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Abstract

Recent studies on Laffer curves (tax revenue curves) find that the Laffer curve
for consumption tax might not be hump-shaped, but monotonically increasing,
whereas the Laffer curve for labor income tax is hump-shaped. This study inves-
tigates the cause of this difference in the shapes of two Laffer curves, by decom-
posing the effects of an increase in a tax rate on the tax base as a product of two
parts: (i) the effects on the relative price of leisure (RPL), and (ii) the substitution
and income effects. It is shown that the first effect with respect to the consumption
tax rate is completely different from that with respect to the labor income tax rate,
while the second effect is common among the taxes and depends on the functional
form of the utility. The elasticity of the RPL from an increasing consumption tax
rate is at most 1, whereas it can be infinity as the tax rate increases in the case of
labor income tax.
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1 Introduction

In the public finance literature, it is well known that the equivalence between consump-
tion and labor income taxes holds. This implies that any equilibrium allocation (like
output, labor supply, and consumption) in an economy with a consumption tax can also
be achieved in an economy with a labor income tax. However, the equivalence on the tax
revenues between consumption and labor income taxes does not hold. Recent studies on
Laffer curves (tax revenue curves) that use dynamic general equilibrium models find that
the Laffer curve for consumption tax is not hump-shaped, but monotonically increasing,
whereas the Laffer curve for labor income tax is hump-shaped.

The main objective of this study is to investigate the theoretical cause of this differ-
ence in the shapes of the Laffer curves for consumption and labor income taxes. For this
purpose, this study decomposes the effects of an increase in a tax rate on the tax base
as a product of two parts: (i) the effects on the relative price of leisure (RPL), and (ii)
the substitution and income effects. It is shown that the first effect with respect to the
consumption tax rate is completely different from that with respect to the labor income
tax rate; meanwhile, the second effect is common among the taxes and depends on the
functional form of the utility. The elasticity of the RPL from an increasing consumption
tax rate is at most 1, whereas it can be infinity as the tax rate increases in the case of
labor income tax. If a 1% increase in the tax rate reduces the tax base by more than 1%,
an increase in the tax rate will reduce the tax revenue. This result then implies that the
shape of the Laffer curve for consumption tax depends on the functional form of utility,
whereas the Laffer curve for labor income tax is hump-shaped.

The baseline model is a simple static frictionless general equilibrium model. How-
ever, the assumption of a static economy is not crucial. The main result is applicable to
a dynamic model with investment. The introduction of frictions and distortions might
change the shape of Laffer curves. For example, Baydur and Yilmaz (2017) show that

the Laffer curve for a value-added tax (VAT) can be hump-shaped once one considers



that financial institutions are exempt from the VAT. However, from the viewpoint of this
study, frictions and distortions can be collectively understood as an additional source
that changes the RPL.

This study closely relates to the literature on the Laffer curves that uses dynamic gen-
eral equilibrium models. Schmitt-Grohe and Uribe (1997), Trabandt and Uhlig (2011,
2013), Holter, Krueger, and Stepanchuk (2014), and Nutahara (2015) each found that the
Laffer curve for labor income tax is hump-shaped, whereas Trabandt and Uhlig (2011,
2013), Holter, Krueger, and Stepanchuk (2014), Kobayashi (2014), Nutahara (2015),
and Feve, Matheron, and Sahuc (2018) found that the Laffer curve for consumption tax
is not hump-shaped. The main result points to why the two Laffer curves of these studies
are different. The current study also relates to that of Hiraga and Nutahara (2018), who
found that the shape of the Laffer curve for consumption tax is sensitive to the functional
form of the utility. While the concern of Hiraga and Nutahara (2018) differs from that
of the current study, their findings are consistent with the results herein.

The current study also relates to the literature on tax structure and economic activ-
ity; this body of literature includes the study of Diamond and Mirrlees (1971). More
recently, Knellera, Bleaney, and Gemmell (1999), Arnold (2008), and Johansson et al.
(2008) empirically found that in terms of economic growth, consumption tax is less
harmful than personal income tax. Hansen and Imrohoroglu (2018) found that in Japan,
the replacement of income tax with consumption tax improves output and welfare; they
determined this through the use of a dynamic general equilibrium model. According to
the main finding of the current study, the elasticities of the RPL with respect to con-
sumption is at most 1, whereas that with respect to labor income tax could be infinity.
This could serve as a possible theoretical explanation for their results.!

The remainder of the current paper is organized as follows. Section 2 introduces the

'In a distorted economy, a labor income tax might be less harmful than a consumption tax, as

Nishiyama and Smetters (2005) show. However, their result is beyond the scope of this paper.
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baseline model. Section 3 shows the main results, and Section 4 concludes.

2 Model

For analytical simplicity, a simple static and frictionless general equilibrium model with
representative households and competitive firms is considered.

The representative households supply labor n to firms and earn a real wage rate w.
They also receive government transfers s. Let 7° and 7" denote consumption and labor
income taxes, respectively, and suppose that 7 > 0 and 0 < 7" < 1. The budget

constraint of households is
A+ c< A =7)wn+s, (1)

where ¢ denotes consumption.
The firms are perfectly competitive. Their production function is linear in labor

input:
y=n, (2)

where y denotes output.

The government budget constraint is
s=T1c+1'wn. 3)

Since there is no investment and there are no government purchases, the resource con-

straint of this closed economy is
y=c. 4)

Finally, the utility function of the household is U(c, n), and the standard assumptions are

applied: U. >0,U. <0,U, <0,and U,, <0.



3 Main Results

It is useful to consider necessary conditions for hump-shaped tax revenue curves, as in

Lemma 1.

Lemma 1. A necessary condition for a hump-shaped consumption tax revenue curve for
consumption tax is

oc/c
ore/t¢

< —1.

A necessary condition for a hump-shaped labor income tax revenue curve for labor

income tax is

on/n
o/t

Proof. In the case of the consumption tax revenue curve, it is obvious, because the
consumption tax revenue is 7°c. It is also obvious in the case of the labor income tax
revenue curve, because the labor income tax revenue is 7"wn and the equilibrium wage

rate w is independent of 7¢ and 7". (w = 1 in this static economy.) O

To understand the difference in the shape of the tax revenue curves for consumption
and labor income taxes, it is useful to focus on the consumption—labor supply choice
optimization condition of the household:

Uy
—— =RPL, 5
U )

where RPL is the relative price of leisure, which is given by

1-7"

1+

RPL =

w. (6)

An increase in consumption tax, 7¢, or labor income tax, 7", reduces the RPL, and it
reduces both consumption and labor supply through the substitution effects. Proposition
1 decomposes the changes in consumption and labor supply as a product of these two

effects.



Proposition 1. The equilibrium elasticity of consumption with respect to ¢ is given by

oc/c
ore/t¢

~ ‘0RPL/RPL' Uee  Un Vs U]
o u U, U, U |’

The analog of labor supply with respect to " is given by

on/n | ‘BRPL/RPL‘ y cU,., N nU,, N cU,, nU, !
or/t| | o) U. U, U, U, '
Proof. See Appendix A. O
The first parts ( ’aR;; L;fp Ll and ‘Mai L;fp L ’) are the negative effects on the RPL of in-

creasing tax rates; meanwhile, the second parts ([—% + % + % — ”%]_1) are the
sum of substitution and income effects. The substitution and income effects depend on
the functional form of utility, and it is common among the cases of 7¢ and 7¢.2 The
key difference comes from the elasticities of the RPL with respect to 7° and 7", as in

Proposition 2.

Proposition 2. The elasticities of the RPL with respect to 7° and " are given by

' ORPL/RPL ‘ T°

ore/t¢ 1+7¢’
'aRPL/RPL‘ B ™
o/ | 1—1

These are increasing in ¢ and ", respectively. Their limits are given by

. |ORPL/RPL

lim |[———[ =1,

€500 aTC/TC

) aRPL/RPL'

lim [————| = 0.

] aTn/Tn

. _ 1-1"
Proof. These are obvious by RPL = -=w. |

’It is assumed that an increase in 7 (7") reduces consumption (labor supply). That is,

_CUcc + nUy, + cUeyy _ nU.y

T T T




Proposition 2 shows that the limits of the elasticity of the RPL to 7¢ is completely
different from that to 7". The elasticity of the RPL by increasing 7¢ is at most 1, whereas
it becomes infinity in the case of 7".

By Propositions 1 and 2, the following proposition is obtained.

Proposition 3. The limits of elasticity of equilibrium consumption with respect to 7° and

those of equilibrium labor supply with respect to T" are given, respectively, by

-1
. oc/c cU, nU,, cU, nU,
lim - =|- + + - ,
00 | OTC [T U. U, U, U.
on/n |
] 67'”/‘['" -
CUcc nU}m C(JJ _ M . ;

as long as [_T + T+ T ] is finite.
Proof. These are obvious by Propositions 1 and 2. O

Proposition 3 shows that the condition for a hump-shaped Laffer curve in Lemma 1
is always satisfied in the case of 7, whereas in the case of 7 it depends on the functional
form of utility. This finding closely relates to that of Hiraga and Nutahara (2018), who
found that the shape of the tax revenue curve for consumption tax is very sensitive to the

functional form of the utility. The following examples are in line with their finding.

Example 1: Additively separable utility The necessary condition for a hump-shaped
Laffer curve for consumption in Lemma 1 can be satisfied if the utility function is ad-
ditively separable in consumption and labor supply with constant relative risk aversion
and constant labor supply elasticity given by
JRE i+
- “1+a

U =

The relative risk aversion is 7, and the inverse of labor supply elasticity is A. This implies

that the elasticities of both consumption and leisure are increasing in 7¢ and 7”. In this



case,

Yee =2, Seog Me,
U. Uy Uy, U.
and then,
cU. nU,, cU, nU, ! 1
- + + - = —.
u. U, U, U n+ A

Therefore, if 7 + A < 1, the tax revenue curve for consumption tax can be hump-shaped.

Example 2: King-Plossor—Rebelo utility with constant labor supply elasticity The
necessary condition in Lemma 1 is never satisfied if the utility function is of a King—

Plossor—Rebelo type with constant labor supply elasticity given by

U {cl_” [1 - k(1 - 17)11”’1]}7 - l},

as employed by Shimer (2009) and Trabandt and Uhlig (2011). In this case,

U _ nUnp .\ (1 —n)?k(1 + )n
U, U, 1 — k(1 = p)ni+’
Uan _ . U _ k(1 = + Hn'™
U, ’ U. 1 — k(1 — p)n'+t

Hiraga and Nutahara (2018) show that n is decreasing in 7“ and n — 0 as 7° — oo. Then,

-1, .
[—% -+ % + L _ &] is increasing in 7¢ and
c n

U, U,
_ cUp nUpy  cUm  nU, | 1
lim |- + + - = .
T¢—>00 UC Un Un UC 1 + /l
dclc

This implies that cannot be greater than 1.

liadkad

The main results are obtained in a simple static general equilibrium model. However,
they are applicable to a dynamic version of the model with investment. Appendix B
shows that Propositions 1, 2, and 3 hold even in a dynamic general equilibrium model

at a steady state.



4 Concluding Remarks

Recent studies on Laffer curves (tax revenue curves) using dynamic general equilib-
rium models find that the Laffer curve for consumption tax might not be hump-shaped,
but monotonically increasing, whereas the Laffer curve for labor income tax is hump-
shaped. The current study investigated the cause of this difference in shape between the
two Laffer curves by decomposing the effects of an increase in tax rate on the tax base
as a product of two parts: (i) the effects on the relative price of leisure (RPL), and (i1)
the substitution and income effects. It has been shown that the first effect with respect
to the consumption tax rate is completely different from that with respect to the labor
income tax rate, while the second effect is common among the taxes and depends on the
functional form of the utility. The elasticity of the RPL by increasing the consumption
tax rate is at most 1, whereas in the case of labor income tax it can be infinity as the tax
rate increases.

Tax structure has received significant attention in recent years, as both political and
academic issues. These issues include the effects of tax structure on tax revenue, eco-
nomic efficiency, and economic performance. The main finding of this paper contributes

to our knowledge in these areas.
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Appendix

A. Proof of Proposition 1

Since y = ¢ = n at equilibrium in this static economy, then

dyly _ dc/c _ On/n
otijti — Otijti  atijti’

for j = c and n.

The consumption—leisure choice optimization condition is

Un
—-— = RPL.
U

c

Taking the first-order derivative by 7/, one can obtain

-U

oc on [U dc on ORPL

on— —Upyp— = c_+Ucn_' RPL + UC -
ot/ ot/ Jar¢ ot/ ] ot/
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since ¢ and n depend on 7/. This condition is rewritten as

oc/c on/n oc/c on/n ORPL/RPL
-cUpy—— —nU,,——— = cem—— +nU,,—— |RPL + U.RPL——————
¢ ori /Tl " ori |t/ [C ori /Tl " ori [t/ ori /Tl
dyly dyly dyly dyly ORPL/RPL
= -cU,—— —nUy——— = ccT——— U,——|RPL+ U.RPL——
¢ ori /Tl " ori |t/ ori /Tl " ori |t/ ori |t
0 ORPL/RPL
— O v —wu, -cU.RPL-nU,RPL) = U.RPLIRPE/RPL
ot ]t ot/ /[t
RPL/RPL
— D\ Ua nUm _Ueppr "Wopp | _ ppy FRPLIRPL
ot/ /T U, U. U. U, ot/ /T
Because the consumption—leisure choice optimization condition is rewritten as
1 RPL
u. U’
one obtains
ayly |cUg, nU,, cU,. nU,, ORPL/RPL
—— RPL + RPL — RPL — RPL|=RPL————
oti/ti | U, U, U. U. ot/ /1)

ayly [CUC,, nU,, cU, nUcn]_BRPL/RPL

— + - —
ot/ / | U, Uy, U. U, ot/ / T/

Finally, the elasticities are given by

dyly _ dc/c _ oOn/n (9RPL/RPL>< cUcc+nU,m +cUm nU,, -
ovijti  dtijti  ovijvi Otifv u. U, U, U

B. Robustness in a dynamic model

Consider a dynamic version of the model in Section 2. In this case, the capital stock k;
and investment #, are introduced to the households’ problem.

The representative households’ problem is

max Z,B’U(c,,nt)
=0

{CtskHlait’nt}ZO ~
S.t. (1 + T,C)Ct + it S (1 - T?)W;l’l, + r,k, + St,

kt+1 = (1 - 5)kt + ih
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where r; denotes the rental rate of capital.

The firms’ problem is
max [y[ - l”,k, - tht] P’
keny
s.t.y, = k%),
The government transfers its tax revenue to the households:
s =1 + T'win,.
Finally, the resource constraint of this closed economy is

Cl+il‘ :yl'

Even in this dynamic model, the key equation is still the consumption—labor supply
choice condition:

U
U.(0)

= RPL,,

where RPL, = (1 = 11)/(1 + 5)w;,.
Propositions 1, 2, and 3 in Section 3 do hold in this dynamic model at a steady state,

given the following Lemmas 2 and 3.

Lemma 2. The steady-state real wage rate, w, is independent of the consumption tax

rate, ¢, and the labor income tax rates, T".

Proof. The Euler equation at a steady state is given by

I:ﬁb—6+aﬂ.

Then, it is obvious that the capital-output ratio k/y is independent of 7¢ and 7”. It implies
the labor—output ratio n/y is also independent of 7° and 7" at a steady state, because the

production function is rewritten as



Therefore, the steady-state real wage rate w is also independent of 7¢ and 7", since it

is given by
w=(-a).
n
]

Lemma 3. At a steady state, the elasticities of output, consumption, and labor supply

with respect to consumption and labor income taxes have the same value:

dyly _ dc/c _ On/n
otijti — otijti  dtilTi

for j = c and n.

Proof. As in the proof for Lemma 2, the labor—output ratio n/y is independent of 7¢ and

dyly _ dn/n
ot/ — ot

7". Then, it is obvious that for j = ¢ and n.
Because the capital-output ratio k/y is independent of 7° and 7", then the investment—
output ratio i/y is also independent of 7¢ and 7". Because of the resource constraint of

this economy ¢ + i = y, the consumption—output ratio c¢/y is also independent of 7° and

adyly _ Oc/c
> orijt) T oriT)

7". Therefore for j=candn O
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