019 survival rates with demo-
graphic projections for the year 2100 in the United States.31 As
well as 𝜙𝑗 , we also recalibrate the maximum lifespan 𝐽 using the
same approach as before: we find the first age at which the annual
mortality rate is expected to exceed 50%, which for 2100 implies
𝐽 = 117. These projections come from the US Office of the Chief
Actuary, who predict survival probabilities rising substantially,
particularly for the oldest age groups.32 This exercise therefore
gives a projection of the direct effect of extending life expectancy
on portfolio choices, holding everything else fixed.

Figure 10a shows the results, plotting the model-implied age
profile of conditional risky asset shares in 2019 and 2100. Solid
lines plot 𝛼̃𝑗,2019 and dashed lines plot the equivalent 𝛼̃𝑗,2100.

The increase in life expectancy by 2100 causes younger middle-
aged households to invest less in risky assets, as they distort
their beliefs more strongly toward low risky returns. For older
households, return expectations decline by less, so they become
more optimistic relative to the young. To make these effects
clearer, Figure 10b plots the difference between 2100 and 2019 for
each age, alongside the equivalent “longevity effect” in themodel
without ambiguity.

Beyond very young agents, who as highlighted above are not very
susceptible to this form of ambiguity, the age profile of risky asset
shares therefore becomes steeper, in line with the results with
𝐽 = 2 (Corollary 2).33 Quantitatively, the gap between the risky
asset shares of those aged 80 and 35 rises from 16.6 p.p. to 20.9
p.p., an increase of 26%. There is no such effect in the model
without ambiguity. If anything, older households decrease their
risky asset shares slightly relative to younger households when
facing increased longevity, which is counter to the cross-sectional
evidence in Section 4.

Plausible increases in survival probabilities therefore cause sub-
stantial changes in average portfolio decisions. Importantly, this
projection only captures changes directly due to the age effect
on ambiguity aversion and saving. If the income distribution or
asset returns change over time, they would further alter these
results. In Appendix D.7, for example, we explore one possibility,
endogenizing the equity premium as in Section 3.5. In this case,
the increase in life expectancy to 2100 causes the equity premium
to rise, continuing its recent rising trend. However, we find that
quantitatively the effect is modest, with the equity premium
rising by 7 basis points, implying this particular channel does not
substantially alter the conclusions presented here.

6 Conclusion

We develop a model in which investors face ambiguity over
expected returns on risky assets. In contrast to previous literature,
we allow agents to choose the degree to which they respond to
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this ambiguity optimally. With the same preferences, ambiguity
aversion causes stronger distortions to return expectations among
agents whose utility is very sensitive to risky asset returns. This
implies differential effects of ambiguity on expected returns and
portfolio choices for agents with different levels of wealth, and
life expectancy.

In particular, as life expectancy rises, younger investors become
more sensitive to rates of return, which means they distort
their beliefs to be more pessimistic about the returns to risky
assets, and they invest less in those assets. In contrast, in the
empirically reasonable case where the EIS is less than 1, older
agents become more optimistic about risky asset returns, and
allocate a greater share of their savings to them. In this case,
wealthier households are also endogenously more optimistic
about risky asset returns, fueling greater savings rates and risky
asset shares, as documented in Straub (2019), Briggs et al. (2020),
and others.

The prediction that greater life expectancy causes differential
effects on the portfolio decisions of young and old households is
novel to this model. We test it in survey data on US households,
and find strong support: the age profile of equity shares in port-
folios is substantially steeper among households with a longer
subjective life expectancy. This is difficult to explain without the
ambiguity aversion we study.

In a quantitative extension of the model, we generate empirically
plausible age profiles of risky asset shares in theUnited States.We
then use this quantitative model to project asset demand forward
to 2100, to uncover the likely effect of demographic changes on
savings behavior. As the population ages, and life expectancies
increase, older households increase the share of their wealth
invested in risky assets relative to the young. Given that the
upward slope in the age profile of risky asset shares is already
a puzzle in this literature, these results suggest that including
ambiguity aversion in quantitative household financemodels will
become more and more critical in the coming decades.

To obtain these results, we have focused on a particular dimen-
sion of ambiguity that has received extensive empirical support
(Dimmock et al. 2016). However, there are a range of related areas
inwhich it is also plausible that agents face substantial ambiguity,
which may themselves interact with life expectancy, and which
could further alter financial decision making. For example,
agents may face ambiguity about their future income or survival
probabilities (Caliendo et al. 2020), in addition to the ambiguity
about their asset returns. Future research could profitably explore
the interactions of these multiple dimensions of ambiguity, and
how they are jointly affected by demographic change.
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Endnotes
1 Several existing models of ambiguity aversion in portfolio choice
instead assume all investors distort beliefs to the lowest return among a
given set of possibilities, the range of which is typically specified as an
exogenous aspect of preferences. This distinction is discussed further in
the Related Literature section below.

2This echoes the literature arguing wealthier households have more
incentive to process information about asset returns, for the same
reason (Arrow 1987; Lei 2019; Macaulay 2021).

3These examples, like us, use so-called “multiplier preferences,” in
which agents distort beliefs toward a worst-case model, subject to a
penalty of belief distortions which is linear in the relative entropy
between the central and worst-case model used. An alternative
approach that also allows endogenous continuous adjustment of belief
distortions is the smooth ambiguity preferences of Klibanoff et al.
(2005);;2009), adapted to macroeconomic settings in Altug et al. (2020).
Chen et al. (2014) use this in a model of portfolio choice, but do not
study changes over the life cycle or with age. Multiple-priors models
(as in Gilboa and Schmeidler 1989) also feature endogenous belief
distortions, but the optimal distortion is typically a corner solution.
In Michelacci and Paciello (2020;2024), for example, distortions to the
perceived probability of certain shocks are either positive or negative,
depending on a household’s characteristics. Within those for whom a
negative shock would harm utility, there are no variations in beliefs.
In models like ours where the ambiguity is over asset returns, lower
returns are always worse for utility, so multiple-priors models deliver a
constant belief distortion for all agents.

4An alternative approach analyses quantitative life-cycle models with
rational expectations (e.g., Carvalho et al. 2016; Kopecky and Taylor
2022), which also abstract from the mechanisms we study.

5Note that this implies the same mechanisms operate at the individual
level for any increase in subjective survival probabilities, even if that
is not reflected in objective reality (such deviations are studied in, e.g.,
Grevenbrock et al. 2021).We abstract from this in thismodel to highlight
the effects through returns ambiguity, though we make use of it in
testing the model predictions in survey data.

6Similarly, in Chang et al. (2018), labor market uncertainty declines with
age, enabling them to take more risk in their asset portfolios.

7A related model with multiplier preferences is Maenhout (2004).
However, in that model the preference for robustness is normalized by
wealth. While this normalization makes the model more tractable, it
also assumes away many of the changes in belief distortions we study,
and so abstracts from the mechanisms in our model.

8A further advantage of this framework is that, in the absence of
ambiguity aversion, the model implies a constant portfolio share in
risky assets for all ages (Merton 1969). All changes we find in portfolio
composition over an agent’s life cycle must therefore come from
ambiguity aversion.

9 In all of the analysis here and in Section 3, we focus on the interior
solutionwhere these constraints on𝛼𝑗,𝑡 donot bind. Theywill, however,
become relevant in Section 5.

10This approximation is exact in the limit of continuous time (Campbell
and Viceira 2002).

11This is consistent with Foltyn and Olsson (2024), who find that
individuals with longer subjective life expectancies accumulate more
wealth over their life cycle than those who expect to die earlier.
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12With 𝜙1 = 1, the consumption path is slightly increasing over time here
due to precautionary saving. 𝑐2,𝑡+2 > 𝑐1,𝑡+1 in the model whenever 𝜙1 >
(𝑏̃∕𝑅

𝑝
1,𝑡+2)

𝛾 , which is close to 1 for most calibrations.

13The paths of consumption and saving remain qualitatively unchanged
with the introduction of ambiguity aversion, as we typically consider
small values of 𝜃. Sufficient conditions for this result, and a numerical
example, are provided in Appendix B.

14This follows from Proposition 2, and the fact that 𝐴2 = 1.
15Equation (34) highlights that even with 𝜙1 = 1 the belief distortion is
strictly negative, so 𝛼1,𝑡 always remains strictly below 𝛼∗.

16There would also be an offsetting effect, that greater 𝜙1 implies agents
save more for old age, so conditional on dying before old age an agent
leaves a larger accidental bequest. Since old-age consumption (and
thus wealth) are concave in 𝜙1 for our preferred parameter range of
𝛾 > 1 (32), this effect is dominated by the simple channel of fewer
early deaths as long as 𝜙1 is not too small. In the calibration used for
the figures in this section, accidental bequests decline with 𝜙1 for all
𝜙1 > 0.032.

17 Specifically, with the calibration used in Figure 2, an increase in𝜙1 from
0.2 to 0.8 implies that 𝑤2,𝑡+2∕𝑤1,𝑡+1 and 𝑤1,𝑡+1∕𝑤0,𝑡 increase by 31.02%
and 7.48%, respectively. The change in consumption due to ambiguity
accounts for 0.014% and 0.019% of those changes.

18We use the word “typically” here because if there is a very large
realization of the risky asset return, it is possible for wealth to increase
from age 𝑗 to 𝑗 + 1.

19This condition would still be necessary, though not sufficient, for asset
market clearing in a model with fixed supplies of both assets individu-
ally.

20For a detailed overview of the SCE, see Armantier et al. (2017). This data
come with the following attribution and disclaimer: “Source: Survey
of Consumer Expectations, 2013-2019 Federal Reserve Bank of New York
(FRBNY). The SCE data are available without charge at http://www.
newyorkfed.org/microeconomics/sce andmay be used subject to license
terms posted there. FRBNY disclaims any responsibility or legal liability
for this analysis and interpretation of Survey of Consumer Expectations
data.”

21This is simply because almost all households in the sample expect to
reach the age of 65 with a very high probability: the mean subjective
survival probability to 65 in our sample is 82%. In contrast, the
mean subjective survival probability to 85 is 53%. The variance in the
answers to the “age 85” question is more than double that of the “age
65” question.

22Note that retirement accounts are still included in our measure of net
wealth. They are only absent from our measure of the equity share, as
specified in the survey question printed above. When studying the SCF,
researchers typically construct risky asset shares by aggregating risky
and safe components of portfolios, and thus can include equity holdings
through retirement accounts (see, e.g., Chang et al. 2018). That is not
possible in the SCE data used here, as assets are not broken down to a
sufficiently high level. The question on financial assets, in particular,
asks households to combine equities, bonds, and various other assets.
This is why we rely on the self-reported risky asset share, even though
it excludes indirect holdings through retirement accounts.

23We use tildes here to distinguish these concepts from their model
counterparts 𝛼𝑖𝑡 and 𝜙𝑎𝑔𝑒 .

24More formally, the predicted change in 𝛼̃𝑖𝑡 when 𝜙̃𝑖𝑡 rises for a
given household is given by 𝛽2 + 𝛽3𝑎𝑔𝑒𝑖𝑡 . 𝛽2 < 0 and 𝛽3 > 0 therefore
correspond, respectively, to the results in Corollary 2 that young
households reduce 𝛼̃𝑖𝑡 and older households increase 𝛼̃𝑖𝑡 after an
increase in life expectancy.

25As in Cocco et al. (2005) and others, we do not include a bequest
motive in our baseline exercises. However, in Appendix D.5, we extend

the model to include a bequest motive, and find that our results are
qualitatively unchanged.

26This heterogeneity is in perceived mortality, not actual mortality. All
agents’ true mortality rates are the ones assigned to the first group, that
is, those taken from US data. All results except those in Appendix D.7
concern portfolio decisions conditional on age, so this distinction is
largely not relevant, as portfolio decisions at each age depend on
perceived and not actual mortality rates.

27We only consider agents below age 65 to match the SCE sample
described in Section 4.1.

28The match is not exact because we have one parameter and two
targets. Increasing 𝜃 further increases 𝛽2 (closer to target) but decreases
𝛽3 (further from target). Our choice balances the two deviations in
percentage terms.

29We use the SCE as this was used in the calibration step, but note that
a similar age profile has been observed in the SCF (Chang et al. 2018).
The SCE data are pooled across 2014–2019 to obtain reasonable sample
sizes in each age bin.

30Figure 15 in Appendix D.4 presents the same information with an alter-
native comparison, between the calibrated model and an alternative
with a fixed distortion 𝜈𝑗,𝑡 set so the two cases have the same average
conditional risky share.

31A related exercise is performed in Auclert et al. (2021), which takes an
OLG model and forecasts future wealth-to-income ratios by holding
fixed the average wealth and income of each age group, but varying
the proportions of households of each age according to UN projections.
When we change 𝜙𝑗 , we keep the parameter governing heterogeneity
in perceived mortality (𝜁) constant.

32For example, in 2019 the death rate among 70-year olds in the United
States was 1.9%. In 2100, that is projected to fall to 1.0%. These
changes in death rates mean that life expectancy is projected to rise
substantially. Life expectancy conditional on reaching age 30, for
example, is projected to rise by more than 6 years, from 79.5 to 85.7.
Conditional on reaching age 70, the projected rise is from 85.2 to
89.1. The data are available at https://www.ssa.gov/oact/HistEst/Death/
2023/DeathProbabilities2023.html. Note that these projections contain
substantial uncertainty, which we are abstracting from here. If life
expectancy instead declines over this period, then the results would
be the opposite of those we plot below, as the mechanisms outlined in
Section 3 would operate in reverse.

33Note the participation rate is small for young agents in this model, so
the simulated conditional risky share for those below the age of 30 is
based on a small number of agents. This explains the noisy behavior of
Figure 10b below age 30.
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