Discussion Papers In Economics
And Business

Intergenerational policies, public debt, and economic growth:
a politico-economic analysis
Real Arai, Katsuyuki Naito, Tetsuo Ono

Discussion Paper 18-12

Graduate School of Economics and
Osaka School of International Public Policy (OSIPP)
Osaka University, Toyonaka, Osaka 560-0043, JAPAN



Intergenerational policies, public debt, and economic growth:

a politico-economic analysis

Real Arai, Katsuyuki Naito, Tetsuo Ono

Discussion Paper 18-12

April 2018

Graduate School of Economics and
Osaka School of International Public Policy (OSIPP)
Osaka University, Toyonaka, Osaka 560-0043, JAPAN



Intergenerational policies, public debt, and economic
growth: a politico-economic analysis*

Real Arail Katsuyuki Naito! Tetsuo Ono®

Abstract

This study presents a two-period overlapping-generations model with endoge-
nous growth. In each period, the government representing young and old gener-
ations provides a public good financed by labor income taxation and public debt
issuance, and the government’s policies are determined by probabilistic voting.
Increased political power of the old lowers economic growth. A debt-ceiling rule is
considered to resolve the negative growth effect, but it creates a trade-off between
generations in terms of welfare.

JEL classification: D72; H41; H63; 043
keywords: public debt; probabilistic voting; Markov perfect equilibrium; eco-
nomic growth

*This is a merged version of two earlier papers: Arai and Naito (2014) and Ono (2015).

tDepartment of Management, Kochi University of Technology, 2-22, Eikokuji, Kochi City, Kochi
780-8515, Japan. E-mail: arai.real@kochi-tech.ac.jp

fFaculty of Economics, Asia University, 5-24-10, Sakai, Musashino, Tokyo 180-8629, Japan. E-mail:
k.naito.71@gmail.com

$Graduate School of Economics, Osaka University, 1-7, Machikaneyama, Toyonaka, Osaka 560-0043,
Japan. E-mail: tono@econ.osaka-u.ac.jp



1 Introduction

In nearly every developed country, the government finances the cost of various types
of public good provision by issuing public debt. Public debt issuance affects household
savings and thus, has crucial effects on long-term economic growth and welfare. Several
studies show that public debt crowds out physical capital accumulation and so slows
down economic growth (e.g., Saint-Paul, 1992; Josten, 2000; Brauninger, 2005). This
model prediction fits recent empirical evidence (e.g., Checherita-Westphal and Rother,
2012; Reinhart, Reinhart, and Rogoff, 2012; Kumar and Woo, 2015; Chudik, Mohaddes,
Pesaran, and Raissi, 2017).1

Public debt issuance implies an inter-temporal transfer of income, because debt
repayment costs are passed onto the future. This suggests a conflict over fiscal pol-
icy among different generations, giving fertile ground for politico-economic analysis of
public debt. Given this political background, several studies analyze the politics of pub-
lic debt in overlapping-generations frameworks (e.g., Song, Storesletten, and Zilibotti,
2012; Miiller, Storesletten and Zilibotti, 2016; Rohrs, 2016). However, these studies
abstract from physical capital accumulation and thus, show nothing about how public
debt affects capital accumulation and economic growth via the political process.

Two notable exceptions are Cukierman and Meltzer (1989) and Barseghyan and
Battaglini (2016). Cukierman and Meltzer (1989) consider majority voting on debt-
financed social security in an overlapping-generations model with a neoclassical pro-
duction technology. The authors assume that within a generation, there are two
types of agents, bequest-constrained and unconstrained agents, and focus on an intra-
generational conflict over fiscal policy. An intergenerational conflict is inherent in their
model, but little attention is given to that conflict and its impact on growth and welfare
across generations.

Barseghyan and Battaglini (2016) present an infinitely lived agent model demon-
strating economic growth via technology accumulation. Within this framework, they
consider fiscal policy determined through legislative bargaining, and investigate its im-
pact on economic growth. In particular, they use the model to evaluate the welfare
implications of an austerity program that reduces debt below a given debt-ceiling level.
However, their analysis is silent on the issue of intergenerational conflict owing to the
model assumption of the infinitely lived agent.?

To resolve the above-mentioned issues, this study presents a standard two-period
overlapping-generations model with physical capital accumulation. Each individual
lives two periods, youth and old age. We assume a technology represented as a Romer
(1986)-type production function to demonstrate endogenous growth. The government

IThe relationship between public debt and economic growth has been discussed in recent years.
Some studies find no evidence of causal effects of public debt on economic growth (e.g., Panizza and
Presbitero, 2014). However, many studies show negative effects of public debt on economic growth.
Our analysis is based on the latter group of empirical studies on public debt and economic growth.

2The politics of public debt are also analyzed in a companion paper by Ono (2018). His model
includes unemployment, and thus, the focus is rather on the intra-generational conflict between the
employed and unemployed.



provides a public good financed by labor income taxation and/or public debt issuance.
The policies are determined in a probabilistic voting modeled by Lindbeck and Weibull
(1987), in which in each period, a weighted sum of utility of the young and old is
maximized in a competition between political candidates. Specifically, we focus on
Markov perfect equilibrium in which policy proposal today depends on the current
payoff-relevant state variables, namely, physical capital and public debt.

Based on the above setting, we first demonstrate a case in which the government
is allowed to issue public debt in the absence of any legal rules or constraints. We
show that the ratio of public debt to GDP decreases as the political power of the old
increases. Greater power of the old incentivizes the government to increase public good
expenditure. To finance increased expenditure, the government issues more debt and
raises the tax rate. A rise in the tax rate in turn works to control public debt issuance.
Thus, there are two opposing effects on debt issuance and in the present framework,
the negative effect is shown to outweigh the positive one.

We also show that the ratio of capital to GDP decreases as the political power of
the old increases. The two opposing effects on public debt issuance imply that, given a
crowding-out effect of public debt, there are two opposing effects on capital formation.
In addition, there is a negative effect on capital accumulation via a rise in the tax rate.
Taking these effects together, we show that increased political power of the old results
in a decrease in the ratio of physical capital to GDP. In other words, the growth rate
decreases as the political power of the old increases.

In reality, several developed countries have introduced fiscal rules to control their
debt issues from the viewpoint of fiscal sustainability. For example, the Maastricht
Treaty convergence criteria require EU member countries to keep public debt within
60% of GDP. In the United States, the total amount of new bonds that can be issued is
limited by the Second Liberty Bond Act of 1917. However, in Japan, there is no such
law associated with public debt issuance, although Japan has experienced the highest
debt-to-GDP ratio among Organisation for Economic Co-operation and Development
(OECD) countries for the past decade.

Motivated by these contrasting examples, we undertake the analysis in the presence
of a debt-ceiling rule that controls the ratio of public debt to GDP. We show that the
introduction of the debt-ceiling rule mitigates the crowding-out effect, raises the growth
rate, and thereby improves the welfare of future generations. However, to compensate
for the loss of revenue from issuing public debt, the government raises the initial-
period tax rate and thereby harms the current generation. Thus, introduction of the
debt-ceiling rule creates a trade-off between current and future generations in terms of
welfare.

The assumption of fixed debt-ceiling rule may fit the Maastricht Treaty convergence
criteria, which have not been basically modified since its establishment. However,
according to the US Department of the Treasury, the US debt ceiling has been raised
78 times since 1960.> This case suggests that we should view the debt-ceiling rule as

3The EU relaxed the Stability and Growth Pact that imposed financial penalties on countries that



endogenous rather than exogenous. Given this background, we take a step further by
introducing voting on the debt-ceiling rule, and show that voters in each period choose
no rule, because the rule constrains their choice of fiscal policy. This result could be
viewed as a possible explanation for why the US has relaxed its debt-ceiling rules many
times since 1960.

In addition to the abovementioned studies, the present study is related to the fol-
lowing three strands of literature. The first is the literature on Markov voting on public
policy in overlapping-generations models (Hassler, Rodriguez Mora, Storesletten, and
Zilibotti, 2003; Forni, 2005; Hassler, Krusell, Storesletten, and Zilibotti, 2005; Hassler,
Storesletten, and Zilibotti, 2007; Bassetto, 2008; Gonzalez-Eiras and Niepelt, 2008,
2012; Song, 2011). However, public debt issuance is omitted from their analyses, be-
cause they assume a balanced government budget. The present study contributes to
the literature by exploring the politics of public policy when public expenditures are
financed by taxes as well as debt issues.

The second strand is the literature on dynamic political economy analysis of public
debt in two-period models (Alesina and Tabellini, 1989, 1990; Persson and Svensson,
1989; Tabellini, 1990) and infinitely lived agent models (Battaglini and Coate, 2008;
Caballero and Yared, 2010; Yared, 2010; Azzimonti, Battaglini, and Coate, 2016).
The present study departs from these studies by assuming overlapping generations to
demonstrate an intergenerational conflict over public debt issuance and its impacts on
growth and welfare across generations.

The third strand is the literature on time-consistent optimal fiscal policy (Klein and
Rios-Rull, 2003; Klein, Krusell, and Rios-Rull, 2008; Ortigueira, Pereira, and Pichler,
2012). In this framework with infinitely lived agents, in each period, the government
chooses Markov strategy, that is, current policies depend on payoff-relevant state vari-
ables. The present study follows the equilibrium concept of these works but departs
from theirs by assuming a short-lived government, representing only existing genera-
tions. Under this alternative assumption, we consider the conflict of interest between
generations and its generational consequence.

The rest of this paper is organized as follows. Section 2 presents the model. Section
3 considers voting on fiscal policy in the absence of any legal constraints on debt issues,
and its impact on economic growth. Section 4 introduces the debt-ceiling rule and
investigates its effects on growth and welfare across generations. Section 5 provides
concluding remarks.

violated a 3% deficit rule in 2005 (Arellano, Conesa, and Kehoe, 2010). In addition, several countries

(e.g., Greece, Ireland, and Portugal) have public debt of more than 60% of GDP. These cases would
violate the treaty. However, the criterion concerning the debt-to-GDP ratio has remained at 60%.
Furthermore, the EU and International Monetary Fund (IMF) provided rescue packages for Greece,
Ireland, and Portugal after the financial crisis, while the EU and IMF require those countries to
improve their fiscal balances and to reduce public debt. This can be regarded as a substantial effort

to maintain the criterion concerning the debt-to-GDP ratio.

4Source: The US Department of the Treasury. https://www.treasury.gov /initiatives/Pages/debtlimit.aspx

(Accessed on November 5, 2017).



2 Model

We consider a closed economy model with overlapping generations. Individuals who are
born in period ¢ are called generation t (= 0,1,2,---). They are homogeneous within
each generation and live for two periods, youth and old age. There is no population
growth, and the size of each generation is normalized to be unity.

Individuals obtain utility from consumption of private and public goods in both
periods. Their preferences are specified by

log ¢! +0log g, + Blogcl , + pblog giy1, S €(0,1), 6>0,

where ¢ and ¢, are private consumption when young and old, respectively, and g,
and g1 are per capita public good consumption when young and old, respectively.
The parameter § is the discount factor, and the parameter 6 represents the degree of
individuals’ preferences for public good consumption.

When young individuals supply one unit of labor inelastically to firms, obtain wages,
and allocate their disposable income between consumption and savings:

cf + sy < (1 —7)wy,

where s;, w;, and 7; denote savings, a wage rate, and a labor income tax rate, respec-
tively. When old, individuals retire and consume the proceeds of savings:

Y
Ci1 < Rijpse,

where R, is the gross interest rate.

As economic agents, individuals choose consumption and savings in order to max-
imize their utility, taking wy, R;y1, 7, ¢¢, and g1 as given. Solving the utility-
maximization problem, we obtain

1
cf = m(l —T)wy,  ¢fyy = PRijacd, (1)
St = %(1 — Tt)wt. (2)

In the initial period, each old individual, called generation —1, is endowed with s_;
units of physical capital and receives Rys_; units of return from saving. The utility of
individuals in generation —1 is represented as log c§ + 0 log go.

There is a continuum of identical firms with a unit mass. They are perfectly compet-
itive profit maximizers that produce output by using a type of Romer (1986) production
function,

ye = ARIOR

where y; is output, A(> 0) is the productivity parameter, k; is physical capital, I; is
labor, k; is the aggregate physical capital that works as a technological externality, and



a € (0,1) is a constant parameter representing capital share in production. Physical
capital is assumed to depreciate fully within each period.

Each firm chooses k; and [; in order to maximize its profit, Akf‘l}’o‘/%tl’o‘ — Rk —wyly,
where R; is the rental price of capital and w; is the wage rate. Because of the assumption
of competitive markets, each firm takes R; and w; as given. The first-order conditions
with respect to k; and [; are

R, = a AKXk,
w; = (1 — ) AR %k,

respectively. Given that k, = k;, the conditions are reformulated as
Rt = O[A, (3)

wy = (1 — ) Aky. (4)

The government finances public good provision by levying labor income tax and
issuing new debt. The budget constraint of the government in period ¢ is

biyr = Riby + Gy — oy, (5)

where b;,1 is the one-period debt issued in period ¢, and G; = 2g¢; is the aggregate
public good provision. We assume that the government is not allowed to hold positive
assets, so that b;,; > 0 holds for all ¢ > 0.

The market-clearing condition for capital is

i1 + ey = st

According to this condition, the saving by the young agents in generation ¢ is equal to
the sum of the stocks of public debt and physical capital at the beginning of period
t + 1. Summarizing the results thus far, we can express the evolution of public debt
and physical capital by the following two equations:

b1 = Z5(gi, 71, b, be) = aAby + 2, — (1 — ) Arhy, (6)

kiyr = ZK(gtﬂ't, Ky, bt) = (1—7)(1—a) Ak, — [ozAbt +2¢— 7 (1 —a) Akt] .

(7)

Egs. (6) and (7) show how public good provision and labor income tax affect
capital and debt accumulation. First, an increase in public good provision leads to
further debt accumulation, but slows down physical capital accumulation: dZ%/9g > 0
and 0Z%/0g < 0. Second, an increase in the labor income tax reduces public debt
(0ZP /0T < 0) and promotes physical capital accumulation. However, it reduces the
disposable income of young individuals, implying a negative income effect on physical
capital accumulation. Thus, the labor income tax has two opposing effects on capital.
The positive effect dominates the negative one in the present framework: 0Z% /97 > 0.

1+
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3 The Politics

Up to now, the analysis has assumed that fiscal policy is taken as given. However, in the
real world, it is determined through political competition, and this in turn affects eco-
nomic growth and welfare across generations. In order to demonstrate the competition
and its economic impacts, the present study employs probabilistic voting a la Lindbeck
and Weibull (1987). In this voting scheme, there is electoral competition between two
office-seeking candidates. Each candidate announces a set of fiscal policies subject to
the government budget constraint. As demonstrated in Persson and Tabellini (2000),
the two candidates’ platforms converge in equilibrium to the same fiscal policy that
maximizes the weighted-average welfare of voters.
Formally, the political objective function in period ¢ is given by

D=wV?+ 1 -w)V,

where V? and V}? are the welfare of the old and the young, respectively, and w € [0, 1]
and 1 — w are relative weights on the old and the young in period ¢, respectively:

V(gt, ke, by) =~ log(by + k¢) + 0log gy, (8)

Vgt Tty Get1s ke, ) >~ (14 B) log ke + (1 + ) log(1 — 1) + 6 log g+ + BO1og gi1, (9)

where some irrelevant terms are omitted from the expressions.” Thus, the weighted
sum of welfare is given by

Q(gta Tty G415 Ky, bt) = Wvo(gt» Ky, bt) + (1 - W)Vy(gt»Tt,gtH, Ky, bt)
~ wlog(ky +b) + (1 —w)(1+ B)log ky (10)
+ (1 —w)(1+4 ) log(l — 1)+ 8logg: + (1 —w)BOlog grs-

We employ the concept of Markov-perfect equilibrium in which the fiscal policy
today depends on the current payoff-relevant state variables. In the present framework,
the payoff-relevant state variables are the physical capital, k;, and the public debt, b;.
Thus, the public good provision, g;, the labor income tax rate 7;, and the public debt
issue, b;11, which are determined in the period-t voting, are represented as functions of
these two state variables:

gt = G(kt: bt), Ty = T(kt, bt), biy1 = B(kt, bt)-

In what follows, we denote the next period’s variable by a prime symbol: ;.1 = 2/,
xr=k,b, and g.

The public debt issue crowds out physical capital accumulation. This implies that
when the stock of public debt, b, is high, such that b/k > (1 — «)/a holds, the economy
falls into a trivial state even if the government provides no public good and imposes

5In what follows, we use the notation ~ to denote the effective welfare function that contains the
relevant fiscal parameters but not the other irrelevant terms.



100% taxation on individuals. Thus, we restrict the domain of the state variables in
the following range:

b 1—-«
S=q(k,b) | k>0,0<Z — .
{tt) k>0 027 <12

Throughout the analysis, we assume (ko, by) € S.
Hereafter, we attach the subscript “NC” to each variable to emphasize that apart

from the domain of the state variables, S, there is no constraint on public debt issues.
The following gives the definition of the Markov-perfect politico—economic equilibrium.

Definition 1. A Markov-perfect politico—economic equilibrium is a set of policy func-
tions (Gne, Tye, Bye), where G e is a public good provision rule, g = Gne(k,b), Tyc
is a tax rule, T = Tno(k,b), and By is a public debt rule, b’ = Byc(k,b), such that
gien k and b,

1. the pair of functions (Gne, Tyc) satisfies the following:
(Gne(k,b), Tnc(k,b)) =  arg max  Q(g, 7,4, k,b)

9>0, T€[0,1]

subject to k' = Z%(g,7,k,b),
v = 27(g.7.k.b), (1)
g/ == GNC(kla b/)a
(K V) es,

2. given (Gyc, Tnc), the function By satisfies the government budget constraint:

Bne(k,b) = ZP[Gno(k,b), Tne(k, b)), k, b].

3.1 Politico—economic Equilibrium

We focus on a situation in which the public good provision is represented as a linear
function of physical capital and public debt. In particular, we conjecture the following
public good provision function:

Grne(K, V) = 6,k — 60,

where §; > 0 and J5 > 0 are constant variables. We use the capital market-clearing
condition and the government budget constraint to reformulate this expression as

g/ = GNC[ZK(ga T, kv b)7 ZB(g7 T, k:7 b)]
(12)

- 51%k + (1 j-lﬁ + 52) (1 — a)Atk — (01 + d2)aAb — 2(81 + d2)g.

Eq. (12) indicates opposing effects of current public good provision and tax rate on
the next-period public good provision. An increase in the current public good provision,

7



g, slows down physical capital accumulation but accelerates public debt issue, and thus,
lowers public good provision in the next period, ¢’ (i.e., d¢'/dg < 0). However, an
increase in the current tax rate, 7, promotes physical capital accumulation but reduces
public debt issue, and hence, raises public good provision in the next period, ¢ (i.e.,

ag' /0T > 0).
The first-order conditions of the functional equation (11) with respect to g and 7
are given by
0 1— 0
OB, + 4, (13)
g g
N ~ .
MB, MC,
e (1-w)ot ( (1—w)(1+5)
— W 1 —w +
0y | (1 —a)Ak = . 14
() (- apan = B (14
MB, MC:
respectively.

Egs. (13) and (14) present the optimal choice of g and 7, respectively, by the
political candidates. They choose g (or 7) to equate its marginal cost and benefit in
terms of welfare. In Eq. (13), the left-hand side is the marginal benefit of the current
public good provision in terms of welfare of the young and old, whereas the right-hand
side is its marginal cost; an increase in g reduces the public good provision in the next
period and thus, reduces the benefits that the current young will enjoy in their old age.
In Eq. (14), the left-hand side is the marginal benefit of the increased public good
provision in the next period, which is created by an increase in the current tax rate;
and the right-hand side is the marginal cost of the increased tax rate, which implies a
decrease in disposable income and thereby a decrease in lifetime income of the young.

The first-order conditions in (13) and (14) lead to the following relationship between
g and T:

. 2(81 + 0y)
SR (54 0) (0 - o)Ak (15)
= (1-a)Akr = (1 - a)Ak — (1= “")9(1 +8). 2(551 +0)
115 102
Substituting (1 — o) AkT of Eq. (15) into Eq. (12) yields
g = (6 + ) {(l—a)Ak—9+(1_;J)<1+B>Qg—a/1b . (16)

Furthermore, by substituting ¢’ of Eq. (16) into Eq. (13), we obtain

g=Gnc(k,b) = %[(1 — o)Ak — aAb),



where ¢ is defined as
dp=0+(1—w)[l+B(1+0).

Thus, the initial guess is verified as long as the following holds:

0 0
= —(1—a)A, 06,=—0aA.

We next derive the tax function, T¢. Given d; and d5 derived above, the expression
in Eq. (15) is reformulated as

01

(1 a)Akr = (1 — o)Ak — 11:(55 = “’)(;1 11— a)Ak — aal]

1+ﬁ'(1—w)(1+ﬁ)(1_ o 9)
1+ap o 1—ak/)

The function Ty is increasing in the public debt/physical capital ratio, b/k, and sat-
isfies the following:

= T:TNc(k,b)El—

148 (1-w)(148)
1+ap o ’

Tne(k,0)|ojp=0 = 1 Tne(k,0)|b/k=(1-a)/a = 1.

If the parameters satisfy

Bl —w)(l—a)(l+p)

Inc(k Ol 20 & 02 0= A= g 3a oy

(A1)

then, Tyc(k,b) € [0, 1] holds for any (k,b) € S.

Finally, we derive the public debt function, By¢. Substituting ¢ = Gye(k,b) and
7 = Tne(k,b) into the government budget constraint and rearranging the terms, we
obtain

Bye(k,b) = ZB[Gne(k,b), Te (k, b), k, b]
= aAb+ 2Gne(k,b) — (1 — ) ATy (k, D)k
Bl-w) 1+5—-0—afl+5(1+06)]

- S ; [(1— o)Ak — aAb].

If the parameters satisfy

(1—a)(1+5)
1+apf

then, Byc(k,b) > 0 for any (k,b) € S. Furthermore, substituting ¢ = Gy¢(k,b) and
7 = Tyc(k,b) into the transition equation of physical capital yields

1+8-0—al+B(1+60)]>0 < 6<0

(A.2)

K = Z%[Gneolk,b), Tnvo(k,b), k, b]
_ Bl—w) O+all+B(140))
= 1tas ” [(1—a)Ak — aAb].




The functions By and Z% imply

b_’_BNC_1+B—9—a[1+ﬁ(1+9)]<<1—a)
EooZK  O+all+B(1+0)] a )’

(17)
Thus, (V', k') € S as long as (A.1) holds. The analysis up to now is summarized in the
following proposition.

Proposition 1. Suppose that (A1) and (A2) hold: 6 € [Q, m . There is a Markov-perfect

politico—economic equilibrium distinguished by the following policy functions:

Gne(k,b) = %[(1 — a)Ak — aAb), (18)
B 148 (1-w)(1+P) a b

TNc(k,b):1—1+a6~ 5 (1—E~E>, (19)
_f(l-w) 1+p—-0—al+5(1+0)

Bnc(k,b) = 1 rad 5 [(1— ) Ak — aAb). (20)

The physical capital accumulates according to
K = ZX [Gno(k,b), Tne(k, D), k, U]
:6(1—w)‘9—|—a[1+/3(1+9)][(1_06)141{;_0[1%]. (21)

1+ ap 10)

The policy functions in Egs. (18), (19), and (20) and the physical capital formation
in Eq. (21) suggest that they depend on the debt-to-capital ratio, b/k, the preference for
the public good , 0, and the relative political weight of the old, w. We investigate how
these factors affect the formation of physical capital and policy functions. In particular,
we eliminate the scale effect by taking the ratios of aggregate public good expenditure,
debt issues, and physical capital to GDP as

2ine(kb) - O b
20D ey = 5 [1-a)—ag| )
BNC;kJ)):BNC(kab)Eﬁl(l_'__a;)'1+B_9_a¢[1+5(1+0)]|:(1_04)_OZE:|7
(23)
Ko _B(l-w) B+all+B0+O [ b

The following corollary shows how these ratios as well as the tax rate are affected by
b/k, 0, and w.

Corollary 1. Consider the Markov-prefect politico—economic equilibrium demonstrated
in Proposition 1.

10



1. A higher ratio of public debt to physical capital raises the tax rate, but lowers
the ratio of aggregate public good expenditure to GDP, the ratio of debt issues
to GDP, and the ratio of physical capital to GDP; that is, 0Tnc/0(b/k) > 0,
OGne/O(b/k) <0, DBne/0(b/k) < 0, and OKne/O(b/k) < 0.

2. A stronger preference for public good provision raises the tax rate and the ratio
of aggregate public expenditure to GDP; lowers the ratio of public debt issues to
GDP; and raises the ratio of physical capital to GDP if and only if « < 1 — w;
that is , 0T /00 > 0, G e /00 > 0, OByne/00 < 0, and OKne/00 = 0 if and
only ifa s 1—w.

3. A higher relative political weight on the old raises the tax rate and the ratio of
aggregate public good expenditure to GDP, but lowers the ratio of public debt
issues to GDP and the ratio of physical capital to GDP; that is, 0Tn¢c /0w > 0,
OGne /0w > 0, dBne /0w < 0, and K ¢ /0w < 0.

Proof. See Appendix A. H

The effects on the tax rate and the ratio of aggregate public good expenditure
to GDP are discussed in Appendix B. Here, we focus on the ratio of debt issues to
GDP and that of physical capital to GDP, which are relevant to the following analysis.
Corollary 1 shows that the ratio Byc decreases as the ratio of debt to physical capital,
the preferences for public good, and the relative political weight on the old increase. To
understand the mechanism behind this result, recall the government budget constraint
that is rewritten in terms of Byc, Gy, and Tie as

N b
Byc(k,b) = ap+ Gne(k,b) = (1 — a)Tnc(k,b),

where the term « - (b/k) = (aAb)/(Ak) represents the ratio of repayment cost to GDP.

Differentiation of By¢ with respect to b/k leads to

8BN 8@1\; aTvN
s~ e~ aem <

The expression shows that there are three effects of an increased b/k on the ratio of
debt issues to GDP. First, the government issues more public debt to finance increased
debt repayment. Second, given the revenue, the government cuts public good expendi-
ture in response to increased debt repayment. This enables the government to reduce
public debt issues. Finally, the government raises the tax rate to finance increased debt
repayment. This in turn incentivizes the government to reduce debt issues. In the
present framework, the last two negative effects on public debt issues outweigh the first
positive effect. Therefore, the ratio of public debt issues to GDP decreases as the ratio
of debt to physical capital increases. This result implies that increased debt repayment
cost induces the government to strengthen fiscal discipline.

11



Corollary 1 shows that the ratio of public debt issues to GDP is also affected by
the relative political weight on the old (w) and the preferences for public good (¢). To
inspect the effects, we differentiate Byc with respect to € and w to obtain

8BNC o 8@1\[0 8TNC
o0~ o0 (T <0
dBnc B G e B IT'ne

< 0.

ow ow (1-a) ow
A higher preference for the public good induces the government to increase public good
expenditure. To finance increased expenditure, the government increases public debt
issues and raises the tax rate. However, an increased tax rate enables the government
to control public debt issues. In other words, there are two opposing effects of 6 on
public debt issues, but the negative effect outweighs the positive one in the present
framework. Therefore, fiscal discipline could be strengthened as the preference for the
public good increases.
Next, consider the effect of increased weight on the old, w, on public debt issues.
A greater weight on the old incentivizes the government to increase public good ex-
penditure, because the old have no tax burden but benefit from increased expenditure.
This incentive implies that the government finances increased expenditure by issuing
more public debt as well as raising the tax rate. A rise in the tax rate in turn works
to control public debt issues. Thus, increased w exhibits two opposing effects on public
debt issue, and the negative effect outweighs the positive one in the present framework.
To consider the effects of b/k, 6, and w on the ratio of physical capital to GDP,
k' |Ak = Kyelk, b), recall the capital market-clearing condition presented in Section 2,
which is rewritten as

,_ B
k' = m[l —TNc(k,b>] (1—0[)AK
— [@Ab + 2G N (k,b) — Tne(k,b) (1 — a) AK],
Ai;{ = Knc(k,b) = % 1 —Tne (k,0)] (1 — )
- Oé% + éNC(kZ, b) - TNc(k?, b) (1 - Oé) . (25)

Eq. (25) indicates that the ratio Kyc(k,b) decreases as the ratio of debt to physical
capital, b/k, increases. This is because the government is incentivized to issue more
public debt to finance its increased debt repayment. This creates a crowding-out effect
on physical capital formation, and thereby results in a decrease in the ratio of physical
capital to GDP.

The ratio Kyc(k,b) also decreases as the political weight on the old increases.
As already argued above, a greater weight on the old incentivizes the government to
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increase public good expenditure. To finance increased expenditure, the government
increases public debt issues, which produces a crowding-out effect on physical capital
formation. The government also raises the tax rate to finance part of its increased
expenditure, which produces two opposing effects on the physical capital formation, as
observed in the above expression, but the net effect is positive. Taking these effects
together, we find that increased political weight on the old leads to a decrease in the
ratio of physical capital to GDP.

Finally, consider the effect of the preference for public good, 6, on the ratio of phys-
ical capital to GDP. A higher preference for the public good also gives the government
an incentive to increase public good expenditure and to raise the tax rate, as in the
case of increased political weight on the old. However, these effects are qualitatively
different from those of increased political power. Our analysis shows that the positive
effect via the tax rate outweighs the negative effect via the public good expenditure if
and only if & < 1 — w holds.

3.2 FEconomic Growth

Based on the characterization of the politico-economic equilibrium in the previous sub-
section, we consider how public debt and physical capital evolve over time. For this
purpose, recall Eq. (17), indicating that the ratio of public debt to physical capital,
by /k;, remains constant for any ¢ > 1:

b, 1+5—0—a[l+5(1+0)]
k, N 0+ all+ B8(1+0)]

(26)

The ratio converges to x7y within one period, and thereafter, the stock of public debt
and physical capital grow at the same rate. In other words, the economy exhibits a
balanced growth path (BGP).

We use Eq. (26) to reformulate the equation of physical capital formation in Eq.
(21) as follows:

B(1-—w) 0+afl1+pB(140 o
@: 1(+a,6’) [ ¢( ”A(l—a—ai—?)) for t=0 (27)
kit INC for t>1,
where yy¢, the growth rate of physical capital in the BGP, is defined by
£O(1 —w)A pO(1 —w)A
= = . 28
e S i (= w) + A1 0) 2

The growth rate along the BGP has the following properties.

Proposition 2. Consider the Markov-perfect politico-economic equilibrium presented
i Proposition 1. The growth rate of physical capital in the BGP, yn¢, 1S increasing in
0 and decreasing in w; that is, Oync /00 > 0 and dyyc /0w < 0.
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Proof. Differentiating vyc with respect to 6 and w, we obtain the result in Proposition
2. m

To understand the intuition behind the result in Proposition 2, recall the capital
market-clearing condition in Eq. (25),

1% 3

b ~
E:m(l_TNC’)(l_a)_ OJE+GNC_TNC(1_Q)

When the debt-to-capital ratio, b/k, is given, the effects of increased 6 and w on the
growth rate k'/k are immediate from the result in Corollary 1. However, along the
BGP, the ratio b/k is constant across periods and is affected by 6 and w, as follows:

b v 1+ —-0—al+8(1+0)]

Kk Ne GralltB(Aro]

where the second equality comes from Eq. (17). This expression suggests that we must
take into account the effects of increased 6 and w on the debt-to-capital ratio when we
consider their effects along the BGP.

Based on the argument thus far, we present the growth rate along the BGP, denoted
by o = K'/k, as follows:

INC 6 * * ok *
- m(l—TNc)(l—a)— axNC+GNC_TNC(1_a)] )
where é}kvc and 73 are the corresponding values of Gne and Tye evaluated at b/k =
TNe -
Ghe = G S (1~ a) — azi]
= =—[(1—-—a)—ax
A e
. 148 (-w)(d+h) a_ .
TNC:TNC|b/k:x7VC_ o 1+aﬂ. o 1 - 1_a$Nc .

These expressions indicate that the ratio of public good expenditure to GDP and the
tax rate are affected by increased 6§ and w via the debt-to-capital ratio, xy .

To observe the effects of € and w through the term x% in more detail, recall the
functions Byc(k,b) and Kyc(k,b), which could be included in the expression of 2%
as follows:

*

ITno =

b Byc(k_,b_)

ko Kyo(k-,b-)

where k_ and b_ denote the previous-period values of k£ and b, respectively. As demon-
strated in Corollary 1, By¢ is decreasing in 6 and w; Ky¢ is decreasing in w, and is
increasing (decreasing) in 6 if and only if o < (>)1 — w. After some manipulation, we
find that the net effect of 6 on x%, is negative: dx’,~/00 < 0; and the effects of w
on Byc and Kyco are cancelled out: 0xNe/Ow = 0. This result, associated with the
result in Corollary 1, provides the growth effects of increased 6 and w along the BGP
as presented in Proposition 2.
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4 Debt-ceiling Rule

In the previous section, we undertake the analysis without imposing any constraint or
limit on public debt issues except the domain S. However, in the real world, some
fiscal rules are introduced in developed countries to control their debt issues from the
viewpoint of fiscal sustainability. We here introduce into the model a debt rule that
controls the ratio of public debt to GDP in order to investigate its impacts on growth
and welfare across generations. In particular, we consider a rule, b’ /K’ < 7, implying
that the ratio of new debt issue to physical capital should be equal to or below 7(> 0).
Given the AK technology, this is qualitatively equivalent to the upper limit constraint
of the debt-to-GDP ratio. Thus, our analysis provides some insight into the effects of
the debt rule, like the Maastricht Treaty convergence criteria, from the viewpoint of
growth and welfare.

4.1 Characterization

To proceed with the analysis, we first consider the ratio b'/k’ in the absence of the
constraint, given by Eq. (17). The constraint, ' /k’ < 7, becomes binding if the ratio
in Eq. (17) is above 7 :

1+6—0—a[l+5(1+06)]

braltpare) "
that is, if
1 1
9<X(”)E1:fﬁ'<1+n_o‘>' (A.3)

Given this condition associated with (A.1) and (A.2) imposed in the previous section,
we obtain the following characterization of the political equilibrium in the presence of
the debt-ceiling rule. The subscript “DC” in each variable means that the debt-ceiling
constraint is binding.

Proposition 3. Suppose that (A.1) and (A.2) hold: 0 € [6,6].

1. If (A.8) fails to hold, the debt-ceiling constraint, b'/k' < n, is non-binding. The
allocation and the set of fiscal policies are identical to those in the absence of the
debt-ceiling rule.

2. If (A.3) holds, the debt ceiling is binding. The set of policy functions are given as

follows:
Gpo(k,b) = %[(1 — a)Ak — aAb),
_ ., @+8)0+n (A-w)[l+A(01+0) a b
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7A D? rule NC\ rule
0 :
&‘ ¥ (A.2) holds

# (A.1) holds

(A3)holds ™.,

Figure 1: Illustration of (A.1), (A.2), and (A.3).

I

Bpe(k,b) = fﬁlﬁ‘:’; A BE; 910 — ) Ak — 0]

The physical capital accumulates according to
s Bl —w) . 1+ 5(140)
L+5+n ¢

(1 — a)Ak — aAb). (29)

Proof. See Appendix C. O]

Figure 1 illustrates (A.1)-(A.3) in an n-6 space. The shaded area illustrates the
set of parameters that satisfy (A.1) and (A.2). They are below the downward-sloping
curve, which corresponds to the set of parameters that satisfy (A.3). Therefore, the
debt-ceiling rule is binding if a pair of parameters (7, 0) is located in the wave area;
meanwhile, the rule is not binding if the pair is located in the shaded area but not the
wave area.

The figure shows that the debt-ceiling constraint is more likely to be binding if n
and 6 are lower. The intuition behind a lower 7 is straightforward. A lower € implies
that the young are less concerned about future public good provision. This gives the
government representing the young less incentive to control current fiscal policy and
thus, public debt issues. Because of this lack of fiscal disciplining effect, the debt ceiling
becomes more likely to be binding as 6 decreases.

In what follows, we assume that conditions (A.1)—(A.3) hold. Under these assump-
tions, we demonstrate the dynamic motion of public debt and physical capital accumu-
lation. Because the constraint, b'/k" < n, is binding by assumption, b;,1/k;11 = 1 holds
for any ¢ > 0. In other words, the ratio of public debt to physical capital converges
to n within one period, and thereafter, public debt and physical capital grow at the
same rate. From Eq. (29), the growth rate of physical capital when the debt ceiling is
binding is given by

ki ’fggfg . 1+B$+0) 1—a(l+n)]A (1 —a— aZ—E) for t=0 (30)
ki Ypo = filﬁ_fg : 1+6$+9) 1—a(l+n)]A for t>1,
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where ypc denotes the growth rate of physical capital in the BGP when the debt-ceiling
constraint is binding.

4.2 Effects of Debt-ceiling Rule

The result up to now implies that we could obtain different policy functions of tax and
public debt issues and the law of motion of capital for the two scenarios, that is, for the
absence and presence of a debt ceiling, although the policy functions of public goods
are identical. To investigate the differences in detail, we compare the two scenarios in
terms of the growth rate of capital, £'/k|;, the tax rate, T}, and the ratio of aggregate

public expenditure to GDP, é'j, where j = NC, DC'. We first compare them in period
0.

Proposition 4. Suppose that (A1)-(A3) hold. The introduction of the debt ceiling
in period 0 raises the growth rate and the tax rate but has no effect on the ratio of
aggregate public expenditure to GDP in period 0: ky/ko|ye < ki/kolpe s Tnve(ko, bo) <
Tpe(ko,bo), and Gyc(ko,bo) = Gpe(ko, bo)-

Proof. See Appendix D. m

The result in Proposition 4 indicates that in period 0, the growth rate in the presence
of the debt-ceiling rule is higher than in its absence, because the rule mitigates the
crowding-out effect of public debt on capital accumulation. The result also indicates
that in period 0, the tax rate in the presence of the rule is higher than in its absence.
This is because when the debt-ceiling constraint is binding, the government needs to
compensate for its loss of revenue from issuing public debt by raising the tax rate.
Thus, the introduction of the debt-ceiling rule creates a tax-hike effect in period 0.

The result in Proposition 4 also suggests that the introduction of the debt-ceiling
rule has no effect on the ratio of aggregate public expenditure to GDP in period 0.
To understand this result, recall the political objective function in Eq. (10). The
introduction of the rule raises the tax rate, and thus, increases the tax burden on the
young, as observed by the third term in Eq. (10). However, the rule accelerates physical
capital accumulation, and thus, increases the future provision of the public goods. This
benefit, observed by the fifth term in Eq. (10), is offset by the aforementioned cost. This
result implies that the benefit stemming from current public good provision, observed
by the fourth term, is unaffected by the other terms. Therefore, the introduction of the
rule has no effect on the ratio of aggregate public expenditure to GDP in period 0.

We next consider the effects of the debt-ceiling rule from period ¢ = 1 onward. As
demonstrated in Section 3 , the ratio b/k is constant for ¢ > 1 because the economy
follows the BGP . The growth rate, the ratio of aggregate public expenditure to GDP,
and the tax rate are denoted by ~;, C?j, and T, j = NC, DC, respectively.

Proposition 5. Suppose that (A1)-(A3) hold. The introduction of the debt ceiling in
period 0 raises the growth rate and the ratio of aggregate public expenditure to GDP for
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period t > 1: yno < Ypeo and é?vo < GBC; and it raises the tax rate for period t > 1,
that is, T < ThHe if and only if the following condition holds:

p . 1l -«
< — (1 2 : A4
a<1+2ﬁ andO_n<mm{a+B(1_w>, (1+5)+ ﬁ—l—ﬁ/a} (A.4)
Proof. See Appendix E. n

The effect on economic growth from period 1 onward is qualitatively similar to that
in period 0. However, the effect on public good provision differs from that in period 0.
For period t > 1, the available resources for the government, (1 — «)Ak — Rb, are larger
in the presence of the constraint than in its absence, because the constraint stimulates
capital accumulation and lowers debt accumulation. Because of this difference, the
ratio of the public good to GDP is higher in the presence of the constraint than in its
absence.

In addition, the effect on the tax rate in period ¢(> 1) differs from that in period
0. As demonstrated in Proposition 4, the debt-ceiling rule creates a tax-hike effect.
However, the introduction of the rule lowers the debt-repayment cost from period 1
onward, and this produces an opportunity for the government to cut the tax rate.
Proposition 5 shows that this tax-cut effect is outweighed by the tax-hike effect if (A.4)
holds.

The growth rate is higher in the presence of the debt-ceiling rule than in its absence,
because the rule mitigates the crowding-out effect of public debt on physical capital
accumulation. This implies a positive income effect on future generations. However,
owing to the limitation of public debt issues, the government might want to raise the
tax rate to compensate for the loss of revenue from public debt issues. This outcome
would imply a negative income effect on current and future generations. Thus, there
would be two opposing effects of the debt ceiling on welfare across generations. The
following proposition summarizes the welfare effects for each generation.

Proposition 6. Suppose that (A.1)-(A.3) hold.

1. The welfare of generation —1 is unaffected; generation 0 is made worse off by the
introduction of the debt ceiling.

2. There is a critical period, denoted by t(> 1), such that generation t < t is made
worse off whereas generation t > t is made better off by the introduction of the
debt-ceiling rule.

Proof. See Appendix G. O]

4.3 Voting on Rules

The analysis up to now has assumed that the debt-ceiling rule is exogenously given.
This assumption fits the Maastricht Treaty convergence criteria, which have not been
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modified since its establishment. However, according to the US Department of the
Treasury, the US debt ceiling has been raised 78 times since 1960. This case suggests
that we should view the debt ceiling as an endogenously determined institution rather
than an unchanged constitutional rule.

Given this background, we now introduce a voting-based fiscal rule in the following
way. First, in each period, office-seeking candidates propose two alternatives, that is,
no constraint on public debt issues, as presented in the previous section, and the debt-
ceiling rule, as presented in this section. One alternative is chosen through voting.
Second, for a given rule determined in the first stage, the candidates propose a set of
fiscal policies (new public debt issues, public good provision, and the tax rate). We
solve this two-stage game by backward induction.

We have already solved the second-stage problem, so we now solve the first-stage
problem. Let Qy¢, denote the period-t political objective functional in the absence of
the constraint on public debt issues, and 2p¢c; denote the period-t political objective
functional in the presence of the debt-ceiling rule. Voters in period ¢ choose no rule
(the debt-ceiling rule) if Qycy > (<)Qpe. By comparing Qney and Qpey, we obtain
the following result.

Proposition 7. Suppose that (A.1)-(A.3) hold. In each period, voters choose no rule:
Qnet > Qpey holds for any (k,b) € S.

The intuition behind the result is straightforward. In the absence of the rule, the
government proposes fiscal policy that maximizes its objective. However, in the presence
of the rule, the government’s choice is constrained by the rule. In particular, the
government is forced to issue less debt in order to meet the debt-ceiling rule, which
mitigates the crowding-out effect on physical capital accumulation and thereby creates
a positive growth effect. However, in order to compensate for the loss of revenue
stemming from the debt-issue constraint, the government might choose a higher tax
rate. Proposition 6 shows that this increased tax burden outweighs the benefit from
the increased growth rate for the government representing currently living young and
old agents.

The result is in line with the finding of Azzimonti, Battaglini, and Coate (2016),
who report that the balanced budget rule could be costly in the short run but may offer
benefit in the long run. Alesina and Passalacqua (2016, p.2632) argue that their result
leads to “interesting and immediate consequences on the political economy implications
on voting upon a balanced budget rule in say, an overlapping generations model.” Our
result suggests a difficulty of preventing the introduction of a less severe budget rule in
the overlapping-generations model. Thus, the result could be interpreted as providing
a possible explanation for why the US has raised its debt-ceiling rules many times since
1960.
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5 Conclusion

This study presents a two-period overlapping-generations model with physical capital
accumulation. The technology is represented as a Romer-type production function to
demonstrate endogenous growth. The government representing young and old gen-
erations provides public goods financed by labor income taxation and/or public debt
issuance. The policies are determined in probabilistic voting, in which in each period,
the weighted sum of utility of the young and old is maximized in a competition between
political candidates.

Within this framework, we show that increased political power of the old incentivizes
the government to increase public good expenditure. To finance increased expenditure,
the government issues more debt and raises the tax rate. A rise in the tax rate in turn
works to control public debt issuance. Thus, there are two opposing effects on the debt
issuance. Given a crowding-out effect of public debt, this result implies two opposing
effects on capital formation, that is, economic growth. In addition, there is a negative
effect on capital accumulation via a rise in the tax rate. Taking these effects together,
we find that increased political power of the old is harmful to economic growth.

To resolve the negative growth effect, we introduce a debt-ceiling rule that controls
the ratio of public debt to GDP. The introduction of the debt-ceiling rule mitigates the
crowding-out effect, raises the growth rate, and thus, benefits future generations. How-
ever, it creates an inter-generational trade-off in terms of welfare, since the government
is incentivized to raise the initial-period tax rate and thus, harms the current gener-
ation. We further investigate voting on the choice of the debt-ceiling rule, and show
that it is never implemented, since current generations are made worse off. This result
provides a possible explanation for why some countries fail to strengthen an existing
debt rule.
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Appendix

A. Proof of Corollary 1

The effects of b/k, 6, and w on Tye, Gye, and By¢ are immediate from Egs. (19),
(22), and (23). The effects of b/k and w on Kyc(k,b) are also immediate from Eq.
(24). To observe the effect of § on Ky¢(k,b), we reformulate Eq. (24) as follows:

f(Nc(k,b):B(l_“) {1+ ‘j_“_‘") 5 [(1_04)—@%]}.

L+af trpare) + (1 -

Given that 6/ {1+ 5(1+6)} is increasing in @, we can conclude that Kyc(k,b) is
increasing in 6 if and only if o < (1 — w).

B. Comparative statics on GNC and Txy¢

In this appendix, we preset the comparative statics analysis for the ratio of aggregate
public expenditure to GDP, Gy¢, and the tax rate, Tvc.

First, consider the ratio of aggregate public expenditure to GDP. Given g, the
transition equations of k£ and b are represented as

B(1 —a)Ak+ (1-a)A

2819, Tk, b), b b = 259, k,b) = =3 1+ 4

TNc<k', b)/{? — oAb — 2g,

and
789, Tne(k,b), k,b] = ZB%(g,k,b) = aAb+ 29 — (1 — a)ATne(k, b)k,
respectively, and the level of public good provision in the next period is given by

g, = GNC[ZKG(gakab)7ZBG(g7 kvb)]
= %%A [(1 —a)Z%%(g,k,b) — aZP%(g, k,b)} )

We use this expression and 2(d; + d) = (A A)/¢ to reformulate the first-order condition
with respect to g in Eq. (13) as follows:

4 260(1 — w)
g a (1 _Q)ZKG(97 k:7b) _aZBG(g7ka b)7
or,

0 0(1 —

= T Bl—a)? | 1taB ) b (B.1)

g \W—F 148 (1—Q)TNc(k,b)—OéE—g

M Bj ~

g MCy
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where g = (29)/(Ak). The left-hand side of Eq. (B.1) corresponds to the marginal
benefit of increased current public good provision, and the right-hand side corresponds
to the marginal cost of increased current public good provision. We use Eq. (B.1)
to understand how b/k, 0, and w affect the ratio, Gyc(k,b). We can summarize the
properties of M Bz and MCj as follows.

e The marginal benefit, M By, is independent of b/k. An increase in b/k not only
raises the repayment cost/output ratio, (ab)/k, but also raises the tax rate, Tyc.
In the present framework, the former effect dominates the latter one, and hence,
the marginal cost, MCj, is increasing in b/k. Thus, G e is decreasing in b/k.

e An increase in 6 equally raises both the marginal benefit, M B, and the marginal
cost, MCj, as observed in the numerators on both sides. In addition, an increase
in @ raises the tax rate, Tv¢, and thus, lowers the marginal cost. Therefore, an
increase in 6 raises the marginal benefit more than the marginal cost. This result
implies that G y¢ is increasing in 6.

e The marginal benefit, M By, is independent of w. An increase in w not only lowers
the marginal cost, MCj, as observed in the numerator of the term representing
MCj5, but also raises the tax rate, Tv¢, and thus, lowers the marginal cost. Owing
to these negative effects on the marginal costs, Gy¢ is increasing in w.

Next, consider the tax rate. Given 7, the transition equations of £ and b are repre-
sented as

B(1— a)Ak+ (1-a)A

28 [Gro(k,b), 7 kb = Z8 (7 k. b) = = 1+

7k — aAb — 2Gnc(k,b),

and
ZP[Gne(k,t), 1,k b] = ZPT(1,k,b) = aAb + 2Gne(k,b) — (1 — a) ATk,
respectively, and the public good provision in the next period is given by

g = Gne[Z5F (1, k,b), ZPT (1, K, b)]
10

— %A (1= ) Z""(1,k,b) — aZ"" (1,k,b)]
10 [B(1l—aw)? 1+ap
— 55A WAk + W(l — a)Atk — oAb — 2G N (K, b) | .

Given that §;/(148)+02 = (1/2)(0/¢)[(1+aB)/(1+5)] A holds, the first-order condition
with respect to 7 in Eq. (14) is rewritten as

(1—w)(1+5) _ (1 —w)posE (1 - ) (B2)
1 T 5(112)2 + lffﬂﬁ(l — )T — a2 — Gne(k,b)
MC, ~ -~ 9
MB,
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The left-hand side (right-hand side) of Eq. (B.2) represents the marginal cost (marginal
benefit) of increasing the current tax rate. We use Eq. (B.2) to understand how b/k, 0,
and w affect the tax rate, Tyc(k,b). We summarize the properties on MC, and M B,
as follows.

e The marginal cost, MC;, is independent of b/k. An increase in b/k raises the
repayment cost/output ratio, (ab)/k, and lowers the public good/output ratio,
Gye. In the present framework, the former effect dominates the latter one, and
thus, the marginal benefit, M B;, is increasing in b/k. Thus, T, is increasing in
b/k.

e The marginal cost, M/, is independent of #. An increase in 6 raises the marginal
benefit, M B;, as observed in the numerator. An increase in 6 also raises the ratio
Gnc, and thus, raises the marginal benefit. Thus, T, is increasing in 6.

e An increase in w equally lowers both the marginal benefit, M C'., and the marginal
cost, M., as observed in the numerators of both terms. In addition, an increase
in w raises the ratio, G ¢, and thus, raises the marginal benefit, M B,. Therefore,
an increase in w raises the marginal benefit, M B,, more than the marginal cost,
MC'.. This result implies that the tax rate, T¢, is increasing in w.

C. Proof of Proposition 3

To prove the first part, suppose that the constraint ¥ /k" < 7 is not binding. Then, the
solutions of & and k" are given by Eqgs. (20) and (21), respectively. Thus, the constraint
is actually non-binding if and only if the following condition holds:

Bne(k,b) 1+ 1
< . — > 0.
ZK Gk, b), e b) ket =17 X =10 (g — ) 2¢

To prove the second part, assume that (A.3) holds. Recall the motions of public
debt and physical capital presented in Eqgs. (6) and (7):

biy1 = ZB(QtJt; Ky, bt) = oAb, + 29 — (1 - O‘)TtAk’t»

1-— 1-—
fl-a), (-0

1+p 1+p
These expressions hold regardless of the presence of the constraint. Substitution of
these into the constraint b’ = nk’ leads to

ke = ZK(gtﬂ't, ki, by) =

TtA]ft — OéAbt — 2915

fl-a),  (-a)

aAb+2g— (1 —a)TAk =1 15 155

TAk — aAb—2g| ,

or
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B 1 1+ 5 _ Bl-a)A
T 0= )Ak 1+ 847 (1+n)adb+ (1+1)2g "—1rg k|- (C.1)
We use Eq. (C.1) to reformulate Egs. (6) and (7) as follows:

/ B

¥=—"1 [(1-a)Ak—adb—2 0.2
: B

kK = 1 —a)Ak — aAb — 2g]. C.3

i 9l (C3)

We also use Eq. (C.1) to represent the disposable income of the young, (1—7)(1—«) Ak,
as follows:

1 o 1+p
(1-—a)Ak 1+P+n
(1+ 7)1 +n)

= A (1 —a)Ak — aAb — 2g].

pl—a)

(1-7)(1-a)Ak=1- 3

Ak

T+ n)aAb+ (14 1)29g —n

The welfare of young individuals in Eq. (9) is now reformulated as
Vie (k,0,9.9") = (1 + B)log[(1 — a) Ak — aAb — 2g] + flog g + fflog ¢,
and the corresponding political objective function, denoted by 2ps, becomes
Qpe ~ (1 —w)(1+ 8)log[(1 — a)Ak — aAb — 2g] + logg + (1 —w)Bblogyg’. (C.4)

Thus, the problem of the government is to choose g to maximize {2pc subject to Egs.
(C.2) and (C.3).

To solve the maximization problem, we conjecture the following linear public good
provision function:

Gpc(k’, b) = Elk’ — Egb,
where ¢, and €y are constant. With Egs. (C.2) and (C.3), this is reformulated as follows:
g/ — GDC(k/, b/>
Bler — nea) (C.5)
= ————[(1 — a)Ak — aAb — 2g].
19111 — a)k - adh - 2
With Eq. (C.5), we can reformulate Eq. Qp¢ as

Qpe >~ (1 —w)[1+ B(1+0)]log[(1 — o)Ak — aAb — 2g] + O log g.
The first-order condition with respect to g gives

0 (L-w)1+5(1+0)2
o (- aAk—adb -2 (C.6)

[

M Byg MChyg
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The left-hand side (right-hand side) of Eq. (C.6) represents the marginal benefit
(marginal cost) of increasing the current public good provision, g. Solving Eq. (C.6)

for g, we obtain
0

g = Gpc(k,b) = %[(1 — a)Ak — aAb).
Note that Gpc(k,b) > 0 holds for any (k,b) € S. Therefore, the function g = €1k — €30
constitutes a Markov perfect politico-economic equilibrium as long as the following
holds:
4 (1 JA, and 0 A

6= —(1—a and eg = —aA.

1 2¢ ) 2 2¢
Substituting ¢ = Gpc(k,b) into Egs. (C.1) and (C.2), we obtain the corresponding
policy functions of 7 and ¥':

_ A0+ B00] (| o b

7 =Toc(kb) =1 A+B+mn)0o (1 1—ak>

Bn(1—w)[l+B(1+0)]
(1+B8+mn)¢

V' = Bpc (k,b) = [(1—a)Ak — aAb|.

D. Proof of Proposition 4

Recall the policy functions and the law of motion of physical capital presented in Propo-
sitions 1 and 3. First, we compare G ¢ (ko, bg) and G pe(ko, bg), and obtain

Gl bo) = Golho. o) = & [(1 Ca) - “Z‘J .

Next, we compare the growth rate in period 0 and obtain

LB-w) 94+a(l4801+6) B(l-w) L1+B(1+0)
e 1+ap P 1+B8+n )
1+8—0—all+B(1+0)

Otall+B(1+0)]

ki

k1
k—0<

NC ko

en<

where the last expression is equivalent to (A.3). Direct comparison of the tax rate in
period 0 also yields

148 —0—al+B(1+0)
O+all+B(1l+0)

Therefore, kl/k0|NC < kl/k0|DC and TNc(ko, b(]) < TDc(ko, bo) hold if (Av?)) holds.

Tne(ko,bo) < Tpelko, bo) & n <
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E. Proof of Proposition 5

Recall that ki /ko|yo < ki/ko|pe for a given ky/by, as demonstrated in Proposition
4. This result implies that given b,/k;, kiv1/ki|ye < kis1/ki| pe holds for ¢ > 1. The
growth rate is decreasing in b;/k;, and the ratio b;/k; is lower in the presence of the
debt-ceiling constraint than in its absence. Therefore, kiy1/ki|ye < kir1/ki| po holds
for t > 1, that is, yn¢ < Ypc-

Next, recall that éNc(kt, b)) = éDc(kt, by) for a given b, /k; from Proposition 4. Re-
call also that éj(kt, b)), j = NC,DC and is decreasing in b;/k;, and that the ratio b;/k;
is lower in the presence of the debt-ceiling constraint than in its absence. Therefore,
we obtain Gy < Ghe.

Finally, we compute 1% and T} (t > 1) as follows:

Tye = TNC<k7b>’b/k:x}*VC
i (1-w(@+5) . (1+ )0
0+(1—-w)[1+8(1+0)] (1-—a){0+al(1+5(1+86))}

Tpo = Toc (K, b)yjk—y

o (1—-w)(1+5) (A4 [A+ B0 +0)[1 —al+n)
0+ (1—w)[l+B(1+0) (1—a)(1+8+n) '
We compare these tax rates to obtain the following equivalence relation:
] A (L+n)[+ B +6)][1 —a(l+n) (1+8)0
Tye <The < i 1t B tn /<\€+a[1+6(1—|—0)]1‘ (E.1)
LHS RHS

To find a set of parameters that satisfy Eq. (E.1), we differentiate LHS and RHS in
Eq. (E.1) with respect to 6 and obtain

OLHS _ L+l —a(l+n)] _ O°LHS _
90 1+8+n 802

ORHS a(l+ B)?
00  {0+all+B(1+0)]}2
O’RHS _ = 2a(14 B)*(1 + apB)
06? {0+ a[l+B8(1+06)]}3
In Eq. (E.1), LHS is strictly increasing in 6 with a constant slope, and RHS is strictly

increasing and strictly concave in 6, as illustrated in Figure 2.
After some manipulation, we obtain the following equivalence relation:

OLHS _ ORHS
00 = 90

> 0,

< 0.

¥(n) s 0, (E.2)
6=x(n)

where
Y(n) = an” +2a(1+ B)n + a1+ 28) — B.
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LHS A LHS A

RHS RHS
LHS i
RHS LHS
07 X, RHS g/ x(m)
panel (a) panel (b)

Figure 2: Illustration of Eq. (E.1). The panel (a) is the case of ¥)(n) > 0. The panel
(b) is the case of 1(n) < 0.

In addition, under 6 = x(n), we obtain
LHS@:x(n) = RHS@:x(n)-
We also obtain
LHS|[, /< RHS|, , & ¢(n) <0, (E.3)

where the proof of Eq. (E.3) is provided in Appendix F. Thus, we obtain
LHS <RHSVO € [0,x(n) <+ ¢(n) <0,

that is,
TNt < TDCt for ¢ >1 <~ 77/)(7]) < 0.

Figure 3 illustrates the graph of ¥(n) = 0. From the figure, we find that ¥ (n) < 0
holds if and only if

a(l1+28)—08<0andn< —(1+48)+ /B?>+ B/a,

where n = —(1+ ) + /% + B/« is a solution to ¥(n) = 0. Given that 1 is bounded
above (1 — a)/[a+ B (1 — w)], as illustrated in Figure 1, the latter condition is sum-

marized as
l1—«a

—a+ﬁ(1_w),—(1+ﬂ)+ 62+6/a}- (E4)

Therefore, under (A1)—(A3), ¢¥(n) < 0 holds (that is, Tnvc: < Tpe, holds for ¢ > 1) if
and only if @ < 5/ (14 24) and Eq. (E.4) hold.

77<min{
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W(n)A

0 >
“(14+8) + V2 + B/«

\

a(1+208)—p

Figure 3: Ilustration of ¥ (n) = 0.

F. Proof of Eq. (E.3)
We compare LHS and RHS in Eq. (E.1) at § = § and obtain

LHS’@ZQ < RHS|9:Q
A+nit—e+nii+ab+1+HI-w)] LL-w)d-a)
(1+8+n)[1+B(1—w) o atpfl-w) ]

D

LHS RHS

where the left-hand side and right-hand side of the above expression are denoted by
LHS and RHS, respectively.
We differentiate LHS with respect to n and obtain

8L/H\S:(_1)_1+a5+ﬁ(1+5)(1—w). ¥ (n)
on 1+ 6(1—w) (1+8+n)?%
This leads to .
Tn 20 & U S0 (F.1)

Suppose that ¢(n) > 0 holds. From Eq. (E.2), 0LHS/06 < 0RHS/96|,_, ) holds,
as illustrated in Panel (a) of Figure 2. Thus, we obtain LHS > RHS for any 6 €

[0, x (m))-
Alternatively, suppose that 1(n) < 0 holds. From Eq. (E.2), 9LHS/00 > ORHS/00|,_,

holds, as illustrated in Panel (b) of Figure 2. In addition, when ¢ (n) < 0, OLHS /on >0
holds from Eq. (F.1). Thus, LHS is maximized at the upper limit of n, n = (1 —
a)/ [a+ B (1 —w)]. Furthermore, some manipulation leads to

LHS — RHS.
n=(1-a)/[a+B(1-w)]
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This result implies that LHS < R/H\S7 that is, LHS| < RHS| _, holds for any n €

(0,(1 —a)/[a+ B (1 —w)]). Therefore, when 1 (n) < 0, LHS < RHS holds for 6 €
[0,x (n)), as illustrated in Panel (b) of Figure 2.

G. Proof of Proposition 6

1) The welfare of generation —1 is unchanged by the introduction of the debt-ceiling
rule, because the period-0 public good provision is unchanged, Gy¢ (ko, bo) = Gpe (o, bo),
as demonstrated in Proposition 4.

Under (A.3), the debt-ceiling constraint is binding. This result implies that the
choice of the period-0 government is constrained by the debt ceiling and the period-0
government attains a lower value of its objective in the presence of the constraint than
in its absence, Qnco > {pco, where €25 denotes the period-0 government objective
when j = NC, DC. The expression Qyco > 2pcy is reformulated as

wVyeo+ (1 —w) Vz@co > wVpeo+ (1 —w) VDyCO>

where V7, denotes the period-0 old utility and ijo denotes the period-0 young utility
when j = NC, DC. Given that Vyc, = Vpo, we obtain

Vico > Voo
2) As for the welfare of generation ¢(> 1), recall its indirect utility in Eq. (9):

VY~ (14 B)logk;: + (14 B3)log(1 — 7;:) + 0log g;+ + 80 10g gj 141,

where j = NC, DC. Along the BGP, the tax rate is constant at T*|j , and the physical
capital and the public good grows at a constant rate: ki1/ki|; = v; and gey1/g:l; = ;-
Thus, for t > 1, we obtain

kje =" (ki /o) ko,
gt = T*’j )

1 -
9it = §GjAkj,ta
1~ 1~
giarr = 5GiAk e = 5 G AYskj -
The indirect utility above is reformulated as
Vi~ (1+ B)logk;; + (1 + B)log(1 —T7|;) + 6log GAk]t
+ ﬁ@ lOg 5@1'7]'14]@775
1~
= (1+8) (1 +0)logky; + (1+ 8)log(1 = T}) + 0 (1 + §)log 5 G A + A log y;

=(1+p8)(1+0) logyfl (Kj1/ko) ko + (14 B)log(1 —T7) + 6 (1 + 3) log %é]‘A + B0 log ;.
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We compare Vy, and Vi, directly and obtain
Vgc,t > V]z\JfC,t
B . 1~
& (1+8) (1+0)logvpe (kpea/ko) ko + (1+ B)log(1 — The) + 6 (1 + ) log 5GpcA + B9logype
B . 1~
> (1+8) (1+0)logvye (knoa/ko) ko + (1+ B8)log(1 — Tre) + 0 (14 ) log 5GneA + Bblogne

X
(1+8)(1+0)log (vpc/vne)

where X is defined by

=

+1<t,

X =(14p)log(l—T"ye) +0(1+5)log %GNCA + (14 B) (14 0)log (knca/ko) + BOlogyne

— | (1+ B)log(1 — T*| ) + 6(1 + B) log% G DCA + (14 8) (1+0)log (kpca/ko) + B0logvpe | -

Therefore, we conclude that V., S Vj., if and only if { S t.
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