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GROWTH, UNEMPLOYMENT, AND
FISCAL POLICY: A POLITICAL
ECONOMY ANALYSIS

TETSUO ONO
Osaka University

This study presents an overlapping-generations model featuring capital accumulation,
collective wage-bargaining, and probabilistic voting over fiscal policy. The study
characterizes a Markov-perfect political equilibrium of the voting game within and across
generations, and it derives the following results. First, the greater bargaining power of
unions lowers the capital growth rate and creates a positive correlation between
unemployment and public debt. Second, an increase in the political power of elderly
persons lowers the growth rate and shifts government expenditure from unemployed
persons to elderly ones. Third, prohibiting debt finance increases the growth rate and
benefits future generations; however, it worsens the state of present-day employed and
unemployed persons.
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1. INTRODUCTION

In most advanced countries in recent decades, public debt and economic growth
have been major concerns among policymakers; however, the debt–gross domestic
product (GDP) ratio of many Organisation for Economic Co-operation and Devel-
opment (OECD) countries has increased over the last 20 years. The burden of debt
repayment can crowd out private investment and erode economic performance
in the long run. As Figure 1 shows, the evidence suggests a negative correlation
between public debt and economic growth in advanced economies [see, e.g.,
Kumar and Woo (2010), Checherita-Westphal and Rother (2012), Reinhart et al.
(2012)].

Previous studies suggest the negative growth effect of public debt, many of
these studies used a theoretical approach based on neoclassical growth models
[Diamond (1965)] or, later, were based on endogenous ones [Saint-Paul (1992),
Josten (2000), Bräuninger (2005)]. These studies assume perfectly competitive
labor markets with full employment. To consider the effect in a more realistic
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FIGURE 1. Debt–GDP ratio and per-capita GDP growth rate for 32 countries, 1999–2009.
Source: OECD.Stat (December 17, 2016).

environment, some recent studies extend these models by including unemployment
and investigating the effects of fiscal policy on economic growth in the presence
of unemployment [Kaas and von Thadden (2004), Josten (2006), Greiner and
Flaschel (2010), Yakita (2014)].

However, in these studies, the following issues remain unanswered. First, a high
unemployment rate—possibly stemming from the power of trade unions—exerts
political pressure on the government to increase spending in favor of unemployed
persons. This pressure incentivizes the government to issue more public bonds to
finance expanding expenditure, resulting in a crowding out of capital accumulation.
That is, trade unions have a political effect on fiscal policy and economic growth
through unemployment. As Figure 2 shows, the cross-country evidence shows a
slight positive correlation between trade union density and debt–GDP ratios, and
a negative correlation between trade union density and per-capita GDP growth
rates. The aforementioned studies do not clarify the mechanisms underlying these
findings, because they consider fiscal policy exogenously given.

Second, besides unemployment insurance, in advanced countries, there is a
large public expenditure pertaining to intergenerational redistribution from young
individuals to elderly ones, such as public pensions and health and nursing care
systems for elderly individuals. This implies that the greater political power of
elderly persons, possibly stemming from an increase in the old-age dependency
ratio, exerts pressure on the government to shift fiscal expenditure from young
and unemployed persons to elderly and retired ones. However, the cross-country
evidence shows that the expenditure on unemployed persons positively correlates
with the expenditure on elderly persons (see Figure 3). The evidence suggests
that the political effect of elderly persons is outweighed by the political effect of

https://doi.org/10.1017/S1365100517001067 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100517001067


GROWTH, UNEMPLOYMENT, AND FISCAL POLICY 3101

Australia

Austria

Belgium

Canada

Chile
Czech Republic

Denmark

Estonia

Finland
France

Germany

Greece

Hungary

Iceland
Ireland

Israel
Italy

Japan

KoreaMexico

Netherlands

New Zealand
Norway

Poland

Portugal

Slovenia

Spain Sweden

Switzerland

Turkey United Kingdom
United States

0

20

40

60

80

100

120

140

160

0 20 40 60 80 100

Trade union density

(a)

Australia
Austria BelgiumCanada

Chile

Czech Republic

Denmark

Estonia

Finland

France Germany

Greece
Hungary

Iceland
Ireland

Israel

ItalyJapan

Korea

Mexico

Netherlands

New Zealand

Norway

Poland

Portugal

Slovenia

Spain
Sweden

Switzerland

Turkey
United Kingdom

United States

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

5

0 20 40 60 80 100

Pe
r 

ca
pi

ta
 G

D
P 

gr
ow

th
 r

at
es

Trade union density

(b)
FIGURE 2. Trade union density and debt–GDP ratios [Panel (A)]; trade union density and
per-capita GDP growth rates [Panel (B)] for 32 OECD countries, 1999–2009. Source:
OECD.Stat (December 17, 2016).
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FIGURE 3. Unemployment benefit–GDP ratios and old-age benefit–GDP ratios for 32
OECD countries, 1999–2009. Source: OECD.Stat (December 17, 2016).

trade unions, and that an increase in unemployment and old-age benefits would
be financed through bond issuance. Corneo and Marquardt (2000), Bräuninger
(2005), and Ono (2007) analyze two types of expenditures in a unified framework.
However, they assume no public bonds and consider the tax rates for financ-
ing these expenditure to be exogenously given; thus, they set aside the political
background behind the evidence.

The argument, thus far, suggests that the two issues should be addressed to-
gether, because each component influences the other. In addition, the political
conflict over the allocation of public budgets should be addressed when analyzing
two fiscal expenditures: unemployment and old-age benefits. To address these
concerns, we employ a two-period overlapping-generations model with AK tech-
nology [Romer (1986)] and collective wage-bargaining [see, e.g., Kaas and von
Thadden (2003, 2004), Coimbra et al. (2005), Chang et al. (2007)] to demonstrate
capital accumulation and unemployment. Government spending is represented by
unemployment-insurance benefits for unemployed persons and public services for
elderly persons.1 Spending is financed by taxing young persons and also by issuing
public bonds.

The unemployment-insurance benefit creates a conflict of interest between un-
employed and employed persons. Furthermore, spending on services for elderly
persons creates a conflict of interest between young persons (either employed
or unemployed) and elderly persons. To demonstrate this conflict, we assume
probabilistic voting à la Lindbeck and Weibull (1987), where the government ob-
jective is to maximize the weighted sum of the utility of young employed persons,
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FIGURE 4. Unemployment benefit–GDP ratios and debt–GDP ratios for 32 OECD countries,
1999–2009. Source: OECD.Stat (December 17, 2016).

young unemployed persons, and retired elderly persons. In particular, we employ
a Markov strategy in which policy variables are conditioned on payoff-relevant
state variables [Krusell et al. (1997)]. This strategy enables us to demonstrate
the forward-looking behavior of individuals who consider intertemporal interac-
tion between current and future policies through capital accumulation [see, e.g.,
Gonzalez-Eiras and Niepelt (2008), Song (2011, 2012), Kunze (2014), Lancia and
Russo (2015)].

Within this framework, we show that the increased power of unions results in
higher unemployment and a higher debt–GDP ratio. Thus, a positive correlation
holds between unemployment and debt. This result aligns with the empirical
evidence observed in advanced countries, as illustrated in Figure 4. The result is
also in line with previous studies by Kaas and von Thadden (2004), who show a
positive correlation under capital shortages, and by Battaglini and Coate (2016),
who show the procyclical behavior of unemployment and debt arising from time-
varying productivity. This study presents an alternative approach to explaining the
positive correlation.

Following this, we consider the second issue and show that an increase in
the political power of elderly persons, possibly stemming from an increase in
the old-age dependency ratio, results in a higher ratio of spending to GDP for
elderly persons, a lower ratio of unemployment-insurance benefits to GDP, and a
lower growth rate of capital. The result suggests that an increase in the political
power of elderly persons results in a shift of resources from young unemployed
persons to elderly persons, and thus elderly persons harm economic growth through

https://doi.org/10.1017/S1365100517001067 Published online by Cambridge University Press

https://doi.org/10.1017/S1365100517001067


3104 TETSUO ONO

redistributive politics. However, this result should be considered in tandem with
the first result, to obtain the model prediction that fits the evidence in Figure 3.

Some OECD countries have introduced budget rules that control public bond
issuance, from the perspective of fiscal sustainability. To assess the impact of
debt control, we consider an alternative budget scenario that limits public bond
issuance: a tax-finance rule where government spending is solely financed by
tax. Then, we compare the debt-finance and the tax-finance cases, and obtain the
following result. When the government finances its spending by issuing public
bonds (i.e., by borrowing in the capital market), the introduction of a tax-finance
requirement results in a higher growth rate, and thus benefits future generations;
however, it results in a lower unemployment-insurance payment–GDP ratio and a
higher tax rate in the initial period. Therefore, the introduction of the tax-finance
rule is not Pareto-improving, it benefits future generations at the expense of the
current employed and unemployed young.

This study contributes to the following strands of political economy literature.
The first is the literature on the positive theory of fiscal policy [see, e.g., Battaglini
and Coate (2008), Song et al. (2012), Barseghyan et al. (2013), Arai and Naito
(2014), Battaglini (2014), Ono (2015)]. In particular, the framework of this study is
based on that of Arai and Naito (2014) and Ono (2015); the present study introduces
the managerial trade union as a source of unemployment into their model. This
study focuses on the same issue as Battaglini and Coate (2016), who analyzed
political decisions on fiscal policy in the presence of unemployment. However,
they assume (i) exogenous wage rigidity and time-varying productivity as a source
of unemployment, and (ii) no saving behavior—and thus, no capital accumulation.
In contrast, this study assumes collective wage-bargaining (to demonstrate the
mechanism by which unemployment arises as an equilibrium phenomenon) and the
AK technology (to demonstrate the effect of fiscal policy on capital accumulation
in the presence of unemployment).

The second strand includes studies on intragenerational and intergenerational
redistributive politics in models with physical and/or human capital accumula-
tion [see, e.g., Poutvaara (2006), Bassetto (2008), Gonzalez-Eiras and Niepelt
(2008, 2012), Song (2011), Bernasconi and Profeta (2012), Uchida (in press)].
They assume competitive labor markets, and thus no equilibrium unemployment.
In contrast, this study presents equilibrium unemployment and demonstrates an
intragenerational conflict between employed and unemployed persons, as well
as an intergenerational conflict between young persons (either employed or un-
employed) and elderly persons. Within this context, we consider redistributive
politics regarding unemployment-insurance benefits and redistribution that targets
elderly persons. We show the welfare effects of intragenerational and intergen-
erational conflicts on fiscal policy and capital accumulation, in the presence of
unemployment.

Section 2 of this paper presents the model and characterizes the economic
equilibrium. Section 3 characterizes a political equilibrium where government
expenditure is financed by tax and the issuance of public bonds. Section 4 considers
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an alternative scenario that prohibits public bond issuance, and it investigates the
effect of this prohibition on fiscal policy, growth, and welfare. Section 5 determines
the robustness of the results under alternative assumptions. Section 6 presents
some caveats to the analysis, along with our conclusions. Appendix A contains
the proofs. Appendix B is available as online supplementary information in the
online version of this journal.

2. MODEL AND ECONOMIC EQUILIBRIUM

Consider a two-period-lived overlapping-generations model where the economy
comprises perfectly competitive firms, ex ante identical individuals, a trade union,
and a government. Time is discrete and denoted by t = 0, 1, 2, . . . . A new gen-
eration is born in each period t = 0, 1, 2, . . . , and individuals in each generation
live for two periods (i.e., youth and old age). No population growth is assumed,
and the population in each generation is normalized to unity.

2.1. Preferences and Utility Maximization

An individual supplies one unit of labor inelastically in youth and retires in old
age. The lifetime utility of an individual born in period t is given by

Ui
t = ln c

yi
t + β ln coi

t+1 + βη ln gt+1,

where c
yi
t is consumption in youth, coi

t+1 is consumption in old age, gt+1 is public
services for elderly persons (e.g., medical-care systems and nursing-care insurance
systems), β ∈ (0, 1) is a discount factor, and η(> 0) captures the preference
weight for public services. The subscript t denotes the period of consumption,
and the superscript i denotes the status of labor: i = e or i = u if an individual
is employed or unemployed, respectively. The status is assigned according to
bargaining between the trade union and the firm (described later) at the beginning
of each period. The specification of the logarithmic utility function makes the
aggregation of the savings functions tractable.

An individual chooses consumption and savings to maximize lifetime utility,
under the following budget constraints:

c
yi
t + si

t ≤ xt (1 − τt )wt + (1 − xt )bt , xt ∈ {0, 1}
coi
t+1 ≤ Rt+1s

i
t ,

where xt = 1 and xt = 0 if an individual is employed or unemployed, respectively.
wt is the wage, bt is the unemployment-insurance benefit, st is savings, Rt+1 is
the gross interest rate, and τt is the tax on labor income. Unemployment-insurance
benefits are assumed to be tax-exempt.
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By solving the utility-maximization problem, we obtain the savings function of
a type-i individual as follows:

si
t = β

1 + β
[xt (1 − τt )wt + (1 − xt )bt ] .

The corresponding consumption functions are

c
yi
t = 1

1 + β
[xt (1 − τt )wt + (1 − xt )bt ] ,

coi
t+1 = βRt+1

1 + β
[xt (1 − τt )wt + (1 − xt )bt ] .

These functions state that a higher wage level or unemployment-insurance
benefit implies higher savings and consumption, whereas a higher tax rate implies
lower savings and consumption. Using these functions, the indirect utility functions
of employed, unemployed, and elderly persons are given by

V
ye
t = (1 +β) ln(1 − τt )wt +β ln Rt+1 +βη ln gt+1 +

(
ln

1

1 + β
+β ln

β

1 + β

)
,

V
yu
t = (1 + β) ln bt + β ln Rt+1 + βη ln gt+1 +

(
ln

1

1 + β
+ β ln

β

1 + β

)
, and

V o
t = η ln gt + ln Rts

i
t−1, i = e, u,

respectively.

2.2. Technology and Profit Maximization

There is a continuum of identical firms that are perfectly competitive profit max-
imizers and which produce the final product Yt with a constant returns-to-scale
Cobb–Douglas production function, Yt = At (Kt)

α (Lt )
1−α . Here, At is the pro-

ductivity parameter, Kt is aggregate capital, Lt is aggregate labor, and α ∈ (0, 1)

is a constant parameter representing capital share. Capital is assumed to fully
depreciate within a period.

In each period t , a firm chooses capital and labor in order to maximize its profit,
At (Kt)

α (Lt )
1−α − ρtKt − wtLt , where ρt is the rental price of capital and wt is

the wage rate. The firm takes these prices as given. The first-order conditions with
respect to Kt and Lt are given by

Kt : ρt = αAt (Kt)
α−1 (Lt )

1−α ,

Lt : wt = (1 − α)At (Kt)
α (Lt )

−α .

The productivity parameter At is assumed to be proportional to the aggregate
capital in the overall economy: At = A (Kt)

1−α . Thus, capital investment involves
a technological externality of the type often used in endogenous-growth theories
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[Romer (1986)]. This assumption, called “AK” technology, results in a constant
interest rate across periods, as demonstrated below. This approach enables us to
obtain an analytical solution for the model.

Under this assumption, the first-order conditions are rewritten as follows:

ρt = αA (lt )
1−α = Rt, (1)

wt = (1 − α)AKt (lt )
−α , (2)

where lt is the employment rate in the economy, and lt = Lt holds because the
number of people in each generation is unity. The arbitrage condition ρt = Rt holds
for all t , because the capital market is competitive and capital fully depreciates
within a period.

2.3. Government Budget Constraint

Fiscal policy is determined through elections, and public bonds are traded in a
domestic capital market. Let Dt denote the aggregate inherited debt. A budget
constraint in period t is

Dt+1 + τt ltwt = gt + (1 − lt )bt + RtDt , (3)

where Dt+1 is newly issued public bonds, τt ltwt is the labor income-tax revenue, gt

is expenditure for elderly persons, (1−lt )bt is unemployment-insurance payments,
and RtDt is debt repayment. We assume that in each period, the government is
committed to not repudiating the debt.

Equation (3) indicates that the government can freely issue public bonds, as
long as it satisfies the budget constraint. In Section 3, we demonstrate the political
equilibrium outcome of this case. In Section 4, we consider an alternative case:
the tax-finance case, in which the government is required to finance its spending
solely through taxation.

2.4. Right-to-Manage Model

Following Pemberton (1988), we assume a managerial trade union whose objective
is to pursue two targets: a high real wage, wt , and a high employment rate, lt . In
particular, the trade union’s objective function is specified using the following
Cobb–Douglas function:

(wt − w̄t )
δ · (lt )

1−δ ,

where w̄t is the reference wage of the trade union, and δ ∈ (0, 1) is a parameter
capturing the relative intensity of the two targets.

Following Corneo and Marquardt (2000), we assume that the reference wage
is the competitive wage, which is calculated by setting lt = 1 in the first-order
condition with respect to labor, (2):

w̄t = (1 − α)AKt .
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Alternatively, we assume that the reference wage is set to the unemployment-
insurance benefits, w̄t = bt [see, e.g., Chang et al. (2007)], which we discuss in
Section 5.

The present study employs the right-to-manage model [see, e.g., Benassy
(2011), Chapter 15, and Heijdra (2009), Chapter 7, for an overview of the model].
The union and the firm negotiate wages through a generalized Nash bargaining
solution. Given the solution, employment is determined to satisfy the labor demand
function of the firm. According to this solution, the wage chosen after bargaining
maximizes the geometrically weighted average of the gains to both the union
and the firm, subject to the firm’s demand for labor. Formally, the problem is as
follows:

max
wt

�t = [
(wt − w̄t )

δ (lt )
1−δ

]θ · [
At (Kt)

α (lt )
1−α − wt lt

]1−θ

s.t. wt = (1 − α)At (Kt)
α (lt )

−α

given w̄t ,

where θ ∈ [0, 1] represents the relative strength of the union. The term
(wt − w̄t )

δ (lt )
1−δ is the gain to the union, whereas the term At (Kt)

α (lt )
1−α −wt lt

is the gain to the firm.
To solve the problem, we impose the following assumption, which ensures the

second-order condition for an interior solution.

Assumption 1. α < min
[
1, 1−δθ

(1−θ)+δθ

]
.

Under Assumption 1, the wage determined through bargaining becomes

wt = φw̄t = φ(1 − α)AKt , (4)

where the second equality comes from w̄t = (1 − α)AKt , and φ is defined by

φ ≡ (1 − δ)θ + (1 − α)(1 − θ)

(1 − δ)θ + (1 − α)(1 − θ) − αδθ
(> 1).

We provide in Appendix A.1 the derivation of (4).
We substitute (4) into the labor demand function wt = (1 − α)AKt (lt )

−α to
obtain the employment rate determined through bargaining:

lt = l ≡ (1/φ)1/α . (5)

Given that φ is increasing in θ , we immediately understand that higher union
power yields lower employment, ∂l/∂θ < 0.

Equation (5) indicates that the employment rate (or unemployment rate) is
independent of fiscal policy and the capital stock. This implies that the present
model demonstrates the effect of (un)employment on fiscal policy and capital
accumulation; however, it does not show the reverse effect. This property, caused
by the specification of collective wage-bargaining, points to some of this study’s
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limitations. However, the present model enables us to consider the interaction
between fiscal policy and capital accumulation in the presence of unemployment.

Using (5), we can write the aggregate output and the gross interest rate in terms
of the employment rate:

Yt = AKt l(l)
−α = AlφKt, (6)

Rt = αAl(l)−α = αAlφ ≡ R. (7)

We use the expressions in (5)–(7) in the following analysis. Hereafter, to simplify
the presentation, we often use R instead of Rt = αAlφ.

2.5. Economic Equilibrium

A market-clearing condition for capital is Kt+1 + Dt+1 = st , which expresses the
equality of total savings by young agents in generation t , st ≡ lt s

e
t + (1 − lt )s

u
t ,

to the sum of the stocks of aggregate physical capital and aggregate public debt,
Kt+1 + Dt+1:

Dt+1 + Kt+1 = β

1 + β
[l(1 − τt )φ(1 − α)AKt + (1 − l)bt ] . (8)

We are now ready to formally define in the present model an economic equilibrium.

DEFINITION 1. Given a sequence of policy parameters {τt , bt , gt ,Dt+1}∞t=0,
an economic equilibrium is a sequence of prices and allocations,{
c
yi
t , coi

t+1, s
i
t , lt , Kt , wt , w̄t , ρt , Rt

}∞

t=0
, with initial conditions K0 and D0 such

that the following conditions are satisfied: (i) given (wt , Rt+1) and a fiscal pol-

icy,
(
c
yi
t , coi

t+1, s
i
t

)
solves the utility-maximization problem of a type-i agent, (ii)

given (wt , ρt ), (lt , Kt ) solves the profit-maximization problem of a firm, (iii) given
(w̄t , Kt ), wt solves the Nash bargaining problem, (iv) the reference wage w̄t is cal-
culated by assuming full employment in the labor market, (v) given (lt , wt , Rt ,Dt),
(τt , bt , gt ,Dt+1) satisfies the government budget constraint, (vi) ρt = Rt holds,
and (vii) the capital market clears: Dt+1 + Kt+1 = lt s

e
t + (1 − lt )s

u
t .

In each period, the timing of the events is as follows. First, the government
representing young persons and elderly persons decides upon a fiscal policy to
maximize its objective function (demonstrated later). Second, the wage is deter-
mined by the bargaining process, taking as given that the agents understand how
wage affects labor demand. Then, the firm demands capital and labor, and sets
employment according to its labor demand curve. Given a fiscal policy, a wage,
and an interest rate, each young agent sets savings and consumption to maximize
his or her utility. Finally, the capital market clears.
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3. THE POLITICS

To consider the government’s behavior, we need to determine its objective and
the agents’ indirect utility functions. Recall that V

ye
t , V

yu
t , and V o

t denote the
indirect utility of a young employed agent in period t , the indirect utility of a
young unemployed agent in period t , and the indirect utility of an elderly agent
in period t , respectively. These are expressed as functions of government policy
and/or the capital stock, as follows:

V
ye
t = (1 + β) ln(1 − τt )φ(1 − α)AKt + βη ln gt+1 + C;

V
yu
t = (1 + β) ln bt + βη ln gt+1 + C;
V o

t = ln R(Kt + Dt) + η ln gt ,

where

C ≡ β ln R +
(

ln
1

1 + β
+ β ln

β

1 + β

)
.

The terms (1 − τt )φ(1 − α)AKt and bt correspond to the lifetime income (and
thus, lifetime consumption) of employed and unemployed persons, respectively.

This study assumes probabilistic voting à la Lindbeck and Weibull (1987) in the
demonstration of the political mechanism [see Acemoglu and Robinson (2005),
appendix, and Persson and Tabellini (2000), pp. 54–58, for an overview of this
voting mechanism]. In each period, the government in power chooses fiscal policy
to maximize its political objective. Formally, the political objective function in
period t is given by

Pt = ωV o
t + (1 − ω)

[
l · V

ye
t + (1 − l) · V

yu
t

]
,

or

Pt = ωη ln gt + (1 − ω)(1 + β) [l · ln(1 − τt )φ(1 − α)AKt + (1 − l) · ln bt ]

+ (1 − ω)βη ln gt+1,

where ω and 1−ω are the relative weights of elderly and young agents, respectively,
and l and 1 − l are the relative weights of employed and unemployed persons
measured as a percentage of the young generation of the population, respectively.2

Terms unrelated to politics are omitted from the above expression.

3.1. Political Equilibrium

Given Kt and Dt , the problem of the government in period t is to choose a
set of fiscal policies, (τt , gt , bt ,Dt+1), to maximize Pt subject to the period-t
government budget constraint. The problem is dynamic in that the values of the
next-period state variables, Kt+1 and Dt+1, passed from the current government to
the next government, will affect the choice of gt+1 by the next government. This
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choice, in turn, has an effect on the utility of the current young persons, and thus
on the current government’s objective.

To take account of the above feature, we restrict our attention to a Markov-
perfect equilibrium. Markov perfection implies that the outcomes depend only on
the payoff-relevant state variables—that is, capital K and public debt D. Therefore,
the expected level of public services in the next period, gt+1, is given by a function
of the next-period capital stock and public debt, gt+1 = G(Kt+1,Dt+1). Using a
recursive notation with x ′ denoting the next period x, we can define a Markov-
perfect political equilibrium as follows.

DEFINITION 2. A Markov-perfect political equilibrium is a set of functions,〈
T̃ , G̃, B̃, D̃

〉
, where T̃ : �++ × � → [0, 1] is a tax rule, τ = T̃ (K,D); G̃ :

�++×� → �++ is a public expenditure rule, g = G̃(K,D); B̃ : �++×� → �+
is an unemployment-insurance rule, b = B̃(K,D); and D̃ : �++ × � → � is a
debt rule, D′ = D̃(K,D), such that

(i) the capital market clears

D̃(K, D) + K ′ = β

1 + β

{
l
[
1 − T̃ (K,D)

]
φ(1 − α)AK + (1 − l)B̃(K,D)

} ; (9)

(ii) given K and D,
〈
T̃ (K,D), G̃(K, D), B̃(K,D), D̃(K,D)

〉 = arg max P subject to
g′ = G̃(K ′, D′), the capital market-clearing condition in (9), and the government
budget constraint

G̃(K,D) + (1 − l)B̃(K,D) + RD = T̃ (K, D)lφ(1 − α)AK + D̃(K, D),

where P is defined by

P(K, g, τ, b, g′) = ωη ln g + (1 − ω)(1 + β) [l ln(1 − τ)φ(1 − α)AK

+ (1 − l) ln b] + (1 − ω)βη ln g′.

The following proposition characterizes the political equilibrium.

PROPOSITION 3. Denote η̃ ≡ (1 − α)(1 + β)/(1 + αβ). Given K and D, a
Markov-perfect political equilibrium, {τ, b, g,K ′,D′} , is characterized by

b = B̃(K,D) ≡ 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη

· (1 + β)2

1 + αβ
· [lφ(1 − α)AK − RD] , (10)

g = G̃(K,D) ≡ ωη

(1 − ω) [1 + β (1 + η)] + ωη
· [lφ(1 − α)AK − RD] , (11)

D′ = D̃(K,D) ≡ 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη

·β · (η̃ − η) · [lφ(1 − α)AK − RD] , (12)
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τ = T̃ (K,D) ≡  + α

1 − α
· (1 − ) · D

K
, (13)

where

 ≡ 1 − 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη
· l(1 + β)2

1 + αβ
;

additionally, by the law of motion of capital,

K ′

K
= 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη
· β [α (1 + β) + (1 + αβ) η]

1 + αβ

·
[
lφ(1 − α)A − R

D

K

]
,

where

D

K
=

⎧⎪⎪⎨
⎪⎪⎩

D0

K0
for t = 0,

(1 + αβ) · (η̃ − η)

α (1 + β) + (1 + αβ) η
for t ≥ 1.

The tax rate is set within the range (0, 1) for period t (≥ 0) if  > 0 and
D0/K0 < (1 − α)/α.

Proof. See Appendix A.2.

Proposition 1 implies that the economy has the following features. First, g and
b are linear functions of wage income lφ(1 − α)AK minus debt repayment RD.
The available resources for the government are lφ(1 − α)AK − RD, and it uses
them for expenditure on public services for elderly persons and on unemployment
benefits for young persons.

Second, the government borrows or lends in the capital market. The state of
financial balance depends on η, which captures the preference weight of public
services for elderly persons: D′ ≷ 0 if and only if η ≶ η̃ ≡ (1−α)(1+β)/(1+αβ).
A higher η incentivizes young voters to lower public debt, from the perspective of
maintaining public services they will enjoy in old age. This is the disciplined effect
produced by young voters [Song et al. (2012)]. In particular, when η is above η̃,
the disciplinary effect is so large that the government need not issue bonds. Rather,
the government lends in the capital market to utilize its surplus funds.

Third, the growth rate is constant across periods, except for the initial period.
This is because the model exhibits a constant interest rate inherited from the AK
technology. However, the growth rate changes between the first two periods—
that is, periods 0 and 1—because the government starts to borrow or lend in
the capital market in period 0. In particular, the growth rate decreases when the
government borrows in the capital market. The issuance of public bonds by the
period-0 government pushes the next-period government to raise taxes to finance
debt repayment. In addition, the issuance of public bonds crowds out capital
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accumulation, and thus impedes economic growth. The opposite result holds when
the government lends in the capital market.

3.2. Political Power of Elderly Persons and of Trade Unions

Based on the result in Proposition 1, we now investigate how policies and the
growth rate are affected by an increase in the power of elderly persons and of the
trade unions. The following proposition summarizes the result.

PROPOSITION 4. In the political equilibrium presented in Proposition 1, in-
creases in ω and θ cause the following:

(i) ∂ (D/Y ) /∂ω = 0, ∂τ/∂ω > 0, ∂ (g/Y ) /∂ω > 0, ∂ [(1 − l)b/Y ] /∂ω < 0, and
∂ (K ′/K) /∂ω < 0;

(ii) ∂ (D/Y ) /∂θ > 0, ∂τ/∂θ > 0, ∂ (g/Y ) /∂θ = 0, ∂ [(1 − l)b/Y ] /∂θ > 0, and
∂ (K ′/K) /∂θ < 0.

Proof. See Appendix A.3.

To understand the result in Proposition 2, we first consider the D/Y ratio.
This is rewritten as D/Y = (D/K)/A(l)1−α , where D/K is independent of ω

and θ . The employment rate l is independent of the political power of elderly
persons, because it is determined to balance the conflicting items between young
employed persons and the trade union. However, the employment rate decreases
as the political power of the union increases. This in turn reduces the aggregate
output, and thus increases the D/Y ratio.

Second, the tax rate increases as the political power of elderly persons increases,
because elderly persons owe no tax burden, and thus they want to increase public
services at the expense of the financial burden placed on young persons. The tax
rate also increases as the bargaining power of the union increases. When the union
has greater bargaining power, the employment rate decreases. In response to this
change, the government increases the tax rate on employed persons to maintain
the tax revenue level.

Third, g/Y increases but (1− l)b/Y decreases as the political weight of elderly
persons increases. A larger weight on elderly persons incentivizes the government
to shift resources from young persons (including those who are unemployed) to
elderly persons, resulting in a higher g/Y and a lower (1 − l)b/Y . The relative
bargaining strength has no effect on g/Y , because its effect on the policy function
of g is offset by its effect on the aggregate output Y . However, the relative
bargaining strength has a positive effect on (1 − l)b/Y , because increased union
power reduces the number of employed persons, and thus increases aggregate
spending on unemployment-insurance payments.

Finally, the capital growth rate decreases as the political weight of elderly
persons increases. A larger weight on elderly persons forces the government to
focus on elderly persons, and spend more resources on public services, resulting
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in fewer resources for savings and capital accumulation. The bargaining power of
the union has two opposing effects on the growth rate: a higher markup, φ, and
a lower number of employed persons. The result suggests that the latter negative
effect always outweighs the former positive effect, resulting in a lower growth rate
in response to an increase in the power of the union.

A noteworthy feature of the result in Proposition 2 is that the greater power of
the union leads to a higher unemployment rate and a higher debt–GDP ratio, this
suggests a positive correlation between these two variables. This is in line with
the predictions of previous studies, such as those of Kaas and von Thadden (2004)
and Battaglini and Coate (2016). However, Kaas and von Thadden (2004) assume
fixed unemployment benefits and a fixed tax rate, and thus rule out the possibility
of changes to these policy variables on account of voting. Battaglini and Coate
(2016) overcome this issue by demonstrating voting on fiscal policy; however, they
subtract from their model physical capital accumulation. The current study instead
demonstrates a politico-economic model with physical capital accumulation, and
shows that the government responds to an increase in unemployment by increasing
the tax rate and issuing more public bonds; these changes, in turn, reduce the
growth rate.

Another noteworthy feature is that an increase in the political power of elderly
persons results in a higher ratio of spending for elderly persons to GDP and a
lower ratio of unemployment-insurance benefits to GDP. This implies a shift of
resources from young unemployed persons to elderly retired persons. However,
the evidence in Figure 3 shows that the two expenditures positively correlate. The
evidence suggests that the political effect of elderly persons is outweighed by the
political effect of the trade union. In addition, increased spending for unemployed
persons and elderly persons would be financed by issuing public bonds.3

4. DEBT FINANCE VERSUS TAX FINANCE

In the preceding section, we considered fiscal policy and economic growth when
the government is able to issue public bonds to finance its expenditure. We assume
no constraint on public bond issuance. However, in the real world, many countries
have introduced fiscal constitutions that govern the determination of fiscal policies.
In particular, constitutional balanced-budget rules are in force in Austria, Germany,
Italy, Slovenia, Spain, Switzerland, and the United States [Azzimonti et al. (2016)].

To investigate the role and impact of budget rules, we consider an alternative
scenario: the tax-finance case, in which the government is unable to issue pub-
lic bonds, and so it finances its spending solely through taxation. In particular,
throughout this section, we assume η < η̃. The assumption implies that in the
absence of a constraint, the government borrows in the capital market (see Propo-
sition 1). In other words, the government wants to borrow in the capital market,
but its borrowing is restricted when a budget rule is introduced. We compare
the debt-finance case presented in the preceding section and the tax-finance case
presented below, in terms of government expenditure and economic growth, we
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also investigate the welfare consequences of shifting from debt finance to tax
finance.4

For comparison, we assume that capital K and debt D are given in the be-
ginning of each period; however, the government is unable to issue new public
bonds. Therefore, a tax-finance Markov-perfect political equilibrium is a set of
functions, 〈T ,G,B〉, where T : �++ × � → [0, 1] is a tax rule, τ = T (K,D);
G : �++ × � → �++ is a public services provision rule, g = G(K,D), and
B : �++ ×� → �+ is an unemployment-insurance rule, b = B(K,D), such that

1. (i) the capital market clears

K ′ = β

1 + β
{l [1 − T (K,D)] φ(1 − α)AK + (1 − l)B(K,D)} ; (14)

2. (ii) given K , 〈T (K,D),G(K, D), B(K,D)〉 = arg max P(K,D, τ, g, b, g′) subject
to g′ = G(K ′, D′), (14), and the government budget constraint,

G(K) + (1 − l)B(K) + RD = T (K)lφ(1 − α)AK.

The following proposition characterizes the tax-finance political equilibrium.

PROPOSITION 5. Given K and D, a tax-finance Markov-perfect political
equilibrium, {τ, b, g,K ′}, is characterized by the policy functions:

b = 1 − ω

(1 − ω)[1 + β(1 + η)] + ωη
[1 + β(1 + η)] [lφ(1 − α)AK − RD] ,

g = ωη

(1 − ω)[1 + β(1 + η)] + ωη
[lφ(1 − α)AK − RD] ,

τ = β(1 + αβ)

(1 + β)2
· (η̃ − η) + (1 + αβ)[1 + β(1 + η)]

(1 + β)2
·
[
 + α

1 − α
(1 − )

D

K

]
,

as well as by the law of motion of capital,

K ′

K
= 1 − ω

(1 − ω)[1 + β(1 + η)] + ωη
· β[1 + β(1 + η)]

1 + β
·
[
lφ(1 − α)A − R

D

K

]
,

where
Dt

Kt

=
{

D0/K0 for t = 0,

0 for t ≥ 1.

The tax rate is set within the range (0, 1) if  > 0 and D0/K0 < (1 − α)/α.

Proof. See Appendix A.4.

The result in Proposition 3 indicates that the policy function of the expenditure
for elderly persons, g, is identical between the debt-finance and the tax-finance
cases, while the other policy functions and the law of motion of capital differ
between the two cases. To investigate the differences in detail, we compare the
two cases in terms of government expenditure–GDP ratios, g/Y and (1 − l)b/Y ,
and economic growth, K ′/K . First, we compare those in period 0 and obtain the
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following result. Variables in the debt-finance and tax-finance cases are denoted
with subscripts “debt” and “tax,” respectively.

PROPOSITION 6. Assume η < η̃. Given D0/K0 < (1 − α)/α,K1/K0,
g0/Y0, (1−l)b0/Y0, and τ0 in the debt-finance and tax-finance cases are compared
as follows:

K1

K0

∣∣∣∣
debt

<
K1

K0

∣∣∣∣
tax

,
g0

Y0

∣∣∣∣
debt

= g0

Y0

∣∣∣∣
tax

,

(1 − l)b0

Y0

∣∣∣∣
debt

>
(1 − l)b0

Y0

∣∣∣∣
tax

, and τ0|debt < τ0|tax .

Proof. See Appendix A.5.

The result in Proposition 4 indicates that in the initial period, the growth rate
in the debt-finance case is lower than that in the tax-finance case, because public
debt crowds out private investment, and thus also capital formation. The result
also indicates that the tax rate in the debt-finance case is lower than that in the
tax-finance case, this is because the government can issue public bonds to finance
the tax cut. Thus, prohibiting public bond issuances creates a tax-hike effect.

To understand the effects of fiscal stance on public services for elderly persons
and on unemployment-insurance benefits, recall the political objective function in
the debt-finance case:

P = ωη ln g + (1 − ω)(1 + β)l ln [(lφ(1 − α)AK − RD)

− g − (1 − l)b + D′]
+ (1 − ω)(1 + β)(1 − l) ln b

+ (1 − ω)βη ln

{
lφ(1 − α)A

β

1 + β
[(lφ(1 − α)AK − RD) − g]

−
[
lφ(1 − α)A

1 + β
+ R

]
D′

}
. (15)

The objective function indicates that the fiscal stance on the taxpayers generates
the following two types of costs in terms of utility. First, the burden results in
decreased consumption among employed persons. Second, the burden also results
in decreased savings among employed persons, which in turn lowers the level of
next-period capital stock—and thus, future public services for elderly persons.
However, the unemployment-insurance benefit is irrelevant to the latter, because
it is an intragenerational transfer and thus has no effect on aggregate saving.

With this difference in mind, let us consider the effects of issuing public bonds
on the two types of costs. First, issuing bonds enables the government to cut the
tax rate, thereby reducing the first cost [as observed in the second term in equation
(15)]. Second, issuing bonds crowds out capital formation and reduces the future
provision of public services for elderly persons, and thus increases the second cost
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as observed in the fourth term of the political objective function. The provision of
public services for elderly persons is not affected by the issuance of public bonds,
because the first effect is offset by the second effect. However, bond issuance does
affect unemployment-insurance provision, because the second effect is irrelevant.
Therefore, the expenditure for elderly persons is independent of fiscal stance,
whereas the unemployment-insurance level is higher in the debt-finance case than
in the tax-finance case.

Next, we compare the two cases in terms of the growth rate and public-services–
GDP ratio, in period t (≥ 1).

PROPOSITION 7. Assume η < η̃. Given K0 and D0, we compare Kt+1/Kt

and gt/Yt in the debt-finance and the tax-finance cases as follows:

Kt+1

Kt

∣∣∣∣
debt

<
Kt+1

Kt

∣∣∣∣
tax

and
gt

Yt debt
<

gt

Yt

∣∣∣∣
tax

.

Proof. See Appendix A.5.

The effect on economic growth in period t (≥ 1) is qualitatively similar to that
in the initial period. However, the effect on public services for elderly persons
in period t (≥ 1) differs from that in the initial period. The public services–GDP
ratio is independent of the fiscal stance in the initial period, whereas it is critically
affected by the fiscal stance in period t ≥ 1. To understand this difference, recall
that for period t ≥ 1, the resources available to the government in the debt-finance
case are given by lφ(1 − α)AK − RD, these are smaller than those in the tax-
finance case, because the government in the debt-finance case must use part of its
resources for debt repayment. Because of this difference in resource availability,
the public services–GDP ratio in the debt-finance case is lower than that in the
tax-finance case.

The tax rate and unemployment-insurance payments are directly affected by
the state of financial balance in the initial period; however, these effects are not
straightforward for period t ≥ 1, as we demonstrate in the following.

PROPOSITION 8. For period t ≥ 1, there is a critical value of η, denoted by
η̂ ≡ α(1 + β)/β(1 − α), such that

(1 − l)bt

Yt

∣∣∣∣
debt

≥ (1 − l)bt

Yt

∣∣∣∣
tax

and τt |debt ≤ τt |tax if α <
β

1 + 2β
and η ∈ [η̂, η̃) ;

(1 − l)bt

Yt

∣∣∣∣
debt

<
(1 − l)bt

Yt

∣∣∣∣
tax

and τt |debt > τt |tax

if either α ≥ β

1 + 2β
, or α <

β

1 + 2β
and η ∈ (0, η̂) .

Proof. See Appendix A.5.
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Bond issuance produces two opposing effects on the tax rate. The first is a tax-cut
effect, as demonstrated in Proposition 4. The second is a tax-hike effect: the bond
issuance incurs debt repayment costs from period 1 onward, and the government
finances a part of the costs by raising the tax rate. The result in Proposition 6
suggests that if either α ≥ β/(1 + 2β), or α < β/(1 + 2β) and η ∈ (0, η̂), the
tax-hike effect will outweigh the tax-cut effect—that is, prohibiting debt finance
will reduce the tax rate. Otherwise, the opposite is true.

The bond issuance also produces two opposing effects on unemployment in-
surance benefits, these are observed in the second terms of the political objective
function in the debt-finance case in equation (15). The positive effect is that
the bond issuance increases the resources available to the government, and thus
enables the government to increase the unemployment-insurance payments. The
negative effect is the incurrence of debt repayment costs from period 1 onward,
which reduces the resources available to the government and hence results in a
decrease in the unemployment insurance payments.

The result in Proposition 6 suggests that if either α ≥ β/(1+2β), or α < β/(1+
2β) and η ∈ (0, η̂), the negative effect on unemployment insurance will outweigh
the positive effect on it. In other words, the shift from debt finance to tax finance
may increase the unemployment-insurance payment–GDP ratio. With the result in
Proposition 5, we find that the shift increases the growth rate and spending for the
elderly persons–GDP ratio, and may also increase the unemployment-insurance
payment–GDP ratio. This result suggests that the balanced-budget requirement,
which has been or is being introduced in some countries or states to instill fiscal
discipline, may benefit future generations at the expense of young employed and
unemployed persons in the initial period. We investigate this welfare implication
further in the following.

PROPOSITION 9. There is a positive integer, T (≥ 1), such that

V
ye
t

∣∣
debt ≥ V

ye
t

∣∣
tax and V

yu
t

∣∣
debt ≥ V

yu
t

∣∣
tax for t ≤ T ,

V
ye
t

∣∣
debt < V

ye
t

∣∣
tax and V

yu
t

∣∣
debt < V

yu
t

∣∣
tax for t > T .

Proof. See Appendix A.6.

The result in Proposition 7 suggests that tax finance definitely benefits future
generations at the expense of current employed and unemployed persons. To
understand this, suppose that the tax-finance rule is introduced in period 0. As
demonstrated in Proposition 4, in period 0, the government requires a higher
tax rate and a lower unemployment-insurance benefit level than in debt finance,
because the government is unable to issue public bonds to finance its expenditure.
This creates negative income effects on both current employed and unemployed
persons, and thus brings about lower utility in the tax-finance case than in the
debt-finance case.

Proposition 7 shows that the result is the opposite for future generations. As
demonstrated in Proposition 6, future young persons benefit from tax finance if
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either α ≥ β/(1 + 2β), or α < β/(1 + 2β) and η ∈ (0, η̂). If this condition fails
to hold, future young persons suffer from a negative income effect on account of
tax finance. However, the current government can bequeath more capital to future
generations in the tax-finance case. This implies that the future government can
use more resources to provide public services for elderly persons. This positive
effect outweighs the negative income effect. Therefore, future generations will
benefit from tax finance, regardless of the parameter values.

5. EXTENSIONS

The main analysis of this study assumes that the reservation wage is the competitive
wage. In this section, we attempt to relax this assumption in two ways, and briefly
examine how the analysis and the results thereof would change.

5.1. Unemployment-Insurance Benefit as the Reservation Wage

An alternative assumption here is that the reservation wage is given by the level
of unemployment-insurance benefits, bt [see, e.g., Bean and Pissarides (1993),
Chang et al. (2007)]. The union’s objective under this alternative assumption is
[(1 − τt ) wt − bt ]

δ (lt )
1−δ . The objective function in the Nash bargaining problem

is now modified as

�t = {
[(1 − τt ) wt − bt ]

δ (lt )
1−δ

}θ · [
At (Kt)

α (lt )
1−α − wt lt

]1−θ
,

and the solution to the problem becomes

(1 − τt ) wt = φbt ,

where φ(> 1) is defined in (4).
The indirect utility functions of employed and unemployed persons are now

given by

V
ye
t = (1 + β) ln φbt + β ln Rt+1 + βη ln gt+1,

V
yu
t = (1 + β) ln bt + β ln Rt+1 + βη ln gt+1,

respectively. An increase in b improves the utility of both employed and unem-
ployed persons—that is, there is no conflict over the provision of unemployment-
insurance benefits between employed and unemployed persons. This is empirically
implausible. Therefore, for the union, this study uses the competitive wage as the
reservation wage.

5.2. After-Tax Wage as a Union’s Target

In the main analysis, the unemployment rate was endogenous but independent of
fiscal policy. This enabled us to solve the model in a tractable way; however, it fails
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to capture the relationship between unemployment and fiscal policy, as suggested
by Battaglini and Coate (2014). To overcome this limitation, we consider the
following alternative objective function for the union:

[(1 − τt ) wt − w̄t ]
δ · (lt )

1−δ ,

where one of the union’s targets is the after-tax wage, (1 − τt ) wt , rather than the
before-tax wage, wt .

Solving the Nash bargaining problem with this modification leads to the fol-
lowing employment rate:

lt = l (τt ) ≡
(

1 − τt

φ

)1/α

.

The unemployment rate now depends on the tax rate. A higher tax rate implies less
after-tax wage income. This incentivizes the union to set a higher wage through
bargaining. Therefore, the employment rate is lower when the union’s target is the
after-tax wage than when it is the before-tax wage.

The political objective function, P , is now modified by replacing l with l (τt ).
However, this modification makes it difficult to obtain an analytical solution,
because the choice of τt affects the employment rate and thus also the optimality
condition with respect to τt . To overcome this problem, we divide the decision
process of fiscal policy into the following two substages: (1) given K and D, the
government sets the tax rate to satisfy its constraint, with the expectation of b, g,
and D′ determined through voting and (2) given τt , the government decides a set
of (g, b,D′) to maximize its objective.

This modification enables us to take l (τt ) as given in choosing g, b, and
D′. This implies that the political equilibrium policy and allocation, denoted by
{g, τ, b,D′,K ′}, are characterized by the equations demonstrated in Proposition
1, but the l values in them are replaced by l(τ ). Thus, g/Y and [1 − l(τ )] b/Y

ratios and the growth rate become

g

Y
= ωη

(1 − ω) [1 + β (1 + η)] + ωη
·
[
(1 − α) − α

D

K

]
,

[1 − l(τ )] b

Y
= [1 − l(τ )] (1 − ω)

(1 − ω) [1 + β (1 + η)] + ωη
· (1 + β)2

1 + αβ
·
[
(1 − α) − α

D

K

]
,

K ′

K
= (1 − ω) β [α (1 + β) + (1 + αβ) η]

{(1 − ω) [1 + β (1 + η)] + ωη} (1 + αβ)

·
[
l(τ )φ(1 − α)A − αAl(τ )φ

D

K

]
.

The equations suggest that changing the target from w to (1 − τ)w creates
the following three effects. First, the ratio g/Y remains unchanged, because the
negative effects on the wage and GDP are offset by the positive effect of a reduction
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in the interest rate. Second, the ratio (1 − l)b/Y increases because, given b and
Y , employment decreases. Third, the growth rate decreases because the negative
effect on the wage outweighs the positive effect of a reduction in the interest rate.
Therefore, we conclude that the model presented in the main analysis fails to
capture the effect of fiscal policy on employment; however, the effect could be
easily included in the model.

6. CONCLUDING REMARKS

This study shows a positive correlation between unemployment and the debt–GDP
ratio, resulting from the strong political power of a trade union. The study also
shows that an increase in the political power of elderly persons results in a higher
ratio of spending for elderly persons to GDP, a lower ratio of unemployment-
insurance benefits to GDP, and a lower capital growth rate. In addition, the tax-
finance requirement shifts resources from the younger to the older generation via
fiscal policy, and thus benefits current elderly persons at the expense of current
young persons; however, it improves economic growth, and thus the utility of
future generations.

The key assumptions in demonstrating these results are (i) the additively separa-
ble, logarithmic utility function, (ii) AK technology, and (iii) the union’s objective
function, which targets the before-tax wage. The first assumption abstracts from
the effect of savings on the preferences of public services for elderly persons. If
we assume nonseparable preferences for private consumption and public services,
individuals could substitute private consumption for public services, and thus
prefer fewer public services and the issuance of public bonds.

The second assumption produces a constant interest rate that rules out the
effect of fiscal policy on the interest rate through capital accumulation. We can
include the interest rate effect by assuming a Cobb–Douglas production function
that abstracts from the capital externality. This assumption implies that the interest
rate is decreasing in capital, thereby incentivizing individuals to prefer fiscal policy
that discourages capital accumulation and economic growth.

The third assumption produces an unemployment rate that is independent of
fiscal policy. This result enables us to obtain analytically the political-equilibrium
solution; however, it rules out the possibility of interaction between fiscal policy
choice and unemployment. To overcome this limitation, Section 5.2 considers
an alternative assumption—namely, that the union’s target is the after-tax wage.
Under this assumption, we find that unemployment depends on fiscal policy, and
that unemployment-insurance spending is lower but the growth rate is higher in
comparison to those in the main analysis.

The mechanism behind the third assumption is briefly revealed by analyzing
the political equilibrium under the alternative assumption. However, the roles of
the first two assumptions have not been analyzed fully. In particular, relaxing
these assumptions would require numerical computation. However, as our aim is
to demonstrate definitive results, this task is left to future research.
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NOTES

1. In general, there are two types of public expenditures on elderly persons: public pensions, which
compensate for the lack of postretirement income, and public services, which improve utility in old
age. This study focuses on the latter type of expenditure.

2. Appendix B.1 provides the microfoundation of the political objective function.
3. The result in Proposition 2 suggests that the political power of elderly persons and of the

trade union may affect the utility of employed and unemployed persons, through changes to public
services for elderly persons, unemployment-insurance benefits, and economic growth. To investigate
the welfare effects of those powers on employed and unemployed persons, we focus on the utility gap
between them, V

ye
t − V

yu
t = (1 + β) ln (1 − τt ) wt /bt . By substituting the policy functions τt and

bt in Proposition 1 in this gap function, we obtain V
ye
t − V

yu
t = (1 + β) ln 1 = 0. Thus, there is no

income gap—that is, no utility gap—between employed and employed persons. The political power
of elderly persons and of trade unions have no effect on the utility gap.

4. In Appendix A.7, we consider an alternative budget rule—that is to say, a constrained debt-
finance requirement, such as that of Azzimonti et al. (2016), and investigate its long-run consequences.
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APPENDIX A: PROOFS

A.1. BARGAINING SOLUTION

We substitute the constraint into the objective function to obtain the following unconstrained
problem:

max
wt

�t = {
[(1 − α)At ]

(1−δ)/α (Kt )
1−δ

}θ · {
[(1 − α)At ]

1/α [1/(1 − α) − 1] Kt

}1−θ · �̃t ,

where �̃t ≡ (wt − w̄t )
δθ · (wt )

−[(1−δ)θ+(1−α)(1−θ)]/α . Therefore, the problem is reduced to

max
wt

�̃t ≡ (wt − w̄t )
δθ · (wt )

− (1−δ)θ+(1−α)(1−θ)
α

given w̄t .

The first derivative of �̃t with respect to wt is

∂�̃t

∂wt

= (wt − w̄t )
δθ−1 · (wt )

− (1−δ)θ+(1−α)(1−θ)
α −1

·
[
δθwt − (1 − δ)θ + (1 − α)(1 − θ)

α
(wt − w̄t )

]
,

indicating that ∂�̃t/∂wt = 0 implies wt = φw̄t , where φ is defined in Section 2. The
second derivative of �̃t with respect to wt , evaluated at ∂�̃t/∂wt = 0, is

∂2�̃t

∂w2
t

∣∣∣∣
∂�̃t /∂wt =0

= (wt − w̄t )
δθ−1 · (wt )

− (1−δ)θ+(1−α)(1−θ)
α −1

·
[
δθ − (1 − δ)θ + (1 − α)(1 − θ)

α

]
,

where ∂2�̃t /∂w2
t

∣∣
∂�̃t /∂wt =0

< 0 holds under Assumption 1. �

A.2. PROOF OF PROPOSITION 1

To find a set of policy functions, let us first recall the government budget constraint in
Definition 2(ii), which can be rewritten as follows:

1 − τ = lφ(1 − α)AK − g − (1 − l)b − RD + D′

lφ(1 − α)AK
.

Using this constraint, the capital market-clearing condition can be rewritten as

D′ + K ′ = β

1 + β

{
[lφ(1 − α)AK − RD] − g + D′} , (A.1)
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where D′ on the left-hand side indicates borrowing (lending) by the government if
D′ > (<)0, whereas D′ on the right-hand side implies the benefits (costs) arising from the
shift of fiscal resources from taxes to public bonds if D′ > (<)0.

To find the policy functions that maximize the political objective, P , we need to
conjecture the future policy function g′ = G̃(K ′, D′). Here, we conjecture that g′ =
G0 · [

lφ(1 − α)AK′ − RD′], where G0(> 0) is constant. The term lφ(1 − α)AK′ − RD′

in the conjecture shows the aggregate labor income minus debt repayment, and implies
the resources available to the government. Plugging the capital market-clearing condition
(A.1) into this conjecture, we obtain

g′ = G0 ·
(

lφ(1 − α)A
β

1 + β
{[lφ(1 − α)AK − RD] − g} −

[
lφ(1 − α)A

1 + β
+ R

]
D′

)
.

Using this guessing function, we can reformulate the political objective function as follows:

P = ωη ln g + (1 − ω)(1 + β)l ln
[
lφ(1 − α)AK − g − (1 − l)b − RD + D′]

+ (1 − ω)(1 + β)(1 − l) ln b

+(1 − ω)βη ln

(
lφ(1 − α)A

β

1 + β
{[lφ(1 − α)AK − RD] − g}

−
[

lφ(1 − α)A

1 + β
+ R

]
D′

)
,

where the terms unrelated to political decisions are omitted from the expression.
The first-order conditions with respect to g, D′, and b are

g :
ωη

g
= (1 − ω)(1 + β)l

Ĩ (K,D, D′)
+

(1 − ω)βηlφ(1 − α)A β

1+β

J̃ (K,D, D′)
,

D′ :
(1 − ω)(1 + β)l

Ĩ (K, D,D′)
=

(1 − ω)βη
[

lφ(1−α)A

1+β
+ R

]
J̃ (K,D, D′)

,

b :
(1 − ω)(1 + β)l(1 − l)

Ĩ (K, D,D′)
= (1 − ω)(1 + β)(1 − l)

b
,

where Ĩ (K, D,D′) and J̃ (K,D, D′) are defined as follows:

Ĩ (K,D, D′) ≡ [lφ(1 − α)AK − RD] − g − (1 − l)b + D′,

J̃ (K,D, D′) ≡ lφ(1 − α)A
β

1 + β
{[lφ(1 − α)AK − RD] − g}−

[
lφ(1 − α)A

1 + β
+ R

]
D′.
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The first-order conditions with respect to D′ are rewritten as

D′ =
(

(1 + β)l · lφ(1 − α)A
β

1 + β
· {[lφ(1 − α)AK − RD] − g}

−βη

[
lφ(1 − α)A

1 + β
+ R

]
{[lφ(1 − α)AK − RD] − g − (1 − l)b}

)

×
(

[(1 + β)l + βη]

[
lφ(1 − α)A

1 + β
+ R

])−1

. (A.2)

Using (A.2), we can reformulate Ĩ (K, D,D′) and J̃ (K,D, D′) as follows:

Ĩ (K, D,D′) = (1 + β)l

(1 + β)l + βη
·
(

(1 − α) β

1 + αβ
{[lφ(1 − α)AK − RD] − g}

+ [lφ(1 − α)AK − RD] − g − (1 − l)b

)
,

J̃ (K,D, D′) = βη

(1 + β)l + βη
·
[

lφ(1 − α)A

1 + β
+ R

]

×
(

(1 − α) β

1 + αβ
{[lφ(1 − α)AK − RD] − g}

+ [lφ(1 − α)AK − RD] − g − (1 − l)b

)
.

With the use of these expressions, we can rewrite the first-order conditions with respect
to g and b as (10) and (11), respectively. (10) and (11) lead to (12). The functions in
(10), (11), and (12) constitute a Markov-perfect political equilibrium, as long as G0 =
ωη · {(1 − ω) [1 + β (1 + η)] + ωη}−1.

Using these policy functions, we calculate the tax rate. Recall the government budget
constraint,

τ = g + (1 − l)b + RD − D′

lφ(1 − α)AK
.

Plugging (10)–(12) into this expression and rearranging the terms, we obtain the following:

τ =  + (1 − )R

lφ(1 − α)A
· D

K
, (A.3)

where

 ≡ 1 − (1 − ω)l(1 + β) [lφ(1 − α)A + R][
lφ(1−α)A

1+β
+ R

]
{(1 − ω) [1 + β (1 + η)] + ωη}

= 1 − 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη
· l(1 + β)2

1 + αβ
∈ (0, 1).

To determine the tax rate, we need to calculate the ratio D/K . This is done using the
policy function D′ = D(K, D) and the capital market-clearing condition K ′ = K(K,D).
We substitute the policy functions of D′ and g—given by (12) and (11), respectively—into
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the capital market-clearing condition (A.1), and rearrange the terms to obtain

K ′

K
= 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη

×β · [α(1 + β) + (1 + αβ)η]

1 + αβ
·
[
lφ(1 − α)A − R

D

K

]
. (A.4)

Using (12) and (A.4), we can calculate the ratio D/K as follows:

D

K
=

{
D0/K0 for t = 0,

(1+αβ)(η̃−η)

α(1+β)+(1+αβ)η
for t ≥ 1,

(A.5)

where η̃ ≡ (1 − α)(1 + β)/ (1 + αβ), and D0/K0 is an initial condition and is taken as
given.

To find the conditions that ensure τt ∈ (0, 1) for all t ≥ 0, consider first the period-0 tax
rate:

τ0 =  + α

1 − α
(1 − )

D0

K0
.

Given that  < 1, we obtain

τ0 < 1 ⇔ α

1 − α
(1 − )

D0

K0
< 1 −  ⇔ D0

K0
<

1 − α

α
,

τ0 > 0 ⇔  > 0.

Therefore, τ0 ∈ (0, 1) holds if  > 0 and D0/K0 < (1 − α)/α.
Next, consider the period-t (≥ 1) tax rate. Using the ratio D/K in (A.5), we can write τ

for period t ≥ 1 as

τ =  + α

1 − α
· (1 − ) · (1 + αβ) (η̃ − η)

α(1 + β) + (1 + αβ)η
,

where τ > 0 if  > 0. We also have

τ < 1 ⇔ (1 − ) ·
[

1 − α

1 − α
· (1 + αβ) (η̃ − η)

α(1 + β) + (1 + αβ)η

]
> 0

⇔ 1 >
α

1 − α
· (1 + αβ) (η̃ − η)

α(1 + β) + (1 + αβ)η
, since  < 1

⇔ (1 − α) (1 + αβ) η > −α (1 + αβ) η,

where the final expression always holds. Therefore, τ > 0 for t ≥ 1 if  > 0. �

A.3. PROOF OF PROPOSITION 2

A.3.1. Effect of ω and θ on D/Y .

Given Yt = AlφKt , Dt/Yt can be rewritten as

Dt

Yt

= Dt

Kt

· 1

Alφ
.
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The ratio D/K can be rewritten as

Dt

Kt

=

⎧⎪⎪⎨
⎪⎪⎩

D0/K0 for t = 0,

1+β−η
1+β lφ(1 − α)A − ηR

η
1+β lφ(1 − α)A + (1 + η)R

=
1+β−η

1+β (1 − α) − ηα
η

1+β (1 − α) + (1 + η)α
for t ≥ 1.

The ratio Dt/Kt is independent of ω and θ for t ≥ 0, as observed in the previous expression:
∂(Dt/Kt )/∂ω = 0 and ∂(Dt/Kt )/∂θ = 0 for t ≥ 0.

Next, consider the term 1/Alφ that appeared on the right-hand side of the expression
D/Y = (D/K) · (1/Alφ). The term can be rewritten as

1

Alφ
= 1

A
(φ)1/α−1 ,

where the equality arises from l = (1/φ)1/α . Given ∂φ/∂ω = 0 and ∂φ/∂θ > 0, we obtain
∂(D/Y )/∂ω = 0 and ∂(D/Y )/∂θ > 0 for t ≥ 0.

A.3.2. Effects of ω and θ on τ .

The tax rate in (13) is rewritten as follows:

τ = 1 − (1 − ω)l(1 + β)[
(1−α)

1+β
+ α

]
{(1 − ω) [1 + β (1 + η)] + ωη}

·
[

1 − α

(1 − α)
· D

K

]
.

Given that ∂(D/Y )/∂ω = 0 and ∂(D/Y )/∂θ > 0 as demonstrated in Section A.3.1, and
∂l/∂ω = 0 and ∂l/∂θ < 0, we obtain ∂τ/∂ω > 0 and ∂τ/∂θ > 0 for t ≥ 0.

A.3.3. Effects of ω and θ on g/Y .

Using the policy function g = G̃(K, D) in (11), we can write g/Y as follows:

g

Y
= ωη

(1 − ω) [1 + β (1 + η)] + ωη
·
[
(1 − α) − α

D

K

]
.

Given ∂(D/K)/∂ω = 0 and ∂(D/K)/∂θ = 0 (in Section A.3.1), we obtain ∂ (g/Y ) /∂ω >

0 and ∂ (g/Y ) /∂θ = 0 for t ≥ 0.

A.3.4. Effects of ω and θ on (1 − l)b/Y .

Using the policy function b = B̃(K,D) in equation (10), we can write (1 − l)b/Y as
follows:

(1 − l)b

Y
= (1 − l)(1 − ω)(1 + β)(

1−α
1+β

+ α
)

{(1 − ω) [1 + β (1 + η)] + ωη}
·
[
(1 − α) − α

D

K

]
.

Given that ∂l/∂ω = 0 and ∂l/∂θ < 0, and that ∂(D/K)/∂ω = 0 and
∂(D/K)/∂θ > 0 as demonstrated in Section A.3.1, we obtain ∂ [(1 − l)b/Y ] /∂ω < 0
and ∂ [(1 − l)b/Y ] /∂θ > 0 for t ≥ 0.
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A.3.5. Effect on K ′/K .

For t = 0, the growth rate demonstrated in Proposition 1 can be rewritten as

K1

K0
= 1 − ω

(1 − ω) [1 + β (1 + η)] + ωη
· β [α (1 + β) + (1 + αβ)η]

1 + αβ

× (φ)1−1/α A

[
(1 − α) − α

D0

K0

]
.

Given ∂φ/∂ω = 0 and ∂φ/∂θ > 0, we obtain ∂ (K1/K0) /∂ω < 0 and ∂ (K1/K0) /∂θ < 0.
For t ≥ 1, the growth rate can be rewritten as

Kt+1

Kt

= (1 − ω)βη

(1 − ω) [1 + β (1 + η)] + ωη
(φ)1−1/α A,

indicating that ∂ (Kt+1/Kt) /∂ω < 0 and ∂ (Kt+1/Kt) /∂θ < 0. �

A.4. PROOF OF PROPOSITION 3

To find a set of policy functions, let us first recall the government budget constraint in (3),
which can be rewritten as

1 − τ = lφ(1 − α)AK − g − (1 − l)b − RD − D′

lφ(1 − α)AK
, (A.6)

where D′ = 0 in the tax-finance case. Plugging (A.6) into the capital market-clearing
condition (14), we obtain

K ′ = β

1 + β
{[lφ(1 − α)AK − RD] − g} .

Conjecture a linear policy function of public services in the next period as g′ = G0 ·[
lφ(1 − α)AK′ − RD′], or

g′ = G0 · lφ(1 − α)A · β

1 + β
{[lφ(1 − α)AK − RD] − g} ,

where G0(> 0) is a constant parameter and D′ = 0. Given this conjecture and the govern-
ment budget constraint in (A.6), we can write the political objective function as follows:

P = ωη ln g + (1 − ω)(1 + β)l ln {[lφ(1 − α)AK − RD] − g − (1 − l)b}
+ (1 − ω)(1 + β)(1 − l) ln b + (1 − ω)βη ln {[lφ(1 − α)AK − RD] − g} ,

where the terms unrelated to policy are omitted from the expression.
The first-order conditions with respect to g and b are summarized as

g = G(K) ≡ ωη

(1 − ω)[1 + β(1 + η)] + ωη
[lφ(1 − α)AK − RD] , (A.7)

b = B(K) ≡ (1 − ω)[1 + β(1 + η)]

(1 − ω)[1 + β(1 + η)] + ωη
[lφ(1 − α)AK − RD] . (A.8)
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These functions constitute a stationary Markov-perfect political equilibrium, as long as
G0 = ωη/ {(1 − ω)[1 + β(1 + η)] + ωη} holds.

We substitute the policy functions (A.7) and (A.8) into the government budget constraint
in (A.6) to obtain

τ = (1 − l)(1 − ω)[1 + β(1 + η)] + ωη

(1 − ω)[1 + β(1 + η)] + ωη

+ l(1 − ω)[1 + β(1 + η)]

(1 − ω)[1 + β(1 + η)] + ωη
· α

1 − α
· D

K
, (A.9)

or

τ =
(

1 − l(1 − ω)[1 + β(1 + η)]

(1 − ω)[1 + β(1 + η)] + ωη

)

+ l(1 − ω)[1 + β(1 + η)]

(1 − ω)[1 + β(1 + η)] + ωη
· α

1 − α
· D

K

=
(

1 − 1 + αβ

(1 + β)2 · [1 + β(1 + η)] · (1 − )

)

+ 1 + αβ

(1 + β)2 · [1 + β(1 + η)] · (1 − ) · α

1 − α
· D

K
,

where  is defined in Proposition 1 and the third equality comes from

1 −  = 1 − ω

(1 − ω)[1 + β(1 + η)] + ωη
· l (1 + β)2

1 + αβ
.

The above expression is reformulated as follows:

τ = β (1 + αβ) (η̃ − η)

(1 + β)2 + (1 + αβ) [1 + β(1 + η)]

(1 + β)2 ·
[
 + (1 − ) · α

1 − α
· D

K

]
,

where D/K = D0/K0 for period 0 and D/K = 0 for period t ≥ 1.
To find the conditions that ensure τt ∈ (0, 1) for all t , consider first the period-0 tax rate:

τ0 = β (1 + αβ) (η̃ − η)

(1 + β)2 + (1 + αβ) [1 + β(1 + η)]

(1 + β)2 ·
[
 + (1 − ) · α

1 − α
· D0

K0

]
,

where η̃ − η > 0 by the assumption and 1 −  > 0 by the definition of . From this
expression, we find that τ0 < 1 if

(1 + αβ) [1 + β(1 + η)]

(1 + β)2 ·
[
 + (1 − ) · α

1 − α
· D0

K0

]
< 1 − β (1 + αβ) (η̃ − η)

(1 + β)2

= (1 + αβ) [1 + β(1 + η)]

(1 + β)2 ⇔  + (1 − ) · α

1 − α
· D0

K0
< 1 ⇔ D0

K0
<

1 − α

α
.

Therefore, we have τ0 ∈ (0, 1) if  > 0 and D0/K0 < (1 − α)/α.
Next, consider the period-t (≥ 1) tax rate:

τ = β (1 + αβ) (η̃ − η)

(1 + β)2 + (1 + αβ) [1 + β(1 + η)]

(1 + β)2 · .
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The expression suggests that τ > 0 if  > 0, and that τ < 1 if

β (1 + αβ) (η̃ − η)

(1 + β)2 + (1 + αβ) [1 + β(1 + η)]

(1 + β)2 ·  < 1,

or  < 1, which holds by the definition of . Therefore, we have τt ∈ (0, 1) if  > 0.
We substitute (A.7) and (A.9) into the capital market-clearing condition to obtain the

law of motion of capital:

K ′

K
= (1 − ω)

(1 − ω)[1 + β(1 + η)] + ωη
· β · [1 + β (1 + η)]

1 + β
·
[
lφ(1 − α)A − R

D

K

]
.

(A.10)
�

A.5. PROOFS OF PROPOSITIONS 4–6

First, consider the capital growth rate. Recall the laws of motion of capital, as demonstrated
in Propositions 1 and 3:

Kt+1

Kt

∣∣∣∣
debt

= 1 − ω

(1 − ω)[1 + β(1 + η)] + ωη
· β [α (1 + β) + (1 + αβ) η]

1 + αβ

·
[
lφ (1 − α) A − R

Dt

Kt

∣∣∣∣
debt

]
,

Kt+1

Kt

∣∣∣∣
tax

= 1 − ω

(1 − ω)[1 + β(1 + η)] + ωη
· β [1 + β (1 + η)]

1 + β

·
[
lφ (1 − α) A − R

Dt

Kt

∣∣∣∣
tax

]
.

For period 0, we find that, by direct comparison,

K1

K0

∣∣∣∣
debt

<
K1

K0

∣∣∣∣
tax

⇔ η < η̃ ≡ (1 − α) (1 + β)

1 + αβ
,

which holds under the assumption of η < η̃.
For period t ≥ 1, we have

Dt

Kt

∣∣∣∣
debt

= (1 + αβ) (η̃ − η)

(1 + αβ) η + α (1 + β)
and

Dt

Kt

∣∣∣∣
tax

= 0.

We substitute this into the expression of Kt+1/Kt and obtain

Kt+1

Kt

∣∣∣∣
debt

<
Kt+1

Kt

∣∣∣∣
tax

⇔ 0 < 1 + αβ,

which holds for any α > 0 and β > 0.
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Next, consider the spending for the public services–GDP ratio. From the results in
Propositions 1 and 3 and Yt = lφAKt , g/Y |debt and g/Y |tax are calculated as

g

Y

∣∣∣
unbalanced

= ωη

(1 − ω)[1 + β(1 + η)] + ωη

[
(1 − α) − α

D

K

∣∣∣∣
debt

]
,

g

Y

∣∣∣
unbalanced

= ωη

(1 − ω)[1 + β(1 + η)] + ωη

[
(1 − α) − α

D

K

∣∣∣∣
tax

]
,

respectively. Given K0 and D0, we obtain g/Y |debt = g/Y |tax in period 0. For period
t ≥ 1, we obtain g/Y |debt < g/Y |tax because D/K|debt > 0 holds in the debt-finance case,
whereas D/K|tax = 0 in the tax-finance case.

Third, consider the unemployment-insurance payments–GDP ratio. Using the results
in Propositions 1 and 3 and Yt = lφAKt , g/Y |debt, we can calculate (1 − l)b/Y |debt and
(1 − l)b/Y |tax as

(1 − l)bt

Yt

∣∣∣∣
debt

= (1 − l)(1 − ω)

(1 − ω) [1 + β (1 + η)] + ωη
· (1 + β)2

1 + αβ
·
[
(1 − α) − α

D

K

∣∣∣∣
debt

]
,

(1 − l)bt

Yt

∣∣∣∣
tax

= (1 − l)(1 − ω)

(1 − ω) [1 + β (1 + η)] + ωη
· [1 + β (1 + η)] ·

[
(1 − α)− α

D

K

∣∣∣∣
tax

]
,

respectively.
For period 0, given K0 and D0, we directly compare (1 − l)b0/Y0|debt and

(1 − l)b0/Y0|tax and obtain

(1 − l)b0

Y0

∣∣∣∣
debt

≷ (1 − l)b0

Y0

∣∣∣∣
tax

⇔ (1 + β)2

1 + αβ
≷ [1 + β (1 + η)]

⇔ η ≶ η̃ ≡ (1 − α) (1 + β)

1 + αβ
.

Given the assumption of η < η̃, we have (1 − l)b0/Y0|debt > (1 − l)b0/Y0|tax.
For period t ≥ 1, given Dt/Kt |tax = 0, we obtain

(1 − l)bt

Yt

∣∣∣∣
debt

≷ (1 − l)bt

Yt

∣∣∣∣
tax

⇔ (1 + β)2

1 + αβ
·
[
(1 − α) − α

D

K

∣∣∣∣
debt

]
≷ [1 + β (1 + η)] · (1 − α)

⇔ (1 + β)2

1 + αβ
·
[
(1 − α)− α · (1 + αβ) (η̃ − η)

(1 + αβ) η + α (1 + β)

]
≷ [1 + β (1 + η)] · (1 − α)

⇔ η ≷ η̂ ≡ (1 + β) α

β (1 − α)
,

where the second line comes from

Dt

Kt

∣∣∣∣
debt

= (1 + αβ) (η̃ − η)

(1 + αβ) η + α (1 + β)
.
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We compare η̃ and η̂, and obtain

η̂ ≷ η̃ ⇔ α ≷ β

1 + 2β
.

If α ≥ β/(1 + 2β), then η̃ ≤ η̂, so η < η̂ holds under the assumption of η < η̃.
We have (1 − l)bt/Yt |debt < (1 − l)bt/Yt |tax for t ≥ 1 if α ≥ β/(1 + 2β). However, if
α < β/(1 + 2β), then η̂ < η̃. We have

(1 − l)bt

Yt

∣∣∣∣
debt

<
(1 − l)bt

Yt

∣∣∣∣
tax

if η < η̂,

(1 − l)bt

Yt

∣∣∣∣
debt

≥ (1 − l)bt

Yt

∣∣∣∣
tax

if η̂ ≤ η < η̃.

Summarizing the results, we obtain

(1 − l)bt

Yt

∣∣∣∣
debt

<
(1 − l)bt

Yt

∣∣∣∣
tax

if either α ≥ β

1 + 2β
, or α <

β

1 + 2β
and η < η̂,

(1 − l)bt

Yt

∣∣∣∣
debt

≥ (1 − l)bt

Yt

∣∣∣∣
tax

if α <
β

1 + 2β
and η̂ ≤ η < η̃.

Finally, consider the tax rate. For period 0, τ0|debt and τ0|tax are compared as follows:

τ0|debt ≷ τ0|tax

⇔  + α

1 − α


D0

K0
≷ β(1 + αβ)

(1 + β)2
· (η̃ − η) + (1 + αβ)[1 + β(1 + η)]

(1 + β)2

·
[
 + α

1 − α
(1 − )

D0

K0

]

⇔ β(1 + αβ)

(1 + β)2
· (η̃ − η) ·

[
 + α

1 − α
(1 − )

D0

K0

]
≷ β(1 + αβ)

(1 + β)2
· (η̃ − η) .

Dividing both sides by β(1 + αβ) (η̃ − η) /(1 + β)2, we obtain

τ0|debt ≷ τ0|tax ⇔  + α

1 − α
(1 − )

D0

K0
≷ 1

⇔ D0

K0
≷ 1 − α

α
.

Under the assumption of D0/K0 < (1 − α)/α, we obtain τ0|debt < τ0|tax.
For period t ≥ 1, τt |debt and τt |tax are compared as follows:

τt |debt ≷ τt |tax ⇔  + α

1 − α
(1 − )

Dt

Kt

∣∣∣∣
debt

≷ β(1 + αβ)

(1 + β)2
· (η̃ − η)

+ (1 + αβ)[1 + β(1 + η)]

(1 + β)2
· .
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Plugging Dt/Kt |debt = (1 + αβ) (η̃ − η) / [(1 + αβ)η + α (1 + β)] into the above expres-
sion and rearranging the terms, we obtain

τt |debt ≷ τt |tax ⇔ η ≶ η̂ ≡ α(1 + β)

β(1 − α)
.

Following the argument above, we can conclude as follows: for t ≥ 1,

τt |debt > τt |tax if either α ≥ β

1 + 2β
, or α <

β

1 + 2β
and η < η̂,

τt |debt ≤ τt |tax if α <
β

1 + 2β
and η̂ ≤ η < η̃.

�

A.6. PROOF OF PROPOSITION 7

Recall that the indirect utility of employed persons in generation t is given by

V
ye
t = (1 + β) ln(1 − τt )φ(1 − α)AKt + βη ln gt+1 + C,

where C ≡ β ln R + ln[1/(1 + β)] + β ln[β/(1 + β)] includes terms irrelevant to political
decisions. Substituting the policy functions demonstrated in Proposition 1, we can write
the indirect utility function in the debt-finance case as

V
ye
t

∣∣
debt

= (1 + β) ln (1 − )φA

+ βη ln
(1 − ω)ωηβη

{(1 − ω) [1 + β (1 + η)] + ωη}2 · (lφA)2 + C

+ [1 + β (1 + η)] ln
[
(1 − α) Kt |debt − α Dt |

]
. (A.11)

The term (1 − α) Kt |debt − α Dt | in (A.11) is reformulated as follows:

(1 − α) Kt |debt − α Dt |

= (1 − α) · Kt

Kt−1

∣∣∣∣
debt

· Kt−1

Kt−2

∣∣∣∣
debt

· · · · · K2

K1

∣∣∣∣
debt

· K1

K0

∣∣∣∣
debt

· K0 ·
(

1 − α

1 − α
· D0

K0

)

= (1 − α) ·
(

K ′

K

∣∣∣∣
debt

)t

· [(1 − α)K0 − αD0] , (A.12)

where the second equality comes from the fact that the growth rate is constant along the
equilibrium path, as demonstrated in Proposition 1.

Substitution of (A.12) into (A.11) leads to

V
ye
t

∣∣
debt

= V
ye

0

∣∣
debt

+ t [1 + β (1 + η)] ln

(
K ′

K

∣∣∣∣
debt

)
, (A.13)
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where

V
ye

0

∣∣
debt

= (1 + β) ln (1 − )φA [(1 − α)K0 − αD0]

+ βη ln
(1 − ω)ωηβη

{(1 − ω) [1 + β (1 + η)] + ωη}2 · (lφA)2 · [(1 − α)K0 − αD0] + C.

(A.14)

In the same manner, V
ye
t

∣∣
tax

, V
yu
t

∣∣
debt

, and V
yu
t

∣∣
tax

are calculated as follows:

V
ye
t

∣∣
tax

= V
ye

0

∣∣
tax

+ t [1 + β (1 + η)] ln

(
K ′

K

∣∣∣∣
tax

)
, (A.15)

V
yu
t

∣∣
debt

= V
yu

0

∣∣
debt

+ t [1 + β (1 + η)] ln

(
K ′

K

∣∣∣∣
debt

)
, (A.16)

V
yu
t

∣∣
tax

= V
yu

0

∣∣
tax

+ t [1 + β (1 + η)] ln

(
K ′

K

∣∣∣∣
tax

)
, (A.17)

where

V
ye

0

∣∣
tax

= (1 + β) ln
(1 − ω) [1 + β (1 + η)]

(1 − ω) [1 + β (1 + η)] + ωη
· lφA · [(1 − α)K0 − αD0]

+βη ln
(1 − ω)ωη(1 − α)

{(1 − ω) [1 + β (1 + η)] + ωη}2 · (lφA)2

×β [1 + β (1 + η)]

1 + β
· [(1 − α)K0 − αD0] + C,

V
yu

0

∣∣
debt

= (1 + β) ln
(1 − ω)

(1 − ω) [1 + β (1 + η)] + ωη

· (1 + β)2

1 + αβ
· lφA · [(1 − α)K0 − αD0]

+βη ln
(1 − ω)ωηβη

{(1 − ω) [1 + β (1 + η)] + ωη}2 · (lφA)2 · [(1 − α)K0 − αD0] + C,

V
yu

0

∣∣
tax

= (1 + β) ln
(1 − ω) [1 + β (1 + η)]

(1 − ω) [1 + β (1 + η)] + ωη
· lφA · [(1 − α)K0 − αD0]

+βη ln
(1 − ω)ωη(1 − α)

{(1 − ω) [1 + β (1 + η)] + ωη}2 · (lφA)2

×β [1 + β (1 + η)]

1 + β
· [(1 − α)K0 − αD0] + C.

Let us first compare V
ye

0

∣∣
debt

and V
ye

0

∣∣
tax

. Direct calculation leads to

V
ye

0

∣∣
debt

≷ V
ye

0

∣∣
tax

⇔ φ (η) ≡ (1 + β) ln
(1 + β)2

1 + αβ

+ βη ln
1 + β

1 − α
η − [1 + β (1 + η)] ln [1 + β (1 + η)] ≷ 0,
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where φ (·) has the following properties:

φ (0) = (1 + β) ln
(1 + β)

1 + αβ
> 0,

φ (̃η) = 0,

∂φ

∂η
= β ln

η(1 + β)

(1 − α) [1 + β (1 + η)]

< β ln
η̃(1 + β)

(1 − α) [1 + β (1 + η)]
; since η < η̃

= 0.

Therefore, we obtain φ > 0∀η ∈ (0, η̃)—that is,

V
ye

0

∣∣
debt

> V
ye

0

∣∣
tax

.

Next, we compare V
ye
t

∣∣
debt

and V
ye
t

∣∣
tax

as follows:

V
ye
t

∣∣
tax

− V
ye
t

∣∣
debt

= (
V

ye
0

∣∣
tax

− V
ye

0

∣∣
debt

) + t [1 + β (1 + η)] ln

(
K ′/K|tax

K ′/K|debt

)
.

The term
(
V

ye
0

∣∣
tax

− V
ye

0

∣∣
debt

)
is negative and constant. The term

t [1 + β (1 + η)] ln
(
K ′/K|tax / K ′/K|debt

)
is positive and increasing in t since

K ′/K|tax > K ′/K|debt. Therefore, there is a positive integer T (≥ 1) such that
V

ye
t

∣∣
tax

≤ V
ye
t

∣∣
debt

for t ≤ T and V
ye
t

∣∣
tax

> V
ye
t

∣∣
debt

for t > T .
Following the same procedure, we compare V

yu
t

∣∣
debt

and V
yu
t

∣∣
tax

, and obtain

V
yu

0

∣∣
debt

> V
yu

0

∣∣
tax

⇔ φ > 0∀η ∈ (0, η̃) ,

V
yu
t

∣∣
tax

− V
yu
t

∣∣
debt

= (
V

yu
0

∣∣
tax

− V
yu

0

∣∣
debt

) + t [1 + β (1 + η)] ln

(
K ′/K|tax

K ′/K|debt

)
.

These imply that there is a positive integer T (≥ 1) such that V
yu
t

∣∣
tax

≤ V
yu
t

∣∣
debt

for t ≤ T

and V
yu
t

∣∣
tax

> V
yu
t

∣∣
debt

for t > T . �

A.7. CONSTRAINED DEBT FINANCE

The analysis of tax finance and comparing it to debt finance—a found in the main text—
enables us to offer an insight into the political economy of fiscal policy. However, the
requirement for tax finance is somewhat extreme, because in reality, the government is
allowed to issue public bonds as long as it is below the debt ceiling. To investigate the effect
of the debt ceiling, we introduce the following debt constraint:

D′ ≤ μ · (K + D) + AlφD,

where μ ∈ �. Appendix B.2 shows that we can obtain a Markov-perfect equilibrium in the
presence of the debt ceiling, as long as the ceiling is given by the above condition.
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In the following analysis, for simplicity of analysis, we set μ = 0, we then characterize
the debt-finance political equilibrium in the presence of the constraint D′ ≤ AlφD. If A is
normalized to satisfy Alφ = 1, the constraint is reduced to D′ ≤ D. This corresponds to
the balanced-budget rule investigated by Azzimonti et al. (2016). The constraint D′ ≤ D

is equivalent to τ lw ≥ g + (1 − l)b + (R − 1)D, implying that tax revenues are sufficient
to cover spending, g + (1 − l)b, and the costs of servicing the debt, (R − 1)D.

The problem of the government is now modified by adding the constraint D′ ≤ AlφD

into the problem in Definition 2(ii). When the constraint is nonbinding, the political
equilibrium allocation matches that in Proposition 1. We consider a political equilibrium
when the constraint is binding, and obtain the following result.

Proposition A.1. Consider a political equilibrium with the debt constraint D′ ≤ AlφD.
Let d denote a threshold ratio of D/K defined by

d ≡ (1 − ω) (1 − α) β (η̃ − η)

{(1 − ω) [1 + β (1 + η)] + ωη} + (1 − ω) βα (η̃ − η)
.

If D/K > d , then the debt constraint is nonbinding and the political equilibrium is
characterized as in Proposition 1. If D/K ≤ d , then the debt constraint is binding and the
political equilibrium is characterized by the following:

b = (1 − ω) [1 + β (1 + η)]

(1 − ω) [1 + β (1 + η)] + ωη
· lφ(1 − α)A (K + D) ,

g = ωη

(1 − ω) [1 + β (1 + η)] + ωη
· lφ(1 − α)A (K + D) ,

τ = 1 − l (1 − ω) [1 + β (1 + η)]

(1 − ω) [1 + β (1 + η)] + ωη
·
(

1 + D

K

)
,

D′ = AlφD,

K ′ = β

1 + β
· (1 − ω) [1 + β (1 + η)]

(1 − ω) [1 + β (1 + η)] + ωη
· lφ(1 − α)A (K + D) − AlφD,

and
D′

K ′ = f

(
D

K

)
≡

[
χ ·

(
1

D/K
+ 1

)
− 1

]−1

,

where

χ ≡ β

1 + β
· (1 − ω) [1 + β (1 + η)]

(1 − ω) [1 + β (1 + η)] + ωη
· (1 − α) ∈ (0, 1) .

Proof. See Appendix B.3.
The results in Propositions 1 and A.1 indicate that for period t ≥ 1, the debt–capital

ratio satisfies the following equation:

D′

K ′ =

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

f

(
D

K

)
if

D

K
≤ d,

(1 + αβ) · (η̃ − η)

α (1 + β) + (1 + αβ) η
if

D

K
> d,
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FIGURE 5. A numerical example of the D/K ratio. Parameters are set to β = (0.99)30,
δ = 0.2, θ = 0.2, α = 0.3, η = 0.4, and ω = 0.3 to satisfy Assumption 1 and η < η̃.

where f (·) is increasing and convex in D/K with f ′(0) = 1/χ > 1. The properties of
f (·) suggest that given D0/K0 < d , the debt–capital ratio increases over time while the
constraint continues to be binding, but moves into a state where the debt constraint becomes
nonbinding and the ratio remains constant through time, as illustrated in Figure 5.

To understand the movement of the debt–capital ratio, consider a situation in which the
initial condition D0/K0 is lower than the threshold value d . Less public debt today implies
that the government can utilize tax revenue for its expenditure. However, this incentivizes
the government to issue more bonds, because the government can afford to repay its debt
using the tax revenue. Thus, the debt accumulates and reaches its ceiling, AlφD.

When the debt constraint is binding, the households’ tax burden is less compensated by
public bond issuance. This implies a negative income effect on households, which in turn
implies negative effects on savings and capital accumulation. Because of this negative effect
on capital, the debt–capital ratio increases along the equilibrium path with D′ = AlφD.
At some future date, the ratio will exceed the threshold value d . Then, the ratio will
continue to be below the threshold, and the debt and capital will grow at the same constant
rate. Therefore, the economy experiences a decrease in the growth rate, followed by its
permanent increase.

The present result is qualitatively different from that of Azzimonti et al. (2016), who
demonstrate that debt accumulates initially and then reaches its ceiling. The present study,
meanwhile, shows that debt is initially constrained by its ceiling, but then moves into
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increasing debt accumulation. The difference arises because, in the model used by Azz-
imonti et al. (2016), there is no capital accumulation and resources are limited across
periods, while in the current model, there is capital accumulation that increases over time
the income, and thus also the tax base. Therefore, the results of the current study demonstrate
an alternative view of the role of debt constraint in the political economy.
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