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Abstract

This study presents an overlapping-generations model featuring capital accumu-
lation, 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 shows the following results. First, greater bargaining
power of unions lowers the growth rate of capital and creates a positive correla-
tion between unemployment and public debt. Second, an increase in the political
power of the old lowers the growth rate and shifts government expenditure from
the unemployed to the old. Third, prohibiting debt finance increases the growth
rate and benefits future generations; however, it worsens the current employed and
unemployed.
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1 Introduction

Public debt and economic growth have been major concerns for policymakers in most

advanced countries in past decades; however, the debt-to-GDP ratio has increased in

many OECD (Organization for Economic Co-operation and Development) countries over

the last 20 years. The burden of debt repayment can crowd out private investment

and deteriorate economic performance in the long run. As illustrated in Figure 1, the

evidence suggests a negative correlation between public debt and economic growth in

advanced economies (see, e.g., Reinhart, Reinhart, and Rogoff, 2012; Kumar and Woo,

2010; Checherita-Westphal and Rother, 2012).

[Figure 1 here.]

Prior studies suggest the negative growth effect of public debt using a theoretical

approach based on neoclassical growth models (Diamond, 1965), and later, based on en-

dogenous 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 environment, some recent studies extend these models by including unem-

ployment and investigate 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, the following issues remain unanswered in these studies. First, a high unem-

ployment rate, possibly stemming from the power of trade unions, exerts political pressure

on the government to increase spending in favor of the unemployed. This pressure in-

centivizes the government to issue more public bonds to finance expanding expenditure,

resulting in crowding out of capital accumulation. That is, trade unions have a political

effect on fiscal policy and economic growth through unemployment. As depicted in Fig-

ure 2, 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 as exogenously given.

[Figure 2 here.]

Second, besides unemployment insurance, there is large public expenditure on inter-

generational redistribution from the young to the old, such as public pensions and health

and nursing care systems for the aged in advanced countries. This implies that greater

political power of the old, possibly stemming from an increase in the old-age dependency

ratio, exerts pressure on the government to shift fiscal expenditure from the unemployed
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young to the retired old. However, the cross-country evidence shows that the expenditure

on the unemployed is positively correlated with the expenditure on the old (see Figure

3). The evidence suggests that the political effect of the old is outweighed by the political

effect of trade unions, and that increase in unemployment and old age benefits would be

financed by issuing bonds. Corneo and Marquardt (2000), Bräuninger (2005), and Ono

(2007) analyze two types of expenditure in a unified framework; however, they assume no

public bonds and consider the tax rates for financing these expenditure as exogenously

given, and thus, set aside the political background behind the evidence.

[Figure 3 here.]

The argument, thus far, suggests that the two issues should be addressed together

because each component influences the other. In addition, the political conflict over the

allocation of public budgets should be addressed in analyzing two fiscal expenditures:

unemployment and old age benefits. To address these concerns, we employ a two-period

overlapping-generations model with AK technology (Romer, 1986) and collective wage

bargaining (see, e.g., Kaas and von Thadden, 2003, 2004; Coimbra, Lloyd-Braga, and

Modesto, 2005; Chang, Shaw, and Lai, 2007) to demonstrate capital accumulation and

unemployment. Government spending is represented by unemployment-insurance benefits

for the unemployed and public services for the old.1 The spending is financed by taxing

the young and also by issuing public bonds.

The unemployment-insurance benefit creates a conflict of interest between the unem-

ployed and the employed. Furthermore, spending on services for the old creates a conflict

of interest between the young (both the employed and the unemployed) and the old.

To demonstrate this conflict, we assume probabilistic voting à la Lindbeck and Weibull

(1987), where the government objective is to maximize the weighted sum of the utility of

the young employed, the young unemployed, and the retired old. In particular, we employ

a Markov strategy in which policy variables are conditioned on payoff-relevant state vari-

ables (Krusell, Quadrini, and Rios-Rull, 1997). This strategy enables us to demonstrate

the forward-looking behavior of individuals who consider intertemporal interaction be-

tween current and future policies through capital accumulation (see, e.g., Gonzalez-Eiras

and Niepelt, 2008, 2012; Song, 2011; Kunze, 2014; Lancia and Russo, 2016).

Within this framework, we show that increased power of unions results in higher un-

employment and a higher debt-to-GDP ratio. Thus, a positive correlation holds between

unemployment and debt. This result fits the empirical evidence observed in advanced

countries, as illustrated in Figure 4. The result is also in line with previous studies by

1In general, there are two types of public expenditures on the old: public pensions, which compensate
for the lack of income after retirement, and public services, which improve utility in old age. This study
focuses on the latter type of expenditure for a tractable analysis.
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Kaas and von Thadden (2004) who show a positive correlation under capital shortages

and Battaglini and Coate (2014) who show the pro-cyclical behavior of unemployment and

debt arising from time-varying productivity. This study presents an alternative approach

for explaining the positive correlation.

[Figure 4 here.]

Following this, we consider the second issue and show that an increase in the political

power of the old, possibly stemming from an increase in the old-age dependency ratio,

results in a higher ratio of spending to GDP for the old, a lower ratio of unemployment

insurance benefits to GDP, and a lower growth rate of capital. The result suggests that an

increase in political power of the old results in a shift of resources from the unemployed

young to the old, and the old harm economic growth through redistributive politics.

However, this result should be considered together 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 issues

from the perspective of fiscal sustainability. To assess the impact of debt control, we

consider two alternative budget scenarios that limit public bond issues. The first is 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 gov-

ernment 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-to-GDP ratio and a higher tax rate in the initial period. Therefore, the intro-

duction of the tax-finance rule is not Pareto-improving; it benefits future generations at

the expense of the current employed and unemployed young.

The second scenario is constrained debt finance in which the government self-imposes

a public debt ceiling similar to the member countries of the European Union. Given this

constraint, we show that the debt-capital ratio increases over time while the constraint

continues to be binding, and moves into a state where the debt constraint becomes non-

binding and the ratio remains constant through time. The result is qualitatively different

form that in Azzimonti, Battgalini, and Coate (2016) who demonstrate that debt accu-

mulates initially and then reaches its ceiling. The difference arises because there is no

capital accumulation and resources are limited across periods in the model of Azzimonti,

Battaglini, and Coate (2016), while there is capital accumulation that increases income,

and thus, tax base over time in the present model.

This study contributes to the following strands of political economy literature. First,

the literature on the positive theory of fiscal policy (see, e.g., Battaglini and Coate,
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2008; Song, Storesletten, and Zilibotti, 2012; Barseghyan, Battaglini, and Coate, 2013;

Battaglini, 2014; Arai and Naito, 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. The

study focuses on the same issue as Battaglini and Coate (2014), who analyze 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 in 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 redis-

tributive politics in models with physical and/or human capital accumulation (see, e.g.,

Poutvaara, 2006; Bassetto, 2008; Gonzalez-Eiras and Niepelt, 2008, 2012; Song, 2011;

Bernasconi and Profeta, 2012; Uchida, 2016). They assume competitive labor markets,

and thus, no equilibrium unemployment. In contrast, this study presents equilibrium

unemployment and demonstrates an intragenerational conflict between the employed and

the unemployed and an intergenerational conflict between the young (both the employed

and the unemployed) and the old. Within this environment, we consider redistributive

politics over unemployment-insurance benefits and redistribution targeting the elderly.

We show the welfare effects of intragenerational and intergenerational 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 when government expenditure is financed

by tax and issue of public bonds. Section 4 considers two alternative scenarios that limit

public bond issues and investigates their impact on fiscal policy, growth, and/or welfare.

Section 5 checks the robustness of the results under alternative assumptions. Section 6

presents some caveats to the analysis along with our conclusions. The Appendix contains

the proofs.

2 Model and Economic Equilibrium

Consider a two-period-lived overlapping-generations model where the economy comprises

of perfectly competitive firms, ex ante identical individuals, a trade union, and a gov-

ernment. Time is discrete and denoted by t = 0, 1, 2, · · · . A new generation is born in

each period t = 0, 1, 2, · · · , and individuals in each generation live for two periods, youth

and old age. No population growth is assumed, and the population in each generation is

normalized to unity.
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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

U i
t = ln cyit + β ln coit+1 + βη ln gt+1,

where cyit is consumption in youth, coit+1 is consumption in old age, gt+1 is public services

for the old (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 and i = u if an individual is employed and 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:

cyit + sit ≤ xt(1− τt)wt + (1− xt)bt, xt ∈ {0, 1}

coit+1 ≤ Rt+1s
i
t,

where xt = 1 and xt = 0 if an individual is employed and unemployed, respectively. wt

is 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

exempt from taxation.

By solving the utility-maximization problem, we obtain the savings function of a type-i

individual as follows:

sit =
β

1 + β
{xt(1− τt)wt + (1− xt)bt} .

The corresponding consumption functions are

cyit =
1

1 + β
{xt(1− τt)wt + (1− xt)bt} ,

coit+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 the employed,
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the unemployed, and the old are given by

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

(
ln

1

1 + β
+ β ln

β

1 + β

)
,

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

(
ln

1

1 + β
+ β ln

β

1 + β

)
,

V o
t = η ln gt + lnRts

i
t−1, i = e, o,

respectively.

2.2 Technology and Profit Maximization

There is a continuum of identical firms that are perfectly competitive profit maximizers

producing 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 productivity 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 theories of endogenous growth (Romer, 1986). This

assumption, called the “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, that is, our model becomes tractable.

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 market for capital is competitive and capital fully depreciates within a period.
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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 + τtltwt = gt + (1− lt)bt +RtDt, (3)

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

expenditure for the old, (1 − lt)bt is unemployment-insurance payments, and RtDt is

debt repayment. We assume that the government in each period is committed to not

repudiating the debt.

Equation (3) indicates that the government can freely issue public bonds as long as

it satisfies the flow-budget constraint. We demonstrate the political equilibrium outcome

of this case in Section 3. In Section 4, we consider two alternative cases: the tax-finance

case, in which the government is required to finance its spending solely by taxation, and

the constrained debt-finance case where the government self-imposes a public debt ceiling.

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 rate of employment, 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.

Alternatively, we assume that the reference wage is set to the unemployment-insurance

benefits, w̄t = bt (see, e.g., Chang, Shaw, and Lai, 2007), which is discussed in Section 6.

The present study employs the right-to-manage model (see, e.g., Benassy, 2011, Chap-

ter 15, and Heijdra, 2009, Chapter 7, for an overview of the model). The union and

the firm bargain over 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 the union and the firm, subject to the firm’s demand for
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labor. Formally, the problem is as follows:

max
wt

Ωt =
[
(wt − w̄t)

δ (lt)
1−δ

]θ
·
[
At (Kt)

α (lt)
1−α − wtlt

]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 − wtlt 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).

The derivation of (4) is provided in Appendix A.1.

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 indepen-

dent of fiscal policy and the stock of capital. This implies that the present model demon-

strates 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 collec-

tive wage-bargaining, shows some limitations of this study. 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 = AKtl(l)
−α = AlϕKt, (6)

Rt = αAl(l)−α = αAlϕ ≡ R. (7)

We use the expressions in (5), (6), and (7) in the following analysis. Hereafter, we often

use R instead of Rt = αAlϕ to simplify the presentation.
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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 ≡ lts
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 an economic equilibrium in the present model.

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,
{
cyit , c

oi
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 policy,
(
cyit , c

oi
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 computed 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; (vii) the capital market clears: Dt+1 +Kt+1 = lts
e
t + (1− lt)s

u
t .

In each period, the timing of the events is as follows. First, the government repre-

senting the young and the old decides a fiscal policy to maximize its objective function

(demonstrated later). Second, wage is determined 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, wage, and an interest rate, each young agent sets savings and consumption

to maximize his/her utility. Finally, the capital market clears.

3 Political Equilibrium

To consider the behavior of the government, 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 old agent in period t, respectively. These are

expressed as functions of government policy and/or the stock of capital 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 = lnR(Kt +Dt) + η ln gt,

9



where

C ≡ β lnR +

(
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) for the employed and the unemployed, 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 old and young agents, respectively, and l and

1− l are relative weights of the employed and the unemployed measured as a percentage

of the young generation population, respectively.2 The terms unrelated to politics are

omitted from the above expression.

The remainder of the analysis proceeds as follows. We consider the debt-finance case:

the government may borrow or lend in the capital market to finance its spending or use

its surplus funds. In the next section, we consider two alternative budget rules that

constrain public bond issues. First, the tax-finance case in which the government is not

allowed to issue public bonds by the constitution and finances its spending solely by

taxation. Second, the constrained debt-finance case in which the government self-imposes

a public debt ceiling. Then, we compare the debt-finance case and the tax-finance case

(or the constrained debt-finance case) in the size of government debt, economic growth,

and welfare.

3.1 Debt-finance Political Equilibrium

Given Kt and Dt, the problem of the government in period t is to choose a set of fis-

cal 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 choice, in turn, has an effect on the utility

of the current young, and thus, on the current government’s objective.
2Appendix B provides the microfoundation of the political objective function.
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To take account of the above feature, we restrict our attention to a Markov-perfect

equilibrium. Markov-perfectness implies that the outcomes are history-dependent 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. AMarkov-perfect political equilibrium is a set of functions,
⟨
T̃ , G̃, B̃, D̃

⟩
,

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

expenditure rule, g = G̃(K,D); B̃ : ℜ++ × ℜ → ℜ+ is an unemployment-insurance rule,

b = B̃(K,D); and D̃ : ℜ++ ×ℜ → ℜ 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)

⟩
= argmaxP 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 debt-finance political equilibrium.

Proposition 1. Let denote η̃ ≡ (1−α)(1+β)/(1+αβ). Given K and D, a debt-finance

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)

τ = T̃ (K,D) ≡ Λ +
α

1− α
· (1− Λ) · D

K
, (13)
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where

Λ ≡ 1− 1− ω

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

1 + αβ
,

and 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

}
,

wherein
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 rage (0, 1) for period t(≥ 0) if Λ > 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 the old and on unemployment benefits for the young.

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 the old:

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 the young voters (Song, Storesletten,

and Zilibotti, 2012). In particular, when η is above η̃, the disciplinary effect is so large

that the government does not need to 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 issue of public bonds by the period-0 government pushes the next-period government

to raise taxes to finance debt repayment. In addition, the issue of public bonds crowds

out capital accumulation, and thus, impedes economic growth. The opposite result holds

when the government lends in the capital market.

3.2 Political Powers of the Old and the Trade Union

Based on the result in Proposition 1, we now investigate how policies and the growth

rate are affected by an increase in power of the old and the trade unions. The following

proposition summarizes the result.
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Proposition 2. In the debt-finance political equilibrium, increases 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 employ-

ment rate l is independent of the political power of the elderly, because it is determined to

balance the conflicting items between the young workers and the trade union. However,

the employment rate decreases as the political power of the union is strengthened. This

in turn decreases the aggregate output, and thus, increases the D/Y ratio.

Second, the tax rate increases as the political power of the old is strengthened, because

the old owe no tax burden, and thus, want to increase public services at the expense of

financial burden on the young. The tax rate also increases as the bargaining power of the

union increases. Greater bargaining power of the union lowers the employment rate. In

response to this change, the government raises the tax rate on the employed to maintain

the tax revenue level.

Third, g/Y increases but (1 − l)b/Y decreases, as the political weight of the old

increases. A larger weight on the old incentivizes the government to shift resources from

the young (including the unemployed) to the old, 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 decreases the number of employed, and thus, increases the aggregate spending on

unemployment-insurance payments.

Finally, the growth rate of capital decreases as the political weight of the old increases.

A larger weight on the old forces the government to focus on the old, and spend more

resources on public services, resulting in less resources for savings and capital accumula-

tion. The bargaining power of the union has two opposing effects on the growth rate: a

higher markup, ϕ, and a lower number of employed. 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 a greater power of the

union leads to a higher unemployment rate and a higher debt-to-GDP ratio, suggesting
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a positive correlation between these two variables. This is in line with previous studies’

predictions, such as Kaas and von Thadden (2004) and Battaglini and Coate (2014).

However, Kaas and von Thadden (2004) assume fixed unemployment benefits and the

tax rate, and thus, rule out the possibility of changes in these policy variables through

voting. Battaglini and Coate (2014) overcome this issue by demonstrating voting on fiscal

policy; however, they subtract physical capital accumulation from their model. This study

instead demonstrates a politico-economic model with physical capital accumulation, and

shows that the government responds to an increase in unemployment by raising the tax

rate as well as issuing more public bonds, and this, in turn, reduces the growth rate.

Another noteworthy feature is that an increase in the political power of the old results

in a higher ratio of spending for the old to GDP and a lower ratio of unemployment-

insurance benefits to GDP. This implies a shift of resources from the unemployed young

to the retired old. However, the evidence in Figure 3 shows that the two expenditures

are positively correlated. The evidence suggests that the political effect of the old is

outweighed by the political effect of the trade union. In addition, increased spending for

the unemployed and the old would be financed by issuing public bonds.

3.3 Utility Gap

The result in Proposition 2 suggests that the political powers of the old and the trade

union may affect the utility of the employed and the unemployed through changes in

public services for the old, unemployment insurance benefits, and economic growth. To

investigate the welfare effects of the powers on the employed and the unemployed, we

focus on the utility gap between them, V ye
t −V yu

t = (1 + β) ln (1− τt)wt/bt. Substituting

of the policy functions τt and bt in Proposition 1 in this gap function enables us to obtain

V ye
t − V yu

t = (1 + β) ln 1 = 0.

Thus, there is no income gap, that is, no utility gap, between the employed and the

employed. The political powers of the old and the trade union have no effect on the

utility gap.

To understand the mechanism behind this result, let us consider the marginal costs and

benefits of the unemployment insurance benefits. First, the marginal cost for each indi-

vidual is (1 + β) / (1− τ)w. Given that the political weight on the employed is (1− ω) l,

and that the ratio of the unemployed to the employed is (1 − l)/l, the marginal cost for

the government is

(1− ω) l × 1− l

l
× 1 + β

(1− τ)w
=

(1− ω) (1− l) (1 + β)

(1− τ)w
.
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Second, the marginal benefit for each individual is (1 + β) /b. Given that the political

weight on the unemployed is (1− ω) (1− l) , the marginal cost for the government is

(1− ω) (1− l) (1 + β)

b
.

The government chooses b to balance its marginal costs and benefits to maximize its

objective. Therefore, b is set equal to (1− τ)w, implying that there is no utility gap

between the employed and the unemployed.

The above analysis suggests that the utility gap may arise if the government’s atten-

tion is biased toward the employed. For example, suppose that the government attaches

a weight (1− ω) l (1 + ε) to the employed and a weight (1− ω) (1− l(1 + ε)) to the un-

employed. A higher ε(> 0) implies that the government attaches more weight to the

employed. Such bias may arise if the turnover rate of the employed is higher than that of

the unemployed. In the presence of bias, the first-order condition with respect to b is

(1− ω) (1 + ε) (1− l) (1 + β)

(1− τ)w
=

(1− ω) (1− l (1 + ε)) (1 + β)

b
,

where the left-hand side and the right-hand side show the marginal costs and benefits of

the unemployment insurance benefits, respectively.

The condition is reformulated as

b

(1− τ)w
=

1− l (1 + ε)

(1 + ε) (1− l)
< 1, (14)

implying that the utility gap, represented by b/(1−τ)w, becomes wider as the bias toward

the employed increases. In addition, the condition in (14) suggests that the political power

of the trade union, represented by θ, could affect the utility gap through a change in the

employment rate. As demonstrated in Section 2, greater power of the trade union lowers

the employment rate. This implies more (less) political weight on the unemployed (the

employed) in the political objective function, which in turn results in more benefits for

the unemployed, and thus, a lower utility gap. Although the bias has an effect on the

utility gap, the following analysis rules out its presence, and instead focuses on the effects

of budget rules.

4 Budget Rules

In the previous section, we considered fiscal policy and economic growth when the gov-

ernment is able to issue public bonds to finance its expenditure. We assume no constraint

on public bond issues. However, in the real world, many countries have introduced fiscal

constitutions that govern the determination of fiscal policies. In particular, constitutional
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balanced budget rules are in force in Austria, Germany, Italy, Slovenia, Switzerland,

Spain, and the United States (Azzimonti, Battaglini, and Coate, 2016).

To investigate the role and impact of budget rules, we consider two alternative cases:

the tax-finance case, in which the government is unable to issue public bonds and finances

its spending solely by taxation, and the constrained debt-finance case, in which the gov-

ernment self-imposes a public debt ceiling similar to European Union member countries.

In particular, we assume η < η̃ throughout this section. The assumption implies that in

the absence of a constraint, the government borrows in the capital market (see Proposi-

tion 1). In other words, the government wants to borrow in the capital market, but its

borrowing is restricted when a budget rule is introduced.

In Subsection 4.1, we compare the debt-finance and tax-finance cases in terms of

government expenditure and economic growth, and investigate welfare consequences of

shifting from debt finance to tax finance. In Subsection 4.2, we consider a constrained

debt-finance requirement such as that of Azzimonti, Battaglini, and Coate (2016), and

investigate its long-run consequence.

4.1 Tax Finance

For comparison, we assume that capital K and debt D are given in the beginning 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 : ℜ++ ×ℜ → [0, 1] is a tax rule, τ = T (K,D), G : ℜ++ ×ℜ → ℜ++ is a public services

provision rule, g = G(K,D), and B : ℜ++×ℜ → ℜ+ is an unemployment-insurance rule,

b = B(K,D), such that

(i) the capital market clears:

K ′ =
β

1 + β
[l (1− T (K,D))ϕ(1− α)AK + (1− l)B(K,D)] ; (15)

(ii) given K, ⟨T (K,D), G(K,D), B(K,D)⟩ = argmaxP (K,D, τ, g, b, g′) subject to g′ =

G(K ′, D′), (15), and the government budget constraint,

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

The following proposition provides a characterization of the tax-finance political equi-

librium.

Proposition 3. Given K, a tax-finance Markov-perfect political equilibrium, {τ, b, g,K ′},
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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
·
(
Λ +

α

1− α
(1− Λ)

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

)
,

wherein
Dt

Kt

=

{
D0/K0 for t = 0,

0 for t ≥ 1.

The tax rate is set within the range (0, 1) if Λ > 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

the old, 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 difference 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. We first

compare those in period 0 and obtain the following result. Variables in the debt- and the

tax-finance cases are denoted with subscripts “debt” and “tax”, respectively.

Proposition 4. Assume η < η̃. Given D0/K0 < (1−α)/α, K1/K0, g0/Y0, (1− l)b0/Y0,
and τ0 in the debt- and the 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 in the tax-finance case because public debt crowds out

private investment, and thus, capital formation. The result also indicates that the tax

rate in the debt-finance case is lower than in the tax-finance case. This is because the

government can utilize the issue of public bonds to finance the tax cut. Thus, prohibiting

public bond issue creates a tax-hike effect.

To understand the effects of fiscal stance on public services for the old and the un-

employment insurance benefits, recall the political objective function in the debt-finance
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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′

]
.

(16)

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 a decrease of

consumption of the employed. Second, the burden also results in a decrease of savings

of the employed, which in turn lowers the level of the next-period capital stock, and

thus, future public services for the old. However, the unemployment-insurance benefit is

irrelevant for the latter because it is an intragenerational transfer, and thus, has no effect

on the aggregate saving.

With this difference in mind, let us consider the effects of issuing public bonds on the

two types of costs. First, the issuing bonds enables the government to cut the tax rate,

thereby reducing the first cost as observed by the second term in Eq. (16). Second, issuing

bonds crowds out capital formation, decreases the future provision of public services for

the old, and thus, increases the second cost as observed by the fourth term of the political

objective function. The provision of public services for the old is not affected by the

issue of public bonds because the first effect is offset by the second effect. However, the

bond issues do affect the provision of unemployment insurance because the second effect

is irrelevant. Therefore, the expenditure for the elderly is independent of fiscal stance,

whereas the level of unemployment insurance is higher in the debt-finance case than in

the tax-finance case.

Next, we compare the growth rate and the public-services-to-GDP ratio for the two

cases in period t(≥ 1).

Proposition 5. Assume η < η̃. Given K0 and D0, Kt+1/Kt and gt/Yt in the debt- and

the tax-finance cases are compared 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 the elderly in period t(≥ 1) differs

from that in the initial period. The public services-to-GDP ratio is independent of the

fiscal stance in the initial period, whereas it is critically affected by the fiscal stance for

period t ≥ 1. To understand this difference, recall that for period t ≥ 1, the available
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resources for the government in the debt-finance case are given by lϕ(1 − α)AK − RD,

which 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 the available resources, the public services-to-GDP ratio in the debt-finance case is

lower than in the tax-finance case.

The tax rate and the unemployment insurance payments are directly affected by the

state of financial balance in the initial period, but these effects are not straightforward

for period t ≥ 1, as we demonstrate in the following.

Proposition 6. 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.

The bond issue 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 issue

creates 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 outweighs the tax-cut

effect; that is, prohibiting debt finance decreases the tax rate. Otherwise, the opposite is

true.

The bond issue also produces two opposing effects on the unemployment insurance

benefits; they are observed in the second terms of the political objective function in the

debt-finance case in Eq. (16). The positive effect is that the bond issue increases the

available resources for the government, and thus, enables the government to increase the

unemployment insurance payments. The negative effect is the creation of debt repayment

costs from period 1 onward, which reduces the available resources for 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 the unemployment insurance outweighs the positive

effect on it. In other words, the shift from debt finance to tax finance may increase

the unemployment insurance payment-to-GDP ratio. With the result in Proposition 5,

we find that the shift increases the growth rate and spending for the old-to-GDP ratio,

and may also increase the unemployment-insurance payment-to-GDP ratio. This result
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suggests that the balanced-budget requirement, which has been or is being introduced in

some countries or states for fiscal discipline, may benefit future generations at the expense

of the employed and unemployed young in the initial period. We investigate this welfare

implication further in the following.

Proposition 7. 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 gen-

erations at the expense of the current employed and unemployed. To understand this,

suppose that the tax-finance rule is introduced in period 0. As demonstrated in Proposi-

tion 4, the government in period 0 requires a higher tax rate and a lower unemployment

insurance benefit level than in debt finance because the government is unable to utilize

the issue of public bonds to finance its expenditure. This creates negative income effects

on both the current employed and unemployed, and thus, realizes lower utility in the

tax-finance case than in the debt-finance case.

Proposition 7 shows that the result is reversed for future generations. As demonstrated

in Proposition 6, the future young benefit from tax finance if either α ≥ β/(1 + 2β), or

α < β/(1+2β) and η ∈ (0, η̂). If this condition fails to hold, the future young suffer from a

negative income effect of tax finance. However, the current government can bequeath more

capital to future generations in the tax-finance case. This implies that future government

can utilize more resources for the provision of public services for the elderly. This positive

effect outweighs the negative income effect. Therefore, the future generations benefit from

the tax finance, regardless of the parameter values.

4.2 Constrained Debt Finance

The analysis of tax finance and its comparison with debt finance enable 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 they are 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 ∈ ℜ. Appendix A.7 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, we set µ = 0 for the simplicity of analysis, and 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 in Azzimonti, Battaglini, and Coate (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, plus 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 non-binding, 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 8. 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 non-binding, 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 A.8.

The result in Propositions 1 and 8 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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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, and moves into a state where the debt constraint

becomes non-binding and the ratio remains constant through time, as illustrated in Figure

5.

[Figure 5 here.]

To understand the movement of debt-capital ratio, consider a situation where the ini-

tial condition D0/K0 is less than the threshold value, d. Less public debt today implies

that the government can utilize the tax revenue for its expenditure. However, this incen-

tivizes 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 issue. 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. On some future date, the ratio exceeds the threshold value d. Then, the ratio

continues to be below the threshold, and the debt and capital 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, Battaglini, and

Coate (2016). They demonstrate that the debt accumulates initially and then reaches

its ceiling, while the present study shows that debt is constrained by its ceiling initially,

and then moves into increasing debt accumulation. The difference arises because there

is no capital accumulation and resources are limited across periods in the model used by

Azzimonti, Battaglini, and Coate (2016), while there is capital accumulation that increases

income, and thus, tax base over times in the model used in this study. Therefore, the

result in this study demonstrates an alternative view of the role of debt constraint in the

political economy.

5 Extensions

The main analysis of this study assumed that the reservation wage is the competitive

wage. This section attempts to relax this assumption in two ways and briefly examines

how the analysis and results would change.
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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, Shaw,

and Lai, 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

Ωt =
[
((1− τt)wt − bt)

δ (lt)
1−δ

]θ
·
[
At (Kt)

α (lt)
1−α − wtlt

]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 the employed and the unemployed are now given by

V ye
t = (1 + β) lnϕbt + β lnRt+1 + βη ln gt+1,

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

respectively. An increase in b improves the utility of both the employed and the unem-

ployed. That is, there is no conflict over the provision of unemployment-insurance benefits

between the employed and the unemployed, which is empirically implausible. Therefore,

this study uses the competitive wage as the reservation wage for the union.

5.2 After-tax Wage as a Union’s Target

In the main analysis, the unemployment rate is endogenous but independent of fiscal

policy. This enables us to solve the model in a tractable way; however, it fails to capture

a relationship between unemployment and fiscal policy, as suggested by Battaglini and

Coate (2014). To overcome this limitation, we consider the following alternative union’s

objective function:

((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 following

employment rate:

lt = l (τt) ≡
(
1− τt
ϕ

)1/α

.

The unemployment rate now depends on the tax rate. A higher tax rate implies a less

after-tax wage income. This incentivizes the union to set a higher wage through bargain-

ing. Therefore, the employment rate is lower when the union’s target is the after-tax wage

than when it is before-tax wage.
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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, the optimality condition with respect to τt. To

overcome this problem, we divide the decision process of fiscal policy into the following two

sub-stages: (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 ls in them are

replaced with 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 fol-

lowing 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 in the interest rate.

Second, the ratio (1− l)b/Y increases because given b and Y, the 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, the conclusion is that the

model 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-to-GDP

ratio resulting from the strong political power of a trade union. The study also shows

that an increase in political power of the old results in a higher ratio of spending for

the old to GDP, a lower ratio of unemployment-insurance benefits to GDP, and a lower

growth rate of capital. In addition, the tax-finance requirement shifts resources from the

younger to the older generation via fiscal policy, and thus, benefits the present old at

the expense of the current young generation; however, it improves economic growth, and

thus, the utility of future generations.

The key assumptions to demonstrate these results are (i) the additively separable,

logarithmic utility function; (ii) AK technology; and (iii) the union’s objective function
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that targets the before-tax wage. The first assumption abstracts from the effect of savings

on the preferences of public services for the elderly. If we assume non-separable prefer-

ences for private consumption and public services, individuals could substitute private

consumption for public services, and thus, prefer less public services and issue 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 the political-equilibrium solution analytically;

however it rules out the possibility of interaction between fiscal policy choice and unem-

ployment. To overcome this limitation, Subsection 6.2 considers an alternative assumption

that the union’s target is the after-tax wage. Under this assumption, we find that unem-

ployment depends on fiscal policy, and that spending for the unemployment insurance is

lower but the growth rate is higher in comparison to the main analysis.

The mechanism behind the third assumption is briefly revealed by analyzing the po-

litical 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 for future studies.
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A Proofs

A.1 Bargaining Solution

We substitute the constraint into the objective function to obtain the following uncon-

strained problem:

max
wt

Ωt =
[
{(1− α)At}(1−δ)/α (Kt)

1−δ
]θ

·
[
{(1− α)At}1/α (1/(1− α)− 1)Kt

]1−θ

· Ω̃t,

where Ω̃t ≡ (wt − w̄t)
δθ · (wt)

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

max
wt

Ω̃t ≡ (wt − w̄t)
δθ · (wt)

− (1−δ)θ+(1−α)(1−θ)
α

given w̄t.

The first derivative of Ω̃t with respect to wt is

∂Ω̃t

∂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 ∂Ω̃t/∂wt = 0 implies wt = ϕw̄t, where ϕ is defined in Section 2. The

second derivative of Ω̃t with respect to wt, evaluated at ∂Ω̃t/∂wt = 0, is

∂2Ω̃t

∂w2
t

∣∣∣∣∣
∂Ω̃t/∂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 ∂2Ω̃t/∂w
2
t

∣∣∣
∂Ω̃t/∂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′] , (17)

where D′ appearing on the left-hand side indicates borrowing (lending) by the government

if D′ > (<)0, whereas D′ appearing on the right-hand side implies the benefits (costs)

arising from the shift of fiscal resources from taxes to public bonds if D′ > (<)0.
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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

(17) 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′.

The first-order conditions with respect to D′ is 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

. (18)
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Using (18), 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 compute 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 = Λ+
(1− Λ)R

lϕ(1− α)A
· D
K
, (19)

where

Λ ≡ 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 compute the ratio D/K. This is completed

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), re-

spectively, into the capital market-clearing condition (17), 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

)
. (20)

Using (12) and (20), we can compute 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,
(21)
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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 = Λ+
α

1− α
(1− Λ)

D0

K0

.

Given that Λ < 1, we obtain

τ0 < 1 ⇔ α

1− α
(1− Λ)

D0

K0

< 1− Λ ⇔ D0

K0

<
1− α

α
,

τ0 > 0 ⇔ Λ > 0.

Therefore, τ0 ∈ (0, 1) holds if Λ > 0 and D0/K0 < (1− α)/α.

Next, consider the period-t(≥ 1) tax rate. Using the ratio D/K in (21), we can write

τ for period t ≥ 1 as

τ = Λ +
α

1− α
· (1− Λ) · (1 + αβ) (η̃ − η)

α(1 + β) + (1 + αβ)η
,

where τ > 0 if Λ > 0. We also have

τ < 1 ⇔ (1− Λ) ·
[
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 Λ < 1

⇔ (1− α) (1 + αβ) η > −α (1 + αβ) η,

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

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 ratioDt/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.
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Next, consider the term 1/Alϕ 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 Eq. (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.

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/αA

{
(1− α)− α

D0

K0

}
.
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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/αA,

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
, (22)

where D′ = 0 in the tax-finance case. Plugging (22) into the capital market-clearing

condition (15), 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

government budget constraint in (22), 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) , (23)

b = B(K) ≡ (1− ω)(1 + β(1 + η))

(1− ω)(1 + β(1 + η)) + ωη
(lϕ(1− α)AK −RD) . (24)

These functions constitute a stationary Markov-perfect political equilibrium as long as

G0 = ωη/ {(1− ω)(1 + β(1 + η)) + ωη} holds.
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We substitute the policy functions (23) and (24) into the government budget constraint

in (22) 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
, (25)

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− Λ)

)
+

1 + αβ

(1 + β)2
· (1 + β(1 + η)) · (1− Λ) · α

1− α
· D
K
,

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

1− Λ =
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
·
(
Λ + (1− Λ) · 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
·
(
Λ + (1− Λ) · α

1− α
· D0

K0

)
,

where η̃ − η > 0 by the assumption and 1 − Λ > 0 by the definition of Λ. From this

expression, we find that τ0 < 1 if

(1 + αβ) (1 + β(1 + η))

(1 + β)2
·
(
Λ + (1− Λ) · α

1− α
· D0

K0

)
< 1− β (1 + αβ) (η̃ − η)

(1 + β)2

=
(1 + αβ) (1 + β(1 + η))

(1 + β)2

⇔ Λ + (1− Λ) · α

1− α
· D0

K0

< 1

⇔ D0

K0

<
1− α

α
.
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Therefore, we have τ0 ∈ (0, 1) if Λ > 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
· Λ.

The expression suggests that τ > 0 if Λ > 0; and that τ < 1 if

β (1 + αβ) (η̃ − η)

(1 + β)2
+

(1 + αβ) (1 + β(1 + η))

(1 + β)2
· Λ < 1,

or Λ < 1, which holds by the definition of Λ. Therefore, we have τt ∈ (0, 1) if Λ > 0.

We substitute (23) and (25) 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

)
. (26)

■

A.5 Proofs of Propositions 4, 5, and 6

First, consider the growth rate of capital. Recall the laws of motion of capital demon-

strated 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-to-GDP ratio. From the results in

Propositions 1 and 3 and Yt = lϕAKt, g/Y |debt and g/Y |tax are computed 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-to-GDP ratio. Using the result

in Propositions 1 and 3 and Yt = lϕAKt, g/Y |debt, we can compute (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, givenK0 andD0, 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)
.

We compare η̃ and η̂, and obtain

η̂ ≷ η̃ ⇔ α ≷ β

1 + 2β
.
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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

⇔ Λ +
α

1− α
Λ
D0

K0

≷ β(1 + αβ)

(1 + β)2
· (η̃ − η) +

(1 + αβ)(1 + β(1 + η))

(1 + β)2
·
(
Λ +

α

1− α
(1− Λ)

D0

K0

)
⇔ β(1 + αβ)

(1 + β)2
· (η̃ − η) ·

(
Λ +

α

1− α
(1− Λ)

D0

K0

)
≷ β(1 + αβ)

(1 + β)2
· (η̃ − η) .

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

τ0|debt ≷ τ0|tax ⇔ Λ +
α

1− α
(1− Λ)

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:

τt|debt ≷ τt|tax ⇔ Λ+
α

1− α
(1− Λ)

Dt

Kt

∣∣∣∣
debt

≷ β(1 + αβ)

(1 + β)2
·(η̃ − η)+

(1 + αβ)(1 + β(1 + η))

(1 + β)2
·Λ.

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.

■
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A.6 Proof of Proposition 7

Recall that the indirect utility of the employed 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 lnR + ln(1/(1 + β)) + β ln(β/(1 + β)) includes terms irrelevant to political

decisions. Substitution of 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− Λ)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|) . (27)

The term (1− α) Kt|debt − α Dt| in (27) 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) , (28)

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 (28) into (27) leads to

V ye
t |debt = V ye

0 |debt + t (1 + β (1 + η)) ln

(
K ′

K

∣∣∣∣
debt

)
, (29)

where

V ye
0 |debt = (1 + β) ln (1− Λ)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. (30)

Following the same manner, V ye
t |tax , V

yu
t |debt , and V yu

t |tax are computed as follows:

V ye
t |tax = V ye

0 |tax + t (1 + β (1 + η)) ln

(
K ′

K

∣∣∣∣
tax

)
, (31)

V yu
t |debt = V yu

0 |debt + t (1 + β (1 + η)) ln

(
K ′

K

∣∣∣∣
debt

)
, (32)

V yu
t |tax = V yu

0 |tax + t (1 + β (1 + η)) ln

(
K ′

K

∣∣∣∣
tax

)
, (33)
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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,

where ϕ (·) has the following properties:

ϕ (0) = (1 + β) ln
(1 + β)

1 + αβ
> 0,

ϕ (η̃) = 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, 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 is 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 .
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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 Supplement to Subsection 5.2

The objective here is to show the following proposition.

Proposition A.1. Consider a debt constraint, D′ ≤ Ψ(K,D). There is a Markov-

perfect political equilibrium with the debt constraint if Ψ(K,D) is specified by

Ψ(K,D) ≡ µ · (K +D) + lϕAD,

where µ ∈ ℜ is constant.

Consider the following debt constraint:

D′ ≤ µKK + µDD, (34)

where µK , µD ∈ ℜ. Assume that this constraint is binding and guess the following linear

policy function of g′:

g′ = GKK
′ +GDD

′,

where GK , GD ∈ ℜ. Given this guess, we solve the maximization problem of the political

objective and obtain the policy function for g. Then we compute µK and µD that verify

the initial guess.

Suppose that the constraint is binding: D′ = µKK + µDD. The government budget

constraint, D′ = τ lϕ(1− α)AK = g + (1− l)b+RD, is reformulated as

1− τ =
lϕ(1− α)AK −RD − g − (1− l)b+ µKK + µDD

lϕ(1− α)AK
. (35)

We substitute (35) into the capital-market-clearing condition and obtain

K ′ =
β

1 + β
· [lϕ(1− α)AK −RD − g + µKK + µDD]−D′. (36)
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With (34) and (36), the guess of g′, g′ = GKK
′ +GDD

′, is reformulated as follows:

g′ = GK
β

1 + β
· [lϕ(1− α)AK −RD − g + µKK + µDD]−GKD

′ +GDD
′

= GK
β

1 + β
· [lϕ(1− α)AK −RD − g + µKK + µDD]

+ (GD −GK) · (µKK + µDD) . (37)

Thus, the problem is to maximize

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

+ (1− ω) βη ln g′

subject to (35) and (37).

The first-order conditions with respect to g and b are

g :
ωη

g
=

(1− ω) (1 + β) l

lϕ(1− α)AK −RD − g − (1− l)b+ µKK + µDD

+
(1− ω) βηGK

β
1+β

GK
β

1+β
{lϕ(1− α)AK −RD − g + µKK + µDD}+ (GD −GK) · (µKK + µDD)

,

b :
l

lϕ(1− α)AK −RD − (1− l)b+ µKK + µDD
=

1

b
.

The first-order condition with respect to b leads to

b = lϕ(1− α)AK −RD + µKK + µDD.

Plugging this into the first-order condition with respect to g, we obtain

ωη

g
=

(1− ω) (1 + β)

lϕ(1− α)AK −RD + µKK + µDD

+
(1− ω) βηGK

β
1+β

GK
β

1+β
{lϕ(1− α)AK −RD − g + µKK + µDD}+ (GD −GK) · (µKK + µDD)

.

If GD = GK , this condition leads to the following linear policy function of g:

g =
ωη

(1− ω) (1 + β (1 + η)) + ωη
· [lϕ(1− α)AK −RD + µKK + µDD] . (38)

Eq. (38) suggests that the initial guess, g′ = GKK
′ + GDD

′ = GK · (K ′ +D′), is

correct if

lϕA(1− α) + µK = −R + µD,

that is, if

µD = lϕA+ µK , (39)

GD = GK =
ωη

(1− ω) (1 + β (1 + η)) + ωη
· (lϕA(1− α) + µK) .

39



The condition (39) implies that we obtain a Markov-perfect political equilibrium if the

constraint is given by

D′ ≤ µKK + (lϕA+ µK)D,

or

D′ ≤ µ · (K +D) + lϕAD,

where µ ∈ ℜ.

■

A.8 Proof of Proposition 8

The problem of the government in the presence of the debt constraint is

maxP = ωη ln g + (1− ω)(1 + β)l ln (1− τ)ϕ(1− α)AK

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

s.t. K ′ +D′ =
β

1 + β
· [l (1− τ)ϕ(1− α)AK + (1− l)b] ,

g + (1− l)b+RD = τ lϕ(1− α)AK +D′,

D′ ≤ AlϕD,

given K and D.

Suppose that the debt constraint is binding: D′ = AlϕD. Then, the government

budget constraint is g + (1− l)b+RD = τ lϕ(1− α)AK + AlϕD, or

1− τ =
lϕ(1− α)A (K +D)− g − (1− l)b

lϕ(1− α)AK
. (40)

Substitution of (40) into the capital-market-clearing condition leads to

K ′ =
β

1 + β
· [lϕ(1− α)A (K +D)− g]−D′. (41)

Here, we conjecture that g′ = G · (K ′ +D′), where G(> 0) is constant. With (41), we

can reformulate this conjecture as

g′ = G · β

1 + β
· [lϕ(1− α)A (K +D)− g] .

Plugging this into P leads to

P = ωη ln g + (1− ω)(1 + β)l ln (1− τ)ϕ(1− α)AK

+ (1− ω)(1 + β)(1− l) ln b+ (1− ω)βη ln [lϕ(1− α)A (K +D)− g] ,

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

g :
ωη

g
=

(1− ω) (1 + β) l

lϕ(1− α)A (K +D)− g − (1− l)b
+

(1− ω) βη

lϕ(1− α)A (K +D)− g
, (42)

b :
(1− ω) (1 + β) l(1− l)

lϕ(1− α)A (K +D)− g − (1− l)b
=

(1− ω) (1 + β) (1− l)

b
. (43)

Condition (43) is reformulated as

b = lϕ(1− α)A (K +D)− g. (44)

Using (42) and (44), we can obtain the policy functions of g and b as demonstrated in

Proposition 8.

We substitute the policy functions of g and b into the government budget constraint

in (40) and obtain the tax rate as in Proposition 8. We also substitute them into (41) and

obtain the capital-market-clearing condition as in Proposition 8. By using D′ = AlϕD

and the capital-market-clearing condition, we can compute D′K ′ as a function of D/K.

Taking account of the non-binding case, we can write the policy function of D′ as

D′ = min

{
AlϕD,

1− ω

(1− ω) (1 + β (1 + η)) + ωη
· β · (η̃ − η) · (lϕ(1− α)AK −RD)

}
.

Thus, the debt constraint is binding if

AlϕD ≤ 1− ω

(1− ω) (1 + β (1 + η)) + ωη
· β · (η̃ − η) · (lϕ(1− α)AK −RD) ,

that is, if

D

K
≤ d ≡ (1− ω) (1− α) β (η̃ − η)

{(1− ω) (1 + β (1 + η)) + ωη}+ (1− ω) βα (η̃ − η)
.
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B Supplementary Materials (Not for Publication)

This appendix explains the micro-foundation of the political objective function. The

following presentation focuses on the unbalanced-budget case. The same argument also

holds for the balanced-budget case.

Recall that the population of each generation has a unit measure, and that a young

generation consists of two groups of voters, the employed with a fraction of l and the

unemployed with a fraction of 1 − l. The old generation also consists of two groups,

agents who were employed in youth and those who were unemployed in youth. However,

these two types of old agents are included in a single group of voters, because they have

the same policy preferences over public services.

The electoral competition takes place between two office-seeking candidates, L (left)

and R (right). Each candidate announces a policy vector (τ, g, b) under the unbalanced-

budget rule, subject to the government budget constraint. Elections are held in every

period, so the candidates today cannot make credible promises over future policies.

Let V o, V ye, and V yu denote the indirect utility functions of the old, the employed

young, and the unemployed young, respectively. An old voter prefers candidate R over

L if given the inherited capital and debt, K and D, respectively, the following condition

holds:

V o
(
pL;K,D

)
< V o

(
pR;K,D

)
+ σio + δ,

where pL (pR) is the policy vector proposed by candidate L (R). Likewise, given K and

D and the equilibrium policy functions
⟨
T̃ , G̃, B̃, D̃

⟩
, an employed young voter prefers

candidate R over L if

V ye
(
pL, G̃

(
pL

)
;K,D

)
< V ye

(
pR, G̃

(
pR

)
;K,D

)
+ σie + δ,

and an unemployed young voter prefers candidate R over L if

V yu
(
pL, G̃

(
pL

)
;K,D

)
< V yu

(
pR, G̃

(
pR

)
;K,D

)
+ σiu + δ.

σij (where j ∈ {o, e, u}) is an individual-specific parameter drawn from a symmetric

group-specific distribution that is assumed to be uniform in support [−1/2ϕj, 1/2ϕj]. It

measures voter i’s individual ideological bias toward candidate R. Intuitively, a positive

(negative) σij implies that voter i has a bias in favor of party R (L). The parameter δ

measures the relative popularity of candidate R in the population, which is assumed to

be uniform in support [−1/2ψ, 1/2ψ] with density ψ. Therefore, the sum of the terms σij

and δ captures the relative appeal of candidate R.

To compute the vote share of each candidate, we identify the swing voter in group

j ∈ {o, e, u}, that is, a voter whose ideological bias, given the candidate’s platforms,
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makes him indifferent between the two parties:

σo = V o
(
pL;K,D

)
− V o

(
pR;K,D

)
− δ,

σj = V yj
(
pL, G̃

(
pL

)
;K,D

)
− V yj

(
pR, G̃

(
pR

)
;K,D

)
− δ, j = e, u.

All voters i in group j with σij > σj prefer party R. Hence, given the distributional

assumptions, candidate R’s actual vote share, πR, is

πR =
1

2

[
ϕo ·

{
1

2ϕo
−

(
V o

(
pL;K,D

)
− V o

(
pR;K,D

)
− δ

)}
+ lϕe ·

{
1

2ϕe
−
(
V ye

(
pL, G̃

(
pL

)
;K,D

)
− V ye

(
pR, G̃

(
pR

)
;K,D

)
− δ

)}
+(1− l)ϕu ·

{
1

2ϕu
−
(
V yu

(
pL, G̃

(
pL

)
;K,D

)
− V yu

(
pR, G̃

(
pR

)
;K,D

)
− δ

)}]
.

Candidate R’s probability of winning the election is

Prob

[
πR ≥ 1

2

]
= Prob

[
δ ≥ δ̂ ≡ 1

ϕo + lϕe + (1− l)ϕu
·
{
ϕo ·

(
V o

(
pL;K,D

)
− V o

(
pR;K,D

))
+ lϕe ·

(
V ye

(
pL, G̃

(
pL

)
;K,D

)
− V ye

(
pR, G̃

(
pR

)
;K,D

))
+(1− l)ϕu ·

(
V yu

(
pL, G̃

(
pL

)
;K,D

)
− V yu

(
pR, G̃

(
pR

)
;K,D

))]
=

1

2
− ψ

ϕo + lϕe + (1− l)ϕu
·
[
ϕo ·

(
V o

(
pL;K,D

)
− V o

(
pR;K,D

))
+ lϕe ·

(
V ye

(
pL, G̃

(
pL

)
;K,D

)
− V ye

(
pR, G̃

(
pR

)
;K,D

))
+(1− l)ϕu ·

(
V yu

(
pL, G̃

(
pL

)
;K,D

)
− V yu

(
pR, G̃

(
pR

)
;K,D

))]
=

1

2
− ω ·

(
V o

(
pL;K,D

)
− V o

(
pR;K,D

))
− (1− ω) ·

[
l ·

((
V ye

(
pL, G̃

(
pL

)
;K,D

)
− V ye

(
pR, G̃

(
pR

)
;K,D

)))
−(1− l) ·

(
V yu

(
pL, G̃

(
pL

)
;K,D

)
− V yu

(
pR, G̃

(
pR

)
;K,D

))]
,

where ϕe = ϕu is assumed, and ω is defined as

ω ≡ ψϕo

ϕo + lϕe + (1− l)ϕu
.

Because both candidates seek to maximize their probability of winning the election,
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the Nash equilibrium is characterized by the following equation:

(
pL∗

)
= max

pL


ω ·

(
V o

(
pL;K,D

)
− V o

(
pR;K,D

))
+(1− ω) ·

[
l ·

((
V ye

(
pL, G̃

(
pL

)
;K,D

)
− V ye

(
pR, G̃

(
pR

)
;K,D

)))
+(1− l) ·

(
V yu

(
pL, G̃

(
pL

)
;K,D

)
− V yu

(
pR, G̃

(
pR

)
;K,D

))]
 ,

(
pR∗) = max

pR


−ω ·

(
V o

(
pL;K,D

)
− V o

(
pR;K,D

))
− (1− ω) ·

[
l ·

((
V ye

(
pL, G̃

(
pL

)
;K,D

)
− V ye

(
pR, G̃

(
pR

)
;K,D

)))
−(1− l) ·

(
V yu

(
pL, G̃

(
pL

)
;K,D

)
− V yu

(
pR, G̃

(
pR

)
;K,D

))]
 .

Therefore, the two candidates’ platforms converge in equilibrium to the same fiscal policy

that maximizes the weighted-average utility of the old, the employed young, and the

unemployed young, ωV o+(1− ω) · (lV ye + (1− l)V yu) subject to the government budget

constraint. This is the political objective function given in the main body of the paper.

■
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Figure 1: Debt-to-GDP ratio and per capita GDP growth rate for 32 countries, 1999-2009.
Source: OECD.Stat (December 17, 2016).
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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).
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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).
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Figure 5: A numerical example of the D/K ratio. Parameters are set at 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.
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