
 

IMES DISCUSSION PAPER SERIES 

 

 

 

 

 

 
 

 

INSTITUTE FOR MONETARY AND ECONOMIC STUDIES 

 

BANK OF JAPAN 

 

2-1-1 NIHONBASHI-HONGOKUCHO 

CHUO-KU, TOKYO 103-8660 

 JAPAN 

 

You can download this and other papers at the IMES Web site: 

http://www.imes.boj.or.jp 

 

Do not reprint or reproduce without permission. 

 

 

 

Demographics, Redistribution, and Optimal Inflation 

 

 

James Bullard, Carlos Garriga, and Christopher J. Waller 

 

Discussion Paper No. 2012-E-13 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

NOTE:  IMES Discussion Paper Series is circulated in 

order to stimulate discussion and comments. Views 

expressed in Discussion Paper Series are those of 

authors and do not necessarily reflect those of 

the Bank of Japan or the Institute for Monetary 

and Economic Studies.   



IMES Discussion Paper Series 2012-E-13 

September 2012 

 

Demographics, Redistribution, and Optimal Inflation 

 

 

James Bullard*, Carlos Garriga**, and Christopher J. Waller*** 

 

Abstract 

We study the interaction between population demographics, the desire for redis- 

tribution in the economy, and the optimal inflation rate in a deterministic economy 

with capital.  The intergenerational redistribution tension is intrinsic in the general 

equilibrium life-cycle models we use.  Young cohorts do not initially have any 

assets and wages are the main source of income; they prefer relatively low real 

interest rates, relatively high wages, and relatively high rates of inflation.  Older 

generations work less and prefer higher rates of return from their savings, relatively 

low wages, and relatively low inflation.  In the absence of intergenerational 

redistribution via lump-sum taxes and transfers, the constrained efficient competitive 

equilibrium entails optimal distortions on relative prices.  We allow the planner to 

use inflation to try to achieve the optimal distortions.  In the economy changes in the 

population structure are interpreted as the ability of a particular cohort to influence 

the redistributive policy.  When the old have more influence on the redistributive 

policy, the economy has a relatively low steady state level of capital and a relatively 

low steady state rate of inflation.  The opposite happens as young cohorts have more 

control of policy.  These results suggest that aging population structures like those 

in Japan may contribute to observed low rates of inflation or even deflation.  
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1 Introduction

1.1 Overview

Can observed low in�ation outcomes be related to demographic factors such as an aging

population? A calculation which we will label �back-of-the-envelop�(BOTE) based on some

basic economic theory might suggest that the answer is �no.�Suppose we think of the net

real interest rate r in a model with capital. We might guess that in steady state r = � + n;

where � is the net depreciation rate and n is the net population growth rate. Suppose we also

assume that money and capital pay either the same real rate of return or closely related real

rates of return,1 and that the real return on money is the negative of the net in�ation rate

�: Now suppose the rate of population growth increases to n0; creating a new steady state

with a more youthful population. By itself, this must mean that the real return to capital

increases to r0 and that the in�ation rate decreases to �0: This would seem to suggest that

countries with relatively young populations would have relatively low in�ation rates, all else

equal, and conversely that countries with relatively old populations would have relatively

high in�ation rates, all else equal.

However, the BOTE calculation does not seem to square with some of the facts. Figures

1 and 2 show two time series each for two countries, the U.S. and Japan. The years run from

1960 to 2011. A moving average of the consumer price in�ation rate is plotted using the left

scale. A measure of the youthfulness of the population, the fraction of the population aged

15 to 40 years, is plotted on the right scale. In each case, very roughly speaking, the more

youthful economies are associated with higher in�ation, while the more elderly economies

are associated with lower in�ation.2 This evidence, while far from de�nitive, is at least

suggestive and does run counter to the BOTE �standard theory�calculation.

In this paper, we provide one reconciliation of the BOTE calculation with the suggestion

from the data shown in Figures 1 and 2 that aging populations are associated with lower

levels of in�ation. The theory we study has all the elements of the BOTE calculation but

also considers the desire for redistribution within society. We model this desire as a social

planner�s problem in which the planner only has access to in�ation or de�ation as a tool

for redistribution. We show that the solution to the social planner�s problem associates

relatively elderly populations with relatively low in�ation.

1�Closely related�would apply to cases where the return on capital and the return on money were not
exactly equal but di¤er only by a constant, so that the two rates still move in tandem.

2The mid-1970s moving average in�ation rate in Japan is truncated at 10 percent in order to allow a
better view of the two data series.
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Figure 1: Moving average CPI in�ation and the share of the population aged 15 to 40 in the
U.S., 1960 to 2011.

Figure 2: Moving average CPI in�ation and the share of the population aged 15 to 40 in
Japan, 1960 to 2011.
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1.2 Redistributional tension

In canonical macroeconomic models, the representative agent assumption is used to capture

the �average�behavior of key variables, including in�ation. When using the representative

household approach, policy implicitly ignores the redistributive e¤ects of �scal and monetary

interventions. While it is possible to incorporate various forms of heterogeneity into canonical

models, attempting to understand redistribution policies for demographic reasons forces us

to abandon the representative agent framework and move to a general equilibrium life-cycle

framework.

Accordingly, in this paper we use an overlapping generations model with capital to study

the redistributional tensions associated with monetary and �scal policy. As in Bullard and

Waller (2004), in�ation dictates the real rate of return on money and thus the portfolio

choices of each generation. Via a standard Tobin e¤ect, higher in�ation can induce a substi-

tution from money to capital. But why is there a tension across generations from this? The

tension can be understood by considering the decision-making of a given individual at time t.

A high wage rate at time t, which we can represent as fl (kt), increases lifetime income of the

young cohort. In�ation reduces the rate of return of money balances and individuals shift

portfolio decisions towards capital. The increasing capital accumulation increases wages of

young workers but reduces the rate of return on capital, fk (kt+1), for the older cohort of

savers. Consequently, young workers like in�ation when they are young but dislike it when

they are old. Thus, if a single generation could choose the in�ation rate at each point in

their lives, they would choose relatively high in�ation when they were young and relatively

low in�ation (or de�ation) when old. Clearly, the generations existing side-by-side with this

one generation would not appreciate such a policy and would oppose it. Consequently, how

agents resolve this con�ict between generations is important for understanding policy choices

and the institutional design of the central bank. Bullard and Waller (2004) considered three

institutional arrangements for resolving this con�ict, among them a �policy committee�that

allows older and younger cohorts to solve a Nash bargaining problem.3 Their main �nding

is that the behavior of in�ation hinges critically on key details of the institutional design.

The objective of this paper is to understand the determination of central bank objectives

when population aging shifts the social preferences for redistribution and its implications

for in�ation. Our starting point builds on Bullard and Waller (2004), but unfortunately,

it is di¢ cult to follow their approach since it is not possible to specify the entire spectrum

3Bullard and Waller did not focus directly on demographic e¤ects.
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of institutional arrangements that could be implemented. We take a di¤erent approach in

this paper. Rather than specifying particular political decision-making rules, we use a direct

mechanism to decide the allocations. This means we will solve a social planner�s problem in

which the weights assigned to each generation are population weights. Thus, a baby boom

corresponds to putting more weight on the young of a particular generation relative to past

and future generations. This mechanism can replicate any steady state allocation arising

from a political economy model with population growth or decline.

For every level of social redistribution there exists an optimal level of capital. When the

young have more in�uence in the planner�s optimization problem, wages are high and the

return from capital is low, and when the old have more in�uence in the planner�s optimization

problem, wages are low and the return from capital is high. A critical feature of the planning

problem we study is whether or not the planner can redistribute resources via lump-sum taxes

or transfers. In the absence of lump-sum redistribution, we show that the planner might wish

to use in�ation or de�ation to change the relative price of capital to induce young households

to hold the right amount of capital. In general, the constrained redistributive solution is not

fully e¢ cient. That is, the implied level of savings is either too low or too high compared

with the unconstrained e¢ cient solution. In this sense, in�ation or de�ation will turn out to

be an imperfect substitute for a full system of lump-sum taxes and transfers.

We emphasize that in contrast with Bullard andWaller (2004), the unconstrained socially

e¢ cient level of savings is always dynamically e¢ cient. This is because in the unconstrained

case the social planner has access to a full system of lump-sum taxes and transfers. However,

the constraints on redistribution� the planner only has access to in�ation or de�ation as a

redistribution tool� behave as binding participation constraints that cause the e¢ cient level

of capital to deviate from the socially e¢ cient one. These deviations are due to the relative

importance of each group and the underlying distribution of resources.4

The mechanism presented in the paper follows the work of Garriga (2001), who considers

the implementation of constrained e¢ cient solutions in economies with warm-glow or joy-

of-giving preferences. The rational for intergenerational redistribution is always present in

life cycle model that abstracts from lump-sum taxes and transfers. Garriga (2001) shows

depending on the relative importance of present versus future generations it is optimal to

tax/subsidize capital. Dávila (2012) uses a similar approach in a steady state analysis to show

4Judd (1985) considers a redistributional trade-o¤ between wage earners and capital earners. In that
economy the optimal redistribution is independent of the relative weight of each group in the social welfare
function. In terms of monetary policy, in that economy the central bank should set the nominal interest rate
to zero.
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that capital taxation can still be optimal even in the absence of government expenditure.

This mechanism is usually absent in economies with dynastic agents. Dávila, Hong, Krusell,

and Ríos-Rull (2012) also use a similar set up in an economy with incomplete markets and

uninsurable income risk.

2 Economy

2.1 Environment

Consider a standard two-period overlapping generations growth model with capital. Time

is discrete and double in�nity t = :::;�2;�1; 0; 1; 2; :::. Each period a number of identical
households are born, and population grows at an exogenous rateNt = (1+n)Nt�1 whereN0 =

1. Agents live for two periods and have perfect foresight. Young agents are endowed with one

unit of time that can be devoted to market work. These agents consume goods every period

and consumption bundles are compared using a standard utility function U(c1;t; c2;t+1) =

u(c1;t)+�u(c2;t+1) where the utility function satis�es standard properties. There is an initial

old agent that consumes at t = 0:

This economy produces consumption and investment goods with a standard neoclassical

technology F (Kt; Nt). The production function has constant returns to scale and satis�es

standard properties. Capital depreciates at the rate �. Output per worker can be written as

f(kt) where kt = Kt=Nt. The economy aggregate resource constraint is given by

Ntc1;t +Nt�1c1;t�1 +Kt+1 = F (Kt; Nt) + (1� �)Kt (1)

or, in per capita terms,

c1;t +
1

1 + n
c1;t�1 + (1 + n) kt+1 = f(kt) + (1� �) kt: (2)

2.2 The e¢ cient allocation of resources

Consider the allocation of resources determined by a social planner. The objective function

weights current and future generations according to

V = ���1u(c2;0) +
1X
t=0

�t [u(c1;t) + �u(c2;t+1)] : (3)
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The term �t can be interpreted as the social discount rate and represents the relative weight

that the government places between present and future cohorts. Note that it is possible for

�t > 1 for some arbitrary generation t but for exposition it is convenient to assume that

discounting is geometric; that is, �t = � � 1. The socially e¢ cient allocation of resources is
then the solution to a standard optimization problem

V (k0) = max
1X
t=0

�t
�
u(c1;t) + ��

�1u(c2;t)
�

(4)

subject to

c1;t +
c2;t
1 + n

+ (1 + n)kt+1 = f(kt) + (1� �)kt: (5)

The objective function has been rewritten to illustrate the redistributive trade-o¤s between

existing old cohorts and the new young. A higher value of � places more weight on the new-

born and future generations, and less in the current individuals. The �rst-order conditions

of the optimization program imply

�u0(c1;t) = �(1 + n)u
0(c2;t) (6)

and

(1 + n)u0(c1;t) = �u
0(c1;t+1) [1� � + f 0(kt+1)] : (7)

Both conditions are standard. The �rst expression equates the marginal rate of substitution

of the young and the old at a given point in time. When � = �; both individuals receive

the same amount of per capital consumption. When the weight on the young cohort is

larger, c1;t > c2;t: The second expression is the standard Euler equation but comparing the

marginal rate of substitution between a newborn in period t and t+1 to the marginal rate of

transformation. Combining both expressions, the model implies the standard Euler equation

from the two-period overlapping generations model:

u0(c1t) = �u
0(c2t+1) [1� � + f 0(kt+1)] : (8)

In steady state, the allocation of resources perfectly separates the production process

(determination of the capital stock and employment) since the steady state stock of capital

ks is determined solely from (7),

f 0(ks) = (1 + n)��1 + � � 1; (9)
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while steady state consumption cs1 and c
s
2 solve

�u0(cs1) = �(1 + n)u0(cs2) (10)

cs1 +
cs2
1 + n

+ (� + n)ks = f(ks): (11)

Since � < 1, the economy always satis�es the condition for dynamic e¢ ciency. Note that for

the extreme case of � = 1; the economy satis�es the golden rule f 0(k�) = n+�. Many analyses

of this model ignore the role of social discounting, implicitly setting � = 1; and maximize the

savings rate subject to the steady state resource constraint. However, this particular case of

the Pareto frontier is not useful for the study of intergenerational redistribution when the

relative importance of one group increases.

If one restrains the analysis to only steady state allocations, then (9)-(11) yield a unique

solution for any value of �. It is clear from (9) that for � > 1, ks > k� and the economy

has more capital than prescribed by the golden rule. This is the case studied by Bullard

and Waller (2004) who looked only at political economy allocations rather than a planner

allocation. It is in this sense that any political economy allocation occurring in steady state

of their model can be replicated by an appropriate choice of � confronting a social planner.

However, since we want to study the dynamic behavior of in�ation following a baby boom and

bust, we cannot constrain our analysis to steady states. This forces us to study allocations

for which � � 1.

2.3 Implementation of the e¢ cient problem: Lump sum transfers

Markets can achieve the same allocation as the social planner. However, that requires a

transfer resources across cohorts using lump-sum taxation. The optimization problem of the

representative newborn is given by

max u(c1;t) + �u(c2;t+1) (12)

subject to

c1;t + st = wtlt + T1;t; (13)

and

c2;t+1 = (1� � + rt+1)st + T2;t+1: (14)
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The optimality conditions imply

u0(wtlt � st + T1t) = �u0 [(1� � + rt+1)st + T2;t+1] (1 + rt+1):

The optimal interest rate determined by the intergenerational discount rate can be imple-

mented by shifting resources across cohorts at a given period t. That ensures that the young

cohort saves the right amount, implementing the fully e¢ cient solution. The market clearing

condition for capital implies (1 + n)kt+1 = st: The government budget constraint implies

T1;t +
T2;t
1 + n

= 0: (15)

This economy is not particularly useful, because neither �scal or monetary policy is used

to implement the e¢ cient solution. In the absence of redistributional policy this is no longer

true. In this case, the direct mechanism needs to respect the distributional restrictions

implied by the market. However, a constrained planner can internalize the impact of the

decisions on factor prices. This solution should be superior to the one in which the dir-

ect mechanism does not take into account the e¤ect of aggregates on factor prices. The

constrained e¢ cient solution implies a wedge in market decisions (for instance, in�ation or

capital taxation). The optimal wedge (positive or negative) is determined by the social

desirability to redistribute resources across cohorts.

2.4 Constrained e¢ cient allocations: Ramsey

In the e¢ cient allocation, the social planner has access to lump-sum taxes and transfers.

Since the use of lump-sum taxes and transfers are rarely used in practice, we follow the

traditional Ramsey approach and assume that the social planner: (1) does not have access

to lump-sum taxes and transfers and (2) faces the same market prices as agents. This

assumption implies that the only way to increase consumption for a given cohort is to

manipulate the incentives to save and the implied relative prices. By taking into account

the e¤ects on relative prices the planner does not need to manipulate the allocations that

much. Consider

V (k0) = max
1X
t=0

�t
�
u(c1;t) + ��

�1u(c2;t)
�

(16)

subject to

c1;t = fl

�
st�1
1 + n

�
l � st; (17)
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and

c2;t =

�
1� � + fk

�
st�1
1 + n

��
st�1; (18)

where (1 + n)kt+1 = st. This optimization problem is equivalent to the Ramsey problems

described in Garriga (2001) when the government expenditure is set equal to zero, or to the

steady state analysis when the planner faces no intergenerational con�ict, � = 1, as in Davila

(2012).

Let 
1;t and 
2;t represent the Lagrange multipliers of the distributional constraints (17)

and (18) respectively. It is important to stress that each resource constraint e¤ectively

provides an entitlement for each individual and thus 
1;t and 
2;t are endogenous weights

a¤ecting the distribution of resources. The �rst-order conditions of this problem for every

period t yield
u0(c1;t)

u0(c2;t)
=
�(1 + n)

�


1;t

2;t

: (19)

The endogenous weights are the same 
1;t = 
2;t only if the planner does not have redistri-

butional con�icts. When a particular cohort controls more resources, its endogenous weight

is lower making it easier to transfer resources from that cohort to the other. In short, in-

tergenerational redistribution trades o¤ the relative importance of each cohort, �, with the

cohort�s ownership of resources, 
.

The intergenerational decision of savings (capital) is more complicated:


1;t = 
1;t+1fl;k

�
st�1
1 + n

�
l

1 + n
+ 
2;t+1

�
1� � + fk

�
st�1
1 + n

�
+ fk;k

�
st�1
1 + n

�
st

1 + n

�
: (20)

An increase in savings reduces consumption of the current generation c1;t. The additional

savings (1) increases future consumption of the generation that saves the resources by the

marginal product of capital, (2) increases the wages of future newborn cohorts at t+ 1, and

(3) reduces the future rate return of all savings. Replacing the multipliers implies

u0(c1;t) = �u
0(c1;t+1)fl;k

�
st�1
1 + n

�
l

1 + n

+ �u0(c2;t+1)

�
1� � + fk

�
st�1
1 + n

�
+ fk;k

�
st�1
1 + n

�
st

1 + n

�
: (21)

As � increases, the relative importance of the young cohort increases, the e¤ect of saving on

future wages is more important, and the economy accumulates more capital. In the absence

of intergenerational redistribution, the only way to induce additional savings is to subsidize
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capital.

This expression can be rewritten in wedges form

u0(c1;t)

�u0(c2;t+1)
=

�
1� � + fk

�
st�1
1+n

�
+ fk;k

�
st�1
1+n

�
st
1+n

�
1 + �u

0(c1;t+1)
u0(c1;t)

fk;k
�
st�1
1+n

�
l

1+n

; (22)

where fk;kk = �fl;kl: The constrained e¢ cient solution is fully e¢ cient only when fk;k = 0.
Otherwise, the e¢ cient solution implies an optimal wedge (positive or negative) in savings

decisions. The magnitude of the wedge depends on the relative in�uence of each generation

in the planner�s objective function. Let

�k = fk;k(k)
k

fk(k)
< 1 (23)

be the elasticity of marginal product to changes in the capital stock. If the production

function is linear or has constant marginal product the social planner cannot manipulate

prices. The other wedge is determined by

��t+1 = �
u0(c1;t+1)

u0(c1;t)
fk;k

�
st�1
1 + n

�
l

1 + n
< 1 (24)

Replacing the de�nition of the wedges in the optimality condition implies

u0(c1;t)

�u0(c2;t+1)
=

�
1� � + fk

�
st�1
1+n

�
(1 + �kt+1)

�
(1 + ��t+1)

: (25)

To simplify, assume that the depreciation rate � = 1 :

u0(c1;t)

�u0(c2;t+1)
= fk

�
st�1
1 + n

�
(1 + �kt+1)

(1 + ��t+1)
: (26)

In this case it is clear that the relative strength of each wedge determines the magnitude of the

wedge (larger or smaller than one). The wedge �k is determined by the income distribution

in the constraints in the economy whereas �� is also determined by relative importance of

young cohorts versus the older ones.
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2.5 Implementation via optimal wedges

The implementation of the constrained problem requires wedges and transfers within a given

cohort. The optimization problem of the representative newborn is given by

max u(c1;t) + �u(c2;t+1) (27)

subject to

c1;t + st = wtlt; (28)

and

c2;t+1 =
1� � + rt+1(1 + �kt+1)

1 + ��t+1
st + Tt+1: (29)

This formulation does not allow for intergenerational redistribution� all the resources are

transferred within the same cohort. The optimality condition of the consumer problem

implies
u0(wtlt � st)

�u0
�h

1��+rt+1(1+�kt+1)
1+��t+1

i
st + Tt+1

� = 1� � + rt+1(1 + �kt+1)
1 + ��t+1

: (30)

This formulation is silent about the tax instrument used to implement these wedges. Several

instruments can manipulate the relative rate of return of savings (for example, in�ation or

capital taxation). To illustrate the importance of these wedges, we compute some numerical

examples that show comparable �ndings to Bullard and Waller (2004).

3 Money and capital

3.1 Pricing an additional asset

Since the optimal intergenerational redistribution determines the equilibrium interest rate,

we can also think about these parameters as the determining factors in an economy where

capital and money are perfect substitutes. Thus, the equilibrium return on capital pins

down the real rate of return on money and thus the in�ation rate. In this economy, one can

imagine the per capita money growth rate evolving according to Mt+1 (1 + n) = (1 + zt)Mt.

The real rate of return on money is given by (1 + �t)
�1 where �t is the net in�ation rate in

period t. Arbritrage then implies that

fk(kt) =
1

1 + �t
=
1 + n

1 + zt
: (31)
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We do not explicitly model the reason agents hold money in this economy. Rather we think

of this exercise as being able to price an asset that is held in zero net supply. This is similar

in spirit to Woodford�s (2003) �cashless�economy.

Since the rate of return from capital is the same as money, it is possible to write the

consumer�s budget constraint as

c2;t+1 =
vt+1
vt
st+1; (32)

where vt+1=vt = 1 + n=(1 + z) = 1 + � . Replacing the expression in the budget constraint

implies

(1 + �)c2t+1 = st+1: (33)

The optimal wedge takes a di¤erent form, but it a¤ects the relative price of consumption.

Arbitrage between money and capital ensures that the economy implements the constrained

e¢ cient stock of capital. This model ties the constrained e¢ cient level of capital to the

implied in�ation rate that would have to prevail to equate rates of return on assets.

It is important to emphasize that the optimal rate of in�ation is derived from the prim-

itives of redistribution and not the other way around. If we impose the arbitrage condition

into the planner�s problem, the optimal capital stock would be determined by z. In this

case, the e¤ects of savings in the stock of capital become irrelevant because the exogenous

arbitrage condition would determine the e¢ cient stock of capital, and the level would not

necessarily be consistent with the intergenerational discount factor �:

3.2 Numerical example

3.2.1 Functional forms and optimality

The numerical example compares the solution of the unconstrained e¢ cient problem with the

constrained one. The objective is to illustrate the di¤erences in capital stocks achieved by

these economies and the implied redistributional policies. We consider individual preferences

of the form

U(c1;t; c2;t+1) =
c1��1;t

1� � + �
c1��2;t+1

1� � ; (34)

and the technology is Cobb-Douglas such that f(k) = Ak�: For this functional form, the

unconstrained e¢ cient problem has a closed form solution. The optimal level of capital

depends on the intergenerational parameter �. A larger weight on future generations implies
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a higher capital stock and higher wages for the young cohort:

k�(�) =

�
�A�

1 + n� �(1� �)

� 1
1��

. (35)

Given the level of capital, the distribution of consumption depends on � as well

c2 =

�
�(1 + n)

�

� 1
�

c1; (36)

whereby higher values of � imply lower relative consumption for the current old. Finally,

the level of consumption for each cohort is determined by net output

c1 +
c2
1 + n

= y(�) = Ak�(�)� � (� + n)k�(�): (37)

The constrained e¢ cient problem does not have closed form solutions and requires solving

a nonlinear equation for the capital stock, k, given by

[fl(k)l � (1 + n)k]��

� f[1� � + fk(k)] (1 + n)kg��
=

1� � + �2Ak��1
1 + (1� �)�Ak��1 : (38)

The parameters used in the steady state simulations are chosen to be fairly consistent with

standard macroeconomic aggregates, but the selection of the two-period economy is mainly

for illustrative purposes. Table 1 summarizes the parameter values used in the numerical

experiments.
Table 1: Summary Parameter Values

Parameter Value

� 0:35

A 10

l = � 1

� 2

n 0:99630

� 0:97930

3.2.2 Steady state comparisons

Given this parameterization, Figure 3 summarizes the optimal capital stock for both con-

strainted and unconstrained economies as a function of the parameter �: The capital stock
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is plotted as deviations from the e¢ cient level. There exists a parameter � for which the

constrained e¢ cient solution is optimal.

Figure 3: Capital Stock
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Higher values of � imply that the constrained solution has an insu¢ cient level of capital

when compared to the e¢ cient solution. The reason is that as more weight is placed on the

future young, the current cohort must save more and reduce its consumption. This increases

the endogenous component 
2 and prevents the economy from achieving the e¢ cient solution.

For low values of � the model predicts the opposite e¤ect. The economy is not dynamically

ine¢ cient in the classical sense, r < n + �, but the market solution can have too much or

too little capital relative to the e¢ cient (dynamically e¢ cient) level.

The redistributional constraints have important implications for the cross section of con-

sumption. Figure 4 compares the share of consumption of the young cohorts as a fraction of

total consumption.

Figure 4: Consumption Share Young Cohort
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In the presence of lump-sum transfers, a larger value of � implies a greater share of
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consumption for the young. However, in the constrained e¢ cient steady state, the relative

weight of old cohorts, 
2;t, increases. As a result, the young cohorts�share of consumption

decreases. The reason is that the only way to achieve a higher capital stock is to decrease

consumption of the young. The absence of intergenerational transfers prevents increasing

both consumption and capital simultaneously.

Figure 5 shows the implied wedge consistent with the high savings rate

Figure 5: Optimal Wedge
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In the market economy, young cohorts can only be induced to save more and reduce the

current consumption when the return from capital is higher than the marginal product of

capital. When the economy has too much capital relative to the e¢ cient level, the optimal

strategy is to reduce the return of savings of the old cohorts.

The notion of in�ation or de�ation should be viewed relative to the e¢ cient magnitude,

��. It is possible to construct examples where the constrained e¢ cient in�ation rate is

negative � < 0 or � > 0. The role of redistributional policy implies that for di¤erent ranges

of � we have �(� < ��) < �(��) < �(� > ��). When population growth is positive the

equilibrium interest rate is always positive r = n, and the redistribution is accomplished

by changing the optimal rate of de�ation z� < 0. When the size of the population shrinks

(i.e., after a baby boom), then r = n < 1 and the e¢ cient rate of in�ation can be positive

or negative depending on the distributional factor �. Figure 6 summarizes the annualized
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in�ation rate implied by the model.

Figure 6: Annualized In�ation (n<0)
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In this economy, the monetary equilibrium implies r < 1; and as a result the crossing

line between e¢ cient and constraint implies � > 0: The relevant result is not the level of

in�ation but the relative preference for di¤erent individuals in the population. This economy

illustrates the basic trade-o¤ between the young and old. The young prefer higher in�ation

(or less de�ation) and the old cohorts prefer the opposite. This trade-o¤ is clear in the

e¢ cient economy and the constrained e¢ cient economy, but the relative di¤erence in both

economies is due to the absence of intergenerational transfers. When the old cohorts are

relatively more important, the optimal in�ation rate is determined by the size of the capital

stock. Ideally, it would be optimal to have more capital, but the young are the ones that

need to give up consumption to achieve the needed level of savings. Since this would violate

their budget constraint, the resulting policy implies de�ation (redistribution towards the

old), but the magnitude is not as large as in the e¢ cient case because of the binding role of

the redistributional constraints.

The level of in�ation depends on the growth rate of population. With stationary popula-

tion, n = 0, the interest rate is always above one and the optimal in�ation is always negative

as can be seen in Figure 7.
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Figure 7: Annualized In�ation (n=0)
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The model also predicts that the young cohorts have a preference for a lower negative

growth of money, whereas the old cohorts prefer a higher rate of de�ation. The quantitative

magnitudes depend on the parameterization, but the qualitative tension between young and

old cohorts is consistent with the political economy equilibrium of Bullard and Waller (2004).

The revenue/loss raised by the optimal wedge is rebated to the old cohort. Figure 8

compares the tax/transfers paid by the old generation for both economies.

Figure 8: Taxes and Transfers
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For a given value of �; the e¢ cient economy always has more redistribution than the

constrained e¢ cient one. When both economies achieve similar capital stock levels, the role

of redistribution becomes less important, and the consumption shares of each cohort are

nearly the same.
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4 Transitional dynamics

The steady state calculations are only useful to illustrate the static trade-o¤. By de�nition,

the young and the old cohort have to face the same prices. The current young might earn

a high wage today, but will be an old cohort tomorrow earning a low rate of return. In the

transition path the stock of capital changes, therefore, the prices faces by a given generation

at time t will be di¤erent to those face by the next generation at t+ 1:

The intuition is clear from the Euler equation of the constrained e¢ cient problem

c��1;t =
�t+1
�t
c��1;t+1[(1� �)�Ak��1t+1 ] + �c

��
2;t+1

�
1� � + �2Ak��1t+1

�
: (39)

An increase in savings reduces the consumption of the current young c1;t; increases the

compensation of the future young cohort, c1;t+1; via wages and decreases the return from

savings of the young cohort next period, c2;t+1: Because the current young and the future

old are the same individuals, the relative weight �t cancels.

The Euler equation of the e¢ cient solution is very di¤erent, but has the same economic

interpretation. The intergenerational redistribution is done directly, and as a result market

prices are not distorted:

c��1;t =
�t+1
�t
c��1;t+1

�
1� � + �Ak��1t+1

�
: (40)

It is clear from the expression that an increase of the relative weight of future cohorts,

�t+1=�t > 1; will reduce consumption of the current generation (increase in savings) relative

to future generations. The increasing savings are sustained by intergenerational transfers.

A simple way to capture the e¤ects of demographic changes is to adjust the relative

importance of a given cohort in the social welfare function. When current generations become

relatively more important than future generations, the capital stock will increase. A higher

capital stock reduces the return of savings and it increases workers�compensation.

In the experiment we adjust the initial discount rate � so both economies start with the

same stock of capital. Therefore, the constrained economy is e¢ cient with an optimal wedge

equal to zero. The implied in�ation is determined by the arbitrage condition between capital

and money. We consider two di¤erent sequences of intergenerational weights f�tg: In case
1 the relative importance of young cohorts increases during a short number of periods. In

case 2, the high � is maintained during a larger number of periods. The di¤erence sequences

illustrated in Figure 9 summarize the behavior of the model in these two cases.
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Figure 9: Intergenerational Discount Rate
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The interpretation we wish to use is that the young cohorts become temporarily more

important in the determination of the optimal policy. The change is transitory and eventually

reverts back the initial level. The change in the social discount rate has implications for

savings and consumption. The initial steady state is no longer optimal at the new discount

rates f�tg: The implicit baby boom generates a change in policy. To incentivize the savings

the rate of return of money has to decrease (this is the standard Tobin e¤ect in this model).

The implied policy generates a hump-shaped response from in�ation.

Figure 10: Annualized In�ation
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Figure 10 summarizes the evolution of annualized in�ation along the transition path. Both
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economies increase the in�ation rate relative to the initial steady state. The persistence

of in�ation is entirely determined by �:5 Along the transition path the increase in savings

increases the compensation of working generations and reduces the return from savings

for the existing old. In the e¢ cient economy, the optimal in�ation rate can be sustained

via intergenerational policy. The constrained economy has more limitations regarding the

transfer resources across generations. Market prices are the only mechanism for the young

individuals to save the right amount. As a result, the constrained in�ation rate is lower

during the boom, but higher during the bust. The underlying income distribution between

wage earners and the asset-holding generation places bounds on the optimal policy.

The increase in the savings rate reduces the return from capital and increases the workers

compensation. Figure 11 summarizes the evolution of real interest rates as a percentage

change of the initial steady state.

Figure 11: Interest Rates
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The path of interest rates is entirely driven by the sequence of f�tg: In the constrained
e¢ cient economy, the optimal in�ation rate is not su¢ ciently high to encourage a higher

savings rate. As a result, the interest rate does not fall as much during the boom and

workers compensation cannot increase to the e¢ cient levels.

5The nature of the two-period problem requires an assumption of a high depreciation rate, and we used
� = 1: Given that all the capital depreciates from one period to the next one, the dynamics in terms of
quantities per period are very fast. We think the same dynamics would hold in more elaborate general
equilibrium life cycle settings, but the computational cost would be higher.
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5 Conclusions

We study the interaction between population demographics, the desire for redistribution in

the economy, and the optimal in�ation rate in a deterministic economy with capital. In

the economy we study changes in the population structure are interpreted as the ability of

a particular cohort to in�uence redistributive policy. The intergenerational redistribution

tension is intrinsic in life-cycle models. Young cohorts have few assets, and wages are the

main source of income. Old generations work less and prefer a high rate of return from their

savings. When the government has access to lump-sum taxes and transfers, redistributive

policy does not have to resort to distortionary measures (such as capital taxes, or in�ation).

When lump-sum transfers are not possible but we allow the planner to use in�ation or

de�ation to achieve as much of the redistribution as possible, there exists a competitive

equilibrium with a constrained-optimal redistributive policy. The equilibrium entails optimal

distortions on relative prices that are necessary to achieve the constrained e¢ cient allocation.

When the old have more in�uence over this redistributive policy, the economy has a lower

steady state level of capital, a higher steady state real rate of return, and a lower or negative

rate of in�ation. By contrast, when the young have more in�uence the economy has more

capital than the e¢ cient level, wages are relatively high and the market solution requires a

low rate of return from money holdings, that is, a relatively high in�ation rate.

When demographics are changing, the constrained e¢ cient solution will entail an entire

transition path that will alter capital stocks, in�ation, real wages, consumption, and other

key macroeconomic variables. In particular, a �baby boom�can generate temporarily higher

in�ation, and aging population dynamics will put downward pressure on in�ation or even

lead to de�ation. This seems to be broadly consistent with the very rough evidence presented

in Figures 1 and 2.

In this paper, we have allowed a planning problem to �stand in� for the political pro-

cessesses that society uses to make decisions concerning redistributional policy. Some more

concrete examples of political processes are studied in Bullard and Waller (2004), including a

�policy committee�that uses Nash bargaining to come to a social decision. In this paper, by

contrast, the planner optimally chooses in�ation or de�ation to do as much of the desirable

redistribution as possible given that in�ation or de�ation only provides a partial substitute

for a fully operational lump-sum tax and transfer scheme. The society could use other types

of distortionary taxes to achieve similar goals, so we interpret the �ndings here as providing

an assessment of the marginal contribution of in�ation or de�ation in this process taking the
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existing distortionary tax system as �xed and immutable.

Taken at face value, the results in this paper contribute to the debate concerning the

observation of mild de�ation in Japan along with an aging population structure. The results

suggest that the aging population may be optimally associated with lower in�ation as part of

the constrained e¢ cient equilibrium. We think it will be interesting to study this hypothesis

further in models that can more realistically quantify these e¤ects.
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