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Abstract

It is well known that the equivalence between consumption and labor income
taxes holds. However, recent macroeconomic studies on the Laffer curves (tax
revenue curves) that use dynamic general equilibrium models find that the Laffer
curve for consumption tax might not be hump-shaped, but monotonically increas-
ing, whereas that for labor income tax is hump-shaped. This study investigates the
cause of the difference in the shapes of the two Laffer curves by decomposing the
effects of an increase in a tax rate on the tax base into 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 util-
ity. The elasticity of the RPL from an increasing consumption tax rate is at most 1,
whereas it can be infinity in the case of labor income tax.

Keywords: Laffer curve; tax revenue; consumption tax; labor income tax; relative
price of leisure
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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 macroe-
conomic studies on the 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 into
two parts: (i) the effects on the relative price of leisure (RPL), and (i1) 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; mean-
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. 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 because it generates the labor wedge, that is the wedge



between the marginal rate of substitution and the marginal product of labor. However,
from the viewpoint of this study, the labor wedge, that are generated by frictions and
distortions, can be collectively understood as an additional source that changes the RPL.

In the baseline model, the tax revenue is used as the lump-sum transfer to the house-
hold. However, even in the case where the tax revenue is used as the government con-
sumption, the main result is applicable. The difference in the elasticities of the RPL is
the key for the difference in the shapes of the Laffer curves for consumption and labor
income taxes.

The representative-agent is considered in the baseline model. The assumption of
representative-agent is not crucial for the difference in the shapes of the Laffer curves for
consumption and labor income taxes. Even if agents are heterogenous, each individual
faces the RPL in the consumption—labor supply choice. Then, the difference in the
elasticities of the RPL with respect to two taxes is still the key. One might think that
the transfer scheme has important effects in a heterogenous-agent model. However, the
transfer has a positive income effect, that increases consumption and decreases labor
supply. Then, the Laffer curve for consumption tax is more unlikely to be hump-shaped,
while that for labor income tax is more likely to be hump-shaped.

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 (2019), 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 (2019), 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 (2019), 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 (2019) 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. Nguyen, Onnis, and Rossi (2017) also found that
consumption taxes are less distortive than income taxes by the proxy VARs. Hansen
and Imrohoroglu (2018) found that in Japan, the replacement of income tax with con-
sumption 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 consumption 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
baseline model. Section 3 shows the main results. Section 4 discusses about the results.

Section 5 concludes.

2 Model

For analytical simplicity, a simple static and frictionless general equilibrium model with

representative households and competitive firms is considered.

1Baydur and Yilmaz (2017) show that the Laffer curve for a value-added tax (VAT) can be hump-

shaped if one considers home production.
’In a distorted economy, a labor income tax might be less harmful than a consumption tax. For exam-

ple, Nishiyama and Smetters (2005) show that a progressive income tax is better than a flat consumption
tax in a heterogenous-agent OLG model with uninsured income risk and life span shocks. Their result is

beyond the scope of this paper.



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
1+71)ec< A =1)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 =71+ m"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¢

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

income tax is

on/n
o' /t"

< —1I.

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 )

c

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

RPL =

T . (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 /¢

~ ‘BRPL/RPL' cUse  Up Vs _ nUs, B
| are/re U, U, U, U, | -




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

on/n
o/t

~ ’6RPL/RPL‘ U, nUni , Uy _ nUan !
e U, U, U, U, | -

Proof. Taking the first-order derivative by a tax rate, the equation (5) implies®

— + — — —
ori/ti U. U, oti/ti| U, U, ot/ /T

dc/c [ cU,. cUC,,] N on/n [nU,m nUcn] _ ORPL/RPL
for j = c and n. Since y = ¢ = n at equilibrium in this static economy, then

dyly _ dc/c _ On/n

otijti  Otijti  atijti’

Finally, the elasticities are given by

dyly _ dc/c _ dn/n _ ORPL/RPL [ cUcc+nU,m+cUC,, nUcn]_1

otijti — Otijti  Otijti T oti)Ti U. U, U, U.
O
The first parts ( ‘ﬁRg L/RP L' d W‘) are the negative effects on the RPL of in-
7¢ /T ottt

-1
1 1 Uee Unn Uen Uen

creasing tax rates; meanwhile, the second parts ([_LTC + ”T + LT - "T] ) 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°.* 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 T are given by

' ORPL/RPL ’ T°

ore /e 1+7¢
'BRPL/RPL’ B ™
o/t | 1—-1

3The detail of the derivations is described in Appnedix A.
It is assumed that an increase in 7° (7") reduces consumption (labor supply). That is,

cUe nU,,  cUy nUg,
- + + - > 0.




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

. |ORPL/RPL
lim |[————| =1,
€500 6‘1" /T‘
) (')RPL/RPL'
lim |———— | =
™m—1 aTYl/T}’l
Proof. These are obvious by RPL = i:w O

Proposition 2 shows that the limit 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 limit of elasticity of equilibrium consumption with respect to T° and

that 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
] aTn/Tn ’
cUec nUnn % _ nUce | » ;

as long as [_Tc + 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”. On the other hand, it depends on the functional form

of utility in the case of 7¢.



4 Discussions

4.1 Examples of the utility function and the Laffer curve for con-

sumption tax

In Proposition 3 in Section 3, it is shown 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 (2019), 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: 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 -t =] = 1},

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

B cU,. _ nU,, 1+ (1 —n)?k(1 + Dn
U, ’ U, 1 — k(1 —p)ni+’
cU,, _1-p _nUm _ k(1 = )1 + DHn'
U, ’ U. 1 — k(1 —n)n'+

In our baseline model in Section 2, the closed form solution of ¢ and n is given by

c=n-= (1 _ Tn)l/(1+/1) [TCUK(l + /1) + K(T]/l + 1) _ TnK(l _ n)]—l/(1+/l) ,

cUen _ nUey

Itimplies thatn is decreasing in 7“ and n — 0 as 7° — oo. Then, [—% + % + 7 7
c n n c

is increasing in ¢ and

[ U U,  cUn nU,|" 1
lim |- + + -
T¢—>00 Uc Un Un Uc

10
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dclc
ate [T¢

This implies that cannot be greater than 1. Therefore, the Laffer curve for con-
sumption tax is monotonically increasing.

The Laffer curves for consumption and labor income taxes are given by

e = 1°(1 = YD [ (1 + D) + k@A + 1) = T'k(1 = )]

Example 2: 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

-1 _ 1 1+4
U = ¢ —K " .
1-7 I+4
The relative risk aversion is 1, and the inverse of labor supply elasticity is A. In this case,
UCC Unn Ucn Ucn
_CUe _ ’ n _A c _ 0. n _ 0.
U. U, U, U,
and then,
cUpe Uy Uy nUg |0 1
- + + - =—.
u. U, U, U n+a

This implies that the elasticities of consumption is increasing in 7° and 7". Therefore,
the Laffer curve for consumption tax can be hump-shaped if and only if n + 4 < 1.
In this case, the closed form solution of ¢ and 7 is given by

.
n+aA

k(1+ Q)
1—-17

c=n=

(1+ TC)]

Then, the Laffer curves for consumption and labor income taxes are given by

1 Nz
e =1 | 4 ”)(1”")] .
1-7
1
1+4 N
'wn = 1" K+ )(1+T‘)] .
1-1
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4.2 Extension to a dynamic model

The main results in Section 3 are obtained in a simple static general equilibrium model.
The assumption of the static model is not crucial, and the main results are applicable
to a dynamic version of the model with investment and capital. Appendix B shows that
Propositions 1, 2, and 3 in Section 3 hold even in a dynamic general equilibrium model

at a steady state.

4.3 Case where the tax revenue is used as the government consump-
tion

In the baseline model, the tax revenue is used as the lump-sum transfer to the household.
The main results are also applicable to the alternative fiscal policy scheme where the tax

revenue is used as the government consumption;
g=1c+1'wn.
In this case, the resource constraint is

c+g=y.

Appendix C shows that the elasticities of consumption and labor supply under this fiscal
policy in both static and dynamic economies. The difference in the elasticities of the RPL
with respect to consumption and labor income taxes is still the key of the difference in

the shapes of the Laffer curves.

4.4 Implication on a heterogenous-agent model

In the model, the representative household is considered. This assumption is not cru-
cial for the difference in the shapes of the Laffer curves for consumption and labor

income taxes. Even if agents are heterogenous, each individual faces the RPL in the

12



consumption-labor supply choice. The effects of increasing in tax rates on the RPL is
common among agents. Then, the difference in the elasticities of the RPL with respect
to consumption and labor income taxes is still the key.

One might think that the transfer scheme has important effects in a heterogenous-
agent model. Given the condition where the tax revenue is used as the government con-
sumption as in the previous subsection, an additional transfer generates positive income
effect, that increases consumption and decreases labor supply. Then, the Laffer curve for
consumption tax is more unlikely to be hump-shaped, while that for labor income tax is

more likely to be hump-shaped.

S 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 into two parts: (i) the effects on the relative price of leisure (RPL), and (ii) 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 func-
tional 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

13



to our knowledge in these areas.
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Appendix

A. Derivations in the Proof of Proposition 1

The consumption—leisure choice optimization condition is

Un
—— = RPL.
U

c

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

dc on 3 oc LU on RPL+ U ORPL
“ori "Mori | “Cori " ori < ori

since ¢ and n depend on 7/. This condition is rewritten as

ORPL/RPL

ot ]t/ oti |t/

oc/c on/n oc/c on/n
-cU,—— —nU,,—— = e—— +nU,, -| RPL + U.RPL
¢ oti /T " ot/ [ oti /1) " ] -

Because the consumption—labor supply choice optimization condition is rewritten as

RPL = —ﬂ,
U,
one obtains
oc/c on/n oc/c on/n | U, ORPL/RPL
—CUcn*—l’l m—— =—\|\cUeye—F—— +nUyy—/——|— - U)—————m
ot/ /Tl ot ]t ot/ /Tl or//ti| U, ot/ /Tl

— cUey Oc/c nUy, Onfn |cU. dc/c N nU,, on/n ORPL/RPL
U, oti|ti U, otijti U. ot/ U. oti]7i ori /Tl
oc/c cU,. cU, on/n |nU,, nU,, ORPL/RPL
— — |- + + — - = ——
ot/ [t/ U, U, ot//t/ | U, U, ot/ [t/

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.
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The representative households’ problem is

00
max § ﬁtU(Ct’ nl)
{erkertsinnd2 =0

sit. (1 +71))e + i < (1 = 7w, + rik; + 54,

kz+1 = (1 - 5)kt + ita

where r, denotes the rental rate of capital.

The firms’ problem is

max [y, — rik, — wn,],

ke
s.t.y, = k)7,
The government transfers its tax revenue to the households:
s = T1°¢ + T'win,.
Finally, the resource constraint of this closed economy is
c+i =Y.

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

choice condition:

= RPL,,
U0 '

where RPL, = (1 = 1)/(1 + t)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".

17



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

1:,8[1—5+a%].

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

k a l-a
=BG
yI\y
Therefore, the steady-state real wage rate w is also independent of ¢ and 7", since it
is given by
w=(1- oz)X.
n

O

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  dtijTi

for j = cand n.

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

dy/ly _ On/n
otijti = otijti

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

dyly _ dc/c
> Hri /1'/ - o1l /1'/

7". Therefore for j=candn O

18



C. Robustness in the case where the tax revenue is used as the gov-

ernment consumption

Suppose that the total tax revenue is used as the government consumption:
g=Tc+1'wn.

Then, the resource constraint implies

ctg=y

— (1+1)c+1'Wwn=y

— 1+ TC)(E) +T"W(E) = 1.
y y

Static model: In the case of static model, n = y and w = 1, and then

a +T°')(f) =1
y

1-7"

— c=
1+

Yy
<= c¢=RPLy.

Therefore, it is obtained that

dc/c _ ORPL/RPL  dy]y
6Tj/Tj - 87-]/7-] aTj/Tj'

As in Appendix A, the consumption—labor supply choice condition implies

oc/c [_CUCC cUcn]+ on/n [nU,m nUcn]_ ORPL/RPL

— + — - —
ot/ /7 U. U, atijti | U, U, Oti [T

Finally, the elasticities of consumption and labor supply are given by Proposition 4.

Proposition 4. Suppose that the tax revenue is used as government consumption.

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

-1

oc/c
ore /¢

‘aRPL/RPL' [ nU,, nUmH cU, nU,, cU, nU,
= X1+ — - + +

At 1€ U, U. U. U, u, U.
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The analog of labor supply with respect to T" is given by

on/n

o/t or /T U, U, U,

_|8RPL/RPL‘ [1+CUCC cUC,,H cUse  MUn  cUoi _ nUa|”

+
U, U, U,

In this case, the substitution and income effects are no longer common. However, the

difference in the elasticities of the RPL is still the key to understand the difference in the

shapes of the Laffer curves. Proposition 5 shows the limits of elasticities of consumption

and labor supply.

Proposition 5. Suppose that the tax revenue is used as government consumption.

The limit of elasticity of equilibrium consumption with respect to T° and that of equilib-

rium labor supply with respect to " are given, respectively, by

-1

oc/c nU,, nU,, cU, nU,, cU, nU,
=1+ - - + + - ,
00 | QTC [ TC U, U, U. U, U, U.
on/n |
vol|gr /|

cUge nU, cU, nU, . .
as long as [——“ I #] is finite.
8 U. U, U, U. Jfi

Dynamic model: Focus on a steady state. In the dynamic model with the Cobb-

Douglas technology, the marginal productivity condition is

w=(-a),
n

and then

(1+71°% (E) + 7m'w (E) =1
y y

— +Tc)(§)+(1 o)t =1

1-(1-a)
c= ————

= :
1+ 7

<= c¢=RPLY,
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where RPL* = [1 — (1 — a@)7"]/[1 + 7¢]. Therefore, it is obtained

dc/c _ ORPL'/RPL" N ayly
ori|ti — OtiT ot |7i’

Finally, the elasticities of consumption and labor supply are given by Proposition 6.
Proposition 6. Suppose that the tax revenue is used as government consumption.
The equilibrium elasticity of consumption with respect to ¢ is given by

oc/c
ore /¢

‘ ORPL/RPL ' nU,, nUg|| cU,. nU,, cU, nU,
= I+ - - + +
ore /e U, U. U. U, U, U.

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

on/n
o/t

_ ‘6RPL/RPL U  nUn  cUcn _ U B
| o/ U. U, U, U.
(1-a)r cU. cU,, cU.,. nU,, cU, nUg, !
+ - + - + + - .
1-A-a| U, U, u. U, U, U

The elasticity of consumption is the same as that in the static model, as shown in
Proposition 4. The elasticity of labor supply is slightly different from that in the static
model. However, the elasticity of the RPL with respect to the labor income tax goes to
infinity as 7" — 1, and then, the Laffer curve for labor income tax is naturally hump-

shaped. Therefore, Proposition 5 still hold even in this dynamic model.
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