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How does a grayer society affect the political decision-making regarding inflation rates? Is 
deflation preferred as a society ages? In order to answer these questions, we compute 
the optimal inflation rates for the young and the old respectively, and explore how they 
change with demographic factors, by using a New Keynesian model with overlapping 
generations. According to our simulation results, there indeed exists a tension between 
the young and the old on the optimal inflation rates, with the optimal inflation rates differing 
between generations. The rates can be significantly different from zero, particularly, when 
heterogeneous impacts from inflation via nominal asset holdings are considered. The 
optimal inflation rates for the old can be largely negative, reflecting their positive nominal 
asset holdings as well as lower effective discount factor. Societal aging may exert 
downward pressure on inflation rates through a politico-economic mechanism. 
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1 Introduction

Japan has experienced long-lasting deflation or low inflation rates for more than two

decades. Some claim that this is due to the failure of monetary policy, with insufficient

reaction by the Bank of Japan to declining aggregate demand, based on the idea that

“[i]nflation is always and everywhere a monetary phenomenon,” by Friedman (1963).

On the other hand, because of its long-lasting nature, others point out that chronic

deflation or disinflation should have its root in structural issues. An interesting ob-

servation about the relationship between structural factors and nominal developments

in Japan is that deflation or disinflation started around the mid-1990s, which is also

when the working age population also started decreasing. Is it a causal relationship

or merely coincidence? This paper offers a new insight on the possible structural rela-

tionship between deflation and aging by examining whether the optimal inflation rates

differ between the young and the old.

An aging population and low inflation rates are not phenomena intrinsic only to

Japan and are now observed in many developed economies, leading several researchers

to investigate the possible causal relationship between inflation dynamics and demo-

graphic changes. Carvalho and Ferrero (2014) and Fujita and Fujiwara (2016) discuss

how societal aging can lead to the declining natural rate of interest, which naturally ex-

erts downward pressure on inflation rates with insufficient monetary policy responses.

Carvalho and Ferrero (2014) focus on the demand channel, or consumption-saving het-

erogeneity. Longer longevity induces higher saving rates for self-insurance. Such a

saving-for-retirement motive can account for roughly 30% to 50% of the decline in real

interest rates in Japan. The decline in fertility rate, however, does not have large im-

pacts. On the other hand, Fujita and Fujiwara (2016) quantify the impact of the supply

channel, or skill (productivity) heterogeneity. The changes in the demographic structure

induce significant low-frequency movements in per-capita consumption growth and

the real interest rate through changes in the composition of skilled (old) and unskilled

(young) workers. This mechanism can account for roughly 40% of the decline in the

real interest rate observed between the 1980s and 2000s in Japan. The key is the declin-

ing fertility (labor participation) rate.

Doepke and Schneider (2006) explore the redistribution effect of inflation. Since

the old own more nominal financial assets, they are more vulnerable to unanticipated

inflation. On the other hand, surprise inflation can be beneficial to the young as they

are borrowers with nominal debt contracts. This conclusion obtained by Doepke and

Schneider (2006) also hints that social preference for inflation or deflation may depend
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on the demographic structure.1

We also inquire into whether there is a structural relationship between demographic

changes and inflation dynamics, but with a different angle. In particular, we com-

pute the optimal inflation rates in the spirit of Schmitt-Grohe and Uribe (2010) with a

politico-economic consideration following Bassetto (2008), who studies the inter-generational

conflicts in tax policy in overlapping generations. Previous studies focus on how infla-

tion or a nominal shock affects heterogeneous agents differently. Instead, we explore

how the optimal inflation rates differ between the young and the old, given the hetero-

geneous impacts of monetary policy.2 There are many studies pointing out the hetero-

geneous impacts of monetary policy - Fujiwara and Teranishi (2008), Gornemann et al.

(2016), Kaplan et al. (2018), Debortoli and Galí (2017), Wong (2016) and Eichenbaum

et al. (2018). To the best of our knowledge, however, ours is the first study to compute

the optimal inflation rates for heterogeneous agents.

As comprehensively analyzed in Schmitt-Grohe and Uribe (2010), specifically for

Calvo (1983) contract in Ascari (2004) and for Rotemberg (1982) adjustment costs in

Bilbiie et al. (2014), inflation rates are not neutral even in (stochastic) steady states. In-

flation rates affect mark-ups in the long-run through such nominal rigidities and have

impacts on real variables. As a result, optimal inflation rates can be positive or nega-

tive depending on the deep parameters. Since the structural parameters differentiate

the behavior of the young and the old, the optimal inflation rates are likely to be dif-

ferent between these two agents.3 In addition, as implied by Doepke and Schneider

(2006) and Auclert (2017), the existence of nominal contracts in the financial transac-

tions will lead to asymmetric preference for inflation rates by young and old agents,

given the heterogeneity in their nominal asset positions.

We compute the optimal inflation rates for the young and the old, and also how

they change with different demographic demographic settings. For this purpose, we

employ the overlapping generations model with nominal rigidities by Fujiwara and

Teranishi (2008), where there are two consumers: the young and the old. They are

1Auclert (2017) classifies three channels where monetary policy, namely, a surprise nominal shock,
causes redistribution: an earning heterogeneity channel; a Fisher channel; and an interest rate exposure chan-
nel. Auclert (2017) finds that all three channels amplify the effects of monetary policy. From a normative
perspective, Sheedy (2014) shows that nominal GDP targeting is desirable in an economy with nominal
financial contracts, since it can improve risk sharing.

2In this regard, our paper’s aim is similar to that in Bullard et al. (2012). They construct an over-
lapping generations model with two assets - capital and money. If old agents have more influence
on political decision making, relatively low inflation is chosen because lower inflation reduces the op-
portunity cost of holding money and money becomes relatively more attractive, thus reducing capital
accumulation. This raises interest rates, which is preferred by the old since they rely more on capital
income than labor income.

3This is indeed due to the earnings heterogeneity channel coined by Auclert (2017) in terms of infla-
tion rates.
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different in life expectancy and the labor productivity. Unlike the standard overlap-

ping generations model, the transition from the young to the old follows a Markov

process with the latter being the absorbing state.4 Consequently, without resorting to

highly numerical analysis dealing with a large number of, say generations (50 years x

4 quarters = 200 generations), the analysis over the quarterly frequency, where mon-

etary policy is considered to be effective, becomes possible in a tractable framework.

In addition, aggregate dynamics as well as each group’s utilitalian welfare depend

on the wealth distribution only through two numbers: the within-group aggregate

wealth for the young and the old. Thanks to the assumption of RINCE preferences a

la Farmer (1990), within each age group, both the decision rule and the value function

have closed form solutions and they are linear in wealth. We can thus define the op-

timal inflation rates as those maximizing these values. These altogether enable us to

understand the mechanisms behind non-zero optimal inflation rates for heterogeneous

agents more intuitively, which is the main aim of this paper.

These are almost equivalent to the optimal steady state inflation rates. Any changes in

inflation rates, however, alter real variables in the steady state including endogenous

state variables in an economy with heterogeneous agents. In such a model, to allow

for the proper comparison of welfare at different inflation rates so that we can compute

the optimal inflation rates, welfare given the same initial values for the state variables

becomes the metric to be used. Thus, we call these optimal inflation rates in the long-

run instead of the optimal steady state inflation rates in this paper.5

The optimal inflation rates in the long-run are different both from zero and between

the young and the old, implying the importance of demographic factors in determining

the target level of inflation. The demographic structure not only determines the level

of the optimal inflation rates, but also changes the signs of the optimal inflation rates

for the young and the old.

We show that the slope of the steady state Phillips curve, namely whether inflation in-

creases or reduces mark-ups in the steady state, depends on the size of the steady state

interest rates, particularly whether they are higher or lower than the potential growth

rate. Changes in the demographic structure naturally lead to the different steady state

interest rates. For example, longer life expectancy causes a stronger motive for saving-

for-retirement, which lowers steady state interest rates. As a result, the slope of the

long-run Phillips curve becomes negative. Then, higher inflation becomes more ben-

eficial to the old since this reduces marginal costs and therefore increases mark-ups.

4The overlapping generations model by Gertler (1999) can be considered as the generalized
Blanchard-Rarity model a la Blanchard (1985) and Yaari (1965).

5The differences in the initial values of endogenous state variables, however, only leads to marginal
differences in the optimal inflation rates.
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The opposite effects occur when the interest rates are higher than the potential growth

rate in the steady state. To the best of our knowledge, this is the first study to investi-

gate this non-trivial relationship between the optimal inflation rates and demographic

factors in the long-run.

The optimal inflation rates in the long-run are, however, only marginally differ-

ent from zero. When analyzing the optimal inflation rates for the young and the old

in the long-run, we deliberately abstract heterogeneous impacts from surprise infla-

tion via nominal asset holdings. If these are considered, the optimal inflation rates for

the young and the old can be considerably non-zero from the re-distributional motive

through the Fisher channel.

We compute the optimal inflation rates for the young and the old given nominal

financial contracts. In an economy with nominal contracts, changes in the target level

inflation affect debtors and creditors differently. The central bank needs to set the target

level of inflation to take the right balance between short-run gains (or losses) for some

particular agents and long-run gains from price stability for all agents. If the former is

substantial to some agent, the optimal inflation rate for this agent must be significantly

different from zero.

The heterogeneous impacts from surprise inflation via nominal asset holdings turn

out to be large. As a result, the optimal inflation rates for old agents, who are net nom-

inal creditors, become largely negative ranging from -0.7% to -5.5% under reasonable

parameter calibration. With an increasing number of elderly people, societal aging may

exert downward pressure on inflation rates through a politico-economic mechanism.6

Naturally, the optimal inflation rates for the young are positive under reasonable

parameter calibration, yet they are not significantly different from zero, showing a

stark contrast to those for old agents, whose optimal inflation rates are significantly

negative. Why is there such a large asymmetry in the optimal inflation rates between

the young and the old? To understand the reason behind this asymmetry, we examine

which heterogeneity matters for this stark contrast. We first eliminate the heterogeneity

in labor productivity and then in the effective discount factor.

We find that the effective discount factor, namely, life expectancy, is key to this

asymmetry. Even without heterogeneity in labor productivity, this stark contrast some-

what remains. On the other hand, when all agents become almost immortal, the opti-

mal inflation rates for the old become very close to zero, similarly to those for young

agents. With the presence of the survival rate, old agents become myopic. Benefits

6Katagiri et al. (2019) explains the negative correlation between inflation and aging from a politico-
economic perspective. The key mechanism in their paper is the FTPL (Fiscal Theory of the Price Level)
and the changes in the tax base via aging. On the other hand, ours is to seek the optimal inflation rates
under monetary dominance.
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from setting non-zero inflation targets stem from the redistribution via nominal con-

tracts. Therefore, they are considered short-run gains. On the other hand, costs are

price adjustment costs or price dispersion, which persist as long as inflation rates are

not zero. Therefore, they are long-run losses. As life expectancy increases (the survival

rate becomes higher), old agents become more like young agents and the long-run

costs from non-zero inflation rates get larger. Consequently, the optimal inflation rates

for old agents become closer to zero even though they lend to the young with nominal

fixed contracts.

The remainder of the paper is structured as follows. Section 2 describes the model

used in this paper. In Section 3, we show how the optimal inflation rates are different

between the young and the old and how they change by different demographic struc-

ture. Section 4 incorporates nominal financial contracts and explore their implications

on the optimal inflation rates for the young and the old. Section 5 concludes.

2 The Model

In order to investigate the effects of societal aging on the optimal inflation rate, we em-

ploy the overlapping generations (OLG) model used in Fujiwara and Teranishi (2008)

that extends the analytical framework in Gertler (1999) to incorporate nominal rigidi-

ties and monetary policy. Unlike the standard overlapping generations model, the

transition from the young to the old follows a Markov process with the latter being the

absorbing state. This enables us to understand the mechanisms behind non-zero opti-

mal inflation rates for heterogeneous agents more intuitively in a tractable framework.

We also assume perfect foresight throughout all analyses in this paper.

There are six agents in this model economy: two types of consumers - the young

and the old; final good producers; intermediate goods producers; a capital producer

(financial intermediary); and the central bank. The problems which each of the agents

except for the central bank faces are as follows.7 The central bank sets inflation rate in

order to maximize welfare.

2.1 Consumers

Each young agent faces a constant probability ω to become old, while each old agent

remains in the population with the survival probability γ. Each type of agent is also

different in labor productivity. In the benchmark model, only young agents supply one

unit of labor. To be precise, we set old agents’ relative labor productivity ξ to be zero.

7For details of the derivation, see Gertler (1999) and Fujiwara and Teranishi (2008).
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As a result, old agents receive no labor compensation and never work. Appendix A

shows the model with endogenous adjustments in intensive margin with non-zero ξ.

Young and old agents are heterogeneous in the effective discount factor and labor

productivity. As a result, the marginal propensities to consume become different be-

tween them, leading to heterogeneous impacts of monetary policy. Also, agents are

heterogeneous in asset positions since each agent was born and retired at a different

point in time. The heterogeneity in asset positions does not, however, matter for aggre-

gation over young and old agents, respectively. Our model assumes RINCE (RIsk Neu-

trality and Constant Elasticity of Substitution) preferences proposed by Farmer (1990),

which is a special case of the Epstein and Zin (1989) preference with risk neutrality.

With RINCE preferences, consumption function becomes linear in wealth. Thus, only

the aggregate wealth matters for aggregate consumption of both young and old agents.

RINCE preferences also allow us to derive the closed form solutions for value func-

tions of agents who are either young or old at any arbitrary time t. We can thus define

the optimal inflation rates as those maximize these values. These altogether enable us

to understand the mechanisms behind non-zero optimal inflation rates for heteroge-

neous agents more intuitively.

There is a perfect annuity market. Therefore, old agents do not face any income un-

certainty and enjoy the same ex post rate of return as young agents. On the other hand,

there is no insurance market for aging risk. In this regard, markets are incomplete in

this model.

Let us first discuss the optimization problem of the old, which is assumed to be the

absorbing state.

2.1.1 Old

At time t, an old agent, denoted by superscript o, who was born at period j and became

old at period k, maximizes the lifetime utility:

Vo
j,k,t :=

{(
Co

j,k,t

)ρ
+ βγ

(
Vo

j,k,t+1

)ρ} 1
ρ

,

subject to the budget constraint:

Ao
j,k,t

Pt
=

Rt−1

γ

Ao
j,k,t−1

Pt
− Co

j,k,t + Do
j,k,t.

Ct, At, Pt, and Rt denote consumption, financial assets, aggregate price, and nominal

interest, respectively. The old do not supply labor. Dt is the sum of the transfer (or

tax) from the government and profits rebated from producers by the ownership of
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these firms. β and ρ define the common subjective discount factor for both the young

and the old, and the inverse of the intertemporal elasticity of substitution, respectively.

The next period welfare is discounted by βγ since the old must take the survival rate

into account in maximizing welfare. The rate of return from holding financial assets

is divided by γ because of the perfect annuity market among old agents. As a result,

bequests are distributed equally among surviving old agents.8

2.1.2 Young

A young agent, denoted by the superscript y, who was born at period j maximizes the

life time utility:

Vy
j,t :=

{(
Cy

j,t

)ρ
+ β

[
ωVy

j,t+1 + (1−ω)Vo
j,t+1

]ρ} 1
ρ

,

subject to the budget constraint

Ay
j,t

Pt
= Rt

Ay
j,t−1

Pt
+

Wt

Pt
− Cy

j,t + Dy
j,t.

Since each young agent becomes old with probability ω, the next period value is

weighted value of the young and the old. In contrast to the old, the young supply

one unit of labor and obtain nominal wage Wt.

2.2 Firms

Final goods, Yt, are produced by the final goods producers in a competitive market.

Differentiated intermediary goods are aggregated by the production technology:

Yt :=
[∫ 1

0
(Yi,t)

κ−1
κ di

] κ
κ−1

.

The parameter κ denotes the elasticity of substitution among differentiated intermedi-

ate goods. Given the aggregate price level Pt and the price of each intermediary goods

Pi,t, profit maximization by the final good firm yields the demand for each intermediate

good:

Yi,t =

(
Pi,t

Pt

)−κ

Yt. (1)

Firm i in a monopolistically competitive market uses non-differentiated labor Li,t

and capital Ki,t−1 in order to produce differentiated intermediate goods Yi,t. The pro-

8More explicit modeling for the annuity market and the ownership of firms through equity holdings
is possible. This will not, however, change our results since perfect foresight is assumed in this paper.
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duction function of the intermediate goods is given by

Yi,t := L1−α
i,t Kα

i,t−1, (2)

where α is capital share. Labor is supplied by consumers with nominal wage rate Wt.

Capital is rented to intermediary firms at real rate RK
t from the capital producer. The

real cost minimization problem is thus given by

min
(

Wt

Pt
Li,t + rK

t Ki,t−1

)
subject to the production function (2). This gives the optimal factor price conditions:

Wt

Pt
= (1− α)ψt (Li,t)

−α Kα
i,t−1,

rK
t = αψtL1−α

i,t Kα−1
i,t−1,

where ψt denotes real marginal costs.

Since each intermediary firm is in a monopolistically competitive market, it chooses

price to maximize the profit subject to the Rotemberg (1982) price adjustment costs

with the cost parameter φ. Instantaneous real profit ΠI
i,t is given by

ΠI
i,t := (1 + τ)

Pi,t

Pt
Yi,t − ψtYi,t −

φ

2

(
Pi,t

Pi,t−1
− 1
)2

Yt.

We assume that the intermediaries are owned by consumers and therefore, the profit

is rebated equally to all consumers. Let m0,t denote the pricing kernel. Then, the profit

maximization problem by price setting becomes

max
∞

∑
t=0

m0,tΠI
i,t,

subject to the demand for intermediary goods in equation (1).

Since there are heterogeneous agents, defining the pricing kernel is not trivial.9 In

this paper, following Ghironi (2008) and Fujiwara and Teranishi (2008), we only con-

duct perfect foresight simulations, and therefore all assets yield same rates of return

among different agents both ex ante and ex post. In other words, the profit is discounted

by the risk free rate. This assumption, however, only matters in the initial period when

the target level of inflation is altered.

In order to eliminate the steady state distortion stemming from monopolistic com-

9For the detailed discussion on this issue, see Carceles-Poveda and Coen-Pirani (2009).
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petition, production subsidy τ = 1
κ−1 is assumed. This subsidy is financed by the lump

sum tax to both types of consumers.10

2.2.1 Calvo Pricing

We also examine the case with Calvo (1983) pricing. In this case, intermediate goods

producer i maximizes

max
∞

∑
t=0

λtm0,t

[
(1 + τ)

Pi,t

Pt
Yi,t − ψtYi,t

]
,

subject again to the downward sloping demand curve in equation (1). λ denotes the

Calvo (1983) parameter. Intermediate goods firms can reset the price with uncondi-

tional probability of 1− λ. The model with Calvo (1983) pricing is shown in Appendix

B.

2.3 Capital Producer

A capital producer maximizes the profit:

∞

∑
t=0

m0,tΠK
t ,

where the instantaneous profit is given by

ΠK
t :=

At

Pt
− Rt

At−1

Pt
+ rK

t Kt−1 − It,

subject to the capital producing technology:

Kt = (1− δ)Kt−1 +

[
1− S

(
It

It−1

)]
It.

A capital producer issues financial asset At with nominal rate of return Rt. Such fund-

ing from households and the receipts from renting the capital to the intermediate goods

producer are allocated to the repayment of borrowing from households and invest-

ment It. S (·) denotes the investment growth adjustment costs used in Christiano et al.

(2005):

S (xt) := s
(

x2
t

2
− xt +

1
2

)
.

This capital producer can be also interpreted as a financial intermediary.

10Note that even the lump sum tax is not neutral under heterogeneous consumers.
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2.4 Aggregate Conditions

The financial market clears with

qtKt =
At

Pt
,

and

At = Ay
t + Ao

t ,

where Ay
t = ∑∞

j=0 Ay
j,t and Ao

t = ∑∞
j=0 ∑∞

k=0 Ao
j,k,t. qt denotes Tobin’s Q, which is given

by the Lagrange multiplier on the constraint in the capital producer’s profit maximiza-

tion problem.

The good market clears as

Yt = Ct + It +
φ

2
(πt − 1)2 Yt,

where Ct = Cy
t + Co

t , Cy
t = ∑∞

j=0 Cy
j,t and Co

t = ∑∞
j=0 ∑∞

k=0 Co
j,k,t.

We deliberately assume that the profits are distributed by the relative asset hold-

ings:

Do
t =

∞

∑
j=0

∞

∑
k=0

Do
j,k,t =

Ao
t−1

Ay
t−1 + Ao

t−1
Dt, (3)

and

Dy
t =

∞

∑
j=0

Dy
j,t =

Ay
t−1

Ay
t−1 + Ao

t−1
Dt, (4)

where

Dt := ΠI
t + ΠK

t − τYt =

[
1− ψt −

φ

2
(π − 1)2

]
Yt +

At

Pt
− Rt

At−1

Pt
+ rK

t Kt−1 − It − τYt,

under a symmetric equilibrium. This assumption eliminates re-distributional impacts

from inflation stemming from nominal financial contracts. We will first explore the op-

timal inflation rates in the long-run which are not subject to nominal financial contracts

in Section 3 and then incorporate re-distributional channel in Section 4.

The labor market clearing condition is given by

Lt := ∑
i

Li,t = Ny
t ,

where Ny
t is the population of young workers at time t.
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2.5 Equilibrium Conditions

2.5.1 Population

Let No
t denote the population of old agents at period t. Then, the population dynamics

for the young and the old are, respectively, given by

Ny
t+1 = bNy

t + ωNy
t ,

and

No
t+1 = γNo

t + (1−ω) Ny
t ,

where b denotes the birth rate. The growth rate of (young) population n is given by

n := b + ω− 1.

Given these laws of motion, the ratio of the number of old over that of young agents,

denoted by Γt, evolves as

Γt+1 :=
No

t+1

Ny
t+1

=
γNo

t + (1−ω) Ny
t

bNy
t + ωNy

t
=

γ

b + ω
Γt +

1−ω

b + ω
.

At the stationary population, the ratio of the number of old over that of young agents

remain constant:

Γ =
1−ω

b + ω− γ
.

2.5.2 Equilibrium Conditions in a Monopolistically Competitive Market

From the first order necessary conditions of the above optimization problems, we have

the equilibrium conditions under a monopolistically competitive market. All grow-

ing variables are de-trended by Ny
t . De-trended variables are denoted by lower case

characters. The system of equations except for the monetary policy rule is given by

yt =

(
kt−1

1 + n

)α

,

Wt

Pt
= (1− α)ψt

(
kt−1

1 + n

)α

,

rK
t = αψt

(
kt−1

1 + n

)α−1

,

12



dt =

[
1− ψt −

φ

2
(πt − 1)2

]
yt +

ay
t + ao

t
Pt

− Rt−1

(1 + n)πt

ay
t−1 + ao

t−1

Pt−1
+

rK
t

1 + n
kt−1− it− τyt,

(5)

(1− κ) (1 + τ) yt + ψtκyt − φ (πt − 1)πtyt +
(1 + n)πt+1

Rt
φ (πt+1 − 1)πt+1yt+1 = 0,

(6)

kt = (1− δ)
kt−1

1 + n
+

[
1− S

(
(1 + n) it

it−1

)]
it,

1 = qt

[
1− S

(
(1 + n) it

it−1

)
− S′

(
(1 + n) it

it−1

)
(1 + n) it

it−1

]
+

πt+1

Rt
qt+1S′

(
(1 + n) it+1

it

)(
(1 + n) it+1

it

)2

,

qt =
πt+1

Rt

[
qt+1 (1− δ) + rK

t+1

]
,

qtkt =
ay

t + ao
t

Pt
,

ao
t

Pt
=

Rt−1

(1 + n)πt

ao
t−1

Pt−1
− co

t +
ao

t−1

ay
t−1 + ao

t−1
dt +(1−ω)

(
Rt−1

(1 + n)πt

ay
t−1

Pt−1
+

Wt

Pt
− cy

t +
ay

t−1

ay
t−1 + ao

t−1
dt

)
,

co
t = εtθt

(
Rt−1

(1 + n)πt

ao
t−1

Pt−1
+ Θo

t

)
, (7)

(
εtθt

1− εtθt

)ρ−1

= βγ1−ρ

(
Rt

πt+1

)ρ

(εt+1θt+1)
ρ−1 ,

cy
t = θt

(
Rt−1

(1 + n)πt

ay
t−1

Pt−1
+ Θy

t

)
, (8)

(
θt

1− θt

)ρ−1

= β

(
RtΦt+1

πt+1

)ρ

(θt+1)
ρ−1 ,

Θo
t =

ao
t−1

ay
t−1 + ao

t−1
dt +

γπt+1

Rt
Θo

t+1, (9)

Θy
t =

Wt

Pt
+

ay
t−1

ay
t−1 + ao

t−1
dt +

ωπt+1

RtΦt+1
Θy

t+1 + (1−ω) ε
ρ−1

ρ

t+1
πt+1

RtΦt+1
Θo

t+1,

and

yt = co
t + cy

t +

[
1− S

(
(1 + n) it

it−1

)]
it +

φ

2
(πt − 1)2 yt, (10)
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where for simplicity of analysis, we define an auxiliary variable:

Φt := ω + (1−ω) ε
ρ−1

ρ

t .

πt denotes gross inflation rates:

πt :=
Pt

Pt−1
.

θt and εtθt denote the marginal propensity to consume for the young and the old,

respectively. Θy
t and Θo

t denote the aggregated human and financial wealth for the

young and the old. These equations together with monetary policy, which aims to

maximize welfare, determines the equilibrium.

Discussion: Surprise Inflation When the optimal long-run inflation rates are an-

alyzed, our model abstracts the effects of surprise inflation on different consumers

through nominal asset holdings analyzed in Doepke and Schneider (2006). The solved-

out consumption functions in equations (7) and (8) are expressed as the product of the

marginal propensity to consume and the wealth, which includes initial nominal assets

divided by the price level at time t. A jump in the price level or inflation seems to affect

the wealth of the young and the old differently.

If equations (5) and (9), which determine the profit and the financial wealth for the

old respectively, are substituted in equation (7), the solved-out consumption function

for the old collapses to

co
t = εtθt{

ao
t−1

ay
t−1 + ao

t−1

{[
1− ψt −

φ

2
(πt − 1)2

]
yt +

ay
t + ao

t
Pt

+
rK

t
1 + n

kt−1 − it − τyt

}
+

γπt+1

(1 + n) Rt
Θo

t+1}. (11)

The initial real asset position, which is the nominal asset position divided by the price

level ao
t−1/Pt, disappears from the wealth. Thus, surprise inflation does not alter the

initial real asset position. This irrelevance result stems from our assumption that the

profits are shared by the same asset ratio for good producers as well as the capital

producer (financial intermediary) in equations (3) and (4), and that all financial assets

are identical. We relax this assumption later in Section 4.
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2.5.3 Aggregate Value

We can obtain aggregated (de-trended) values for the young and the old at time t as

indirect utility:

vy
t = (θt)

− 1
ρ cy

t , (12)

and

vo
t = (εtθt)

− 1
ρ co

t . (13)

These are the targets for the central bank to maximize. To be precise, we suppose a

situation where there are two political parties - the young party and the old party.

The young (old) party represents young (old) consumers at time t and insists that the

central banks commit to monetary policy that maximizes vy
t (vo

t ).

The assumption of RINCE preferences a la Farmer (1990) enables us to derive the

closed form solutions for value of agents who are either young or old at any arbitrary

time t. This greatly simplifies the analysis in this paper and contributes to offering a

more intuitive explanation of the non-zero optimal inflation rates.

2.5.4 Monetary Policy

The central bank is equipped with a commitment technology that aims to maximize

welfare defined in equations (12) or (13). Welfare is evaluated at the beginning of tran-

sition from the initial state to the one with the new steady state inflation rate:

v0 = f (X−1, π̄) ,

where Xt denotes the vector of endogenous state variables and π̄ is the target level of

inflation rate. In a new state, the central bank follows the monetary policy rule:

πt = π̄,

and we investigate which π̄ attains the highest welfare.

Throughout the analyses in this paper, initial states are given by those under zero

inflation steady state. As shown in Bilbiie et al. (2014), differences in the initial state

variables can lead to incorrect welfare evaluation. The same initial state variables are

assumed when comparing welfare.11

11The optimal inflation rate found in this way depends on the initial state variables. However, even if
we set initial state as steady state of ±5% inflation rate, the change is small and our main message still
holds.
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2.5.5 Calibration

The parameter calibration is shown in Table 1. The model is simulated at a quar-

terly frequency. The discount factor β and capital depreciation δ are set at 1.04−
1
4

and 1.01−
1
4 − 1, respectively. Under our benchmark calibration, we set the parame-

ters for demographic dynamics ω and γ so that on average, each individual works for

45 years and lives as an old agent for 15 years. They are set to 45×4−1
45×4 = 0.9944 and

15×4−1
15×4 = 0.9833. Population growth rate is set to zero, which implies b = 1− ω =

0.0055. Other parameters are set to conventional values following Fujiwara and Teran-

ishi (2008). Capital share α and elasticity of substitution of intermediate goods κ are

set to 1
3 and 10, respectively. For the parameter of Rotemberg (1982) cost φ, we use 50

so that the New Keynesian Philips Curve of our model matches with the one implied

by Calvo (1983) type price setting where one forth of firms change prices in each pe-

riod on average. Parameter defining investment adjustment costs s is set 2.48, which

is taken from Christiano et al. (2005). Elasticity of intertemporal substitution σ is set to

0.5 which is consistent with Yogo (2004). Also, for the benchmark case, ξ is set to zero.

Table 1: Benchmark Parameter Values

Parameters Values
ω transition probability to old 0.9944
γ survival rate 0.9833
b birth rate 1−ω = 0.0055
β discount factor 1.04−

1
4

σ IES 0.5
ρ Curvature σ−1

σ = −1
α capital share 1

3
κ elasticity of substitution 10
φ Rotemberg cost parameter 50
δ capital depreciation rate 1.01−

1
4 − 1

s investment adjustment costs parameter 2.48

3 Optimal Inflation Rate in the Long-Run

In this section, we compute the optimal inflation rates in the long-run for the young

and the old without any impact from surprise inflation through nominal financial con-

tracts. We also explore how optimal inflation rates change by different demographic

structure by changing parameters such as γ and b.

Let us first explain as to why inflation in the stationary population can have real

implications. As discussed in Bilbiie et al. (2014), the New Keynesian Phillips curve
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Figure 1: Steady state relationship with Rotemberg

in equation (6) implies that a fall in inflation rates raises marginal costs when interest

rates are low, while a rise in inflation rates raises marginal costs when interest rates are

high. To highlight this relationship, consider the New Keynesian Phillips curve in the

steady state:

ψ =
κ + φπ

[
−π2

R (1 + n) + π
R (1 + n) + π − 1

]
κ

.

Taking the derivative of the right hand side with respect to π gives

φ

[
−3 π2

R (1 + n) + 2π
R (1 + n) + 1

]
κ

∣∣∣∣∣∣
π=1

= φ

[
− 1

R (1 + n) + 1
]

κ
,

which is positive when R > 1 + n. Namely, in the steady state, marginal costs rise as

inflation increases if and only if nominal interest is larger than the population growth

rate. Figure 1 shows the relationship between inflation rates and marginal costs can be

upward or downward sloping depending on the level of the steady state real interest

rate.

One may cast doubts on the existence of the long-run Phillips curve. Indeed, Benati

(2015) shows that there is no clear evidence of a non-vertical trade-off. Benati (2015),

however, also points out that uncertainty surrounding the estimates is substantial and

therefore, having priors about a reasonable slope in the long-run Phillips curve cannot

be falsified.

Intuition behind this long-run Phillips curve with Rotemberg adjustment costs is
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Figure 2: Steady state relationship with Calvo

offered by Lepetit (2017): “Since adjusting prices is costly, firms do not pass on the

entirety of movements in marginal costs to prices and current inflation is associated

with a reduction in markups. ... [E]xpected future inflation leads firms to set higher

markups in order to minimize future price adjustments costs. However, these effects

are asymmetric. Since firms discount the future, higher inflation in t has a larger

positive impact on marginal cost at time t than a negative impact at time t − 1. In

other words, the model features a positive long-run relationship between inflation and

marginal cost.” Figure 2 illustrates that similar but slightly different long-run relation-

ship can be observed even with Calvo pricing.

Changes in marginal costs affect the young and the old differently. Figure 3 illus-

trates how inflation rates and other macroeconomic variables are related in the steady

states. Higher marginal costs raise real wages and interest rates. Increase in wages will

be welfare-enhancing for young agents as labor compensation is their main source of

income. On the other hand, low marginal costs increase welfare for the old because

low marginal costs increase firm profits. Since the old have two sources of income -

return from financial assets and profits from the ownership of firms - the strength of

this channel depends on the amount of asset holdings. Thus, inflation rates in the sta-

tionary population matters for relative welfare between the young and the old through

earning heterogeneity.

In order to understand how demographic changes affect optimal inflation rates for

both the young and the old, respectively, we examine how changes in life expectancy,

the population growth rate, the relative population, and the relative asset holdings

18



-0.01 0 0.01

Quartely inflation (%)

0.999996

0.999998

1

1.000002

1.000004
Real marginal cost

-0.01 0 0.01

Quartely inflation (%)

2.63214

2.632145

2.63215

2.632155

2.63216

3.193354

3.193356

3.193358

3.19336

3.193362
Real Wage

-0.01 0 0.01

Quartely inflation (%)

-0.281837

-0.2818369

-0.2818368

-0.2818367

-0.2818366

-0.96557

-0.965569

-0.965568

-0.965567

-0.965566
(Net) Real interest rate (%)

-0.01 0 0.01

Quartely inflation (%)

2.131826

2.131827

2.131828

2.131829

2.13183

2.644286

2.644287

2.644288

2.644289

2.64429
Young's consumption

-0.01 0 0.01

Quartely inflation (%)

0

0.5

1

1.5

2

0

0.5

1

1.5

2
Young's labor

-0.01 0 0.01

Quartely inflation (%)

0.02258812

0.02258814

0.02258816

0.02258818

0.0220458

0.02204582

0.02204584

0.02204586

0.02204588
Young's welfare

-0.01 0 0.01

Quartely inflation (%)

0.3264

0.326401

0.326402

0.326403

0.326404

0.60395

0.603951

0.603952

0.603953

0.603954
Old's consumption

-0.01 0 0.01

Quartely inflation (%)

-1

-0.5

0

0.5

1

-1

-0.5

0

0.5

1
Old's (effective) labor

-0.01 0 0.01

Quartely inflation (%)

6.55866

6.55868

6.5587

6.55872
10-3

0.0100963

0.01009632

0.01009634

0.01009636
Old's welfare

Figure 3: Steady states

between the young and the old.

3.1 Life Expectancy

Figure 4 shows how the optimal inflation rates vary depending on the parameter val-

ues of γ. The vertical axis shows the optimal annualized inflation rate and the hori-

zontal axis shows life expectancy for the old defined by γ.
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Figure 4: Optimal inflation rate by life expectancy

The young prefer lower inflation rates with longer longevity. This is because in-
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terest rates are lowered due to higher motive toward the saving-for-retirement in our

economy with overlapping generations. The lower the interest rate (and the higher

marginal cost) gets, the higher the wage becomes. Such changes in macroeconomic

variables are preferred by the young because they can receive higher earnings, which

at the same time increases the marginal propensity to consume under our calibration

of intertemporal elasticity of substitution being smaller than unity.

On the other hand, the old want inflation rates to be higher because profits become

larger. Note that if life expectancy conditional on being old is very long, specifically

more than 35, the optimal inflation rates for the old decline gradually because their

asset holdings become large and returns from financial assets, that are positively cor-

related with marginal costs, become more important sources of income.

When life expectancy becomes shorter, the young prefer higher inflation rates than

the old. In this case, a rise in inflation leads to an increase in marginal costs. This is

because interest rates are high due to the relatively small saving-for-retirement motive.

The rise in marginal costs increases real wages and real rates of return. Thus, higher

inflation rates are preferred by the young while the old can enjoy more consumption

from lower inflation rates from higher mark-ups following the exactly opposite logic.

On the other hand, when life expectancy becomes longer than 10 years, young

agents’ optimal inflation rate starts increasing. This is because their income composi-

tion becomes closer to that of the old. The young need to save more and have stronger

incentives to increase welfare for when they become old.

3.2 Population Growth

Figure 5 compares the optimal inflation rates by different population growth rate. The

horizontal axis is now the annual population growth rate controlled by b. Since there

are no technological developments in this economy, the population growth rate corre-

sponds to the potential growth rate.

High (low) population growth rate increases (reduces) interest rates and wages

since it increases the capital-labor ratio. We have seen how the long-run inflation rate

affects marginal costs in Figure 1. Namely, a positive population growth likely leads

to R < 1 + n. The young prefer lower inflation to achieve higher wages. The old pre-

fer high inflation to achieve low marginal costs for high profits. On the other hand,

when the population growth rate is relatively low, R > 1 + n, the signs of the optimal

inflation rates flip for each agent.

20



-4 -3 -2 -1 0 1 2 3
-0.4

-0.3

-0.2

-0.1

0

0.1

0.2

0.3

0.4

Optimal for Young

Optimal for Old

Population Weighted

Figure 5: Optimal inflation rate by population growth

3.3 Population Ratio

Figure 6 demonstrates how initial population ratio, No
0 /Ny

0 , affects the optimal infla-

tion rates. Changes in the composition of the population itself do not alter the optimal

inflation rates for each young and old agent. The changes in the composition of the

population affect only the weighted average of the optimal inflation rates.

3.4 Asset Ratio

Figure 7 illustrates how initial asset distribution affects the optimal inflation rates. In

the following figure, we exogenously change the real asset holding ratio at time 0,

Ay
0/(Ao

0 + Ay
0), from 0.3 to 0.9. As the young hold larger fraction of real assets, interest

rates fall because they have a smaller marginal propensity to consume. As illustrated

in Figure 1, low rates of return imply that the young prefer lower inflation rates.

Note that our model abstracts the effects of surprise inflation on different con-

sumers through nominal asset positions, which will be investigated in the next section.

3.5 Summary

The optimal inflation rates in the long-run are different both from zero and between

the young and the old, implying the importance of the demographic structure in de-

termining the target level of inflation. The demographic structure not only determines

the level of the optimal inflation rates, but also changes the signs of the optimal infla-

tion rates for the young and the old. We show that the slope of the long-run Phillips
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Figure 6: Optimal inflation rate by population ratio
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Figure 7: Optimal inflation rate by asset ratio
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Figure 8: Japanese Data

curve - whether inflation increases or reduces mark-ups in the steady state - depends

on the size of the steady state interest rates, in particular, whether the steady state real

interest rates are higher or lower than the potential growth rate.

Changes in the demographic structure naturally lead to the different steady state in-

terest rates. For example, longer life expectancy leads to a stronger saving-for-retirement

motive, which lowers steady state interest rates. As a result, the slope of the long-run

Phillips curve becomes negative. Higher inflation becomes more beneficial to the old

since this reduces marginal cost and therefore increases mark-ups. The opposite hap-

pens when the interest rates are higher than the potential growth rate in the steady

state. To the best of our knowledge, this is the first study to investigate this non-trivial

relationship between the optimal inflation rates and demographic factors in the long-

run.

The optimal long-run inflation rates are, however, only marginally different from

zero. Although our model is a stylized model and not calibrated to any specific coun-

try, let us consider how the demographic variables in the previous subsections have

been evolving in Japan. As shown in Figure 8,12 in Japan, life expectancy becomes

longer; the population growth rates becomes slower, resulting in an increase in the

young/old population ratio; and a young agent’s asset holdings have been decreas-

ing. We cannot, however, find significant fluctuations in such demographic variables

as those in the horizontal axes in Figures 4 to 7, even in Japan where the societal ag-

ing deepens in an unprecedented manner. This implies that the optimal inflation rates

12The top left panel is the asset holding of the young divided by total asset holding. The top right
panel is life expectancy at the age 65. The bottom left panel is the number of old agents divided by
number of young agents. The young and the old are respectively defined as the population aged 20 to
65 and those aged over 65. Population growth rate is plotted in the bottom right panel expressed as the
percentile change.
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cannot be significantly different from zero in the mechanisms considered in this section

under reasonable calibration.

Since our focus so far is the long-run optimal inflation rate by the Ramsey planner,

we deliberately abstract heterogeneous impacts from surprise inflation via nominal as-

set holdings. In the model so far, all assets are treated equally and all profits are shared

by the young and the old by their nominal asset positions. As a result, initial real asset

positions, which are nominal asset positions divided by the price level, disappear from

the wealth in the solved-out consumption functions. In reality, the young and the old

are different in compositions of nominal assets or liabilities. We explore the implica-

tions from nominal financial contracts on the optimal inflation rates for young and old

agents in the next section.

4 Nominal Contracts and Optimal Inflation Rate

Doepke and Schneider (2006) find sizable wealth redistribution among different house-

holds from surprise inflation. They show that young and middle-class households

with fixed-rate mortgage debt gain the most from surprise inflation. Auclert (2017)

coins such a channel the Fisher channel and reports that this channel is important

in amplifying the effects of monetary policy. The recent studies by Wong (2016) and

Eichenbaum et al. (2018) emphasize the importance of mortgage refinancing opportu-

nities. Redistribution through nominal financial contracts have been considered one

of the major factors for the heterogeneous impacts of monetary policy. From a nor-

mative perspective, Sheedy (2014) shows that nominal GDP targeting is desirable as a

stabilization policy in the presence of nominal financial contracts.

So far, we have abstracted the channel through nominal financial contracts. In this

section, we exogenously set the initial nominal asset positions for young and old agents

and then investigate the implication for nominal financial contracts on the optimal in-

flation rate. In particular, we assume nominal lending and borrowing in the initial

period between young and old agents. Let By
0 and Bo

0 denote the initial nominal asset

positions for young and old agents. Then, the initial real asset position for the young

is given by
(

Ay
0 + By

0
)

/P1 while that for the old is given by (Ao
0 + Bo

0) /P1. Since all

profits are shared by the young and the old by their nominal asset positions, distribu-

tional effects through the holding of Ay
0 and Ao

0 are innocuous as explained in Section

2. With nominal lending and borrowing between young and old agents, distributional

impacts to nominal shocks emerge. This can be well understood by looking into to the

solved-out consumption function. The solved-out consumption function for the old in
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Figure 9: Nominal contracts and optimal inflation rates

equation (11) now becomes

co
t = εtθt{

bo
t−1
Pt

+
ao

t−1

ay
t−1 + ao

t−1

{[
1− ψt −

φ

2
(πt − 1)2

]
yt +

ay
t + ao

t
Pt

+
rK

t
1 + n

kt−1 − it − τyt

}
+

γπt+1

(1 + n) Rt
Θo

t+1}.

Thus, surprise change in Pt affects young and old agents differently through the first

term in the bracket bo
t−1/Pt. The market clearing condition for this financial asset is

given by

By
0 + Bo

0 = 0. (14)

We will first see how optimal inflation rates for the young and the old change as the

ratio By
0/K0 or Bo

0/K0 is altered. The optimal inflation rates will likely not be zero. The

central bank needs to take the right balance between the long-run price stability (zero

inflation rates) and the redistribution needs of each agent. Second, we discuss how

the optimal inflation rate is different from zero with the empirically plausible level of

nominal financial contracts found in the data.

Figure 9 illustrates how optimal inflation rates change with initial nominal asset

positions By
0/K0 for (i) Rotemberg adjustment costs with exogenous labor, (ii) Calvo

pricing with exogenous labor, (iii) Rotemberg adjustment costs with endogenous la-

bor, and (iv) Calvo pricing with endogenous labor. The more that young agents bor-

row from the old, the lower the optimal inflation rates for old agents and the higher
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Figure 10: Nominal contracts and optimal inflation rate: less heterogeneity

the optimal inflation rates for young agents. We observe similar tendencies when old

agents borrow more from the young. There, the optimal inflation rates for the young

become lower while that for the old become higher. These are consistent with a mo-

tive to reduce the amount of debt through surprise inflation. There, however, exists

significant asymmetry. The optimal inflation rate for the old, when young agents are

borrowing and old agents are lending, is hugely negative while the optimal inflation

for the young is only slightly positive.

To understand the reason behind this asymmetry, we conduct two additional exper-

iments. The optimal inflation rates are computed when there is no difference in labor

productivity or agents are almost immortal, respectively. Figure 10 shows results from

these two experiments. We only examine the case with Rotemberg adjustment costs

and exogenous labor supply. Asymmetry still remains even without heterogeneity in

labor productivity, but it almost disappears when all agents become almost immortal.

How the non-zero inflation rates are preferred by the different agents is critically

dependent on life expectancy. With the presence of the survival rate, old agents become

myopic. Benefits from setting non-zero inflation targets come from the redistribution

via nominal contracts and therefore they are short-run gains. On the other hand, costs

are Rotemberg price adjustment costs or price dispersion, which persist as long as

inflation rates are non-zero. Therefore, they are long-run losses. As life expectancy

becomes longer, old agents become more like young agents and the long-run costs

from non-zero inflation rates become larger. Consequently, the optimal inflation rates

for old agents become closer to zero even though they lend to the young.

The natural question is then how large the optimal inflation rates should be for

young and old agents respectively given the realistic level of nominal financial asset

positions observed in the data? It is not a trivial task to define which are nominal or real

assets, which contracts are fixed nominal or flexible, and, in addition, who incurs the

costs from surprise inflation given the complicated ownership of firms and delegation

of financial asset managements.
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Empirically plausible values of By
0/K0 for the US and Japan are computed as fol-

lows. Initial net nominal position of the old agent nnpo
0 is given by

nnpo
0 :=

Bo
0

Ao
0 + B0

0
=

Bo
0/K0

Ao
0/K0 + B0

0/K0
.

Thus, we can compute Bo
0/K0 as

Bo
0

K0
=

nnpo
0

1− nnpo
0

Ao
0

K0
.

nnpo
0 is given by the data and Ao

0/K0 is given by the steady state value endogenously

computed from the model. Then, with the financial market clearing condition for nom-

inal assets in equation (14), we can compute By
0/K0.13

Regarding the US, “Table 1 Net Nominal Position of U.S. Households in 1989” in

Doepke and Schneider (2006) shows that net nominal positions for those between 66-75

and 75 and above are 19.4% and 30.6%. Thus, we set nnpo
0 = 0.25 for the US. Regarding

Japan, National Survey of Family Income and Expenditure shows the corresponding

number is 0.39. Ao
0/K0 are computed for both exogenous and endogenous labor cases,

respectively.

Based on the estimated of By
0/K0 as above, Tables 2 and 3 compare the optimal infla-

tion rates for young and old agents in the US and Japan in four cases examined above:

(i) Rotemberg adjustment costs with exogenous labor; (ii) Calvo pricing with exoge-

nous labor; (iii) Rotemberg adjustment costs with endogenous labor; and (iv) Calvo

pricing with endogenous labor. The optimal inflation rates for the old is significantly

different from zero and very negative.

Table 2: Optimal Inflation Rates: US

young old

Exogenous labor Rotemberg 0.1% -0.8%
Calvo 0.0% -1.0%

Endogenous labor Rotemberg 0.4% -1.8%
Calvo 0.1% -0.5%

13We made an assumption of zero net supply of nominal assets among private agents, but this is not
true in open economies. Also, with the presence of the government debt, net nominal position of private
agents tends to be positive. In this exercise, government debt is considered debt by the young agents.
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Table 3: Optimal Inflation Rates: Japan

young old

Exogenous labor Rotemberg 0.3% -4.4%
Calvo 0.1% -2.1%

Endogenous labor Rotemberg 0.8% -7.6%
Calvo 0.1% -1.0%

In particular, with the Rotemberg adjustment costs and endogenous labor, the op-

timal information rates for old given positive net nominal position is -7.6%.

Welfare gains from optimal inflation rates are sizable. Let us compute changes in

the consumption in the case with the exogenous labor. Under the optimal inflation

rate for the young, young consumption is higher by 0.02% with both Rotemberg ad-

justment costs and Calvo pricing than under the optimal inflation rate for the old.

Under the optimal inflation rate for the old, old consumption is higher by 0.04% with

the Rotemberg adjustment costs and 0.06% with Calvo pricing than under the optimal

inflation rate for the young. The tension between the young and the old can be very

tight on the optimal choice of the target level of inflation rates. Aging has significant

politico-economic implications on the optimal conduct of monetary policy.

5 Conclusion

The optimal inflation rates in the long-run are different both from zero and between

the young and the old. The demographic structure can potentially have significant im-

plications for optimal inflation rates for the young and the old. It not only determines

the level of the optimal inflation rates, but also changes the sign of the optimal infla-

tion rates for the young and the old, leading to the non-trivial relationship between

the optimal inflation rates and demographic factors in the long-run. Also, we find that

the optimal inflation rates are significantly different from zero, in particular, when het-

erogeneous impacts from surprise inflation via nominal asset holdings are considered.

The optimal inflation rates for the old given their positive nominal asset holdings can

be largely negative. This largely negative optimal inflation rates for the old is caused

by higher discount factor reflecting shorter life expectancy of old agents.

We deliberately use a tractable framework to investigate the optimal inflation rates

for the young and the old. This is because the main aim of this paper is to understand

the mechanisms behind non-zero optimal inflation rates for heterogeneous agents more

intuitively in a tractable framework. The simplification of course comes with costs.

Rather strong assumptions, such as RINCE preference, needed to be imposed. More
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quantitatively demanding exercises using the overlapping generations model with less

restrictions will offer much sharper policy prescriptions on the optimal inflation rates

for heterogeneous agents: Many agents and more financial assets are considered; the

parameter calibration is based on more detailed data analysis on the household’s bal-

ance sheets, particularly, how components of assets and liabilities are constrained by

nominal contracts, or which assets are owned by each agent directly. This agenda is

left for future studies.
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Appendix

A Variable Labor Supply

When labor supply decision is endogenous, the old maximize welfare:

Vo
j,k,t :=

{[(
Co

j,k,t

)ν (
1− Lo

j,k,t

)1−ν
]ρ

+ βγ
(

Vo
j,k,t+1

)ρ
} 1

ρ

,

subject to the budget constraint:

Ao
j,k,t

Pt
=

Rt−1

γ

Ao
j,k,t−1

Pt
− Co

j,k,t +
Wt

Pt
ξLo

j,k,t + Do
j,k,t,

while the young maximize welfare:

Vy
j,t :=

{[(
Cy

j,t

)ν (
1− Ly

j,t

)1−ν
]ρ

+ β
[
ωVy

j,t+1 + (1−ω)Vo
j,t+1

]ρ
} 1

ρ

,

subject to the budget constraint

Ay
j,t

Pt
= Rt

Ay
j,t−1

Pt
+

Wt

Pt
Lj,t − Cy

j,t + Dy
j,t.

As a result of the endogenous labor supply, the labor market clears as

Lt = Ly
t + ξLo

t .

When the labor is endogenous, the system of equations except for monetary policy

rule is now given by

yt =

(
kt−1

1 + n

)α

,

Wt

Pt
= (1− α)ψtl−α

t

(
kt−1

1 + n

)α

,

rK
t = αψt

(
kt−1

1 + n

)α−1

,

dt =

[
1− ψt −

φ

2
(πt − 1)2

]
yt +

ay
t + ao

t
Pt

− Rt−1

(1 + n)πt

ay
t−1 + ao

t−1

Pt−1
+ rK

t
kt−1

1 + n
− it − τyt,

(1− κ) (1 + τ) yt + ψtκyt − φ (πt − 1)πtyt +
(1 + n)πt+1

Rt
φ (πt+1 − 1)πt+1yt+1 = 0,
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kt = (1− δ)
kt−1

1 + n
+

[
1− S

(
(1 + n) it

it−1

)]
it,

1 = qt

[
1− S

(
(1 + n) it

it−1

)
− S′

(
(1 + n) it

it−1

)
(1 + n) it

it−1

]
+

πt+1

Rt
qt+1S′

(
(1 + n) it+1

it

)(
(1 + n) it+1

it

)2

,

qt =
πt+1

Rt

[
qt+1 (1− δ) + rK

t+1

]
,

qtkt =
ay

t + ao
t

Pt
,

ao
t

Pt
=

Rt−1

(1 + n)πt

ao
t−1

Pt−1
+

Wt

Pt
ξlo

t − co
t +

ao
t−1

ay
t−1 + ao

t−1
dt

+ (1−ω)

(
Rt−1

(1 + n)πt

ay
t−1

Pt−1
+

Wt

Pt
ly
t − cy

t +
ay

t−1

ay
t−1 + ao

t−1
dt

)
,

co
t = εtθt

(
Rt−1

(1 + n)πt

ao
t−1

Pt−1
+ Θo

t

)
,

(
εtθt

1− εtθt

)ρ−1

= βγ1−ρ

(
Rt

πt+1

)ρν (πt+1Wt+1Pt

Pt+1Wt

)ρ(ν−1)

(εt+1θt+1)
ρ−1 ,

cy
t = θt

(
Rt−1

(1 + n)πt

ay
t−1

Pt−1
+ Θy

t

)
,

(
θt

1− θt

)ρ−1

= β

(
RtΦt+1

πt+1

)ρν (πt+1Wt+1Pt

Pt+1Wt

)ρ(ν−1)

(θt+1)
ρ−1 ,

Θo
t =

Wt

Pt
ξlo

t +
ao

t−1

ay
t−1 + ao

t−1
dt +

γπt+1

Rt
Θo

t+1,

Θy
t =

Wt

Pt
ly
t +

ay
t−1

ay
t−1 + ao

t−1
dt +

ωπt+1

RtΦt+1
Θy

t+1 + (1−ω) ε
ρ−1

ρ

t+1ξν−1 πt+1

RtΦt+1
Θo

t+1,

yt = co
t + cy

t +

[
1− S

(
(1 + n) it

it−1

)]
it +

φ

2
(πt − 1)2 yt,

Φt := ω + (1−ω) ε
ρ−1

ρ

t ξν−1,
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lo
t = Γt −

1− ν

ν
co

t
Pt

ξWt
,

ly
t = 1− 1− ν

ν
cy

t
Pt

Wt
,

and

lt = ly
t + ξlo

t .

Values to be targeted by the central bank are altered as

vy
t = (θt)

− 1
ρ cy

t

(
1− ν

ν

Pt

Wt

)1−ν

,

and

vo
t = (εtθt)

− 1
ρ co

t

(
1− ν

ν

Pt

ξWt

)1−ν

.

B Calvo Pricing

When Calvo (1983) pricing is employed instead of Rotemberg (1982) adjustment costs,

equation (6), which depicts the new Keynesian Phillips curve, is replaced by three

equations below: (
1− λπκ−1

t
1− λ

) 1
1−κ

Ft = Gt,

Ft = 1 + λ
πt+1

Rt

Yt+1

Yt
πκ−1

t+1 Ft+1,

and

Gt =
κ

(1− τ) (κ − 1)
+ λ

πt+1

Rt

Yt+1

Yt
πκ

t+1Gt+1.

Also, the resource constraint in equation (10) is replaced by

yt = ∆t
(
co

t + cy
t + it

)
,

where ∆t denotes the price dispersion term:

∆t :=
∫ 1

0

(
Pi,t

Pt

)−κ

di = λπκ
t + (1− λ)

(
1− λπκ−1

t
1− λ

) κ
1−κ

.
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