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Abstract

We examine whether the world trend of decreasing corporate tax rate is desirable
in view of tax evasions of firms by the theoretical and quantitative exercises. We
explore the optimal corporate taxation under endogenous tax evasions by firms in
an R&D based growth model. Using the model, we obtain the following implica-
tions. Decreasing corporate tax rate brings larger welfare cost than that in the usual
discussion where endogenous tax evasions of firms are not considered. In terms of
welfare as well as growth, corporate tax rates should not be set to low rates, for

example, 20%.
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1 Introduction

Is the world trend of the corporate tax cuts really desirable? In this paper, we tackle
this question in view of tax evasions of firms by the theoretical and quantitative exercises.
We explore the optimal corporate taxation under endogenous tax evasions by firms in
an R&D based growth model. Using the model, we obtain the following implications.
Decreasing corporate tax rate brings larger welfare cost than that in the usual discussion
where endogenous tax evasions of firms are not considered. In terms of welfare as well as
growth, corporate tax rates should not be set to low rates, for example, 20%.

In recent years, the governments of many countries have decreased the corporate income
tax rates monotonically. Figure 1 shows the average rate of corporate income tax in OECD
countries between 2000 and 2017. In this period, the average rate has greatly changed,
from 32.49% to 24.18%.
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Figure 1: Average of corporate income tax rate in OECD countries between 2000 and 2017
(source: OECD database)

This monotonic behavior exhibits also in the country level: See Figure 2. Except from
2012 to 2015 in France, G7 countries almost decrease (or leave) the corporate income tax
rates in this period. In particular, Canada, Germany, Japan and United Kingdom have
been conducting the drastic tax cuts in the corporate sectors.

Why do the governments in OECD countries choose such a direction of tax policy in
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Figure 2: Corporate income tax rate in G7 countries between 2000 and 2017 (source:

OECD database)

accordance? In general, there seems to be two aims for decreasing corporate income tax
rates. First, a cut in corporate tax promotes private investment and leads to a rise in
productivity in the macroeconomy. Second, the tax competition in the global economy
requires the government to set a low tax rate to prepare efficient environment for the
global business firms. The trend of cutting corporate income tax may last for the time
being. According to the policy stance of President Trump, the government of the US
decides to decrease the corporate tax rate to 21%. In Japan, the government plans to
cut the corporate tax to about 20% under some condition. However, is such a policy
line desirable? This is not necessarily obvious and not yet solved by formal economic
arguments enough. Thus, we investigate it as the central question of the paper.
Corporate income tax is one of the important financial resources for public finance and
macroeconomic policy in many countries. This partly covers the productive government
expenditure on paying public services and forming infrastructure, which enhance long-run
growth (see Footnote 1 below). In addition, corporate taxation affects the firms’ behavior
including pricing and production planning, and brings distortions of resource allocations.
Thus, we explore the growth and welfare effect of corporate income tax in this paper.

Actually, corporate income tax occupies the considerable fraction of the annual revenue.



For examples, the shares of corporate income tax to the total tax revenues are about 10% in
the US in 2016 and 19% in Japan in 2015. However, the enforcements of corporate taxation
are not enough in many countries: Only 1.1% of the taxed returns is examined in the US
in 2016 and only 3.2% of all the corporations is audited in Japan in 2015. Accordingly,
there seem to be tax evasions of huge scales in actual macroeconomies. For example, IRS
(2016) reports about 44 billion dollars as the estimated tax gap of corporate income tax in
annual average from 2008 to 2010 in the US. Some difficulties are emerging in practice of
taxation. While the number of corporations and taxed affairs has been rapidly increasing
in the developed countries, the budget for managing the tax agency is limited relative
to the increase in corporations because of the tight fiscal conditions. Besides, it is also
emphasized by the expansion of international business and the development of economic
trading with information technology. Therefore, it is unrealistic to inspect most of the
taxed corporation by increasing the expenditures on managing the tax agencies and we
should study adjusting corporate income tax rate to realize the efficient resource allocation.
This is because we focus on tax evasions by firms to discuss the optimal corporate taxation
structure.

In this paper, we construct an R&D based growth model with productive public ser-
vices, incorporating endogenous tax evasions by intermediate goods firms. To investigate
the efficiency of the tax cuts, we analyze the growth- and welfare-maximizing corporate tax
rates. For analytical tractability, we first use a simple model and show that the growth-
maximizing tax rate is higher than the output-elasticity of public services, which is the
optimal tax rate in the model without endogenous tax evasions of firms as the existing
studies show. Besides, we show that the welfare-maximizing tax rate is higher than the
growth-maximizing tax rate. It suggests that in terms of not only growth but welfare, the
government should not lower the corporate tax rate so much. Next, we extend the model
to obtain quantitative implications. Our quantitative analyses show that the optimal tax
rate is higher than the rate which is (or will be) adopted in OECD countries for a suffi-
ciently wide parameter region. This result is consistent with the empirical estimation by
Aghion et al. (2016) mentioned below. It implies that the corporate tax rates adopted in

recent years in many developed countries may be higher than the optimal ones.



Related Literature

Largely, our study lies in the literature starting from Barro (1990), which explores the opti-
mal tax (or the optimal size of government spending) in an endogenous growth model with
productive public service (capital) (e.g., Futagami et al, 1993; Glomm and Ravikumar,
1994; Turnovsky 1997). ! These studies emphasize that the growth maximizing-income
tax rate equals to the output elasticity of public capital and it coincides with the welfare
maximizing one in the balanced growth path. This is so called Barro rule. This study
investigates the optimal taxation theoretically and quantitatively in view of endogenous
evasions of corporate tax in an R&D growth model with imperfectly competitive product
market. 2

Among the existing studies of tax evasions and growth, we should refer to Chen (2003)
and Kafkalas et al. (2014). They extend Barro (1990)’s type model incorporating tax
evasions and cause controversy over the rate of optimal income tax. Chen (2003) indicates
that the optimal tax rate is larger than the output elasticity of productive public capital.
On the other hand, Kafkalas et al. (2014) show that even with tax evasions, the optimal
tax is equals to the output elasticity of productive public capital in line with Barro’s rule.
Although the findings from Chen (2003) and Kafkalas et al. (2014) are interesting, there
are some reservations. First, they consider the tax evasions by household firm, that is, the
firm is same as households. Therefore, there is no difference between corporate income
tax and household’s income tax, which lies under unrealistic assumption. Second, they
assume exogenous tax evasions which occur necessarily at the constant rate regardless of
economic environment such as fiscal policies. Third, they assume competitive goods market
and therefore, tax evasions neither affect market power by firms nor cause distortionary
effect on the tax structures. Our model differs from Chen (2003) and Kafkalas et al. (2014)
in that we consider the corporate income tax, the firms’ decision-making on tax evasions,

and its distortionary effect on the optimal tax structures. 3

1Some empirical studies suggest the importance of productive public expenditure for economic growth.
Abiad et al. (2016) show that increases in public investment in infrastructure raise output both in the
short and long run.

2Agénor and Neanidis (2017) show empirically that public capital affects growth not only through
productivity and innovation (R&D) capacity.

3There are some theoretical studies that investigate the role of public capital on growth under im-
perfectly competitive product market. Pereto (2007) explores this issue in an R&D based growth model
where the market structure (entry and exit of firms) is endogenously determined. Pereto (2007) shows
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This paper is comparable to Aghion et al. (2016). They treat the relationship among
corporate taxation, growth, and welfare. Aghion et al. (2016)’s empirical analysis suggests
that the relationship between corporate income tax and growth is an inverted-U shape and
estimate welfare-maximizing corporate income tax rate of 42%. Based on this empirical
finding, Aghion et al. (2016) construct an R&D based growth model in which public
capital raises the expected returns to entrepreneurial efforts on R&D. The calibrated value
of optimal corporate income tax rate in their model is 37% and is close to the estimated
value of 42%. However, Aghion et al. (2016) do not consider tax evasions by firms but
focus on the corruption between government and households. In this paper, we incorporate
the tax evasions in an R&D based growth model with corporate taxation and suggest that
the optimal corporate income tax rate is as high as Aghion et al. (2016)’s estimate when
the firms choose to evade the corporate tax.

To sum up, Chen (2003) and Kafkalas et al. (2014) consider the tax evasions but do
not treat corporate tax. Although Aghion et al. (2016) analyze the optimal corporate
taxation, they do not incorporate tax evasions by firms. Therefore, to our best knowledge,
this paper is a first one to tackle a macroeconomic analysis of corporate tax evasions.

Our study also relates to the literature on whether the Barro rule holds. Among the
studies, there are no consensus. Futagami et al (1993) shows that welfare-maximizing
tax rate is lower than the growth-maximizing one (the output elasticity of public capi-
tal), if the government evaluates the policy effects during the transition path caused by
the accumulation of public capital. Ghosh and Roy (2004) and Agénor (2008) also find
that the welfare-maximizing-tax rate is lower than the output elasticity of public infras-
tructure. The former considers the composite output externality between stock of public
capital and flow of public services. The latter consider the public health capital in addi-
tion to the general infrastructure. On the other hand, Kalaitzidakis and Kalyvitis (2004)
show that the growth- maximizing tax rate is larger than the output elasticity of public
capital when the government faces the trade -off of public expenditure between new in-

vestment and maintenance of existing public capital. Chang and Chang (2015) compare

that productive public capital is neutral to growth and therefore no optimal tax exists. On the other
hand, Chang and Chang (2015) advocate that infrastructure affect growth and optimal tax rates exist
in an endogenous growth model which includes monopolistic competition in the goods market and the
unionization in the labor market. The recent empirical study of Agénor and Neanidis (2017) may supports
the latter result.



growth-maximizing factor income taxes with welfare-maximizing ones in an endogenous
growth model with market imperfection both in goods and labor markets. They show
that welfare-maximizing productive government spending can be larger (lower) than the
growth maximizing one if the government spending is financed by capital (labor) income
taxes under reasonable parameter values. Therefore, while the existing studies on Barro

rule treat neither corporate taxation nor tax evasions, we do the both in this paper.

2 Model

The economy is inhabitated by four kinds of agents, producers of final output, producers
of intermediate goods, a representative household and a government. A representative
household has an infinite planning horizon and perfect foresight and is endowed with L

unit of labor. Labor moves freely across final goods and intermediate goods sectors.

2.1 The producers of final output

Final output is produced by perfectly competitive producers of final output in accordance

with the following technology:
Nt
}/; = AL%/J/Q/ (th'i,t)adl-, (1)
0

where 0 < o < 1, A(> 0) is the scale parameter, Y; is output, Ly is labor input in the final
goods sector, x;; is the i¢th type of specialized intermediate good, and [V, is the number
of varieties of intermediates. Following Barro (1990), public services, Gy, increases the
productivity of output. We take the final output is numeraire. Letting p;; and w, denote
the price of intermediate good i and wage rate, respectively, we obtain the conditions for

profit maximization as follows:

M o Y,
wy = (1 — )Ly} / (Graig)*di = (1 — O‘)L_a (2)
0

Yit

Dit = ozAL;_tO‘Gfxa‘t_l. (3)



Solving (2) and (3) with respect to z;;, we obtain the demand function for product of firm
(5

1

a(pig) = L= (O‘AG?)

Wy Dit

From (1) and (3), we obtain
N
/ Ppipxigdi = aYy. (4)
0

2.2 Producers of intermediate goods
2.2.1 Entry into the intermediate goods market

In this economy, intermediate goods are produced (or invented) by monopolistically com-
petitive firms. We assume that the economy starts with initial variety of intermediate
goods Ny > 0. Any firm needs to invest 7 unit of the final goods at time ¢ — 1 to in-
vent an intermediate good and finances n through asset market. The firm that discovers a
blueprint of intermediate goods and enters into the market can gain one period’s monopoly
profits. Such firms operate one period and exit from the market at the end of each period.

Furthermore, potential entrants/firms in the end of period ¢t — 1 draw their productivity
b from distribution F'(b). We set the following assumptions in terms of b. First, b is éid over
time as well as across firms. Second, b is private information and then other agents cannot
know the value without any costs. Here, let 7f, denotes the expected after-tax operating
profit of firm ¢ at the beginning of period ¢, and it is a stochastic variable at that time
because it can evade taxation stochastically when it tries. Potential investors/firms must
choose whether or not to enter into the market in each period, taking account of these
entry costs, 7, and one period’s expected operating profits, 7f,.

In sum, the entry problem for each firm can be reduced to one of selecting, in period
t — 1, a period t product and price so as to maximize net discounted monopolistically

competitive profits:

1
oy = 5 [ wdF @) -, )

where R;_; is the gross interest rate between periods ¢t — 1 and ¢. Free entry into the



intermediate goods market implies

/ﬂfidF(b) = R;_1m. (6)

2.2.2 Maximization of operating profits

Consider next the maximization problem of operating profits in each firm. A firm that
draws its productivity b needs 1/b unit of labor to produce one unit of intermediate good.
The price of each intermediate good p;; is assumed to be public information. Let 7;; and
7+ denote the true operating profit of the firm ¢ and the operating profit that the firm ¢
declares, respectively. The government impose corporate income tax on 7; ;. Under incom-
plete information, the government cannot know whether the declared profit of each firm,
Tit, equals to their true profit, m;;, without any costs. This is because the productivity
of each firm, b, is the private information and the government is unable to know the true
profit of each firm.

Before proceeding to the case of incomplete information, let us consider the profit maxi-
mizing problem under perfect information. In the case of complete information, each firm’s
productivity is public information and the operating profit before tax is <pi,t — %) x(pit)-
Here, note that (3) indicates that production level of intermediate good, x;, depends on p; 4,
which is public information, and therefore, so is the operating profit before tax. Accord-
ingly, in the complete information economy, any firm declare true profit (i.e., ;s = m; ),
otherwise the firm is punished by the government that knows true information regard-
ing the firm’s profit. The profit maximizing problem of firm ¢ under complete informa-
tion is to decide the price level, p;;, so as to maximize its after-tax operating profit,
(1—1) (pi,t - %) x(pit), where, 7 € (0,1) is the announced corporate income tax rate.
This yields p;; = O%biwt and the before-tax operating profit, (1 — a)p;+z(pis)-

Next, we move onto the profit maximizing problem under incomplete information. In
the case of incomplete information, since b is private information, the government need
inspection costs to know the true profit of the firm. We assume that the initial number
of firm is normalized to be unity, Ny = 1 and a large number of firm is distributed
continuously between 0 and 1. This assumption indicates that it takes too much cost for

the government to inspect all firms. Such the environment allows firms to report its profit



below the actual one (7;; < m;;) and evade corporate income tax payment. After-tax
profit of the tax evading firm is represented as m; ; — 77, ; because corporate tax is imposed
on declared profit rather than on true profit. Let g represent the probability of audit and
be constant over time. In the audited state, any taxable profit understatement, m;; — 7; 4,
is subject to a penalty and is imposed an additional tax at the fixed rate s(> 0). The
amount of additional taxes of each firm is represented as (1 + s)7[m; ¢ — 7;¢]. Therefore,
after-tax profit of the detected firm is reduced to m;; — 774 — (1 + s)7[m; s — 7). In the
unaudited state, which takes place at the rate, 1 —p, tax evading firms can avoid detection
and after-tax profit of these firm is reduced to m;; — 77; ;. Thus, the expected operating

profit of firm ¢ is given by

7Ti6,t = (1 — Q)[ﬂ-i,t — Tﬁ'i’t] —+ Q{ﬂ-i,t — Tﬁ-z’,t — (1 + S)T[Tl’i’t — ﬁ-z',t]}
= My — T — q(1 + 8)T M — Ty

= (]_ — 7:)7ri,t7 (7)

where 7 is the effective corporate tax rate and is defined as

Tt

7Tz,t

r={l-a1+ 92 19} )

taking the announced corporate tax rate, 7, as given.
Regarding the above profit maximizing problem under incomplete information, we

obtain the following lemma.

Lemma. Let p;; denote the price level set by firm i at time t. Then, any firm declares

the operating profit as
Tig = (1 - Oé)ﬁz‘,tilf(@,t)~ (9)

Proof: Because a firm declare the true profit (i.e., 7;; = m;;), a firm maximizes the expected
after-tax operating profit, 7, = (1 — 7)m;, which is derived by applying 7;; = 7
into (7) and (8). The price level set by the firm maximizing this expected profit
is pis = —w; and the operating profit declared is 7;; = (1 — a)pisz(pis) = (1 —

abi

1

a)abi Wy (O%biwt) Here, note the following two respects. First, both price level, p; ,

and the operating profit declared, 7;,, depend on the productivity of each firm that

9



the firm drew from F'. Because productivity of each firm is private information, even
though the price level, p; ;, is public information and observable, only through p; ;, the
government cannot understand whether the declared profit, 7;; = (1 —a)p; x(Dit), is
true one or not. In addition to this the government cannot know whether the price
level of each firm is in accordance with the maximization of true profit. Second,
contraposition of Proposition 1 is true, that is, if the firm that set its price level as
pi+ does not declare the profit as 7;; = (1 — a)p;x(p;), the firm is found to be a
liar. This means that if the firm that set its price level as p;; attempts to tell a lie,
the firm declare its profit as 7;; = (1 — «)p;x(p;¢) otherwise the government can
know the firm as a liar immediately without costs. Thus, when the firm sets the
price level as p;; declares its profit as ;s = (1 — a)p; +x(Pi), the two cases: I and 2

stated in Proposition 1 hold. [J

In contrast to the declared profit (9), the true profit of the firm ¢ when its price level
is set at p;; is
~ Wy ~
Tt = |\ Pit — b ff(pz‘,t)- (10)

From (9) and (10), we obtain

1
Tt = Tt & Dip = 7 W (11)

i
(11) indicates that in the situation that the firm can set the price level as (at) p;+ > o%biwt?
the firm has incentive to declare its profit, 7;;, below true one, m;;. On the other hand,
when p;; = O%biwt, the firm cannot understate its profit and m;; = 7;; binds. We proceed
to under which condition 7;; = 7;; binds (does not bind). Let 7r§ ’ttme denote the expected
after-tax operating profit when the firm declare the truth (m;; = 7;+). Applying m;; = 7,

into (7) yields Wf”fme = (1 — 7)m;4, and therefore we obtain

T — ﬁi’ttme =7[1 —q(1+ 9)|(miy — Tir) (12)

Accordingly, m; ¢ = 7;; binds (does not bind) if 1 — ¢(1 + s) < (>)0.

Each firm sets the price level, p;; so as to maximize the expected operating profit (7)

10



subject to m;; > ;4. From (7), (9), (10) and (11), the first order condition is

1

(97'('~e 1 e 1
’L,t —_— 11— ~ 1—
= Ly (aA)T==G; “Diy

Opis

X {% (—ozbi + ;U—i) +[1—q(1+ s)}m} = (<)0 for p;s > (:)albiwt

(13)
Here, we set the following assumption.
Assumption. 1—¢(1+s)7 > max{0,(1 — a)[1l —q(1+ s)|]7}

Under Assumption, by (13), 7, is a non-monotonic concave function of p;; and the

following unique p; (> 0) exists and satisfies the second order condition of maximizing

(7). 1
Pit = a—biF(T)wt, (14)
1—q(1+s)T

1—qg(l+s)7T—(1—a)l—q(1+9)]r
(13) and (14) results in the following two cases. First, I'(7) < 1 holds if and only if

['(r) =

1 —¢q(1 +s) < 0 under which m;; = 7;; binds and each firm declare its true operating
profit. In this case, substituting m;; = 7;; and (10) both into (7) and (8), we obtain
T, =(1-7) <}5i,t - f—:) z(p;y) and 7 = 7, respectively. Thus, the price level of each firm
ispy = ﬁwt and the effective tax rate 7 coincides with the announced tax rate 7. Inserting

pr = —w; into (10) and comparing it with (9), we can confirm that the declared profit

equals to the true profit:
Tip = iy = (1 — @) Ps (D) (15)

Moreover, combining (15) with (7) and (8), we obtain the expected operating profit as

follows:

7Tie,t =(1-7)(1~- a)ﬁi,tx(ﬁi,t); (16)

where, 7 = T.
Second, I'(7) > 1 holds if and only if 1 — ¢(1 4+ s) > 0 under which each firm declare

its operating profit below its true one, m;; > 7;;. The price of each firm is determined by

11



(14).* Substituting (14) into (10), we obtain the actual profit of each firm as follows:

T = (1 — OzF(T)_l) Ditx(Dit) (17)

Combining (17) with (7), we obtain

w5, =(1—=7) (1= al(7)™") P (Piy), (18)

where 7 is given by (8).

We summarize the above results as the following proposition.

Proposition 1. Maximization of the expected operating profit by each firm subject to (11)

leads to the following cases:

1. if1—q(1+s) <0, my = 7 binds. Each firm set its price at p, = jwt and declare its
true operating profit. The declared operating profit and the expected operating profit
are given by (15) and (16), respectively. In additon, the effective tax rate coinsides

with the announced tax rate, T = T.

2.0f 1 —q(l+s) >0, my > Ty holds. Each firm sets its price in accordance with
(14) and declare its operating profit below its true one. The declared operating profit
is (9) whereas the true operating profit is (17). Therefore, the expected operating
profit is given by (18). The effective tax rate in this case is given by (8) and the
Appendiz A proves that T > T € (O,%(;'S)), dr/dr > 0, d(7/7)/dT > 0 and
d(r/7)/d(q(1+ s)) < 0 hold.

To understand the intuition behind proposition 1, we rewrite the first derivative of the

expected operating profit with respect to p;; as

e
07%5

IPi

O 4

Opis’

87ri,t

OPi

=[1—q(1+9)7] —[1—q(l+s9)]7 (19)

“When 1—¢(1+s) > 0, Assumption 1 is satisfied automatically because of 1—g(1+s)7 > 1—q(1+s) > 0
and 1 —q(l+s)r—(1-a)l—qg(l+9))r=1—-{1—a[l—¢g(1+s)]}r>0.

12



where

37@ t 1 e - Wt
— = Ly aA 1—°‘G1_aﬁi 1me 1l -« bz -1 (—Ozbl + ~—> ,
Gt = L0 A) G (1~ o o
0T 4 1 o 1
— = —aLy(aA) =G} p, .
aﬁz’,t Y,t( ) t DPig
% < 0 indicates that firm can understate its operating profit by raising price level p; ;.

When 1 — ¢(1 + s) < 0, the cost of understating the profit, ¢(1 + s), is large enough
that understating the profit negatively affects the expected operating profit 7§, because

—[1—q(1+ s)]ngz’z > 0 holds. Therefore, firm does not understate its operating profit

but declare its true profit.
On the other hand, when 1 —¢(1+s) > 0, the cost of understating the profit, ¢(1+ s),
is low enough that understating the profit positively affects the expected operating profit

Ot
Opi,¢

T, because —[1 —q(1 + s)]7 > 0 holds. Therefore, firm set the price higher (I'(7) > 1
in (14)) to understate its profit and evade corporate tax payment. The second term of (19)
indicates that the higher the announced corporate tax level, 7, is, the larger the incentive

of understating the profit, m;,, by raising the price level, p;;. This reflect the fact that

I'(7) is increasing in 7:

_ 21— a)[1 —q(1+ 9)]g(1 + s)T
{1-q1+s)7—(1-a)[l —q(l+s)r}?

I'(7) (20)
In addition, from the second term of (19), as the cost of understating the profit ¢(1 + s)
is smaller, the incentive of understatement and setting higher price level become stronger.

This reflects the fact that I'(7) is decreasing in ¢(1 + s):

or'(r) _ (1—a)(l—7)r _
Jq(1 + s) {1—=q(1+s)7—(1—a)[1l —q(l+ s)]7}?

0.

2.3 Government

We assume that the revenue of the government relies only on the tax revenue from firms and
the government keeps balanced budget in each period. From (7) and (8), the expected tax
revenue of the government is fONt {7+ q(L+8)T[m =T ) FAE (b)di = T ONt [ mi dF(b)di.

This revenue is allocated into productive government spending, G; and inspection expen-

13



diture to detect tax evasion, M;. Thus, the budget constraint of the government is given
by
Ny
0

Assume that spending a constant fraction, ¢, of government revenue on M;, leads to succeed
a detection of tax evasion by a firm at the probability ¢. The inspection expenditure is

therefore given by

Nt
0

(21) and (22) yield N
Gr=(1- q)%/o /m,tdF(b)di. (23)

2.4 Household

The utility function of a representative household is specified as

i (Lyw@), u(C) = G (24)

— 1+p l—0o

u(Cy) = InCy when o = 1. Here, C}, p(> 0) and 1/0 denote consumption in period
t, the subjective discount rate and intertemporal elasticity of substitution, respectively.
A representative household supply L unit of labor inelastically. The household’s budget
constraint is given by

Wt = Rt_lwt_l + th - Ct, (25)

where, W;_; is assets at the end of period ¢ — 1. Household’s utility maximization yields

o ( R, )1/"
= , 26
Ci L+p (26)

the usual Euler equation

and the transversality condition.

14



2.5 Equilibrium

Let L denote the total supply of labor. Labor market clears as

e Lit
L=Ly, + / / ;AP (b)di. (27)
0

Aggregating free entry condition (6) over ¢ and b, we obtain

Ny
/ / we,dF (b)di = Ry 0Ny, (28)
0

where aggregate entry cost/investment of intermediate goods producers/firms, niN; is fi-
nanced by a representative household’s asset at the end of period t — 1 through asset

market. Therefore, asset market clearing condition is given by
Wi—1 = nNe. (29)

In the following, we describe the equilibriums under which (i) m;; = 7;; binds (i.e., 1 —

q(14s) <0) and (ii) m¢ > 74 (e, 1 — q(1 + s) > 0), respectively.

2.5.1 Equilibrium in the case of (i) 1 —¢(1+s) <0

In this case, price level of firm ¢ and j whose productivity is represented as b; and b; is

Dig = jwt and p,; = jwt. Combining these with (3) yields
7 J

a—1 =

Dit Tiy b (bj> ot
= == = xi=|- Z; 30
P <17j,t> bi b ! (30)

(30) together with (1),(2) and (3) rewrite p;; = ——w; into

ab;

2
L

Tip = o . (31)

(1— )b [br=dF(b)N,

From (27) and (31), we obtain
1 -«

Ly; = ——— 32
YET a4 a2 (32)
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Substituting (32) into (31) leads to

o? e L
it — QZ - 33
! (1—a+a2) [ bT=adF(b) Ny 33)
From (4) and (16), we obtain
Ny
/ /WitdF(b)d’i =(1-7)(1—a)aYs, (34)
0

and combining (34) with (28), we obtain

(1-7)(1—a)aY;

Ri p—
o NN

(35)

Substituting (2), (21), (29), (32) and (35) into (25) yields the resource constraint of this
economy:

Y, = Ci + 0Ny + Gy + My, (36)

where note that (V; — fONt Disipdi) + ( fONt PisTizdi) = Y; holds because no final goods are
used in the production process of intermediate goods. (36) indicates that Y; is allocated
into consumption, C;, investment in new intermediate goods producers, n/N;, productive

government spending, G; and government inspection expenditure, M;. Dividing both side

of (36) by N; and using (21) and (34) yield

N;Zl :%{[1—%(1—@)a]ﬁt—ﬁt}7 (37)

and substituting (35) into (26), we obtain

Cror _ {(1 —7)(1 - a)a Vi } v (38)

Cy (1 +p)n N1

Substituting (15) into (23) reduces to Gy = (1 — ¢)7(1 — a)aY;. Combining it with (1),
(31) and (32), we obtain
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Next, let us define C;/N; and Y;/N; as z; = Cy/N; and Q(7) = Y;/N;, respectively.
From (37) and (38), we obtain

N (1= 7)1 — a)a® Q)
1—7(1—a)a]QUT) — 2

(40)

241 =

The left-hand side (LHS) of (40) represents 45° line while the right-hand side (RHS) is
monotonically convex function of z; and takes zero when z; = 0, and therefore a unique
steady state exists. Note that z; jumps to its steady state value z* initially without
transition because the steady state is unstable. The steady state value of z* is calculated

as

2 =[1—-F(1 - a)a]QF) - nl—%{(l — 7)1 — a)aQ(7)}Ve. (41)

2.5.2 Equilibrium in the case of (ii) 1 —¢(1+s) >0

In the case of (ii) m;; > ;¢ (ie., 1 —¢q(1+s) > 0), price is determined as p; = C%F(T)wt

b
according to (14). In the same manner of deriving (31), we can rewrite py = =I'(7)w; into

67

2
L
iy = L . (42)
(1—a)(r)by " [bT=dF(b)N;
From (42) and (27), we obtain
1—a)l

x(Piy) = { : —. (44)

Substituting (18) into (4) yields

/0 " / 7t dF(D)di = (1 — aT(r) ") oY), (45)

Combining (45) with (28), we obtain

(1- OcF(T)_l)aYQ'

R, =
. NN

(46)
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Substituting (2), (21), (29), (32) and (46) into (25) yields resource constraint (36).
Dividing both side of (36) by N; and using (21) and (45), we obtain

N]i[:l :1{[1—%(1—@(7)—1) aj %—%} (47)

n

Substituting (46) into (26), we obtain

owlz{a—%xl—arw>wa>%ay“, (48)

Cy (1 + P)77 Nitq

From (47) and (48), we find that a unique steady state exists and that there is no transition
dynamics as in the case of (i).

Substituting (17) into (23) and using (4) yields Gy = (1 — ¢)7 (1 — oI'(7)7!) aY;. In-
serting it into (1) and using (43) (44), we obtain

v =AT {1 =97 (1-al(n) ) a} = (1= a)T(r)at™s 2 B

X { / blaadF(b)] . (49)

3 Optimal Tax Rates

In this section, we analyze optimal corporate tax rates in terms of growth and welfare.

3.1 Growth-maximizing Tax Rate

We obtain the following proposition.’

Proposition 2. The growth-mazimizing tax rates in case (i) and (ii) satisfy the following

1. and 2. respectively.

1. When each firm declares its true operating profit, the growth-mazimizing effective

corporate tax rate (7°M) is consistent with the growth-mazimizing announced tax

rate (TM ), both of which is given by 7¢M = M = o,

5We can show the first part immediately from (39) and (38). We provide a proof of the second part in
Appendix B.
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2. When each firm understates its operating profit, both growth-mazimizing effective

M M

corporate tax rate, 7™, and growth-maximizing announced corporate tax rate, TM
are larger than the output elasticity of public services, a. In addition, 7™ becomes

larger than 7M. Thus, 7™ > 7¢M > o holds.

The first part of Proposition 2 is in line with the Barro (1990)’s growth-maximizing
rule, that is, the tax rate that maximizes the long-run growth equals to the output elasticity
of public services, a. This result is also consistent with that in Kafkalas et al. (2014),
indicating that even with government spending for detection, the growth-maximizing tax
rate coincides with Barro’s one.

However, we show later that the result of 74 = o breaks in this study when declared
profit of each firm is below its true level. This is because of the following noticeable
different respects between this study and Kafkalas et al. (2014). This study considers
the corporate tax and endogenous tax evasion by firm under imperfect information and
imperfect competitive market and whereas Kafkalas et al. (2014) consider household firm
and tax base is income from final output and they assume exogenous tax evasion under
the environment of perfect competition.

The result of 74 = « is attributed to the trade-off between negative distortional effect
of 7 on the rate of return (R;_1nN;) from investment in intermediate goods producers (n/N;)
and positive external effect of G; on the rate of return (R;—1nNV;) from investment (17V;).
Furthermore, from (39), we understand that N, is the engine of endogenous growth, and
therefore the structure of this model is similar to AK model of Barro (1990) type. Thus,
the mechanism of deriving growth-maximizing public policy is in line with Barro (1990).

Next, we explain the intuition behind the second part of Proposition 2. To understate
operating profit and evade tax, firms set the price higher than that without understatement
of its profit (I'(7) > 1). This increase in pricing power by firms leads to the following effects.
First, it increases the expected operating profit, 77, (see (45)) and raises the return from
investment, R, 1 (see (46)), directly. Second, an increase in pricing power by firms affects
Y/N and generates some indirect effects on R;_; (see (46)).

There are following effects of a rise in pricing power on Y/N. First, the higher price
of intermediate goods decreases the amount of intermediate goods installed into final pro-

duction (see (44)), which has negative effect on Y/N. Second, due to this decrease in
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intermediate goods, labor supply moves from intermediate goods sector into final goods
sector (see (43)), and therefore Y/N increases. Finally, a higher expected operating profit,
75 +(b) leads to raise tax revenue of the government and increase productive government
expenditure, G; (see (23)), which increases Y/N through its positive externality.

Because of I'(7) > 0 (see (20)) and dr/d7 > 0 (see Proposition 1-2), the higher the
effective tax rate is, the higher the price level of intermediate goods. The results from
Proposition 2 indicates that positive effects on the return from investment R; ; dominate

the negative ones.

3.2 Welfare-maximizing Tax Rate

Next, we analyze the tax rate which maximizes social welfare. Remember that the economy
jumps onto the balanced growth path at the initial period as explained in section 2. Letting
the gross growth rate be g, the equilibrium path of consumption is given by C; = §'Cj.
Substituting it into the life time utility function of the representative household, (24), we

obtain
ci

(1—o)[1=(1+p) "9 ]

where 1 > (1 + p)~'¢'™? holds by the transversality condition. The social welfare is

U=

(50)

determined by the initial level of consumption and the long-run growth rate, which depend
on corporate income tax rate, 7.

We obtain the following proposition. °

Proposition 3. The welfare-mazimizing taz rates in case (i) and (ii) satisfy the following

1. and 2. respectively.

1. When each firm declares its true operating profit, the welfare-maximizing announced
tax rate (T"YM ) is higher than the growth-mazimizing announced tax rate, 7M. Con-

sequently, VM > 1M > o holds.

2. Suppose that ¢ = 0. Then, each firm understates its operating profit and a marginal
increase in the announced tax rate at the growth-maximizing tax rate improves social

welfare.

6 Appendix C provides a proof.
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Proposition 3 suggests that the government should keep a high rate on corporate income
tax in terms of welfare. For intuitive interpretation, we focus on the marginal effect of
raising tax rate at the growth-maximizing rate, 7M. At 7 = 7™ because the welfare
effect on the trend by a marginal increase of tax rate disappears, it affects only the initial
level of consumption: sign {%|T:TGM} = sign {%hjm{}. Consider the case (i), where
every firm is truth-telling: ¢(1+s) > 1. By equilibrium dynamics given by (40), assuming

Ny = 1 without loss of generality, we obtain

Co = \[1 - Oé(l — a)T] Q(Tz_n [77—1(1 + ;0)_104(1 B Oé)(l B T)Q(T)} %}7

= disposak‘),le income =R/(1+p)

where the first and second term will capture the income and intertemporal substitution ef-
1
fect respectively.” Because g = [n71(1 + p)'a(l — a)(1 — 7)Q(7)]° by the Euler equation,

(38), we obtain
l—a(l—a)r

T [ o

By %|T:TGM = 0, we can show %—IT]|T:TGM > (. This indicates that a marginal increase
in corporate tax rate exhibits only income effect and it is always positive at the growth-
maximizing tax rate. 8 By (34), we find that a feature of corporate income tax leads to this
result. The tax base of corporate income tax is the aggregate profit of the intermediate
goods sector, which is smaller than aggregate income by the distributional ratio for it,
a(l—a). Raising tax rate amplifies aggregate income through productivity growth and also
reduce the disposable income of household. Such a negative effect is relatively weak under
corporate income taxation as mentioned above and the net marginal effect is positive,
while positive and negative effects are canceled under household income taxation. One
can confirm it by (51). When the tax system is household income tax, we find that
the numerator of the first term of (51) is replaced by 1 — 7 according to the derivation.
Thus, the initial level of consumption depends on only growth rate, and hence, welfare-
maximization is equivalent to growth-maximization. This is the same result as Kafkalas et

al. (2014) and Chen (2003). In other words, Proposition 3 is a new insight for corporate

"See (34), (35), (37) and (38).
8Rigorously speaking, this is not enough to ensure the result of 1. of Proposition 3. Appendix C gives
a formal proof.
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income taxation in a general equilibrium framework.
As 2. of Proposition 3 suggests, the basic attribute dose not change when firms under-
state their profit. °
By similar algebra with (47), (48) and (49), we obtain the counterpart of (51):
l—al —ay(n)]7

R e e (et e P -

where (1) = 1/T'(7). Note that tax evasion by firms affects equilibrium consumption

through v(7) # 1 and 7 # 7 in this case.

9Cy :gg(l—av(ﬂ) [1— ol —ay(T)] E + ol — 7)7(7)
1+ p)ta (1 —ay(r)(1 — 7))

(53)

or F=rGM

The second term of the numerator of the lefthand-side, a(1 — 7)7/(7), is the additional
effect by tax evasion of firms. Since 7/(7) < 0, the positive effect of raising tax rate is
weakened under endogenous tax evasion. This is because each firm avoids a large reduction
of profit by adjusting their price when they face a higher tax rate, which alleviates serious
reduction of the (after-tax) capital income of household. Thus, the benefit from raising tax
rate to increase public service is relatively small in the case of tax evasion. Nevertheless,
the qualitative aspect of the result does not change because output itself is raised by the
promotion of R&D investment. Note that the second part of Proposition 3 holds in the
case of ¢ = 0. Since the firms can not be accused in this case, the incentive to evade the
tax is very strong. Hence, the strength of the effect mentioned above is at maximum for
g = 0. The second assertion of Proposition 3 indicates that the similar result to the first
assertion will also be true under the tax evasion even when it is most difficult to hold. We

confirm this in the next section by a numerical analysis of an extended model.

9Here, we should refrain from stating that a perfectly same result as the first assertion holds because
we can not show it in mathematically rigorous ways in the case of tax evasion. However, we will illustrate
WM > 7GM in such a case by a numerical example in Section 1. Besides, we could not find any
counterexample for a sufficiently wide parameter region. So that we conjecture that the same result as 1.
may be true.
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4 Quantitative Analysis

In this section, we explore some quantitative implications of the theoretical model.

4.1 An Extended Model

We start with a small revision of the model because the problematic restriction on the pa-
rameter lies in the previous form of production technology. It is that the output-elasticity
of public services a must be set to be consistent with the elasticity of substitution between
intermediate inputs 1/(1 — «). To resolve this, we change the production technology (1)
into

Ny
vieanly [ (@ Nowrd 54
0

where

a(Gy, N;) = GENL, 0<e<l. (55)

The composite externality (55) represents a combination of the role of knowledge spillover
as in Benassy (1998), together with productive public services as in Barro (1990). This
representation of the composite externality can be justified in following two reasons. First,
as will become evident below and as stated by Chatterjee and Turnovsky (2012), it helps
provide a plausible calibration of the aggregate economy, something that is generically
problematic in the conventional one-sector endogenous growth model.!® Under (54) and
(55), the output-elasticitiy of public services is § = ae(< «), which differentiates o from
the output-elasticity of public services. Second, all theoretical results obtained above are

unchanged by this transformation of the production function:
Remark. The qualitative results do not change in the extended model.
1. By replacing o with 3, Proposition 2 holds:

o Whenl1—q(l+s) <0, 76M =76M =3

10Chatterjee and Turnovsky (2012) consider the composite externality from physical capital as in Romer
(1986) and productive public spending as in Barro (1990) and Futagami, Morita and shibata (1993) and
conduct numerical analyses including growth and welfare effects. Our application of (55) is in line with
Chatterjee and Turnovsky (2012) because in our model, the stock of N; replaces the role of physical
capital and is both the engine of growth and the source of spillover and positive social returns to variety
as discussed in Romer (1986) and applied in R&D-based growth models as in Agion and Howit (1998),
Benassy (1998), Reretto (2007) and others.
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benchmark source

P 1.059 Axtell (2001)
« .8689 markup rate = .2
€ 1150 OlnY/0lnG = .1
T .3436 average of OECD countries
q .089 Fullerton and Karayannis (1994)
s 5 Fullerton and Karayannis (1994)
o 1.5 Jones et al. (1993)
p 0204 Jones et al. (1993)
L 1 normalization
AT ae /n 34.1870 growth rate = .02

Table 1: Baseline Parameter Value
o When 1 —q(1+s)>0, 7M™ > 76M > g3,
2. The same results as Proposition 3 hold.

Therefore, even though we take an additional externality (the spillover of knowledge)

into account, the basic property of the benchmark model is maintained.

4.2 Calibration and Results

To conduct numerical exercises, we set the baseline parameter value as in Table 1. Ap-
pendix provides the detail of our calibration.

The distribution of firms’ productivity is determined to make the curvature of the dis-
tribution function of firm sizes in the model equal that of the Pareto distribution estimated
with US data by Axtell (2001). This requires ¢ = 1.059. We choose o = 0.8689 for the
markup rate of firms to be 20%, which is a standard value of markup rate of firms with
market power (eg. Rotemberg and Woodford (1999)). We set the parameter to measure
the knowledge spillover, €, to 0.1150 in such a way that the elasticity of output to input
to public service equals 0.1. Although the estimates of the elasticity vary in some range
in the empirical studies, 0.1 is one of the reasonable values. ! Because the quantitative

result is not sensitive to the elasticity, we fix it to the baseline value. We have to set a

"From an empirical point of view, the output elasticity of infrastructure (or productive public services)
has estimated and examined using data from many countries. Recent empirical studies (e.g., Roller and
Waverman, 2001; Shioji, 2001; Esfahani and Ramirez, 2003; Kamps, 2006; Bom and Ligthart, 2014)
indicate that the output elasticity of infrastructure (or productive public services) lies in the range 0.1-
0.2, on average. More recent studies by Bom and Ligthart, 2014 and Caldeén et al. (2015) commonly
indicates that the output elasticity of infrastructure is around 0.1.
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baseline value of announced tax rate, 7. Since this model economy grows endogenously,
the balanced growth rate depends on 7. We put 7 = 0.3436, which is the average tax rate
of OECD countries adopted by Chen (2003). Of course, the announced tax rates in OECD
countries rapidly fall in recent years as Figure 1 shows, but we use the above old value by
the following reasons. First, we take the baseline value of detective rate and penalty tax
rate, (¢, s) from Fullerton and Karayannis (1994) as in Chen (2003). Second, the value of
7 does not affect strongly the levels of growth- and welfare-maximizing tax rates. So that,
the choice of the baseline value of 7 makes little difference in the quantitative implications
of our numerical exercises. We set ¢ = 1.5 and p = 0.0204 according to Jones et al.
(1993). These are the standard values used in quantifying growth models. We set L =1
for normalization. Finally, we choose the scale parameter, A, and the cost of developing

one intermediate good, 1 such that the balanced growth rate equals 2%.

growth—maximizing tax rates

—— announced rate
— effective rate

0.8

0.6

0.4

0.2

B

0.0 0.2 0.4 0.6 0.8 10

Figure 3: The relationship between the expected penalty rate and growth-maximizing tax
rates

GM GM

We compute the growth-maximizing announced and effective tax rates, 7% and 7
Figure 3 illustrates the result. Because the growth-maximizing tax rates depend on (not

q and s separately but) the expected penalty rate to tax evasion, ¢(1 + s), we show the
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relationship between ¢(1 + s) and 7™ (and 79M): See the proof of Proposition 2. The
growth-maximizing tax rates are decreasing in the expected penalty rate. This is because
the opportunity for tax evasions becomes smaller as the expected penalty rate become
higher. In such a case, the positive effect of raising tax rate, which is explained in Section
3.1, is very limited. Thus, the difference between the growth-maximizing announced and
effective tax rates is small. The growth-maximizing tax rates converge to the value of the
output-elasticity of public service as g(14 s) goes to 1. This means the continuity of equi-
librium allocation at the threshold between the cases of truth-telling and understatements,

qg(1+s)=1.

welfare

-22.5
|

-23.0
|

-23.5
|

-24.0
|

growth—-maximizer . welfare-maximizer

T T T T T
0.30 0.35 0.40 0.45 0.50

announced tax rate

Figure 4: The welfare-maximizing tax rate

Next, we analyze the welfare-maximizing announced tax rate. Figure 4 shows the
relationship between announced tax rate and social welfare for the benchmark parameter
value. Social welfare is a single-peaked function of tax rate in our model as usual economic
models. As Remark suggests, the welfare-maximizing tax rate is higher than the growth-
maximizing tax rate. The difference between them is 0.0107 in this benchmark case, and

we find it does not change so much according to parameter values. It is not surprising
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markup rate q 2 3 4 D 75

TGM 5419 4162 3437 2961 2625 2105
growth gain .0074 .0014 .00003 .0010 .0034 0127
WM 5608 4273 3018 3031 .2689 2165

FWM _ 7GM 0188 0107  .0082  .0070  .0064  .0060

Table 2: Summary of Quants (benchmark: markup rate = .2)

that the difference is small for various parameter values. The growth-maximizing tax rate
optimizes the trend of the path of consumption. When the government set the tax rate
far from the growth-maximizing rate, then the trend is strongly affected and it decreases
equilibrium welfare to a large extent even though the initial level of consumption is raised:
See Table 2 below.

Finally, we consider the quantitative implications. The markup rate is the key parame-
ter which can make a large difference in the quantitative aspect of in this model. Remember
that the theoretical key insights of our analysis come from the firms’ tax evasions together
with their pricing power. The policy effects primarily depends on the markup rate. There-
fore, we conduct the numerical exercises for the various markup rates. We focus on the
growth- and welfare maximizing tax rate, the difference between them, and the growth
gain by maximizing growth rate.!? Table 2 provides a summary of quants.

The growth gain by optimizing corporate tax is 0.14% for benchmark parameter value.
Since the growth rate in our model is the long-run growth rate, this gain seems not small.
This indicates that adjusting corporate income tax rate matters quantitatively.

For the benchmark parameter value, the growth- and welfare-maximizing tax rates
are 41.62% and 42.73% respectively. These values are much higher than the actual rates
in recent years in OECD countries but consistent with the estimate of Aghion et al.
(2016). To generate a welfare-maximizing tax rate as low as the average level of OECD
countries, markup rate is required to be higher than 50% according to Table 2, which is an

unrealistic level. So that, by this calibrated model, we obtain a quantitative implication

12\We define the growth gain as the difference between the maximized growth rate and benchmark growth
rate, 2%.
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that we should reflect the monotonically decreasing trend of corporate income tax rate in

the OECD countries.

5 Conclusion

This study investigates the optimal corporate taxation in an endogenous growth model
with endogenous tax evasion strategies by firms that are engaged in R&D activity and
have pricing power of intermediate goods. In our model, productive government services
(or infrastructure) increase output and marginal returns of R&D firms but its revenue is
under the influence of tax evasion strategies by R&D firms because it is financed through
corporate income tax. We show first that the growth-maximizing corporate tax rate ex-
ists, which is larger than the output elasticity of productive public services. Second, the
welfare-maximizing corporate tax rate are larger than the growth-maximizing one. Thus,
the optimal point of view, corporate tax should be larger than the output elasticity of
infrastructure. Our numerical exercises with plausible parameter values indicate that the
optimal level of corporate income tax rate is far larger than the level which is (or will be)

adopted in OECD countries. This result is also in line with the estimated value of around

40% by Agion et al. (2016).

28



References

[1]

[10]

[11]

Abiad, A., Furceri, D., and Topalova, P. (2016) The macroeconomic effect of public
investment: evidence from advanced econmics. Journal of Macroeconomics 50, 224—

240.

Agénor, P.R. (2008) Health and infrastructure in a model of endogenous growth.
Journal of Macroeconomics 30, 1407-1422.

Agénor, P.R.., and Neanisdis K. C. (2015) Innovation, public capital, and growth.
Journal of Macroeconomics 44, 252-275.

Aghion, P., U. Akcigit., J. Cagé, and W. R. Kerr (2016) Taxation, corruption, and
growth. Furopean Economic Review 86, 24-51.

Aghion, P., and P. Howitt (1998) Endogenous Growth Theory, MIT University Press,
Cambridge, MA.

Barro, R. J. (1990) Government spending in a simple model of endogenous growth.

Journal of Political Economy 98, 103-125.

Barro, R. J. and X. Sala-i-Martin (2004) Economic Growth, 2nd edition. Cambridge,
MA: MIT Press.

Benassy, J. P. (1998) Is there always too little research in endogenous growth with

expanding product variety? Furopean Economic Review 42, 61-69.

Bom, P.R.D., and J.E. Ligthart (2014) What have we learned from three decades
of research on the productivity of public capital? Journal of Economic Surveys 28,

889-916.

Calderén, C., Moral-Benito, E., and Servén, L. (2015) Is infrastructure capital pro-
ductive? a dynamic heterogeneous approach. Journal of Applied Econometrics 30,

177-198.

Chang S.-H., and Chang J.-J. (2015) Optimal government spending in and economy
with imperfectly competitive goods and labor markets. Southern Economic Journal

82, 385-407.

29



[12]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

23]

Chatterjee, S., and S.J, Turnovsky. (2012) Infrastructure and inequality. European
Economic Review 56, 1730-1745.

Chen, B. L. (2003) Tax evasion in a model of endogenous growth. Review of Economic

Dynamics 6, 381-403.

Esfahani, H.S., and Ramirez, M.T. (2003) Institutions, infrastructure, and economic

growth. Journal of Development Economics 70, 443-477.

Futagami, K., Y. Morita, and A. Shibata (1993) Dynamic analysis of an endogenous
growth model with public capital. Scandinavian Journal of Economics 95, 607-625.

Ghosh, S., and U. Roy (2004) Fiscal policy, long-run growth, and welfare in a stock-
flow model of public goods. Canadian Journal of Economics 37, 742-756.

Glomm, G., and B. Ravikumar. (1994) Public investment in infrastructure in a simple

growth model. Journal of Economic Dynamics and Control 18,1173-1187.

Kafkalas, S., P. Kalaitzidakis, and V. Tzouvelekas (2014) Tax evasion and public
expenditures on tax revenue services in an endogenous growth model. Furopean Eco-

nomic Review 70, 438—453.

Kalaitzidakis, P., and S. Kalyvitis (2004) On the macroeconomic implications of main-

tenance in public capital. Journal of Public Economics 88, 695-712.

Kamps, C. (2006) New estimates of government net capital stocks for 22 OECD
countries, 1960-2001. IMF Staff Papers, 53, 120-150.

Peretto, P. F. (2007a) Corporate taxes, growth and welfare in a Schumpeterian econ-

omy. Journal of Economic Theory 137, 353-382.

Peretto, P. F. (2007b) Schumpeterian growth with productive public spending and

distortionary taxation. Review of Development Economics 11, 699-722.

Romer, P. (1986) Increasing returns and long-run growth. Journal of Political Econ-

omy 94, 1002-1037.

30



[24]

[25]

[26]

[27]

Roller, L.-H., and Waverman, L. (2001) Telecommunications infrastructure and eco-
nomic development: A simultaneous approach. American Economic Review 91 909—

923.

Rotemberg, J. and Woodford, M. (1999) Oligopolistic Pricing and the Effects of Ag-
gregate Demand. Journal of Political Economy 100, 1153-1207.

Shioji, E. (2000) Public capital and economic growth: A convergence approach. Jour-

nal of Economic Growth 6, 205-227.

The Internal Revenue Service (2016) IRS Data Book, downloadable at
https://www.irs.gov/pub/irs-soi/16databk.pdf.

Turnovsky, S.J. (1997) Fiscal policy in a growing economy with public capital. Macroe-

conomic Dynamics 1, 615-639.

31



Appendix
), (b) d(7/7)/dr >0, (c) d(7/7)/d(q(1+

A Proofof(a) > 7 € (0,
s)) <0 and (d) d7/dr > 0.

14+aq(1+s)
14+a

Let us define
g =)l —g( 4 s)]7
yr)=0L(r)" =1- =gt s)r (<1). (A.1)
Substituting (9) and (17) into (8), we have
; = [1—q(1+3)]%+q(1+8) (A.2)

First, (a) £ < 1 is obvious because of
1—
° 1) <0
7)

— +q(1+s)—1:[1—q(1+s)](1_047(

[1—q(1+ S)]m
1+ ag(l+s) and

Y

where, y(7) <1 and 1 —¢(1+s) > 0.

From the definition of v(7) and (A.2), liin% = 0 and ll_%% = T+ a
therefore we have 7 € (0, %(3;5))

Second, (b) d(7/7)/dt > 0 is obvious from the following reason. From the definition

of (1), we obtain
(A.2) and (A.3) lead to d(7/7)/dT > 0.
Third, we prove (d) d(7/7)/d(g(1 + s)) < 0. From (A.2),
(=) (A4)

S +[1—Q(1+3)]m7

_dGfm) oy l-a
d(q(1+ s)) 1—an(7)

> 0 because (1) < 1 and dvy(7)/dg(1+ s) > 0

d( 171;';:27) )

where 1 — 1—104_7067) > 0 and ICES)
Therefore, d(7/7)/d(q(1 +s)) < 0.
Finally, we prove (d) d7/dr > 0. From (A.2),

[1—av(7) +amy(7)] +q(1 + s)

(A.5)

& [1-g+s)i-a)
dr [1— ay(7)]?
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In the following, we show that 4 > 0 for any 7 € (0,1). From (A.5), 2 > 0 if and only if

: 1 — o (n)Pe(1 + 5)
1 —ay(1)+ary (1) > — T=g( £ 9](1=a) (A.6)

From +/(7) < 0 and ~"(7) < 0,

d

d—[l —ay(7r) +ary/ (1)) = amy"(1) <0 (A.7)
.

This indicates that the LHS of (A.6) is decreasing in 7. Furthermore, it is obvious that

the RHS of (A.6) is decreasing in 7. Thus, % > 0 for any 7 € (0, 1) if the minimum value

of the LHS of (A.6), 1 —avy(1) + ary/(1), is larger than the maximum value of the RHS,

1—av(0)]%2q(1+s . —a .
_[[l—qz/l(—l-)s])]q((lj'a—)), By using ’7(0) =1, ’Y(l) = a and 7/(1) = —m, we obtain

, [1—ay(0)Pq(1+5)\ (1 —a)[l —ag(l+s)]
1—047(1)—1—047'7(1)—(—[1_q(1+8)](1_a))— T— 19 >0, (A.S)

and therefore 2 > 0 for any 7 € (0,1).

B Proof of 2. of Proposition 2

From (49) and (48), growth maximization with respect to 7 is equivalent to

v(7)

a 1 l-—a
e J(7) = (1 = )75 (1 = an ()P () (=20 =) @)
subject to (A.2): T =[1—¢q(1+ S)]% + q(1 + s). The first derivative of f(7) is
1 a 1 a dr 1 1 a
1=\ __ _ - A _ _
FO= T "1z "1 |30 T 1-atai(
=01 (7) —0s(r)
(B.2)
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It is obvious that Uy (7) = —ﬁ + ﬁ% = (l_f;% > 0 for 7 < o. We next show that

the sign of Wy(7) is negative for 7 < a.

signWs(7) = [1 — ay(7)][1 — a + a®y(7)] = Y(7)[1 — a + a®y(7)] — ar(7)[1 — ay(7)]
= —ay(7)* = (1 = )[(L + 2a)y(7) — 1] (B.3)

Here, signWs(7) satisfies the following properties: (I) and (II). (I) signWy(7) is quadratic

function with respect to v(7) and signWs(7) = 0 has a unique solution v(7)* for v(7) > 0

that satisfies W(y(7)*) < 0. (II) signWy(7) < 0 for v(7) > 5.

Furthermore, (A.1) and (A.2) indicate that (7) is increasing in ¢(1 + s) and when
q(145)=0,7(1) =1-(1—a)7, 7 = = and y(7==) = 1==% hold. From {== L —

1 1—af 1—af 1—af 1+2a

a—7+a(l—7)
(1—a7)(142a)

7 < a. Combining ¥;(7) < 0 and W(7) < 0 for 7 < a with 7/(7) < 0 ((A.2)) and £ > 0

> 0, we obtain v(;==) = =% >

l—a7

55 for 7 < . Thus, signWy(7) < 0 for
(Proposition 1-2), we obtain f/(7) > 0 for 7™ > a. From the discussion so far, we find
that if the growth-maximizing effective tax rate, 7, exists, 7 > « holds.

Next, we derive the condition under which the existence of 7¢™ is ensured. From the

definitions of Wy (1) and Wy(7) as well as v(1) = a, /(1) = _1711(_115) and (A.5), we obtain
Il+aq(l+s)\ (1+a)a—1+a{a—q(l+s)}]
‘Ijl( 1+a ) a(l—a)[1—q(1+s)][1+ ag(l+s)] (B4)
(—)(i-atad)-a
(1) = all —a?)(1 —a+a?) (B:5)
dr 1 (1+a)?
tim dr iy dr/d7 1+ a(l+a)q(l +s)’ (B.6)
From (B.2), (B.4), (B.5), (B.6) and 7/(1) = ——1_;(_&5),
1+ ag(l+5s)
/ ( 1+« ) <0
if and only if
a-ltafo—g(+s) _afl-o)i-ata)-a) _ oo

1+ aq(l+s) (1—a+a?)l+a(l+a)g(l+s)
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Therefore, if (B.7) is satisfied, at least a growth maximizing effective tax rate, 7, in
7€ (a, %(st)) exists.

C Proof of Proposition 3

Proof of 1.

The maximization condition of social welfare is %—g = 0. By (50), this is equivalent to

0
o —1r1—0
[1 (1+p) g } or

C g
S+ (L+p) gL =0, (C.1)
T
Besides, by (51),

0Cy n(l+p)[l—a(l—a)., 1—a(l—a)r g g

ro—1
= = === C.2
or  al—a)| (1—7)2 g+ 1—7 9 ar] " "Tor (€2)
Substituting (C.2) into (C.1) and rearranging it, we have
9 n[l-(+p) g GRS 3
or K ’ '
where
i l+p)l—a(l—a)r] ., _ o
K = 1—1(1 1rl—0 ( o—1 1 1 IC o
Substituting (51) into the above equation, we obtain
et —al—a)r] o, l—a(l-a)7
K — 1-(1 1rl—0 ( o—1 —1! >0
=0+ I = a7 e w0
1

Therefore, by (C.3), we find that

5
g9 <0.

or F=rWM

GM<7'

It implies T WM hecause g is a single-peaked function of 7 (see (38) and (39)).
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Proof of 2.

Since sign{%|,_ an} = sign{Z2| _ aun}, we show Z2| __an > 0 for ¢ = 0. By (52), it

P
holds when Jy > 0, which is defined by

Jo=(1—ay(r)) [1 —a(l - Oé’)/(T))} Z—: +a(l = 7)Y (7). (C4)

1};’27)} 7. Hence, utilizing

Through simple algebra, we have y(1) =1— (1 —a)7 and 7 = |
these, (C.4) can be rearranged into Jy = Jy - J(7), where

- [1-a(l—ay)](1-a)
Jo = (1—ay(m))[l —a(l—a)1 - a7)] >0,
J(r) =1 —a)[1—a+a(l+a)7]. .

Equation (C.5) ensures that J(7) > 0 for any 7 € [0,1]. This completes the proof.

D Proof of Remark

Under the production technology of the final goods: (54) and (55), the wage rate: (2) and

the price of intermediate goods: (3) are rewritten into w; = (1—a)Ly} fo a(Gy, Ny)x;p)*di =

(1—a) Ytt and p;y = ALy, “a(Gy, Ny)*afy ", respectively. Other equations remain un-

changed with the exceptions as follows. 375' L and dm tin (19) are changed into
37rit 1 Wy
55 = Ly (0A)T-= aa(Gt,Nt)l g P (O )bt —ab+ — ),
Dit Dit
67~Ti,t _1 _o ~—ﬁ
55 —aLy(aA)T=a(Gy, Nt)lfapi’t
Dit

In the case of (i) 1 —¢(1+s) <0, (39) changes into

Yo vt (1 - (1 — ) s (1 — o) hatts (— L) JURAC -
N, vr l—a+a? b
D.

_1
This results in transforming (40) and (41) into 2z, = " o[{f (lT(lT)S)a?K)Z?S(Tg}I/ ~ and 2* =

[1—7(1 —a)oQ(F) — '~ s{B(1 — 7)(1 — a)aQ(7)}/7, respectively.
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In the case of (ii) 1 — ¢(1+ s) > 0, (49) is changed into

=47 (1= 07 (1= T @) ) o} {0 - ) s (i)

This results in that 7™ = argmax(1 — %)?iﬁ(l — om(T))ﬁ'y(T)*i%g (%)m
(B.7) in Apendix B is changed into

B-1+a{f-q(l+s)}  of(l-0a*)(1-a+a’)—a}

, D.3
1+ aq(l+s) (1—a+a?)[1+a(l+a)g(l+s) (D-3)
because (B.2) changes as
1 6 1 o dr 1 1 Q
l(~\ __ _ - - / _ _
F0) = \1—7~'+1—B7~; +1—ozd7~'7<7-) \7(7) 1—avy(r) 1—a+a2fy(7')j ’
—, (7) =0s(r)
(D.4)
where ¥, = a g(_ " > 0 for 7 < 8 and sign¥s(7) < 0 for 7 < (3 because ’y(l_fa%) =
Itaq(l+s) | _ _ (+o)[B—1+o{B—qg(1+s)}]
17 1+2 <. and ¥, ( I+a ) T a(1-B)[1—q(1+s)][1+aq(1+s)]

E A detail of calibration

We seek to obtain quantitative implications for the case of tax evasions for OECD countries.

e The distribution of productivity is set in such a way that the distribution of firm

size is set to the Pareto distribution which is estimated by Axtell (2001).

By (42) and (43), letting NV, = 1, we have

T; a? L o

—_— = I-a
b; (I=a)l'(7) +a?] [pTadF(b) *
=B
where I'(7) = 1—q(lte)r . This is the size of intermediate good firms.

1—g(1+s)7—(1—a) [1—q(1+5)] T
To make its distribution be a Pareto distribution, we set the distribution of b to the
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Pareto distribution with scale parameter ¢ > 0 and shape parameter v» > 1. Then,
letting SCALE = B¢, because fb%dF(b) = %qﬁ in B, the distribution of firm
size is the Pareto distribution with scale parameter

a? P —1

SCALE = (1—a)l(1)+a%

L (E.1)

and shape parameter ¢. Since the shape parameter is the most important factor of
firm distribution, we set ¢ = 1.059 according to the estimate of Axtell (2001) which
uses US data.

e Next, we control the markup rate of intermediate good firms. Letting the markup
rate be p, by (14),

?Zl‘i‘,& (E.2)

As the benchmark value of u, we adopt 0.2, a usual value of macroeconomic model

with imperfect competition. 3

e We set 7,¢q,s and f exogenously since these are policy parameters. We make use of
these as free parameters if necessary. For the source of them, see Table 1 and the

text.

e For (E.1) and (E.2), there is four undetermined parameters, a, L, SCALE, and ¢.
Here, we put L = ¢ = 1 and determine a and SCALE by (E.1) and (E.2). Note
that productivity b follows the Pareto distribution with scale parameter $pTa and
shape parameter %w since we assume b= follows the Pareto distribution with
scale parameter ¢ and shape parameter ). Because the scale of productivity may
be arbitrarily fixed whenever the distribution of firm size is properly controlled, we
set ¢ = 1. We simply normalize L = 1. Since the number of the intermediate
good firms is a continuum, the minimum of firm size among them does not have to
correspond to the minimal number of employee in actual data (and only the shape of

the distribution, the curvature of density function, matters). Thus, we do not care

13For example, Rotemberg and Woodford (1999) adopt this value. However, because markup rate is a
key parameter of our analysis, we conduct numerical exercises for alternative values. See Table 2.
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about the magnitude of parameter SCALE, which is determined by (E.1) for given «
and the other parameters. Parameter « is pinned down by the condition of markup

rate, (E.2).

Finally, we explain the determination of a. By long but straightforward algebra,
(E.2) can be rearranged as the quadratic equation with respect to a: ®ya? + & +
®y = 0, where @ = (14 p)[1 —g(1 + s)]7, &1 = (L + p)(1 — 7) and &y = —[1 —
q(1+ s)T]. By &, > 0 and ®; > 0, a necessary and sufficient condition for a unique

solution in (0, 1) is @y < 0 and P9+ Py + $y > 0, which holds for any parameter set.

7<I>1+\/ @%74@2@0

20,

The solution is given by a =
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