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Abstract

This paper characterizes the shape of thédraurve for consumption tax. Itis
shown that the Lffier curve for consumption tax can be hump-shaped if the utility
function is additively separable in consumption and labor supply. Conversely, it
cannot be hump-shaped if the utility function is non-separable as reported by pre-
vious researchers. It is also shown that th@edénce in the utility functions has
guantitatively significantffects on the peak tax rates of thefliea curves for labor
and capital income 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 opptsatg @ the

tax revenue. In the firstfiect, the tax revenue would increase as a direct consequence of
raising the tax rate. In the seconfliet, the tax revenue reduces because a high tax rate
discourages economic activities of labor supply, capital accumulation, consumption, and
output. Contrary to Lfier’s conjecture, Trabandt and Uhlig (2011, 2013) recently show
that the Ldfer curve for consumption tax is monotonically increasing, whereas tierLa
curves for labor and capital income taxes are hump-shaped. It is also found that the
monotonically increasing LtEer curve for consumption tax is robust to some variations

of the models. However, most of their results are based on numerical analyses, and it
is not clear whether the Itier curve 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 setiig 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 therlairves.

It is shown that the Lfier curve for consumption tax can be hump-shaped if the
utility function is additively separable in consumption and labor supply, whereas this is
not so if the utility function is non-separable. The key parameters for the hump-shaped
Laffer curve are the intertemporal elasticity of substitution (hereafter IES), that is, the

inverse of the relative risk aversion in our models, and the labor supply elasticity in
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the utility function. For the hump-shapedfter curve, IES and labor supply elasticity
should be sfiiciently high. An increase in the consumption tax rate has a negdlae e

on the tax revenue in that it reduces aggregate labor supply and aggregate consump-
tion. 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 under sfiiciently high values of IES and labor supply elasticity parameters in the
case of an additively separable utility function, whereas this cannot be the case for a
non-separable utility. It is also shown that thé&elience in the functional form of the

utility has quantitatively significantféects on the peak tax rates of thefliem curves for

labor and capital income taxes. The quantitative impacts of tfierdnce in the utility
function on the peak tax rates of theftex 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 non-separable utility functions are often employed
in macroeconomics. For examples, Gali (2008) employs additively separable utility,
whereas King and Rebelo (1999) and Trabandt and Uhlig (2011) employ non-separable
utility. It is rare to focus on theféect of the diterence in utility functions. However, this
paper illustrates an example where th@edience in the utility functions has a significant
effect on the L&er curves.

The Ldfer 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. Holter, Krueger, and Stepanchuk (2014) focus dfethef

households’ heterogeneity and progressive tax scheme on the peak tax rate dfdhe La



curve for labor income tax using a 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
non-separable utility with constant labor supply elasticity and use numerical analyses to
show that the Lier 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 boundness of the consumption tax revenue, tfierlcarrve
continues to be monotonically increasing in his model. The main contribution of the
present paper is to find that theftexr curve for consumption tax can be hump-shaped if
the utility is additively separable.

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, thefllem 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, Q)



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 ©))

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

Cl—r] nl+/1

UAD: - Kk—,
1-7 “1+2

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

other is a non-separable utility function, such that
NS 1 1- 1+1]"
u™ = —{C '7[1—K(1—77)n ] - 1},
n

which is a static version employed by Trabandt and Uhlig (2011).

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

in the literature. A discussion on this topic appears in Section 4.
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2.2 Laffer curve for consumption tax in a static economy

First, consider the consumption tax revenue curve as tffel.eurve. 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

1
1 _
kc'n® = 1770 (6)
Solving this condition yields

c=n=[«(1+79)] Y0, (7)

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

dc/c 1 7°
C /+C = ) c’ (8)
drc/r n+Ad 1+t

dc/c

It is easily shown tha*— de/c

dr¢/7¢

dc/c

dr¢/7¢

is increasing int€, =0if 7 =0, and

dr¢/7¢

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

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

hump-shaped consumption tax revenue curve.

Proposition 1. Suppose that the utility function is additively separabléUThe con-
sumption tax revenue curve is hump-shaped if and onjy-ift < 1, and the revenue is
maximized at® = 1?;—_2 Otherwise, the consumption tax revenue curve is monotoni-

cally increasing.

Proof. Note that

1 ¢

T 1+

dc/c

dr¢/7c

[(A-n-27°-(n+2)]. 9)
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dc/c
drc/7¢

Suppose that + 4 = 1. In this case)

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

Supposey + 1 # 1. In this case,

dc/c 1-n-2 7° c n+A1
~1= L L
dr¢/7¢ n+Aa 1+7° 1-n-2
If p+ 1> 1, then|£2%| < 1.
If n+ 2 < 1, then|2%| < 1for° < (7 + 2)/(1-n - 1), and|$2%| > 1 for r° >
(m+4)/L-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
after-tax wage rate. Then, a low value bimplies a highly distorted increase in the
consumption tax rate. In general equilibrium, consumptios closely related to the
labor supplyn through the resource constraint and production function. In the current
setting,c = n. Then, the parameter(the inverse of the IES) works as the inverse of the
aggregate labor supply elasticity. As a result, the inversg-ofl is the elasticity of the
aggregate labor supply in general equilibrium as in (7). Then, the inverse dfis the
maximum of the elasticity of consumption since: n.

In the case of the non-separable utility function, the optimization condition for the

consumption—labor choice is

kcnt 1
1 = 1
n( ”)(1—K(1—n)nl+ﬂ) T (10)
Solving this condition yields
c=n= [tk (1+ 1) + k(nd + 1) (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 non-separable utility function employed by Trabandt and

Uhlig (2011) cannot generate a hump-shapeéfdracurve for consumption tax as in

dc/c
Orc/7¢

Proposition 2, sinc < 1fort®>0.

Proposition 2. Suppose that the utility function is non-separablé'SUThe consump-

tion tax revenue curve is monotonically increasing.

Proof. It is obvious that

dc/c

drc/rc

= K <1
ok (14 A) + k(nA + 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+7)c<(@-")wn+s (13)
and the total tax revenue is
Te=7c+7"wn (14)
Propositions 3 and 4 are analogues of Propositions 1 and 2.

Proposition 3. Suppose that the utility function is additively separabléSUThe total

tax revenue curve is hump-shaped if and only"if< n + 4 < 1 and the revenue is

n+A-1"
1-n-1°

decreasing. Otherwise, the total tax revenue curve is monotonically increasing.

maximized at® = If n+ A < 1<17" the total tax revenue curve is monotonically



Proof. See Appendix A. |

Proposition 4. Suppose that the utility function is non-separablé!SU The total tax

revenue curve is monotonically increasing.
Proof. See Appendix B. |

As in the consumption tax revenue curve, the conditionA < 1 is necessary for
the hump-shaped total tax revenue curve in the case of the additively separable utility
function, and in the case of non-separable utility function, the total tax revenue curve
is monotonically increasing. Note that the consumption tax revenue curve might be

monotonically decreasing. This is because the peak consumption tax rate that maximizes

n+A—1"

the tax revenuer( = o7

) is negative ifr" is suficiently high.

3 Dynamic economya la Trabandt and Uhlig (2011)

In this section, the result of Section 2 is extended to a neoclassical growth edtalel
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 laboy and capital stock;_; to firms, and earn the
wage ratew, rental rate of capitat, 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!, andzk denote the
consumption tax, labor tax, and capital tax rates, respectively. The budget constraint of

households is

(L+79e+ X% + b < (L —t)wene + (L — 7)(ch — O)kees + 0Keg + R + s + 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 - 6)ki-1 + X (16)
The firms are perfectly competitive. Their production function is
= £ am (17)

whereé denotes the technology growth rate, andienotes the capital share in produc-

tion. The profit maximization problem implies

we = (1— 9)% and (18)
ch = 9%. (19)

The government budget constraint is
g+S+Rb_<b+T, (20)
whereg; denotes the government consumption, and the total tax revigmsidefined by
Ty = 7S¢ + 77w, + 78(ck — 6)kea. (21)
The resource constraint of this economy is
Ye=C+ X+ G — M. (22)

The additively separable utility function for this dynamic economy is

l

t(l—)
= S ).

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

function. The non-separable utility function is
Z,B [ { [1- k(2 — )] - 1}+v(gt)].
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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 £Y/9. |t is assumed that
government debb; is on the balanced growth patb;_; = wtﬂ It is also assumed
thatg: = ¢gyr andm = ¢my.2 The equilibrium system at the balanced growth path is
described in Appendix C.

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 is hump-shaped if and onjyift < 1, and the revenue is

maximized at® = ﬂ;—fﬁ Otherwise, the consumption tax revenue curve is monotoni-
cally increasing.
Proof. See Appendix D. |

Proposition 6. Suppose that the utility function is non-separall&'S. The consump-

tion tax revenue curve is monotonically increasing.

Proof. See Appendix E. |

2Trabandt and Uhlig (2011) employ alternative assumptigps: y'g andm, = y'm. The constant
steady-state ratio of government consumption to GDP is interpreted as the government ggytradsin
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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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.

Proposition 7. Suppose that the utility function is additively separablé®UThe total

tax revenue curve is hump-shaped if and only if

|1 - oy s g — s (K
n+l<1 and (C)T(l 0) + 7(d 5)(y)<n+a,
where
1
1k[¢——1+6.
—k| B

b

1
0
~d
-1

<KlIokKIx <o

-l - (- 8)] 5 - 8+ b

and the revenue is maximizeddéat= 1—3—1 {(n + 1) — (%) [T”(l —6) + 7¢(d - 6) ('9‘)]}

Otherwise, the total tax revenue curve is

U-shaped ify + 1 > 1and(¥) ["(1 - 6) + 7%(d - 6) (£)| > n + A.

monotonically increasing if + 4 > 1 and(%) (1 -0) + 7(d - 9) ('9‘)] <n+A

[
monotonically increasing if + 1 = 1 and(‘—’) [T”(l —0) + (d - 6) (5)] <n+A

C

flatif 7+ A = 1and()["(1 - 6) + 7(d - 6) (£)| = + 2.

monotonically decreasing if+ 4 = 1 and(¥)|"(1 - 6) + 7(d - 6) (¥)| > n + 4.
monotonically decreasingif+ 1 < 1 and(lc’) [T”(l —0) + ™(d - 9) (;'j)] >n+ A

Proof. See Appendix F. O
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Proposition 8. Suppose that the utility function is non-separaldl®!S. The total tax

revenue curve is monotonically increasing if and only if

(1 - 6) + 74d - 5) (l—() <IN pa-my s @+ (9)
y|© 7 y

where

R ol -

b

<KlIokKIx <

0
¥~ (1-8) §~dg+Im
Otherwise, the total tax revenue curve is U-shaped.
Proof. See Appendix G. O

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 @ictestly
high, respectively. The U-shaped total tax revenue curve is generated 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 necessaryyferd < 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.
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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 get 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
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 thas around 0.1.

Therefore, some recent empirical evidence supports small valgesoff?. 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 tlket.aurve for consumption tax and show
that the Ldfer curve can be hump-shaped in the case of 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
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ratio of transfer from abroad to outpaot/y is 0.04. The balanced growth parameter

is 1.02. The steady-state real interest tis 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. The
horizontal axis isp, and the vertical axis id. “I” denotes the region of the mono-
tonically increasing total tax revenue curve, “D,” the region of the monotonically de-
creasing curve, “H,” the region of the hump-shaped curve, and “U,” the region of the
U-shaped curve. The panels on the left and right are the cases of additively separable
utility and non-separable utility, respectively. The upper panels are the benchmark case
with " = 0.36. The middle and lower panels are the cases'cf 0.7 andr" = 0.9,

respectively.
[Insert Figure 1]

Figure 2 shows a numerical example of the total tax revenue curves and components
(consumption tax revenue, labor income tax revenue, and capital income tax revenue).
The procedure to calculate the tax revenue curves is described in Appendix H. 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 thay = 1/2 andA = 0.1. The value of; is consistent with Gruber (2013), and
that of A is consistent with the value estimated by Christiano, Trabandt, and Walentin
(2010). As already shown in Sections 2 and 3, the total tax revenue curve is hump-
shaped in the case of the additively separable utility function, and it is monotonically
increasing for the non-separable utility function. It is found that 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%, that4sA)/(1 — n — A).

[Insert Figure 2]
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4.3 Quantitative significance of the diference in utility functions on

the Laffer curves for labor and capital income taxes

It is shown that the dierence in the functional form of the utility has significaffeets

on the shape of the I#er curve for consumption tax. The quantitatiiéeets of this
difference on the total tax revenue curves for labor and capital income taxes are examined
in this subsection.

Figure 3 shows the total tax revenue curves for labor income tax in the cases of the
additively separable and non-separable utility functions. The left-hand panel shows the
case ofy = 2 andA = 1, employed by Trabandt and Uhlig (2011), and the right, of
n = 1/2 andd = 0.1, which generate the hump-shaped total tax revenue curves for
consumption tax. The other parameter values are the same as in the previous subsection.
Itis found that the dterence in the utility functions has significaffiiexts on the the peak
tax rates of the total tax revenue curves. These rates are 71.5% (additively separable
utility) and 59.26% (non-separable utility) fgr= 2 andA = 1. Notably, the dierence
in the peak tax rates is more than 10% even for Trabandt and Uhlig’s (2011) parameter
values. This impact is much strengthenedsot 1/2 andA = 0.1: the peak tax rates

are 32.93% (additively separable utility) and 58.99% (non-separable utility).
[Insert Figure 3]

Figure 4 shows the capital income tax analogue of Figure 3. The peak tax rates
in the case ofy = 2 anda = 1 are 71.11% (additively separable utility) and 59.32%
(non-separable utility), and theftBrence is more than 10% as well. This impact is
much strengthened for = 1/2 andA = 0.1: the peak tax rates are 20.49% (additively
separable utility) and 78.8% (non-separable utility).

[Insert Figure 4]
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Finally, Figures 3 and 4 show that theffdrence in the utility functions has quanti-
tatively significant &ects on the peak tax rates of thefliea curves for labor and capital
income taxes. Holter, Krueger, and Stepanchuk (2014) find that converting the current
U.S. progressive tax code to a flat tax code raises the peak tax rate offfaediave
for labor income tax by 6%. Contrary to their finding, the quantitative impacts of the
difference in the utility function on the peak tax rates of th&dracurves for labor and
capital income taxes are more than 10%, even while using parameter values where the

Laffer curve for consumption tax is not hump-shaped.

5 Concluding remarks

This paper has characterized the shape of th€eLa&urve for consumption tax. The
Laffer curve for consumption tax can be hump-shaped if the utility function is additively
separable in consumption and labor supply. On the other hand, it cannot be hump-shaped
if the utility function as employed by Trabandt and Uhlig (2011) is non-separable. This
is because the aggregate labor supply and consumption elasticities with respect to the
consumption tax rate can be greater than one und&cisutly high parameter values
of the IES and labor supply elasticity if the utility is additively separable, whereas the
opposite stands when the utility is non-separable.

This paper has also shown that the total tax revenugetaurve can be hump-
shaped under empirically relevant parameter values. At the same time fféremte
in the functional form of the utility has quantitatively significafiteets on the peak tax

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

A Proof of Proposition 3

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

indicates that

Since the total tax revenue is

T =7+ 7"wn

1

Tc]_w
d_T:[ C)] e 1( K )TC n+A-1 +n+/l—T”
dr¢ 1-" n+A1 n+A1

Supposey + 1 =1, then > 0.

:(TC+Tn)[1_K .

then

1-

Suppose; + 1 # 1, then

dT aF n+A-1\| . n+a-1"
dTC_[ (1+T)] (1—7’”)( n+Aa )[T l1-n-a|

If n+ 4> 1, thendl > 0.

1-7n

)7+/l 7"

,anddl < 0for7© > 4T T

Ifn+/l<1then—>0forr< T

B Proof of Proposition 4

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

ken't S 1-7
1-k(d-pnttt)  147c

’

17(1+/l)(
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it follows that
c= (1 - )Y [tk (1+ 2) + k(A + 1) — 7% (1 - )| /.
The total tax revenue is
T =7%+7"wn
= (°+ )1 = T)YED [k (L + ) + k(g2 + 1) — "« (L - )Y @+

Then,

dT
g = A=V [ (L4 )+ k(1A + 1) = (@ = )T
T

X [tnkd + k(nA+1-7")] > 0.

C Equilibrium system of the dynamic model

The equilibrium system of the dynamic model is

(1+ 74 = un(Cr, ny),

(1= )W = —Uz(Cr, ),

A= BE {A [(1-6) + (1= 7,1)(chas = 8) + 6]}
At = BE 1R, |

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

yi = € [kea]” M,

Wt
w=(1-0)=—,
p = ( )nt
Wt
d = 66—,
"7 ke

Ve =G+ X+ g — M,

Te = 7(C + TW, + Tlt((dt - 0)Ki-1,
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where the marginal utilities are defined by

ug(Ce. y) = ()™,

Uz(c, ny) = —kyp'nd

if the utility function is additively separablg”S, and by

1+/1]’7
b

Uy(Ci, ) = (G0 [1 - w(1 - )¢
(G ) = =0 L+ ) { @) [1 - k(L= ] s}

if the utility function is non-separablgNs.
Detrend the equilibrium system ly= ¢¥-9, and leta,/& = & (except fork_; =
ki_1/& andA). The detrended equilibrium system is

(1+ 7D = un (&),
(L — Tk = —Up(&, y),
A = By E {/Nlt+1 [(1 —0) + (L -7, )(dy1 — ) + 5]} ,
A = By E, [/Nlt+1R?+1] ,
vk = (1= 6)ker + %,
i = [Rt—l]e n’,
Wi = (1~— 9)%1,
Yt

dt = Q..— .
k-1

$i = C + % + G — M,

. . . ‘ -
Tt = 70C + 7PNy + 77 (0 — 6)Ke-1.
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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,

1-7"
1+ 7€

ket = W,

it follows that
1-6 &\ (n\ e
Vy=01+7° “Y0+d) [— 1-7" (:) (:) } .
y=(1+79 —a-Mg) (5
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

daf (&), g\, ) k\] d¥
g = (y)y+ T ()7) +7'(1-6) + 7(d - 9) ()7)] s
Since
1— 9 6 -n n -1-1 1/(n+2)
st
y=(1+79) —-M(s) |5
then

1/(n+A2)
X

d_T — (1 + TC) 1/(n+A)-1 lu(l_ Tn)
K

dr¢
e ()
y n+A4 n+A1
Suppose thaj + 1 = 1. Then,

-n —1-271/(m+2)
e

(S)nia{”” (B)]a-a-a-a(g)|
dat 5 0.

(@)= + 2= (E)] <o+ 4 ten
If (£) [ - 0) + 7(d - ) (£)] > n + 4, thenZE > 0.
(Z)[ "(1-6)+7¢d -9) (5)] =n+A4, thenﬁ =0.

)G

[”a 0) + v4(d — @(

i

< Xt

Suppose thaj + A # 1. It follows that

o\ — ~1-27Y @+,
df —(1+79 1/(+A)-1 1- 9(1 (& ¢\’ n S [ n+4-1 o
dr y) \y y/\ n+a

C 1 y n R
[T—n+ﬂ_l“6”7ﬂ—@+fﬁﬁﬁ%§ﬂ—m+1%.

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

)]<n+/l then—>0forr > 0.
)]>17+/1,

KX <X
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then

LA [Fa-0) +™d-8) (Y] - 0+ ),
wmﬂzomm»>MlKgpm—m+%m—@@ﬂ—m+@}
Suppose that + 1 < 1.
if (1) ["(1 - 0) + 7(d - ) (£)] = 7 + 4, then<L > O forz° > 0.
(:)[ "(1-6)+74(d-0) (5)] <n+a,
thendk > 0for 7 < == {( + 2) - ({) [*"(1 - 0) + 7(d - 6) ()]},
Llm+-()[a-o+~d-0 ) 0

and

G Proof of Proposition 8

Proof. The total tax revenue is

~

T =€+ t"Wn+ 7(d - 5)R[TC (%) +7(1 - 6) + 7(d - 6) (;)] g.

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

< 2

N & ~1/(142)
5 (Y e | 1 C 1"‘ ¢
T R P (e

it follows that

the first-order derivative is

ﬁ— - |y+ |7
dr¢ 7)Y

o

< =Xt

) +1(1 - 6) + 7d - 6) (

<
<l o

Since

2

dy _ C —1/(1+2) 1 /cC . —1/(1+)-1 &
ch_(n)K (1 77)+ —o\§ n(1+ DA+ 7° 1 a5

=
{Cﬂ O””u 0) + 7(d - @() =T —g)- Tw—ﬂ+ﬁwaﬂ

If 7°(1 - 6) + 74(d - 6) (
If 7°(1 - 6) + 7(d - 8) (&

)

df

<KURT <R
SN—

<22A-0)1-1) + 1+ ) (§), th
)-;a @a—ﬂ+a+@@)
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then& < 0forz® < 2 (1) ["(1-0) + ™X(d - 8) (¥) - L2(1- )@ - ) - (1 + ) (§)].
anddl > 0for > () [c"(1-6) + X(d - 6) (5) - 21 -6)@ - ) - @+ V) (Y-

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

K DS O] X <l X

If the utility is additively separabl&P, « is given by

C1-61-7"(&)"(n\"
Syt leec\y) Yy,

If the utility is non-separabl&NP, « is given by

-1
1+Tc

K = §aD (y)l [(1 n) + 1 (_) n(l+ /1)

n 1-6
-n n _1-111/(m+2)
RS

Given the value ok, the output is given by

y — (1 + TC)—l/(nM) [1;&(1 _ T”) (
K

< O
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if the utility is additively separabl&AP. If the utility is non-separabl&NP, the output
is given by

1+ TC -1/(1+2)
1-7

O] e ] L

The associated capital stock and consumption are

4

=
1
X

3

o
I

< Ol X
X

respectively. Finally, the total tax revenue is given by

T = %€+ ™"Wn+ 7(d - 6)k

= 1€+ "(1 - 6)§ + 7(d - 6)k.
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Figure 1: Shape of the total tax revenue curve for consumption tax
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Figure 2: Total tax revenue curve for consumption tax 1/2 anda = 1/10
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Total tax revenue

Figure 3: Total tax revenue curves for labor income tax
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Total tax revenue

Figure 4. Total tax revenue curves for capital income tax

eta=2, lambda=1 eta=1/2, lambda=0.1

120
100 | ) 100
80 qé 80 1
o
>
o
I
40 2 40
20 20 [ [ —— additively separable utility
= = = +Non separable utility
0 20 40 60 80 100 0 20 40 60 80 100
% %

33



	When is the Laffer curve for consumption tax.pdf
	CLaffer20160218.pdf

