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Abstract
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agent model with uninsured idiosyncratic wage risk and endogenous labor supply. The
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visible labor. Increasing transfers by raising the consumption tax rate from 5% to 35%
decreases the consumption Gini by 0.04 under divisible labor, whereas it has almost no
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1 Introduction

What is the e¤ect of government transfers on inequality and risk sharing when households

face labor income uncertainty? Previous studies, such as Flodén (2001) and Alonso-Ortiz

and Rogerson (2010), �nd that increasing lump-sum transfers �nanced through labor and/or

capital income taxes substantially decreases consumption inequality and uncertainty in a

general equilibrium model with uninsured earnings risk. However, little is known about

the impact of increasing consumption-tax �nanced transfers. Does it help people smooth

consumption and does it reduce inequality? What is the impact on e¢ ciency? The present

paper analyzes these questions quantitatively.

Although the impact of transfers �nanced through capital and labor income taxes has

been studied, consumption-tax �nanced transfers could work di¤erently. On one hand, con-

sumption taxes have an advantage in terms of e¢ ciency and revenue. In a representative-

agent model, Coleman (2000) �nds that increasing consumption taxes and reducing capital

and labor income taxes greatly improve e¢ ciency. Further, using a model with in�nitely-

lived agents and uninsured idiosyncratic wage risk, Feve, Matheron, and Sahuc (2013) �nd

that consumption taxes can �nance larger transfers than capital and labor income taxes.1 On

the other hand, consumption taxes seem to have a disadvantage in terms of inequality. For

example, Ventura (1999) analyzes a life-cycle model with uninsured idiosyncratic wage risk

and �nds that a revenue neutral tax reform of replacing (current) capital and labor income

taxes with consumption-based taxation widens wealth and income inequality. These �ndings

of previous studies suggest that consumption-tax �nanced transfers could have implications

for e¢ ciency, inequality, and uncertainty that di¤er from transfers �nanced through capi-

tal and labor income taxes. Given that switching to a tax system that depends more on

consumption taxes has been discussed in various countries, the e¤ect of consumption-tax

1Feve, Matheron, and Sahuc (2013) �nd that the La¤er curves for capital and labor income taxes have a
peak, while the La¤er curve for consumption taxes does not. These results also hold in a representative-agent
model, as shown by Trabandt and Uhlig (2011).
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�nanced transfers is worth investigating.2

The model used in the present paper is similar to that used in Aiyagari and McGrattan

(1998), Flodén and Linde (2001), Flodén (2001), Pijoan-Mas (2006), Chang and Kim (2006),

Alonso-Ortiz and Rogerson (2010), and others, which incorporate endogenous labor supply

into an incomplete assets market model analyzed by Aiyagari (1994). There are a large num-

ber of in�nitely-lived households. Those households di¤er in their labor productivity and

their wage is determined by the marginal product of their labor. Idiosyncratic productivity is

stochastic and this generates idiosyncratic wage risk. Asset markets are incomplete and there

are only two risk-free assets: government bonds and physical capital. Hence, households can-

not fully insure against idiosyncratic wage risk and they partially self-insure through savings

and labor supply, leading to a distribution of wealth and labor income across households. In

addition, there is a representative �rm with the neoclassical production function.

Since labor supply is a quantitatively important channel for consumption smoothing in

our setting as shown by Pijoan-Mas (2006) and its nature is potentially important for the

impact of transfers, we consider two speci�cations of labor supply that are widely used in

the literature: divisible and indivisible labor. Models with divisible labor and those with

indivisible labor both explain cross-sectional distributions of wealth and earnings reasonably

well.3 Nonetheless, to the best of our knowledge, there is no study that compares government

policies under the two speci�cations and previous works analyze transfers either in an econ-

omy with divisible labor (Flodén (2001) and Flodén and Linde (2001)) or an economy with

indivisible labor (Alonso-Ortiz and Rogerson (2010)). Hence, little is known about how the

divisibility of labor changes the impact of transfers on e¢ ciency, inequality, and uncertainty.

We analyze the stationary equilibrium of the above model by raising the consumption

tax rate and increasing the amount of transfers endogenously. Speci�cally, we consider

2For the U.S. economy, see, for example, Ventura (1999) and Coleman (2000). Japan raised the consump-
tion tax rate from 5% to 8% in 2014 and plans to raise the tax rate to 10% in 2017. In Japan, there are also
ongoing discussions on further increases in consumption taxes. We analyze Japan�s economy in Appendix.

3For models with divisible labor, see Flodén (2001) and Pijoan-Mas (2006). For models with indivisible
labor, see Chang and Kim (2006) and Alonso-Ortiz and Rogerson (2010).
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the government that �nances lump-sum transfers to households and exogenous government

consumption through taxes on consumption, capital income, and labor income as well as

government bonds. Previous studies �nd that capital and labor income taxes as well as

bonds a¤ect consumption inequality and uncertainty (Flodén (2001)). Hence, we include

them, but �x them in order to focus on consumption taxes and transfers. We calibrate our

model to the U.S. economy.

We �nd that the divisibility of labor is the key to how expanding transfers �nanced

through consumption taxes in�uences consumption inequality and uncertainty. When labor

is divisible, increasing consumption taxes and transfers substantially reduces the consump-

tion Gini.4 For example, the consumption Gini decreases by about 0.04 from 0.26 to 0.22 as

the consumption tax rate rises from the current rate of 5% to 35%. In contrast, when labor

is indivisible, the rise in the tax rate brings essentially no change in the consumption Gini.

The consumption Gini starts to fall even under indivisible labor as the tax rate is raised

further, but the e¤ect is much smaller than that seen under divisible labor.

The intuition behind the above results is as follows. Since leisure is a normal good,

households increase leisure with larger transfers. Therefore, aggregate labor hours decrease

and the (after-tax) wage rate rises under both divisible and indivisible labor. However, these

two cases show di¤erent changes in labor hours at the household-level.

As transfers increase under divisible labor, all households reduce their labor hours largely

uniformly. Hence, the dispersion of total income (the sum of asset income, labor income, and

lump-sum transfers) substantially decreases, leading to large reduction in the consumption

Gini. In contrast, under indivisible labor, some households switch employment to nonemploy-

ment (i.e., earning zero labor income) with larger transfers, while employed households keep

working for the same hours as before under a higher wage. In particular, employment ini-

tially decreases mostly among wealth-poor, low-productivity groups, while high-productivity

4A similar result holds for the standard deviation of log of consumption and the P50-P10 and P90-P50
ratios of consumption.
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households stay employed.5 Hence, even with a larger amount of lump-sum transfers, the

inequality in total income decreases mildly, thereby only slightly reducing the consumption

Gini.

The divisibility of labor also a¤ects the relationship between consumption-tax �nanced

transfers and savings, especially those of low-productivity households close to the borrow-

ing limit. As transfers increase under divisible labor, those households reduce labor hours

largely uniformly in all states. This implies that they face less volatile future income and

consumption, reducing their incentive to save to self-insure. Hence, larger transfers lead to

lower aggregate saving and a higher interest rate. Since the number of low-wealth house-

holds increases and rich people increase their savings in response to a higher return, wealth

inequality widens.

In contrast, as consumption-tax �nanced transfers increase under indivisible labor, low-

productivity, wealth-poor households switch from employment to nonemployment in some

states. In other states, they keep working for the same hours as before under a higher

wage. Hence, they face more labor income uncertainty. When the level of transfers is low,

this increases consumption uncertainty substantially. Hence, those households increase their

savings to self-insure. As a result, when the consumption tax rate is raised from the current

level of 5%, aggregate saving increases and the interest rate falls initially. The trend continues

until the tax rate reaches 35%. Further, since the number of low-wealth households decreases

and rich people reduce savings in response to a lower return, wealth inequality initially

decreases. As the amount of transfers increases further with a higher consumption tax rate,

low-productivity, low-wealth households reduce precautionary savings. Hence, aggregate

saving decreases, while the interest rate rises. Wealth inequality increases.

Next, we examine the welfare implication of the above results. To do so, we employ the

method of Flodén (2001) and decompose the utilitarian welfare gain into the sum of the

gains of changing inequality, uncertainty, and the level. We �nd that the overall welfare gain

5Low-productivity, wealth-rich households always choose not to work.
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is largely independent of the divisibility of labor. For example, raising the consumption tax

rate from 5% to 35% generates a 1.0% cost of consumption in the economy with divisible

labor and a 1.2% cost in the economy with indivisible labor.

However, the compositions of the gains are very di¤erent between divisible and indivisible

labor. When labor is divisible, the level cost is 4.3%, while the sum of the uncertainty and

inequality gains is 3.4%. Hence, increasing consumption-tax �nanced transfers improves

inequality and uncertainty in terms of welfare. In contrast, in the economy with indivisible

labor, the level gains by 3.2%, while the sum of the uncertainty and inequality gains is

�4.2%. Thus, increasing consumption-tax �nanced transfers generates a welfare cost on

inequality and uncertainty under indivisible labor. Although the further decomposition into

the uncertainty and inequality gains varies with assumptions, the sum of the two gains is

unchanged. These �ndings suggest that the divisibility of labor is an important determinant

for the e¤ects of increasing consumption taxes and transfers on welfare.

Although the impact of transfers depends on which taxes are used for �nancing, the

mechanism described above works for transfers �nanced through capital and labor income

taxes. Hence, as shown in Appendix, their e¤ects also vary under divisible and indivisible

labor. These �ndings suggest that analyzing lump-sum transfers and other �scal policies in

a model with both intensive and extensive margins, such as the model recently developed by

Chang, Kim, Kwon, and Rogerson (2014), would be an important future task.

The remainder of the present paper proceeds as follows. Section 2 presents the model,

while Section 3 determines parameter values. Section 4 presents the results and Section

5 conducts robustness checks. Section 6 concludes. In Appendix, we examine transfers

�nanced through capital and labor income taxes for the U.S. economy and also analyze

consumption-tax �nanced transfers for Japan�s economy.
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2 Model

The model considered here is a neoclassical growth model with uninsured wage risk and

endogenous labor supply. We also include the government that �nances its consumption and

lump-sum transfers to households through taxes and bonds. We explain the model in the

order of �rms, households, and the government.

2.1 Firms

There is a representative �rm. The �rm rents capital K and labor N from households, and

it produces the good Y: The production function is

Y = K�(zN)1��; (1)

where z is labor-augmenting productivity and � 2 (0; 1) is the capital share. Productivity

grows at a constant rate of g, that is, z
0
= (1 + g)z; where a prime denotes a next-period

value hereinafter.

The �rm maximizes its static pro�t taking the rental rate of capital r and the wage rate

w as given. The �rst-order conditions are

r = �z1��K��1N1�� � � (2)

and

w = (1� �)z1��K�N��; (3)

where � 2 (0; 1) is the capital depreciation rate. De�ne k = K=Y and ~w = w=Y . The above

conditions are written in a stationary form as

r =
�

k
� � (4)
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and

~w =
(1� �)

N
: (5)

2.2 Households

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

of time each period. We consider two cases for labor supply. The �rst is divisible labor and

households have a momentary utility function that shows the constant Frisch elasticity of

labor supply and is consistent with balanced growth:

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 labor hours, � is the coe¢ cient of relative risk aversion,

� > 0 is the parameter capturing the disutility of labor, and ' > 0 is the Frisch labor supply

elasticity.

The second case assumes indivisible labor and households choose whether to work for �h

hours or not to work at all: h = f0; �hg: The utility function in this case is

u(c; h) = ln c�  h
1+ 1

'
; (7)

where  > 0 is the parameter capturing the disutility of labor.

Households di¤er in their labor productivity e. These idiosyncratic productivities are

mutually independent and follow an AR(1) process: ln e
0
= � ln e + "

0
; "

0 � N(�"; �
2
"). This

is the source of idiosyncratic wage risk.

Households cannot fully insure against wage risk because asset markets are incomplete

and there is a borrowing constraint. Speci�cally, there are only two risk-free assets in the

economy. One is physical capital, and the other is government bonds. These two assets are
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perfect substitutes for households and both assets earn the interest rate r. There are no

aggregate shocks and at the beginning of each period, households are distinguished by their

current productivity e and total asset holding a. The borrowing constraint requires a � 0:

To describe the optimization problem of households in a stationary form, de�ne ~a = a=Y .

The problem is written as

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

n
u(~c; h) + �E[V (~a

0
; e

0
)je]
o

(8)

subject to (1 + � c)~c+ (1 + g)~a
0 � [1 + (1� � k)r]~a+ (1� �n) ~weh+ �

~c � 0; ~a0 � 0

h 2 [0; 1] when labor is divisible

h 2 f0; �hg when labor is indivisible,

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

and E denotes conditional expectation.6 The second line is the budget constraint: � c is the

consumption tax rate, � k is the capital income tax rate, �n is the labor income tax rate, and

� = TR=Y , where TR is lump-sum transfers from the government to households.

2.3 Government

The government budget constraint is

G+ TR + rB = B
0 �B + �nwN + � kr(K +B) + � cC �M; (9)

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

and M is net imports. Dividing (9) by Y leads to the constraint in a stationary form:

6For divisible labor, the value function (8) assumes � = 1, which is our benchmark. When � 6= 1, the
future value needs to be discounted by �(1 + g)1�� instead of �:
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divisible indivisible
D I

� 0.9711 0.9696
g 0.02
� 1.0 NA
' 1.0
� 4.80 NA
H 0.25
�h NA 0.333
 NA 6.09

 0.18
� 0.07
� 0.38
� c 0.05
�n 0.28
� k 0.36
m 0.04
� 0.94
�" 0.205
�" �0.01162
b 0.63

Table 1: Baseline parameter values.


 + �+ rb = (1 + g)b
0 � b+ �n ~wN + � kr(k + b) + � ccagg �m; (10)

where b = B=Y , cagg = C=Y , and m =M=Y: In the stationary equilibrium, b = b
0
:

3 Benchmark Parameter Values

We calibrate the above model to the U.S. economy. Table 1 lists the benchmark parameter

values. One period corresponds to one year.

The parameter values are mostly taken from Trabandt and Uhlig (2011). The growth

rate of real GDP g is 2.0% per year. The capital depreciation rate � is 0.07 and the capital

share � is 0.38. The share of government consumption in GDP 
 is 0.18. The capital income

tax rate � k is 36%, while the labor income tax rate �n is 28%. The consumption tax rate � c
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is 5%. The net import m is 4% of GDP. The government debt b is 63% of GDP.

Next, we parameterize the utility function. For the economy with divisible labor, we set

' = 1:0 and adjust � so that the total labor hours is H = 0:25; following Trabandt and

Uhlig (2011). We set � = 1:0 to maintain the comparability with the case with indivisible

labor. For the economy with indivisible labor, we set �h = 0:333, which is the standard value

used in the literature. We then choose the disutility parameter  so that total labor hours

H is 0.25.

The stochastic process for idiosyncratic productivity e is taken from Alonso-Ortiz and

Rogerson (2010) and we assume � = 0:94 and � = 0:205. As Alonso-Ortiz and Rogerson

(2010) argue, these values are in line with conventional estimates. The AR(1) process is

approximated with a 17-state Markov chain using Tauchen (1986)�s method. We adjust �"

so that the mean of e is 1.0.

Lastly, we choose the discount factor � so that the after-tax rate of return on savings

(1� � k)r is 4.0% at the benchmark parameter values, following Trabandt and Uhlig (2011).

The result is � = 0:9711 for the economy with divisible labor and � = 0:9696 for the economy

with indivisible labor.

4 Results

We change the consumption tax rate � c from 0% to 90% by 5% each and adjust government

transfers endogenously in the stationary equilibrium. As shown in Figure 1, the amount

of transfers TR and its level relative to output � increase monotonically in both cases of

divisible and indivisible labor.7 In contrast, we �x government consumption, government

bonds, and net imports relative to output (
; b;m) at the benchmark parameter values,

following Aiyagari and McGrattan (1998) and Flodén (2001).8

7There is no peak in the consumption La¤er curve for the case with divisible labor, as found by Feve,
Matheron, and Sahuc (2013). We �nd that the same is true for the case with indivisible labor.

8Aiyagari and McGrattan (1998) and Flodén (2001) did not include net imports. The main results of the
present paper do not change when we �x the amounts of the government consumption, government bonds,
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I
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Figure 1: Transfers. I: baseline indivisible labor. D: baseline divisible labor.

0 0.2 0.4 0.6 0.80.25
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I
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0.18

0.2

0.22

0.24

0.26

Consumption Gini

τc

Figure 2: Consumption inequality and uncertainty. I: baseline indivisible labor. D: baseline
divisible labor.
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Figure 2 shows how two measures of consumption inequality and uncertainty, the Gini

coe¢ cient for consumption and the standard deviation of log of consumption, vary with

the consumption tax rate.9 When labor is divisible, increasing transfers �nanced through

consumption taxes reduces the two measures substantially. For example, expanding transfers

by increasing the tax rate from the current level of 5% to 35% reduces the consumption Gini

by 0.04 from 0.26 to 0.22. The standard deviation of log of consumption decreases by 0.09

from 0.48 to 0.39.

In contrast, increasing the consumption tax rate and expanding transfers reduce con-

sumption inequality and uncertainty only mildly in the case of indivisible labor. When the

tax rate is raised from 5% to 35%, both the consumption Gini and the standard deviation

of log of consumption are essentially unchanged. Although both measures start to decrease

when the tax rate is raised further, the e¤ect is much smaller compared to that seen under

divisible labor.

What explains the di¤erence in the movement of consumption inequality between divisible

and indivisible labor? Since leisure is a normal good, households increase leisure with a larger

amount of transfers. Therefore, as shown in Figure 3, labor input, measured in both row

and e¢ ciency-weighted hours, decreases and the after-tax wage rate rises under divisible and

indivisible labor. However, micro-level changes in hours are di¤erent.

When labor is divisible, all households reduce labor hours relatively uniformly in the face

of larger transfers. Hence, with larger lump-sum transfers, the cross-sectional dispersion of

total income (the sum of asset income, labor income, and transfers) shrinks, as evidenced

by the movement of the Gini coe¢ cient of total income in Figure 3.10 Hence, consumption

inequality substantially decreases. In contrast, when transfers increase under indivisible

labor, employment decreases mostly among small-wealth, low-productivity households. Most

and net imports to those under the initial tax rate (� c = 0:05 in our case), as in Trabandt and Uhlig (2011).
See the next section for the detail.

9The P50-P10 and P90-P50 ratios of consumption show a similar pattern. Under divisible labor, both
ratios monotonically decrease with the consumption tax rate. In contrast, under indivisible labor, a hike in
the consumption tax rate initially increases and then decreases the ratios.
10The standard deviation of log of total income exhibits a similar pattern.
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of high-productivity, wealth-rich households keep working for the same hours as before under

a higher wage, whereas low-productivity, wealth-rich households stay in nonemployment.

Accordingly, the inequality in labor income increases substantially. Hence, even though

lump-sum transfers increase with a higher consumption tax rate, the inequality in total

income decreases only slightly, reducing consumption inequality only mildly.11

0 0.2 0.4 0.6 0.8

0.04

0.045
After­tax interest rate

τc
0 0.2 0.4 0.6 0.81.5

2

After­tax wage/Output

τc

I
D

0 0.2 0.4 0.6 0.82.7

2.8

2.9
Capital/Output

τc
0 0.2 0.4 0.6 0.80.1

0.2

0.3
Total labor hours

τc

0 0.2 0.4 0.6 0.8

0.2

Efficiency­weighted labor

τc
0 0.2 0.4 0.6 0.8

0.4

0.5

Output

τc

0 0.2 0.4 0.6 0.80.2

0.3

0.4
Total income Gini

τc
0 0.2 0.4 0.6 0.80.6

0.65

0.7
Wealth Gini

τc

Figure 3: Aggregate variables. I: baseline indivisible labor. D: baseline divisible labor.

The divisibility of labor also a¤ects the saving behavior, especially that of low-wealth

households close to the borrowing limit. When transfers increase under divisible labor, those
11These adjustments in household-level hours can be inferred from the movements of row and e¢ ciency-

weighted hours. E¢ ciency-weighted labor decreases much less substantially than total labor hours under
indivisible labor. The di¤erence is smaller under divisible labor.
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Figure 4: Cumulative asset distribution. We plot the results at the consumption tax rates
of 0%, 20%, 40%, 60%, and 80%.

households reduce their labor hours largely uniformly in all states. Accordingly, they face less

volatile total income and consumption, reducing their incentive to save to self-insure. This is

evidenced by the result in Figure 4 that the number of low-wealth households increases with

the consumption tax rate. Hence, aggregate saving decreases as consumption-tax �nanced

transfers increase, which leads to a higher return on savings and a lower capital-output

ratio. The wealth Gini monotonically increases with the consumption tax rate because the

number of low-wealth households increases and the higher return also increases the savings

of wealth-rich households.

In contrast, when transfers increase under indivisible labor, low-productivity, low-wealth

households switch from employment to nonemployment in some states, increasing the prob-

ability of zero labor income. In other states, those households work for the same hours as

before under a higher wage rate. This leads to greater labor earnings uncertainty. When the

level of transfers is relatively low, this also increases consumption uncertainty substantially,

leading low-productivity, low-wealth households to increase their savings to self-insure. As a

result, the number of low-wealth households initially decreases as the consumption tax rate

rises, as shown in Figure 4. Accordingly, in the economy with indivisible labor, the capital-

output ratio (aggregate saving) increases and the interest rate falls as the tax rate rises from
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the current level of 5% to 35%. In other words, if we measure the degree of precautionary

savings by the interest rate di¤erential from the rate in the complete market counterpart,

which is independent of the consumption tax rate, then precautionary savings increase as

public transfers increase in the economy with indivisible labor. Further, since the number

of low-wealth households decreases and wealth-rich households decrease their savings in re-

sponse to a lower interest rate, the wealth Gini is initially decreasing in the consumption tax

rate, in contrast to the case with divisible labor.

Next, we explore the welfare implication of increasing transfers �nanced through con-

sumption taxes. For this purpose, we follow the method of Flodén (2001) and decompose

the gain in the utilitarian welfare into the welfare gains arising from changes in the level

(e¢ ciency), uncertainty, and inequality. First, the utilitarian welfare measure is given by

U =
lnY0
1� �

+
� ln(1 + g)

(1� �)2
+

Z Z
V (~a; e)d�(~a; e); (11)

where Y0 is the output that realizes at the initial level of productivity (z0 = 1:0 for normalization)

and �(~a; e) is the stationary distribution of households over assets and idiosyncratic produc-

tivity.

Consider a change in the consumption tax rate from the initial rate of � 1c = 0:05 to �
2
c .

Let !U be the utilitarian welfare gain of the policy change. The welfare gain is expressed as

a percent of the consumption that is enjoyed at the initial tax rate.12 Then, as shown by

Flodén (2001), !U is expressed as follows:

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

where !lev is the level gain, !unc is the uncertainty gain, and !ine is the inequality gain. The

level gain !lev captures the welfare gain from a change in the level of aggregate consumption

12More speci�cally, the number shows how much consumption at the initial tax rate must increase at all
states and dates in order to achieve the utilitarian welfare attained at the new tax rate:
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(a change in aggregate leisure is compensated), assuming no uncertainty and no inequality

(a representative household). The uncertainty gain !unc is the gain in the uncertainty cost,

which is computed by the welfare di¤erence between having the average consumption/leisure

and having the average certainty-equivalent consumption/leisure. Lastly, 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/leisure and the average

welfare of having certainty-equivalent consumption/leisure.
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Figure 5: Welfare. The horizontal axis shows the welfare gain, which is expressed as a percent
of consumption at the initial tax rate (� c = 0:05). We determine the certainty-equivalent
leisure in two ways: setting hours to the current level (h = hopt) and to the economy average
(h = H):
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The result is shown in Figure 5. As a pair of certainty-equivalent consumption and

leisure is not unique, following Flodén (2001), we �x the certainty-equivalent leisure in two

ways: setting labor hours to the optimal choice in the current period (h = hopt) and the

economy average (h = H). As shown below, this only a¤ects the decomposition between the

inequality and uncertainty gains. The total welfare gain of the policy change, !U ; is largely

independent of the divisibility of labor. The optimal consumption tax rate, where !U is

the highest, is 10% for both cases. Further, when raising the tax rate from 5% to 35%, the

overall welfare cost is 1.0% for the case with divisible labor, while the cost is 1.2% for the

case with indivisible labor.

However, substantial di¤erences are observed in the decompositions of the level, uncer-

tainty, and inequality gains. In the economy with divisible labor, increasing consumption

taxes and transfers worsens the level, but it improves uncertainty and inequality. When the

tax rate is raised from 5% to 35%, for example, the level costs by 4.3%, while the sum of

the inequality and uncertainty gains is 3.4%. The further decomposition into the inequality

and uncertainty gains depends on how we determine the certainty-equivalent leisure. When

h = hopt, the inequality gain is 2.1% and the uncertainty gain is 1.3%. When h = H, the

inequality gain is 1.6% and the uncertainty gain is 1.8%. Nonetheless, the sum of the two is

unchanged.

In contrast, in the case with indivisible labor, increasing consumption taxes and transfers

increases the sum of the costs of inequality and uncertainty, while it improves the level, at

least initially. For example, when the consumption tax rate is raised from 5% to 35%, the

level gain is 3.2%, while the sum of the uncertainty and inequality gains is �4.2%. The posi-

tive level gain arises from the following reason. As consumption taxes and transfers increase,

less productive households stop working, and hence the average productivity of employed

households increases.13 Accordingly, while aggregate labor hours decrease and aggregate

leisure increases substantially, aggregate consumption decreases only slightly, increasing the

13Alonso-Ortiz and Rogerson (2010) show that a similar result holds when labor income taxes increase.
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level gain. As in the case of divisible labor, the decomposition into the inequality and un-

certainty gains depends on how we determine the certainty-equivalent leisure. In particular,

the signs of the gains di¤er between h = hopt and h = H: However, the sum of the two is

unchanged. It is still negative even when the consumption tax rate reaches 90%. The sum

is only positive when the tax rate is reduced.

To summarize, increasing consumption taxes and expanding transfers substantially re-

duce the measures of consumption inequality and uncertainty in the economy with divisible

labor, while not very much in the economy with indivisible labor. The welfare decomposition

implies a similar result. When labor is divisible, increasing consumption-tax �nanced trans-

fers generates welfare gains in terms of inequality and uncertainty. In contrast, when labor

is indivisible, such a policy change increases the welfare costs of inequality and uncertainty.

5 Robustness Checks

In this section, we show the robustness of the results in the previous section. First, we

change the relative risk aversion � and the Frisch labor supply elasticity ' for the economy

with divisible labor. Since most studies assume the relative risk aversion between one and

two, we consider � = 2:0. We also examine a low Frisch elasticity (' = 0:5), following

Flodén (2001).14 Second, for the case with indivisible labor, we consider larger labor hours

H = 0:33 and �h = 0:407; following Alonso-Ortiz and Rogerson (2010). Third, we set

the process of idiosyncratic productivity to that used in Aiyagari and McGrattan (1998):

� = 0:60 and � = 0:24. The persistence is close to the lower bound of the persistence

assumed in previous works. The resulting cross-sectional dispersions of wages and wealth

are substantially smaller than those in the benchmark case and those seen in the U.S. In all

the cases, we reset the discount factor � and the disutility parameter (� or  ) so that the

after-tax interest rate (1 � � k)r is 4% and aggregate labor hours hit the target (H = 0:25

14The welfare measure in (11) is modi�ed in the case of � = 2:0: We also examined the case with a high
elasticity (' = 2:0), but the main results of the present paper did not change.
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divisible divisible indivisible divisible indivisible
high risk low Frisch large less persistent less persistent
aversion elasticity labor risk risk
D-RA D-FL I-H D-IP I-IP

� 0.9814 0.9729 0.9714 0.9794 0.9791
� 2.0 1.0 NA NA NA
' 1.0 0.5 1.0 1.0 1.0
� 2.84 13.05 NA 5.22 NA
H 0.25 0.25 0.33 0.25 0.25
�h NA NA 0.407 NA 0.333
 NA NA 4.26 NA 6.18
� 0.94 0.94 0.94 0.60 0.60
�" 0.205 0.205 0.205 0.24 0.24
�" �0.01162 �0.01162 �0.01162 �0.0182 �0.0182

Table 2: Baseline parameter values.

or 0.33). Table 2 summarizes those parameter values. We also conduct an exercise in which

the levels of government consumption, government bonds, and net imports, instead of their

levels relative to output, are �xed at those under the benchmark tax rate. This case uses

the same parameter values as those for the benchmark cases.

Figure 6 shows the consumption Gini and the standard deviation of log of consumption.

Since the levels of the measures substantially di¤er between the case of less persistent risk and

others, we show them in two separate panels. For all the cases with divisible labor, increasing

transfers �nanced through consumption taxes substantially decreases consumption inequality

and uncertainty. In contrast, when labor is indivisible, expanding consumption-tax �nanced

transfers does not reduce the measures as much as when labor is divisible. When idiosyncratic

productivity is less persistent (I-IP), consumption inequality and uncertainty actually rise

as the consumption tax rate exceeds around 20%. It is true that in the case with large labor

hours (I-H), the reduction in consumption inequality and uncertainty is larger than that in

the baseline case. For example, the consumption Gini decreases by 0.006 as the tax rate

rises from 5% to 35%. Nonetheless, the reduction in the measure is much smaller than that

seen in the case of divisible labor.
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Figure 6: Consumption inequality and uncertainty. I: baseline indivisible labor. D: baseline
divisible labor. I-H: I with large hours. D-RA: D with high risk aversion. D-FL: D with low
labor supply elasticity. I(D)-IP: I (D) with less persistent productivity. I (D)-LV: I (D) with
�xed levels of government consumption, bonds, and net imports.

Figure 7 displays the capital accumulation and wealth inequality. As for divisible labor, in

all the cases considered, raising the consumption tax rate and increasing transfers reduce the

capital-output ratio and hence raises the interest rate. The wealth Gini rises monotonically.

In contrast, when labor is indivisible, the capital-output ratio rises and the interest rate falls

with the consumption tax rate, at least initially. The wealth Gini initially falls before rising.
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Figure 7: Capital-output ratio and wealth inequality. I: baseline indivisible labor. D: baseline
divisible labor. I-H: I with large hours. D-RA: D with high risk aversion. D-FL: D with low
labor supply elasticity. I(D)-IP: I (D) with less persistent productivity. I (D)-LV: I (D) with
�xed levels of government consumption, bonds, and net imports.

Table 3 lists the optimal consumption tax rate and the welfare gains of raising the tax

rate from 5% to 35%.15 The result shows the robustness of the �ndings in the previous

section. In particular, the sum of inequality and uncertainty gains is positive under divisible

labor and negative under indivisible labor. The results in the table are also reasonable. For

15The optimal consumption tax rate � c is expressed as %. The welfare gains (!U ; !lev; !ine + !unc) are
those of raising the tax rate from 5% to 35% and they are expressed as a percent of the consumption at a 5%
tax rate. Recall that the sum of the inequality and uncertainty gains is independent of how we determine
the certainty-equivalent leisure.
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Optimal � c !U !lev !ine + !unc
D 10 �1.0 �4.3 3.4

D-LV 0 �3.7 �6.5 3.0
D-RA 20 0.7 �6.1 7.2
D-FL 20 �0.2 �3.1 3.4
D-IP 0 �4.5 �5.1 0.7
I 10 �1.2 3.2 �4.2

I-LV 5 �3.7 0.0 �3.6
I-H 15 �0.2 4.2 �4.0
I-IP 0 �4.8 �1.6 �3.3

Table 3: Welfare implication.

example, the level cost is higher when the amount of government consumption rather than

its level relative to output is �xed (D-LV versus D and I-LV versus I). The reason is that

when the amount is �xed, the level relative to output increases because of lower output,

leading to lower consumption and leisure. Hence, the level cost is higher and the optimal

consumption tax rate is lower than the benchmark cases.

To summarize, the �ndings in the present section show the robustness of the results seen

in the previous section. Hence, the divisibility of labor is an important factor in determining

the impact of consumption-tax �nanced transfers on consumption inequality and uncertainty

as well as on aggregate saving and the wealth distribution.

6 Conclusion

Does increasing public transfers always reduce consumption inequality and uncertainty when

households face labor earnings uncertainty? We have studied the question in a heterogeneous-

agent model with uninsured wage risk and endogenous labor supply, focusing on transfers

�nanced through consumption taxes. We have calibrated the model to the U.S. economy. We

have found that the impact of consumption-tax �nanced transfers crucially depends on the

divisibility of labor. When labor is divisible, raising the consumption tax rate and increasing

transfers substantially reduce consumption inequality and uncertainty. In contrast, when

labor is indivisible, the e¤ect is much smaller. For example, raising the consumption tax rate
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from 5% to 35% hardly reduces the measures of consumption inequality and uncertainty in

the case of indivisible labor. Indeed, such a policy change worsens inequality and uncertainty

in terms of welfare.

References

Aiyagari, S. R. (1994): �Uninsured Idiosyncratic Risk and Aggregate Saving,�Quarterly

Journal of Economics, 109(3), 659�684.

Aiyagari, S. R., and E. R. McGrattan (1998): �The Optimum Quantity of Debt,�

Journal of Monetary Economics, 42(3), 447�469.

Alonso-Ortiz, J., and R. Rogerson (2010): �Taxes, Transfers and Employment in an

Incomplete Markets Model,�Journal of Monetary Economics, 57(8), 949�958.

Chang, Y., and S.-B. Kim (2006): �From Individual to Aggregate Labor Supply: A

Quantitative Analysis Based On A Heterogeneous Agent Macroeconomy,� International

Economic Review, 47(1), 1�27.

Chang, Y., S.-B. Kim, K. Kwon, and R. Rogerson (2014): �Individual and Aggregate

Labor Supply in a Heterogeneous Agent Economy with Intensive and Extensive Margins,�

mimeo.

Coleman, W. J. I. (2000): �Welfare and Optimum Dynamic Taxation of Consumption

and Income,�Journal of Public Economics, 76(1), 1�39.

Feve, P., J. Matheron, and J.-G. Sahuc (2013): �The La¤er Curve in an Incomplete-

Market Economy,�mimeo.

Flodén, M. (2001): �The E¤ectiveness of Government Debt and Transfers as Insurance,�

Journal of Monetary Economics, 48(1), 81�108.

24



Flodén, M., and J. Linde (2001): �Idiosyncratic Risk in the United States and Sweden,�

Review of Economic Dynamics, 4(2), 406�437.

Gunji, H., and K. Miyazaki (2011): �Estimates of Average Marginal Tax Rates on Factor

Incomes in Japan,�Journal of the Japanese and International Economics, 25(2), 81�106.

Hayashi, F., and E. C. Prescott (2002): �The 1990s in Japan: A Lost Decade,�Review

of Economic Dynamics, 5(1), 206�235.

Lise, J., N. Sudo, M. Suzuki, K. Yamada, and T. Yamada (2014): �Wage, Income

and Consumption Inequality in Japan, 1981-2008: From Boom to Lost Decades,�Review

of Economic Dynamics, 17(4), 582�612.

Nutahara, K. (2015): �La¤er Curves in Japan,�Journal of the Japanese and International

Economies, 36, 56�72.

Pijoan-Mas, J. (2006): �Precautionary Savings or Working Longer Hours,� Review of

Economic Dynamics, 9(2), 326�352.

Sugo, T., and K. Ueda (2008): �Estimating a Dynamic Stochastic General Equilibrium

Model for Japan,�Journal of the Japanese and International Economics, 22(4), 476�502.

Tauchen, G. (1986): �Finite State Markov-Chain Approximations to Univariate and Vector

Autoregressions,�Economics Letters, 20(2), 177�181.

Trabandt, M., and H. Uhlig (2011): �The La¤er Curve Revisited,�Journal of Monetary

Economics, 58(4), 305�327.

Ventura, G. (1999): �Flat Tax Reform: A Quantitative Exploration,� Journal of Eco-

nomic Dynamics and Control, 23(9-10), 1425�1458.

25



7 Appendix: Labor and Capital Income Taxes

We change the labor and capital income tax rates from 0% to 90% by 5% each independently

and adjust transfers accordingly. Unlike consumption taxes, there is a peak in the La¤er

curves for labor and capital income taxes and the amounts of transfers decrease as the tax

rates exceed a certain level (Figure 8).
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Figure 8: Transfers (Labor and capital income taxes). Upper panel: labor income taxes.
Lower panel: capital income taxes. I: baseline indivisible labor. D: baseline divisible labor.

As for labor income taxes, consumption inequality decreases with the tax rate under

both divisible and indivisible labor, as shown in Figure 9. The result is in line with the
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�ndings of previous works, such as Flodén (2001) (divisible labor) and Alonso-Ortiz and

Rogerson (2010) (indivisible labor). In the case of labor income taxes, a hike in the tax rate

substantially decreases the after-tax wage rate. Hence, even in the case of indivisible labor,

the dispersion of total income signi�cantly decreases with labor income taxes and transfers,

leading to large reduction in consumption inequality.
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Figure 9: Consumption inequality and uncertainty (Labor and capital income taxes). Upper
panel: labor income taxes. Lower panel: capital income taxes. I: baseline indivisible labor.
D: baseline divisible labor.

However, the changes in consumption inequality are di¤erent under divisible and in-

divisible labor. Speci�cally, as the tax rate rises from 0%, the reduction in consumption
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inequality is initially larger under indivisible than divisible labor. Since the level of trans-

fers is extremely low, low-wealth, low-productivity households stay employed and work for

the same hours as before under indivisible labor, which increases their total income. In

contrast, those households somewhat reduce labor hours under divisible labor. As the tax

rate reaches around 25%, however, further increases in the tax rate and transfers reduce

the employment of low-wealth, low-productivity households under indivisible labor and with

a relatively low level of transfers, the number of low-income households increases. Hence,

the reduction in consumption inequality slows. As the tax rate exceeds around 40%, larger

transfers increase the total income of low-wealth and nonemployment households, reducing

consumption inequality.

The welfare analysis shown in Figure 10 con�rms these results.16 Under divisible labor,

increasing labor income taxes and transfers always increases the sum of the inequality and

uncertainty gains. Under indivisible labor, such a policy improves inequality and uncertainty

in terms of welfare only when the tax rate is low or high. For example, expanding transfers

worsens inequality and uncertainty when the tax rate is raised from the current rate of 28%.

The optimal tax rate is 30% for both divisible and indivisible labor.

As for capital income taxes, consumption inequality decreases with the tax rate and

transfers under divisible labor, but not monotonically under indivisible labor. Under divisi-

ble labor, all households reduce labor hours with larger transfers, and hence the dispersion

of total income decreases, reducing consumption inequality. Even under indivisible labor,

increasing the tax rate from 0% initially decreases consumption inequality. As in the case of

labor income taxes, since the level of transfers is still low, low-wealth, low-productivity house-

holds remain employed, increasing their total income and reducing consumption inequality.

As the tax rate exceeds around 20%, however, those households switch to nonemployment,

while wealth-rich, high-productivity households keep working for the same hours as before

16We only present the result when we set h = hopt in determining the certainty-equivalent leisure. As
shown earlier, only the decomposition between the inequality and uncertainty gains changes when setting
h = H.
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under a higher wage. Notice that the increase in transfers is relatively small compared to the

case of consumption taxes. Hence, consumption inequality increases under indivisible labor.

The welfare analysis suggests the same results. When labor is divisible, raising the

capital income tax rate and increasing transfers improve inequality and uncertainty in terms

of welfare. Under indivisible labor, such a policy improves inequality and uncertainty only

when the tax rate is low. The optimal tax rate is 5% under divisible labor, while it is 20%

under indivisible labor.
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Figure 10: Welfare (Labor and capital income taxes). The horizontal axis shows the welfare
gain, which is expressed as a percent of consumption at the initial tax rate (�n = 0:28 and
� k = 0:36). We determine the certainty-equivalent leisure by setting hours to the current
level (h = hopt).
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8 Appendix: Consumption Taxes in Japan

In this appendix, we analyze how increasing consumption-tax �nanced transfers a¤ects con-

sumption inequality and uncertainty in Japan. The exercise serves as an additional robust-

ness check for the results shown in the main text. Further, it is of interest because a hike in

the consumption tax rate is planned in Japan.17

8.1 Parameter Values

Parameter values are mostly taken from Nutahara (2015), who determines those values based

on previous works, such as Hayashi and Prescott (2002), Sugo and Ueda (2008), and Gunji

and Miyazaki (2011). The capital depreciation rate � is 0.06 and the capital share � is 0.37.

The share of government consumption in GDP 
 is 0.154. The capital tax rate � k is 52%,

while the labor tax rate � k is 29%. The net import m is �1.6% of GDP. The government

debt b is 111% of GDP. Two departures from Nutahara (2015) are the consumption tax rate

and the growth rate of real GDP. We set their values to the average values between 1995

and 2013: The consumption tax rate � c is 5%, while the growth rate g is 1.0% per year.18

As for the utility function, we set �h = 0:333 for the economy with indivisible labor, as

in the U.S. case. We then choose the disutility parameter  so that total labor hours H is

0.212, as in Nutahara (2015). For the economy with divisible labor, we set � = 1:0 in order

to keep the comparability with the indivisible labor economy. We set ' = 1:0 and adjust �

so that the total labor hours is H = 0:212:

The stochastic process for idiosyncratic productivity is typically estimated using panel

data of individual wages. Since such panel data is limited in Japan, we use the same values

for the U.S. economy: � = 0:94 and � = 0:205.19 The AR(1) process is approximated with

a Markov chain as explained in Section 3.
17The consumption tax rate rose from 5% to 8% in April 2014 and it will rise to 10% in April 2017.
18In contrast, Nutahara (2015) sets the growth rate to 2.1%, which is the average growth between 1980

and 2009, and he sets the consumption tax rate to 10%, which is the rate after March 2017.
19The calibrated model generates the wealth Gini similar to that in Japan. See Lise, Sudo, Suzuki,

Yamada, and Yamada (2014).
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divisible indivisible
D I

� 0.9829 0.9802
g 0.01
� 1.0 NA
' 1.0
� 6.75 NA
H 0.212
�h NA 0.333
 NA 7.31

 0.154
� 0.06
� 0.37
� c 0.05
�n 0.29
� k 0.52
m �0.016
� 0.94
�" 0.205
�" �0.01162
b 1.11

Table 4: Parameter values (Japan).

Lastly, we choose the discount factor � so that the after-tax rate of return on savings

r is 2.06% at the benchmark parameter values, following Nutahara (2015). The result is

� = 0:9829 for the economy with divisible labor and � = 0:9802 for the economy with

indivisible labor. All the parameter values are listed in Table 4.

8.2 Results

We conduct the same exercise in Section 4. Figures 11�13 show the results.20 As in the

U.S. case, increasing consumption-tax �nanced transfers is e¤ective in reducing consumption

inequality and uncertainty under divisible labor, but it is not very much under indivisible

labor. One di¤erence from the U.S. results is that in Japan, the sum of the inequality and

uncertainty gains becomes positive even under indivisible labor when the consumption tax

20The optimal consumption tax rate is 5% under divisible labor, while it is 10% under indivisible labor.
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rate is raised above 45%. Nonetheless, as in the U.S. case, those gains are substantially

smaller than those achieved under divisible labor.
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Figure 11: Transfers (Japan). I: baseline indivisible labor. D: baseline divisible labor.
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Figure 12: Consumption inequality and uncertainty (Japan). I: baseline indivisible labor.
D: baseline divisible labor.
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Figure 13: Welfare (Japan). The horizontal axis shows the welfare gain, which is expressed
as a percent of consumption at the initial tax rate (� c = 0:05). We determine the certainty-
equivalent leisure in two ways: setting hours to the current level (h = hopt) and to the
economy average (h = H):
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