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Abstract

This paper analyzes the growth and welfare effects of deficit-financed public investment using
an overlapping generations model with private and public capitals. We demonstrate that the
productivity effect of public capital and the weight of the utility from private consumption in the
retired period are essential factors for the growth and welfare effects of deficit-financed fiscal policy.
For instance, a higher intensity of public capital and survival rate support deficit-financed public
investment.
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1 Introduction

Debt-financed public investment influences intergenerational welfare via different long-term benefits
and costs. Intuitively, an increase in longevity increases the benefit to future generations from such
public investments. Musgrave (1939) presented the concept of the golden rule of public finance as one
way to execute capital investment along with the pay-as-you-use principle.! Numerous studies have
investigated the macroeconomic effects of deficit-financed fiscal policy, including the golden rule and
its variations (Greiner and Semmler 2000; Ghosh and Mourmouras 2004; Greiner 2007, 2010; Minea
and Villieu 2009; Groneck 2011; Tamai 2014, 2016; Ueshina 2018).

In particular, Minea and Villieu (2009) demonstrated that the golden rule of public finance could
improve intertemporal welfare compared with balanced-budget rules even though it negatively impacts
long-run economic growth. Furthermore, Groneck (2011) showed that the golden rule had positive
effects on both long-run growth and welfare. He mentioned that positive growth effects were observed
only if public consumption expenditures were lowered in the long run.

However, the effects of debt-financing public investment on intergenerational welfare have not
been sufficiently studied in terms of their properties. This reflects the fact that previous studies
assumed that the representative household is infinitely lived. However, public debt serves as a form
of intergenerational transfer. If the government issues public debt to invest in public capital, then the
benefit accrues not only to current individuals but also to future ones. To capture this mechanism
clearly, an overlapping generations model should be used. Furthermore, the present study incorporates
the probability of death, making it possible to analyze how longevity affects economic circumstances
and government policy under a population aging.

Recent studies have investigated the effects of public investment with debt using an OLG model
(Yakita 2008; Arai 2011; Teles and Mussolini 2014). These studies analyzed the fiscal sustainability
and did not focus on the intergenerational effects of debt-financed public investment. By contrast, this
paper examines the growth and welfare effects of debt-financed public investment. The paper shows
that there exists a the growth-maximizing tax rate and a fraction of deficit financing. Furthermore,
we also derive the welfare-maximizing tax rate and fraction of deficit financing.

The remainder of this paper is organized as follows. The next section describes the basic setup of our
model and characterizes the stationary equilibrium and its transitional dynamics. Section 3 examines
the growth and welfare effect of debt-financed public investment. Finally, Section 4 concludes this

paper.

2 The model

We consider an overlapping generations model in which each individual lives for two periods. In the
first period, young individuals supply one unit of labor inelastically, and retiring during the second
period. Each individual faces the risk of death. Then, the (expected) lifetime utility function for the
individual born at period t is

Uy =logcf + plogcyyy (1)
where ¢} is the consumption for the young in the generation ¢, ¢, ; is the consumption for the old in
the generation ¢, and p is the survival rate (p > 0). The budget equations are as follows.

C% = ﬁ;t — St, (2)

Rit18t

s = , 3
t+1 » (3)

IThe golden rule and its variations were legally adopted by some countries between 1985 and 2014 (e.g., Brazil, Costa
Rica, Germany, Japan, Luxembourg, Malaysia, and the United Kingdom). The golden rule incorporates the possibility
of borrowing to finance productive public investment that has the potential to pay for itself over the long-term with a
balanced current budget (IMF, 2014, Ch. 3).



where w; is the post-tax wage rate, Et+1 is the post-tax interest factor, and s; is the saving.
Solving the optimization problem, we obtain the saving function as follows.

St = B{Eta (4)
where »
=T
Note that the value of 3 increases with p.
The production function is
ye = Akfgy L, (5)

where y; is the output, k; is the private capital, g; is the public capital, and I; is the labor. We assume
that public capital is labor-augmenting and taken as given for each firm. Using the marginal principle,
we obtain the interest factor and wage rate:

L (6)
we o= (1—a) Akfglon e, (7)

The government issues public bonds and taxes household labor income to finance the government
expenditures for the interest payments and public investment in infrastructure. The government’s
budget equation is as follows.

biy1 = Riby + geq1 — [Te Ry (ke + by) + Trwely] (8)

If there is 100% depreciation of capital (not an important assumption), then I; = K;;1 holds. The
clearing condition of asset market is
5t = b1 + ki1 9)

Using this and equations (2), (3), (6), (7), and (8), Walras’ law holds.?

We introduce the following deficit-financing rule. The government finances some fractions of public
investment in infrastructure (0 < n < 1) by issuing public bonds. Formally, it can be described as
follows.

bit1 = Ngir1 (10)

Equations (8) and (10) lead to
T—(1—=7)anz,

1—n

Je+1 = Yts
where x; = ¢;/k:. Equations (4) and (9) yield
kipn = Bw— by
(1 =) (1 =7) By — nge+1-

Using the equations of private and public capital accumulation, we obtain

T—(1—7)anz;
I-a)A=-n)@X-7)8—n[r—(1—7)anz

=9 (), (11)

Tt41 =

21t can be verified as

ye = cf +pcf+ker1+git1
wily — beyr — kg1 + (bt + ke) Re + ki1 + (ber1 — Rebt)
wily + Riky = yi.



where

T
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The slope of ¥ is

) — (L-a)(L—n)(1-7)"apy 0
Ly g sy s ps TR

Since 1) is continuous and monotonically decreasing with x in the closed interval [0, Z], there exists a
unique stationary equilibrium that satisfies x;11 = x;. If « is sufficiently small or if § is sufficiently
large, ¢’ (z)] < 1.

From x = 4 (z) and equation (11), we obtain

VA=) =7 (1—m B+ -7)an—nr> +4(1—r)arp? = [(1—a) (1 =) (L =) B+ (L 7) an — 7]

r= 2(1—171)an?
In particular, we have
.
r = — fornp=0,
-—aya-np "
T
= ——— f =1
v 1—7)a "

The equilibrium growth rate is

y St _ R (1-a)(1—7)BAz"
G Ky 1+ nx '

3 Growth effects of fiscal policy

This section analyzes the growth effects of deficit-financed fiscal policy. Note that we have two bench-
marks to evaluate the growth effects of the fiscal policy: balanced budget (n = 0) and the golden rule
of public finance (n =1). Using x = ¢ (z) and equation (11), we have

oz _ o 4 (1 —a) (1 =) fz+ (1 + a) g + 1 12)
or 2(0-nanz+(1-a)(1-7)(1—-n)B+1—7)an—n7’
or I-nl-a)f—al+T7—-2(1—71)anx - (13)
on 20-mar+(1-a)1-7)1=n) B+ 1 —7)an—nT""
Using equation (12), the growth effects of a change in 7 is
Loy 1 10x nr 10x
vor - T TV T T .

Equation (14) provides the following proposition:

Proposition 1. For any given n, there exists a growth-maximizing tax rate, satisfying

e
T<—<1l-a.
o
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(Proof) Taking the limit of (14) leads to
1 1 1
mf@ = —14(1-a)lim 1oz ~lim | 10x
=0y OT =0 \ x 0T =0 |14+ nxx ot

- Lo im L — N
B 1+(1—a)(1—n)ﬂ+anlﬂo<fﬂ) (1-—a)(1—=n)B+an

= +o00
where
y dr an’x0+(1—a)(1—n)Bx0+(1+a)px0+1
Soor 2l—1)an?x0+(1—a)(1—n)B+an
1
(- -n)pB+an
. Vit—a) (L =n) B+ anf ~[(1—a) (1 — ) B+ an]
limx = =
T—0 20[172

Similarly, we have

10 1 10 10
lim -2 = —lim—— + (1 —-a)lim i IR T (e
=1y 0T r—=11—7 r—=1\z 0T =1 |14+ nzxor

. 1 . 10z
= —lim———-alm|—-——)=-x
T—11—17 T—1\xOT

These results show that there exists a tax rate to maximize the equilibrium growth rate.

A change in the tax rate has a directly negative effect on private capital accumulation through a
decrease in disposable income and an indirectly positive effect on private capital accumulation via an
increase in public capital accumulation. Both private and public capital accumulation are sources of
economic growth. Therefore, the growth-maximizing tax rate exists in the range (0,1). Setting the
parameters as (a, 8,1, A) = (0.2,0.5,0.1, 1), numerical analysis provides Figure 1, where the inverted-U
curve is shown.

Differentiating growth rate with respect to n derives

10y 1—adx T+ng

il A — . 1
v On x On 1+nz (15)




From equation (14), we obtain the following result:

Proposition 2. For any given 7, there exists a growth-mazimizing fraction of 1 to finance public

ivestment by issuing bonds if

(1-a)[(l-a)8-a]
a+r (- [l-a)f—a]

l-a)f>aand T <

In contrast, a rise in n decreases the equilibrium growth rate if (1 —a) B < a.

(Proof) The limit of equation (14) is

limlal = lim 1—0{@_1“5‘77%2
n—0y On n—o0| x On 1+ nx
B l-a)l-7)[1-a)B8—a]—ar
B I-a)(1-7)3 -0
1-a)[l-a)B-a] = (1-a)f-«

B S (I R ey

Note that
limdjz(l—T)[(l—a)ﬁ—a}+T T .
n—0 dn l1-a)(1-7)p l-a)(1-7)p
When (1 - )8 < a, lim, g 0v/0n < 0 holds.
We have

(1-a)[1-a)f—q
at(l-a)[(1-a)f—-qd

l-a)f-a—-a—-—(1-«

0w = e {EEREE
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)
)

Taking another limit, we obtain

pn L0v _ (=) (1-7n)[l-a-7]f-(1-a)a
7]—>1’)/8’I7 [(1_7_)04_"_7_}2 .

Note that
limd—x—(l_T)[(l_a)ﬁ_a]_T T
n—1ldn 1-7)a+T 1-7)a’

lim,, 1 0y/0n < 0 holds if

1-a)[l-a)8-d

(1_a)ﬁ>aandT<onr(lfoz)[(l—a)ﬂ—a]'

The result when (1 — «) 8 < « implies that deficit-financing slows down economic growth (e.g.
Minea and Villieu 2009; Kamiguchi and Tamai 2019). However, if (1 —a) 8 > «a (the productivity
effect of public capital is sufficiently large), the result supports deficit-financing to enhance economic
growth. This theoretical result seems to be consistent with some empirical findings asserted in IMF
(2014). Based on (a, 8,7, A) = (0.2,0.5,0.4,1), the relation between n and ~ is illustrated in Figure
2. The graph exhibits the inverted-U curve.

|
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4 Welfare effects of fiscal policy

We assume that the government’s objective function is based on existing individuals. Specifically, the
welfare function is given by?3

Wo plogcg + pflogcg + plog ey |

plog(1—7)+p{(1+p)log(1—7)+pllog(1—7)+ (1 —a)logz] }. (16)

1R

The first-order derivatives of equation (14) are

Wo _ pt+p(+2p) (A—a)updx

or 1—7 + x or’ (17)
oWy  (1—a)upox

on T on’ (18)

Using equation (17) yields the following result:

Proposition 3. For any given n, there exists a welfare-maximizing tax rate.

(Proof) The limits of equation (17) are

. OWy . (I—a)upox
fm e = e i T = oo,
and
lim—avv0 = —limp+u(1+2p)+lim (l—a)up@
r—1 Ot =1 1—7 =1 x or
g PR +a)p]
T—1 1—7

Regardless of 7, a rise in the tax rate directly reduces welfare via a decrease in disposable income
and indirectly raises welfare via an increase in public investment.* Therefore, we can find the tax rate
to maximize the welfare in the range, (0,1). Numerical simulation gives the relation between the tax
rate and welfare as the graph in Figure 3, indicating the existence of the welfare-maximizing tax rate.

Finally, equation (18) leads to the following proposition:

3This equation takes an identical form as the static voting problem.
4For instance, in the case of a balanced-budget (7 = 0) or the golden rule of public finance (n = 1), it is easily verified.
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Proposition 4. For any given 7, there exists a welfare-maximizing fraction, n, to finance public
investment by issuing bonds if

(1-a)f—a

l-a)f>aand > t(0-af—a

On the other hand, a rise in n decreases the social welfare if (1 — ) 8 < .

(Proof) The limits of equation (18) show

W, 0
Sgn%ii% 8770 sgn%ii%a—i>0©(1—a)ﬁ>a,
. OW . Oz l-a)f-a«
1 = lim — .
sgnnlém1 o Sgn’rll—>nll8’l7<0<:>7->1+(1—O()ﬁ—04>0

As shown in Proposition 2, (1 — «) 8 > « is necessary to ensure a positive growth effect of deficit-
financing. The same condition must hold for a positive welfare effect because a negative growth effect
has a negative welfare effect. If such a condition is not satisfied, the deficit-financing fails to improve
welfare. Figure 4 illustrates the graph that exhibits the relation between n and Wy. It shows the
inverted-U curve, which means the existence of a welfare-maximizing level of . Then, we have an
interest at the exact levels of 7 and 7 to maximize welfare. Numerical analysis provides the answer;
(t,m) = (0.216,0.852). The result implies that 85% of public investment expenditure should be financed
by public bonds.

5 Conclusion

This paper investigated the growth and welfare effects of deficit-financed public investment using the
OLG model with private and public capital. It was shown that the productivity effect of public capital
and the weight of the utility from private consumption in the retired period were essential factors
to determining the growth and welfare effects of deficit-financed fiscal policy. For instance, a higher
intensity of public capital and survival rate support deficit-financed public investment.

Considering future direction studies, incorporating the intergenerational transfer into our model
will be a worthwhile examination. Both private and public transfers play a key role in conveying the
benefit from young to old and vice versa. The growth and welfare effects of fiscal policy are influenced
by these transfers. Second, we simplify the government’s decision-making (i.e. growth-maximizing
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and welfare-maximizing) by assuming time-invariant rates of policy instruments. However, the policy
will be changed over time via the economic environment and political mechanism. Thus, a dynamic
approach of political economy will be fruitful to illustrate the economic situation and to obtain further
insight on deficit financing. Our simple model provide a robust analytical basis to analyze these topics.
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