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Abstract

Japan�s net government debt reached 130% of GDP in 2013. The present paper
analyzes the welfare implications of the large debt for Japan. We use a heterogeneous-
agent, incomplete-market model with idiosyncratic wage risk and endogenous labor
supply. We �nd that under the utilitarian welfare measure, the optimal government
debt for Japan is �50% of GDP and the current level of debt incurs the welfare cost
that is 0.22% of consumption. Decomposing the welfare cost reveals substantial wel-
fare e¤ects arising from changes in the level, inequality, and uncertainty. The level and
inequality costs are 0.38% and 0.52% respectively, whereas the uncertainty bene�t is
0.68%. Adjusting consumption taxes instead of factor income taxes to balance the gov-
ernment budget reduces the welfare cost of the current debt, whereas the indivisibility
of labor increases the cost.
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1 Introduction

Japan�s net government debt reached 130% of GDP in 2013 and the debt to GDP ratio

is the highest among developed countries. A large number of papers, including Hoshi and

Ito (2014), ·Imrohoro¼glu, Kitao, and Yamada (2016), and Hansen and ·Imrohoro¼glu (2016),

analyze Japan�s debt problem.1 However, the welfare e¤ect of the large government debt

has been less understood. Flodén (2001) �nds that the optimal government debt for the

United States is 150% of GDP. Is the optimal debt for Japan similar and hence should

Japan accumulate more debt? Or does the current debt exceed the optimal level? How

much is the welfare bene�t of having the optimal level of debt instead of the current debt?

The present paper examines the welfare implications of government debt for Japan. We

follow Aiyagari and McGrattan (1998) and Flodén (2001), which conduct a similar analysis

for the United States, in using an Aiyagari (1994)-style heterogeneous-agent, incomplete-

market model with idiosyncratic wage risk and endogenous labor supply. As discussed by

Aiyagari and McGrattan (1998) and Flodén (2001), an increase in government debt a¤ects

welfare through various channels in the model. In particular, Flodén (2001) decomposes

the utilitarian welfare e¤ect into e¤ects on the level, inequality, and uncertainty. First, an

increase in government debt crowds out of capital and larger required interest payments

increase distortionary taxes, both of which worsen the level.2 Second, the interest rate rises,

which bene�ts wealth rich households and hence worsens inequality. Third, the increase in

the interest rate reduces the cost of savings and helps households to smooth consumption

in the presence of idiosyncratic earnings risk. Further, the increase in labor income taxes

lowers the after-tax wage rate, which reduces labor income risk. Both of these improve

welfare by reducing uncertainty.3 Therefore, the optimal quantity of debt depends on the

relative strengthens of these e¤ects.

1The following subsection reviews the related literature.
2Elmendorf and Mankiw (1999) list these costs as two readily quanti�able costs of government debt.
3Gottardi, Kajii, and Nakajima (2016) analyze the distribution and insurance e¤ects of labor and capital

income taxes in a two-period model with uninsurable idiosyncratic risk to labor and capital income.
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We calibrate the model to Japan�s economy. One di¢ culty is the lack of an estimate for

idiosyncratic wage risk. Idiosyncratic wage risk is typically estimated using panel data on

individual wages, but such panel data is limited in Japan. We instead calibrate idiosyncratic

wage risk to the standard deviation of log residual wages documented by Lise, Sudo, Suzuki,

Yamada, and Yamada (2014). The result suggests that idiosyncratic wage risk in Japan

is smaller than that in the United States, but is larger than that in Sweden estimated by

Flodén and Linde (2001).

Using the calibrated model, we examine how a change in the amount of government debt

a¤ects the utilitarian welfare. We �nd that at our benchmark parameterization, the optimum

quantity of government debt is negative for Japan and it is �50% of GDP. Hence, the current

level of 130% of GDP is too high in terms of welfare. The overall welfare cost of the current

debt is 0.22% of consumption. However, the welfare bene�t of improved uncertainty and

the costs of worsened inequality and reduced the level are more substantial. Speci�cally, the

uncertainty bene�t is 0.68%, whereas the inequality and level costs are 0.52% and 0.38%

respectively.

Next, we extend the above model and consider two issues that could a¤ect the welfare

implications of government debt. First, the above analysis adjusts factor income taxes to

satisfy the government budget constraint, as in Aiyagari and McGrattan (1998) and Flodén

(2001). We �nd that when consumption taxes are adjusted, the optimal debt is �40% of GDP.

Hence, using consumption taxes does not rationalize the current amount of debt. However,

the welfare cost of the current debt is substantially reduced. Second, we consider a version of

the model with indivisible labor, where households choose employment or nonemployment,

rather than adjusting hours worked smoothly.4 In this case, the optimal quantity of debt is

�100% and the welfare cost increases substantially. These results shed a new light on the

welfare impacts of government debt.

4Indivisible labor is an important feature of individual labor supply. Chang and Kim (2006) construct
an Aiyagari (1994)-style model with idiosyncratic wage risk and indivisible labor. The framework has been
used for policy analyses by Alonso-Ortiz and Rogerson (2010) and Nakajima and Takahashi (2016).
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The rest of the present paper is organized as follows. The following subsection reviews the

literature on Japan�s �scal problem. Section 2 describes the model and Section 3 calibrates

the model to Japan�s economy. Section 4 presents results, whereas Section 5 concludes.

Related Literature

Our paper contributes to the literature on Japan�s �scal problem by conducting welfare

analyses. Previous works analyze various scenarios and options to stabilize debt in Japan,

but there have been few welfare analyses. None of the existing work computes the optimal

quantity of debt for Japan and simultaneously evaluates the insurance and redistribution

e¤ects of government debt. We divide existing works into three groups based on their

methodologies.

First, Broda and Weinstein (2005), Doi, Hoshi, and Okimoto (2011), and Hoshi and

Ito (2014) directly work on the government budget constraint. Given the future paths of

government expenditures and revenues as well as the interest and growth rates, the future

path of government debt can be derived. The approach is simple and useful to analyze

various scenarios, but it cannot give the welfare implications.

Second, several papers use a standard, representative-agent growth model to analyze

Japan�s �scal problem. For example, ·Imrohoro¼glu and Sudo (2011a) analyze how a rise in

consumption tax rate from 5% to 15% a¤ects Japan�s primary surplus, whereas ·Imrohoro¼glu

and Sudo (2011b) analyze how total factor productivity growth and �scal adjustments a¤ect

the debt to GDP ratio in Japan. These papers do not conduct welfare analyses. Hansen and

·Imrohoro¼glu (2016) compare welfare under a few levels of long-run debt, but they do not

search for the optimal level of debt. In addition, using a representative-agent model, their

study is silent about the insurance and redistribution e¤ects of government debt.5

Third, recent papers use an overlapping generations model. Arai and Ueda (2013) use a

5Hansen and ·Imrohoro¼glu (2016) fully analyze the transition to a long-run level of debt, whereas as in
Aiyagari and McGrattan (1998) and Flodén (2001), we focus on a stationary equilibrium.
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simple overlapping generations model and analyze the level of primary de�cits sustainable

in the long run. ·Imrohoro¼glu, Kitao, and Yamada (2016) construct a rich overlapping gen-

erations model describing Japan�s pension system in detail. They use the model to project

the path of government debt. Braun and Joines (2015) also develop a large-scale overlapping

generations model that carefully describes the Japanese pension and health care systems.

They analyze the future path of the debt to GDP ratio under several scenarios on �scal

adjustments. The paper does not include idiosyncratic earnings risk and hence it does not

examine the insurance e¤ect of government debt. Kitao (2015) constructs a rich life-cycle

model that features uninsured idiosyncratic wage risk, intensive and extensive margin ad-

justments of labor supply, and pension, health care, and long-term care systems. The paper

analyzes how the demographic transition in Japan a¤ects the government budget, assuming

that the debt to GDP ratio is �xed. Both Braun and Joines (2015) and Kitao (2015) examine

the welfare e¤ect for di¤erent cohorts, but do not analyze the redistribution consequences

within cohorts.

2 Model

The model analyzed here is an Aiyagari (1994)-style heterogeneous-agent, incomplete-market

model in which households use savings and labor supply to self-insure against idiosyncratic

wage risk. In the same framework, Aiyagari and McGrattan (1998) and Flodén (2001)

analyze the welfare implications of government debt for the United States. We extend their

models by incorporating consumption taxes because consumption taxes account for about

15% of the total tax revenue and a hike in consumption taxes is being discussed in Japan.6

6In April 2014, the consumption tax rate rose to 8% from 5%. The tax rate will rise to 10% in October
2019.
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2.1 Firms

A representative �rm produces the single good by renting capital and labor from households:

The production technology is represented by

Y = K�(zN)1��; (1)

where Y is output, K is capital input, N is labor input, � 2 (0; 1) is the capital share, and

z is labor-augmenting productivity, which grows at a constant rate of g or z
0
= (1 + g)z;

where a next-period value is expressed with a prime hereinafter.

Given the rental rate of capital r and the wage rate w, the �rm maximizes its pro�t. The

�rst-order conditions for pro�t maximization are

r = �z1��K��1N1�� � � (2)

and

w = (1� �)z1��K�N��; (3)

where � 2 (0; 1) is the capital depreciation rate. In the analysis below, we focus on an

equilibrium where output grows at a constant rate of g. Hence, it is convenient to rewrite

the above conditions as

r =
�
~K
� � (4)

and

~w =
(1� �)
N

; (5)

where a variable with a tilde implies its ratio with respect to output (e.g., ~K = K=Y ).
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2.2 Households

There is a continuum of households of measure one. Households are endowed with one unit

of time each period. Following Trabandt and Uhlig (2011), the momentary utility function

is

u(c; h) =
1

1� �

�
c1��[1� �(1� �)h

1+ 1
'
]� � 1

�
if � 6= 1; � > 0 (6)

= ln c� �h
1+ 1

'
if � = 1;

where c is consumption, h 2 [0; 1] is hours worked, � is the coe¢ cient of relative risk aversion,

� > 0 governs the disutility of labor, and ' > 0 is the Frisch labor supply elasticity.

Households di¤er in their labor productivity. The speci�cation of idiosyncratic produc-

tivity is taken from Flodén (2001) and Flodén and Linde (2001). Speci�cally, idiosyncratic

productivity consists of two components. First, households di¤er in the permanent level of

productivity x. This permanent component is drawn once at the beginning of period zero

and it is �xed throughout. Second, households di¤er in the transitory level of productivity

e. This transitory component is a �nite-state Markov chain. Households�labor earnings are

wxeh:

Asset markets are incomplete and only two risk-free assets, physical capital and govern-

ment bonds, exist in the economy. These two assets are perfect substitutes for households

and they earn the same interest rate r. Households use savings to self-insure against idiosyn-

cratic wage risk. Accordingly, households di¤er in their transitory productivity e, permanent

productivity x; and total asset holding a. There is a borrowing constraint: a
0 � 0:

We describe the optimization problem of households in a stationary form. When � = 1,
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which is our baseline speci�cation, the problem is written as

V (~a; e; x) = max
f~c;h;~a0g

�
ln ~c� �h

1+ 1
'
+ �E[V (~a

0
; e

0
; x)je]

�
(7)

subject to (1 + � c)~c+ (1 + g)~a
0 � [1 + (1� �)r]~a+ (1� �) ~wxeh+ ~T

~c � 0; h 2 [0; 1]; ~a0 � 0;

where V (~a; e; x) is the value function of households, � 2 (0; 1) is the discount factor, and

E denotes conditional expectation.7 The second line is the budget constraint: � c is the

consumption tax rate, � is the common tax rate on capital and labor income, and T is

lump-sum transfers from the government to households (i.e., ~T = T=Y ).

2.3 Government

The government �nances its consumption and lump-sum transfers to households through

debt and taxes. The budget constraint is

G+ T + rB = B
0 �B + � [wN + r(K +B)] + � cC; (8)

where G is government consumption, B is government debt, and C is aggregate consumption.

The constraint in a stationary form can be obtained by dividing (8) by Y :

~G+ ~T + r ~B = (1 + g) ~B
0 � ~B + � [ ~wN + r( ~K + ~B)] + � c ~C: (9)

In the baseline exercise, we vary ~B and change � to satisfy (9), while �xing ( ~G; ~T ; � c) at

their benchmark value and changing (r; ~w;N; ~K; ~C) endogenously. This is the same exercise

done by Aiyagari and McGrattan (1998) and Flodén (2001).

7In general, the future value is discounted by �(1 + g)1��:
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2.4 Recursive Equilibrium

Let �(~a; e; x) be a stationary distribution of households over wealth, transition productivity,

and permanent productivity. Given the government policy ( ~G; ~T ; ~B; � c; �), a stationary

competitive equilibrium ( ~w; r; V; ~c; ~a
0
; h; ~K;N; ~C;�) satis�es the following conditions:

1. Households�optimization:

V (~a; e; x) satis�es (7), while ~c(~a; e; x); ~a
0
(~a; e; x), and h(~a; e; x) are the associated policy

functions.

2. Firms�optimization:

The representative �rm chooses ~K and N to satisfy (4) and (5).

3. Labor market clearing:

N =

Z
xh(~a; e; x)d�

4. Asset market clearing:

~K
0
+ ~B

0
=

Z
~a
0
(~a; e; x)d�

5. Government budget constraint:

The government budget constraint holds, as in (9), with ~C =
Z
~c(~a; e; x)d�:

6. Stationary household distribution:

Household decisions and the transition probabilities of idiosyncratic productivity gov-

ern the evolution of the household distribution. Speci�cally, for all D � Q,

�(D; e
0
; x) =

Z
f(~a;e;x)j~a0 (~a;e;x)2Dg

�e(e
0je)d�;

where �e(e
0je) is the transition probability from e to e

0
.
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Symbol Meaning Value
g Growth rate 0.01
� Capital depreciation rate 0.06
� Capital share 0.37
� Relative risk aversion 1.0
' Frisch labor supply elasticity 1.0
~G Government consumption-output ratio 0.154
~B Debt-output ratio 1.1
~T Transfer-output ratio 0.126
� c Consumption tax rate 0.05
� Persistence of idiosyncratic productivity 0.90
�" Volatility of idiosyncratic productivity shocks 0.1754
�x Dispersion of permanent productivity 0.2530
� Disutility of labor 6.75
� Discount factor 0.9872

Table 1: Parameter values.

3 Parameter Values

We parameterize the model in a way similar to Nakajima and Takahashi (2016), which is

based on the previous studies such as Hayashi and Prescott (2002), Sugo and Ueda (2008),

and Nutahara (2015). Table 1 lists the parameter values. One period corresponds to one

year. The growth rate of real GDP g is 1.0%. The capital depreciation rate � is 0.06 and

the capital share � is 0.37. The risk aversion parameter � is 1.0 and the Frisch labor supply

elasticity ' is 1.0. The share of government expenditures in GDP ~G is 0.154. The benchmark

debt to GDP ratio ~B is 1:1. We set the share of government transfers ~T to 0.126, which is

the benchmark result in Nakajima and Takahashi (2016). The consumption tax rate � c is

5%.

For idiosyncratic productivity, as in Flodén and Linde (2001) and Flodén and Linde

(2001), we assume that lnx � N(0; �2x) and that the transitory component is derived from

ln e
0
= � ln e+ "

0
, where "

0
is independently distributed as N(0; �2"), using Tauchen (1986)�s

method.8 These parameters for idiosyncratic productivity are typically estimated using panel

8The transitory productivity process is approximated with a 17-state Markov chain, whereas the perma-
nent component is approximated with 5 states.
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data on individual wages. However, since such panel data is limited in Japan, we choose

the parameter values by targeting the cross-sectional variance of wages.9 In particular, we

use the results in Lise, Sudo, Suzuki, Yamada, and Yamada (2014). First, the variance of

log of residual wages for men is 0.163 for the period between 1995 and 2008. We assume

that this residual wage dispersion is generated by the transitory component of idiosyncratic

productivity. Hence, we set �2"=(1 � �2) = 0:162. The lack of panel data implies a lack of

separate estimates for � and �". Existing analyses for other countries �nd that the transitory

component is quite persistent. For example, Flodén and Linde (2001) �nd that � = 0:914

for the United States and � = 0:814 for Sweden, whereas Alonso-Ortiz and Rogerson (2010)

use � = 0:94 for the United States based on the estimates by various studies: Hence, we

set � = 0:90 as the benchmark for Japan, while later conducting sensitivity analyses with

respect to �. The corresponding �" is 0.1754. Second, the variance of log raw wages for men

is 0.226. We then choose �x so that the overall wage dispersions match between the model

and actual data. In other words, �2"=(1� �2) + �2x = 0:226 or �x = 0:2530:

The parameter values on idiosyncratic productivity in Japan lie between the estimates

for the United States and Sweden by Flodén and Linde (2001). The standard deviation of

the permanent component �x is 0:2530 in Japan, 0:3428 in the United States, and 0.2161 in

Sweden. In contrast, the wage dispersion generated by the transitory component �2"=(1��2)

is 0.162 in Japan, 0.2588 in the United States, and 0.0966 in Sweden. Hence, both the

permanent and transitory components in Japan are between those in the United States and

Sweden.

Lastly, we set the discount factor � and the disutility of labor � so that the after-tax

return on savings is 2.06% and the total hours worked is 0.212.

9We thank Michio Suzuki for the suggesiton.
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4 Results

Our welfare measure is utilitarian, as in the most of related studies, such as Aiyagari and

McGrattan (1998) and Flodén (2001). The measure can also be seen as the expected utility of

a household before drawing the initial state. In our benchmark case with a log consumption

utility function, the welfare under a certain level of government debt is computed by

U =
lnY0
1� � +

� ln(1 + g)

(1� �)2 +

Z Z
V (~a; e; x)d�: (10)

The �rst term adjusts the level of consumption and Y0 is the output level at the initial date

whose productivity is normalized to 1.0. This part is a¤ected by the level of government debt

through its e¤ect on the capital-output ratio and aggregate labor input (i.e., Y0 = ~K�N1��).

The second term adjusts the exogenous growth and it is invariant to a change in government

debt. The third term is the utilitarian welfare computed above for the stationary equilibrium

and it depends on the level of debt.

Next, we evaluate the welfare e¤ect of changing government debt from the optimal level.

In particular, the welfare gain shows how much consumption at the optimal equilibrium must

increase at all states and dates in order to achieve the utilitarian welfare under a certain

level of debt. Hence, the gain is the largest and zero at the optimal level of debt. In our

benchmark case with a log consumption utility function, the welfare gain !U is computed by

!U = exp[�(U � U�)]� 1; (11)

where U� is the utilitarian welfare (10) at the optimal level of government debt ( ~B = ~B�).

As discussed by Aiyagari and McGrattan (1998) and Flodén (2001), a change in govern-

ment debt a¤ects the utilitarian welfare through several channels. In order to quantify each

e¤ect, we follow the method of Flodén (2001) and decompose the utilitarian welfare gain !U

12



in (11) into gains related to changes in the level, uncertainty, and inequality:

!U = (1 + !lev)(1 + !unc)(1 + !ine)� 1: (12)

The level gain !lev is the gain arising from a change in the level of aggregate consumption (a

change in aggregate leisure is compensated). The further decomposition into the uncertainty

gain !unc and the inequality gain !ine is done as follows. For each state, we compute

certainty-equivalent consumption and leisure.10 The uncertainty gain !unc is the gain in

the uncertainty cost. The uncertainty cost is computed by the welfare di¤erence between

having the average consumption and leisure and having the average certainty-equivalent

consumption and leisure. Hence, the cost is the welfare loss arising from uncertainty for a

representative household. In contrast, the inequality gain !ine is the di¤erence in the cost

of inequality, which is computed by the di¤erence between the welfare of having the average

certainty-equivalent consumption and leisure and the average welfare of having certainty-

equivalent consumption and leisure. Therefore, the inequality cost is the welfare loss arising

from the dispersion in (certainty-equivalent) consumption and leisure.

The results are shown in Figure 1 and summarized in Table 2. At the benchmark para-

meterization, the optimum quantity of government debt is negative for Japan and it is �50%

of GDP. Hence, the current level of 130% of GDP is too high in terms of welfare. The overall

welfare is relatively insensitive to the debt to GDP ratio, as shown in the upper-left panel of

Figure 1. The current level of debt incurs a cost of 0.22% of consumption. Even when debt

reaches 200% of GDP, the welfare cost is 0.42%.

Next, we look at how government debt a¤ects the level, uncertainty and inequality gains.

As shown in the rest of the panels of Figure 1, a change in government debt moves the three

gains di¤erently. The inequality gain worsens monotonically with the debt to GDP ratio,

while the uncertainty gain improves. The level gain �rst improves and then deteriorates.

10The pair of certainty-equivalent consumption and leisure is not unique. The result reported here is based
on the assumption that certainty-equivalent leisure is the current leisure choice, following Flodén (2001).
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Figure 1: Welfare (Benchmark). Horizontal axis: debt to GDP ratio.
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Figure 2: Aggregate variables (Benchmark). Horizontal axis: debt to GDP ratio.

Baseline Ctax Indiv � = 0:80 � = 0:97
~B� �0.5 �0.4 �1.1 �0.7 �1.2

~B = 1:3 !U � 100 �0.22 �0.14 �0.61 �0.34 �0.34
!unc � 100 0.68 0.59 1.21 0.68 0.98
!ine � 100 �0.52 �0.48 �2.43 �0.56 �0.73
!lev � 100 �0.38 �0.26 0.65 �0.45 �0.57

~B = 2:0 !U � 100 �0.42 �0.25 �0.98 �0.56 �0.52
!unc � 100 0.85 0.71 1.43 0.74 1.16
!ine � 100 �0.58 �0.53 �2.95 �0.56 �0.82
!lev � 100 �0.68 �0.42 0.58 �0.74 �0.85

Table 2: Summary of the welfare results.
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Further, the magnitudes of the three gains are bigger than that of the overall cost. The

current debt generates a 0.38% level cost and a 0.52% inequality cost, whereas the uncertainty

gain is 0.68%. The uncertainty gain largely o¤sets the level and inequality costs, leading to

the mild overall welfare cost.

In order to understand these welfare results, we examine how aggregate variables change

as the debt to GDP ratio changes (Figure 2). The after-tax return on savings rises, while

the capital to GDP ratio decreases. The total asset in the economy, the sum of capital and

debt relative to output, increases. Aggregate hours worked and e¢ ciency-weighted labor

both decrease, while the before-tax wage rate rises (not shown in the �gure). Further, when

debt is low, an increase in debt leads to an increase in the tax base, and this outweighs an

increase in the interest payments (or outweighs the decrease in the interest receipts). Thus,

the tax rate decreases slightly before rising. Hence, the after-tax wage rate initially rises

before falling.

These movements of aggregate variables explain the welfare e¤ects of government debt

as follows. Increasing debt improves uncertainty by making households hold larger wealth

under the increased interest rate and hence making them better insured against idiosyncratic

risk. In addition, the after-tax wage rate eventually decreases, which also reduces earnings

risk. Second, the combination of the higher return on savings and the lower wage rate is

bad for small-wealth households and good for large-wealth households. Hence, an increase

in debt worsens inequality. The level gain is not monotone. When debt is su¢ ciently low,

capital overaccumulation is severe and low-productivity households work long ine¢ ciently.

An increase in debt mitigates these problems and the level gain is initially positive.

So far, we have adjusted the factor income taxes in order to satisfy the government budget

constraint, as in Aiyagari and McGrattan (1998) and Flodén (2001). Next, we instead

adjust consumption taxes, �xing the factor income tax rate at the benchmark rate. The

motivation for this exercise is that in a representative-agent model (Hansen and ·Imrohoro¼glu

(2016)) and an overlapping generations model (Kitao (2015)), consumption taxes are found
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Figure 3: Welfare (Benchmark versus Consumption Tax). Horizontal axis: debt to GDP
ratio.
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Figure 4: Aggregate variables (Benchmark versus Consumption Tax). Horizontal axis: debt
to GDP ratio.
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Figure 5: Welfare (Benchmark versus Indivisible labor). Horizontal axis: debt to GDP ratio.

to be less distortionary than labor income taxes to address Japan�s �scal problem. We �nd

that the optimal debt when consumption taxes are adjusted is �40% of GDP. Hence, using

consumption taxes does not rationalize the current amount of debt. However, the welfare

cost of government debt is substantially reduced. Speci�cally, the current debt incurs a

0.14% cost in consumption in contrast to 0.22% in the benchmark scenario. The uncertainty

gain is smaller compared to the benchmark case because as shown in Figure 2, the after-

tax wage rate (relative to output) increases, which magni�es earnings risk. In contrast, the

inequality cost is smaller because the rise in the wage rate helps poor households whose

income mainly comes from labor earnings. Lastly, as is consistent with Kitao (2015) and

Hansen and ·Imrohoro¼glu (2016), consumption taxes are less distortionary than labor income

taxes and the level cost decreases relative to the benchmark case. Indeed, the level cost

decreases from 0.38% to 0.26% and the reduction in the level cost is most responsible for the

decrease in the total welfare cost of the current debt.

Next, we examine how the speci�cation of labor supply a¤ects the welfare implications

of government debt. As Pijoan-Mas (2006) �nds in a setting similar to ours, households

substantially use labor supply to self-insure against idiosyncratic wage risk. Speci�cally, we

consider a version of the model with indivisible labor, where households can only choose
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Figure 6: Aggregate variables (Benchmark versus Indivisible labor). Horizontal axis: debt
to GDP ratio.

either to work for a �xed number of hours or not to work at all: h 2 f0; �hg: We assume

that households use a one-third of their time endowment when they work, i.e., �h = 0:333, as

is common in the literature. We adjust � and � in order to attain the after-tax return on

savings and total hours worked same as those in the baseline case.11

The results are summarized in Table 2 and Figures 5 and 6. The optimal level of debt is

�110% and the current debt generates a welfare cost of 0.61% in consumption. An increase

in government debt improves the level under indivisible labor because it mainly reduces the

employment of low-productivity households. As a result, households can enjoy much larger

leisure with a relatively small decrease in consumption, which appears as the improvement of

the level. The uncertainty gain is much larger than the benchmark case with divisible labor.

Indivisible labor reduces the insurance role of labor supply and an increase in government

debt improves risk sharing more signi�cantly than under divisible labor. The inequality

cost is larger because the interest rate rises more signi�cantly with debt, which helps wealth

rich households more than poor households. Further, employment decreases mainly among

low-productivity households and with persistence in productivity, they are also asset poor.

While the after-tax wage rate increases, those households do not work and hence they cannot

11We set � = 0:9855 and � = 7:23:
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be bene�tted from the rise in the wage rate.

Lastly, we conduct sensitivity analyses with respect to the process for idiosyncratic pro-

ductivity. For that, we adjust � and �", maintaining �2"=(1 � �2) = 0:162: We consider two

cases. The �rst case is a lower persistence (� = 0:80 and �" = 0:2415) than the benchmark

case, whereas the second case assumes a higher persistence (� = 0:97 and �" = 0:0978): In

both cases, we adjust � and � in order to attain the after-tax return on savings and total

hours worked same as those in the baseline case.12

As shown in Table 2, the results under the benchmark calibration are robust to the

changes in the persistence in idiosyncratic productivity. The optimal debt is negative for

Japan and therefore the current debt is too large in terms of welfare. The current debt

generates a substantial welfare gain by reducing uncertainty, but produces a signi�cant cost

by worsening the level and inequality. These factors largely o¤set with one another and

therefore the overall welfare e¤ect is smaller than each of the three e¤ects.

5 Conclusion

Japan�s net government debt reached 130% of GDP in 2013. We have analyzed the welfare

implications of Japan�s large debt. We have found that the current level of debt exceeds the

optimal level. The current debt generates a substantial welfare cost by worsening the level

and inequality, but a signi�cant bene�t by reducing uncertainty. These e¤ects largely cancel

out with one another and therefore the overall welfare cost becomes smaller.
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