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Abstract

This paper analyzes the Postwar Japanese economy with a parsi-
monious neoclassical growth model that incorporates the demographic
transition in Japan. We �nd that i) productivity growth is the most
important driver of the postwar economic growth, ii) the workweek
reduction policy of the 1990s signi�cantly reduced Japanese output.
iii) the increase in the fraction of the population aged above 65 years
old signi�cantly reduced output relative to its potential through the
decline in the employment rate and the increase in payroll tax.

1 Introduction

A key feature of the postwar Japanese economy is the rapid population aging.
The share of population above 65 years old among the population above 15
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years old has increased from 8% in 1955 to 30% in 2015 which is currently the
highest among all economies in the world. Moreover, other countries around
the world are expected to follow this pattern (Otsu and Shibayama 2016). In
this paper, we quantitatively assess the macroeconomic impact of population
aging and related government policies in Japan over the 1975-2015 period.
There are several related literature on population aging in Japan. Chen,

Imrohoroglu and Imrohoroglu (2007) and Braun, Ikeda and Joines (2009) use
over-lapping generations model to study the e¤ects of the demographic tran-
sition on the Japanese savings rate over the 1960-2000 period. They �nd that
total factor productivity plays a more important role than demographic tran-
sitions in accounting for the �uctuation in the savings rate. Yamada (2012)
further introduces idiosyncratic labor income shocks in the over-lapping gen-
eration model in order to analyze the inter and intra-generational distrib-
ution of earning and consumption in Japan over time. Kitao (2015) and
Kitao (2018) quantify the �scal cost of population aging in Japan within
an over-lapping generations model with a social security system. Fujiwara
and Teranishi (2008) incorporates the life-cycle framework of Gertler (1999)
into a New Keynesian model to analyze the e¤ect of population aging on the
ampli�cation of monetary policy shocks.
There are also several related studies that analyze the impact of pro-

ductivity growth on economic growth in a representative agent neoclassical
growth model. Hayashi and Prescott (2002) and Chen, Imrohoroglu and
Imrohoroglu (2006) show that total factor productivity growth is important
in accounting for the postwar Japanese economic performance. Otsu (2009)
shows that the transition e¤ect of capital destruction during the war can-
not account for the of postwar growth patterns of macroeconomic variables
and that productivity growth is the key driver for the postwar evolution of
output, consumption, investment and labor.
In order to analyze the e¤ect of population aging on economic growth, we

construct a model with young and old adults who belong to a representative
household. The head of the household determines the resource allocation
within the family based on individual preferences and the family budget
constraint. We assume that the individual preference function is separable
between consumption and leisure. We further assume that the head of the
household is an old adult who has altruism for future generations. Under
these assumptions, we show that the model collapses into a parsimonious
in�nite horizon representative household model with young and old adults.
Population aging de�ned as the increase in the fraction of old adults among
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total adult population is treated as exogenous. We assume that young and old
adults have �xed employment rates where that of old adults is lower so that
population aging directly a¤ects the aggregate employment rate. In addition,
we incorporate government �scal policies that are related to population aging
such as government consumption, capital income tax and labor income tax.
In addition to the growth path of output, we also discuss the e¤ects of

various shocks on the hours worked per worker which has declined since the
1990s. Otsu (2009) shows that productivity growth and subsistence con-
sumption can explain the decline in hours worked during the rapid growth
period in the 1960s but not the decline in hours during the lost decade in
the 1990s. Hayashi and Prescott (2002) and Yamada (2012) argue that the
government policy to reduce the workweek over the 1988 to 1993 period are
important for the decline in hours worked. We explicitly model the work-
week shortening policy as a decline in maximum available hours over the
workweek and �nd that it is quantitatively much more important than other
labor discouraging shocks such as the increase in labor income tax and the
slow down in productivity growth.
The remainder of the paper is as follows. In section 2 we will discuss

the postwar Japanese macroeconomy. In section 3 we describe the model.
In section 4 we explain the quantitative method and the simulation results.
Section 5 concludes the paper.

2 The Postwar Japanese Macroeconomy

In this section, we present macroeconomic data that characterizes the post-
war Japanese economy over the 1955-2015 period. We focus on the demo-
graphic transition and the evolution of GNP per adult, its expenditure com-
ponents, production factors, and government policy variables.

2.1 Output

Figure 1 plots the real GNP per adult in Japan over the 1955-2015 period.
The GNP data is from the ESRI SNA database. The vertical axis is converted
into a log scale so that constantly growing variables appear as a straight line.
The �gure clearly shows that output growth can be divided into three phases:
the rapid growth period 1955-1974, the steady growth period 1975-1991, and
the lost decades 1992-2015. The postwar rapid growth has been documented
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Figure 1: Japanese Real Output Per Capita: 1955-2015

extensively in the literature focusing on the convergence and the productivity
growth. After the economy was hit by the oil shock in 1974 the average
economic growth slowed down but was still higher than the US. The output
growth accelerated in the late 1980s during the economic boom known as the
�bubble economy�. In 1991 the bubble economy collapsed and Japan entered
a long-lasting stagnation known as the �lost decade(s)�. Finally, during the
last decade the Great Recession in 2009 and the East Japan earthquake in
2011.
Table 1 lists the average real GNP per adult and its growth rate over the

1955-1974, 1975-1991 and 1992-2015 periods. The average GNP per adult
more than doubled over the �rst two subperiods. This is a result of a high
average per adult output growth rate over the 1955-1974 period at 6.28%.
The average growth rate over the 1975-1991 period fell to 3.16%. There has
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been practically no growth over the 1992-2015 period.

Table 1. Economic Growth
GNP per Adult GNP per Adult
in 2000 yen Growth (%)

1955� 1974 1; 588; 847 6:28
1975� 1991 3; 523; 622 3:16
1992� 2015 4; 791; 001 0:48

2.2 Demographics

The demographic transition, namely population aging, has taken place more
rapidly in Japan than any other country in the world. In this paper we con-
sider two age groups: �Young�population de�ned as the population aged 15
years old to 64 years old and the �Aged�population de�ned as the popula-
tion of those above 65 years old. The population data are from the Labor
Force Survey for 1973-2015 extrapolated backwards using the census data for
1955-1972.
Figure 2 plots the demographic transition of the Japanese economy over

the 1955-2015 period. The �rst panel presents the population of the two
age groups, �Young�and �Aged�, over the 1955-2015 period. �Young�pop-
ulation is de�ned as the population aged 15 years old to 64 years old and
the �Aged�population is de�ned as the population of those above 65 years
old. The population data are from the Labor Force Survey for 1973-2015 ex-
trapolated backwards using the census data for 1955-1972. Both groups are
growing until during the 1990s where the Young age group starts to shrink.
This is the result of the decline in the fertility rate which has fallen below
the reproductive rate. On the other hand, the Aged age group continues to
grow which re�ects the decline in mortality.
The second panel shows the share of the Aged population. The Aged share

steadily increased from 8.0% in 1955 to 30.3% in 2015 re�ecting the decline
in fertility and mortality. The third panel presents the adult population
growth rate. The large �uctuation in the early 1960s corresponds to the
decline in fertility during the war and the subsequent baby boom. The sharp
drop in 1980 re�ects the decline in fertility in 1966 known as the Hinoe-Uma
while the temporary rise in mid 1980s re�ects the second generation baby-
boomers. Overall, the population growth rate shows a declining trend from
2.1% in 1955 to 0.0% in 2015.
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Figure 2: Demographic Transition: 1975-2015
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Table 2 reports the average population growth rates of each group dur-
ing the 1955-1974, 1975-1991, and 1992-2015 periods. The growth rate of
adult population over the three subperiods are 1.73%, 1.16% and 0.32% re-
spectively con�rming the decline of the adult population growth rate over
time. The growth rate of the young population over the three subperiods are
1.59%, 0.80% and -0.49% re�ecting the shrinking young population group.
The growth rate of the aged population remains high over the same periods
at 3.08%, 3.57% and 3.20% respectively. Overall, the negative e¤ect of the
decline in fertility dominates the positive e¤ect of the decline in mortality on
population growth.

Table 2. Population Growth
Adult Young Aged

1955� 1974 1:73 1:59 3:08
1975� 1991 1:16 0:80 3:57
1992� 2015 0:32 �0:49 3:20

2.3 Expenditure

Figure 3 plots the real GNP expenditure components: consumption, invest-
ment and government spending over the 1955-2015 period. We follow Hayashi
and Prescott (2002) and de�ne consumption as private consumption, invest-
ment as private gross domestic capital formation plus the current account,
and government spending as government consumption and government do-
mestic capital formation. The expenditure data is from the ESRI SNA data-
base. Each variable is de�ated by the GNP de�ator and divided by adult
population. The �gure shows that all expenditure components follow the
general growth path of output. However, the paths of consumption and
government spending are much more smoother than that of investment.
Table 3 summarizes the evolution of each GNP expenditure component

over the 1955-1974, 1975-1991 and 1992-2015 periods. Panel A shows the
growth rates of each expenditure component. During the rapid growth pe-
riod, investment grows much faster than consumption and government spend-
ing. During the second subperiod, the growth of all expenditure components
slow down signi�cantly. In the third subperiod, the growth of all expenditure
components further slow down where the average growth rate of investment
falls below zero. Panel B shows the average GNP share of expenditure com-
ponents over the three subperiods. Consumption has always been the largest
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component and increased its share over the three subperiods. Investment was
the second largest component during the rapid growth period but gradually
lost its share and fell less than government spending in the third subperiod.
Government spending consistently increased its share over the three subpe-
riods.

Table 3. GDP Expenditure Components
A. Growth Rates (%)

Consumption Investment Government
1955� 1974 5:60 8:14 6:49
1975� 1991 3:15 3:72 2:52
1992� 2015 0:67 �0:43 0:95

B. GNP Share (%)
Consumption Investment Government

1955� 1974 53:6 25:7 20:1
1975� 1991 53:8 24:3 22:0
1992� 2015 55:8 21:1 23:1

2.4 Production Factors

In this section we discuss the evolution of the production factors: produc-
tivity, capital stock, employment, hours worked and productivity over the
1955-2015 period. Capital stock is de�ned as per adult net capital stock at
the beginning of the year de�ated by the GNP de�ator. The sources are
ESRI SNA93 dataset for 1981-2014 extrapolated backwards using the ESRI
SNA68 dataset for 1970-1980 and Hayashi and Prescott (2002) for 1956-1969.
The data source for hours worked after 1968 is the non-agricultural working
hours data from the Labor Force Survey while for the years before that we
extrapolate using the hours worked per total employment data from the To-
tal Economy Database of the Conference Board. The data for employment
is from the Labor Force Survey. We de�ne productivity in a standard Cobb-
Douglas production function:

Yt = AtK
�
t (EtHt)

1��

where Yt, Kt, Et, Ht stand for aggregate output, capital, employment and
hours worked per worker and � is the capital share. The capital share � =
0:381 is calibrated to match the income data following the method of Cooley
and Prescott (1995).
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Figure 4: Japanese Production Factors: 1955-2015

Figure 4 plots the production factors over the 1955-2015 period. Produc-
tivity is normalized such that the 1955 level is equal to 100. Capital stock
is de�ated by the GNP de�ator and divided by the adult population. Hours
worked is the hours worked per week. Employment is the ratio of total em-
ployment to adult population. Both productivity and capital stock rapidly
increased during the rapid growth period and gradually slowed down over the
following two subperiods. Hours worked �uctuated above 45 hours per week
from 1955 to 1988. During the 1988-1993 period it dropped dramatically,
and continued to fall gradually after 1993. The employment rate has been
declining throughout the entire period. .
Table 4 summarizes the evolution of production factors over the 1955-2015

period. Panel A presents the growth rates of each production factor. Pro-
ductivity growth gradually slowed down over the three subperiods as shown
in the �gure. The capital stock per adult rapidly grew during the initial
period and slowed down after the oil shock as output does. Hours worked
per worker was practically constant over the �rst subperiod and gradually
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declined over the second and third subperiods. Employment rate declined
rapidly during the �rst subperiod, stayed constant during the second subpe-
riod and declined again during the third subperiod. Panel B panel presents
the levels of each production factors. Productivity is normalized as in Figure
4, capital stock is divided by GNP, hours is the weekly average hours worked
and employment is the total employment to adult population ratio. Produc-
tivity nearly double from the �rst subperiod to the third subperiod. The
average capital-output ratio more than doubled from 0.95 to 2.28 over the
three subperiods. The average hours worked per worker declined by roughly
17 percent over the three subsperiods mainly during the 1992-2015 subpe-
riod. The average employment rate declined by roughly 12 percent over the
three subperiods. In this paper, we consider population aging as the main
driver of the decline in the employment rate.1

Table 4. Production Factors
A. Growth Rates (%)

Productivity Capital Hours Employment
1955� 1974 2:19 11:61 0:04 �0:54
1975� 1991 1:86 3:78 �0:29 0:07
1992� 2015 0:43 1:58 �0:53 �0:36
B. Levels

Productivity Capital Hours Employment
1955� 1974 129:0 0:95 47:8 66:0
1975� 1991 181:2 1:77 46:1 61:7
1992� 2015 221:8 2:28 40:9 58:9

2.5 Government Policy

In this section, we introduce data related to government policy; labor income
tax, capital income tax, government spending and working hour restrictions.
We follow McDaniel (2009) and de�ne labor income tax as the sum of "taxes
on individual income, pro�ts and capital gain" weighted by the labor income

1The employment rate of the young group has been rising from 68.2% in 1968 to 73.2%
in 2015. Two major reasons of this trend is the increase in female participation and the
extended retirement age. In contrast, the employment rate of the old group has been
declining from 33.5% in 1968 to 21.7% in 2015. The main reason of this trend is the
extended life expectancy where people live longer after retirement today compared to
before.
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share and "social security contributions", and capital tax as the sum of the
"taxes on individual income, pro�ts and capital gain" weighted by the capital
income share, "taxes on corporate income, pro�ts and capital gain" and
"taxes on business property". Labor income and capital income tax rates
are computed using the data from the OECD Revenue Statistics over the
1965-2015 period. We extrapolate backwards for the 1955-1964 period using
the McDaniel (2009) dataset.
As long working hours was becoming a social issue during the bubble

economy, the government made e¤orts to reduce the average hours worked.
In the late 1980s the government set a target to reduce the average annual
working hours to 1800 hours per worker and the 5 day workweek came into
operation. In 1992 the government introduced the Act for Enforcement of
Work Time Shortening which promoted shortening labor hours through �rm
subsidies. In 1994 the regular weekly working hours was o¢ cially reduced
from 48 hours to 40 hours by the Labor Standards Act which reinforced the
transition to the 5 day work week. In this paper, we interpret this policy as
a gradual reduction of weekdays from 6 days to 5 days over the 1988-1994
period.
Figure 5 plots the government variables. Labor tax rate rapidly rises

during the 1960s through 1980s, temporarily �attens out during the 1990s
and rises again after 2000. Capital tax rate dramatically drops during the
1960s rapid growth period, gradually rises peaking during the late 1980s
bubble economy, and gradually declines during the 1990s lost decade(s). The
government spending to GNP ratio has a slight growing trend while it tends
to fall during booms such as the rapid growth period and the bubble economy
and rise after recessions such as the 1974 oil shock, the 1991 bubble burst
and the 2009 global �nancial crisis. As for the workweek reduction policy,
we assume that the worker has 16 hours per weekday to possibly allocate to
work or leisure. The reduction from 6 weekdays to 5 weekdays over the 1988-
1994 period implies a reduction in weekday hours from 96 to 80. Since the
transition was gradually introduced we linearly interpolate the hours between
1998 to 1994.
Table 5 summarizes the evolution of tax rates on labor income and capital

income over the 1955-2015 period. Labor income tax nearly doubles over the
�rst two subperiods. The labor tax further increases from the second to third
subperiod. As we discuss below, social security contributions is playing a key
role in this increase; the average social security contribution rate is 6.96%,
13.05% and 18.48% over the three subperiods. Average capital tax rises from
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the �rst subperiod to the second subperiod and returns to the initial level in
the third subperiod. Over the three subperiods, the rate of labor income tax
over took that of capital income tax.

Table 6. Tax Rates
Labor Capital

1955� 1974 11:44 19:90
1975� 1991 20:01 26:20
1992� 2015 24:60 20:18

3 Model

The model consists of a representative household of young and aged adults, a
representative �rm and the government. The head of the household decides
the optimal resource allocation for the whole family. The �rm hires labor
and capital from the household. The government taxes the households�labor
and capital income to �nance its expenditure.

3.1 Household

3.1.1 Individual Preference

The period utility of each member of the household i depends on consumption
c and leisure l :

ui =  ln ci;t + (1�  ) ln li;t:

Since there are only two types of household members, i = y; o denotes young
and old adults. We assume that the utility from leisure l is derived from
the time allocated to activities during the workweek lww and the activities
during the weekend lwe.
First, consider the case for a worker. For simplicity, we assume a separable

utility function over time allocated to each leisure activity:

ln li;t = � ln(lwwi;t ) + (1� �) ln(lwei;t ):

The time allocated to each type of activities are de�ned as

lwwi;t = (! � !i;t)� workweekt;

lwei;t = ! � (7� workweekt)
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where ! and !t stand for the maximum available hours to work per day and
actual hours worked per day. The workweek can exogenously change over
time due to government policy. We de�ne maximum hours per week and
hours worked per week as

ht = ! � workweekt;

hi;t = !i;t � workweekt:

Therefore, the period preference function is

ui =  ln ci;t + (1�  )� ln
�
ht � hi;t

�
+ (1�  )� ln

�
7! � ht

�
:

Due to homogeneity, the scaling of the preference weight parameters do not
a¤ect the maximization problem. Therefore, we rewrite the utility function
of each member of the worker as

ui = 	 ln ci;t + (1�	) ln
�
ht � hi;t

�
+ �t

where
�t = (1�	) ln

�
7! � ht

�
:

The case of a non-worker is simply that the hours worked !t and thus ht is
equal to zero.
We assume that the employment rate is �xed at � so that on average the

utility of each individual is

ui = 	 ln ci;t + �i(1�	) ln
�
ht � hi;t

�
+ 
t

where

t = (1� �i)(1�	) lnht + �t:

Since 
t only includes exogenous variables, it will not a¤ect the maximization
problem given the separable utility function.

3.1.2 Household Optimization

In this model, we assume that the head of the household solves the resource
allocation problem of the family which consists of young and old adults where
the population share of young adults as �. The average representative family
periodical utility is

15



ut(cy;t; co;t; hy;t; ho;t) = �t
�
	 ln cy;t + �y(1�	) ln

�
ht � hy;t

�
+ 
y;t

�
(1)

+(1� �t)
�
	 ln co;t + �o(1�	) ln

�
ht � ho;t

�
+ 
o;t

�
where the subscripts y; o stand for the young and old family members.
We assume that the head of the household is an old adult and that once

the head of the household dies an old adult will become the new head of the
household. We further assume that the head of the household is altruistic
and cares about the utility of the following generation even after she dies so
that the family utility that the head of the household faces is

Ut = ut + �Ut+1:

This implies that the head of the household discounts future consumption of
old and young adults where the later includes both those who remain young
from the previous period and those who newly enter the population.
It turns out that given the separability of the utility function, both the

optimal consumption level and working hours are identical across the young
and the old so that cy;t = co;t = ct and hy;t = ho;t = ht. In addition, the
separable term 
t only includes exogenous variables so that it does not a¤ect
the optimization problem. Therefore, the family utility function boils down
to:

Ut = max
P
t

�t
�
	 ln ct + et(1�	) ln

�
ht � ht

��
; (2)

where
et = �t�y + (1� �t)�o

stands for the employment rate.2

The household faces the following budget constraint

ct + it = (1� � l;t)wthtet + (1� � k;t) rtkt + �t + �t; (3)

where it is investment, wt is the after tax wage rate, rt is the rental rate on
capital, kt is the capital stock per adult, � l;t and � k;t are labor and capital
income tax rates, �t is the �rm pro�t received as dividend per family and �t
is a lump sum transfer from the government.

2Since we assume constant employment shares for each age group and population aging
is exogenous, the employment rate changes over time exogenously.
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The capital stock of a representative household evolves over time accord-
ing to the following per adult capital law of motion:

(1 + nt)kt+1 = it + (1� �)kt; (4)

where nt is the population growth rate.

3.2 Firm

The representative �rm will produce a single good by combining capital and
labor according to the following Cobb-Douglas production function:

Yt = AtK
�
t (htetNt)

1�� ;

where Yt is total output, At is the total factor productivity and Nt is the
number of families in the economy.
The �rm maximizes pro�ts

�tNt = Yt � wthtetNt � rtKt;

by choosing the optimal labor and capital level. From the �rm�s perspective,
the change in employment has the exact same e¤ect as the change in hours.
We can rewrite the �rms pro�t in per adult terms:

�t = yt � wthtet � rtkt: (5)

3.3 Government

The government purchases goods and services for exogenous reasons and
pays for this through labor income tax. They rebate all excess revenue to
the household through lump sum transfer. Therefore, the government budget
constraint is

Gt = � l;twthtetNt + � k;trtKt � �tNt: (6)

For simplicity, we assume that the government decides the amount of expen-
diture as a fraction of current output so that

Gt = gtYt:

The government budget constraint (6) together with the household bud-
get constraint (3) and �rm pro�ts (5), we get the per household resource
constraint

(1� gt)yt = ct + it (7)
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3.4 Equilibrium

The deterministic competitive equilibrium is a set of quantities and prices

fyt; ct; it; ht; kt+1; �t; wt; rt; et; nt; � l;t; � k;t; gt; Atg
T
t=0

such that;

1. The household optimizes given the series of fwt; rt; et; nt; � l;t; � k;t; �tg
T
t=0

and k0

2. The �rm optimizes given fwt; rt; Atg each period

3. The government budget constraint (6) holds

4. The resource constraint (7) holds

4 Quantitative Analysis

In order to analyze the quantitative impacts of population aging and gov-
ernment policy we calibrate the model parameters to the Japanese data and
solve the model numerically using the shooting algorithm. We further assess
the impact of each channel by removing them from the model one by one
and conduct counterfactual analyses.

4.1 Solution Method

The model leads to the following equilibrium conditions.

	

ct
= �t (8a)

1�	
ht � ht

= �t(1� � l;t)wt (8b)

(1 + nt)�t = ��t+1 f(1� � k;t+1)rt+1 + 1� �g (8c)

rt = �
yt
kt

(8d)

wt = (1� �)
yt
htet

(8e)

(1 + nt)kt+1 = it + (1� �)kt; (8f)

yt = Atk
�
t (htet)

1�� (8g)

(1� gt)yt = ct + it (8h)
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For each t, there are 8 equations 8 endogenous variables, fkt+1; �t; ht; yt; ct; it; rt; wtg
as well as

�
k1; �T+1

	
, where note that kt is the capital at the beginning of

period t. Hence, if there are T time periods, we have 8T equations and
8T + 2 endogenous variables. Adding the initial condition for k1 and a ter-
minal condition (TVC), we can regard the equilibrium condition as a system
of equations with 8T + 2 equations and 8T + 2 variables. Our equilibrium is
de�ned as fkt+1; �t; ht; yt; ct; it; rt; wtg

T
t=1 as well as

�
k1; �T+1

	
that satis�es

the above equilibrium equations and initial and terminal conditions, given
exogenous processes.
The most straightforward strategy to solve this model is to solve a system

of 8T + 2 equations for 8T + 2 variables by using a numerical solver (e.g.,
"fsolve" of Matlab). This is easy to programme, but it has a lot of equations
because T tends to be large, it requires very good initial guess and it does not
exploit some speci�c features of this system of equitations, which we discuss
shortly.
Instead, we can use the method called the "shooting algorithm", which

numerically solves the system of ordinary di¤erential (di¤erence) equations
with boundary conditions. In our case, we conduct the computation as fol-
lows. Suppose that we know k1 (the initial condition), and the terminal
condition is given by kT+1 = k (a certain value exogenously speci�ed). Then,
pick a certain value for �0.

3 Given fk1; �0g, we have 8 equations and 8 re-
maining variables for time 1; fk2; �1; h1; y1; c1; i1; r1; w1g, which means we
can solve time t = 1 equations for t = 1 variables.4 Now, having fk2; �1g on
hand, we can solve for time t = 2 equations for fk3; �2; h2; y2; c2; i2; r2; w2g.
We repeat this until t = T . Of course, in general, kT+1 obtained in this way
does not match to the terminal value k. Hence, we try di¤erent values of �0
until kT+1 gets close enough to k. For each trial of �0, kt evolves to kT+1 and
we keep trying di¤erent �0 "shooting" at target value k.
There are a couple of practical issues. First, it is often not clear what

kind of terminal condition we should use. In this paper we compute a sort
of steady state value of kT+1, assuming that total factor productivity grows
at the same rate as that in period T and the other exogenous variables stay
at the values in T forever. Alternatively, we could have imposed a terminal
condition such as �T+1 = �. Algebraically speaking, any condition would

3Note that �0 is not included in our solution.
4One of the caveats of solver type algorithms is that it fails to exploit this property;

that is, time t equations have only time t variables and time t+ 1 variables, but not, say,
t+ 2 variables.
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work as long as we can reduce one degree of freedom, but it should depend
on our economic intuition; i.e., the terminal condition itself is part of the
model. Moreover, the quantitative result might depend on the choice of the
terminal condition.5

Second, whether using a numerical solver or the shooting algorithm, we
solve the same system of equations and hence theoretically the results should
be the same. In actual computation, while the shooting algorithm is stable,
it tends to accumulate numerical errors toward the terminal date. In this
regard, we could say a numerical solver is more accurate. However, practically
speaking, the maximum Euler equation error of the shooting algorithm is
negligible. We employ both algorithms but it is rather to ensure error-proof
results than numerical accuracy. We �rst run the shooting algorithm and
then use its results as the initial guess for a standard non-linear equation
solver algorithm.

4.2 Calibration

In order to carry out the numerical simulation, we calibrate the structural
parameters of the model to match data. The parameter values are listed in
Table 7. The parameter levels are consistent with literature.

Table 7. Parameter Values
� Capital Income Share 0.381
� Capital Depreciation Rate 0.080
� Subjective Discount Factor 0.963
	 Preference Weight 0.406
�y Young Employment Rate 0.687
�o Aged Employment Rate 0.229

The capital income share � is calibrated following Cooley and Prescott
(1995) using income data from ESRI SNA data base over the 1975-2015
period. In speci�c, we compute the average of

�t =
OS +DEP

Y � (MI + IBT � SUB)

5The choice of the terminal condition a¤ects the solution near the terminal date T ,
while it has relatively little impact for the rest. This is exactly what the Turnpike theorem
suggest. Therefore, this sort of solution method best �ts to the models that study the
transition from one steady state to the other.

20



where OS;DEP;MI; IBT and SUB stand for operating surplus, capital
depreciation, mixed income, indirect business tax and subsidies respectively.
The capital depreciation rate is calibrated to match the capital law of

motion
(1 + nt)kt+1 = it + (1� �t)kt

to investment and capital data over the 1975-2015 period.
The subjective discount factor is calibrated to match the capital Euler

equation
1 + nt
ct

=
�

ct+1

�
(1� � k;t+1)�t+1

yt+1
kt+1

+ 1� �t

�
to consumption, population growth, capital tax, output and capital stock
data as well as the capital share and depreciation rate over the 1975-2015
period.
The preference weight is calibrated to match the labor �rst order condi-

tion
1�	t
ht � ht

=
	t
ct
(1� � l;t)(1� �t)

yt
htet

to hours worked, consumption, labor tax, output, employment data as well
as the capital share over the 1975-2015 period.
The employment rates of each age group are calculated directly from data

over the 1975-2015 period.

4.3 Benchmark Simulation

Figure 6 presents the benchmark results which incorporates the e¤ects of
the changes in all exogenous variables: population aging, population growth,
productivity growth, labor income tax, capital income tax, government ex-
penditure and workweek reduction. The simulated output replicates the
boom during the bubble economy, the stagnation after the bubble burst and
the recession in 2009 pretty well. The simulated hours worked shows some
discrepancy with data during the 1970s and shows a larger drop during the
1988-1994 period. The simulated output replicates the data well except that
the model predicts a smoother path than the data. The simulated investment
series replicates the data pretty well but exaggerates the �uctuation.
Figure 7 plots the simulated employment rate of the model economy.

The only reason why the employment rate changes over time in the model
is because the population share of each age group changes over time. The
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Figure 6: Benchmark Simulation
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Figure 7: Simulated Employment Rate: 1975-2015

simulated employment rate matches the data quite well especially during
the 1990s and 2000s. This shows that population aging can account for a
large part of the decline in the employment rate through the employment
composition e¤ect.

4.4 Counterfactual Analyses

Next we run simulations with counterfactual models turning o¤ the �uctu-
ation of one exogenous variable at a time. For each simulation we reset the
terminal condition and set the �nal period capital as that implied by each
counterfactual model. The di¤erence between the benchmark and the coun-
terfactual simulation represents the e¤ect of the selected exogenous variable.
Figure 8 plots the simulation results of the model without productivity

growth. It is clear that without productivity growth, the model cannot ex-
plain the growth in output, consumption and investment after the oil shock.
Interestingly, the simulated hours worked is virtually identical to that of the
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Figure 8: Counterfactual Simulation A: Constant Productivity

benchmark model. This implies that productivity growth is not important
in accounting for the evolution of hours worked.
Figure 9 presents the simulation result from the model shutting down the

increase in the aged population share. The model without population aging
has higher output than the benchmark model implying that population aging
reduced output due to the decline in employment. Interestingly, population
aging has a positive e¤ect on hours worked per worker as the �rms want sub-
stitute employment by hours. However, overall total hours worked declines.
This reduces the marginal product of capital and hence investment. The
reduction of labor and capital stock results in lower output. Consequently
consumption is lower than the benchmark.
Figure 10 presents the simulation result from the model with constant

population growth. Population growth in our model works like capital de-
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Figure 9: Counterfactual Simulation B: Constant Aged Ratio
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Figure 10: Counterfactual Simulation C: Constant Population Growth

preciation rate as the aggregate capital stock has to be spread out among
more families each period, which is known as the capital dilution e¤ect. The
model with constant population growth has lower output than the benchmark
model implying that the decline in the population growth rate increased out-
put due to a decrease in capital dilution.
Figure 11 shows the simulation results for the model with constant labor

taxes. The model with constant labor income tax has higher output than
the benchmark model which implies that the increase in labor income tax
reduced output. The main reason is the depressing e¤ect of labor income tax
on hours worked per worker. Consumption and investment are also depressed
due to the reduced income.
Figure 12 presents the simulation results from the model with constant

capital income tax. The simulation shows that the rise in capital income tax
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Figure 11: Counterfactual Simulation D: Constant Labor Taxes
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Figure 12: Counterfactual Simulation E: Constant Capital Tax

reduced output during the bubble period. The main reason is the depressing
e¤ect on capital accumulation. Investment is particularly a¤ected during
the 1980s when the tax rate increased dramatically and less so onwards as
it declined. The rise in capital income tax also depresses hours worked as
the decline in capital accumulation decreases the marginal product of labor.
Consumption is depressed due to the reduced income.
Figure 13 presents the simulation results from the model with constant

government expenditure. The simulation shows that the �uctuation in gov-
ernment spending had little e¤ect on the economy.
Figure 14 shows the simulation result for the model with constant work-

week. The results show that if the workweek remained constant output would
have been higher than the benchmark model which implies that the reduc-
tion in workweek reduced output. In fact, all of the decline in hours worked
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Figure 13: Counterfactual Simulation F: Government Expenditure
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Figure 14: Counterfactual Simulation G: Constant Workweek

during the 1990s can be attributed to the workweek reduction policy. Con-
sumption and investment is also depressed by this policy due to the decline
in income.
Table 8 summarizes the long run e¤ects of each exogenous variable. The

�rst row provides the output level in 2015 from the benchmark simulation
while the rows below provide that from the counterfactual simulations. We
also provide the di¤erence between the benchmark simulation and the coun-
terfactual simulations which shows the e¤ect of the exogenous variable we left
out in each simulation. For instance, the simulation with constant produc-
tivity predicts 2015 output per capita to be 50 percent below the benchmark
level. Therefore, productivity growth is responsible for 50 percent of the
output per capita in 2015. Population aging reduces the per capita output
in 2015 by 8.0 percent while population shrinking increases it by 5.4 per-
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cent. Furthermore, labor tax reduces the per capita output in 2015 by 11.0
percent while capital tax and government spending had little e¤ect on per
capita output. Finally, the workweek shortening reduced per capita output
in 2015 by 20.3 percent.

Table 8. Long run E¤ects of Exogenous Variables
2015 Output per capita Di¤erence from Benchmark

mil. Yen Percentage
Benchmark 503.6 �
Productivity 251.7 -50.0
Aged Ratio 543.8 8.0
Population Growth 476.6 -5.4
Labor Tax 559.0 11.0
Capital Tax 506.6 0.6
Government Expenditure 504.0 0.1
Workweek 605.7 20.3

5 Population Aging and Structural Transfor-
mation

Up to now we have treated the changes in government spending as exoge-
nous. We believe that population aging could have a¤ected the composition
of government spending by raising the demand of health care services rela-
tive to other goods. Figure 15 plots the share of government medical service
expenditure among total government consumption. In this section, we explic-
itly model how the rise in the aged population share can a¤ect government
spending and productivity through structural transformation.

5.1 Household�s Problem

Imagine that consumption consists of consumption expenditure of goods and
medical services. Then, we can modify the de�nition of consumption of the
young and old adults in (1) as follows

cy;t = c
!y
yg;tc

1�!y
ys;t ;

co;t = c!oog;tc
1�!o
os;t ;
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where cij;t stands for the consumption of age group i for consumption type
j.
The budget constraint (3) becomes

�t(cyg;t + (1� sy)ptcys;t) + (1� �t)(cog;t + (1� so)ptcos;t) + it

= (1� � l;t)wthtet + (1� � k;t) rtkt + �t;

where everything is denominated at the price of goods and pt is the price of
medical services relative to goods. We also assume that the government sub-
sidizes the purchase of medical services which are considered as government
consumption in the national accounts. We assume that consumption goods
and investment goods are identical manufactured goods.
Household optimality implies

cyg;t
cys;t

=
!y

1� !y
(1� sy)pt;

cog;t
cos;t

=
!o

1� !o
(1� so)pt;

cyg;t
cog;t

=
!y
!o
;

cys;t
cos;t

=
1� !y
1� !o

1� so
1� sy

:

The total expenditure of the two types of consumption can be aggregated
as

cg;t = �tcyg;t + (1� �t)cog;t;

cs;t = �tcys;t + (1� �t)cos;t:

From the household equilibrium conditions, we can derive the nominal con-
sumption expenditure ratio

ptcs;t
cg;t

=
�t
1�!y
1�sy + (1� �t)

1�!o
1�so

�t!y + (1� �t)!o
:

It is straightforward to show that when !y > !o and/or sy < so popula-
tion aging tends to increase the government expenditure share on medical
services.6

6We present a more general case with CES preferences in the appendix.
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5.2 Government Expenditure

In this section we assume that the government allocates total expenditure
between medical subsidies St, other consumption Cg;t and investment Ig;t.
The government budget constraint can be modi�ed to

Gt = St + Cg;t + Ig;t

= � l;twthtetNt + � k;trtKt � �tNt:

where total medical subsidies is de�ned as

St = �tsyptcys;t + (1� �t)soptcos;t:

In order to understand how population aging a¤ects government expen-
diture, we �rst derive the ratio of government expenditure on health care
services to total household consumption expenditure:

St
Ct
= �t

sy
1� sy

(1� !y) + (1� �t)
so

1� so
(1� !o): (9)

Next, we assume that the government exogenously determines the ratio of
total government expenditure to private consumption Gt

Ct
instead of that to

output Gt
Yt
. Therefore, the share of subsidies among total government expen-

ditures is directly a¤ected by population aging through its e¤ect on St
Ct
:

St
Gt
=
St
Ct
� Ct
Gt
:

In other words, population aging increases the share of medical subsidies
among total government expenditure when !y > !o and/or sy < so.
Figure 16 presents the breakdowns of total government expenditure to

GNP ratio. The top white area represents the government investment to
GNP ratio while the bottom colored area represents the government con-
sumption to GNP ratio over the 1975-2015 period. It is clear that government
investment has shrunk relative to GNP as the share of government consump-
tion has grown. This is potentially harmful for the economy because public
capital can contribute to aggregate productivity.7

7Shioji (2001) argues that public infrastructure contribute to economic growth during
the 1960-1990 period.
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Consider a production function

Yt = Ag;tK
�
g;tK

�
p;tL

1��
t

where Kg;t stands for government capital and Kp;t stands for private capital.
We denote Ag;t as the productivity adjusted for government capital where
the unadjusted productivity is

At = Ag;tK
�
g;t:

Therefore, the slow down in government capital accumulation leads to a slow
down in the growth of unadjusted productivity At when � > 0:
We further argue that the increase in the government consumption share

of medical services is raising pressure on other government consumption com-
ponents that are related to productivity growth. The �rst channel is through
government capital accumulation. The second channel is through human
capital accumulation. Table 9 presents the evolution of government spend-
ing components: general public services, national defense, public safety, eco-
nomic services, environment preservation, public housing, medical services,
culture, education, and welfare, over the 1980-2015 period.8 It is clear that,
among the ten components, medical services is the only component that
shows a clear growing trend. In contrast, consumption on general services
and education services has clearly declined. The later is potentially harmful
for the economy if government expenditure on education services leads to
human capital accumulation.

Table 9. Government Consumption Share
Gen. Def. Safety Econ. Env. Hous. Med. Cul. Edu. Welf.

1980 14.5 5.4 7.6 11.5 3.0 1.3 22.6 1.3 20.9 12.0
1985 13.5 5.9 7.1 11.5 3.0 1.4 24.3 1.4 20.4 11.7
1990 14.0 5.9 6.8 11.8 3.0 1.5 24.5 1.5 19.4 11.5
1995 13.2 5.0 7.1 11.9 3.2 1.8 25.5 1.8 18.3 12.1
2000 12.7 4.7 6.7 12.5 3.3 1.8 27.9 1.9 17.2 11.2
2005 11.9 4.6 6.4 13.6 3.5 1.9 30.4 1.7 15.8 10.2
2010 10.4 4.2 6.1 13.3 3.0 2.0 33.3 1.5 15.1 11.3
2015 8.4 4.3 5.9 12.2 3.2 1.8 36.9 1.4 13.2 12.6

8The classi�cation of government spending components have changed from SNA68 to
SNA93 so we cannot go beyond 1980.
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6 Conclusion

In this paper we constructed a dynamic general equilibrium model to quan-
titative analyze the impacts of demographics, productivity and government
policy on the Japanese economy during the 1975-2014 period. We �nd that
the decline in the employment rate, the increase in social security contribu-
tion and the workweek shortening policy signi�cantly dampened economic
growth. We further show that population aging can account for the struc-
tural transformation from goods to services and the increase in government
consumption. This could potentially account for part of the recent slow
down in productivity growth. A quantitative assessment of speci�c channels
through which this can occur is left for future research.
In order to simplify the computation, we have made several assumption

in the model. First, we assume that the head of the household allocates
resources within and across generations based on altruism. As a result, our
model is identical to an in�nite horizon representative household model with
young and old adults. It is interesting to investigate whether our results
hold in other frameworks such as an overlapping generation model without
altruism as in Chen, Imrohoroglu and Imrohoroglu (2007) and Braun, Ikeda
and Joines (2009). It is also possible to compare our results with a life-cycle
model of Gertler (1999) with time varying aged population share as Car-
valho, Ferrero and Nechio (2016). Second, we assumed log utility which led
to equal consumption levels across age groups. This enables us to aggregate
the individual preferences in a way that reduces the model into a representa-
tive household model. Assuming more general utility functions can allow us
to investigate issues such as inter-generational inequality; but with a cost of
computational burden. Third, we took the employment rates of each group
as a constant. The data shows that the employment rate of the young is
slightly increasing re�ecting the increase in female labor market participa-
tion. On the other hand, the employment rate of the old has been declining
over time re�ecting the increase in the share of the old-old who are inca-
pable to work. Therefore, incorporating the changes in employment rates in
each group should increase the output dampening e¤ect of population ag-
ing. While these are all interesting extensions, we will leave these for future
research as they are beyond the scope of this paper.
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A Detailed Derivation of the Structural Trans-
formation Model

cy;t =
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The budget constraint (3) becomes

�t(cyg;t + pt(1� sy)cys;t) + (1� �t)(cog;t + (1� so)ptcos;t) + it

= (1� � l;t)wthtet + (1� � k;t) rtkt + �t;

where everything is denominated at the price of goods and pt is the price of
services relative to goods. We assume that consumption goods and invest-
ment goods are identical goods. Household optimality implies
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