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Abstract

This paper characterizes the shape of thdracurve for consumption tax an-
alytically. The Ldfer curve for consumption tax can be hump-shaped if the utility
function is an additively separable one in consumption and labor supply. Con-
versely, it cannot be hump-shaped if the utility function is the one employed by
previous researchers. Thefdrence in the utility functions has quantitatively sig-
nificant dfects on the peak tax rates of thefliest curves for labor and capital in-
come taxes.
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1 Introduction

The main objective of this paper is to investigate thé&&acurve for consumption tax.

As in Waninski (1978), Arthur B. Liiier’'s conjecture is that the I&r curve is hump-
shaped. This is because an increase in a tax rate would have two oppd&aagsson the

tax revenue. In the firstfiect, the tax revenue would increase as a direct consequence
of raising the tax rate. In the seconfiext, the tax revenue reduces because a high tax
rate discourages economic activities of labor supply, capital accumulation, consumption,
and output. Contrary to lffer's conjecture, Trabandt and Uhlig (2011, 2013) recently
show that the Lfier curve for consumption tax is monotonically increasing, whereas
the Later curves for labor and capital income taxes are hump-shaped. It is also found
that the monotonically increasing ftar curve for consumption tax is robust to some
variations of the models. Their finding has a big impact on many kind of fiscal issues
like fiscal limits and fiscal sustainability because those #liected by the maximum

size of government tax revenue. However, most of results of Trabandt and Uhlig (2011,
2013) are based on numerical analyses, and it is not clear whetherftiee duzrve for
consumption tax is generally monotonically increasing or not.

This paper characterizes the shape of thidracurve for consumption tax both in a
simple static general equilibrium model and a standard neoclassical growth model. In a
simple static model, output is produced by linear technology of labor, no capital stock,
no government consumption, and the tax revenue is used only for the lump-sum transfer.
In a neoclassical growth model, capital stock, investment expenditure, government debt,
and net imports are introduced to the dynamic setting Trabandt and Uhlig (2011).
Both of the consumption tax revenue curve and the total tax revenue curve, including

labor and capital tax revenues, are considered as tfierlairves.

1There are two definitions of the Har curve. In this paper, the Her curve is defined as the tax
revenue curve following Trabandt and Uhlig (2011). On the other hand, in the textbooks of public finance,

like Gruber (2013), it is defined as the hump-shaped tax revenue curve.
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The Ldter curve for consumption tax can be hump-shaped if the utility function is
an additively separable one in consumption and labor supply, whereas this is not so if the
utility function is the one employed by Trabandt and Uhlig (2011). The key parameters
for the hump-shaped IfEer curve are the intertemporal elasticity of substitution (here-
after IES), that is, the inverse of the relative risk aversion in our models, and the labor
supply elasticity in the utility function. For the hump-shapedeacurve, IES and labor
supply elasticity should be ficiently high. An increase in the consumption tax rate has
a negative fect on the tax revenue in that it reduces aggregate labor supply and aggre-
gate consumption. Thus, the parameter of labor supply elasticity in the utility function
is important. The aggregate labor supply and aggregate consumption elasticities can be
greater than one underfSgiently high values of IES and labor supply elasticity param-
eters in the case of an additively separable utility function, whereas this cannot be the
case for the Trabandt-Uhlig utility. Theftirence in the functional form of the utility
has quantitatively significantiects on the peak tax rates of theflem curves for labor
and capital income taxes. The quantitative impacts of tier@ince in the utility func-
tion on the peak tax rates of the fier curves for labor and capital income taxes are
about 10% when the ltEer curve for consumption tax is not hump-shaped. They exceed
30% when the Lfier curve is hump-shaped.

Both additively separable and Trabandt-Uhlig utility functions are often employed
in macroeconomics. For examples, Gali (2008) employs the additively separable utility,
whereas King and Rebelo (1999) employed Trabandt-Uhlig utility. It is rare to focus on
the dfect of the diference in utility functions. However, this paper illustrates an example
where the dterence in the utility functions has a significaffieet on the L&er curves.

The Ldter curve has been investigated by various researchers. Ireland (1994) find
that the hump-shaped ftar curve for capital income tax using an AK model. Schmitt-
Grohe and Uribe (1997) derivate the hump-shapefidracurve for labor income tax in a

neoclassical growth model. Trabandt and Uhlig (2011, 2013) estimate ffex carves



for consumption, labor, and capital taxes for the U.S. and EU14 using a neoclassical
growth model. Nutahara (2015) applies the model of Trabandt and Uhlig (2011) to the
Japanese economy.e¥e, Matheron, and Sahuc (2013) investigate thfelcacurves

for consumption, labor, and capital taxes in an incomplete-market economy. Holter,
Krueger, and Stepanchuk (2014) focus on tifea of households’ heterogeneity and
progressive tax scheme on the peak tax rate of thifget.aurve for labor income tax
using an overlapping generations model.

This paper is closely related to the papers by Trabandt and Uhlig (2011, 2013) and
Nutahara (2015), who estimate theflea curve for consumption tax. They employ
a utility function with constant labor supply elasticity and use numerical analyses to
show that the Lfier curve for consumption tax is monotonically increasing. Kobayashi
(2014) investigates whether the consumption tax revenue is bounded using a neoclassical
growth model with the log utility function. He finds that although the fixed supply of
production factor fiects the boundedness of the consumption tax revenue, fiierLa
curve continues to be monotonically increasing in his model. In the papeebsy, F
Matheron, and Sahuc (2013), theffea curve for consumption tax is not hump-shaped
because they employ the log utility function. The main contribution of the present paper
is to find that the L&er curve for consumption tax can be hump-shaped if the utility is
additively separable.

Our finding has implications on the literature of fiscal reform because the consump-
tion tax is receiving a lot of attention as a useful tool to finance the government expen-
diture as in Braun and Joines (2015), Hansen and Imrohoroglu (2016) and Kitao (2016).
In this literature, the consumption tax is highlighted because the welfare loss from the
consupmtion tax is less than those from other distortionary taxes, and becausééhe La
curves for other taxes, like labor income tax, are hump-shaped and the tax revenues are
limited. According to our finding, the consumption tax might not be useful if théelca

curve for consumption tax is hump-shaped.



The remainder of the paper is organized as follows. Section 2 introduces the simple
static model and shows the main result. Section 3 extends the result of Section 2 to a
dynamic setting la Trabandt and Uhlig (2011). Section 4 discusses the results. Section

5 concludes.

2 Simple static economy

Assuming a simple static economy, thefliea curve for consumption tax is characterized

in this section.

2.1 Model

The representative households supply labty firms and earn wage rate They also
receive government transfess Let 7y denote consumption tax. The budget constraint

of households is
1+7%c<wn+s 1)

wherec denotes consumption.

The firms are perfectly competitive. Their production function is

y=n, (2)

wherey denotes output.

The government budget constraint is
s<T, 3)
where total tax revenu€ is defined by

T =7°C. (4)



Since there is no investment and government consumption, the resource constraint

of this closed economy is

y=c 6))

Two types of utility functions are considered. The one is an additively separable one
such that

UAS: Cl_n_l

_ Kn1+/l’
1-7

wheren is the relative risk aversion (that is the inverse of the IES under a dynamic
setting), and 11 is the labor supply elasticify. This type of utility function is often
employed in the literature on the new Keynesian business cycle (see Gali, 2008). The

other is one, called “Trabandt-Uhlig utility function” in this paper, such that

1
uTY = _{cl-'7 [1- k(2 -]’ - 1},
1-n
which is a static version employed by Trabandt and Uhlig (2011y. #f 1, these two

utility functions are identical. Otherwise, these two specifications drerent.

2.2 Laffer curve for consumption tax in a static economy

First, consider the consumption tax revenue curve as tierleurve. The key element
here is the elasticity of aggregate consumption to the consumption tax rate. If it is
greater than one, an increase in the consumption tax rate increases the consumption tax
revenue, and vice versa. In this model, consumption equals labor supply by the resource
constraint and production function.

In the case of the additively separable utility function, the optimization condition for

the consumption—labor choice is

k(1 + e’ = (6)

2In this paper, 11 is called “the labor supply elasticity,” but it is often interpreted as “Frisch elasticity”

W.
1+7¢

in the literature. A discussion on this topic appears in Section 4.
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Solving this condition yields
c=n=[xk(1+ )L+ 79 YD, @)

and the elasticity of aggregate consumption to the consumption tax rate is

1 7°

:I]+/l‘l+TC.

dc/c

dr¢/rc

(8)

dc/c

dr¢/7¢

dc/c

dr¢/7¢

It is easily shown tha*

is increasing int€,

- 0ifr° = 0, and‘ de/c

dr¢/7¢

converges tal- ast° approaches infinity. Therefore, thefter curve for consumption
n+A

tax can be hump-shapedﬁijﬁ is greater than one.
The following is a formal statement of a necessary anticent condition for a

hump-shaped consumption tax revenue curve for consumption tax.

Proposition 1. Suppose that the utility function is additively separabléSUThe con-

sumption tax revenue curve for consumption tax is hump-shaped if and griytik 1,

N+
1-p-a°

and the revenue is maximized#t = Otherwise, the consumption tax revenue

curve for consumption tax is monotonically increasing.

Proof. Note that

1 7°

T+ 1+

dc/c

dr¢/7¢

[(A-n-7° - @+ )] 9)

dc/c
drc/7¢

Suppose thag + 4 = 1. In this case)

—1 < 0 and the consumption tax revenue is
monotonically increasing.

Supposey + 4 # 1. In this case,

dc/c 1-n-2 7° c n+Aa
—1= TS N
dr¢/7¢ n+Aa 1+7° 1-n-2
If n+ 121, then|£2%| < 1.
If p+ 2 < 1, then|2%| < 1forr° < (7 + 2)/(1-n - 2), and|$2%| > 1 for r° >
m+)/A-n-2). O



The parameters in the utility function,and, should be small because the hump-
shaped consumption tax revenue curve can be understood by the optimization condition
for the consumption—labor choice (6). The consumption tax revenue curve can be hump-
shaped if an increase in the consumption tax rate reduces the labor supplyfhgiargu
amount. The key parameter is the inversel ofhat is, the labor supply elasticity to the
effective after-tax wage rate/(1 + 7°), that is also interpreted as the relative price of
leisure with respect to consumption. Then, a low valud ohplies a highly distorted
increase in the consumption tax rate. In general equilibrium, consumpigolosely
related to the labor supply through the resource constraint and production function.
In the current settinge = n. Then, the parameter (the inverse of the IES) works as
the inverse of the aggregate labor supply elasticity. As a result, the inverse afis
the elasticity of the aggregate labor supply in general equilibrium as in (7). Then, the
inverse ofp + A is the maximum of the elasticity of consumption sirce n.

In the case of the Trabandt-Uhlig utility function, the optimization condition for the

consumption—labor choice is

kcnt 1
n(1+/l)(l—/<(1—n)n1+/l) B 1+T°W' (10)
Solving this condition yields
c=n= [tk (1+ 1) + k(A + 1) Y (11)

and the elasticity of consumption to the consumption tax rate is

dc/c

drc/rc

°nk
- . 12
°nk (L+ A) + k(nd + 1) (12)

Contrary to Proposition 1, the Trabandt-Uhlig utility function cannot generate a hump-

shaped L#&er curve for consumption tax as in Proposition 2, si‘q%f—c <1lforr®>0.

Proposition 2. Suppose that the utility function is Trabandt-Uhlig! ¥ The consump-

tion tax revenue curve for consumption tax is monotonically increasing.
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Proof. It is obvious that

dc/c

drc/7c

3 T°nk <1
Stk (L4 ) + k(A +1)

O

So far, the consumption tax revenue curve is considered to beferlcurve. By
introducing labor income tax, the Har curve refers to the total tax revenue. In this

case, the budget constraint of a household becomes
@A+7c<(@-7")wn+s (13)
and the total tax revenue is
Ty=7c+7"wn (14)
Propositions 3 and 4 are analogues of Propositions 1 and 2.

Proposition 3. Suppose that the utility function is additively separablé®UThe total

tax revenue curve for consumption tax is hump-shaped if and orilyify + 1 < 1 and

_ ptA-1"
- 1-p-a-

for consumption tax is monotonically decreasing. Otherwise, the total tax revenue curve

the revenue is maximized t

If n+ A < 1" < 1, the total tax revenue curve

for consumption tax is monotonically increasing.
Proof. See Appendix A. |

Proposition 4. Suppose that the utility function is Trabandt-Uhligf ¥ The total tax

revenue curve for consumption tax is monotonically increasing.
Proof. See Appendix B. |

As in the consumption tax revenue curve, the conditiem < 1 is necessary for the
hump-shaped total tax revenue curve for consumption tax in the case of the additively

separable utility functiorJ”S, and in the case of Trabandt-Uhlig utility function, the
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total tax revenue curve for consumption tax is monotonically increasing. Note that the
consumption tax revenue curve might be monotonically decreasing if labor income tax

rate is stfficiently high ¢ + 2 < "). This is interpreted as the case where the peak

n+A-7"

consumption tax rate that maximizes the total tax revemtie=( T

) of the hump-

shaped total tax revenue curve is negative.

3 Dynamic economya la Trabandt and Uhlig (2011)

In this section, the result of Section 2 is extended to a neoclassical growth entalel
Trabandt and Uhlig (2011).

3.1 Model

The representative households hold capital steckand debty,_; as assets at the be-
ginning of the period. They supply laborand capital stock;_; to firms, and earn the
wage ratew;, rental rate of capitath, and interest rate on deB. They also receive
government transfers and transfers from abroad. The latter can be interpreted as

net imports as discussed by Trabandt and Uhlig (2011).7¢et!, and 7k denote the
consumption tax, labor tax, and capital tax rates, respectively. The budget constraint of

households is
L+ 790+ X + by < (1= tP)weng + (1 — 78 (0 — 6)Kiq + 0Kt + RPD + 5 + My, (15)

wherec; denotes consumptiod, denotes the depreciation rate of capital, and in-

vestment. The capital stock evolves according to the following equation.
ki = (1 - 0)ki-1 + X (16)

The firms are perfectly competitive. Their production function is
Yo = £, (17)
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whereé denotes the technology growth rate, andenotes the capital share in produc-

tion. The profit maximization problem implies

w=(1- 9)—?: and (18)
Yi

d = g—. 19

=0 (19)

The government budget constraint is
G+s+Rb<b+T, (20)
whereg; denotes the government consumption, and the total tax revigmsidefined by
Ty = 7(C + TPWey + Tlt((dt —0)ke_1. (21)
The resource constraint of this economy is
Yo =G+ X + G — M. (22)
The additively separable utility function for this dynamic economy is

o) ]_—r] _ 1
UPS = Z B [Ctl - gt v(gt)} ,
=0

wherey!@) guarantees the existence of a balanced growth pathy(grislan increasing

function. The Trabandt-Uhlig utility function is

t=0

Following Trabandt and Uhlig (2011), the ftar curve for consumption tax is given
by the relationship between the tax revenue and tax rate on the balanced growth path.
Let the growth rate on the balanced growth pathybe £V, |t is assumed that
government debb; is on the balanced growth patb;_; = w‘t_). It is also assumed
thatg: = ¢gyr andm = ¢myr.® The equilibrium system at the balanced growth path is
described in Appendix C.

3Trabandt and Uhlig (2011) employ alternative assumpti@ps: 'g andm = y'm. The constant
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3.2 Laffer curve for consumption tax in the dynamic economy

Propositions 5 and 6 refer to the consumption tax revenue curve in the dynamic econ-

omy.

Proposition 5. Suppose that the utility function is additively separafilé®. The con-

sumption tax revenue curve for consumption tax is hump-shaped if and graiytik 1,

n+A
1-p-1°

and the revenue is maximizedt = Otherwise, the consumption tax revenue

curve for consumption tax is monotonically increasing.
Proof. See Appendix D. |

Proposition 6. Suppose that the utility function is Trabandt-Uhlig}". The consump-

tion tax revenue curve for consumption tax is monotonically increasing.

Proof. See Appendix E. O

Note that these two propositions are the same as Propositions 1 and 2, while the
dynamic economy has far richer structure (capital, investment, debt evolution, etc.) than
the static economy in Section 2.

Propositions 7 and 8 refer to the total tax revenue curve for consumption tax.

Proposition 7. Suppose that the utility function is additively separafilé®. The total

tax revenue curve for consumption tax is hump-shaped if and only if

n+a<1 and (i—;)

(1 - 6) + 7(d - 6) (5)] <n+A,

steady-state ratio of government consumption to GDP is interpreted as the government ggytrasin

Hayashi and Prescott (2002). The constant steady-state ratio of net imports to GDP would be interpreted
as net imports being closely related to the total income of the home country. These assumptions of con-
stant steady-state ratios are used to prove Propositions 5-8. Under these assumptions, an increase in the
consumption tax rate decreases both output and government consumption. This decrease in government
consumption implies a positive wealtfiect and then consumption increases. Therefore, teleurve

for consumption tax is more unlikely to be hump-shaped than those under the assumptions employed by
Trabandt and Uhlig (2011).
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where

n
:Lk[‘/’——lﬂs .
-7

B

R ol -

’

<KloxkIx o

~ - @) 5 - 8+ b

and the revenue is maximized-ét= 1_,]%4 {(;7 + 1) - (B_C/) [T”(l _6) +7¢(d - 6) (5)]}

Otherwise, the total tax revenue curve for consumption tax is
o U-shaped ify+ A > Land(¥)[«"(1 - 6) + 7(d - 6) (¥)| > n + 1.
e monotonically increasing if + 1 > 1 and(%) [T”(l —0) + %(d - 6) (5)] <n+A.
e monotonically increasing if + 1 =1 and(‘—é) [T”(l —6) + 7¢(d - 6) (5)] <n+A
i _ Y\ [0 k k\] —
o flatifn+1=1and(¥)["(1-6) + *(d - 6) ()] = n+ A.
e monotonically decreasingif+ 1 =1 and(lc’) [T”(l —6) +7¢(d - 6) (5)] >0+ A
» monotonically decreasingif + 1 < 1and(¥) [t"(1 - 6) + 7(d - 6) (¥)| = n + A.
Proof. See Appendix F. |

Proposition 8. Suppose that the utility function is Trabandt-Uhlig?V. The total tax

revenue curve for consumption tax is monotonically increasing if and only if

™(1-6) + 7 - 6) (l—() < ﬂ(1 -0)(L-™+(1+2) (9)
y n y

where

= 1 [d/—n—1+6}.

_Tk :8
0

4
0
=1-[0- (-0 5 - dg+ dm.

<KloxkIx <©

Otherwise, the total tax revenue curve for consumption tax is U-shaped.
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Proof. See Appendix G. |

Propositions 7 and 8 imply that there is a possibility that the total tax revenue curve
might be U-shaped under some parameter values. Under this situation, the total tax
revenue is decreasing and increasing if the consumption tax rate is low fictesatly
high, respectively. The U-shaped total tax revenue curve for consumption tax is gen-
erated when the labor and capital income tax rate are high. The decreases in these tax
revenues associated with an increase in the consumption tax rate dominate the increase

in consumption tax revenue if the consumption tax rate is low.

4 Discussion

4.1 Likelihood of a hump-shaped Ldfer curve for consumption tax

According to Propositions 1, 3, 5, and 7, it is necessarysferi < 1 to generate a
hump-shaped Lf&er curve for consumption tax. For this condition, bgtAndA should
be less than one. The likelihood of this condition is discussed in this subsection.

The conditionp < 1 might be supported by the empirical findings of Mulligan
(2002), Vissing-Jorgensen and Attanasio (2003), Bansal and Yaron (2004), and Gru-
ber (2013), whereas it is standard to gset 1 in macroeconomics. These papers find
that the IES, that is the inverse gfis greater than one. Kobayashi, Nakajima, and Inaba
(2012) find that the IES must be greater than one, angl set/2 in order to generate a
positive response of the asset price to the news shock about future productivity in their
theoretical research.

The parametei should not be not restricted by evidence on the Frisch elasticity as
claimed by Christiano, Trabandt, and Walentin (2010), although it is often interpreted
as the inverse of Frisch elasticity, and the values are set depending on the estimations

using micro data analyses. Empirical evidence from micro data implies that the Frisch
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elasticity is very small. However, as in the seminal works by Hansen (1985) and Roger-
son (1988), even if the individual elasticity of labor supply is zero, the aggregate labor
supply can be sensitive to the changes in the real wage rate. Christiano, Trabandt, and
Walentin (2010) estimate this parameter for the U.S. economy by using Bayesian im-
pulse response matching, and find tha around 0.1.

Therefore, some recent empirical evidence supports small valgesofi. 1t would

imply that a hump-shaped Her curve for consumption tax is possible.

4.2 Numerical results of the Ldfer curve for consumption tax

Sections 2 and 3 characterize the shape of tlkeL.aurve for consumption tax and show
that the Ldter curve can be hump-shaped in the case of the additively separable utility.
This subsection presents some numerical results.

The parameter values are the same as those employed by Trabandt and Uhlig (2011)
for the U.S. economy. The capital share in the production funaio 0.35. The
depreciation rate of capitélis 0.083. The steady-state ratio of debt to outpiytis 0.63.
The steady-state ratio of government expenditure to ogtfyuts 0.08. The steady-state
ratio of transfer from abroad to outpuat/y is 0.04. The balanced growth parameter
is 1.02. The steady-state real interest ltis 1.04. The steady-state labor supply
is 0.2. The steady-state capital income tax rate is 0.36, labor income tax is 0.28, and
consumption tax rate is 0.05.

Figure 1 summarizes the shape of the tax revenue curve for consumption tax in the

dynamic model. The horizontal axis is and the vertical axis ig. denotes the
region of the monotonically increasing total tax revenue curve, “D,” the region of the
monotonically decreasing curve, “H,” the region of the hump-shaped curve, and “U,”
the region of the U-shaped curve. At the point "F,” that is the intersection of the two
lines, the total tax revenue is flat. The panels on the left and right are the cases of the

additively separable utilityJ”S and the Trabandt-Uhlig utilitf)™, respectively. The
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upper panels are the benchmark case witk 0.36. The middle and lower panels are

the cases of" = 0.7 andr" = 0.9, respectively.
[Insert Figure 1]

Figure 2 shows a numerical example of the total tax revenue curves for consumption
tax and components (consumption tax revenue, labor income tax revenue, and capital
income tax revenue) in the dynamic model. The procedure to calculate the tax revenue
curves is described in Appendix H. The horizontal axes are consumption tax rates. The
vertical axes are normalized tax revenue. (The tax revenues are normalized such that
the total tax revenues in the case of the baseline consumption tax‘rate.05 are
100.) The circles denote the peak tax rates that maximize the total tax revenues. The
vertical dotted lines show the baseline consumption tax rate of 5%. The utility function
parameters are set such that 1/2 andA = 0.1. The value ofy is consistent with
Gruber (2013), and that of is consistent with the value estimated by Christiano, Tra-
bandt, and Walentin (2010). As already shown in Sections 2 and 3, the total tax revenue
curve for consumption tax is hump-shaped in the case of the additively separable utility
functionU”S, and it is monotonically increasing for the Trabandt-Uhlig utility function
UTY. The peak tax rate that maximizes the total tax revenue of the additively separable

utility is 45.84%, whereas the consumption tax revenue is maximized at 150%, that is
(m+)/(1-n-2).

[Insert Figure 2]

4.3 Quantitative significance of the diference in utility functions on

the Laffer curves for labor and capital income taxes

Propositions 1-8 show that thefldirence in the functional form of the utility has signif-

icant dfects on the shape of the ffar curve for consumption tax. In this subsection, the
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guantitative &ects of this diference on the total tax revenue curves for labor and capital
income taxes are examined.

Figure 3 shows the total tax revenue curves for labor income tax in the cases of the
additively separable and Trabandt-Uhlig utility functions in the dynamic model. The
left-hand panel shows the casermpf 2 andA = 1, employed by Trabandt and Uhlig
(2011), and the right, of = 1/2 andA = 0.1, which generate the hump-shaped total
tax revenue curves for consumption tax. The real lines are the total tax revenue curves
in the case of the additively separable utiliti’>. The dotted lies are the total tax
revenue curves in the case of the Trabandt-Uhlig utility. The total tax revenues are
normalized such that those are 100 at the baseline labor income taX ra@28. The
other parameter values are the same as in the previous subsection. Figure 3 tells that the
difference in the utility functions has significartexts on the the peak tax rates of the
total tax revenue curves for labor income tax. These peak tax rates are 71.5% (additively
separable utility) and 59.26% (Trabandt-Uhlig utility) fpe= 2 andA = 1. Notably, the
difference in the peak tax rates is more than 10% even for Trabandt and Uhlig’s (2011)
parameter values. This impact is much strengtheneg forl/2 anda = 0.1: the peak

tax rates are 32.93% (additively separable utility) and 58.99% (Trabandt-Uhlig utility).
[Insert Figure 3]

It is noticed that the peak tax rate of the total tax revenue curve for labor income
tax of the additively separable utility is greater than that of the Trabandt-Uhlig utility it
n = 2 andA = 1. On the other hand, that of the additively separable utility is less than
that of the Trabandt-Uhlig utility i, = 1/2 andA = 0.1. This diference is accounted
for by the diference in the equilibrium elasticity of labor supply with respect to labor

income tax rate.

Remark 1. Let the equilibrium elasticity of labor supply with respect to labor income

tax rate in the case of the additively separable utiliy® be 7S, and that in the case of
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the Trabandt-Uhlig utilityU™ beeg] V.

s < gl ifn>1,
ens > gtV ifp <1
Proof. See Appendix I. O

Figure 4 shows the capital income tax analogue of Figure 3. The total tax revenues
are normalized such that those are 100 at the baseline capital income tek=+e2636.
The peak tax rates in the casempt= 2 andd = 1 are 71.11% (additively separable
utility) and 59.32% (Trabandt-Uhlig utility), and theffirence is more than 10% as
well. This impact is much strengthened #pe 1/2 andA = 0.1: the peak tax rates are
20.49% (additively separable utility) and 78.8% (Trabandt-Uhlig utility).

[Insert Figure 4]

Finally, Figures 3 and 4 show that theffdrence in the utility functions has quanti-
tatively significant éects on the peak tax rates of thefliea curves for labor and capital

income taxes.

5 Concluding remarks

This paper has characterized the shape of theLaurve for consumption tax. The Laf-

fer curve for consumption tax can be hump-shaped if the utility function is an additively
separable in consumption and labor supply. On the other hand, it cannot be hump-shaped
if the utility function is the one employed by Trabandt and Uhlig (2011). This is because
the aggregate labor supply and consumption elasticities with respect to the consumption
tax rate can be greater than one unddficiently high parameter values of the IES and
labor supply elasticity if the utility is additively separable, whereas the opposite stands

when the utility is Trabandt-Uhlig.
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This paper has also shown that theffea curve for consumption tax can be hump-
shaped under empirically relevant parameter values. At the same time fiérente
in the functional form of the utility has quantitatively significarfiteets on the peak tax

rates of the L&er curves for labor and capital income taxes.

References

[1] Bansal, R., and Yaron, A. 2004. Risks for the long run: A potential resolution of

asset pricing puzzles. Journal of Finance 59(4), 1481-15009.

[2] Braun, R.A., and Joines, D.H. 2015. The implications of a graying Japan for gov-

ernment policy. Journal of Economic Dynamics and Control 57, 1-23.

[3] Christiano, L.J., Trabandt, M., and Walentin, K. 2010. DSGE Models for Mone-
tary Policy Analysis. In: Benjamin M. Friedman and Michael Woodford (Eds.),
Handbook of Monetary Economics 3(3). Elsevier, Amsterdam, 285-367.

[4] Feve, P., Matheron, J., and Sahuc, J. 2013. Th&L&urve in an Incomplete-
Market Economy. Banque de France Working Paper No. 438.

[5] Gali, J., 2008. Monetary Policy, Inflation, and the Business Cycle: An Introduction

to the New Keynesian Framework and Its Applications. Princeton University Press.

[6] Gruber, J., 2013. A tax-based estimate of the elasticity of intertemporal substitu-

tion. Quarterly Journal of Finance, 3(1).

[7] Gruber, J., 2015. Public Finance and Public Policy, 5th Edition. Worth Publishers.
New York.

[8] Hansen, G.D., 1985. Indivisible labor and the business cycle. Journal of Monetary
Economics, 16(3), 309-327.

20



[9] Hansen, G.D., and Imrohoroglu, S., 2016. Fiscal reform and government debt in

Japan: A neoclassical perspective. Review of Economic Dynamics, 21, 201-224.

[10] Hayashi, F., and Prescott, E. C., 2002. The 1990s in Japan: A Lost Decade. Review
of Economic Dynamics, 5, 206—235.

[11] Holter, Hans A., Krueger, D., and Stepanchuk, S., 2014. How does tax progressiv-
ity and household heterogeneitffect Later curves? NBER Working Paper No.
20688.

[12] Ireland, P., 1994. Supply-side economics and endogenous growth, Journal of Mon-

etary Economics, 33, 559-571.

[13] King, R. S., Rebelo, S. T., 1999. Resuscitating real business cycles. In: Taylor,
J.B., Woodford, M. (Eds.), Handbook of Macroeconomics, vol. 1B. Elsevier, Am-
sterdam, 927-1007.

[14] Kitao, S., 2016. Policy uncertainty and cost of delaying reform: A case of aging

Japan. RIETI Discussion Paper Series 16—E-013.

[15] Kobayashi, K., 2014. There is no natural debt limit with consumption tax. RIETI
Discussion Paper 14-E—-043.

[16] Kobayashi, K., Nakajima, T., and Inaba, M. 2012. Collateral constraint and news-

driven cycles. Macroeconomic Dynamics, 16(5), 752-776.

[17] Mulligan, C., 2002. Capital, interest, and aggregate intertemporal substitution.
NBER Working Paper 9373.

[18] Nutahara, K., 2015. lffer curves in Japan. Journal of the Japanese and Interna-

tional Economies, 36, 56-72.

21



[19] Rogerson, R., 1988. Indivisible labor, lotteries and equilibrium. Journal of Mone-

tary Economics, 21(1), 3-16.

[20] Schmitt-Grole, S., and Uribe, M., 1997. Balanced-budget rules, distortionary
taxes, and aggregate instability. Journal of Political Economy, 105(5), 976—1000.

[21] Trabandt, M, and Uhlig, H., 2011. The ffar curve revisited. Journal of Monetary
Economics, 58, 305-327.

[22] Trabandt, M, and Uhlig, H., 2013. How Do ftar Curves Difer Across Countries?
NBER Chapters: Fiscal Policy After the Financial Crisis. editors A. Alesina and F.

Giavazzi, University of Chicago Press.

[23] Vissing-Jorgensen, A., and Attanasio, O., 2003. Stock-market participation, in-
tertemporal substitution, and risk aversion. American Economic Review, 93(2),

383-391.

[24] Wanniski, J., 1978. Taxes, revenues, and thiédraurve. The Public Interest, 50,
3-16.

Appendix

A Proof of Proposition 3

Proof. The optimization condition for the consumption—labor choice,

1-7"
1+ 2)cnt = W,
K(1+4) 1+7¢”’
indicates that
1
k(1+2) R
= 1_m (1 TC):|




Since the total tax revenue is

T =7+ 7"wn

-1
n+ad

K
= (TC + Tn) [m(l + TC)] ,
then

ar _
drc

) TC)]‘#A* (K(l + /l))

1-7" 1-7"

fn+a1-1 +77+/l—7'”
T .
n+A4 n+A4

Supposey + A = 1, thengt > 0.
Suppose; + 1 # 1, then

dT K(1+/l)(1+ °) i k1+)\(n+A-1\[ . n+a-1"
- = T T8 .
dre 1-7" 1-7" n+A4 1-n-2
If n+ 1> 1, thend > 0.
If n+2<1,thendl > 0forr° < 'ﬁ‘j, anddL <0 forz¢ > %‘f;

B Proof of Proposition 4

Proof. By the optimization condition for the consumption—labor choice,

kcn' o 1-7
1-k(1—np)ntt)  1+7¢

2

n(1+ﬂ)(

it follows that
c=(1- YD [ (1 + ) + k(nd + 1) — 7"«(1 - 77)]_1/ @+
The total tax revenue is

T =7%+7"wn

=+ (L - YD [ (1 + ) + k(nd + 1) — T"«(1 - n)]_l/ 3+
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Then,

dT
g = A=)V (L4 D) + 414 + 1) = k(L - )] T
T

X [tk + k(nA+1-17")] > 0.

C Equilibrium system of the dynamic model
The equilibrium system of the dynamic model is

(L+1)A = us(c ny),

(1= )W = —up(c, ny),

A = BE A [(1 - 6) + (1 - 71)(hia = 6) + 6},
A= BE R, |

k= (1 - 6)ki-1 + X,

ye = & ke’

Ve =G + X + g — M,

Te = 7¢ + TPwWen; + 75(0k — 6)Ke-1,
where the marginal utilities are defined by

ui(C, ne) = (c) 77,
Uz(Cp, M) = —k(1 + )y nt
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if the utility function is the additively separablg®s, and by

Un(C ) = ()77 [1 - k(2 - ],
(o) = —n L+ D {(@)H 7 [1- k(@ - i ] e

if the utility function is Trabandt-UhligJ™".
Detrend the equilibrium system lyy= ¢-9, and leta,/& = & (except fork_; =
ki_1/& andA). The detrended equilibrium system is

(1+ 7D = Uy (&, ny),

A1 = T = —Up(C, 1),

A= By E (A | (1= 8) + (1= 7,1)(char — 6) + 6]}
A = BYEy [/it+1|§)+1] ,

ke = (1-0)ka + %,

Y = [r(t—l]e n’,

~ Wi

W = (1 H)nt,

d = oL,
Ki-1

$i = C + % + G — M,

Tt = Tfé{ + T?\Tvtnt + Tlt((dt - (S)I({_l.
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On the balanced growth path, the system becomes

(1+ 792 = wy (& n),

A1 - W = —wy(E, n),
1=py"[(1-06)+(@1-7d-0)+5]|.
1=py "R,

yk = (1-06)k+ %,

—1:

= 758 + T"Wn+ 7(d - 6)k.
The balanced growth path values are obtained by

o
5

ol P

-

U X

=[¢ - (1-9)]

I
[EEN
I

-

I
<
+
< <<

K S <O X <l Xt &
< X

=<t

| S
>
=
=
T
=

Il

=
Il
[ER
|
)
=]

giveng/y = ¢4 andni/y = ¢, From this system, the following lemma is obtained from

the balanced growth path equilibrium system.
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Lemma 1. On the balanced growth path, the dividend (d), capital—-output rat/g &
R/)“/), investment—output ratio (x = X/{), consumption—output ratio (¢ = ¢/¥), and

labor—output ratio (1) are independent from the consumption tax rafte. (

D Proof of Proposition 5

Proof. By the optimization condition for the consumption—labor choice,

n

1-7
1+ )&t = W,
K(1+4) 1+ 7€

it follows that

1-6 &\ (n\ A
g — c\-1/(n+21) _ M= _
= | e n(g) 5 l |
Sincec/y = ¢/y andh/y are independent af as in Lemma 1 of Appendix C, it follows
that

de  dyy 1
dr¢/r¢  dr¢/t¢  p+A 1+71¢
Then,
dé/c 1 7° c
dre/zc| _n-i-—/l 1+T°{(1_U_A)T —(n+/l)}.

de/e
’dTC/TC

Suppose; + 1 = 1. In this case -1<0.

Suppose; + 4 # 1. In this case,

dc/c 1-n-a2 1° {C n+A4 }
-1= . T =
dre/zc n+ad 1l+71° 1-n-2
If n+ 121, then|f2&| < 1forr°> 0.
If + 2 < 1, then|§2%| < 1for° < (7 + 4)/(1-n-4), and|§2%| > 1 for r° >
m+)/(1-n-2). O
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E Proof of Proposition 6

Proof. The optimization condition for the consumption—labor choice,

ket
'7(1”){1—K(1—n)n1+ﬂ} 1+t —a _9)

yields that

1 4 70 Y@+

= (Z) @ e | @-ns 125 (a0

Sincey > 0 for ¢ > 0,

>O.

el e

Sincec/y = c/yis independent of® as in Lemma 1 of Appendix C, it follows that

de/e _ dyy o (§) 1
dr¢/r¢  dr¢/r°¢ (1_77)"'1_}9(%) (1+r°)(1+/l)

1-7"

Letting

it follows that
deé/e _
dr¢/7c

F Proof of Proposition 7

Proof. The total tax revenue is
wn + rk(d 5)k

:[ ~)+T”(1 6) + 7(d — 6)(

)

< X
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Sincec/§ = c¢/y andk/§ = k/y are independent af as in Lemma 1 of Appendix C, the
first-order derivative is
(c
-

daf o, |.e
e~ \y)?

<

)+-f%1 6) + (d - 5)(%)]551.

dr¢
Since
1-6 6 -n n —1-271/(m+2)
= c\-1/(n+2) I\ Bt _
y=0+7) lx(lw(l i )(v) (y) l ’
then
- _ —1- 11/ (m+A)
d_T =(1+ TC)—l/(nM)—l i( n) ! n %
drc k(1+ Q) ¥

o c(n+a-1 A
(ﬁ{1+7( n+Aa ) n+ﬂ()[(l 0+ - Q(

Suppose thaj + 1 = 1. Then,

< Xt

i

- ;o\ ~1-a7L/(1+2)
o ool
)2 e - (@) pa-a oo (9]
(%)[ "(1-6)+7(d- 6)(5)] <n+ 4, then,é”c > 0.
If (£) [ - 0) + 7(d - ) (£)] > n + 4, thenZE > 0.
if (1) ["@-6)+d-6) ()] =n+ 1, thenF = 0.

Suppose thaj + A # 1. It follows that

1-6 (€
K(1+a)(1‘”(§7) (
[# n+i 1«“[%1 0) + 7(d — @(

Suppose thaj + 1 > 1.
If (£)]7"(1-6) + *d - o) (£
(Mna 0) + 7(d - 5) (&

d-i: -1/(n+A)-1
ﬁ = (l + TC) T

NGEE
o]

)]<n+/l then >0forr > 0.
)]>17+/1,

D<il gl <=}

KX <X
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then

LA [Fa-0) +™d-8) (Y] - 0+ ),
and ch >0forr®> —1 {(g) [2"@ - 6) + 7(d - 8) (¥)] - @ + ).
Suppose thaj + 1 < 1.
if (2)[r"@ - 6) + 7(d - 6) ()] = 7 + 2, then& > 0 for 7 > 0.
(:)[ ”(1—0)+Tk(d—5)(=)] <n+A
o |+ ) = (B[ -0+ #d-9) (5]}
Llm+-()[a-o+~d-0 ) O

then ->0fortt <

and

G Proof of Proposition 8

Proof. The total tax revenue is

~

T = 7% + T"Wn + 7(d - 6)k [TC ():(;) +7(1-6) + 7d - 6) (;)] g.

Sincec/§ = c/y andk/§ = k/y are independent af as in Lemma 1 of Appendix C,

ay
dre’

-1/(1+2)

the first-order derivative is

ﬂ— : ~_|_
drc 7)Y

(@]
< Xt

(§)+T”(1 6) + 7%(d — 5)(

<

Since

~

§= (%’)K—l/(lm) [(1 -n)+ 1%9( )77(1 + A1) (1 Al TC)

it follows that

dy 1 (& 1 V(L) 1 (¢ 1+ 70\ Y@t
dre - 1—9(n)(1—rn)"’( A=m+ 775 (5) 1+ DT ‘

Then,

STTC (2)[1/(1”) [(1 )+ rle (g) 2L+ DL+ 79

-1
1-0

{T%—(%)[T”(l—@)+Tk(d—(5)(~) 100 gya-m)- (1+/1)(

30



If (1 - 6) + 7¢(d — 5) )g%(l—e)(l—fm(lm)()thenglzo

anddT > 0for7®> 1 (g)[ "(1-6)+7(d - 5)() %(1—9)(1—7'1)—(1”)(5)].

O

H Procedure for the numerical calculations

Given the steady-state labor supply= 0.2, the parameter of disutility of labok, is
calibrated as follows. First, the steady-state values are calculated by
n
1 [lﬁ 1
B

o
Il

+ 0,

-

ol -
|

=[y-(1-9)]z.

Il
o
I

T <
+
< 31\<z| =1

-

D<= ] oz<z| > <t Xt
<] X

—_—
|
)
~
~
[N
|
-

< X7

2
Il I
) —
X
—_—
<t o
~————
AR

If the utility is additively separabl&”S,  is given by

_ o 1-60 1-7 (&) (n\
L+ D1+ \§) \§ '
If the utility is Trabandt-UhligU™Y, « is given by

K:y—(lm)(y)l [(1 U)+i( )77(1 /1)1"':

-1

n 1-6
Given the value ok, the output is given by

_ ~\ -1 -1-2 1/(77+/1)
16 0w () |
k(1+ 1) % %
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if the utility is additively separabl&*S. If the utility is Trabandt-UhligU™V, the output

is given by

-1/(1+2)

7= () |@-n+ 25 Coas 07T

The associated capital stock and consumption are

2

P!
Il
X

2

on
Il

K O] X
X

respectively. Finally, the total tax revenue is given by

T = 7% + "Wn + 74(d — o)k

= 7€ + (1 - 0)§ + 7(d - S)k.

| Proof of Remark 1

Suppose that the additively separable utili§®. In this case, as in Appendix D,

e ) G

Sincey/n is independent from" as in Lemma 1, the equilibrium elatiscity of labor

1/(+2)
— (1 + TC)—l/(n+/l)

supply with respect to labor income tax rate is

as | dn/n| | dy/y |1 "
" ldr/de|  ldede o p+d 1-70
It is easily found thatdfﬂjfn is increasing in™. d‘iﬂ‘f;‘n 0if 7" = 00 and dd{,‘f”n — o0

if " — 1.
Suppose that the Traband-Uhlig utility"", In this case, the equilibrium output is
given by

1471 -1/(1+2)

)

7= (D)o |a-n 25 Caas a3t
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as in Appendix E. Sincg/h is independent from" as in Lemma 1, the equilibrium

elatiscity of labor supply with respect to labor income tax rate is

Tu _ | dn/n dayy | 1 1716(59/)77(1+/l)i$
" T lde/de| |deh/de| T 1+4 1-10 (1_,7)4_1_%9(;_:/),7(1_,_/1)&_;:
Then,|dﬂ2§;‘n is increasing inr". |d‘i”f: =0if "= 0, and d‘iﬂjfn — oo if " — 1.
Suppose thaj > 1. In this case,
11 _ 1 % 1+ ks |
n+Ad 1+1 1+24 (1_77)+1Tla(§)’7(1+/1)ﬁ:§
Then,g]Y > &4°.
Suppose tha < 1. In this case,
11 1 5 ()n(L+ DS
n+d 1+a 1+2 (1_,7)+1%6(§),7(1+/1)%

Then,g]Y < &4°.
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Figure 1: Shape of the total tax revenue curve for consumption tax
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Note- I: monotonically increasing, H: hump-shaped, D: monotonically decreasing, U:
U-shaped, F: flat.
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Figure 2: Total tax revenue curve for consumption tax 1/2 anda = 1/10
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Figure 3: Total tax revenue curves for labor income tax
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Figure 4. Total tax revenue curves for capital income tax
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