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Abstract

We develop a model in which agents face unemployment risk, but also age and eventually retire. We study
the impact of different retirement schemes on life-cycle consumption and the monetary transmission
mechanism. Agents save because of a fall in income upon retirement, changes along the life-cycle wage
profile, and unemployment risk. Changes in retirement policies affect the distribution of available assets
(bonds) among the middle aged and the young, which in turn can have a strong impact on the ability of
the young to insure themselves against unemployment risk. Interestingly, it is possible that an increase
in retirement benefits leads to higher consumption levels during sustained unemployment spells even
though the associated increase in taxes reduces unemployment benefits. The reason is that this policy
induces the middle aged to save less which leaves more of the available asset supply to the young. A
reduction in the interest rate has a bigger impact on those for whom labor market conditions improve the
most and — due to a larger negative income effect — has a smaller impact on those who save more. In
terms of the aggregate impact of monetary-policy shocks, our paper confirms conventional wisdom that
the expansion is magnified in the presence of incomplete markets, since it is then accompanied by a fall
in precautionary savings. The novel aspect of our analysis is that the extent of the incompleteness, i.e.,
the ability of those subject to unemployment risk to insure themselves, is endogenous. Specifically, it
is reduced as the young (middle-aged) hold a larger (smaller) fraction of the available asset supply and
this distribution is not only affected by retirement policies, but also by government bond supply and the
life-cycle wage profile. Thus, understanding the distribution of assets across different age cohorts is not

only important for understanding life-cycle consumption patterns, but also business cycles.

Keywords: New-Keynesian model, aging, monetary-policy shocks, unemployment risk, precautionary
savings.
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Non-technical summary

The modern macroeconomic literature has documented the importance of taking into account heterogene-
ity across different groups in society when studying the impact of monetary policy on the economy. This
is important because monetary policy affects different people differently and because the presence of het-
erogeneity affects aggregate outcomes. One type of heterogeneity, however, has rarely been studied and
that is age heterogeneity and in particular the presence of retirees and the need to prepare for retirement.
This is especially important now that we observe an aging population and governments adapt pension
systems. Before retirement systems are altered, it is important to understand how these changes interact

with monetary policy.

This study shows that the consequences of changes in the policy rates by central banks are felt
very differently by young job seekers, by young employed workers, and by workers who are closer
to retirement. One area of concern is whether lowering policy rates entails a trade-off. That is, is it
true that younger workers benefit more from the expansion in real activity and the increased job-finding
probability, while older, wealthier savers are disadvantaged because the reduction in the return on their
savings which could very well have a nontrivial impact on available funds during retirement. And are
these outcomes affected by available transfers to the unemployed and retirees. This paper sheds light on
how such demographic and policy factors affect both individual behavior and the broader economy. The
paper explores this issue by developing a model that reflects key realities faced by households at different
stages of life: youth, middle age, and retirement. Importantly, the model also accounts for the risk of
becoming unemployed, which turns out to be an important factor in how different retirement systems

affect the impact of monetary policy on the economy.

The paper uses a standard New-Keynesian framework, but modifies it to include aging and employ-
ment risk. The model also incorporates features such as retirement (benefits), unemployment (benefits),
firm ownership, government bonds, capital investments, and an annuity available to retirees. It is cali-
brated using Euro-Area data and produces outcomes at a quarterly frequency, which means it is suitable
to study the business-cycle impact of monetary contractions and expansions. This design makes it pos-
sible to study how different age groups respond to monetary policy changes and how (i) variations in
retirement benefits, (ii) an increase in the supply of government bonds, (iii) a relaxation in the ability to
borrow, and (iv) a steepening of the life-cycle wage profile influence both distributional and aggregate

economic outcomes.



The main results are as follows. First, consumption of the middle aged increases substantially less
than consumption of the young during a monetary expansion. Although, it is a theoretical possibility
that consumption levels of savers decrease when interest rates falls, we find that this only happens for
unusual parameter values for the average middle-aged person. Second, we find that consumption of the
newly retired does robustly fall when the central bank reduces interest rates although the fall is always
small (Iess than 0.3%). Third, the generosity of the pension system affects both the distributional impact
of monetary policy and the impact on overall economic activity. There are two reasons for this. When
pension benefits are less generous, then the middle aged save more which means that a smaller fraction
of the supply of the safe asset is available to those who are subject to unemployment risk. Consistent
with the literature, this increase in the inability to insure against unemployment risk amplifies business
cycles including those induced by changes in the central bank’s policy rate. This “battle” among different
age groups on who gets to hold the available supply of the safe asset turns out to be important for several
policy experiments considered. Another reason why the pension system matters is that it affects the level
of the equilibrium real interest rate. The reason for this is that consumption choices depend on the Net

Present Value of future income which is a nonlinear function of the interest rate.

The paper’s findings indicate that demographic structure and pension policy not only affect the distri-
butional impact of monetary policy but also the aggregate impact. For the ECB and other central banks,
this means that the age and employment distribution of asset holders should be monitored in order to
allow an evaluation of the likely impact of interest rate changes. Overall, this research contributes to
a more nuanced understanding of monetary transmission and underscores the importance of integrating

demographic and distributional factors into macroeconomic policy design.



1 Introduction

Following the development of advanced numerical methods in the nineties, a surge of papers has ap-
peared that build business-cycle models with heterogeneous agents. One motivation is to understand
whether there are differences in how groups in society are affected by business cycles. Another impor-

tant motivation is that heterogeneity may very well affect aggregate outcomes.

One type of heterogeneity is understudied and that is age heterogeneity.! There are good reasons,
however, to expect agents of different age are affected quite differently by business cycle fluctuations.
For example, consider an expansion induced by a reduction in interest rates. Standard textbook reasoning
tells us that this lowers the price of current compared to future consumption and this substitution effect
stimulates current demand. But we know that there is also a negative (positive) income effect for savers
(borrowers). And we can expect the negative income effect to become stronger as agents age and have

had more time build up wealth.”

In theory, a sustained reduction in the interest rate — on its own — could induce middle-aged savers
to reduce current spending and by doing so limit the negative impact of the low interest rate on available
funds during retirement. But how important are these negative effects during typical monetary expan-
sions? Specifically, could they be big enough to overturn the positive impact on these agents’ current

spending due to the associated increase in real activity? These are key questions that we address in this

paper.

We also investigate whether age-related differential responses have aggregate effects? If a stronger
negative income effect of the middle aged, i.e., those with large savings, is offset by a weaker negative
income effect of the young, i.e., those with smaller savings or even debt, then this type of heterogeneity
would not affect the aggregate outcome, at least not through this channel. However, these two effects
may not cancel each other out. The reason is the following. Consider the comparison of an economy
with a high level of pension benefits with one with lower benefits. The presence of lower pension benefits
would induce an increase in desired savings for both the young and the middle aged as they aim to fill
the gap through private pension savings. But the effect is stronger for the middle aged as they are closer

to retirement. Consequently, there is a redistribution of wealth from the young to the middle aged which

INotable exceptions are Bielecki et al. (2022), Bard6czy and Veldsquez-Giraldo (2024), and Bielecki et al. (2023).

2Such an adverse negative effect of low real interest rates on savers has received attention by policy makers (and the public)
during the sustained period of low interest rates following the financial crisis. Instead, we focus on typical monetary expansions
during which the central bank is able to affect the real interest rate temporarily due to the presence of sticky prices.



in turn implies that the negative income effect for the middle aged strengthens and that for the young
falls. Do these effects cancel out? Recall that what matters for the income effect is how the change
in the interest rate affects lifetime income. And as the young are expected to earn income for longer,
their lifetime income is relatively less affected. This sugggests that the re-distribution would increase the

average negative income effect and dampen the aggregate impact of a monetary policy shock.

We show, however, that the opposite occurs. That is, the aggregate impact of monetary policy in-
creases when retirement benefits are lower. The reason is that the increase in savings induced by a
reduction in pension benefits goes together with a reduction in the steady-state real interest rate. And it
turns out to be the case that consumption demand responds more strongly to changes in the interest rate
at lower steady-state real interest rates, especially for the young.? Since this effect is quite strong, the

aggregate impact of monetary policy is stronger when retirement benefits are lower.*

There is another mechanism through which age heterogeneity matters for aggregate activity. The key
element of that channel is how age heterogeneity interacts with the ability of workers to insure themselves
against unemployment risk. It is well known that the latter magnifies business cycles.” The reason for
this is the following. When markets are incomplete, agents save to partially insure themselves against
unemployment risk. During an expansion, unemployment risk falls, which leads to a reduction in this

type of precautionary savings which stimulates demand, which in turn stimulates real activity.

The ability of those who are subject to unemployment risk to insure themselves against unemploy-
ment risk depends crucially on who else is competing for the supply of available assets. Age hetero-
geneity matters because agents also save for retirement and this is more important for those closer to
retirement, i.e., the middle aged. Consequently, the inability of workers to insure themselves, and thus

the impact of shocks on aggregate activity, is endogenous because changes in the economic environment

3We show this both with a simple analytical example and in the full model.

“Interestingly, both mechanisms provide a meaningful role for the real-interest rate in the monetary-transmission mechanism
of the New-Keynesian model. Rupert and Sustek (2019) convincingly show that a monetary expansion in the New-Keynesian
model is not driven by the traditional interest-rate channel. That is, an expansionary monetary-policy shock in the Taylor
rule does lead to an expansion in real activity and increased inflationary pressure, but the real interest rate could either fall or
increase. A simplified explanation is that key for the monetary transmission mechanism in the New-Keynesian model is the
Phillips curve and the interest rate has no direct impact on this relationship. The distributional shifts described here operate
like an aggregate preference shock affecting the intertemporal marginal rate of substitution, which we know affects aggregate
activity.

5See Kaplan et al. (2018) on how the inability to insure against income shocks affects model properties. See Den Haan et
al. (2017), Alves et al. (2020) and Auclert et al. (2020) for a quantitative analysis of the channels involved in the amplification
of the business cycle. For an empirical analysis of the role played by this friction in amplifying the Great Financial Crisis see
Challe et al. (2017). For a theoretical explanation in a tractable model see Bilbiie (2020) and its empirical counterpart Bilbiie
et al. (2022).



affect who gets to hold most of the “insurance vehicle” in equilibrium. In our benchmark environment,
the supply of available assets consists of government bonds and is determined by the government. As
we consider a closed economy, we exclude the possibility that other countries supply assets. But another
possibility is that firm owners trade assets with workers in financial markets and facilitate saving for
retirement and/or unemployment spells. In this extension, workers can also hold (indirect) claims on

capital and firm ownership.

We assume that only young agents are subject to unemployment risk. One important reason is that
the model becomes quite challenging to solve having both age heterogeneity and employment risk. Con-
sequently, some simplifying assumptions are necessary.® But another advantage of our approach is that
it allows us to much better understand the different mechanisms at play. For example, we find that the
middle aged only lower their consumption during a typical monetary expansion for atypical parameter
values. This indicates that the negative income effect is not that strong. This insight is more striking in a
model like ours in which the middle aged do not increase spending because of a reduction in unemploy-
ment risk. That is, we give the negative income effect the best possible chance, but the positive impact

of the substitution effect and beneficial aspects of the expansion such as higher wages dominate.

The following example illustrates the previous discussion. Consider an alternative economy with
a higher level of retirement benefits financed by taxes. In equilibrium, the middle aged would need to
save less privately, which in turn frees up part of the available bond supply to those who save to smooth
consumption during unemployment spells. In other words, market incompleteness is reduced. But it
does not only reduce consumption declines during unemployment spells, it also has a strong negative

impact on the size of aggregate fluctuations.”

Workers in our model start out as young, after which they age and become middle aged, followed
by retirement and then death. The three life phases are expected to last twenty years on average, with
transitions from one age cohort to the next occurring randomly according to a fixed probability. Retirees
do not work, but they receive retirement benefits, which are a fraction of previous wage income. Saving
for retirement is important to limit the consumption drop upon retirement. A drop in the interest rate

that is expected to persist lowers available resources during the retirement phase. In principle, this could

Even with this simplification, we end up with a Dynare program of 830 equations.

7Since the increase in retirement benefits is financed by taxes, after-tax wage income are lower which in turn implies a fall
in average consumption. Moreover, the calibration procedure is such that steady-state unemployment risk remains the same.
Interestingly, we show that the ability to limit consumption drops during unemployment spells can improve by so much that
consumption levels during extended unemployment spells actually increase even though the increase in taxes is assumed to lead
to lower unemployment benefits in line with declining after-tax wages.



lead middle aged workers to lower consumption during a monetary expansion and increase saving for

retirement. As mentioned above, we find that this is an unusual outcome for typical monetary expansions.

Given the importance of unemployment risk for setups like ours, we need to incorporate a serious
model for unemployment into a New-Keynesian framework. To accomplish this, we build a model with
two sectors, an intermediate-goods and a final-goods sector. The intermediate-goods sector uses labor to
produce inputs for the final-goods sector. To model unemployment in this input-producing sector, we use
a standard labor-market matching framework which introduces unemployment in a tractable way. The
other sector combines the input good and capital to produce consumption and investment goods. This

sector features standard New-Keynesian elements such as sticky prices.

We use this framework to study how key changes in the economic environment affect (i) savings and
consumption over the life cycle and during unemployment spells, (ii) the distributional effects following

monetary-policy shocks, and (iii) the aggregate impact of monetary-policy shocks.

We consider four different types of exercises. In the first, we consider the impact of a change in
the level of tax-financed pension benefits. We also compare retirement benefits in the form of home
production versus tax-financed benefits. Second, we consider changes in the supply of the available
asset to smooth consumption during unemployment spells and upon retirement. In a model without
aging, this would unequivocally improve the ability to insure against unemployment risk and reduce
the severity of business cycles. In our framework, the question is whether the additional assets will
be held by the young or the middle aged. We compare this model variation with one in which the
borrowing constraint is relaxed. The two experiments described so far are analyzed in an environment
in which worker productivity, and thus, the wage rate, does not increase with age. In reality, wages
increase with age. But this introduces another savings motive making the model more complex. In the
third experiment, we do analyze model properties when the middle aged earn a higher wage than the
young. The fourth experiment also enriches the model. So far, saving to cover unemployment spells
and to safeguard consumption during retirement could only be done through holding government bonds.
Another possibility is that workers lend to or borrow from those who own the firms and the capital stock.
In terms of steady-state properties, this possibility is similar to a change in the supply of government
bonds. However, allowing for this interaction between different types of agents does turn out to be
important during expansions and recessions. Thus, the idea of our setup is that we introduce additional

features one by one. This has been helpful in terms of bringing to the surface and understanding relevant



mechanisms.

For all four experiments, the lesson is that knowing who holds the available supply of the asset is
essential. When those who are subject to unemployment risk hold a larger fraction of the available asset,
then (steady-state) consumption drops during unemployment spells are smaller, the impact of a monetary
policy shock on consumption is more similar across agents, and the aggregate impact is smaller. In some
sense, this result can be interpreted as a refined version of the point made in Aiyagari and McGrattan
(1998). They point out that an increase in government bonds reduces market incompleteness. That is
true in our environment as well, but with the caveat that the increased supply should end up in the hands

of those who save to smooth consumption during unemployment spells.

Related literature. There are only a few papers that study the impact of monetary-policy shocks on
the economy in the presence of age heterogeneity. Bielecki et al. (2022) and Bard6czy and Veldsquez-
Giraldo (2024) develop rich overlapping-generations (OLG) annual models to document the age-related
heterogeneous response following monetary-policy shocks and they provide a detailed account for the
reasons behind the different responses. We have chosen to adopt an extended perpetual-youth structure.
It has the disadvantage of having a more simplified age structure. But it does allow us to reduce com-
putational complexity and have a quarterly model, which makes the results more comparable to those in

the literature dealing with monetary-policy shocks.

Key differences with the two papers are the following. First, we assume that workers only use a risk-
free nominal asset to smooth consumption in response to changes in employment status and retirement.®
Capital and firms are owned by a separate group of agents which we refer to as firm owners. Recall that
a key motivation is to explore the possibility that some agents reduce consumption during a monetary
expansion and whether this would reduce the aggregate impact of monetary policy. This setup gives
that possibility the best possible chance. Nevertheless, we find that the middle aged still increase their
consumption, even under this “worst-case” scenario. Moreover, our framework is transparent enough
to understand whether reduced impact on those with larger savings, i.e., the middle aged, cancels out
against a stronger impact of those who borrow or have fewer savings. Second, our focus is different
as we are interested in the question how changes in pension benefits affect distributional and aggregate

responses to monetary-policy shocks.” Third, we study both the impact of monetary-policy shocks and

8In addition, workers can buy an annuity upon retirement. And we allow workers to indirectly invest in capital and firm
ownership in an extension.

9 And we also consider the impact of other relevant changes such as the change in the supply of the risk-free asset. Retirees
fully rely on their own savings in the model of Bielecki et al. (2022). Bielecki et al. (2023) do allow for transfers to retirees, but



the life-cycle fluctuations in consumption including consumption drops during unemployment spells for
each environment. This turns out to be important because — consistent with the recent literature — the
aggregate impact of monetary policy depends crucially on whether agents can insure themselves against
unemployment spells, and changes related to pension benefits affect the availability of asset for those

subject to employment shocks.

We have adopted a relatively simple framework and exclude features such as habits and housing. And
— as mentioned above — we restrict which type of agent can own capital and firms. This has the advantage
of transparency and allows us to uncover some important economic insights. Of course, it does mean

that our paper is not suitable for generating accurate quantitative predictions.

Organization of the paper. The next two sections describe the model and the calibration. Section 4
considers how consumption responds to changes in the interest rate when those changes have no effect on
economic activity. It considers some partial equilibrium models including a partial equilibrium version
of our full model. Section 5 analyzes how key steady-state outcomes like the equilibrium real interest
rate are affected by changes in pension benefits and other important model parameters. The last section
studies how changes in those model parameters affect both the life-cycle consumption pattern and the

aggregate and distributional impact of monetary-policy shocks.

2 The model

2.1 Demographics

A key objective of this paper is to study how demographics and idiosyncratic income risk interact with
each other. Important lessons can already be learned when we abstract from aggregate shocks. As empha-
sized in the introduction, however, we are also interested in this question when the central bank changes
interest rates to stimulate or cool down the economy. Understanding the consequences of unemployment
risk as well as the impact of monetary policy requires a model in which the length of the time period is
relatively short, as these occur mainly at business cycle frequencies. Quantitative business cycle models
are typically quarterly, but introducing a realistic age distribution into a quarterly model comes with a
challenge. If aging is deterministic and we include agents’ economic life for T years, then we have 4 x T

different age groups. Furthermore, within each cohort, we would have a distribution of different employ-

study how these affect the impact of changes in life expectancy on long-term outcomes like the natural rate of interest. Retirees
in the model of Bardéczy and Veldsquez-Giraldo (2024) do receive pension benefits, but their role in the monetary transmission
mechanism is not the focus of the analysis.



ment histories. To keep heterogeneity tractable, we adopt an extended version of the perpetual-youth
model of Blanchard (1985). This allows us to have realistic life horizons and agents in different age

groups within a quarterly model.

In our economy, there are firm owners and workers.'!? Workers begin their lives as “young” workers.
While young, they face an idiosyncratic aging shock and become “middle aged.” This occurs with
probability 8” and is independent of the age of the worker. Similarly, a middle-aged worker becomes a
retiree with probability 8™ at which point they can no longer supply labor. Thus, one crucial difference
between the young and the middle aged is that the latter are closer to retirement at which point they would
no longer receive wage income. Retirees have an idiosyncratic probability 6" of dying, also independent
of age. Deceased retirees are “replaced” by an equal number of young workers, so the population size
remains constant. Age shocks occur at the beginning of the period before the realization of any other
idiosyncratic shocks. The expected duration of a worker’s productive life is equal to 1/6¥ +1/6™ and the
expected retirement period is equal to 1/6”. We model the behavior of firm owners using a representative

infinitely-lived agent.!!

The mass of firm owners is denoted by /. The mass of working-age young (middle-aged) workers
is denoted by 9 (y™) and the mass of retirees is indicated by y". Given values for 6”, 8", and 8", these

three fractions can be solved from

oy = &Y, (1
§"y" = &89, and )
Py =L ©

The first (second) equation establishes that the flow out of the pool of young (middle-aged) workers

equals the inflow. The last equation indicates that we have normalized the total mass of workers to 1.

Extended perpetual-youth model and uncertainty. The assumption that all young workers have the

same probability of aging, all middle-aged workers have the same probability of aging and retiring,

10The terminology is slightly confusing as firm owners also supply some labor as discussed below. With “workers” we refer
to those who are not firm owners.

"' We abstract from life-cycle characteristics of firm owners, since our key objective is to study how monetary policy interacts
with demographics in the presence of idiosyncratic employment shocks. which only affects workers. Moreover, some simpli-
fication is needed to keep the analysis tractable. Alternatively, one could assume that the stress of running a firm means you
die in your prime before retirement and you leave your wealth to an heir whose utility is taken into account in the firm owner’s
choices. By contrast, retired workers need their savings to finance their retirement.



and all retirees have the same probability of dying is extremely helpful in reducing the computational
complexity. What matters for our model predictions is that the middle aged as a group face an expected
drop in income and this affects their savings motives. In reality, there is heterogeneity with some older
middle-aged workers for whom the drop in income will become sooner than for younger ones. This
heterogeneity also introduces a nonlinearity in the problem which would affect average savings of the
middle aged, just as uncertainty does. If there is a quantitative difference, then this may be another
channel that is relevant for how retirement affects monetary policy. But we don’t think it affects the logic

of the mechanisms that we put forward in this paper.

Thus, these changes in a person’s life cycle become stochastic. Specifically, retirement is often

predictable. Moreover, workers have some control on when to retire.
2.2 Workers

In this section, we first discuss unemployment risk and how agents can partially insure themselves. Next,
we discuss the economic environment for retirees. With these elements spelled out, we can describe the

behavior of the young and middle aged.
2.2.1 Employment risk and limited insurance

Young workers are either employed (e) or unemployed (#). An employed worker remains employed with
probability Q¢ and an unemployed worker remains unemployed with probability Q“. The former is
constant, but the latter is endogenous and depends on conditions in the labor market. Both probabilities
are taken as given by the workers. The distribution of the employment status among newly born is the

same as that of other young workers.'?

We assume that only young workers face the risk of unemployment. Their savings decision is, thus,
affected by a precautionary savings component. The savings decision of the middle aged is also affected
by a precautionary element, as investment returns fluctuate with economic conditions, which determines
retirement income. The advantage of our approach is that we have one group of agents that is con-
cerned about employment risk (the young) and one group of agents that is concerned about the return on
their retirement savings (the middle aged). This makes it easier to analyze the roles of these economic

phenomena for model properties like the distributional consequences of monetary policy.

12That is, some workers are born unemployed and they try to find a job in the matching market, whereas others are born
employed.



Timing. At the beginning of the period, young (middle-aged) workers find out whether they have aged
(retired). Immediately after that, the current employment status for young workers is determined. The

mass of employed young workers is given by

nw

y t—1 or
o= Y @)
+ (1-8)Q%n

+ (1= -Q")(¥ —n_,)

_ Y,
ny_,

where 8"y is the mass of newborns which is equal to the mass of “departed” retirees and ¥’ — n] equals
the mass of unemployed young workers. The young age and become middle aged with probability 6”;
with probability (1 — 0”) they remain young and their employment status is determined by the probabili-

ties Q¢ and Q¥* as defined in section 2.4.2.

Workers cannot buy contingent claims to fully protect themselves against unemployment risk. How-
ever, they can partially insure themselves by saving in a risk-free nominal asset and if needed they can
take a short position which is equivalent to borrowing. One popular approach to limit borrowing is to
assume that an individual’s position in the risk-free asset has to exceed 1, with 17,; < 0. Instead of such
an inequality borrowing constraint, we assume that a variable premium limits the ability to take a short

position in the risk-free asset, but does so in a more gradual manner than an inequality constraint.

Specifically, the interest rate on the risk-free asset is the sum of two components. The first is R?,
which is the same for all agents, and the second is a premium that depends on the position taken in the

risk-free asset. The latter is given by
RUdjs) =naoldjs—T4) ", (5)

where d j« 18 the position taken in the risk-free asset.

The shape of the premium is shown in figure 1 for our baseline parameters. The figure plots the sum
of the “base rate,” R?, plus the premium as a function of the position in the risk-free asset. The interest
rate is fairly constant for positive deposit levels, but increases rapidly as the agents’ position approaches

n,- This setup prevents agents from borrowing more than —7,; > 0, since the premium they have to pay



goes to infinity as the short position approaches 77,.3

To simplify first-order conditions (FOCs), we assume that the premium depends on the average

amount saved/borrowed by agents of type j, d jr» Where type includes employment history.'*

Hence,
agents take the premium as given. It is still the case that borrowing is restricted when workers become
unemployed. The reason is that other agents of the same type behave in the same way and as these agents

borrow more to smooth consumption the interest rate they face increases. '’

Financial intermediation implies positive profits, since the rate paid by borrowers exceeds the rate
received by savers. Since the supply of the risk-free asset is provided by the government, we simply
incorporate these intermediation profits into the government budget constraint, which means that they

will return to households in the form of lower tax rates.'®

2.2.2 Retirees

Retirees’ income consists of government transfers and/or home production as well as the return on accu-
mulated savings.!” The beginning-of-period wealth of worker j who retires in period ¢ = 7, X; j» is given
by

%= (T + 7)1, (6)

where ¢ and 7?,, are the real rates associated with R¢ and ﬁ?‘;- This includes interest received at the
beginning of period 7. This amount is used to buy annuities that cost ¢, and pay out 1 — 8" each period.

Thus, during their remaining retirement the retiree will receive ((1-8")/¢;)x; ;. Workers who retire in

13This specification implements the standard inequality constraint that d jt = Mg when 141 goes to infinity. This standard
inequality constraint assumes that borrowing costs are constant for borrowing any amount less than —1; and then jump discon-
tinuously to infinity if the agents borrow just an epsilon more than —7,;. Our approach not only seems more realistic, but also
has computational advances by avoiding the discontinuity associated with the inequality constraint. As shown in Den Haan and
De Wind (2012), the implied behavior of model variables with this type of smooth penalty function is similar to that generated
with inequality borrowing constraints. Moreover, our simpler specification would actually be the correct one if lenders can ob-
serve the type of borrower, but cannot observe the fotal amount borrowed, for example, because borrowers can go to different
lenders and by doing so hide the total amount borrowed.

14That is, we use Hj‘t instead of d;; to indicate it is an average across agents of the same type as agent j. Agents are of the
same type if they have the same age and the same employment history. Agents of the same type would, of course, choose to
hold the same amount of the risk-free asset. The essential aspect is that agents take this average — and thus the corresponding
premium — as given.

15We have also considered the alternative where the premium does depend on the amount chosen by the individual agent.
This does not seem to matter for the model properties but complicates the model equations.

16The alternative would be to return these profits to households in the form of dividends. This would be the same as long as
the distributional impact is the same.

7For the retiree, it does not matter whether additional resources come in the form of a transfer or home production since
home production (minus possible disutility) is assumed to be a perfect substitute for consumption produced in the market. They
differ, however, because transfers have to be financed by the rest of the population whereas home production does not.



Figure 1: Annual interest rate received/paid on positions in the risk-free asset

base rate + premium (% annual basis)

4
-0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
position in the risk-free asset

Notes: The dotted horizontal line represents the base rate which is independent of the amount saved/borrowed. The solid line
represents the total rate which includes the premium. A negative value for the position taken means that the agent is borrowing.
The figure is based on our baseline parameter values. That is, 140 = 3.9015¢ — 04, 41 = 1, and 7, = —0.3.

different time periods receive different retirement benefits because ¢; and X, vary over time in response

to aggregate conditions, but the benefits are constant for the remainder of a retiree’s life.

The other source of income for retirees is (] which consists of a government transfer and/or home
production. This term is also assumed to be constant during the life of the retiree but may vary across

cohorts. Thus, a retiree’s consumption level only depends on date- variables and is equal to

r r ./X\.77 r
¢h = (1-8") q” +ul; (7

T

for r > t until death.

Since retirement consumption is constant, it is possible to give an analytical expression for the value

function of a retiree. Specifically, the value function of a worker retiring in period  is given by

(“}1?)1%"

Vi =i ®

Having an analytical expression for the value function of the retiree greatly facilitates the analysis



because the first-order condition for savings by a middle-aged agent contains the derivative of this value

function with respect to wealth brought into retirement.

2.2.3 Young and middle-aged workers

All agents face idiosyncratic ageing and aggregate shocks. Young agents also face idiosyncratic employ-
ment risk. Markets are incomplete and the only asset available to workers is a one-period liquid asset
with a return that is risk-free in nominal terms. As discussed in section 2.2.1, short positions are limited

by an interest rate premium that increases with the size of the short position.

A young household chooses consumption c}, and risk free assets d;, to solve the following problem:

Vy(dj';,z—l ’I]e‘,z;st) =

—_

) 1 =8V, I¢, ;s
max (c'f¢ + BE, ( ) (]J Jit+1 i+1)

cj)t?d_/,t +5yVm (dy’t, St+1)

J
S.t.

C’;;t + dj.:t

s

! R;]— +ﬁd(aylr— )
= Ij’,t(l - Tty)W% =+ (1 _IJe',z).uty + <l“> d})_’t_l,

where dj:t denotes end-of-period ¢ holdings of the risk-free asset, cft consumption, R? the nominal base
rate, 7; the gross inflation rate, w; the wage rate, 11 the level of unemployment benefits, 7, the tax rate
on wage income, E?t the amount of the risk-free asset held by agents of type j, s; a vector that contains
all aggregate state variables, and /¢, an indicator that is equal to 1 if the worker is employed and 0
otherwise.'® Whereas the nominal base rate on the risk-free asset chosen in period ¢, i.e., RY, and the

premiums, R? (3?,) are known in period ¢, the corresponding real rates are not.

The optimization problem of the middle aged has the same structure except that the employment
status is no longer a state variable, since the middle aged are always employed. Now, next period’s value

functions are V" if they remain middle aged and V" if they retire.

8The vector s, includes the aggregate disturbances as well as the cross-sectional joint distribution of wealth, age, and
employment status.



First-order conditions for the young and middle-aged workers. The associated FOCs are given by

the two budget constraints and,”

—0 ’
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The expectation is over aggregate shocks and (for the young) over employment status outcomes. The

last FOC uses the analytical expression for the value function of the retirees derived above.

Wealth of the newborn. Heterogeneous-agent models are complex and obtaining a numerical solution
requires some approximation. The key approximation in our numerical algorithm is that for each agent
we keep track of the employment history for a finite number of periods. To limit the computational
burden, we actually assume that newborns start with an employment status and wealth according to a

distribution that is equal to those of the other young workers.?”

(1+r)
(r{4-67)

19 As shown in section 2.5.1, the steady-state value of g, turns out to be equal to (1-0"7) which means that the steady

state value of

1-6" 1

g1 (1—Br(1-5)
is equal to 1 when B" times the steady-state value of the gross real interest rate is equal to 1. Thus, the two terms on the
right-hand side of equation (13) would be completely symmetric for this parameter choice; that is, a transition probability times
a gross return times a marginal utility of consumption. However, it would be a special choice for §7. The value of the real
interest rate depends on the precautionary saving motives, the penalty-premium, and the discount rates of the young and the
middle aged. It would be quite specific if the discount rate for retirees is such that it is equal to this endogenous variable.

20This is financed by a transfer of the other young agents. It is small since there are not that many newborns. So, although

our model can be used to think of the transition from “young” to “middle aged” to “retired,” it cannot capture the transition
from a newborn to a typical young worker, since our model assumes that the newly born start out in life resembling other young
workers who have been “around” for a while.

©



2.3 Firm owners

Firm owners are entitled to firm profits.?! They also own the capital stock and they supply labor.”> To
keep the analysis tractable, we model firm owners’ behavior using a representative agent. This seems
reasonable since these are the wealthier members of society and are less likely to be affected by binding
borrowing constraints that prevent consumption smoothing. We also abstract from life-cycle aspects for

this type of agent and assume that this is an infinitely-lived agent.??

Although we assume that firm owners are not subject to idiosyncratic unemployment risk, we set the
wage rate they receive equal to the average non-investment income received by all workers, including

the unemployed and retirees. That is, the wage rate for firm owners is equal to’*

Fomw +n'w
t

=t T T (14
Y+yr+y
The representative firm owner solves the following optimization problem:
()"
. t .
v/ = max~—~—— +B/E, [szﬂ}
c,f,k, 1—
s.t. 15)

1 PN
otk < WY+ (o (1= 8kt + 3 Rilk — k) + ]

where c,f denotes consumption, k; beginning-of-period ¢ capital, r* the rental rate of capital, W{ firm
profits. Asis common in the literature, we assume that adjusting the capital stock is subject to adjustment

costs. Firm owners do not pay taxes. The reason is that they also do not benefit from any of the transfers

210ur assumption that there is a representative agent who is entitled to firm profits means there is only one marginal rate of
substitution to discount firm profits, which matters, for example, for price setting. Given the rich heterogeneity on the worker
side, it would complicate the analysis if workers could also own firms as in Challe et al. (2017). In section 6.4, we consider
financial interaction between workers and firm owners.

221f firm owners do not supply labor, then their consumption drops following an expansionary monetary-policy shock due
to the associated fall in the markup. This is a standard outcome in New-Keynesian models. By varying the mass of firm
owners — and thus the relative importance of profits to their wage income — we affect consumption of firm owners following
monetary-policy shocks.

23The main motivation is tractability. But firm owners do not face the income drop that workers experience upon retirement
as they could continue to receive income from their assets. Consequently, their need for retirement savings is likely to be less
important than it is for workers.

24Thus, wage income of firm owners is proportional to wage income of all workers and firm owners as a group are not treated
differently. The determination of this wage rate does not matter that much. More important is the mass of firm owners relative
to the mass of workers. For example, if the mass of firm owners becomes larger relative to the mass of regular workers, then
issues related to idiosyncratic unemployment risk and life-cycle elements are likely to be less important for aggregate dynamics,
since the income and wealth of the affected group are smaller relative to the size of the aggregate economy.



that the government finances out of taxes.

The associated FOCs are given by the budget constraint and,

(cf )*d’ - A (16)

(kb — k) + DA = BEAL (Fy + (1= 8) + kilkier — k). (17)

2.4 Production

There are two types of producers. Retail-goods producers produce differentiated goods using capital and
a homogeneous intermediate good and sell these goods to households. The final good consists of a basket
of these differentiated retail-goods, and the standard Dixit-Stiglitz aggregator is used. This final good
can be used for consumption and investment.The intermediate good is produced with a linear technology
using labor only. Retail-goods producers are subject to price-adjustment costs and the intermediate-good

producer is subject to a matching friction when hiring workers.>
2.4.1 Retail sector and final-goods production

This part of the model is standard. Retail-goods producers use capital and intermediate goods as inputs.
They sell their goods to buyers in markets that are characterized by monopolistic competition. The
price of the retail good i is denoted by P;;. Price changes are subject to a quadratic adjustment cost
% ( %)2)},, as in Rotemberg (1982).26 In a symmetric equilibrium, all retail-goods producers are

identical and aggregate output is given by?’
y =2k, (18)

where k, denotes capital and n, the amount of the intermediate good used. This setup results in the

standard New-Keynesian Phillips curve:

1 —&+&MC; = Kz (m — 1)m — K E, [Aijprly;;l(ﬂwl —Dmy |, (19)
'

25The advantage of splitting the production sector into two firms is that the equations for the retail-goods producers resemble
those of the standard New-Keynesian model and those for the intermediate-goods producer resemble those of a matching model.
The same setup is used in Leduc and Liu (2016) and Den Haan et al. (2021).

26We assume that price-adjustment costs are paid as compensation to other members of the corporate sector and, thus, flow
back into the coffers of the representative firm owner. Consequently, these do not affect aggregate resources.

2TWe abstract from aggregate productivity shocks as our main interest is to study monetary-policy shocks.



where A{ ++1 1s the MRS of firm owners, € is the demand elasticity of the Dixit-Stiglitz aggregator, and

the marginal cost of producing an extra good, MC,, is given by

o o W, I-o
MC, = <E> (10‘) (20)

’
4

where ¥ is the rental rate of capital and w; the price of the intermediate good.

Cost minimization implies that

th[ o
_ , 21

2.4.2 Intermediate goods producers and the labor market matching market

Intermediate goods producers are one-worker firms that use a linear technology to transform effective
labor units into intermediate goods which are sold to retail-goods producers on a competitive market.
There are n; (n'™) intermediate-goods producers, each one matched with a young (middle-age) worker.

The total amount of intermediate goods produced by these firms is equal to
n +7" n/, (22)

where z"/¥ represents the productivity of a middle-aged worker relative to a young worker. These
intermediate-goods producers can also be thought of as employment agencies that search for workers

who are then placed at retail-goods producers.

Intermediate goods producers are subject to a search friction in attracting workers. Search takes
place at the beginning of the period and a successful match allows production in the same period. Free
entry ensures that the expected benefit of posting a vacancy is equal to the posting cost, &. The search is
undirected, that is, firms cannot search specifically for young or middle-aged workers. Since a match with
both types of workers has a positive surplus, there is no reason for an entrepreneur who is matched with a
young worker to reject the match and go back to the matching market where the expected profits are zero
when the posting cost is taken into account. All firms face an exogenous separation probability equal to
1 — Q¢ and free entry implies that firm value then drops to zero. Similarly, retirement implies that the
firm looses its worker, which again means a zero continuation value. The employment relationship is not
affected when a young worker becomes middle aged, except it becomes more valuable when middle-aged

workers are more productive than young ones, i.e., when z/¥ > 1.



Wages are given by

Wy = w()((l_w)wss‘i‘(!)wt), (23)
w o= w (24)
Wit = "y, (25)

where wy is the steady-state value of w,. Recall that w; is what the intermediate-good producer receives
for selling a unit of the intermediate good. Thus, the revenues for a firm with a young worker are equal to
w; and equal to 2/, for a firm with a middle-aged worker. And wages are simply a weighted average of
steady-state and current-period revenues. By varying the parameter @ we can control how sticky wages

are.

The life-cycle aspects of our model require a few modifications of the standard matching model. To
keep the model tractable, we assume that only young workers are subject to unemployment risk. This
means that middle-aged workers who face an exogenous separation and unemployed young workers who

age find a job with probability 1.7

The matching block is standard except for these modifications. The relevant equations are the follow-

28That is, matches are first allocated to these workers and remaining matches go to young unemployed workers. Since
matching occurs at the beginning of the period before production, these workers are employed and productive in period ¢ even
though they started the period as searchers in the matching market.
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where V/ denotes the value of a match for a firm with a worker of type i, Q¢ the exogenous separation

rate, f,’ the job finding rate of a type i worker, and 4, the hiring rate. A 7y, variable represents a mass of

a particular type of worker who is searching whereas a 7y, variable indicates the employment status after

matching has occurred. Similarly, u, denotes workers who are searching, not to the mass of unemployed,

i.e., not-producing, workers.

As discussed above, we assume that firm owners supply labor to ensure that their consumption re-

sponses are procyclical in response to monetary-policy shocks. Specifically, we assume that their supply

of labor is proportional to total employment of the combined worker households, that is, to r} + bl A

Thus, total supply of intermediate goods is equal to

n = (n) +""n") (1 + 77/] ) )
Y+y'+y

(38)



2.4.3 Transfers to firm owners

Net-revenues of the corporate sector are equal to
~ k ~
Vi — Wity — 1k g (We — wy) — & vy (39)

Recall that price-adjustment costs are paid as compensation to (other) members of the corporate sector.”’

The net transfer of the corporate sector to firm owners is equal to
N 1
wf:y,—Wtyn,y—w;"nf—rfkt—fvt-i-ilq(k,—k,,l)z, (40)

which takes into account that wages paid to firm owners drop out. Using this expression, we can write

the budget constraint for firm owners as

o +k <y —win) —w'nl"+ (1 —8)k—1 — Evy. 41)

2.5 Government
2.5.1 Annuity

The annuity pays 1 — &, units of consumption each period starting in the period the annuity is bought.
The real price of an annuity is equal to g;. Thus, for each unit of real wealth brought into retirement a

retiree would get (1 — 8”) /g, units of consumption until death.

The only participants in the annuity market are the government and the newly retired. The retirees
have a vertical demand function, which means that we cannot have a fixed supply. In order to have a
sensible equilibrium, we assume that the government sets the annuity price such that it is equal to the Net
Present Value (NPV) of expected payoffs using short-term real interest rates as discount rates and fulfills

all demand at this price. Specifically,

(1-6)? (1-06")°

@ = 1-6+E
1+rzd+1 (1+”zd+1)(1+rtd+2)

29Whether adjustment costs are transfers or loss of goods does not affect the first-order conditions. The advantage of the
assumption that they are transfers is that the number of goods produced with capital and intermediate goods still adds up to
consumption plus investment.



where ¢, | is the real interest rate on an investment from period 7 to period ¢ + 1 which is not known in

period ¢ since it depends on the realized price level for period ¢ + 1. This implies that

16" (1—6’)2_HE (13873 (1-38M* n
q+1 = 7 TR
Ltrl L+rl A+l )0 +rln) A+ A+l ) (1 +rs)
Combining the last two equations gives
_ (1-6)+E | 1= “2)
q = t 1+r;1+151t+1 .
In a steady state, we get
1-0"
= (1-96"
q ( )+ 1,1
1+
= (1=-6" ) 43
(1-8) 7% 43)

Key feature of our annuity. An important objective of this paper is to study how the desire to safeguard
retirement consumption through savings is affected when a central bank lowers its policy rate and by
doing so lowers returns on savings. The price of an annuity is high when the current and expected future
short-term interest rates are low, which means that retirees will get less retirement income from their
savings during periods with low interest rates. The same would happen if retirees would have to invest
themselves during retirement. But the approach using an annuity does reduce the complexity of the

analysis.

The law of motion for the number of annuities held by the government, x;, is given by

_ Xy
q:

Xt

+(1—=08")x—1, (44)

where X; is the average of the beginning-of-period wealth of the newly retired.

The government’s net revenue flow is equal to

g =x(1-8")—x8"y", (45)

301 particular, the heterogeneity across retirement cohorts does not introduce additional state variables as is made clear in
the remaining equations of this section.




where the first term represents current obligations and the second the sale of new annuities. In steady

state, this cost would be equal to

gx:)?,y'”5m(lq_5r—l>. (46)

This cost would be equal to zero when the interest rate is equal to zero.

2.5.2 Transfers and tax rates

Unemployment insurance. Unemployment benefits, u, and associated expenditures are given by

o= (W p)wrs (47)

g = Mewi (¥ —m), 48)

where ©w; (¥ —n)) is the total transfer to unemployment workers and this amount needs to be financed

through taxes, whereas uﬁpwty is home production which does not. 3!

Social security. These transfers are constant in real terms during retirement, but vary between cohorts.
The two relevant terms are p; which affect the level of individual retirement benefits and g; which

represents total outlays related to social security.

o= (W ppp)wr (49)

& = (1=08")g+uw8"y", (50)

where u/w!" denotes post-retirement transfer for retirees who retire in period ¢ and this will remain

constant for this cohort.

Tax rate for workers. The government budget constraint is given by

RY  +Rd 1)1

T(n) + 2" w, = g + gl + gl +
di—1 ﬂt

di—1dFy,  (di-1),

where Fy, | is the cumulative distribution function of risk-free asset holdings brought into period 1323

3lwith some abuse of notation, we refer to 1 as the (time-varying) amount of resources available to an unemployed worker
and to u¥ and uﬁp as parameters indicating ho g relates to the wage level.

32Repayment of principal and new asset issuance cancel out because the supply of assets is fixed. Thus, only interest
payments show up.

3 Firm owners are not taxed. The reason is that they also do not benefit from any of government expenditures.



2.5.3 Monetary policy

The nominal risk-free base rate, that is, the rate excluding the premium, is determined by a standard

Taylor rule

R (@) w0 )] e 6D

where R? is the rate of return for an investment from period ¢ to # + 1 and is known in period ¢. The

standard deviation of the innovation, €X, is denoted by 0.
2.5.4 Supply of the risk-free asset

Supply is fixed and equal to d.
2.6 Equilibrium

Goods-market equilibrium is left out of the system because it is implied by the other equations according
to Walras law. Equilibrium on the rental market for capital is imposed by using the same symbol (namely
k) for the supply of capital by firm owners and the demand for capital by final-goods producers. The
same is true for equilibrium on the market for the intermediate good, where we use n, for both demand

and supply.

The equilibrium condition for the market of the risk-free asset is given by

/ didFy(d) = d. (52)
d;

Cashless economy. There are two ways to motivate a cashless NK economy. The first is Woodford’s
cashless limit. The other is to assume that agents can (i) invest in money and (ii) agents hold money
because money gives direct utility and the utility component is additive. The central bank can set the
interest rates on the risk-free asset in which they do not trade by controlling the return on a close substi-
tute, i.e., money, and letting the money supply adjust. Because utility is additive, all the equations related
to money drop out of the model. In the representative-agent version of this money-in-the-utility (MIU)
model, money holdings do not have to be small. Strictly speaking, this would not be a cashless economy
as money drops out of the equations, but is still present in the economy. But money would NOT drop out

in the corresponding version with heterogeneous agents. In the representative-agent model, money is not



a source of wealth, because there are offsetting tax terms. Although that is true in the aggregate with het-
erogeneous agents, money does create another way to smooth consumption for individual agents. This
means that the additive MIU justification with heterogeneous agents also requires that money balances
are driven to zero, which would happen when the assumption is made that the marginal utility of money
drops very fast as money balances increase (starting at zero), so that real money balances are tiny and

can play no role in insuring against unemployment risk.

3 Calibration

The objective of this paper is to study economic outcomes when the economy is characterized by the
presence and interaction of both precautionary savings to deal with unemployment spells and saving for
retirement. To highlight this interaction clearly, we assume that the ones for whom retirement savings are
important (i.e., the middle aged) are not subject to unemployment risk.>* Although stylized, it allows us
to analyze whether changes in policies and parameters affect agents with these different types of savings

motives differently.

Saving and retirement. The average retirement duration and time spent in middle-age saving for re-
tirement are key parameters. We assume that each life experience, i.e., young, middle aged, and retired,
is expected to last 20 years. For computational reasons we adopt an extended perpetual-youth model.
This means that we do not have a range of middle-aged agents varying in how close they are to retire-
ment. Instead, we mainly have a representative middle-aged agent capturing aggregate behavior of this
age group.>> What matters for our analysis is that agents expect to age and lose their labor income at
some point. This, together with the desire to smooth consumption, creates a savings motive and we study
how this is affected by changes in the interest rate. The added stochastic element to aging and retirement
is unlikely to be important for our main results as uncertainty does not play an important role in this type

of model when standard utility functions are adopted.>®

Key parameters that affect retirement savings by the middle-aged are of course the retirement transfer
parameter, {1”, and retirement home production, fy,. In our baseline calibration, we assume that non-

investment retirement income is equal to 50% of after-tax income earned while middle aged in the form

34Middle-aged workers are, of course, also subject to unemployment spells. But displacement rates are substantially higher
for younger workers as is documented in figure 3 of Davis and Von Wachter (2011).

35 As explained in appendix B, our numerical approximation also includes two “transition” types of middle-aged agents for
those who recently became middle aged.

36 And it is of course to realize that the behavior of our middle-aged agents should be considered as representative of a range
of middle-aged persons, some close to retirement and some not.



of a tax-financed transfer and home production is equal to zero. The generosity of pension benefits varies
quite a bit, both across and within countries. Given the importance of non-investment retirement income
for savings of the middle aged and given our interest in that variable, we consider several alternatives to
the 50% benchmark value. These robustness exercises, will help us to understand how differences in the
generosity of retirement benefits across countries affect economic outcomes, both at the aggregate level

and for different groups in society.

Another key aspect that affects retirement savings is the supply of available assets, d, and the demand
for these assets by other agents. In our model, these are the young who save to insure against unemploy-
ment spells and — although to a lesser extent — for retirement.?’ In our benchmark, we assume that saving
for retirement occurs through risk-free government bonds and these are in fixed supply. Indeed, a big
part of retirement savings does occur through government bonds and transaction costs and risk aversion
will limit the desire to rely on riskier alternative investments. In an extension, we allow workers to invest
in capital and firm ownership, but with the firm owners as intermediaries. That is, workers and firm own-
ers can interact in the market for the liquid asset which would affect the investment (and consumption)

decision of firm owners.

Saving and unemployment spells. A model period corresponds to a quarter. In terms of unemploy-
ment risk, we closely follow the calibration of Den Haan et al. (2017), which also focuses on the Euro
Area. Specifically, the target steady-state unemployment rate is equal to 10.7% and expected unemploy-
ment duration is equal to 3.62 quarters. The latter implies that the job finding probability is equal to
26.71%.%® As is common in the literature, we set the curvature of the matching function equal to 0.5,
based on the empirical work of Pissarides and Petrongolo (2001). This assumption, together with the
two targets, pins down the exogenous separation rate, 1 — Q¢ and the ratio of the job creation cost over

the scaling coefficient of the matching function, &/y.3%-40

A key parameter affecting the importance of unemployment risk is, of course, the level of unemploy-

37TWe also consider the case in which the wage rate increases with age which would add another aspect to the savings decision
of the young.

38This takes into account that an unemployment spell ends immediately when a young worker becomes middle aged.

31t is possible to pin down the two values separately if one makes an assumption about the success probability for a firm
posting a vacancy. Given our targets, employment would not be affected. Moreover, a different assumption about this success
probability would also leave the steady-state value of job creation costs, & v, unaffected.

40We set the separation rate for a middle-aged agent equal to that of a young agent. This value does not matter much for
the model properties we study. It does not matter at all for the middle-aged worker, since they will find a job without any
interruption in employment status. From the firms’ perspective it makes a job with a young and a middle-aged worker more
similar. Moreover, if separation is exogenous, then it is not unreasonable to assume that age is not a key factor.



ment benefits. We set this equal to 50% of after-tax wages. As pointed out in Den Haan et al. (2017),
this level is a bit less than what is received on average in most European countries, but in our model

unemployment benefits are received indefinitely which simplifies computational aspects.*!

The ability to insure against unemployment spells is not only affected by unemployment benefits, but
also by the amount of available liquid assets. How the supply of this risk-free asset is divided among the
different types of agents is an equilibrium outcome that depends on several model parameters. But if the
supply increases, all agents will hold more. We set per capita bond supply, d, equal to 3 which means
that supply per worker is equal to 4.5, which is equal to 65% (130%) of before (after-) tax annual wage
income. In our baseline calibration, the young hold 16.3% of these assets. The much higher holdings
by the middle aged means that interest-rate-sensitive investment income is a nontrivial part of retirement
savings. Specifically, the fraction of retirement consumption financed by investment income is equal to

30.1%.

The average amount of risk-free assets held by the young in the steady state is equal to 42.4% of
their annual after-tax income. This is enough to cover 3.4 quarters of the post-displacement income drop.
Den Haan et al. (2017) report that the liquid financial wealth to annual labor income ratio is equal to
31.2% and 21.3% when wealth is defined as gross and net wealth, respectively. Thus, our baseline values
are generous, especially if one takes into account that the middle aged actually hold substantially more of
the risk-free asset. But they imply reasonable consumption drops upon displacement as discussed below.
If we would lower the supply of the risk-free asset, however, then the middle-aged would also hold less
which would mean that savings are less important relative to non-investment income. Given our objective
to study how the presence of this type of savings affect economic outcomes and, in particular, the impact
of monetary policy, we prefer to have a benchmark in which this possibility gets a good chance of being

quantitatively important.

The parameters of the penalty function are also important for the ability to smooth consumption.
When negative, the parameter 17, acts as a borrowing constraint, since borrowing costs sharply increase
as the holdings of the asset approach this level. We set this parameter equal to —0.3 which is around
34.7% of annual after-tax wage income of an employed agent. We set 741 equal to 1 and 1y equal to
3.9015e-04. As shown in figure 1, these two parameter values imply that the premium is small when long

positions are chosen, but increases sharply when the agent enlarges its short positions especially close to

4!n the baseline version, this is in the form of a tax-financed transfer and home production is equal to zero.



7M,- In section 6.2, we discuss model properties for alternative values for 7.

For our purpose, it is important that we get empirically plausible post-displacement consumption
drops. An agent who is displaced after a long employment spell faces a 15.2% consumption drop after
being unemployed for one year and a 26.0% drop after a year and a half at which point the consump-
tion level no longer drops. These numbers are in line with the average 26.3% drop after one year of
unemployment for individuals and 15.8% for households reported in Kolsrud et al. (2015). However,
these observations are for Swedish data which has a relatively high replacement rate of 72%. In the
experiments in which we lower the supply of the risk-free liquid asset, we obtain larger consumption

drops.

Utility function. The elasticity of intertemporal substitution, 1/¢, is set equal to 1, a standard value
in the literature, but we do consider other values. We set the discount factor equal to 0.985. This is
somewhat lower than the usual 0.99. Moreover, the effective discount factor is even lower because of
the probability of dying. But there is a nontrivial downward effect on the real interest rate in our model
because of the precautionary savings motive and with B = 0.985 we get a real quarterly interest rate
equal to 1.07%, which is close to the usual 1% value. We set the firm owner’s discount factor such that
the firm owner’s demand for the liquid asset is equal to zero in the steady state.*> This ensure that the
steady state of the version in which firm owners do interact with workers in the market for the liquid asset
over the business cycle is equal to the steady state of the version in which we shut down such interaction,

which is the benchmark.

Taylor-rule coefficients. The Taylor-rule coefficient related to inflation, 6y, is set equal to 1.99, the
one related to real activity, 6,, equal to 0.24, and the smoothing parameter, 6,, equal to 0.84. These
values are estimated in a medium-scale DSGE model for the euro area by Mazelis, Motto and Ristiniemi

(2023)

An important objective of this paper is to study the monetary transmission mechanism when changes
in the real interest rate affect retirement savings. Thus, it is key that a monetary-policy shock generates
a change in the real interest rate that is realistic in terms of its persistence. With these parameter values,
the model predicts a peak response for the real interest rate in the fourth quarter and that peak response is

halved seven quarters later. Thus, the monetary-policy shock reduces the real interest rate for a nontrivial

42That is, the firm owner’s discount rate is equal to the real interest rate which is accomplished when B = 0.98937.



amount of time.*?

Parameters to get reasonable aggregate responses. We set the parameter controlling the cost of
changing prices, Kz, equal to 1,500. Price stickiness ensures that nominal shocks have an impact on real
demand for goods. To ensure that this leads to a quantitatively realistic impact on employment, we follow
Hagedorn and Manovskii (2008) and choose the profit margin, 1-ay, and the degree of wage flexibility,
®, low enough such that expected profits display sufficient volatility which in turn ensures that vacancy

posting and job creation are sufficiently volatile.

Specifically, a 25 basis point reduction in the real interest rate leads to a peak response in employment
equal to 0.85%, a peak response in output equal to 0.55%, and a peak increase of year-on-year inflation

equal to 3.5 basis points.

Mass of firm owners. The mass of workers is normalized to be equal to 1. The value for 7, i.e., the
mass of firm owners, is actually not that important for many model properties, since we use a representa-
tive firm owner. Specifically, the size of the aggregate capital stock and the economy-wide employment
rate are not affected by the value of 7. In a New-Keynesian (NK) framework, firm profits decline during
an expansion that is induced by a monetary stimulus because of the fall in the markup. This goes to-
gether with a reduction in consumption by firm owners. As explained in section 2, we allow firm owners
to benefit from a monetary expansion by letting them supply labor and earn wage income. The value
of ¥/ does not affect aggregate profit income but it does increase wage income earned by firm owners.
Consequently, wage income becomes relatively more important as ¥/ increases which makes it more

likely that consumption of firm owners would not decrease following a monetary expansion.

For the questions addressed in this paper, the value of ¥/ mainly matters when we let firm owners
facilitate consumption smoothing of workers by buying or selling the risk-free asset to them. It is, of
course, easier for workers (as a group) to borrow more from firm owners without a significant dampening
effect on the interest rate when firm owners are richer, that is, when a larger share of wage income goes

to firm owners. In our baseline calibration, we set ¥/ equal to 0.3.

“For the estimated value of 6y, the smoothing parameter barely matters for the persistence. That is, higher persistence
of the shock is undone by the response to changes in the level of economic activity. The parameter 6y is also important for
the quantitative impact of monetary-policy shocks on economic activity, together with parameters controlling the stickiness of
prices and wages.



Allowing workers to borrow or lend from firm owners. We consider the case when firm owners do
participate in the bond market and when they do not. In the second case, workers who save to insure
against unemployment risk and those who save for retirement have to do with a fixed supply of the
risk-free asset. This case allows us to cleanly study how these savings motives are affected during the
monetary transmission mechanism. In the first case, we can address the question whether a group of
agents that is not subject to unemployment risk and does not have to save for retirement can act as a

shock absorber.

When we do allow firm owners to invest in the bond market, then we assume that they also face a trade
restriction. One possibility is to assume that they face a penalty function like workers do. But in terms
of allowing for more interaction, i.e., larger trades, without running into Blanchard-Kahn indeterminacy
issues, a simple quadratic adjustment costs on bond holdings works better. That is, a position in bonds,

d,f comes with a (symmetric) cost equal to nc{ (dtf )% and we set n£ equal to 0.0001.4

4 Interest rate changes and retirement savings in simple models

A key objective of this paper is to study the differential impact of monetary policy on the economic be-
havior of agents who differ in age and unemployment risk. Many aspects are relevant which complicates
the analysis. Thus, we fist consider some simpler models before turning to the full model. A common
element in all models considered in this section is that income levels are kept fixed when interest rates
change. We start by discussing two very simple models in which agents live for a finite number of

periods. Next, we discuss a partial equilibrium version of our full model.
4.1 Simple finite-lifetime models

In this section, we consider simple models in which agents live for a finite number of periods. This
allows us to derive some analytical results and more easily illustrate the income and substitution effects.
The first is a standard textbook partial-equilibrium model in which agents live for two periods. Despite
its simplicity and popularity, we find it useful to review it as its predictions are at odds with those of our
much more complex environment. The second is an overlapping-generations (OLG) model. It mimics
our full model in that there are three generations, the young, the middle-aged, and retirees. Key in our

analysis of this model is that the interest rate shock occurs at the steady-state equilibrium interest rate.

4Recall that the discount factor of firm owners is such that the steady-state value of d,f is equal to zero. Thus, this represents
a cost for deviations from the steady-state value. The approach with the quadratic-adjustment cost is perhaps less elegant than
the one with the penalty function. Both approaches lead to similar results, however, as long as the case with the penalty function
does not lead to indeterminacy issues.



It turns out that income level during retirement affect the value of this equilibrium interest rate which in

turn affect the responses to an interest rate shock.

A simple two-period model. The textbook setup to study the impact of a change in the interest rate on

the consumption/saving decision of agent i is the following:

may L
S.t.
M+ =", (53a)
¢ ="+ (1+7r)b" (53b)

Here, ¢ denotes consumption in the first period, ¢” consumption in the second period, b™ savings, and r
the interest rate. If we think of the first period as the one when the agent is middle aged and the second
when the agent is retired, then this model captures in a very crude and simplified manner the savings
problem of a middle-aged agent in our model. After substituting out ¢ and ¢", we get the following

first-order condition for b™:

" =b") 7 = B(L+r)(u + (1 +r)b") 0. (54)

In appendix A, we show that the solution for consumption is given by

oo B e [ ) )

O[B4 (1) LT

and the solution for bond holdings, ™, is equal to y™ — ™.

Microeconomics teaches us that the total effect of a change in the interest rate can be decomposed
into a substitution and an income effect. The income effect induces a decrease (increase) in current
consumption for savers (borrowers) as it shifts in (out) the budget constraint when the interest rate falls.
The substitution effect of a decrease in the interest rate induces an increase in current consumption for

both borrowers and savers, since it decreases the price of current to future consumption.*

43See, for example, section 6.2 of Kurlat (2020).



The income effect of a middle-aged worker. One of the questions we want to address in this paper is
whether a strong negative income-effect associated with a monetary-policy stimulus could lead them to
reduce consumption. This does seem to be a possibility. Consider the (extreme) version when retirees
have only investment income, that is, 4" = 0. Equation (55) implies that consumption in the first period,
i.e., consumption before retirement, would increase in response to a decline in the interest rate when
0 < ¢ < 1, decrease when ¢ > 1, and remain unchanged when ¢ = 1. Thus, it is — in theory — possible
that the income effect for the middle aged dominates the substitution effect and their demand would fall
following a monetary expansion. However, there are several reasons why the result from this simple

model has limited applicability to the full model.

One reason to be careful is that setting u” equal to zero is special and extreme. If u” > 0, then
lifetime income increases and would be relatively less affected by the change in the current interest rate
and the income effect would become less important. Also, a change in the interest rate is a permanent
change in this 2-period model, which is not representative for the temporary changes in the real interest
rate induced by central bank monetary policy. Finally, the middle aged are also likely to be affected by
increased economic activity and/or higher wages in the more comprehensive setting captured by the full

model.

Pension benefit levels and impact of interest rate changes on demand. Next, we turn to the question
how the sensitivity of demand to changes in the interest rate is affected by changes in the level of pension
benefits. We will look at consumption demand by the young, consumption demand by the middle aged,

and aggregate demand. We will see that differential changes across age cohorts are important.

A simple OLG model with three generations. We consider an overlapping-generations (OLG) model
with three generations: the young, the middle aged, and the retirees. In contrast to the full model de-
scribed in section 2, generations live for only one (long) period. Income of the young is equal to y”, the
middle aged get ¥, and the retirees get y”. The latter is a transfer from the young and the middle aged.

When young, the agent solves the following optimization problem:

max In(¢”) +1In(c™) +1In(c")
e et
s.t.
oM c’ 1 ym ur
Y4 + = + + . 56
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The solution satisfies:

" u

y y

c y +1+r+(1+r)(1+?) /3, (57)
"= (40, (58)
¢ = S(1+r)(1+). (59)

The values of y” and y" are assumed to be equal to each other. Since aggregate resources are kept
constant at Y, the transfer to the retirees satisfies 4" =Y —y” — y". The current interest rate at which the
young and middle aged can borrow and lend is denoted by r and the interest rate at which the current
young can trade in the future when they are middle aged is denoted by /. We study an unexpected change
in the current interest rate, r keeping the future interest rate, r/ fixed at its steady-state equilibrium value,
Teq- For the young this means a change in r keeping r/ fixed. Since the change in the interest rate is
unexpected, the middle aged made decisions when young based on the assumption that r = r/ = Teq- The
economy is in equilibrium when

0 =)+ 0" =) =0, (60)

that is, total demand for one-period bonds adds up to supply which is assumed to be equal to zero. Faced
with the unexpected change in the interest rate, the middle aged can adjust their consumption/savings

decision. Specifically,

m 1 m "
=3 |07 ) (1 g+ | (©1)

Note that both the savings the current middle aged brought with them and the return earned are
based on req, that is, the risk-free interest rate that was in place when they were young before the shock

occurred.

We are interested in the following two elasticities.

ac” m M 1

ar _<y +1+req> 3(141)2 62)
ac™ |

o T Mg ©

The formulas reveal that these elasticities are highly nonlinear and demand is more sensitive to

changes in the interest rate at low levels of r. To understand this consider the extreme case when the



interest rate is infinite. Then the NPV of future income is equal to zero and changes in the interest rate

would have no effect on consumption.

Another important insight is that consumption when young is in general more interest sensitive.*®

For example, suppose that y* = y" = u". Then req = 0 and ¢ = ¢" = ¢". Then we get*’

ac” 2
EE ©4)
ac™ 1
E ©

The intuition is fairly simple. The young have more future income than the middle aged which means
that an interest rate change has a bigger impact on its discounted value. Note that this is true even though

the middle aged save as much as the young before the shock, namely none at all.

We are now ready to consider our main objective, namely the sensitivity of these elasticities to perma-
nent changes in pension benefits, i.e., changes in pt”. The values of y* and y" have to fall if u" increases,

since we keep resources fixed and we assume that y» = y™.

First, there is a direct effect in that a decrease in u” reduces |9<'/ar| and |9¢"/ar|, that is, reduces the
response of consumption to changes in the interest rate. This is quite intuitive. A reduction in " lowers
future income which means that the NPV of future income is less sensitive to changes in the interest
rate. Since we are considering permanent changes in (", we also have to take into account changes in
the equilibrium interest rate, req, that is, the value of r at which we have to evaluate the elasticities. A
reduction in 4" would induce working agents to save more which would lower the equilibrium interest
rate. And this would increase the sensitivity of consumption to changes in the interest rate. Figure 2 plots
the values of these elasticities. The left column plots 9¢'/9, and 9¢"/ar. This is the column to consider if
we are interested in the impact on aggregate consumption, i.e., ¢ 4 ¢™, and which component is driving
it. The right column plots 9In¢’/9, and 9Inc"/ar. And these will be more useful when discussing impulse

response functions of the full model below.

The following conclusions can be drawn from the figure. Most importantly, the equilibrium effect

46The value of y” would have to be substantially below " for this not to be true.

4TThroughout this section, we will evaluate these elasticities at r = Teq- That is, they measure demand pressure in response to
an exogenous shock when the economy starts out in its steady-state equilibrium. These changes in ¢ and ¢””* are not equilibrium
outcomes. But that is not what we are interested in. We want to understand how notional demand changes which then could
affect real activity in a full model with sticky prices.



always dominates the direct effect for consumption of the young as well as the aggregate effect.*® Even
for consumption of the middle aged, there is a large range of values for u” at which the indirect effect
dominates. But this cannot be true over the whole range since the elasticity must approach zero as "

goes to zero.

The reason for the strong indirect effect is that the demand for consumption is a nonlinear function

of the interest rate and the drop in demand accelerates as the interest rate falls.

Figure 2: Interest rate elasticity consumption demand
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Notes: This figure plots the responsiveness of consumption to changes in the interest rate as a function of pension benefits in
the OLG model with three generations. The top (bottom) row gives the results for the young (middle aged) and the left (right)
column gives the absolute (percentage) numbers. The change in r is evaluated at a level for r at which the bond market is in
equilibrium and this equilibrium value for r falls as u" falls.

Re-emergence of an interest-rate channel in a New-Keynesian environment. Rupert and Sustek

48Note that the range of values taken on by 9c’/9r is about one order of magnitude larger than the one for 9¢”/9r.



(2019) document that a negative monetary-policy shock in the representative-agent New-Keynesian
model would induce an increase in inflation and economic aggregates like consumption and GDP. The
paper also shows that such an inflationary expansion happens when the real interest rate increases and
that a fall in the real interest rate — if it does happen — is not the driving force behind the expansion.* In
the New-Keynesian model, the key equation for the monetary-policy transmission is the Phillips curve,
which establishes a positive relationship between real activity and inflation and the standard Phillips
curve does not contain an interest rate. In other words, there is no interest-rate channel in a representative-
agent New-Keynesian model. The analysis of our simple OLG model with retirement indicates that
changes in the interest rate do play a role for aggregate activity due to heterogeneous responses. Specifi-
cally, if the consumption/savings responses to a change in the interest rate do not average out to the one
of the representative-agent version of the model, then the presence of heterogeneity would be similar to
a preference shock affecting the Euler equation. And such a shock is known to have real consequences
for the economy. Specifically, it would lead to increased inflation when it is expansionary which leads to

increased economic activity as predicted by the New-Keynesian Phillips curve.”’

4.2 Partial-equilibrium outcomes in our infinite-horizon model

As discussed in the introduction, an important question is whether those whose decisions are affected
by retirement issues respond differently to monetary-policy changes and in particular whether their con-
sumption could decrease during a monetary expansion. In our full model, agents’ decisions are affected
by the direct effect of the interest rate as well as changes in income levels. To understand the role of both,

we consider a partial equilibrium version of our model in which income levels are kept fixed.

We first consider the case when parameters take on their baseline values. At these parameter values,
savings of the middle-aged are substantial and these finance 20.5% of retirement consumption in the
steady state. Moreover, they face a 37.7% drop in consumption upon retirement, again in the steady state.

Next, we consider more extreme values for key parameters.

The real interest rate is modeled as an exogenous AR(1) process and the shock is a 25 basis points
reduction on impact. Wage income, non-investment retirement income, as well as the savings accumu-

lated while young and carried into the middle-aged phase of life are kept fixed at their steady state values.

49By contrast, in the standard (undergraduate) IS-LM (or IS-MP) model a reduction in the real interest rate plays a key role
as it directly affects aggregate demand and, thus, aggregate activity.

50 Another possible role for the real interest rate is through how it affects households’ exposure to mortgage debt as shown in
Garriga et al. (2021).



In other aspects, the partial-equilibrium environment is identical to that of the full general-equilibrium

model.

A simple calculation. Suppose that the quarterly real interest rate drops by 25 basis points permanently.
This leads to an 11.8% increase in the price of the annuity. If middle-aged savings remain fixed, then
this implies an equal percentage reduction in retirement consumption financed out of the annuity and a
2.2% drop in total retirement consumption. Persistence matters a lot. If the change in the interest rate
is not permanent, but follows an AR(1) process with a coefficient equal to 0.95, then the annuity price

increases by only 3.4% on impact.

What can we expect? A reduction in the interest rate implies that expected consumption growth must
fall. That is, the consumption IRF for an individual middle-aged worker must be downward sloping as
long as the interest rate including the premium follows the same pattern.’! Moreover, the reduction in
the interest rate does not stimulate the economy because all aggregate variables other than the interest
rate and the annuity price are kept constant. At the same time, the drop in the interest rate does imply a
reduction in investment income which is the cause of the negative income effect. If this income effect is
strong enough, then consumption would already fall on impact.”? It is possible that consumption does
increase on impact because of the substitution effect, but the IRF must turn negative at some point because
a positive consumption response in every period is impossible when the lifetime budget constraints shifts
inward due to a reduction in the return on savings. The IRFs we plot basically follow these rules except in
the limit. The reason is that they display the response of the consumption level averaged across middle-
aged workers. Over time, young people who age will be added to this group and they will become middle
aged with wealth equal to the full model’s steady-state values in this partial-equilibrium experiment. This

means that by construction, the IRFs will eventually go back to zero.

Results when the AR(1) coefficient for the interest rate, r is equal to 0.8. We first consider the case
when the drop in the real interest rate is fairly persistent. An AR(1) process with a coefficient equal to 0.8
implies that the half-life is slightly more than three quarters and it takes fourteen quarters for the change

in the interest rate to be less than 5% of the change on impact.

Figure 3 plots the associated Impulse Response Functions. The following observations can be made.

51The rate including the premium is endogenous and depends on positions taken in the risk-free asset, but always follows the
same pattern as the exogenous part of the interest rate.
52This means that on impact savings would increase and this would dampen consumption drops in subsequent periods.



Consumption of the middle aged increases at first and only falls below its pre-shock value after ten quar-
ters. The amount held in the risk-free asset displays an immediate and persistent drop. Post-retirement
consumption must fall, since non-investment retirement income is kept fixed, savings fall, and the fall in
the interest rate increases the annuity price. The IRF in the bottom-middle panel plots consumption of
the newly retired. Recall that the newly retired lock in post-retirement income and consumption levels by
buying an annuity. This means that those who retired before the drop in the interest rate are not affected.
Those who retire in the period when the shock hits are affected the most by the increase in the annuity
price, but not at all by the reduction in savings since their savings are still based on the pre-shock interest
rate value. Those who retire later, however, are affected more by the reduction in the level of savings
brought into retirement. The IRF for consumption upon retirement reaches a maximum drop of almost
0.4%. Aggregate retirement consumption drops by less, since only the newly retired are affected as the
annuity insures those who retired before the shock. The drop in aggregate retirement consumption is
extremely persistent and takes sixty-six quarters to reach its lowest value as the asset holdings of the
middle aged take a long time to revert to normal which means that newly retired enter the retirement

pool with lower savings for quite a while.

In partial equilibrium, it is possible that the asset holdings of all agents drop. In general equilibrium,
however, this would put upward pressure on the real interest rate until — on average — there is no change in
asset holdings. Whether the middle aged will be able to reduce asset holdings in our general-equilibrium
model will depend on what the young would like to do when the real interest rate falls and on how

economic activity affects the demand for the risk-free asset.

The fact that consumption rises initially and falls later reveals a useful quantitative insight. That is,
the substitution effect of the interest-rate reduction dominates the income effect even though the middle

aged hold a large amount of the risk-free asset and face a non-trivial consumption drop upon retirement.>?

Results when AR coefficient for 7 is equal to 0.95. In the next experiment, we consider a very per-
sistent drop in the real interest rate. That is, the AR(1) coefficient is equal to 0.95 which implies a half
life of around thirteen quarters. When the drop in the interest rate is more persistent, then the annuity

price increase is larger putting more pressure on retirement consumption. Moreover, with a more per-

53This outcome is quite different from the two-period model considered above. But there are important differences between
our life-cycle model and the two-period model. In our life-cycle model, the fact that there is a drop in non-investment income
upon retirement income is only relevant for those middle-aged agents who retire in the next period and they are only a small
fraction of all middle-aged agents. In the two-period model considered, all agents face a drop in non-investment income and this
happens with perfect certainty. Also, the drop in the interest rate considered here is temporary whereas it is for the remainder
of the agent’s life in the two-period model.



Figure 3: Interest-rate shock IRFs: Partial-equilibrium; ppr = 0.8
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Notes: This figure plots the IRFs for an interest-rate shock when the real interest rate follows an AR(1) with autoregressive
coefficient equal to 0.8. This is for the partial-equilibrium version of our model and all aggregate variables besides the real
interest rate and the annuity price remain equal to their steady-state values of the full model.

Figure 4: Interest-rate shock IRFs: Partial-equilibrium; ppg = 0.95
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Notes: This figure plots the IRFs for an interest-rate shock when the real interest rate follows an AR(1) with autoregressive
coefficient equal to 0.95. This is for the partial-equilibrium version of our model and all aggregate variables besides the real
interest rate and the annuity price remain equal to their steady-state values of the full model.



Figure 5: Interest-rate shock IRFs: Partial-equilibrium; ¢ =4, = 0.96296
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Notes: This figure plots the IRFs for an interest-rate shock when the real interest rate follows an AR(1) with autoregressive
coefficient equal to 0.8 and the intertemporal elasticity of substitution, 1/¢, is equal to 1/4. This is for the partial-equilibrium
version of our model and all aggregate variables besides the real interest rate and the annuity price remain equal to their steady-

state values of the full model. The value of 3 is adjusted so that the steady-state value of the real interest rate remains equal to
its baseline value.

Figure 6: Interest-rate shock IRFs: Partial-equilibrium; ¢ = 5.5, = 0.94436
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Notes: This figure plots the IRFs for an interest-rate shock when the real interest rate follows an AR(1) with autoregressive
coefficient equal to 0.8 and the intertemporal elasticity of substitution, 1/¢, is equal to 1/5.5. This is for the partial-equilibrium
version of our model and all aggregate variables besides the real interest rate and the annuity price remain equal to their steady-

state values of the full model. The value of 3 is adjusted so that the steady-state value of the real interest rate remains equal to
its baseline value.



Figure 7: Interest-rate shock IRFs: Partial-equilibrium; " = 0,8 = 0.960176
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Notes: This figure plots the IRFs for an interest-rate shock when the real interest rate follows an AR(1) with autoregressive
coefficient equal to 0.8 and investment income is the only source of income for retirees. This is for the partial-equilibrium
version of our model and all aggregate variables besides the real interest rate and the annuity price remain equal to their steady-

state values of the full model. The value of 3 is adjusted so that the steady-state value of the real interest rate remains equal to
its baseline value.

Figure 8: Interest-rate shock IRFs: Partial-equilibrium; d = 6, 8 = 0.98749
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Notes: This figure plots the IRFs for an interest-rate shock when the real interest rate follows an AR(1) with autoregressive
coefficient equal to 0.8 and the supply of the riskfree asset, d is twice its baseline value. This is for the partial-equilibrium
version of our model and all aggregate variables besides the real interest rate and the annuity price remain equal to their steady-

state values of the full model. The value of 3 is adjusted so that the steady-state value of the real interest rate remains equal to
its baseline value.



sistent interest rate drop, the loss in investment income will be larger relative to lifetime income. But
a more persistent interest rate drop also means that the price of current consumption relative to future
consumption is lower for longer which would strengthen the substitution effect. As shown in Figure 4,
consumption of the middle aged still increases on impact. That is, the substitution effect still dominates.
In fact, savings of the middle aged now display an even larger peak drop, namely 9.2% compared to an
1.7% drop when the persistence parameter is equal to 0.8.* Consistent with this finding, we see that
the percentage increase in middle-aged consumption is roughly triple the increase observed for the less
persistent drop in the interest rate. And the peak percentage consumption drop for the newly retired

increases from 0.38% to 2.1%.

Lower intertemporal elasticity of substitution. Next, we consider the results when ¢, i.e., the inverse
of the intertemporal substitution, is equal to 4 instead of 1. We reduce the discount factor of the workers
to ensure that the steady-state values of the real interest rate and thus the annuity price are not affected by
the change in ¢. Without this adjustment, the annuity price would increase sharply which would mean
that the same amount of savings would imply lower post-retirement consumption. With this adjustment,
steady-state savings level of the middle aged as well as the importance of investment income for steady-
state retirement remain roughly the same. Moreover, the steady-state consumption path is also very

similar to the baseline outcome, both when employment status changes and when an agent ages.>

The re-calibration of ¢ increases the desire of the middle aged to avoid a consumption drop when
the interest rate falls. As shown in Figure 5, savings of the middle aged now drop by less and retirement
consumption drops by less. The initial increase in consumption of the middle aged is still positive, but
substantially smaller and is followed by a persistent decline.”® Figure 6 displays the results when ¢ is
increased even further to 5.5 and the discount factor is again adjusted to keep steady-state properties
similar. Now consumption of the middle aged displays a uniform drop.’’ Thus, it is indeed possible
that some agents in the economy respond to a reduction in the interest rate by consuming less not more,

although a value of ¢ equal to 5.5 is substantially higher than what is typically used in the literature.

54Note that savings levels when the shock occurs are identical in both cases as shock persistence does not affect the steady-
state.

55That is, the effects of the higher discount factor and the lower intertemporal substitution offset each other.

360n impact, the response in consumption and the response in savings must add up to zero. This is not quite clear from the
IRFs since they express the responses as a percentage from their steady-state values.

57 And whereas the peak drop of consumption upon retirement is equal to 0.38% when ¢ = 1, it is now only 0.24%. The
change in the value of ¢ has a bigger impact on the IRFs for middle-aged consumption and savings than on the IRF of consump-
tion upon retirement. The reason is that the IRF of the change in retirement consumption represents a change that is permanent
(until death) and will continue long after the interest rate has gone back to its steady-state value.



Moreover, we want to remind the reader that this reduction in the real interest rate is not necessarily

representative for a monetary stimulus as all other prices and aggregate variables are kept constant.

No non-investment retirement resources. The two-period model illustrates that the income effect can
be very strong when period-2 income depends solely on investment income. In the examples considered
so far, retirees have non-investment income since p” > 0. Setting u” equal to zero without a change in
any of the other parameter values would lead to such a large drop in the real interest rate that the steady-
state interest rate plus the death rate would turn negative which implies an infinite annuity price. To keep
the steady-state environment comparable, we lower the discount factor to equalize the steady-state real
interest rate to its baseline value. When we earlier changed ¢, the adjustment of the discount factor to
keep the real interest rate the same also ensured that other steady-state properties remained similar. That
is not quite true now. For example, middle-aged steady-state savings increase from 7.02 to 8.78.%% The
re-calibration of the discount factor ensures that the annuity price remains constant, but the increase in
savings is not enough to offset the drop in 4”; consumption now drops by 87.1% instead of 38.1% upon

retirement when the economy is in the steady state.

Figure 7 displays the responses to an interest rate reduction. The key observation is that consumption
of the middle aged still increases on impact, even in this extreme case. Thus, the behavior of the middle
aged would still stimulate demand in response to a monetary stimulus.’® Consumption increases on
impact even though the percentage drop in consumption of the newly retired is now substantially higher

and this is undoubtedly unpleasant given that retirement consumption is already quite low.

Although consumption still increases on impact when p” = 0, the increase is smaller and less persis-
tent as it already turns negative after five periods.” Thus, there may be a delayed dampening effect of a

monetary stimulus through reduced demand by the middle aged.

58That is, the reduction in retirement benefits and the reduction in the discount factor have exactly offsetting effects on the
interest rate (by construction), but do redistribute holdings of the risk-free asset from the young to the middle aged.

39Recall that in these partial-equilibrium exercises, the IRF of consumption of the middle aged must turn negative at some
point, since non-investment income has not changed and investment income falls for savers when the interest rate drops. Thus,
key is what happens on impact.

%01n our extended perpetual-youth model, the consumption and savings variables for the middle-aged capture the cross-
section of middle-aged workers. Of course, there are middle-aged workers close to retirement for whom the predictions of
the two-period model are quite relevant. But then there are also quite young middle-aged workers for whom the probability
of retirement is much lower than the retirement probability in our model. With our setup we capture the average across these
different middle-aged workers and with this simplification we vastly reduce the computational burden. Another aspect to keep
in mind is that retirement income is assumed to depend solely on the returns from the risk-free asset and not on the returns from
other assets like equity or real estate which may increase during an expansion induced by a reduction in the interest rate.



Increased deposit supply. In the last experiment of this section, we consider an increase in the supply
of the risk-free asset from 3 to 6. This will increase the steady-state wealth value of the middle aged
and thus strengthen the income effect. However, the analysis with the two-period model shows that the

magnitude of the substitution effect may change as well, leaving the total effect unchanged.

Once again, we adjust the discount factor to ensure that the real interest rate, and thus the annuity
price, remain equal to their general-equilibrium steady-state values. Savings of the middle aged more
than double in steady state to 15.54 and the drop in post-retirement consumption is now only 19.6% and
the fraction of post-retirement consumption financed by investment income is equal to 37.9%. Figure
8 displays the responses of a monetary-policy shock. The percentage drop in retirement consumption
is now substantially higher which can be explained by the fact that investment income is now more
important for retirees. But the IRF for consumption of the middle aged still increases on impact. In fact,

the response is even slightly larger.

Summary. Although it is possible for consumption of the middle aged to drop upon impact following a
reduction in the real interest rate, this only happens for more extreme parameter values. Thus, the insight

from the two-period model where this could easily happen does not generalize to our life-cycle model.

5 Steady-state asset holdings and equilibrium rates of return

In this section, we discuss steady-state equilibrium holdings of the risk-free asset across the three worker
types, i.e., employed young, unemployed young, and the middle aged.®! Moreover, we discuss how
these holdings — as well as the level of the equilibrium interest rate — change in response to changes in
key parameter values. These findings will be helpful when we consider the full model with monetary-

policy shocks.

Changes in non-investment retirement benefits. Figure 9 shows how the equilibrium interest rate
and average holdings of the risk-free asset by worker type vary when we adjust the magnitude of the

tax-financed transfer to retirees from p” = 0.05 to u” = 1.2 An intuitive prediction of our model is that

61Recall that those that retire sell their holdings of the risk-free asset and use the proceeds to buy an annuity.

%2When u” and I'Ll{;p are both equal to zero, then retirement consumption is financed solely by investment income. How
much retirees can consume depends not only on the savings they bring into retirement, but also on the annuity price. In
general equilibrium, the reduction in the interest rate associated with changes in tt”, which controls the level of non-investment
retirement income, implies an increase in the annuity price. With log utility, the real interest rate converges to —8" as " goes
to zero, which implies that the annuity price goes to infinity. Consequently, retirement income would go to zero. For this reason
we have chosen a small positive number as the lower bound for u” to construct the figures. Setting p” equal to 1 is a natural
upper bound, since it implies that pre-retirement after-tax wage income is equal to the retirement transfer which is defined such
that it abstracts from taxes.



Figure 9: Steady-state asset-market outcomes: Role of tax-financed retirement benefits
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Notes: This figure plots the average for the indicated type of agent of the steady-state per capita holdings of the risk-free asset

as well as the equilibrium interest rate for different values of u’, i.e., the level of the tax-financed retirement transfer, which is
defined as a fraction of the after-tax wage rate of middle-aged workers. The interest rate is the base rate which excludes the
level-dependent premium.

an increase in (" reduces retirement savings by the middle-aged which has an upward effect on the real
interest rate. The increase in the real rate is quite large. Specifically, the annual real interest rate increases
by 8.9 percentage points when y” increases from 0.05 to 1, i.e., from virtually no retirement benefits to a
level that equals pre-retirement wage income (see RHS panel). This increase in yt” leads to a reduction in
average per capita holdings of the risk-free asset by the middle aged from 8.53 to 6.27 (see dash-dotted
line in LHS panel). Relative to after-tax annual wage income, however, holdings increase from 1.25 to
1.53 (not shown). The reason it moves in the opposite direction is that the increase in " leads to a large

fall in after-tax wage income because it goes together with a substantial increase in the tax rate.

Even when retirees face no drop in non-investment income, i.e., when u” = 1, it is still true that the
middle aged hold most of the available risk-free asset, namely 70%. With no drop in non-investment
income and a substantial amount of savings, retirees would then enjoy a substantial increase in consump-
tion upon retirement. Thus, the question arises why they hold such a high fraction of available assets.
Under our baseline calibration, wage rates do not increase with age and with a 50% replacement rate
and a steady state unemployment rate equal to 10.7%, average income of the young including the unem-
ployed is only 11% lower than that of the middle aged. Thus, this cannot explain the higher wealth level
of the middle aged. Precautionary saving to cover unemployment spells cannot explain the difference
either, since that would imply that those subject to employment risk, i.e., the young, should hold more
of the asset. The reason for the wealth difference is that the young have to accumulate savings and that

takes time.



Figure 10: Steady-state asset-market outcomes: Role of home-production retirement income
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Notes: This figure plots steady-state average per capita holdings of the risk-free asset for the indicated type of agent and the
equilibrium interest rate varying ,uﬁp between 0.5 and 1. y/  is the level of retirement home production which is defined as a
fraction of the after-tax wage rate of middle-aged workers. The tax-financed retirement transfer is set equal to zero. The interest
rate is the base rate which excludes the level-dependent premium.

Figure 10 considers the case when retirement benefits are in the form of home production, i.e., Hﬂp >
0, instead of a tax-financed transfer. In this economy, an increase in /.qup implies that overall resources
in the economy increase. The qualitative impact of increases in py, on the interest rate is identical
to the impact when " increases. The main difference between the tax-financed and home-production
retirement system is that asset holdings of the middle aged drop much faster with ,ugp than with u’.
Instead of the drop from 8.53 to 6.27, we now find a drop from 8.52 to 4.88. Moreover, an increase
in /,L{lp is not associated with an increase in government expenditures and risk-free asset holdings of the
middle aged now also drop relative to the after-tax wage income. It is key to take into account that we
keep the supply of the risk-free asset constant. As y” increases, the after-tax wage rates of both the young
and the middle-aged workers decrease substantially. But this means that it becomes harder for the young
to accumulate wealth when p” increases than when iy increases. Consequently, asset holdings by the

middle aged drop by less when increases in retirement benefits are accompanied by a tax increase.

Changes in the supply of the risk-free asset. The available quantity of the risk-free asset plays a key
role in models with heterogeneous agents. For example, consider the case when agents cannot borrow.
Consumption smoothing during unemployment spells is still possible when the supply is positive because
workers would accumulate assets while employed and sell these when unemployed. But this would not
be possible if the supply of the asset is equal to zero. Similarly, the supply of the risk-free asset affects

the ability of the middle-aged to save for retirement. Section 6.2 discusses in detail how the supply of the



risk-free asset, d, affects individual consumption patterns when agents face changes in their employment
status and when they age. Here we discuss how d affects steady-state values of some aggregate outcomes,

i.e., averages for different worker types.

Figure 11 shows how the average holdings of the risk-free asset and the equilibrium interest rate
vary with the supply of the risk-free asset, d. The impact on these key variables is again substantial. A
thirty-three percent increase in d from our baseline value of 3 to 4 leads to an increase in the annual real
interest rate of 39 basis points. The figure documents that the increased supply ends up mainly in the
hands of the middle aged. We will see in section 6.2, however, that the somewhat higher holdings by the
young do help significantly in reducing consumption drops upon displacement. The higher supply ends
up mainly in the hands of the middle aged for the following reason. An increase in d goes together with
an increase in the tax rate, both because higher government debt directly increases interest payments and
because of the general-equilibrium increase of the interest rate. For example, the increase in d from 3 to
4 leads to an increase in the tax rate from 29.3% to 31.2%. If the after-tax wage rate drops relative to the
supply of available assets, then it will take longer for agents to acquire the equilibrium supply which in
our environment means that the young will hold relatively fewer assets than the middle aged.®

Figure 11: Steady-state asset-market outcomes: Role of asset supply quantity
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Notes: This figure plots average per capita holdings of the risk-free asset for the indicated type of agent and the equilibrium
interest rate varying the total level of risk free assets in the economy, d between 1 and 5. Other parameter values are set equal
to their baseline parameter values. Specifically, u” = 0.5 and /,Lﬁp = 0. All values are steady-state values.

Relaxation of the borrowing constraint. Figure 12 displays the results when we relax the borrowing

constraint and considers values for 77, that are below our baseline value of —0.3. If the borrowing

%3Given our calibration strategy, the unemployment rate remains fixed and is not affected by changes in equilibrium changes
in variables like the tax rate and the interest rate.



constraint is an inequality constraint, then a relaxation simply means that agents can borrow more. In
our more general specification, a reduction in 17, not only means that agents can borrow more, but also
that the interest rate for levels of debt below the previous limit decline.** A reduction in 7, allows
young agents to borrow more during unemployment spells which in equilibrium implies that the middle
aged hold more of the risk-free asset and the real interest rate increases, that is, the gap between the
real interest rate and the discount rate gets smaller. Thus, both an increase in the supply of the risk-free
asset, d, and a relaxation of the borrowing constraint help unemployed agents to smooth consumption.
However, there are some key differences. An increase in d affects the tax rate both directly because
of increased borrowing by the government and because of an increase in the equilibrium interest rate,
whereas a decrease in 7]; increases the tax rate only because of the change in the interest rate.
Figure 12: Steady-state asset-market outcomes: Role of borrowing restrictions
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Notes: This figure plots average per capita holdings of the risk-free asset for the indicated type of agent and the equilibrium
interest rate for values of the borrowing constraint, 7,4, between -3 and -0.3.

Changes in the life-cycle income profile. Figure 13 plots the equilibrium interest rate and the per
capita average equilibrium amount of the risk-free assets for different types of households as a function
of the steepness of the life-cycle income profile. A value of 7y equal to 1 implies that the middle aged
are as productive as the young and therefore have the same wage rate. By contrast, workers face an
increase in labor income with age z/¥ > 1. We lower the overall productivity, Z, when we increase 7"/

to keep the overall amount of resources in the economy the same.%

The figure documents that asset holdings of the young fall when z”/ increases. The reason is that

%4That is, the penalty term displayed in figure 1 would not only shift to the left allowing for larger short positions, but would
also take on lower values at positions that are possible at the previous value of 77 ;.

951f an increase in 2/ increases resources, then this would imply a reduction in the supply of the risk-free asset relative to
available resources and the results above indicate that changes in the supply of the asset have large effects on the interest rate.



Figure 13: Steady-state asset-market outcomes: Role of lifetime income profile
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Notes: This figure plots average per capita holdings of the risk-free asset for the indicated type of agent and the equilibrium
interest rate when we vary productivity of the middle-aged relative to the young, /Y from 1 to 1.7. All other parameter values
are equal to their baseline values. All values are steady-state values.

workers save less when young in anticipation of higher wages later in life. The effect on the interest rate
is small. Specifically, the annual interest rate increases by only 6 basis points when /¥ increases from 1
to 1.7. The reduced desire to save by the young should put upward pressure on the interest rate. However,
lower savings by the young mean that when middle aged they have less wealth build up relative to their
higher income when middle aged. Thus, to safeguard their retirement income, increased saving by the

middle aged would push the interest rate in the opposite direction.

6 The “battle” for the safe asset

Financial frictions limit the ability of workers to insure themselves against post-displacement consump-
tion drops which necessitates the need for precautionary savings by employed workers. A large literature
has emerged to study how changes in the level of precautionary savings — in response to changes in
(perceived) unemployment risk — amplify fluctuations over the business cycle.® But the unemployed are
not the only ones who face potentially large consumption drops and use financial markets to soften the

t.67

blow. The middle aged save to compensate for the drop in income upon retirement.”’ Desired changes in

66See footnote 5.

7The drop in income is associated with a drop in spending. As discussed in Olafsson and Pagel (2018), there is a debate in
the literature on whether this implies a reduction in the actual amount of “goods and services” enjoyed. After all, retirement
may reduce the opportunity costs for efficient shopping and home production. Indeed, some older studies focusing on “nutrient
intake” found that this does not drop upon retirement. But Stephens and Toohey (2025) argue that those previous studies rely on
biased estimators and their alternative unbiased estimator does indicate a drop. Another related aspect issue is that there would
be less need for “work-related” consumption. Finally, health issues and associated precautionary motives may effect savings.
Our model allows for increased home production by setting ,u}:p > 0. What matters for our purpose is that the middle aged
have substantial savings and, thus, face a nontrivial income effect when the central bank changes interest rates. Our framework
allows us to investigate whether that effect is smaller when ,uﬁp is larger and the consumption drop upon retirement smaller.



such savings may very well affect the effectiveness of monetary policy, just as changes in precautionary

savings related to employment risk have been shown to be important.

In this section, we focus on the general-equilibrium interaction between precautionary savings to
deal with unemployment spells and saving for retirement. Specifically, we consider different environ-
ments to study two key questions. First, how do changes in key parameters affect consumption variation
across unemployment spells and over the life cycle, i.e., consumption levels when young, middle aged,
and retired. Second, how do these changes in the environment affect the distributional and aggregate

consequences of monetary policy.

Specifically, we will study these two questions for the following experiments: (i) changes in retire-
ment benefits in section 6.1, (ii) changes in the supply of the risk-free asset and relaxation of financial
constraints in section 6.2, (iii) changes in the life-cycle income profile in section 6.3, and (iv) a change
in the financial environment such that workers have (indirect) access to investment in capital and firm
ownership by trading with firm owners in the risk-free asset in section 6.4. We will document that there
can be a “battle” in the sense that improved consumption smoothing for one group implies larger con-
sumption fluctuations for another. But that is not necessarily the case. For example, it is possible that
policy changes that explicitly lower the consumption decline upon retirement also improve the ability for

the young to smooth consumption.
6.1 Varying retirement benefits

In section 6.1.1, we study how the level of retirement benefits (and associated changes in tax rates and
holdings of the risk-free asset) affect consumption variation over the life cycle and during unemployment
spells. In section 6.1.2, we study how the level of retirement benefits affects the monetary transmission

mechanism.
6.1.1 The role of retirement benefits for individual consumption outcomes

To understand how retirement benefits affect individual consumption levels, we analyze the following
three cases. First, we compare the case where retirement benefits are transfers and financed with taxes
(u" = 0.5) with the case where they are at the same level, but consist of home production (uy, = 0.5).
Next, we check how individual consumption fluctuations are affected when we change the level of re-
tirement benefits. Finally, we consider a particular policy experiment that introduces a tax-financed

retirement transfer that ensures that retirement consumption no longer falls.



An important result is that retirement benefits affect consumption variability for all agents, not just
the retirees and the middle aged. In particular, they also affect consumption drops during unemployment
spells that the young experience. To calculate individual lifetime consumption paths, we focus on the

case when the aggregate economy is in its steady state.

Tax-financed retirement benefits versus home production. Figure 14 plots a particular individual
consumption path for the economy with a tax-financed retirement system, u” = 0.5, ,ugp =0 and also for
the economy with retirement home production, u" = 0, uy, = 0.5. Specifically, the agent starts out as a
young agent and has been employed long enough to be at the highest possible consumption level. Next,
the agent becomes unemployed for a long enough time period so that consumption reaches its lowest
observed level.®® Next, the agent ages and becomes a middle-aged agent for a while and eventually
retires. In the economy with home production, there are additional resources which means that the
consumption time path is uniformly higher.®® To make the two consumption time paths comparable, we

scale them so that the initial value is equal to 1 in both cases.

The figure shows that individual consumption volatility is higher when non-investment retirement
benefits are in the form of home production. Specifically, with a tax-based retirement system consump-
tion drops by 31% during a sustained unemployed spell and by 33% in the economy with home pro-
duction. Upon retirement, consumption drops by 38% in the economy with tax-financed transfers and
with 41% in the economy with retirement home production. Thus, having retirement home production
instead of tax-financed retirement transfers increases consumption volatility for the unemployed, as well
as the retirees. What explains these findings? Although the differences are not that big quantitatively,
the answer to this question reveals an aspect of the model that turns out to be important throughout this
paper. When retirement benefits are a transfer, then this increases the tax rate. Retirement benefits are
specified as a fraction of after-tax pre-retirement wages, which means that non-investment retirement
benefits drop proportionally when the tax rate increases. Moreover, the supply of the risk-free asset in
the two economies is the same in absolute terms. Relative to total resources, however, it is less in the
economy with the additional home-production resources. Consequently, investment income provides
relatively less of a buffer in the richer economy with home production, which explains the larger percent-
age post-retirement consumption drop. The larger consumption drop during unemployment spells in the

home-production economy can be explained with the same reasoning. If retirement benefits are in the

68 And the amount borrowed is close to the implicit borrowing constraint implied by our penalty function.
The relative drop in non-investment income upon retirement is the same in both economies, because the retirement-benefit
parameter determines non-investment retirement income as a fraction of after-tax income of the middle aged in both cases.



form of home production instead of transfers, then after-tax wages are higher. This means, however, that
the fixed supply of the risk-free asset will provide less insurance. Throughout this paper, we will see
that the amount of available assets to workers relative to other aspects of the economy is key for several

outcomes, including distributional ones.

As resources in the economy with home production are higher, one can expect all agents to demand
more of the risk-free asset. That is not possible in general equilibrium with a fixed supply of the asset. So
the question arises whether the distribution of this fixed supply remains the same or changes. It turns out
that average per capita holdings of the risk-free asset by the middle aged (young) are 6.0% lower (21.3%
higher) in the economy with home production. Thus, the increase in demand in the economy with home-
production retirement benefits is stronger for the young than for the middle aged. One relevant aspect
is that the lower taxes in the home-production economy imply a larger (absolute) increase in the Net
Present Value of labor income for the young than for the middle aged as they have a longer expected
remaining life span.

Figure 14: Individual consumption time paths: Role of type of retirement benefits
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Notes: This figure plots the life-cycle path for consumption of an agent when u” = 0.5 and Hﬁp = 0 (tax-financed retirement
system) and when u” = 0 and gj = 0.5 (home production). The starting point is a young agent who has been employed for a
while and has reached their highest consumption level. Then the agent has a sustained unemployment spell during which they
reach the lowest observed consumption level. After another employment spell, the agent becomes middle aged and then retires.
Aging is not deterministic, since we use an extended perpetual-youth model. Expected duration is the same for being young,
middle aged, and retired, but we have chosen to give the middle-aged agent the retirement shock rather soon, since not much
happens when middle aged and there are no aggregate shocks.

Changing the level of retirement benefits. Next, we consider changes in the level of retirement bene-

fits. In section 5, we document that an increase in the level of retirement benefits lowers the demand for



the risk-free asset by the middle aged, which leads to a nontrivial increase in the real interest rate. Here

we investigate how such changes affect individual consumption patterns, again in general equilibrium.

We first analyze how changes in retirement benefits that are in the form of home production affect
individual consumption paths. This leads to more focused insights since changes in retirement benefits
do not lead to direct changes in tax rates (which can be substantial).”® Specifically, we consider values

for py, equal to 0.1, 0.5, and 1. In the next exercise, we consider a change in retirement benefits financed

by taxes.
Figure 15: Individual consumption time paths: Role of level of home-production retirement benefits
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Notes: The figure displays individual consumption time paths for the indicated level of retirement benefits which are in the
form of home production. For additional notes see Figure 14.

Figure 15 displays a particular lifetime consumption profile for the three values of u;, considered.
Not surprisingly, retirement consumption increases as ,uﬁp increases. In fact, consumption actually in-
creases upon retirement when py, = 1. The reason is that there is no drop in post-retirement non-
investment income, but savings taken into retirement are still positive and are used to buy the annuity
which leads to an additional source of income. A more intriguing model result is that higher retirement
benefits sharply reduce consumption fluctuations for the young, that is, the ones in our model who are
subject to unemployment risk. When /,Llfp = 0.1, a long-term unemployed worker faces a consumption

drop of 50.4%, whereas this number is only 9.2% when p, = 1. The reason is that when p; , increases, a

70Since we have an equilibrium model, the tax rate still changes slightly because the interest rate the government pays on its
debt varies. However, aggregate activity as well as the unemployment rate are guaranteed to remain the same by our calibration
strategy.



larger fraction of the supply of the risk-free asset is available to help insure against unemployment spells
of the young. Specifically, for u;, = 0.1 average per capita bond holdings of the middle aged are equal
to 8.32 and that of the young only 0.68. By contrast, these numbers are equal to 4.88 for the middle
aged and 4.12 for the young, respectively, when ,u}fp = 1. Thus, even when the retirees face no drop in
non-investment income upon retirement, it is still the case that the middle aged are substantially richer
than the young. An important factor is that the young have to build up their savings.”! Another relevant

element is that average income of the young is lower because of unemployment spells.

The retirees benefit substantially from the higher interest rate when /.Lgp is higher. When /.L}fp increases
from 0.1 to 1, the savings brought into retirement drop by 41.9%, but the associated increase in the annual
real interest rate is equal to 6.9 percentage points. Consequently, consumption financed by the purchased

annuity actually increases with 55% for this change in py .

Figure 16: Individual consumption time paths: Impact of a change in tax-financed retirement benefits
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Notes: The figure displays individual consumption time paths for the indicated level of tax-financed retirement benefits. The
positive value for u” is chosen such that consumption upon retirement is equal to that when middle aged. In addition, retirees
benefit from home production in both cases (/,Lﬁp = 0.5). For additional notes see figure 14.

Higher retirement benefits financed with taxes. Would these results be different when higher retire-
ment benefits are in the form of a tax-financed transfer instead of home production? Figure 16 shows two
consumption lifetime profiles for two different values of pt”. The first is when retirement income is solely

based on home production and ,ulfp is equal to 0.5. For this level of retirement income, there is a substan-

7Hndividual newborns are assumed to resemble existing newborns in terms of wealth which is finance as a transfer from
other young agents. These newborns replace those who age who keep their assets. Thus, the young as a group have to invest to
get assets at desired levels.



tial drop in consumption upon retirement. The second profile shown is for the case when a tax-financed
transfer to the retirees is introduced and home production benefits remain the same. The value of u”
is set equal to 0.4175. At this value of u”, there is no longer a consumption drop for the retirees. The
associated increase in the tax rate causes the income of both the employed and the unemployed to drop.”>
Thus, it is not surprising that this tax-financed transfer to the retirees leads to a reduction in average con-
sumption for young and middle-aged workers. Given the reasoning above, it is also not surprising that
the young face reduced relative consumption fluctuations during unemployment spells. As retirement
income is increased, the middle aged save less which means that a larger share of the available supply of
the risk-free asset is available for the young which makes it easier for them to buffer consumption upon
unemployment. The increase in retirement benefits, however, implies an increase in the tax rate and a
20% reduction in unemployment benefits. But the higher level of savings improves the ability to smooth
consumption by so much that the consumption level of a long-term unemployed agent is actually higher

even though unemployment benefits have fallen.

Importance of general equilibrium. The key conclusion that can be drawn from these exercises is
that the level of retirement benefits also affect those who are quite distant from retirement. This is only
partly because the young are forward looking. General-equilibrium consequences are important as well.
As those closer to retirement change their savings behavior, then this changes holdings of the financial
asset by the young and the associated equilibrium interest rate. This in turn affects their ability to buffer

consumption drops during unemployment spells.
6.1.2 The role of retirement benefits for the monetary transmission mechanism

In this section, we address the question whether the source of non-investment retirement income and its
level matters for the impact of monetary-policy shocks on aggregate-level variables and/or in terms of

distributional consequences.

General patterns of responses. Figure 17 displays the impact of a monetary-policy shock when non-
investment income is a tax-financed transfer (our baseline) and when it is in the form of home produc-
tion.”®> For both retirement regimes, we get qualitatively similar results that are consistent with conven-

tional views on the monetary transmission mechanism. That is, a monetary-policy shock leads to a drop

72 Also, unemployment benefits are defined as a fraction of the after-tax wage, which implies that the income of the unem-
ployed drops (and by the same percentage).

73The size of the shock is set to generate a maximum twenty-five basis point drop in the nominal rate, which is obtained in
either the third or the fourth period.



in both the nominal and the real interest rate. The shock is fairly persistent and the nominal interest rate
is still around ten basis points from its pre-shock level after three years. The increase in inflation is only
a few basis points, but remains positive for around three years. Wage inflation is also moderate. Output,
employment, and aggregate consumption increase as is standard. Magnitudes are possibly at the upper
end of empirical estimates, but this has the advantage that we can study our channels of interest in an
environment in which we do not underestimate the role of monetary policy.”* Movements in the average
premium component of the interest rate are always small. For example, for the baseline case the average
premium drops by 0.62 basis points on an annual basis, then increases and eventually turns positive with

a peak positive response of 0.66 basis points.”>

When analyzing the heterogeneous impact of monetary policy on different types of workers, we
average the results by type, that is, for young employed workers, young unemployed workers, the middle
aged, and the (newly) retired.”® Average consumption increases for both the employed and unemployed
young workers as well as the middle aged, but there are substantial quantitative differences. When non-
investment pension income is a tax-financed transfer, then we find that the increases in consumption
on impact are equal to 1.77%, 1.34%, and 0.80% for the young unemployed, the young employed, and
the middle aged, respectively.”” For the home-production case, we find a similar qualitative pattern.
Quantitative differences across the two retirement schemes will be discussed below. One important
reason for the differential responses across worker types is that the increase in the job-finding probability

benefits the young directly, especially the unemployed.’®:”® Another relevant aspect is that — as shown in

74Figure 3 in Miranda-Agrippino (2017) reports estimated peak responses for industrial production between roughly 2 and 3
percent for a 1 percentage point change in the policy rate, which means a range between 0.5 and 0.75 percent for a 25 basis point
drop. Standard-error bands, however, are quite large. Thus, our results are in line with these estimates. Of course, identification
issues make it nontrivial to determine the true empirical impact of a monetary-policy shock.

75Recall that the interest paid/received depends on the position taken and grows nonlinearly when the magnitude of the short
position increases.

76The consumption level for retirees depends only on aggregate conditions holding in the period when they retired. This
does introduce heterogeneity among current retirees, but the heterogeneity among those that retired in the past is not affected
by subsequent monetary-policy shocks as the annuity income of retirees is fixed in real terms.

7TBardéczy and Veldsquez-Giraldo (2024) find that during the first year of a monetary expansion, more than half of the
aggregate consumption response is due to households below the age of 40. For us, that number is 57.2%.

78The middle aged benefit directly from the increase in the pre-tax wage rate, but this effect is quite small since wages are
quite sticky. If we assume that wages are fully sticky, then the initial increase in consumption of the middle aged drops from
to 0.80% to 0.76%. If — in addition — the tax rate on the wage rate of the middle aged is kept equal to its steady-state value,
then the initial increase drops to 0.48%, but the response now turns negative after 12 quarters with a peak negative response of
-0.093%. We focus on the consumption response averaged across all existing middle-aged workers. But as time goes by, this
will include some workers who were young when the shock started. Thus, even though income of the middle-aged is kept fixed
in this latest exercise, it is not quite similar to the partial equilibrium exercise of section 4.

790ne disadvantage of our focus on the average impact across worker types is that these are affected by composition effects.
For example, the share of recently-separated workers among the unemployed increases (because the separation rate is fixed and
the job-finding rate increases) and the recently separated have a higher level of assets than the average unemployed. This leads
to a further increase in the consumption response for this group.



section 4.1 — consumption demand is more interest sensitive for young agents. Or in terms of the usual
terminology, the middle aged hold more assets relative to their remaining lifetime income. In fact, they
hold most of the supply. Specifically, per capita deposit holdings of the middle aged are equal to 138.0%
of after-tax annual income in the steady state compared to 39.0% for the young. This means that the
negative income effect associated with a reduction in the real interest rate is larger for the middle aged
than the young. The reduction in the interest rate will put downward pressure on retirement investment
income. One possible response would be for the middle aged to save more. Since the supply of the
risk-free asset is fixed, this would mean that the young would have to hold less. We see the opposite, that
is, risk-free asset holdings of the middle aged display a persistent drop which means that the holdings
of the young employed and young unemployed combined must increase.3 The reason is that the young
benefit more from the expansion since they benefit from the increase in the pre- and after-tax wage rate
like the middle aged do, but they also benefit from the increase in the job-finding rate. This mean that in
equlibrium in which the supply of the asset is fixed, the young buy more of the asset whereas the middle
aged sell. Finally, the young are closer to the constraint on borrowing which puts upward pressure on the

marginal propensity to consume.

On impact, consumption of the newly retired must fall because the reduction in the interest rate
makes the annuity more expensive and the savings they brought into retirement were chosen before the
shock occurred. In subsequent periods, consumption is also negatively affected by the lower savings

levels chosen by the middle aged.

Consumption of the firm owner typically declines in New-Keynesian models following a monetary
expansion because lower markups imply lower firm profits. We avoided this outcome by assuming that
firm owners also earn wages and parameters are such that the increase in wage income more than offsets

the drop in profits.

Incomplete markets and the impact of monetary policy. The literature has pointed out that business
cycles are magnified if consumers are less well insured against employment risk.®! Moreover, the previ-
ous subsection showed that the generosity and the type of pension benefits could have a strong impact

on the ability of young workers to smooth consumption during unemployment spells. And this turns

80This may seem inconsistent with the plotted IRFs for the first few periods, which indicate that deposit holdings of both types
of young workers drop. The explanation is a composition effect. The increase in the job-finding rate means that the fraction
of young employed workers who were recently unemployed increases. Since these are less wealthy, the average savings level
across young employed workers falls.

81See footnote 5.



out to be important to understand how changes in the retirement scheme in place do or do not affect the

monetary transmission mechanism.

To quantify the importance of incomplete markets on the IRFs describing the impact of a monetary-
policy shock, we consider the case when unemployment benefits are set equal to zero, that is, the replace-
ment rate, it”, is equal to zero instead of its benchmark value of 0.5. Then, the consumption drop upon
a long unemployment spell increases from 30.7% to 43.7%.%> And, the peak employment response fol-
lowing an expansionary monetary-policy shock increases by 11.8% from 0.853% to 1.010%. This may
underestimate the role of incomplete markets for the following reason. In our economy, unemployment
benefits are a fraction of the after-tax wage rate which means that they increase during an expansion.
This will dampen the reduction in the tax rate induced by the fall in the level of unemployment. This
matters since the unemployed have a higher marginal propensity to consume. No such mechanism is
in place when u” is equal to zero. Thus, to better access the role of incomplete markets, we assume
that the level of unemployment benefits is kept fixed to its steady-state value. Then the peak increase
in employment is equal to 0.779% when u” = 0.5. This would indicate that incomplete markets adds

1.010% minus 0.779%, i.e., twenty-three basis points, to the employment response.

In the remainder of this section, we first discuss whether the type of retirement benefits matters for
the responsiveness of economic variables to monetary-policy shocks. Next, we focus on the relevance of

the level of retirement benefits.

Aggregate responses across different retirement schemes: transfers versus home production. To
understand the role of the retirement scheme, it may be useful to recall what is different and what is
not across the two economies. Our calibration procedure is such that the steady-state values of key eco-
nomic aggregates such as GDP, employment, and market-produced consumption are exactly the same in
both economies. Although market-produced consumption is the same in both economies, part of this is
consumed by retirees under the transfer scheme whereas this is much less so with home production.®?
When retirement benefits consist of home production, it makes sense to assume that they do not fluctu-

ate with economic conditions. To make the two economies comparable, we assume that non-investment

retirement benefits under the transfer system are of the same magnitude and also do not vary in response

82The increase in the consumption drop during unemployment spells is dampened in general equilibrium since the reduction
in the replacement rate induces a large shift in who holds the risk-free asset. Specifically, whereas the young hold 22.0% of the
available supply under our baseline calibration, this increases to 65% when the replacement rate is equal to zero.

83With home production, retirees augment their consumption obtained through home production with market-produced con-
sumption financed with the annuity.



to aggregate shocks. Thus, the transfer-based economy differs from the home-production economy be-
cause (i) steady-state consumption of workers is lower since a larger fraction of the consumption goods
produced in the market goes to retirees and (ii) part of aggregate market-produced consumption is fixed,
namely the part that goes to retirees.®* The lower value for worker’s consumption level is brought about
by higher taxes, thus a related difference is that after-rax wages are lower in the economy with tax-
financed pension benefits. With a fixed supply of the risk-free asset, this means that relative to after-tax

wages, workers hold more savings.®

Figure 17 documents that there are substantial differences between the IRFs of a monetary-policy
shock in the two economies. For example, the peak increase in employment is equal to 0.853% in the
transfer economy and 1.232% in the home-production economy.®® The previous paragraph makes clear
that this cannot be due to different steady-state values for key economic activity measures like GDP
or employment. To disentangle our results, we first consider the case when the value of the monetary-
policy shock is the same in both economies and equal to the value in the baseline economy. Then, we
find that the peak employment increase is equal to 0.902% with home production and the drop in the
nominal interest rate is only 18.3 basis points, compared to 25 basis points in the baseline. Although the
response in aggregate real activity is reduced, it is still larger than the 0.853% observed in the baseline
economy with tax-financed retirement transfers. This stronger response in real activity is responsible
for the smaller drop in the nominal interest rate since our Taylor rule assumes some tightening when
economic activity increases. Thus, when we increase the value of o,r to get the same drop in the nominal
interest rate in both economies, the difference in the employment responses across the two economies

increases.

The question that remains to be answered is why economic activity responds less strongly in the
economy with tax-financed retirement benefits to begin with, that is, when the monetary-policy shocks
are of the same size. Above, we pointed out that an increase in the inability to smooth consumption mag-
nifies the impact of monetary-policy shocks on the economy. Thus, one possible reason is that agents in
the economy with tax-financed retirement benefits face smaller relative changes in consumption during

unemployment spells. As pointed out above, it is indeed the case that during an extended unemployment

84Non-investment retirement benefits are not only fixed for those who retired in the past, but also for newly retired workers.
Of course, non-investment retirement income is also fixed with home production, but this is not part of market-produced
consumption (and not part of GDP either).

85This has a positive effect on the ability of young workers to smooth consumption during unemployment spells.

86 Throughout this section, we focus on employment, but the story is basically the same for output. Specifically, the corre-
sponding numbers for GDP are 0.554% and 0.801%.



spell consumption drops by 30.7% with tax-financed benefits and with 32.9% with home production.?’
Although there is a bit more incompleteness in the economy with home-production benefits, the differ-
ence is too small to be significant for the substantial difference in the aggregate responses in the two
economies.®® Since this channel does turn out to be quantitatively important in subsequent experiments,

we do want to point it out here as well even though its quantitative role is small.

This lower responsiveness of aggregate activity with tax-financed benefits is consistent with the fact
that an important demand component of GDP is fixed in this environment, namely the market-produced
consumption that retirees receive as a transfer.?” But is this consistent with the behavior of interest rates?
Is it not the case that the Euler equation implies that at least the real interest rate is less volatile when
consumption is less volatile. To understand the following recall that the economy with tax-financed trans-
fers does not only differ from the home-production one in that a share of market-produced consumption
is fixed, but also that consumption levels are lower since there is no home production. The latter is im-
portant since the Euler equation tells us that relative changes in consumption matter for the volatility of
interest rates.”® And relative to its lower steady-state value consumption actually increases by more with
tax-financed benefits when the same value for o, is used.’! Specifically, for aggregate consumption, the
two numbers are 0.556% and 0.513%.°> The Euler equation implies that a larger percentage increase
in consumption goes together with a larger drop in the real interest rate. This is indeed what we find,
namely 27.4 versus 21.1 basis points. And it turns out that the inflation response is very similar, which
means that this difference in the response in the real rate is consistent with the observed difference in the

responses of the nominal interest rate.

Distributional responses across different retirement schemes: transfers versus home production.
Above, we already discussed why the young — and especially the unemployed — experience the largest

consumption increases following a monetary expansion. Here, we discuss the quantitative differences

87This is the general equilibrium outcome and this difference is dampened by the endogenous change in who holds the
deposits. Specifically, the young hold 22.0% of the supply in the baseline economy and 26.7% in the economy with home
production.

83 Specifically, when we decrease the replacement rate from 0.5 to 0.429 in the baseline economy, then the consumption drop
upon displacement is as big as the one in the home-production economy. But the peak employment response only increases
from 85.3% to 87.0%, so it is still substantially lower than the 1.232% that is observed in the home-production economy.

89Recall that we assume that retirement benefits are fixed in both economies to make the two economies comparable. But
retirement consumption financed by taxes is part of GDP whereas home-production benefits are not.

90That is, how strongly ¢; . with T > 1 responds relative to c;.

91 Another way to think about this is the following. The fixed obligation to finance retirement benefits becomes relatively
smaller as the economy expands. This leads to an additional reduction in the tax rate and means that the consumption response
relative to its steady value is higher with tax-financed benefits.

92 And we find the same ranking for the consumption responses for all agent types.



Figure 17: Monetary-policy shock IRFs: Tax-financed (—) versus home-production (——) retirement benefits
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Notes: This figure displays the IRFs for a monetary-policy shock for the economy with tax-financed retirement benefits (solid
and black) and for the one in which retirement benefits consist of home production (dashed and red). For the tax-financed
regime, we have u” = 0.5 and for the home-production case, we have y/ = 0.5. Thus, retirement benefits are the same as
a fraction of pre-retirement after-tax wages. Magnitude of the monetary-policy shock is normalised to generate a 25 basis
point decline in the nominal interest rate. Specifically, the values for o are equal to 0.0019165 and 0.0026169 for the case
with tax-financed benefits and the one with home production, respectively. Other parameters are set according to the baseline
parameterization.

across the two pension regimes. To correct for the different impact on aggregate activity, we consider
how the relative consumption responses across worker types depend on the pension regime. With tax-
financed pension benefits, the consumption response of the young employed is 1.68 times as big as the
one for the middle aged and for the young unemployed this number is equal to 2.22. For the home-
production pension benefits, the two corresponding numbers are equal to 1.91 and 2.88. The reason for
the difference is that the employment response is stronger with home-production pension benefits, which

benefits the young.”

Role of the level of retirement benefits for monetary policy. Next, we discuss whether the level of
u” matters for the impact of monetary policy.”* Figure 18 displays the IRFs for a monetary-policy shock.

The size of the shock is again rescaled to ensure that we get a maximum twenty-five basis point drop

93Note that the observed small increase in steady-state holdings of the risk-free asset by the young in the home-production
economy goes in the opposite direction as this would increase the negative income effect.
94n terms of the lessons learned, the same results are obtained when we vary the level of post-retirement home production.



in the nominal interest rate for each of the three values of y” considered. The values considered for u”
are 0.2685, 0.5, and 1. A lower value for " implies a larger drop in non-investment retirement income
but this drop is limited in general equilibrium because the middle aged save more when u” is lower.
Consequently, a smaller fraction of the supply of the risk-free asset is available for the young, which
in turn means that they are less capable of smoothing consumption during unemployment spells. And
we know that the latter can magnify business cycles. When u” is equal to 0.2685 (and y” equal to its
benchmark value of 0.5), then the drop in consumption during an extended unemployment spell is equal
to 43.7%, which is exactly equal to the case discussed above when unemployment benefits are equal to

zero. This compares to a drop of 30.7% in our baseline scenario with g” = u” = 0.5.

The key observation is that the generosity of the pension system has a large effect on the impact
of monetary policy on the economy. Specifically, the peak response of employment is equal to 1.30%,

0.85%, and 0.54% when '’ is equal to 0.2685, 0.5, and 1, respectively.”

The results in the figure are based on the case when the size of the shock is adjusted to generate the
same twenty-five basis point drop in the nominal interest rate. If the size of the shock is kept the same
as in the baseline calibration and p” is equal to 0.2685, then the peak increase in employment is only
equal to 0.91% and the drop in the nominal interest rate only 17.5 basis points. Thus, the increase in the
employment rate is still bigger than in the baseline scenario, but less so. Whenever parameters are such
that the impact on real activity is stronger, then monetary policy will make the difference smaller because
the Taylor rule is such that there is upward pressure on the nominal interest rate when output increases.
And that mechanism is quantitatively important as the endogenous response of the nominal interest rate

is only 17.5 instead of twenty-five basis points.

One reason why the impact on economic activity is larger when u” is lower is that workers are less
well insured which happens in equilibrium because at lower values of y” a larger fraction of the supply
of the asset goes to the middle aged. As mentioned above, the drop in consumption during an extended
unemployment spell when " is equal to 0.2685 (and ¥ equal to 0.5) is the same as when u” is equal
to zero (and " equal to 0.5). Thus, these two economies are comparable in terms of the magnitude of
idiosyncratic unemployment risk. Above, we calculated the impact of this level of incompleteness to
be twenty-three basis points. This is a substantial fraction of the difference between the baseline peak

response of 0.85% and the 1.30% peak response observed here, but not the complete story.

95 And the peak response would be even bigger when even smaller values for p” are considered. For example, it is equal to
1.59% when p is equal to 0.1, the value considered in the previous subsection.



Another relevant part of the story is the analysis of section 4.1 which makes clear that lower values
of u” are associated with lower values of the steady-state level of the interest rate which in turn imply
a higher sensitivity of demand to interest rate changes. And as shown in figure 10, the level of non-
investment retirement benefits have a strong impact on the steady-state real interest rate in the full model
as well. Moreover, the analysis of the simple OLG model indicates that changes in yu” mainly affect
demand elasticities of the young. And that is exactly what we find here. When u” is equal to 0.2685,
the peak impact of a monetary-policy shock on aggregate consumption is equal to 0.82% compared to
0.56% in the baseline, that is, an increase of 52.2%. But the peak consumption response of the middle
aged only increases to 0.83% from 0.80%. By contrast, the peak responses for the young increase from

1.35% to 1.75% and from 1.77% to 3.10% for the employed and unemployed, respectively. %

The model is very rich and there may be other mechanisms that strengthen or offset the ones discussed
here. But the result that the type and generosity of the pension system affect the impact of monetary

policy is clear.
6.2 Higher bond supply versus relaxation borrowing constraint

A relaxation of the borrowing constraint makes it easier for individuals to smooth consumption in re-
sponse to income fluctuations. Aiyagari and McGrattan (1998) argue that an increase in the supply of
government bonds can do the same.”’ The reason is quite intuitive. The increased bond supply intro-
duces an asset, i.e., a stock, and an offsetting tax liability consisting of a flow of future tax payments. On
average, these would offset each other. When individual agents face an unemployment spell, however,

they can liquidate (part of) the asset to smooth their consumption.

In this section, we analyze how an increased bond supply compares with a relaxation of borrow-
ing constraints in our general-equilibrium framework. In particular, we check whether the mechanism
described in the previous paragraph also holds in our framework with rich heterogeneity, that is, when
agents do not only differ in employment status, but also in age. Since we have a general-equilibrium
framework, we can study whether the interest and tax rates respond differently in response to these two

changes in the economic environment. Age heterogeneity may matter because the question arises who

96The analysis of section 4.1 indicates that a drop in u” from 0.5 to 0.2685 corresponds with a change in the interest rate
elasticity for consumption of the young from -1.08 to -1.44 and for consumption of the middle aged from -0.60 to -0.61. Thus,
the change for the young is much bigger than the one considered here. However, the interest rate change considered here does
not last a generation. Nevertheless, the results of the full model are consistent with the remarkable outcome that the IRFs
consumption responses of the young do depend on the value of " and the ones for the middle aged to not.

97 As long as government expenditures are kept constant.



Figure 18: Monetary-policy shock IRFs: Dependence on the level of retirement benefits
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Notes: This figure displays the IRFs for the indicated variables associated with a monetary-policy shock for three different
levels of tax-financed retirement benefits. Magnitude of the monetary-policy shock is normalized to generate a 25 basis point
decline in the nominal interest rate. Specifically, the values for ogr are equal to 0.0027320, 0.0019165 and 0.0013114 for u”
equal to 0.2685, 0.5 and 1, respectively. Other parameters are set according to the baseline parameterization.



will hold the additional supply of the risk-free asset; those for whom additional supply could reduce
consumption fluctuations caused by unemployment spells or those for whom it would imply a smaller

consumption drop upon retirement.”®

Section 6.2.1 compares the impact of these two modifications on the steady-state time paths of con-
sumption and asset holdings when employment status changes as well as when the agent ages and retires.

Section 6.2.2 studies how the IRFs of monetary-policy shocks are affected.
6.2.1 Steady-state results

In our first modification, we increase the bond supply, d, by 67% from 3 to 5. This increase mainly ends
up in the hands of the middle aged whose average bond holdings increase by 81.6%, whereas average
bond holdings of the young increase by only 13.7%. It makes sense that most of the increase goes to the
middle aged as the young have less time to build up savings. Nevertheless, the relatively small increase
in bond holdings for the young does help to stabilize their consumption during unemployment spells. In
our baseline version of the model, the consumption of a long-term unemployed worker drops by 30.7%,

whereas it drops by only 23.8% in this alternative environment.

The increase in d would be associated with higher tax rates to finance interest payments even without
a change in the interest rate. In general equilibrium, the increased supply causes the interest rate to go up,
which leads to a further increase in the tax rate. Specifically, when the bond supply, d, increases from 3
to 5, then the model predicts the following steady-state increases: the annual interest rate increases from

4.37% to 5.13% and the tax rate from 29.3% to 33.4%.

To study the relaxation of the borrowing restriction, we lower 1,;. A reduction in 7, not only in-
creases the maximum amount that agents can borrow, it also lowers the premium paid by borrowers at
levels that were possible under the original basline parameter value. To ensure that the percentage drop in
consumption during a long unemployment spell is lowered by the same percentage as when bond supply
increases, we lower 77, from —0.3 to —5.26, which means that the maximum amount an agent can go
short increases substantially. Aggregate resources are the same in both model modifications considered
here.”” We find that the young, including the employed, become borrowers. That is, their steady-state

bond holdings fall from a positive level equal to 39% of their annual income to a negative 35%.

98This is related to Samuelson (1958), who pointed out that introducing an asset like money or government bonds affects the
ability to save for retirement.

99Key is that our calibration procedure targets the same unemployment rate and is not affected by changes in equilibrium
outcomes like the interest or tax rate.



With this modification, the interest rate also increases. The reason is that the relaxation of borrowing
restrictions reduces the precautionary component of the demand for the risk-free asset. Specifically, the
interest rate increases to from 4.37% to 5.02%, which is a substantial increase, but less than the one
associated with the increase in bond supply. The steady-state tax rate increases from 29.3% to 30.6%.
It makes sense that the tax rate increases by less for this second modification considered, because the

interest rate increases by less and the government does not change the number of bonds issued. !

Figures 19 and 20 plot time paths for individual consumption and bond holdings, respectively. Both
for the baseline version of our model and the two modifications introduced here. Specifically, the starting
point is the situation where a young worker has been employed for quite a while and his wealth has
reached a steady-state value. Next, they face an unemployment spell of ten quarters, followed by a

sustained period of employment before they become middle aged and eventually retire.

Figure 19: Individual consumption time paths: Higher supply of the risk-free asset versus relaxation financial constraint

1.3 T T T

1.05—

0.95—

Baseline
== == Higher d

T

0.85

= = Lower 7

| | 5
30 40 50 60
Quarter

0.8
0

Notes: This figure plots individual consumption paths for three environments: the baseline, the economy with a higher supply
of the risk-free asset, d, and the economy with more relaxed borrowing constraints, i.e., lower 77;. The parameter changes for
the two alternatives are such that the relative consumption drop during a sustained unemployed spell are equal. For additional

notes see figure 14.

10Because we have combined the government and the financial sector, there is one other minor factor that affects the tax rate.
That is, the tax rate is also affected by profits made by the financial sector due to households paying more when borrowing than
when saving. Although the effect is small, the higher level of borrowing associated with the reduction in 7]; increases these
intermediation profits which dampens the increase in the tax rate slightly. Also, see footnote 16.



Figure 20: Individual asset-holdings time paths: Higher supply of the risk-free asset versus relaxation financial constraint

14 T T T T T T T T

Baseline I
12| = Higher d n
1o = Lower 7, ,' |

35 40 45

Quarter

Notes: This figure plots individual holdings of the risk-free asset for three environments: the baseline, the economy with a
higher supply of the risk-free asset, d, and the economy with more relaxed borrowing constraints, i.e., lower 77,;. The parameter
changes for the two alternatives are such that the relative consumption drop during a sustained unemployed spell are equal. For

additional notes see figure 14.

To interpret the figures, it is important to realize that an increase in the interest rate and the associated
increase in the tax rate operates like a transfer to those who save more from those who borrow (or save
less), because the increase in the tax rate affects workers equally, but the additional interest income is not
distributed equally.'”! And this mechanism is in place for both modifications. Keeping this in mind, we

can make the following observations.

In the new steady state, this transfer from borrowers and small savers to big savers is larger when
d increases than when 7], drops, since the former not only results in extra income for those holding
most of the increased supply, it also leads to a larger increase in the interest rate. Given that there is
such a transfer and given that aggregate resources remain the same, we can expect the consumption of
the young to be lower under both modifications relative to the benchmark and the drop to be bigger for
the increase in d. As documented in the figure, however, this is only true for young employed workers.
In fact, the increased capability to smooth consumption is so large that consumption during a sustained
unemployment spell is actually higher than the benchmark value for both modifications. Perhaps not
surprisingly, this is especially true when the borrowing restrictions are relaxed. As documented in figure

19, however, the “big winners” in terms of steady-state consumption are the retirees. Their consumption

101Unemployment benefits and retirement income are fixed as a fraction of after-tax wage income, so an increase in the tax
rate also affects the non-investment income of the unemployed and the retirees proportionally.



increases by 15.2% when d increases and by 11.9% when 77, drops. The increase in d is more beneficial
for the retirees as it not only increases their wealth when they retire, but also comes with the larger
increase in the interest rate. For the middle aged, we see a drop in steady-state consumption although a
smaller percentage decrease than for the young employed. The middle aged are of course also affected
by the higher tax rate, but by holding more assets than the young, the middle aged benefit more from the
increase in the interest rate. One aspect that lowers steady-state consumption of the middle aged is that
the middle aged increase their asset holding by more when they age under both modifications, which —

of course — depresses consumption. '

6.2.2 Higher average bond supply versus relaxed borrowing constraint and monetary policy

Figure 21 displays the IRFs of a monetary-policy shock for the baseline environment and the two alterna-
tives. The innovation standard deviations are chosen such that the peak response of the nominal interest

rate is the same in all three environments and equal to 25 basis points.

Both the higher bond supply and the relaxation of the borrowing constraints lead to a smaller expan-
sion. Specifically, whereas the peak employment response is equal to 0.853% in the baseline case, it is
equal to 0.740% when borrowing restrictions are relaxed, and 0.750% when bond supply is increased.
Both model modifications imply that agents are better insured which would dampen the magnification
channel due to a reduction in precautionary savings as unemployment risk falls during the expansion.'??

For other aggregate variables we find relatively minor differences across the three different economies.

Larger differences are observed across the responses for the population subgroups.

As discussed above, the young benefiting relatively more from the monetary expansion induces a
relative shift of ownership of the fixed supply of the risk-free asset towards the young because of con-
sumption smoothing motives. That is, the middle aged reduce their bond holdings and the young to
increase theirs. The two changes considered induce a shift in steady-state wealth from the young to the
old. This increases the negative income effect of the interest rate increase for the middle aged, but reduces

it for the young.'%* Consequently, the mechanism just described becomes stronger because the benefits

1025ince we look at the steady state, we do not take into account the transition from the baseline to the alternative environments
during which the middle aged have to sacrifice consumption to build up the larger asset holdings. We do take into account that
the middle aged have to accumulate a larger increase in asset holdings when they become middle aged.

103This is the well-known channel emphasized in the literature. See footnote 5. Quantitatively, the reduction in the impact
of the shock is comparable to the one discussed in section 6.1.2. There we found that a reduction in the consumption drop
during an extended unemployment spell from 43.7% to 30.7% was associated with a reduction in the employment response of
twenty-three basis points. Here we are considering a reduction in the consumption drop from 30.7% to 23.8% and a reduction
in the employment response of around ten basis points.

104These effects may not cancel out because of nonlinearities in the model. In that case, this could affect the aggregate impact



of the monetary expansion for the middle aged are reduced relative to the benefits of the young. The
result that the expansion and reduction in unemployment risk is smaller goes in the opposite direction. It
turns out that the first effect dominates as we find that the reduction in bond holdings by the middle aged
is larger for the two modifications considered and biggest for the increase in bond supply which also is
associated with the biggest relative shift in steady-state wealth from the young to the old. The magnitude
of the consumption responses of the young relative to the consumption responses of the old are also
consistent with this mechanism. Specifically, we find the following. On impact, the baseline response of
per capita consumption of young employed workers is 68% percent higher than the corresponding one
for the middle aged. When we increase the bond supply, then this increases to 72% and increases further

to 203% for the case with a relaxation of the borrowing constraint.

The larger drops in bond holdings of the middle aged lead to substantial larger drops in the consump-

tion levels of the newly retired.

of a monetary expansion. But given that the aggregate responses are quite similar, this does not seem to matter.



Figure 21: Monetary-policy shock IRFs: High bond supply versus relaxation borrowing constraints
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Notes: For the three different economies considered, this figure plots the IRFs for the indicated variables associated with a
monetary-policy shock that leads to a maximum twenty-five basis points drop in the nominal interest rate. For the baseline
calibration this meant setting oz equal to 0.0018661. And the values for o,r for the case with a higher bond supply and looser
borrowing constraints are equal to 0.0016723 and 0.0016380, respectively. Other parameter values are set according to the

baseline calibration.

Comparing with previous experiment. How do the distributional differences documented here com-
pare with the ones due to changes in p”? There are some notable differences. When u” was lowered
from 0.5 to 0.2685, the peak employment response increased from 0.556% to 0.825%, but the peak con-
sumption response of the middle aged increased only a bit, namely from 0.800% to 0.830%. When 1,
is lowered from -0.3 to -5.26, the peak employment response drops from 0.556% to 0.469%.'%> Thus,
a much smaller change at the aggregate level. Nevertheless, whereas the consumption response of the
middle aged was relatively constant when we varied (", it now drops from 0.800% to 0.637%. But then

the change in 7, led to a 53% increase in the steady-state holdings of the risk-free asset by the middle

105The discussion is qualitatively similar for the increase in bond supply, but quantitatively the results are even stronger for
the change in 7.



aged, which strengthens the negative income effect. The weaker employment response would imply that
the consumption responses of the young relative to the one for the middle aged should fall. However,
as the young now hold less of the risk-free asset their negative income effect gets smaller which would
go in the opposite direction. In fact, the peak consumption response of the employed young basically

remains the same.

To summarize, the comparative statics of this section show that changes in some key model param-
eters related to the ability of workers to insure themselves against unemployment fluctuations affect not
only the impact of monetary-policy shocks, but also have important distributional consequences. And
the key insight is that it is important to understand how changes in the economic environment affect who

holds the risky asset.
6.3 Alternative life-cycle income profile

Our baseline results are based on a flat labor-income profile. This helps in understanding the mechanisms
highlighted in this paper. But wages typically increase with age. This would increase the heterogeneity
between the young and the middle aged? This section addresses the question whether this enhanced
heterogeneity affects our results. Specifically, we consider the case when z”/¥ = 1.5, that is, when
productivity of a middle-aged agent is 50% higher than that of a young agent, a considerable increase. At

the same time, we adjust the overall productivity so that total resources in the economy are not affected.
6.3.1 Steady state results

For this increase in the value of z”/?, we find that average deposits of the middle aged increase by 14.6%
and they decrease by 51.5% for the young. Since we keep aggregate resources fixed, the increase in
Z"/Y implies an increase in the after-tax wage of the middle aged and a decrease for the young. This
also means that the changes in bond holdings are a bit different when expressed relative to annual wage
income. Relative to annual after-tax wage income, the holdings of the young drop by 36.1% (from 0.390
to 0.249), whereas for the middle-aged the fraction displays a mild increase (from 1.378 to 1.388). The
real interest rate increases which is consistent with the young wanting to reduce their bond holdings to
smooth consumption. But the increase is quite modest; the annual steady-state real interest rate increases

from 4.37% to 4.42%.

Figure 22 plots a consumption time path for our baseline parameterization and the one in which the

middle aged earn a much higher wage income. Again, it displays the time path of a young agent who has



been employed for a while, then becomes unemployed, followed by another sustained employment spell
after which the agent “ages” and becomes middle aged and eventually retires. A striking observation is
that consumption drops by more during unemployment spells for the higher value of z/7. Specifically,
it drops by 30.7% when z”/¥ = 1 and by 40.9% when z"/¥ = 1.5. This is, of course a direct consequence
of the young holding less of the risk-free asset relative to their wage income. Consumption increases
when the agent becomes middle aged and their income displays a sudden large increase. The percentage
decrease in consumption upon retirement is very similar, namely 37.7% when z”/¥ = 1 and 36.8% when
Z"Y = 1.5. This finding is consistent with the observation made earlier that relative to wage income

holdings of the risk-free asset by the middle aged are roughly similar for the two economies considered.

Figure 22: Individual consumption time paths: Role of increasing life-cycle wage profile
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Notes: This chart shows the lifetime consumption paths when the productivity of young and middle-aged is the same, =1,

and when wages increase with age, Y =15.

6.3.2 Increasing life-cycle wage income profile and monetary policy

Figure 23 plots the IRFs for a monetary-policy shock for the baseline calibration and the alternative
considered here when the middle aged earn substantially higher wages. Although the change in 7"/
is substantial, it has only a small impact on the aggregate response. Specifically, the peak response of
employment increases from 0.853 to 0.922 when we increase ™Y from 1 to 1.5. This is somewhat
surprising. In anticipation of the expected increase in income, the young now save less. This implies
that they are less able to insure against unemployment spells and in other experiments we found this

to magnify aggregate responses. What is different here is that the young become quantitatively less



important for aggregate activity when z”/¥ increases, that is, when the middle aged earn more than the
young. Moreover, the middle-aged have not only become more important in terms of wage income, but
also as owners of the risk-free asset which means that the negative income effect associated with the

decrease in the real interest rate becomes more relevant at the aggregate level.

Under the baseline calibration, the response of per capita consumption on impact is equal to 0.80%,
1.35%, and 1.77%, for the middle aged, the employed young, and the unemployed young, respectively.
For the case considered here, those numbers are 0.84%, 1.73%, and 2.78%. So it is still true that the
stronger expansions mainly affects the young. Although the expansion is not that much bigger at the
higher value for z”/*, the fact that the young are quantitatively less important means that it is easier
to change bond holdings to increase consumption without any dampening general equilibrium effects

through changes in the interest rate to kick in.

Figure 23: Monetary-policy shock IRFs: Role of increasing life-cycle wage profile
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Notes: The figure considers the case when the wage profile is flat and increasing with age. For the two different economies,
the figure plots the IRFs for the indicated variable associated with a monetary policy shock that leads to a maximum twenty-
five basis points drop in the nominal interest rate. For the baseline calibration this meant setting o equal to 0.0019165 and
to 0.0020874 for the case with a higher middle aged productivity. Other parameter values are set according to the baseline

calibration.



6.4 Financial trades between workers and firm owners

The results presented up to now are based on a version of the model in which firm owners do not have
access to the market for risk-free assets. This restriction allows us to cleanly highlight the differences in
the demand for the risk-free asset across the different types of workers. This relates both to differences in
steady-state holdings and in response to shocks or parameter changes. For example, we learned that an
increase in the bond supply ends up mainly in the hands of the middle aged. In this section, we relax this
assumption. This has the potential of introducing additional mechanisms. For example, if all workers
would like to save more, then that is now possible by lending funds to firm owners. And this does still
allow firm owners to keep their savings level the same (or change) as the additional funds can be invested

in capital and/or firm creation (or not).
6.4.1 Model modification to allow for additional financial interactions

The baseline results presented in previous sections are based on parameter values that ensure that firm
owners freely choose to take neither a long nor a short position in the risk-free asset in the steady state.'*®
Thus, not allowing financial transactions between workers and firm owners was only binding in the
previous analysis when considering aggregate shocks. Without this assumption, firm owners may very
well hold a non-zero position in the risk-free asset in the steady-state as well, which would mean that
workers indirectly hold a position in the capital stock and the corporate sector. This would resemble a

change in the supply of the risk-free asset, d.

We impose a quadratic adjustment cost, nj (d/)?, to ensure that Blanchard-Kahn (BK) conditions are
satisfied in the stochastic economy in which firm owners can borrow and lend at the risk-free rate. The
scale parameter of the penalty term, nj; , is chosen to a value that is so small that choosing a lower value
no longer affects the results. That is, the magnitude of the adjustment-cost parameter prevents instability

due to Blanchard-Kahn problems, but allows for the largest possible amount of financial interaction.'?”

1065 pecifically, the firm owners’ discount rate is set equal to the equilibrium real interest rate. This requires solving a nonlinear
equation, because the firm owners’ discount rate does affect the equilibrium interest rate. For example, it affects capital
accumulation, which affects wage levels, which in turn affects the demand for the risk-free asset.

107The derivative of this penalty term is zero at d '+ =0, which implies that the steady state of our model remains exactly the
same when we allow for these additional financial trades. But some curvature is needed in the first-order condition to ensure
that the Blanchard-Kahn conditions are satisfied. We also considered a penalty function like the one that workers face. This
would require choosing more parameter values. More importantly, we found that the quadratic penalty term allowed for more
trades before running into BK problems.



6.4.2 Additional financial market interaction and monetary policy

Figure 24 shows the IRFs for a monetary-policy shock, both when d is restricted to be zero and when it is
allowed to vary. There are two questions that we are interested in. First, does this modification affect the
differential responses across worker types presented above? Second, are aggregate results affected? We
first discuss the second one. A striking observation is that the aggregate employment response is higher,
namely 1.06% instead of 0.85%. Note that we have not re-scaled the standard deviation of the monetary-
policy shock and the stronger economic response induces some dampening since 6, > 0, resulting in a
maximum decrease of the nominal interest rate of only 12.7 instead of 25 basis points. If the shock would
have been such that the drop in the nominal interest rate would have remained the same, then the output

response would have more than doubled.

The larger increase in employment is made possible by a higher level of vacancy posting which in turn
is made possible by firm owners taking a short position in the risk-free asset, that is, dy, < 0. A monetary
stimulus increases the profits of the intermediary firm providing inputs to the final-goods producer. This
will lead to more vacancy posting and this channel is strengthened when firm owners can benefit from
lower interest rates by borrowing in the bond market. Overall profits of the monopolistic final-goods
producers fall, but they increase when capital rental costs are excluded from the profit measure. It makes
sense to exclude rental costs to study behavior of firm owners, since rental costs are paid by this group

as owners of firms, but are also received by this group as they own the capital stock.'%

What is intriguing about the much larger aggregate response is that this is accomplished with firm
owners borrowing relatively little. Namely, the peak increase in the amount borrowed is only 0.57% of
the supply of the risk-free asset. Although beyond the scope of this paper, this does indicate the quanti-

tative importance of the financing of job creation for the strength of the monetary-policy transmission.

How does this model modification affect different worker types? Workers as a group are lending to
firm owners since the IRF for dy is uniformly negative.'”” Moreover, the IRF of per capita holdings of
the risk-free asset shifts up for all three worker types. In fact, the IRF for asset holdings of the middle
aged changes sign and is now uniformly positive. These increases in their asset holdings put pressure

on their consumption levels. However, workers benefit from the stronger aggregate response and lower

1081 our baseline calibration, the mass of firm owners and, thus, the wages earned are relatively small. Consequently, the
results discussed in this section are virtually unchanged when firm owners do not provide labor. Recall that the main reason we
allowed firm owners to earn wages is that it ensures that the IRF for firm owners’ consumption is positive, also on impact.

109Recall that with a fixed supply of the risk-free asset, a positive response for one group must necessarily mean a negative
response for another.



unemployment rates. In terms of average per capita consumption levels, the peak response for young
employed falls from 1.35% to 1.08%. But this is partly due to a composition effect in that the increased
flow out of unemployment into employment lowers average wealth of the employed. The corresponding
numbers for the middle aged are 0.80% and 0.47%. The response of per capita consumption for the
unemployed is roughly unchanged. However, if we would have scaled the size of the shock to get the
same drop in the nominal interest rate (i.e., 25 basis points), then consumption of all three worker types

would have increased, especially for the unemployed.

A remarkable observation is that the consumption response for the newly retired switches from uni-
formly negative to mainly positive except for an initial drop. This is due to the switch in the sign of
the response for asset holdings by the middle aged and the lower drop in the interest rate relative to the

increase in resources.

In terms of how monetary policy affects consumption levels of the different types of workers, the
results are qualitatively not affected much except for the newly retired. For example, the consumption

response of the young employed is still much bigger than the consumption response of the middle aged.



Figure 24: Monetary-policy shock IRFs: With and without firm-owner access to risk-free asset market
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Notes: The figure considers the case when firm owners can and cannot take positions in the risk-free asset. The solid line
correspond to our baseline case when they cannot and the dashed line when they can. The figure plots the IRFs for the indicated
variable associated with a monetary policy shock that leads to a maximum twenty-five basis points drop in the nominal interest

rate in the baseline economy. Other parameter values are set according to the baseline calibration.

7 Concluding comments

One motivating factor in writing this paper was to see whether the negative income effect of reductions in
the interest rate could be so strong that consumption for some would actually go down during a monetary
expansion. Indeed, we find that this happens for the newly retired, although the drop is quantitatively
small. It must be noted, however, that their only variable income is an annuity whose value is related to
the interest rate. By contrast, we find that consumption of the middle aged robustly increases following
a monetary expansion although the increase is always substantially less than the increase for the young.
One caveat is that our computational setup allows us to only focus on the middle aged as a group. It may
very well be the case that the consumption response of those who are close to retirement is close to the

small but negative response of the newly retired.



Finding age-related heterogeneous responses is not surprising. More surprising, at least to us, is the
result that the generosity of the pension system also affects the impact of monetary expansions on overall
economic activity. There are two reasons for this. When pension benefits are less generous, then the
middle aged save more which means that a smaller fraction of the supply of the safe asset is available to
those who are subject to unemployment risk. Consistent with the literature, this increase in the inability
to insure against unemployment risk amplifies business cycles including those induced by changes in the
central bank’s policy rate. This “battle” among different age groups on who gets to hold the available
supply of the safe asset turns out to be important for several policy experiments considered, not just the
one related to the pension system. Another reason why the pension system matters is that it affects the
level of the equilibrium real interest rate. The reason for this is that consumption choices depend on the

Net Present Value of future income which is a nonlinear function of the interest rate.

Incorporating aging and retirement (benefits) necessarily complicates the model. Since these modifi-
cations are rarely included, it has been important to us to keep the environment relatively simple so that
we could highlight relevant mechanisms. Of course, computational constraints also require modesty in
how rich the model can be. But these considerations mean that our analysis is incomplete and should be
considered as a stepping stone for further research. There are several desirable additions to the model.
The first is a richer investment portfolio including real estate. The second is the introduction of pension
funds. The third is a refinement of the demographic structure so that the model can study not just the
middle aged on average but also those who are really close to retirement. These modifications are likely
to affect the interaction between pension systems and monetary policy. But we suspect that our main

mechanisms — and in particular the battle for the safe asset — will remain relevant.
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A Two-period model

Household problem:
(Cm)lfd)_l (Cr)lfd)_l
B S e
S.t.
"MD" =y", (66a)
=pu"+(1+r)d". (66b)

Here, ¢ denotes consumption in the first period, ¢” consumption in the second period, o™ savings, and r
the interest rate. If we think of the first period as the one when the agent is middle aged and the second
when the agent is retired, then this model captures in a very crude and simplified manner the savings

problem of a middle-aged agent in our model. The usual Euler condition is equal to

() =B(1+r)()*

Using the second-period budget constraint and rearranging gives

"= [B(L+0)]7F (W + (14r)b")

"= [B(L+0)7F (U + (147) (" ™))

=B+ F W " (1+7) =" (147)]

(T4 B4R (1)) = [BO+r)] 78 [0 45" (147)]
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That is, the optimal solution is to consume a given fraction of the lifetime income.



B Numerical implementation

The true rational expectations solution depends on the cross-sectional joint distribution of wealth, age,
and employment status which is an infinite-dimensional object. Moreover, it is time-varying object
in the presence of aggregate shocks. One possibility is to summarize this cross-sectional distribution
with a set of moments.'!? Agents’ wealth heterogeneity is due to agents having different histories of
idiosyncratic shocks. The idea of the approximation method developed in LeGrand and Ragot (2022)
is to keep track of agents’ histories over only a finite number of previous periods. Another key feature
of the Legrand-Ragot (LR) algorithm is that it follows Reiter (2009) and adopts a projection method to
deal with idiosyncratic risk and uses perturbation to deal with aggregate risk. Idiosyncratic risk such as
unemployment risk is nontrivial and the approximation method may require sufficient flexibility to deal
with possible nonlinearities. By contrast, aggregate risk is much more moderate at least along typical
business cycles. We find that this algorithm works well for our particular environment in which the young

face idiosyncratic employment risk and the middle aged do not.

As mentioned above, the key approximating step is to keeps track of only a finite number of past
employment status outcomes. We will refer to this truncation parameter as N. If N is equal to infinity,
then one captures the complete history of all agents just as is the case in the true rational expectations
solution. The idea of the algorithm is set N high enough so that the results of interest remain unchanged

when N is increased.!!!

The economic interpretation of the solution for a particular value of N. In principle, one can de-
scribe the approximation for a fixed value of N as a particular recursive economy.''> Some readers may
find the environment a bit weird, as it involves agents living on different islands and pseudo-social plan-
ners. Those readers can simply ignore the “story” and simply consider the algorithm as mathematical
approximation that keeps track of a finite number of past histories instead of the infinite past as is done
with a rational expectations solution. The economy we are interested in is the one describe in section 2
and what matters is whether the approximation algorithm can accurately capture the key features of the

original model for the chosen finite value of N.

What does this economy with a truncation parameter equal to N look like? The idea is that agents

110gee Algan et al. (2014).
" For our model, that is the case when N is equal to six.
112ge¢ the online appendix of LeGrand and Ragot (2022) for details.



with the same history during the last N periods are living on the same island. To explain the algorithm,
we assume that N is equal to 2, that is, the algorithm keeps track of the individual state variables of the
current and previous period for both the young and the middle-aged agents. Two model assumptions
make it possible to deal with the heterogeneity across retirees. The first is that middle-aged agents who
retire sell their holdings of the risk-free asset and buy annuities. The second is that their non-investment
income is also fixed and equal to a fraction of the wage rate of middle-aged agents in the period they
retire. This means that we have a rich heterogeneity of retirees with different consumption levels that
depend on economic conditions in the period when they retire. But as shown in section 2, these two

assumptions allow us to capture retirees without the need for numerical approximations.

Setting N equal to 2 simplifies the exposition; the results reported in our paper are based on a numer-

ical approximation with N equal to 6 for young agents and 2 for middle-aged agents.

There are thirteen different groups when N is equal to 2. The vector containing the mass of each

group is given by

The first (second) superscript denotes the age in the current (previous) period.113 The third (fourth)
superscript denotes the employment status in the current (previous) period. As explained above, we can

capture the heterogeneity across the retirees with one aggregate.

In terms of the economic environment for fixed N, the idea is that agents in the same group are
living on the same island where they pool resources. Moreover, all agents who are on the same island
consumer the same amount and will be given the same amount of savings to carry over into the next
period (when they will either stay on the same island or move to another one). This is important to
capture the incomplete markets feature of our model. That is, one cannot allocate more savings to agents

who will be unemployed in the next period and less to those who will be employed.

It is important that agents remain price takers even though heterogeneity has been reduced to a finite
number of types. To introduce this more formally one should think of the model as one with an infinite
number of island groups each consisting of a set of islands. The idea of the approximation is that as

one increases N the approximation converges to the original model with a continuum of different agents.

113Recall that we use an extended perpetual-youth setup according to which an agent ages with fixed probability.



Note that two agents who have the exact same infinite history of employment status outcomes would be

identical in the original model and one could think of these as being on the same island making the same

choices.

Let Q; denote the matrix with transition probabilities for 7. Thus,

Y =QY-1-

(67)

Also, let 8 the probability of a young agent remaining young, i.e. 8" =1— 5" and 6" the probability of

a middle-aged agent not retiring, i.e. 8" =1— 8" . The first eight columns of €, are given by
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and the last five columns are given by

0 0 0 0 &y
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The i column of Q; gives the probabilities to which island an agent living on island j in the previous
period can move to. These proability add up to 1. Consider agents living on the first island which consists
of agents who were employed for two periods. If they do not age and remain employed, then they stay
on the first island which happens with probability 8”7”1 If they do not age but become unemployed
they move to the third island, i.e., the “yyue” island. If they do age and become middle aged, then they
move to either the fifth (myee) or the seventh (myue) island. Note that agents from the retirement island
are reborn as a young agent and are distributed among the islands with young agents according to the
current distribution. But these newborns do not bring any wealth as the right to the annuity ends with
death. The j row of Q, gives the flows into the j island. For example, one can stay on the first island if
one does not age and remains employed, one could move to the first (yyee) island from the second (yyeu)

island, and move their as a newborn from the retirement island.

Filling in the matrix with the matching block. This general specification for Q, allows for all prob-
abilities across employment status to be endogenous. However, several are exogenous and constant

through time. For example, the probability of a young agent becoming unemployed is equal to the con-

stant separation rate, that is, £/ ! = 1 — Q. By contrast, conditions in the matching market determine

job finding rates which are endogenous. For example, pif’e‘”" = f{. This general exposition of the al-



gorithm also does not enforce the restriction we impose in the model that middle-aged agents are not

subject to unemployment risk.

Deriving the agents’ first-order conditions. To derive the correct first-order conditions of the nu-
merical approximation, LeGrand and Ragot (2022) construct a hypothetical economy. Specifically, it
specifies a particular optimization problem to derive a set of first-order conditions. LeGrand and Ragot
(2022) refer to this as a quasi-planner problem. “Quasi” because prices are taken as given as is the case
for individual agents in the underlying model and “planner” because it pins down the choices for all types
of workers. Both the term quasi-planner and the environment may seem unusual. But the reader will see
that we end up with a set of first-order conditions that will be identical to those of our underlying model
if the truncation parameter, N, goes to infinity. The advantage of specifying this hypothetical economy

is that it helps in getting the right equations for the numerical approximation.
The quasi-planner’s flow utility function is given by

Ji-o _
Yo C’ 17 (68)

i=1

where ¥ is the fraction of workers of island i, i.e., those who have the same history of idiosyncratic
shocks for N periods and I is the number of islands. Thus, agents with a larger population get more
weight. It will become clear below why this is important to get the correct first-order conditions. In
addition to the i superscript to indicate the employment status history (island), we also could have added
a j subscript to indicate that there are many (identical) versions of each island and each is small and takes

prices as given.

Constraints The constraints of the optimization problem are the following:

ll
c+d =1"(1-t)w+1 -+ Y, (1 +7(d,)) f“d; " (69)
i*€J(i) t

where J(i) is the set of islands from which agents can move to island i. For example, these would be
islands 1 and 2 for island 1. The last term then adds up the resources brought into island i from the
islands in J(i) and then divides this sum by 7 since variables are expressed as per capita values.''* Tt

may seem that moving to an island with a larger population is a disadvantage as you have to share the

4Gince all islands of the same type have identical asset holding, we have that Eﬁ = d!, but we can only impose that after
FOCs have been written.



resources you bring to the island with more. However, this is exactly why the flow utility gives a larger

weight to the bigger islands.

This optimization generates a set of first-order conditions for each island.''> For example, the FOC

conditions for the choice variables of island yyee are the constraint given above and
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If we substitute out the Lagrange multiplier, then we get
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This Euler equation has the same structure as the one of our underlying model.''® Specifically, the right-
hand side is a weighted sum taking into account idiosyncratic shocks, both in terms of the two possible
outcomes for the employment status and the two aging possibilities. And even if there is no aggregate
risk, then the consumption values at these different outcomes will be different which means that the

solution will incorporate precautionary savings.

Although, the Euler equation has the same structure as the one of the original model, the budget
constraint does not. Whereas the budget constraint in the original model simply has the resources from
last period’s investment for each agent, the budget constraint of the quasi-planner problem contains a
weighted sum of different types of agents. However, as N goes to infinity it will also be identical to the
original budget constraint. Consider an agent on island 1 which is for this discussion the island on which

agents have been employed for N periods. And island 2 is the island with workers that have the same

158imilarly, a grid-based method would have a set of first-order conditions for each grid point. When adopting a grid-based
method, it may take some trial and error to find the appropriate range. That is not an issue with the LR method as the the range
of possible outcomes endogenously increases with N.

6f one increases the value for N and the number of islands increases, then the number of first-order conditions increases,
but this is also true for a grid-based method.



history except that these workers were unemployed N — 1 periods ago. As N increases, these islands will
become more similar and the two d’ values will converge to the same value. Moreover, the value of

Q" y" | /¥ will converge to 1.7

LR algorithm and the penalty function. A big advantage of the LR algorithm is that one accurately
captures the nonlinearities associated with idiosyncratic uncertainty which is thought to be important
because idiosyncratic risk such as unemployment is quantitatively important but uses low-order perturba-
tion to deal with aggregate uncertainty which is much smaller. LR implement their algorithm in a model
with inequality constraints. That complicates the algorithm since one has to find out on which island the
constraint is binding and more importantly one has to assume that this does not change in response to
aggregate shocks. The reason is, the LR requires knowing which equation are used to solve choices on
each island, the Euler equation or the borrowing constraint. The advantage of penalty functions is that

choices are always determined by the same set of equations.

Truncation parameter used for results in our paper. The results in our paper are based on the case
when we set N equal to six for young agents. Since the young are subject to unemployment risk, there is
more heterogeneity among the young than the middle aged. This means that we have sixty-four islands
for the young. We assume that N is equal to 2 for the middle aged. This together with the assumption that
the middle aged are always employed means that we have three islands for the middle aged, namely one
for those that were young and employed last period, one for those that were young and unemployed last
period, and one for those who were middle aged (and thus employed) last period. Thus, our agent quickly
become a “typical” agent in our model and our approximation is not suited to capture the transition from

young to middle aged well.!'® But that is not the objective of this paper. What we are interested in is

"7To understand this, consider islands 1 and 2, that is islands with workers who have been employed for quite a while and only
differ in the last employment status we keep track of. That is, the eee - - - eee and the eee - - - eeu island. To simplify the argument
ignore the possiblity of aging. Also, to simplify the expressions, we assume that agents that separate cannot immediately get
matched. The steady-state employment rate, n, is then equal to f/((1-Q%)+f). The steady-state unemployment rate, u, is equal
to1-Q/((1—Q*)+f) and the mass of unemployed divided by the mass of employed is equal to u/n = (1 — Q%) /f. Now consider
the ratio of the mass of those who are employed this period and unemployed last period relative to those who are employed this
and the last period. This is equal to fu/(Q%n). Using the expression for u/n, we get that this ratio is equal to (1 —Q¢¢)/Q¢°. If
we now reduce both groups each period by only considering those who remain employed then both groups are reduced by the
same fraction, namely 1 — Q€. Thus, the ratio remains the same. But this means that the ratio ¥ /7! is equal to (1 — Q¢¢)/Q¢¢
which in turn implies that

1
oll YT +Ql,2§ -1
This — together with the observation that these two islands will have made the same choice if N is large — implies the term in the
budget constraint simply becomes (¢ +7(d;_1))d,_, that is, it is no longer a sum, but identical to the equation in the original
model. See LeGrand and Ragot (2022) for a more formal analysis on convergence as N increases.

118gimilarly, our model does not capture the transition from a new born to a typical young agent. There the transition occurs

in one step as the newborns are allocated across islands with young ones who were already around.



how the middle aged prepare for retirement.

C The Reiter approach and time-varying precautionary savings

The LR algorithm implements the idea proposed in Reiter (2009) to adopt a projection method to deal
with idiosyncratic risk and to deal with aggregate uncertainty using perturbation. Specifically, we first
solve the model without aggregate risk. This is a set of equations that we solve with a nonlinear-equation
solver.'!” Tt is a large system as we have a separate set of first-order conditions for each island and the
model consists of several blocks. The benchmark version of the model has 830 equations. Next, we use

Dynare to obtain a first-order perturbation solution around this steady state.

The algorithm allows for the possibility of precautionary savings since a projection method is used to
deal with idiosyncratic risk. Specifically, consider the environment described in the previous section of
this appendix. The right-hand side of the Euler equation contains a weighted sum of possible outcomes
reflecting different realizations for the employment status and aging. The corresponding consumption
values are different, even in the no-aggregate-uncertainty steady state. And since our utility function

implies convex marginal utility, agents will accumulate savings for precautionary reasons.

In this section, we will present a simple example to make clear that the algorithm also allows for
the possibility of time-varying precautionary savings even though we rely on a first-order perturbation

solution to deal with aggregate risk.

Environment. We consider a simple two-period partial equilibrium environment and the interest and
discount rate are equal to each other. Income in the first period is equal to y;. In the second period,
income is equal to y,, where y, € {1 —¢€,1,1+ ¢€}. The variable € captures idiosyncratic risk. The
corresponding probabilities are equal to 0.25 — 0.5z, 0.25 — z, and 0.25 + 0.5z, where z is a random
variable capturing aggregate risk with mean zero. Note that the probabilities always add up to 1.'2°
The idea is that aggregate risk determines the variance of the amount of idiosyncratic risk, but not the

expected value. And risk increases with z.
The first-order condition is standard and given by

1 Z 1 025405z 05—z 0.25+0.5z
l—s l.pc; T—ets  Its  Ttets 7

119S0me parts can be solved analytically.
120The distribution of z must be such that probabilities are always between 0 and 1, that is, the support for z must be between
-0.5and 0.5.



Steady state When z = 0, then savings are solved from

1 0.25 0.5 0.25
= + + .
1—-s 1—€e4s 14s 14e+s

(74)

For example, the solution for s is equal to 0.659 when € is equal to 0.5. The reason for positive savings
is the presence of a precautionary motive, since the interest rate is equal to the discount rate and the

expected value of next period’s income is equal income in the current period.!?!

First-order perturbation solution. A key element of the Reiter (and thus the LR) method is that the

perturbation is with respect to aggregate risk, i.e., z, not idiosyncratic risk, i.e., €. Implementing this idea

for the first-order condition given above gives'??

1 0.25 0.5 0.25
—5)— = —(s—85)——— —5)—s—(5—5) ——m— 75
0.5 1 0.5
+ z - —Z——+2 —.
l—e+4+5 145 14€e+5
When ¢ is again equal to 0.5, then we get
s =15+0.0121z. (76)

That is, savings in/decrease with in/decreased uncertainty. And recall that z does not affect expected
income growth, it only affects volatility.!?®> Tt is key that we do not consider a perturbation solution
with respect to €, which would be around € = 0. Using the actual three realizations for idiosyncratic
risk, an increase in z would push possible consumption values further apart along the convex marginal-
utility curve. This increases the expected value of the right-hand side of the Euler equation and thus
the value for s. If the perturbation would be with respect to z as well as €, then the last three terms in
equation (75) would cancel out as they would be evaluated around the steady-state of €, which is equal

to 0. Consequently, s would no longer depend on z.

1215avings would be equal to zero when € is equal to zero.

122Note that the four constants drop out.

12311 our model, aggregate shocks are monetary-policy shocks that affect expected values. But they also affect the extent that
agents are subject to idiosyncratic risk as they affect conditions in the matching model. That is, monetary-policy shocks are a
combination of a first-order shock (expected income changes) and a second-order shock (individual uncertainty changes). The
recent literature is interested in the role of this second-order shock because changes in precautionary savings would strengthen
the impact of monetary-policy shocks. Specifically, a monetary tightening would increase idiosyncratic unemployment risk
which would lead to a further increase in savings and, thus, a further reduction in demand.
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