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Abstract

This study examines the limitations of political equilibrium in fiscal policy when short-
sighted governments represent only the middle-aged and older adult generations, in contrast
to a Ramsey planner who values them as well as the young and future generations. Us-
ing a three-period overlapping generations model calibrated to Germany, Japan, and the
United Kingdom, we analyze the Golden Rule of Public Finance (GR), which permits deficit
financing solely for public investment. We find that: (i) reduced GR compliance shifts fis-
cal burdens from the middle-aged to the older adult, young, and future generations; (ii)
compliance depends on the elasticity of public capital, preferences for public goods, and
GDP growth; and (iii) non-compliance drives political equilibrium away from the Ramsey
allocation. Extending voting rights to the young is a more effective mechanism for mitigat-
ing inefficiency and enhancing fiscal rule compliance than Demeny voting, which allocates
additional votes to the middle-aged based on the number of their children.
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1 Introduction

Many developed countries have incurred large budget deficits, thereby accumulating public
debt for the past decades (OECD, 2021). To cope with large budget deficits and their associated
problems, they have implemented various types of fiscal rules such as debt, deficit, expenditure,
revenue and golden rules (Budina et al., 2012; Schaechter et al., 2012; Wyplosz, 2013; Lledd
et al., 2017; Caselli et al., 2018). These fiscal rules are aimed at regulating fiscal policy from
a long-term perspective, and in some countries, they are constitutionally mandated, making
their revision exceedingly rare. In contrast, fiscal policies, including government debt issuance,
are decided annually through parliamentary deliberations, provided they in principle adhere to
the fiscal rules. As a result, accounting for the political influence of fiscal rules on fiscal policy
decisions is crucial for assessing the growth and welfare implications of fiscal policy, a topic that
has attracted considerable attention from prominent researchers (e.g., Bisin et al., 2015; Halac
and Yared, 2018; Coate and Milton, 2019; Bouton et al., 2020; Dovis and Kirpalani, 2020, 2021;
Piguillem and Riboni, 2020, 2024).

Introducing fiscal rules constrains fiscal policy, particularly the issuance of public debt, which
is expected to affect capital accumulation, economic growth, and welfare across generations
through market equilibrium. Political economy studies examining these impacts include Bassetto
and Sargent (2006), Azzimonti et al. (2016), Barseghyan and Battaglini (2016), Arai et al.
(2018), Andersen (2019), and Uchida and Ono (2021). These studies assume that fiscal policies
are determined by governments composed of elected politicians or represented by median voters,
who adhere to fiscal rules. Specifically, Bassetto and Sargent (2006) focused on the Golden Rule
of Public Finance (hereafter abbreviated as GR), which permits budget deficits to finance public
investment but prohibits their use for current expenditures (Buiter et al., 1993; Corsetti and
Roubini, 1996; Robinson, 1998). They evaluated the GR’s role from a social welfare perspective
and demonstrated that it may approximate the first-best allocation that maximizes Benthamite-
type social welfare under resource and technology constraints. Their finding suggests that, as
long as governments comply with the GR, it can contribute to achieving the first-best allocation.

The assumption that governments consistently formulate fiscal policies in compliance with
the GR is not always realistic. In countries where the GR was formally adopted (e.g., Germany)
or has long been in place (e.g., Japan and the United Kingdom), there has been little or no
effective penalty for deviations from the GR. As shown in Figure 1, these countries exhibited
a lower ratio of public investment to GDP compared to the ratio of fiscal deficit to GDP for
many years, indicating that non-compliance with the GR had become commonplace.! This
observation raises the following questions: Why did these countries fail to comply with the GR

despite having adopted it? How does non-compliance with the GR affect fiscal policy formation

In Germany, the GR was abolished under the 2009 amendment to the Basic Law, and a new fiscal rule was
introduced (Kumar et al., 2009). In Japan, a waiver of the GR has been approved by the Diet almost every year
since 1975 (Kumar et al., 2009). In the United Kingdom, the GR was adopted in 1997, but it was met only for
the first few years (Wyplosz, 2013).



and, consequently, the intergenerational distribution of fiscal burdens? To what extent does non-
compliance with the GR result in allocative inefficiency, measured against the allocation that
maximizes the Benthamite-type social welfare—valuing all current and future generations—when

accounting for individuals’ responses to fiscal policy?
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Figure 1: Time series data of the difference between the ratio of public investment to GDP and
the ratio of fiscal deficit to GDP, 1995-2020, for Germany, Japan, and the United Kingdom.
Note. The indicator in the figure takes a negative value if a fiscal deficit arises and the ratio of
public investment to GDP is less than the ratio of fiscal deficit to GDP. It takes a positive value
if either (i) a fiscal deficit arises but the ratio of public investment to GDP exceeds the ratio of
fiscal deficit to GDP, or (ii) a fiscal surplus arises.

To address the abovementioned questions, we employ a three-period overlapping-generations
model with physical and public capital. Each generation consists of identical individuals who
live through three stages: the young, who make no economic decisions; the middle-aged, who
work; and the older adults, who are retired. Public investment, along with the inherited public
capital from previous periods, serves as an input in the public capital formation process, thereby
contributing to labor productivity. Governments are short-sighted in that they act as elected
representatives for only the middle-aged and older adults who are politically enfranchised. They
finance public investment in public capital and the provision of unproductive public goods
through taxes on capital and labor, as well as through public debt issuance.

Although taxes and public debt issuance are in principle constrained by the GR, the short-
sighted government may choose to issue public debt in excess of the GR compliance without
facing immediate penalties. Specifically, the government first determines the degree of compli-
ance with the GR, which may include the temporary suspension of fiscal rules, activation of

escape clauses, or modification of fiscal limits.” Based on the chosen degree of compliance, the

2Recent examples of procedures for suspending or modifying fiscal rules in parliamentary debates across various
countries are detailed by Davoodi et al. (2022). Regarding the three countries discussed in this study—Germany,
Japan, and the United Kingdom—Tetlow et al. (2024) provide an in-depth analysis of the United Kingdom, Mause
and Groeteke (2012) cover Germany, and Ministry of Finance (2019) offers detailed information on Japan.
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government then sets appropriate levels of capital and labor taxes, public investment, and public
goods provision to ensure budgetary balance. To illustrate this two-step process, we assume a
probabilistic voting framework, wherein middle-aged and older adults vote on candidates in each
period. The government selects both the degree of the GR compliance and the corresponding
fiscal policies in turn to maximize a political objective function, which is defined as the weighted
sum of the utilities of the middle-aged and older adults. The resulting allocation is referred to
as a political equilibrium.

Within this framework, we begin our analysis of the political equilibrium at the second
stage by examining the politics of fiscal policy formation under a given degree of compliance
with the GR. In the political process described above, current policy decisions influence future
choices through the accumulation of both physical and public capital. This intertemporal linkage
generates three key forces that shape fiscal policy: a general equilibrium effect via the interest
rate, a disciplining effect through the next period capital income tax rate, and a disciplining effect
via the next period provision of public goods. These three forces, which were not comprehensively
captured in previous studies, play a crucial role in illustrating the impact of the degree of rule
compliance on fiscal policy formation.

These forces also shape the intergenerational distribution of fiscal burdens. A lower degree
of rule compliance enables the middle-aged to reduce their labor income tax burden by shifting
fiscal responsibilities to young and future generations through the issuance of additional pub-
lic debt. At the same time, the older adults bear the increased repayment burden of public
debt issued by previous generations, who deferred their fiscal responsibilities. To address these
heightened repayment costs, the current government raises the capital income tax rate, thereby
increasing the tax burden on the older adults. As a result, lower rule compliance reduces the
fiscal burden on the middle-aged while imposing greater burdens on the older adult, young, and
future generations. In other words, the tax burden spills over not only from the middle-aged
generation to the young generation, which does not participate in voting, but also to the older
adult generation, which does participate in voting.

We next examine the first stage to determine how the government selects its degree of
compliance with the GR. We show that this degree hinges on two structural parameters: @,
which captures preferences for public goods, and 7, which represents the elasticity of public
capital with respect to investment. A lower 6 weakens the disciplining effect provided by next-
period public goods, thereby reducing the government’s incentive to limit public debt issuance.
Likewise, a lower 1 diminishes the marginal benefit of public investment, further discouraging
the government from curtailing the proportion of debt-financed public investment. These results
imply that low 6 or low n makes it hard to comply with the GR. We further show that higher
GDP growth rates make compliance with the GR more challenging. In political equilibrium,
both debt issuance and public investment increase at the same rate as GDP, keeping their ratio

constant. However, the GR requires that fiscal deficits, accounting for outstanding public debt,



remain below public investment, complicating compliance during periods of economic growth.

To further facilitate understanding of our results, we calibrate the model economy to Ger-
many, Japan, and the United Kingdom over the period 2002-2007, during which the Golden
Rule (GR) was in effect in all three countries. As briefly illustrated in Figure 1 and documented
in more detail in Table 1 in Section 3, the ratio of the government deficit to GDP exceeds that
of public investment to GDP, on average, in all three countries during this period, implying
non-compliance with the GR. Our calibration results further indicate that the key factors un-
derlying this non-compliance differ across the three countries. In Germany, low 6 and low n play
a crucial role, whereas, in other countries, high GDP growth rate does.

The GDP growth rate, a key determinant of non-compliance with the GR, depends on the
relative weight of each generation in the political objective function, which in turn shapes fiscal
policy choices. This weight is determined by two factors: w, representing the political weight of
older adults, and n, representing the population growth rate. An increase in w, reflecting greater
political influence of older adults—for example, through a widening turnout gap—lowers the
GDP growth rate via its effect on fiscal policy formation, thereby promoting compliance with
the GR. This relationship highlights a trade-off between economic growth and fiscal discipline.
A decrease in n, reflecting slower population growth, likewise reduces the GDP growth rate and
thus encourages compliance with the GR. At the same time, however, it raises GDP per middle-
aged individual, since a lower n increases their physical capital endowment. Consequently, a
decline in the population growth rate has the potential to reconcile economic growth with fiscal
discipline.

To explore the observed non-compliance with the GR further, we examine the political
equilibrium in contrast with the perspective of a long-lived planner, referred to as a Ramsey
planner, who selects fiscal policy to maximize the sum of the utilities of both current and
future generations, subject to the same constraints faced by short-sighted governments. In the
allocation chosen by the Ramsey planner, known as the Ramsey allocation, the ratio of the fiscal
deficit to public investment remains below one, indicating adherence to the GR of fiscal policy. In
contrast, under the political equilibrium, governments fail to comply with the GR as their short-
sightedness induces underinvestment in public capital. This implies that governments achieve a
less balanced allocation of resources across generations, ultimately diverging significantly from
the Ramsey allocation.

To mitigate the allocative inefficiency of the political equilibrium, we consider two potential
remedies: one is to extend voting rights to the young, and the other is Demeny voting (Demeny,
1986), which assigns additional votes to the middle-aged based on the number of their children.
We argue that the former may help incorporate the preferences of individuals with longer life
horizons and could partially counteract governments’ short-sightedness, while the latter may not
be effective because giving additional votes to the middle-aged reduces the political influence

of older adults, leading to stronger non-compliance with the GR. Consequently, we might con-



clude that recent trends of lowering the voting age in Japan (Ministry of Internal Affairs and
Communications, 2015) and the United Kingdom (Ministry of Housing, Communities and Local
Government, 2025) constitute a desirable institutional reform from the perspective of allocative

efficiency.

1.1 Relation to the Literature

This research contributes to the literature on the political economy of fiscal rules in three
significant ways. First, it builds on the work of Bassetto and Sargent (2006), who examined the
political economy of the GR within an overlapping generations model. Unlike their approach,
which assumes an exogenous interest rate, this study incorporates the general equilibrium ef-
fects of fiscal policy through the interest rate. In addition, we demonstrate disciplining effects
operating through future capital income taxation and public expenditure, a mechanism previ-
ously highlighted by Song et al. (2012) in a small open-economy framework without general
equilibrium effects. Moreover, while Bassetto and Sargent (2006) assume full compliance with
the GR, this study demonstrates how and why a short-sighted government may not comply with
the GR in its fiscal policy formation and identifies the economic conditions under which such
non-compliance occurs. Furthermore, this study adopts the Ramsey planner’s allocation, rather
than the first-best allocation employed by Bassetto and Sargent (2006), as the benchmark for
welfare evaluation. This approach allows for a more precise characterization of optimal alloca-
tions by accounting for individuals’ responses to fiscal policies and better capturing the political
distortions arising from short-sighted governments’ non-compliance with the GR.

Second, this study contributes to the dynamic political economy literature by examining
the effects of fiscal policies constrained by fiscal rules on dynamic resource allocation. Much
of the existing literature either abstracts from the general equilibrium effects of fiscal policy
through the interest rate (Bassetto and Sargent, 2006; Azzimonti et al., 2016; Arai et al., 2018;
Andersen, 2019) or overlooks the disciplining effect through capital income taxation (Bassetto
and Sargent, 2006; Azzimonti et al., 2016; Barseghyan and Battaglini, 2016; Arai et al., 2018;
Andersen, 2019) and future public goods provision (Uchida and Ono, 2021). In contrast, this
study offers a comprehensive examination of both the general equilibrium and disciplining effects
of fiscal policy, evaluating the impact of fiscal rule non-compliance on policy choices and the
resulting resource allocation from the Ramsey planner’s perspective.

Finally, this research makes a significant contribution to the analysis of the GR in growth
models with public capital. Previous studies have demonstrated that the GR can improve
growth and welfare across generations (e.g., Greiner and Semmler, 2000; Ghosh and Mour-
mouras, 2004a,b; Greiner, 2008; Yakita, 2008; Minea and Villieu, 2009; Agénor and Yilmaz,
2017; Ueshina, 2018). However, these studies assume tax rates and/or expenditures as fixed,
meaning their conclusions rest on the assumption that fiscal policy instruments are indepen-

dent of fiscal rules or the degree of rule compliance. In reality, fiscal rules heavily influence



governments’ fiscal policy choices (e.g., Bisin et al., 2015; Halac and Yared, 2018; Coate and
Milton, 2019; Bouton et al., 2020; Dovis and Kirpalani, 2020, 2021; Piguillem and Riboni, 2020,
2024). Thus, this study’s consideration of the endogenous response of fiscal policies to fiscal rule
compliance provides a new perspective on the implications of fiscal rules for growth and welfare.

The remainder of this paper is organized as follows. Section 2 introduces the model and
characterizes an economic equilibrium that describes the behavior of individuals and firms for a
given set of fiscal policies. Section 3 presents the politics of fiscal policy formation, characterizes
a political equilibrium for a given degree of rule compliance, and investigates the effects of the
degree of rule compliance on fiscal policy formation. It also demonstrates the political deter-
mination of the degree of rule compliance and investigates its property. Section 4 characterizes
the Ramsey allocation and evaluates the political equilibrium from the viewpoint of the Ramsey

planner. Section 5 provides concluding remarks. All proofs are presented in the appendix.

2 Model

The discrete time economy starts in period 0 and consists of overlapping generations. Individ-
uals are identical within a generation and live through three life stages: youth, middle age, and
older adult age.> Each middle-aged individual has 1 + n children. The middle-aged population
for period t is Ny and the population grows at a constant rate of n(> —1) : Nyp1 = (1 + n)N,.

2.1 Individuals

Individuals display the following economic behavior over their life cycles. During youth,
they make no economic decisions and live under the financial support and protection of their
parents. In middle age, individuals work, receive market wages, and pay taxes. They use after-
tax income for consumption and savings. Individuals retire in their older adult age and consume
returns from savings. By incorporating the young, who do not participate in economic decision-
making, into the model, we can construct a three-period life cycle that better calibrates the
model economy to the key statistics of the sample countries described in Section 3, compared
with a two-period model that excludes the youth stage.

Consider an individual born in period ¢ — 1. In period ¢, the individual is middle-aged and
endowed with one unit of labor. The individual supplies one unit of labor inelastically in the
labor market, and obtains labor income w;, where w; is the wage rate per unit of labor in period
t. After paying tax myw, where 74 € (0,1) is the period-t labor income tax rate, the individual
distributes the after-tax income between consumption ¢; and savings invested in physical capital

s¢. Therefore, the period-t budget constraint for the middle-aged becomes ¢; + s¢ < (1 — 7 )wy.

3Throughout this paper, we refer to individuals in their first, second, and third life stages as the young,
the middle-aged, and the older adults, respectively. Correspondingly, we designate their cohorts as the young
generation, the middle-aged generation, and the older adult generation. The term “current” (or “currently living”)
generations denotes all three of these groups, while generations not yet born in the current period are referred to
as the future generations.



The period-t + 1 budget constraint in older adult age is diy1 < (1 — Ttkjrl) Ry 15, where
d¢+1 is consumption, Tt’fH is the period-t + 1 capital income tax rate, R;+1(> 0) is the gross
return from investment in physical capital, and R;;1s; is the return from savings. The results
are qualitatively unchanged if the capital income tax is on the net return from savings rather
than the gross return from savings.

The preferences of the middle-aged in period t are specified by the following lifetime utility
function in the logarithmic form, UM = In¢;+01n g;+ 8 (Indgy1 + 01n g;11), where g is per capita
public goods provision, 8 € (0, 1) is the discount factor, and §(> 0) is the degree of preferences
for public goods. The preferences of the older adults in period ¢ are given by UP = Ind; +601n g;.

We substitute the budget constraints into the utility function of the middle-aged, UM, to
form the following unconstrained maximization problem:

I?aidn (1 =7m)wy —s¢) +0lng + fln (1 — 7{11) Rytq1s:+ B01Ingeiq, (1)

where the factor prices, {w¢, Ri+1}, and the fiscal policy variables, {7, Tt’il, gt, gi+1}, are taken

as given. By solving the problem in (1), we obtain the following savings and consumption

functions:
S = H—ﬁﬁ(l — Ty wy, (2)
o= (L=, 3)
dps1 = (1 - Tfﬂ) lefﬁu — ). (4)

2.2 Firms and Public Capital

Each period contains a continuum of identical firms that are perfectly competitive profit
maximizers. According to Cobb—Douglas technology, the firms produce a final good Y; using
two inputs: aggregate physical capital K; and aggregate labor N;. Aggregate output is given
by Vi = Ay (K)* (N;)' ™, where A; represents a period-t technology and « € (0,1) denotes
the physical capital share. The production function in intensive form is y; = A (k¢)® where
y = Y;/Ny and ky = K;y/N; denote output and physical capital per middle-aged individual,
respectively.

The first-order conditions for profit maximization with respect to N; and K; are

w = (1 — ) A (k)" (5)
Ry = a4y (kt)ail ) (6)
where w; and R; are labor wages and the gross return on physical capital, respectively. The

conditions state that firms hire labor and physical capital until the marginal products are equal

to the factor prices. Physical capital is assumed to depreciate fully within each period.



The productivity A; is assumed to be proportional to the public capital per middle-aged
individual: 4; = A(K? /Nt)l_a, where K? denotes the aggregate public capital in period t.
Thus, public capital involves a technological externality of the type often used in endogenous-
growth theories (Barro, 1990). Under this assumption, the first-order conditions in (5) and (6)

are rewritten as follows:

wy = w (ky, KY) = (1 — a)A (k) ()7, (7)
Ry = R (K, k) = oA (k)" (k)77 (8)

and the associated production function in intensive form becomes:
ye =y (ke, k) = A (ke)* (k)7 (9)

The public capital evolves in the following way. The aggregate public capital in period ¢+ 1,
K? 1, is a function of public investment, x;, and the public capital inherited from the past, K?.

In particular, Kf 1 1s assumed to be formulated using the following equation:
- 1
K{,y =D (Nypazg)" (K7) 7,

where D (> 0) is a scale factor, N1z is the aggregate public investment evaluated on a gener-
ation ¢ + 1 population basis, and n € (0, 1) denotes the elasticity of public capital with respect
to public investment. Let k' = K?/N; denote public capital per middle-aged individual. Then

the equation is reformulated as
K =D ()" ()7, (10)

where D =D - (1+n)"".

Equation (10) suggests that the production function of public capital is homogeneous of
degree one in both z and kP. This function is similar to the functional form postulated by
Barseghyan and Battaglini (2016), who assume kP as the overall productivity of the economy,
driven by government investment. In contrast, the present study assumes kP to represent public
capital, but the fundamental properties of the production function remain the same in both cases.
An alternative formulation would be to assume a linear public capital accumulation equation,
as proposed by Bassetto and Sargent (2006). The present study adopts the formulation of (10)
in line with the framework of Barseghyan and Battaglini (2016) for the purpose of analytical

tractability.

2.3 Government Budget Constraint and Fiscal Rule

Government expenditure items are an investment in public capital and expenditure on (un-
productive) public goods provision. They are financed by capital and labor taxes, as well as
public debt issues. Let B; denote the aggregate inherited debt. The aggregate government

budget constraint in period t is

Biv1 + TP Rsi—1Ni—1 + 7w Ny = Nyp1wy + (Ny—1 + Ni) g + Ry By, (11)
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where Byiyp is newly issued public debt; Tthtst,th,l is the aggregate capital tax revenue;
Trwe Ny is the aggregate labor tax revenue; Nyyjxy is the aggregate public investment; (Ni—1 + N¢) g+
is aggregate public goods provision, and R;B; is debt repayment. We assume a one-period debt
structure to derive analytical solutions from the model. We also assume that the government
in each period is committed to not repudiating the debt. The associated government budget
constraint per middle-aged individual in period ¢ is

n
gt + Riby, (12)

1 b FR
(L+n)bg1 + 74 Ry T

f:ln +nw = (1+n)z, + i i
where b, = B;/N; denotes public debt per middle-aged individual.

Consider a situation in which government expenditures are constrained by fiscal rules. The
fiscal rules we assume here are long-term rules that remain effective across periods. We focus
specifically on fiscal rules that limit the financing of public investment, known as the Golden
Rule of Public Finance (abbreviated as GR). The GR requires that the fiscal deficit remains
below public investment expenditures: Bii1 — By < Nyy12z. In other words, under the GR,
while a portion of public investment can be financed through the fiscal deficit, the GR does not
permit the financing of other current expenditures through the fiscal deficit. When the GR is

expressed on a per middle-aged individual basis, it is represented as
(1—|—TL> b1 — b < (1—|—n) Tt. (13)

Two clarifications are worth noting. First, the GR in this study is a stylized constraint but
relates to the contemporary European debate on fiscal rules. Appendix A.1 gives a short note
for clarifying how the model’s GR relates to the modern policy proposal in the European Union.
Second, throughout the paper we assume that no penalty is imposed on each government even
when it adopts fiscal policies that deviate from the GR in (13). This assumption is consistent
with institutional realities in countries such as Germany, which has formally adopted the GR, as
well as Japan and the United Kingdom, where the GR has long been in place: in all of these cases,
deviations from the GR have not been subject to effective enforcement or sanctions. Accordingly,
despite being referred to as a rule, the GR is better interpreted not as a binding constraint backed
by external enforcement, but rather as an ex ante policy guideline or benchmark used in fiscal
policy formulation.

We now consider the possibility of government non-compliance with the GR in each period.
To explore this possibility, we formulate the relationship between public investment and public

debt issuance as Byt = ¢¢Ny4174, OT:
(1 —|— n)bt+1 = ¢t(1 + n)xt. <14)

The parameter ¢; represents both the degree of compliance with the GR and the debt—investment
ratio in period ¢, and is determined through the voting described below. In practice, however,

government debt issuance and the resulting degree of compliance with the GR are influenced by

9



a complex set of factors, including fiscal stress, political constraints, and institutional frictions.
Such non-voting factors are abstracted from the following analysis.

Using the expression in (14), we can reformulate the GR in (13) as follows:

The expression in (15) shows that, given b > 0, —a condition maintained throughout the
following analysis—the GR in (13) is satisfied if the ratio ¢; satisfies ¢; < 1. In other words,
¢r < 1 serves as a sufficient condition for verifying whether the government sets fiscal policies in
compliance with the GR. The ratio can be viewed as representing the degree of rule compliance:
a lower (higher) ¢; implies a higher (lower) degree of rule compliance. Hereafter, we refer to ¢,
as the debt-investment ratio or the degree of rule compliance interchangeably. In the following,
we first proceed with the analysis focusing on ¢;, and then numerically explore the conditions

under which the fiscal policies align with the GR in (13).*

2.4 Economic Equilibrium

Public debt is traded in the domestic asset market. The asset market clearing condition is
Biy1 4+ Kip1 = Nisg, which expresses the equality of total savings by the middle-aged in period
t, N:s; to the sum of the stocks of aggregate public debt and aggregate physical capital at
the beginning of period ¢t + 1, By + Kiy1. Using ki1 = Kyp1/Nit1, kY = KP /Ny, the savings
function in (2), and the profit-maximization condition in (5), we can rewrite the abovementioned

asset market clearing condition as
(1 + TL) (ktJr]_ + bt+1) =S (Tt; kt, kf) = Hﬁﬁ(l — Tt)w (kt, k‘tp) . (16)

Using the private budget constraints, ¢; + s¢ = (1 — 7¢) wy and dy = (1 — Ttk) R;si 1, the
firms’ profit maximization conditions in (7) and (8), and the government budget constraint in

(12) with (14), we can reformulate the asset market clearing condition in (16) as follows:

d 24+n
yt:Ct+7tn+(1+n)kt+l+(1+n)xt+

1+ 11t

This is the resource constraint (i.e., the final good market clearing condition), describing that
the output is allocated to consumption, physical and public capital investment, and public goods
expenditure.

Building on the aforementioned framework, the timing in period ¢ can be delineated as follows
(see Figure 2). Initially, with k¢, k7, and b; as given, the government representing middle-aged

and older adult generations determines the debt-investment ratio (or equivalently, the degree

4More precisely, the degree of compliance with GR should be expressed as (14 n)b;11 —b; = th(1 +n)x:, where
¢~’t < 1 implies compliance with GR, while qz~5t > 1 implies non-compliance. However, for the sake of analytical
convenience, we adopt the expression in (14), which shows that a larger ¢: corresponds to a lower degree of
compliance with the GR. The following analysis demonstrates that even with (14), the degree of compliance with
the GR can be effectively identified.

10



of rule compliance), ¢, with the aim of maximizing the political objective function (which will
be introduced later). Subsequently, based on the value of ¢; determined in the initial stage, as
well as the state variables k¢, k7, and by, the government sets 7, Ttk, x¢, and g; within the aim
of maximizing the political objective function. Finally, given the fiscal parameters and factor
prices, individuals and firms make their decisions, leading to market clearing.

(k¢, k7 by)  political decision  political decision (ki1 kf_l_l’ bir1)

private decisions
18 given. or ¢ or (7¢, (', T, gt) is determined.

o } ! } }

| I time

RK_J

period ¢

Figure 2: The timing of events within each period.

The ratio, ¢; and the policy functions, 7, Ttk, x¢, and g¢ obtained through the two-step
procedure are identical to those derived from a simultaneous determination procedure (see Ap-
pendix B for the proof of this statement). The aim of employing the two-step procedure is
to examine the impact of ¢; on other policy variables. For instance, in Japan, the legislature
debates and approves exemptions from the Public Finance Act, which restricts the issuance
of public bonds, before proceeding with the deliberation of the budget for the following fiscal
year (Ministry of Finance, 2019). Consequently, the degree of rule compliance approved by the
legislature influences subsequent budget formulation and the resulting policies. Our two-step
procedural approach allows us to illustrate this process and capture its effects.

The following defines the economic equilibrium that characterizes the optimizing behavior
of individuals and firms, as well as the resulting market clearing, given the policies and rules in

the present model.

Definition 1 Given a sequence of policies and rules, {Tf, Tty Tty Gt (;5,5}20, an economic equilib-
rium is a sequence of allocations {ct, dg, Sty ki1, bera, kf _H}zo and prices {wy, Rt}fi o With ini-
tial conditions ko(> 0),bo(> 0) and k{j(> 0), such that (i) given (wy, Rt+1,7'tk_,’_1,7't,a7t,gt,gt+1) ,
(ct,di41, S¢) solves the utility-maximization problem to satisfy (2) — (4); (ii) given (wy, Ry), k¢
solves the firm’s profit maximization problem to satisfy (7) and (8); (iii) given (w, k¥, Ry, bt)
and ¢y, (Ttk,Tt,a:t,th) satisfies the government budget constraint with the debt-investment
relationship in (14); (vi) the public capital evolves according to (10), and (v) the asset market

clears as in (16).

Definition 1 allows us to reduce the economic equilibrium conditions to a system of differ-
ence equations that characterizes the motion of (ky, b, k). The system includes the optimality
conditions of firms in (7) and (8), the public capital formation function in (10), the government

budget constraint in (12) with the debt-investment ratio in (14), and the asset market clearing
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condition in (16). The government budget constraint in (12) is reformulated as

TR¥ (vf ke, .00) + TR (s ke, /) = (L= 6 (Lt m)ay + g 4 R (ke K) b, (1)

1 +
where TRX (Ttk; ke, kY, bt) and TR (7¢; kt, kV), representing the tax revenues from physical capital
and labor income, respectively, are defined as follows:
TRS (7f; ki kg, b0) = 7R (ke W) (R 4 be)
TR (Tt; kt, ktp) = TrWw (kt, kt) .
In economic equilibrium, the indirect utility of the middle-aged in period ¢, V,;*, and that of

the older adults in period %, VtO, can be expressed as functions of fiscal policy variables, physical

and public capital, and public debt as follows:

vM=vM <Tt7$t79t77'tk+1vgt+1§ ktkavkt+lakf+1abt+1)
Inc(ry; ke, k) + 0lng + Blnd (Tg;l; ke, Ky, th) + B01n gpp1, (18)

Ve =vo (Tf,gt; k;t,bt,kf) =Ind (Tt’f; kt,k:f,bt> +0lng;, (19)

where ¢ (73 ki, k) and d (7f1; ki1, k1, bis1) denote, respectively, the consumption of the
period-t middle-aged in their middle age and older adult age, and d (Ttk; ki, kY, bt) denotes the

consumption of the period-t older adults. These functions are defined as follows:

c(rikky) = —— (L= m)w (ki k7)

;_n

Tt+1> (key1, kpy) (L4 n) (ki1 + begr)

1—Tt) (ke KP) (1 4+ ) (ke + by)

d <Tt+17 K1, kpy s bt+1>

d (Tt ,kt,kt,bt>

Il

3 Politics

Based on the characterization of the economic equilibrium in Section 2.4, we consider the pol-
itics of rule compliance and fiscal policy formation. In particular, we employ probabilistic voting
a la Lindbeck and Weibull (1987). In this voting scheme, two office-seeking candidates engage
in electoral competition. Fach candidate announces a platform specifying the debt-investment
ratio and a set of fiscal policies subject to the government budget constraint. As demonstrated
by Persson and Tabellini (2000), in equilibrium, the platforms of the two candidates converge
to the same one, which maximizes the weighted average utility of voters (i.e., the middle-aged
and the older adults).

In the present framework, the young, the middle-aged, and the older adults have the in-
centive to vote. While the young may benefit from public investment through public capital
accumulation, we assume that their preferences are not considered by politicians. We impose this
assumption, which is often used in the literature (e.g., Saint-Paul and Verdier, 1993; Bernasconi

and Profeta, 2012; Lancia and Russo, 2016), for tractability reasons. However, this assumption
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could be supported in part by the fact that a significant proportion of the young are below the
voting age.

The political objective is defined as the weighted sum of the utility of the older adults and
the middle-aged, given by € = wV;® + (14 n)(1 — w)V;¥, where w € (0,1) and 1 — w are the
political weights placed on the older adults and the middle-aged, respectively (e.g., Gonzalez-
Eiras and Niepelt, 2008, 2012; Song et al., 2012). The weight on the middle-aged is adjusted by
the gross population growth rate, (14 n), to reflect their share of the population. We divide o
by (14 n)(1 —w) and redefine the objective function as follows:

w
QU=—"—-VO+VM 2
S Agmaoe TV (20)

where the coefficient w/(1+4n)(1 —w) of V€ represents the relative political weight on the older
adults.

The details of the timing of rule compliance and fiscal policy decisions described in Section
2.4 is as follows. (i) First, the two office-seeking candidates, denoted as O and OF, simultane-
ously and non-cooperatively, announce their debt-investment ratios, denoted by ¢4 and ¢Z, re-
spectively. (ii) Given »4 and ¢P, the candidates then simultaneously and non-cooperatively an-
nounce their policy platforms, (TA, kA zA, gA) and (TB, ThB 2B ¢B ), respectively. The elected
candidate will then implement the announced debt-investment ratio and policy platform. This
two-stage game is analyzed using backward induction. The result of the second-stage game is
presented in Section 3.1, and the implications of this stage are explored in Section 3.2. The
result of the first-stage game is analyzed in Section 3.3, with a comprehensive discussion of the

findings provided in Section 3.4.

3.1 Political Equilibrium Fiscal Policy

The political objective function in (20) suggests that the current policy choice affects the
decision on future policy via physical and public capital accumulation. In particular, the period-
t choices of Ttk, Zt, gt, and by affect the formation of physical and public capital in period ¢+ 1.
This, in turn, influences the decision making on the period-t 4+ 1 fiscal policy. To demonstrate
such an intertemporal effect, we employ the concept of a Markov-perfect equilibrium under
which fiscal policy in the present period depends on the current payoff-relevant state variables.

In our framework, the payoff-relevant state variables are physical capital k;, public debt b,
and public capital kY. Thus, the expected capital income tax rate and public goods provision
for the next period, Ttk_H and g¢11, are given by the functions of the period-t + 1 state variables,
Ttlirl =T* (kﬁt+1, bi11, kfﬂ) and giy1 = G (kﬁt+1, bi11, kfﬂ), respectively. We denote the arbitrary
lower limits of 7 and 7% by —7(< 0) and —7%(< 0), respectively. By using recursive notation with
2" denoting the next period z, we define a Markov-perfect political equilibrium that determines

fiscal policy for a given ¢ as follows.
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Definition 2 Given ¢, a Markov-perfect political equilibrium is a set of functions, (T, Tk X, G, B>
where T : R3 — (—7,1) is the labor income tax rule, 7 = T(k,b, kP), T - R — (=17, 1)
is a capital income tax rule, 7% = T k(k, b, kP), X : ?Ri — R is a public investment rule,

= X(k,b, kP), and G ﬁFEi”r — R, is a public goods provision rule, g = G(k:,b, kP), so that (i)
given k,b, and kP, (T(k, b, kP), Tk(k:, b, kP), X (k,b, kP), G(k, b, kP)) is a solution to the problem of
mazimizing Q in (20), subject to the public capital formation function in (10), the asset market
clearing condition in (16), and the government budget constraint in (17); and (i) B : R — Ry
is a public debt rule, ¥ = B (k, b, kP), that follows the debt-investment relationship in (14).°

We derive the political equilibrium policy functions and the associated sequence of physical
and public capital for a given ¢. To obtain the set of policy functions, we conjecture the capital

income tax rate and public goods provision in the next period as follows:

b
a(l+5)
gl =G Yy (k,’ kp,) ’ (22)

M_1_T1F. (21)

where T%(> 0) and G(> 0) are constant and represent the ratio of after-tax capital income to
GDP and the ratio of public goods provision to GDP, respectively.® The conjectures in (21)
and (22) suggest that at the aggregate level, the after-tax capital income and the government
expenditure on public goods provision are linearly related to GDP.

Given these conjectures, we consider the optimization problem in Definition 2, and obtain

the following first-order derivatives:

Tk : (I-FTLSUW d + )\TRTk = (23)
d’ gT
riT1p G0 eaTR =0 (24)
w 0
: 1 —A=0, 25
9 (<1+n><1—w>+ >1g (#)
—6<%+9%) A=0 26
SRR TR s Rl (26)

where A\ (> 0) is the Lagrange multiplier associated with the government budget constraint in
(17), and z; (with z € {d,TRX TR, d',¢'} and j € {7%,7,2}) denotes the partial derivative
of z with respect to j. The choice of z in (26) determines the level of public debt issuance

according to the debt-investment relationship in (14). The impact of debt issuance decisions

5The state variables do not line up in compact sets because they grow across periods. To define the equilibrium
more precisely, we need to redefine the equilibrium as a mapping from a compact set to a compact set by
introducing the following notations: &: = x¢/y (k¢, kY), Gt = g¢/y (ke, k¥), and b1 = bey1/y (ke, kY). However,
for simplicity, we define the equilibrium as in Definition 2.

®The conjecture in (21) is reformulated as T" = (1 —7") R(k', k') s (7; k, k?) 14 /y (K, k'). This is further
reformulated as 7% = (1 — 7") R (k',k*') s (7; k, k) N/Y”, showing the ratio of after-tax capital income to GDP.
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through the relationship in (14) is contained in the term (%7 + 9%%) of (24) and the term
d, ! .
8(% +6%) /(1 - ) (1+n) of (26).

The first-order conditions in (23)—(26) are summarized as follows, focusing on the marginal

benefit of public goods provision appearing on the left-hand side of (25):

w di
W 0 gy 0w d
((1+n)(1 —w) H) ng (=1) TRE 7 27)
w 0 C?T"FB(%%"FQ%%)
(= +) =,V TR 28)
(w +1> o _ 0 +of) (29)
(I+n)(1-w) g (1-9¢)(1+n)

According to the expressions in (27)—(29), the government chooses policies to equate the marginal
benefits of public goods provision that appear on the left-hand side with the marginal benefits of
capital income tax cut, marginal net benefits of the labor income tax cut, and marginal benefits
of public investment that appear on the right-hand side, respectively.

A detailed interpretation of these conditions is as follows. The intuition is straightforward
as for the marginal benefit of public goods provision appearing on the left-hand side of each
equation. An increase in public goods leads to an increase in the marginal utility of public
goods for the older adults and for the middle-aged. The right-hand side of (27) represents the
marginal benefit of capital income tax cut. A decrease in the capital income tax rate raises the
consumption of the older adults, and thus makes them better off. We evaluate this effect based
on the change in tax revenue through capital income taxation represented by the term T Rﬁ
in the denominator. The right-hand sides of (28) and (29) include the following three inter-
temporal effects: the general equilibrium effect of physical capital through the interest rate, R
(named as “Effect R_i”); the disciplining effect through the capital income tax rate, 7 (named
as “Effect 7%_”); and the disciplining effect through public goods provision, ¢’ (name as “Effect
g-1"). As these effects arise across multiple dimensions, they are numbered as i = 1,2,--- for
classification in the following description. These effects play crucial roles in shaping fiscal policy,
which are explained in turn below.

First, consider the right-hand side of (28), showing the marginal benefit of the labor in-
come tax cut. A cut of the labor income tax rate causes disposable income to rise, thereby
increasing the consumption of the middle-aged, as represented by the term c¢;/c. The term
B (d./d + 0g./g") includes the marginal costs and benefits of the labor income tax cut that the
middle-aged are expected to receive when they are older adults. The cut of the labor income
tax rate increases the disposable income of the middle-aged, and thus expands their savings,
which in turn raises their consumption when they are older adults. In addition, the increase in
savings works to lower the return from savings, R, and thus reduces their consumption when

they are older adults (Effect R_1). Simultaneously, the increase in savings promotes physical
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capital accumulation, lowers the interest rate and thus reduces the burden of debt repayment.
This enables the government to lower the capital income tax rate in the next period, 7*, which
raises the consumption of the middle-aged when they are older adults (Effect 7%_1). These ef-
fects are represented by the term d./d’. The term 6g. /¢’ shows that the labor income tax cut
stimulates savings and physical capital accumulation, and thus promotes public goods provision
in the next period (Effect g_1). The right-hand side evaluates these effects based on the change
in the tax revenue through the labor income tax cut, as represented by the term TR, in the
denominator.

Next, consider the right-hand side of (29), showing the marginal net benefit of public invest-
ment. The investment promotes public capital accumulation and thus, raises the return from
savings, R (Effect R_2). This leads to an increase in consumption of the middle-aged in their
older adult age. Simultaneously, the increase in the public capital level leads to an increase in
public goods provision in the next period (Effect g_2). In addition, under the debt-investment
relationship in (14), an increase in public investment expands public debt issuance, which slows
down physical capital accumulation. This raises the interest rate R’, and increases consumption
of the middle-aged in their older adult age (Effect R_3). At the same time, the impeded accu-
mulation of physical capital leads to an increase in the interest rate. This rise in the interest
rate, coupled with increased debt issuance, exacerbates the burden of debt repayment. This
prompts the government to raise the capital income tax rate in the subsequent period, 7%, ulti-
mately leading to a decline in the consumption of the middle-aged in their older adult age (Effect
7%_2). Furthermore, impeded physical capital accumulation lowers public goods provision in the
next period, ¢’ (Effect g_3). The right-hand side of (29) includes these five marginal costs and
benefits, which affect the middle-aged when they are older adults.

Among the effects discussed above, some have been analyzed in previous research, while
others have not. First, the assumption of a small open economy or a constant interest rate
abstracts from Effects R (i = 1,2,3) (Bassetto and Sargent, 2006; Azzimonti et al., 2016;
Arai et al., 2018; Andersen, 2019). Second, the exclusion of capital income taxation leads to
the omission of Effects 7% (i = 1,2) (Bassetto and Sargent, 2006; Azzimonti et al., 2016;
Barseghyan and Battaglini, 2016; Arai et al., 2018; Andersen, 2019). Third, by leaving out
public capital, the effects of public investment on the interest rate via public capital and public
debt issuance—denoted as Effect g_i (i = 2, 3)—are not considered (Bassetto and Sargent, 2006;
Azzimonti et al.; 2016; Arai et al., 2018; Andersen, 2019). By contrast, the assumption of a closed
economy with capital income taxation makes it possible to demonstrate Effects Ri (i = 1,2, 3)
and 7% (i = 1,2), though the omission of public goods results in the exclusion of Effect g_i
(1 = 1,2,3) (Uchida and Ono, 2021). The present study departs from these contributions by
explicitly incorporating capital income taxation, public investment and public goods, thereby
demonstrating Effects R (i = 1,2,3), 7% (i = 1,2) and g (i = 1,2,3). Hence, it provides a

comprehensive account of all the effects that were only partially addressed in previous research.
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In deriving the policy functions using the first-order conditions in (23)—(26), alongside the
debt-investment relationship in (14) and the government budget constraint in (17), we further

conjecture that the policy functions of 7 and x are given by

=T, (30)
(14+n)x=X-y(k,kP), (31)

where T and X are constant. We can verify the conjectures in (21), (22), (30), and (31) and

obtain the following result:

Proposition 1 Given the debt-investment ratio, ¢, in (1/), there is a Markov-perfect political

equilibrium such that the policy functions of ™, g, x, T, and b’ are given by

S —,
24 n
Y y(k, kP),
(I+n)z=X-y(kkP),
T=T,

(L+n)t = ¢X -y(k,kP),
where T*, G, X, and T, defined in Appendiz A.2, are constant and dependent on ¢.

Proof. See Appendix A.2.

Proposition 1 implies that given the debt-investment ratio in (14), the policy functions
have the following features. First, the capital income tax rate is increasing in public debt
but decreasing in physical capital. A higher level of public debt increases the burden of debt
repayment. The government responds to the increased burden by raising the capital income tax
rate. By contrast, a higher level of physical capital lowers the interest rate and thus reduces
the burden of debt repayment. This enables the government to lower the capital income tax
rate. Second, the labor income tax rate is independent of the state variables and is constant
across periods, whereas the levels of public goods provision and public investment are linear
functions of output, y. Given the debt-investment ratio in (14), this property, with the first one,
is necessary for the government budget constraint in (17) to be satisfied in each period.

Having established the policy functions, we are now ready to present physical and public
capital accumulation. We substitute the policy functions presented in Proposition 1 into the
public capital formation function in (10) and the asset market clearing condition in (16), and

obtain

’::11 <£(1—T)(1—a)—¢x)14(’:))1_a, (32)
1




Given the initial condition, {ko, k}, the sequence {k;, kI'} is characterized by the above two
equations in (32) and (33). A steady state is defined as a political equilibrium with k¥’ /k" = kP /k;
in other words, the ratio of public to physical capital is constant across periods. From (32) and

(33), it follows that
U
I . <]<;:0> D (ﬁXA) <kp>a(177)
v R )
L (-7 (1-a)-¢X) 4

with U/(-) > 0 and ¥”(-) < 0. These properties ensure that there is a unique, stable steady
state for the path of {kP/k}. Given the steady-state ratio kP /k, the production function in (9)

implies that the steady-state growth rate of GDP per middle-aged individual is given by

y/ k/ e kp/ l1-«
-0 (5)
where k'/k and kP'/kP are evaluated using (32) and (33) at the steady-state ratio kP/k. Ac-

cordingly, in the steady state, the growth rates of output, physical capital, and public capital
coincide, such that y'/y = k' /k = kP’ /kP.

3.2 Effects of Debt-Investment Ratio

The result in Subsection 3.1 indicates that the debt-investment ratio, denoted as ¢, taken
as an institutional parameter at the second stage, has a decisive effect on the formation of fis-
cal policies. In particular, ¢ has direct impacts on 7 (the labor income tax rate) via the term
B(d./d |+ 0g./g")in (24) and on z (the public investment) via the term 3 (d, /d' + 04, /g") / (1 — ¢) (1+
n) in (26). However, ¢ has no such direct impact on 7% (the capital income tax rate) and g
(public goods provision) although they might be affected by ¢ via the choice of 7 and x. Thus,
we first focus on the first-order conditions with respect to 7 in (24) and x in (26) to investigate
the direct effects of ¢ and then move on to the analysis of the indirect effects of ¢ on 7% and g¢.

To investigate the direct effects of ¢ on 7 and x, we reformulate (24) and (26) as follows:

-1 —af (1+0) gw (k, k) -
T'L oy ! 2 (1= wk, k) —p(1+n)x +LW(]{’_/,ICP) =0, (34)
=cr o 7 =ATR,
L —af(1+0)¢ Bn+0)(1-a)] | _
g;'l—¢ %(l—r)w(hklﬂ)—qﬁ(l_’_n)x (1+n)z A=0. (35)

=5 (%+0% ) /(1-6)(1+n)

Equations (34) and (35) show that the debt-investment ratio affects the formation of the labor
income tax rate and the ratio of public investment to GDP, respectively. Given the difficulty of
showing its qualitative impacts, we clarify the effects quantitatively based on numerical methods.

We calibrate the model economy so that the steady-state political equilibrium allocation

and policies align with key statistics for each of the sample countries: Germany, Japan, and the
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Country POP TAX GOV INV DEF  GRO

Germany 0.9995 0.3945 0.1872  0.0203  0.0260 1.0207
Japan 1.0009 0.2292  0.1772  0.0422 0.0504 1.0231
United Kingdom 1.0065 0.2495 0.1930 0.0215 0.0276 1.0176
Country n I} w n 0 A

Germany -0.0160 0.32574 0.59076 0.24613 0.24925 3.1626
Japan 0.0265 0.49221 0.52152 0.29854 0.24953 3.2751

United Kingdom 0.2142 0.22769 0.50252 0.27595 0.25851 4.0192

Table 1: Data and calibrated parameters for Germany, Japan, and the United Kingdom. The
first six columns are the annual gross population growth rate (POP), the labor income tax rate
(TAX), the ratio of general government final consumption expenditure to GDP (GOV), the
ratio of public investment to GDP (INV), the ratio of deficit to GDP (DEF'), and the annual
growth rate of GDP per middle-aged individual (GRO) during 2002-2007. The last six columns
are the calibrated parameter values of n, 8, w, n, 6, and A. Sources of the data are provided in
Appendix A.3.

United Kingdom. We use the period 2002-2007 for calibration because the GR was in effect in
these countries during this time (Kumar et al., 2009), and the period also precedes the financial
crisis, during which the fiscal deficit-to-GDP ratios of all three countries were stable.

We assume that each period of the present model lasts 30 years; this assumption is standard
in quantitative analyses of two- or three-period overlapping-generations models (e.g., Gonzalez-
Eiras and Niepelt, 2008; Lancia and Russo, 2016). The population growth rate, n, is obtained
from the average of each sample country during the 2002-2007 period. We assume the share of
physical capital, «, is common to the three countries and fix at « = 1/3, in line with Song et al.
(2012) and Lancia and Russo (2016).

The productivity parameter of human capital is set at D = 5. A lower D is associated with
a higher A. To keep the value of A within a moderate range, D is set at 5. While the value of D
influences the determination of A, it does not affect the values of other parameters. Therefore,
the setting of D is independent of the estimation of other parameters conducted below.

We calibrate the country-specific parameters 3, w, n, 6, and A to simultaneously match
the following average statistics for each country during the period 2002-2007: (i) the labor
income tax rate (7), (ii) the ratio of general government final consumption expenditure to GDP
((N_1+ N)g/Y), where N_jdenotes the middle-aged population in the previous period, (iii)
the ratio of public investment to GDP (N’z/Y), (iv) the ratio of government deficit to GDP
((B'=B)/Y), and (iv) the growth rate of GDP per middle-aged individual (y'/y). Table 1 reports
the average statistics and the estimated parameter values for each sample country. Appendix
A.3 provides details on calibration.

Figure 3 illustrates the numerical result of the effects of an increased ¢ on the labor income
tax rate, T' (Panel (a)), and the ratio of public investment to GDP, X (Panel (b)), for the three
countries. On the basis of the result in Figure 3, we can interpret (34) and (35) as follows.

First, (34) shows that ¢ affects the formation of the labor income tax rate. The greater ¢ is, the
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greater the share of public investment financed by public debt issuance. Debt issuance lowers
physical capital accumulation through crowding-out effects, reduces the next-period public goods
provision, and generates the following two opposing effects on the consumption of the middle-
aged in their older adult age: a positive effect via an increase in the interest rate, and a negative
effect via an increase in the next-period capital income tax rate. These effects are observed
in the second term of the left-hand side in (34). In the present framework, the latter effect
dominates the former one; thus, an increase in ¢ leads to an increase in the marginal cost of
7. To offset this increase in the marginal cost, the government has the incentive to lower the
labor income tax rate as ¢ increases. Therefore, an increase in ¢ leads to a decrease in the labor

income tax rate, as we can see from Figure 3(a).

(a) labor income tax rate (b) ratio of public investment to GDP
T X
0.5 0.06
045 0.05
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0.04 Japan
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™= - <~ == == the UK. 0.03 P P
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Figure 3: Changes in the labor income tax rate, T' and the ratio of public investment to GDP,
X in response to variations in ¢.

Second, (35) shows that ¢ has two conflicting effects on the choice of public investment, x.
The first is a negative effect on x observed in the first term on the left-hand side; the effect is
qualitatively similar to the negative effect on 7, as mentioned previously. The second is a positive
effect on x, as observed in the third term on the left-hand side. This effect arises because the
tax burden associated with public investment, x, decreases as the debt-financed proportion of
public investment, ¢, increases. Given these conflicting effects, there is a threshold value of ¢ at
which the two effects are balanced, and an increase in ¢ has an inverse U-shaped effect on the
ratio of public investment to GDP around the threshold value, as illustrated in Figure 3(b).

The first three panels of Figure 4 illustrate the numerical results of the effects of an increase
in ¢ on the ratio of public goods provision to GDP, G (Panel (a)), the ratio of after-tax capital
income to GDP, T* (Panel (b)), and the capital income tax rate, 7% (Panel (c)). The figure
indicates that the parameters G and T* are independent of ¢, as the associated first-order
conditions in (23) and (25) do not depend on ¢. In other words, the effects of ¢ are mutually
offset through adjustments in 7, z, and ¥'. However, ¢ influences the capital income tax rate,
7% indirectly through its impact on debt and physical capital accumulation, as inferred from
the policy function for 7% demonstrated in Proposition 1. Therefore, it is crucial to examine the

effects of ¢ on the ratio of debt to physical capital to fully understand its indirect impact on the
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Figure 4: Changes in the ratio of public goods provision to GDP, G, the ratio of after-tax capital
income to GDP, T*, the capital income tax rate, 7%, the ratio of debt to GDP, ¢X, the ratio

of physical capital to GDP, % (1-T)(1 —a)—¢X, and the ratio of debt to physical capital,
b/k =X/ [% 1-T)1-a)— ¢X] in response to variations in ¢.

Note. Panel (c) demonstrates that 7% becomes negative (7% < 0) when ¢ is sufficiently small.
However, as will be shown in Table 2, the realistic, calibration-based values of ¢ range from 2.35
to 2.85, and within this interval, 7% remains positive (7% > 0).

capital income tax rate.

The last three panels of Figure 4 present the numerical results of the effects of an increase
in ¢ on the ratio of debt to GDP (Panel (d)), the ratio of physical capital to GDP (Panel (e)),
and the ratio of debt to physical capital (Panel (f)).” The results depicted in Figure 4 help us
understand the effects of ¢ on the ratio of debt to physical capital in the following way. First,
the ratio of debt to GDP increases as ¢ rises (see Panel (d)). This increase raises the cost of
public debt repayment, leading to a higher capital income tax rate. Second, an increase in ¢
promotes savings and, consequently, physical capital accumulation through a reduction in the
labor income tax rate. However, it also triggers a crowding-out effect due to increased public
debt issuance, with the latter impact outweighing the former (see Panel (e)). This results in a
rise in the interest rate, which further elevates the capital income tax rate through the increased
cost of public debt repayment. As a result of these two effects, an increase in ¢ leads to a higher

ratio of debt to physical capital (see Panel (f)), which, in turn, raises the capital income tax

"The debt-to-GDP and physical-capital-to-GDP ratios in Figure 3 appear unusually low because debt and
physical capital are stock variables evaluated at a point in time, whereas GDP is a flow variable measured as the
cumulative output over a 30-year horizon.
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rate, Tk,

The results described thus far have the following implications for the intergenerational distri-
bution of fiscal burdens. An increase in ¢ enables the middle-aged to reduce their labor income
tax burden by shifting fiscal responsibilities to the young and future generations through the is-
suance of additional public debt. Simultaneously, the older adults bear the increased repayment
burden of public debt issued by previous generations, who deferred their fiscal responsibilities.
To address these heightened repayment costs, the current government chooses to raise the capi-
tal income tax rate, thereby increasing the tax burden on the older adults. As a result, a higher
¢ reduces the fiscal burden on the middle-aged while imposing greater burdens on the older
adult, young, and future generations. In effect, the tax burden spills over not only from the
middle-aged to the young who do not participate in voting but also to the older adults, who do

participate in voting.

3.3 Politically Preferred Debt-Investment Ratio

Thus far, we have considered the debt-investment ratio, ¢, as institutionally given and in-
vestigated the impact of ¢ on fiscal policy decisions. However, as we discussed in Section 2.4,
the ratio itself is generally introduced after deliberation and voting in parliaments. Thus, it is
natural to assume that they are also determined through the political process of voting. In this
section, we introduce such a process into the model and show how the process and the resulting
debt-investment ratio are affected by the structural parameters of the model economy.®

The debt-investment ratio determined through voting, called a politically preferred debt-
inwvestment ratio, is defined as ¢, which maximizes the political objective function subject to the
policy functions presented in Proposition 1. In writing down the political objective function at
the first stage, recall the indirect utility functions of the middle-aged and older adults derived
in Section 2. Using the policy function obtained in Proposition 1 and the equilibrium condition

of the asset market in (16), the political objective function in (20) at the first stage is written

as follows
w
O=———(Ind (7% k,kP,b) + 61
(1+n)(1—w)(n (74 k:47.0) + 01mg)
—I—Inc(T;k,kp)+01ng+ﬁlnd’(7,x,b';k,k”)—i—Bang’(T,x,b';k,kp), (36)

where the definition of d’(-) and ¢’ (-) and the derivation of (36) are given in Appendix A .4.
Thus, the problem of the government at the first stage is to choose ¢ to maximize €2 in (36)
subject to the debt-investment relationship in (14), the government budget constraint in (17),
and the policy functions derived in Proposition 1. The solution to the problem, denoted by

Opolitical, 15 provided in the following proposition.

8 As mentioned in Section 2.4, the equilibrium policy functions ultimately obtained are the same whether ¢ and
fiscal policy are chosen simultaneously or if ¢ is chosen first and fiscal policy is decided thereafter (see Appendix
B). The reason for dividing the determination of ¢ and fiscal policy into two stages is to observe the influence of
the ratio ¢ on the subsequent determination of fiscal policy as disussed in Section 3.2.
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Country ¢political Y/Y—l - (1 + n)y/y—l

Germany 2.847 1.818
Japan 2.346 2.038
United Kingdom  2.507 2.052

Table 2: The politically preferred debt-investment ratio, ¢poritical, and the gross growth rate of
GDP, Y/Y_1 = (14 n)y/y-1.

Proposition 2 A politically preferred debt-investment ratio, Gpolitical, along the Markov-perfect
political equilibrium characterized in Proposition 1 is

o 1-a(1+9)
¢polztwal = <1+9)n(1_a)

(37)

Proof. See Appendix A 4.

The result demonstrated in Proposition 2 suggests that ¢poiticar is constant across periods,
and that 0, representing the preferences for public goods, and 7, representing the elasticity of
public capital with respect to public investment, are crucial to the determination of @poriticar. A
greater # implies that voters attach a larger weight to public goods expenditure, and thus provide
a stronger incentive for the government to cut public debt issuance through the disciplining
effect. A greater n implies a greater marginal benefit of public investment, thus, incentivizing
the government to lower the debt-financed proportion of public investment, ¢, from the viewpoint
of balancing the marginal costs and benefits of public investment, as we can see in (35). Thus,
Opolitical decreases as 0 and 7 increase.

Based on the result in Proposition 2 with the calibration reported in Table 1, we compute
the politically preferred debt-investment ratio ¢popticar for the three countries, as reported in
Table 2. Japan exhibits the lowest ¢poiticar, followed by the United Kingdom and Germany.
This ranking is primarily driven by the values of 7, which are highest in Japan, followed by
the United Kingdom and Germany. However, in comparing Japan and the United Kingdom,
the relative magnitude of 0 also plays a crucial role, as ¢ is higher but 7 is lower in the United
Kingdom compared to Japan. Table 2 reports that ¢,oticar of Japan is lower than that of the
United Kingdom, suggesting that the effect of 7 overcomes the effect of ¢ in determining ¢,ostical
of these two countries.

Apart from the property mentioned above, the result of Proposition 2 highlights four critical
observations. First, compared to an economy without public goods (6 = 0), the issuance of
public debt is restrained when public goods provision is present. This is due to the disciplining
effect, which operates through public goods provision. Second, without the disciplining effects
through public goods provision and the capital income tax rate, the political objective function
in (36) is monotonically increasing with respect to ¢. In other words, public debt issuance would
occur up to its maximum limit. The disciplining effects thus play a crucial role in restraining
public debt issuance. Third, assuming a full depreciation of public capital (n = 1) simplifies the

analysis and results in the GR compliance (¢poriticat < 1). However, the assumption of n =1
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contradicts the calibration results reported in Table 1. Therefore, the assumption of n < 1 is
necessary to maintain the empirical validity of the analysis.

Finally, ¢potiticar is independent of the relative political weight of older adults, w/(1 — w).
This neutrality result arises because ¢ affects policy choices only through the labor income tax
rate and public investment, as shown in (24) and (26) (or, equivalently, (34) and (35)), and
therefore generates no intergenerational conflict in its determination. In contrast, variations
in the relative political weight of older adults affect only the capital income tax rate and the
provision of public goods valued by older adults, as shown in (23) and (25); the choice of ¢ has no
effect on either policy instrument. Consequently, the influence of older adults’ political weight is
fully absorbed by these policy margins and thus does not affect the equilibrium debt—investment

ratio.

3.4 Non-compliance with the GR in Political Equilibrium

The politically preferred debt-investment ratio, ¢poiticar, in (37), is independent of the rela-
tive political weight of the older adults, w/(1+ n)(1 —w). This might lead one to infer that the
political weight is unrelated to compliance with the GR. To clarify this point, we show that devi-
ations from the GR are linked to the relative political weight of the older adults, w/(1+n)(1—w),
through its impact on fiscal policy and, consequently, on the GDP growth rate. We then turn
to the second issue: how a projected rise in this relative political weight—driven by an increase
in w and a decline in n—affects fiscal policy and, consequently, both growth and the extent of
(non-)compliance with the GR. Our analysis shows that a declining population growth rate (n)
facilitates both GDP growth per middle-aged individual and GR compliance, whereas a higher

political weight of the older adults (w) generates a trade-off between the two.

3.4.1 Condition for Non-compliance with the GR

To address the first issue, we rewrite the GR in (13) as follows:

=<l

_ B
Y_
- <1, (38)

Y

s
1+n)d —b<(l+n)ze B -B<zN & s

[~
8

A

where Y_1 denotes the GDP in the pervious period. From the above expression, it can be
inferred that higher growth rates of GDP, Y/Y_;, make it more difficult to comply with the
GR. To understand the background of this implication, recall that in the political equilibrium,
B’ and x N’ are constant proportions of GDP, and so are linear with respect to Y. Therefore,
as the GDP growth rate increases, both debt issuance B’ and public investment N’ increase
at the same rate. In other words, the debt-investment ratio remains unchanged. However,
the GR requires that the fiscal deficit, which subtracts the outstanding public debt, B, from
debt issuance, B’, must be less than public investment, x/N’, not the debt issuance itself. The
existence of B, which appears in the numerator of the left-hand side of (38), makes compliance

with the GR more challenging during periods of economic growth. Indeed, as the left-hand side
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of (38) increases with the GDP growth rate Y/Y_;, higher growth rates make it increasingly
difficult to comply with the GR.
To derive the implications for the political equilibrium, we reformulate the GR in (13) by

using the politically preferred debt—investment ratio from Proposition 2, as follows:
(1+n)bt y

/ b -
1+n)bd-b<(l+n)z<e Atn)z — s <15 Ppolitical [1— <(1—|—n)y_1) ] <1.
(39)

In the final expression of (39), the terms ¢poiiticar and y/y—1 represent the political effects, and

the term (1 + n) represents the structural effect, on compliance with the GR. In particular, the
term y/y_1 captures the impact of politicians’ policy choices on GDP growth per middle-aged
individual. This impact operates through the accumulation of physical and public capital, as
will be demonstrated in detail in Section 3.4.2.

From the expression in (39), we derive the following additional implications. First, if the gross
growth rate of GDP is less than one and so the GDP growth rate is negative (i.e., (1 + n)y/y_1 =
Y/Y_1 < 1), the GR will be satisfied regardless of the level of ¢ determined in the political
equilibrium. Specifically, the lower the population growth rate or the lower the growth rate of
GDP per middle-aged individual, the easier it becomes to comply with the GR. Second, when the
GDP growth rate is positive ((1 +n)y/y—1 = Y/Y_; > 1), whether the GR is satisfied depends
on the level of ¢ determined in the political equilibrium. If ¢poiticar < 1, the GR will be satisfied
regardless of the GDP growth rate. Furthermore, even if ¢pgiticat > 1 and the constraint on
debt issuance is relaxed, the GR could still be satisfied as long as the GDP growth rate is low.

The above analysis extends to three sample countries: Germany, Japan, and the United
Kingdom. As shown in Figure 1, non-compliance with the GR was prevalent in all three countries
during the period under examination (2002-2007), except for the final two years in Germany and
Japan. To understand the underlying causes of this outcome, refer to Table 2, which reports the
gross GDP growth rates (Y/Y_;) and the politically preferred debt-investment ratios ¢poiitical
for the three sample countries. In all cases, the GDP growth rate is positive (Y/Y_; > 1), and
the politically preferred debt-investment ratio exceeds 1 (¢poriticar > 1). This suggests that the
GR is not satisfied in these countries on average during the period.

Let us now examine each country in further detail. Germany exhibits the lowest GDP growth
rate among the three sample countries, while its politically preferred debt-investment ratio is
the highest. This high ratio contributes to the failure to meet the GR. As indicated by the
parameter estimates in Table 1 and the results of Proposition 2, the smaller values of 6 and 7
in Germany, compared to the other two countries, result in this higher ratio. In contrast, Japan
and the United Kingdom display higher GDP growth rates than Germany, which leads to the
failure to comply with the GR. The primary factors behind these higher growth rates are the high
population growth rate in the United Kingdom and the high growth rate of GDP per middle-
aged individual in Japan. The analysis so far suggests that whether the GR is satisfied in the

political equilibrium depends critically on the economic growth rate and the politically preferred
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debt-investment ratio, both of which are strongly influenced by the structural parameters of each

country.

3.4.2 Implications of Declining Population Growth and Increased Older Adults’
Weight for Growth and Fiscal Discipline

Figures 5 and 6 present the quantitative results on how changes in w and n, respectively,

affect fiscal policy variables. An increase in w and a decrease in n, which together raise the
relative political weight of the older adults, imply that the preferences of this group are more
strongly reflected in fiscal policy outcomes determined through voting. As shown on the left-
hand sides of the first-order conditions (27) and (28), an increase in the political weight raises
the marginal utility of public goods provision, ﬁ—ﬁg. To maintain the equalization between
the marginal utility of public goods provision and that of a cut in the labor income tax rate 7
(right-hand side of (27)) as well as that of public investment (1 + n)x (right-hand side of (28)),
the government responds by increasing %i—:ﬁg, raising 7, and reducing (1 + n)x. Consequently,
an increase in w and a decrease in n together lead to a higher ratio of public goods provision
to GDP (G) and a higher labor income tax rate ('), but a lower ratio of public investment to

GDP (X). These adjustments also reduce the ratio of public debt to GDP, ¢poiticar - X -
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Figure 5: Changes in the ratio of public goods provision to GDP (G), the labor income tax rate
(T), the capital income tax rate (7% = 1 — T%/a(1 + b/k)), the ratio of public investment to
GDP (X), and the ratio of public debt to GDP (¢X), in response to variations in the political
weight of the older adults w.

A higher T and a lower X, both resulting from an increase in w and a decline in n, affect
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Figure 6: Changes in the ratio of public goods provision to GDP (G), the labor income tax rate
(T), the capital income tax rate (7¥ = 1 — T%/a(1 4 b/k)), the ratio of public investment to
GDP (X), and the ratio of public debt to GDP (¢X), in response to variations in the population
growth rate n.

the steady-state growth rate of physical capital per middle-aged individual, as expressed in
(32), in the following ways. First, an increase in T' reduces after-tax income and, consequently,
savings, thereby lowering the growth rate. Second, a decrease in X mitigates the crowding-out
effect on physical capital caused by public debt issuance, raising the growth rate. Third, a
decrease in X depresses public capital accumulation as expressed in (33); this negative effect
on public capital, combined with the above two effects on physical capital, affects the ratio of
public to physical capital. The implications of these three effects for steady-state growth and
the associated deficit—investment ratio, arising from an increase in w and a decrease in n, are
examined below based on the results presented in Figures 7 and 8.

Consider first an increase in w, which has a negative impact through an increase in T and a
positive impact through a decline in X on the steady-state growth rate of physical capital per
middle-aged individual. In addition, an increase in w raises the ratio of public to physical capital
as illustrated in Figure 7(a), which has a positive impact on the growth rate. The qualitative
results indicate that the negative effect outweighs the two positive effects. Consequently, an
increase in the relative political weight of the older adults, driven by a rise in w, lowers the
steady-state growth rate of physical capital per middle-aged individual. Given that k'/k =1v'/y
in the steady state, a higher w also reduces the growth rate of GDP per middle-aged individual
and, consequently, the aggregate GDP growth rate, Y'/Y = (1 +n) - (¢ /y).
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Figure 7: Steady-state changes in the ratio of public to physical capital, the growth rates of
physical capital, public capital and GDP per middle-aged individual (illustrated in one panel),
the aggregate GDP growth rate, and the ratio of deficit to public investment, in response to
variations in the political weight of the older adults w.

In contrast, the effect of a decline in n differs in nature. In addition to its indirect effects
through the policy variables T' and X, n exerts direct effects on both physical capital accumu-
lation and GDP growth rate. A reduction in n increases the physical capital endowment per
middle-aged individual, thereby raising the growth rate of physical capital (see (32)). Because
this positive effect outweighs the negative effects transmitted via 7" and X, a lower n increases
both the growth rates of physical capital and of GDP per middle-aged individual. However, the
aggregate GDP growth rate, Y'/Y = (1 + n) - (v//y), decreases with a fall in n, as the direct
effect of n through the term (1 + n) dominates its indirect positive effect on y'/y.

The analysis above indicates that the two drivers of an increase in the relative political weight
of the older adults—mamely, a rise in w and a decline in n—have contrasting implications for the
growth of GDP per middle-aged individual and compliance with the GR. An increase in w reduces
the growth rate of GDP per middle-aged individual, while fostering compliance with the GR due
to a decrease in the GDP growth rate; thus, it represents a trade-off between growth and fiscal
discipline. By contrast, a decline in n promotes compliance with the GR through its negative
effect on the GDP growth rate, while simultaneously stimulating the growth rate of GDP per
middle-aged individual. Accordingly, a natural increase in the political weight of the older adults
due to population decline is not inherently problematic from the standpoint of growth and fiscal

discipline. Rather, it is the rise in political weight due to, for example, intergenerational turnout
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Figure 8: Steady-state changes in the ratio of public to physical capital, the growth rates of
physical capital, public capital and GDP per middle-aged individual (illustrated in one panel),
the aggregate GDP growth rate, and the ratio of deficit to public investment, in response to
variations in the population growth rate n.

differences, that obstructs the reconciliation of growth and fiscal discipline.

4 Assessing Political Distortions

In Section 3.3, we have demonstrated the politically preferred debt-investment ratio, ¢poiiticais
set through voting. We have also shown that the fiscal policy is not in accordance with the GR
in the three countries, Germany, Japan, and the United Kingdom during the period under
examination (2002-2007). The result may be because ¢poiiticar and the associated fiscal policy
are the choices that consider only the middle-aged and older adult generations and does not
take into account the young and future generations. Thus, evaluating the political equilibrium
allocation presented in Section 3 from a long-term perspective reveals the inherent issues in the
short-sighted behavior of elected politicians.

To evaluate the political equilibrium allocation from a long-term perspective, we begin by
assuming a Ramsey planner who sets the fiscal policy sequence in the initial period so as to
maximize the discounted sum of utilities of current and future generations subject to the same
set of constraints faced by the short-lived governments. Assuming such a planner, we charac-
terize the allocation chosen by the Ramsey planner and compare it to the political equilibrium

allocation. This comparison should provide us with some insight into the setting of fiscal policy
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that takes the young and future generations into account.

4.1 Ramsey Allocation

The Ramsey planner is assumed to value the welfare of all generations. In particular, its
objective is to maximize a discounted sum of the lifecycle utility of all current and future
generations, SW = 'y*lVOO +> 20 YVM 0 < v < 1, subject to the public capital function in
(10), the government budget constraint in (12), and the asset market clearing condition in (16),
where ko, kb, and by are given. The individuals’ optimal saving and consumption in (2), (3),
and (4) and firms’ optimal demand for labor and physical capital in (7) and (8) are included
in VOO and VtM . The solution to this problem is called a “Ramsey allocation.” The parameter
~v € (0,1) in the objective function is the discount factor of the Ramsey planner.

Solving the problem leads to the following characterization of the policy functions in the

Ramsey allocation.

Proposition 3 Given ko, kb, and by, the policy functions in the Ramsey allocation are given

by the following:

F=1-TF. ! , (40)
« (1 + %i)
24 n _
1+n9t :G_‘y(ktka)a (41)
(I+n)xy :X'y(kt,kf), (42)
Tt = T, (43)
(L+n)bg1 =B -y (ki kY), (44)

where T*, G, X, T, and B, defined in Appendiz A.5, are constant and dependent on ~.

Proof. See Appendix A.5.

The result of Proposition 3 highlights two essential points. First, the parameters T% G,
X, T, and B in the policy functions of Proposition 3 are contingent on the discount factor
~ of the Ramsey planner. In simpler terms, the policy maximizing social welfare depends on
the importance the Ramsey planner places on the young and future generations relative to the
middle-aged and older adult generations. Second, although the policy functions in Proposition 3
may initially seem akin to those in the political equilibrium from Proposition 1, the parameters in
the policy functions chosen by the Ramsey planner differ from those in the political equilibrium.

To explore these points further, we present the parameters of the policy functions in the
Ramsey allocations for Germany, Japan, and the United Kingdom, based on the calibrations in
Section 3.2. Figure 9 illustrates T, T*, B, X, and G, respectively, against the Ramsey planner’s
discount factor v on the horizontal axis for the three countries. The figure reveals the following

trends. First, as v increases, the ratio of public investment to GDP (X)) rises, while the ratio

of after-tax capital income to GDP (T*) and the ratio of public goods to GDP (G) decrease.
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Second, the labor income tax rate (T) displays a U-shaped pattern, decreasing initially and then
rising with an increase in . Conversely, the ratio of public debt to GDP (B) follows an inverse
U-shaped pattern, initially rising and then falling as 7 increases.” When v reaches a certain
level, the ratio of public debt to GDP (B) becomes zero due to zero issuance of public debt. In

what follows, we discuss the mechanisms behind these findings.
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Figure 9: Changes in T , T*, B, X, and G in response to variations in ~.
Note. The dotted horizontal lines in each panel represent the corresponding levels in the political
equilibrium of each country.

Beginning with the impact of the discount factor v on X and G, an increase in public invest-
ment incurs three costs or benefits. First, the current supply of public goods decreases because
of limited government budgets, causing a utility loss for the older adults. However, this loss is
less significant for the Ramsey planner as  increases, encouraging public investment. Second,
increased public investment raises wages and interest rates for the middle-aged, young and future
generations, promoting overall welfare. Third, the wage increase effect leads to higher savings
and increased physical capital in successive periods. This, in turn, boosts production and the
supply of public goods in future periods, benefiting the young and future generations. Conse-

quently, an increase in « promotes public investment and thus the ratio of public investment to

90On the left-hand side of these non-monotonic patterns—corresponding to low values of ys—the growth rates
of physical capital, public capital, and GDP per middle-aged individual are zero, reflecting an economy without
capital or resources (see Figure 10). Accordingly, within the range of v values that produce k > 0, T' generally
increases with -y, whereas B either decreases or remains fixed at B = 0. The subsequent interpretation of results
is presented with this observation in mind.
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GDP (X), while it reduces public goods provision and thus the ratio of public goods to GDP
(@) due to limited budget constraint.

Next, when considering the impact of an increase in v on T, it is important to acknowledge
that private savings remain unaffected by the capital income tax rate (7F) due to the logarithmic
utility function. This independence implies that 7} does not generate spillover effects on the
young and future generations through physical and public capital accumulation. Consequently,
the effects of 7} are static in the following manner. As 7 rises, the consumption of the older
adults decreases. However, the Ramsey planner values this utility loss less as ~ increases.
Simultaneously, the increased tax revenues from a higher capital income tax rate enhance the
supply of public goods for the middle-aged and older adult generations. This benefit is relatively
less valued with a larger v. Thus, a larger v leads to a higher 7} and thus a lower T%.'0

Finally, upon assessing the impact of v on variables B and T, an increase in debt issuance
entails distinct costs and benefits. Regarding the cost of debt issuance, an increased debt is-
suance yields two adverse effects on the young and future generations. Firstly, it triggers a
negative spillover effect on physical capital through crowding out, and secondly, it constricts the
government’s budget due to increased debt repayment costs. These effects gain greater signif-
icance with a higher ~, signifying a stronger consideration by the Ramsey planner toward the
young and future generations. Conversely, the benefit of debt issuance lies in the government’s
ability to alleviate the tax burden on the middle-aged by funding public expenditures through
debt issuance. However, this positive effect diminishes in value with a larger +. Furthermore,
the reduced tax burden on the middle-aged mitigates the negative spillover effect on physical
capital via increased savings, a consequence that gains prominence as -y increases. Initially low v
results in an augmented ratio of debt to GDP (B), while higher initial v levels lead to a decrease
in B. Beyond a certain threshold of v, B becomes zero due to a cessation of debt issuance.
Conversely, the impact on the labor income tax rate (T') contrasts that on B. This discrepancy
arises from the increase (or decrease) in debt issuance revenue being offset by a decrease (or
increase) in labor income tax revenue.

Figure 10 illustrates the effects of the discount factor () on various economic indicators
through the policy variables across the three countries, taking v on the horizontal axis. These
indicators, evaluated in the steady state, include the growth rates of public capital, physical
capital and GDP per middle-aged individual (panel (a)), the ratio of fiscal deficit to GDP
(panel (b)), and the ratio of fiscal deficit to public investment (panel (c)). When ~ is low,
K']Y = (1+ n)k/y = 0 holds because a low v implies a high tax rate T, which reduces private
savings. These limited savings are fully allocated to government debt issuance through the asset

market, resulting in a physical capital stock of zero. Consequently, the ratio of physical capital

10The optimal long-run capital income tax rate is non-zero in general, which departs from the standard result
in the optimal capital income taxation literature (Judd, 1985; Chamley, 1986). This departure arises because,
under the assumption of logarithmic utility, savings are independent of the capital income tax rate (see Eq. (2)),
implying that capital income taxation does not distort physical capital accumulation.
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to public capital in the steady state becomes k/kP = 0, leading to k'/k = kP'/kP = '/y = 0. In
the following analysis, we focus on the range of v that satisfies K'/Y > 0, k' /k > 0, k"' /kP > 0,

and 3'/y > 0, and examine the impact of v on the concerned indicators.
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Figure 10: Steady-state changes in the growth rates of physical capital, public capital and GDP
per middle-aged individual (illustrated in one panel), the ratio of fiscal deficit to GDP and the
ratio of fiscal deficit to public investment, in response to variations in ~.

Note. Panels (b) and (c) do not present the indicators for low values of 7, because the physical
capital stock is zero and consequently no economic activity occurs at those values of ~. The
dotted horizontal lines in each panel represent the corresponding levels in the political equilib-
rium of each country.

First, as v increases, the accumulation of physical and public capital accelerates, resulting in
a higher growth rate. To understand the mechanism behind this result, recall the accumulation
equations for physical and public capital in (32) and (33) under the political equilibrium. By
substituting the policy functions in (32) and (33) with those corresponding to the Ramsey
allocation under the condition $X = B, the accumulation equations in the Ramsey allocation

can be expressed as follows:

Kool 8 _ _ AN
k_1+n(1+ﬁ(1_T)(1_a)_B>A<k> ’
k' 1o R\

k:I":D(lJrnXA(k:P) )




The above expressions suggest that as  increases, the planner places greater emphasis
on the young and future generations, leading to an increase in public investment (see Figure
9(d)). This, in turn, stimulates the accumulation of public capital (Figure 10(a)). The rise
in public investment increases income, which subsequently enhances savings and promotes the
accumulation of physical capital. While an increase in ~ also produces additional effects, in-
cluding non-monotonic impacts on the labor income tax rate (Figure 9(a)) and public debt
issuance (Figure 9(c)), these two factors tend to offset one another. Consequently, the impact
of increased public investment dominates, resulting in a higher growth rate of physical capital
(Figure 10(a)). Through these combined effects on physical and public capital, the growth rate
of GDP per middle-aged individual increases as v rises (Figure 10(a)).

Second, as depicted in Figure 9(c), within the range of v where the growth rate y'/y > 0,
B decreases with respect to 7. This implies that as ~ increases, the ratio of government debt
issuance to GDP declines. Consequently, the ratio of fiscal deficit to GDP also decreases as
v increases (Figure 10(b)). In particular, each country has a threshold for ~, above which
government debt issuance becomes zero, resulting in a zero ratio of fiscal deficit to GDP. Third,
while fiscal deficits decrease with an increase in v, public investment increases (see Figure 9(d)).
Thus, the ratio of fiscal deficit to public investment declines with rising =, and beyond the

aforementioned threshold for ~, this ratio also becomes zero (Figure 10(c)).

4.2 Comparing Political Equilibrium and Ramsey Allocation

Figures 9 and 10 demonstrate that, except for certain values of «, the political equilibrium
allocation diverges from the Ramsey allocation. To investigate this divergence, we compare the
two allocations and address three key questions: (i) What accounts for the deviation of the
political equilibrium allocation from the Ramsey allocation? (ii) Why is the ratio of fiscal deficit
to public investment higher under the political equilibrium than under the Ramsey allocation?
(iii) How can this excessive ratio of fiscal deficit to public investment in the political equilibrium
be mitigated? Addressing these questions enables us to identify the sources and consequences
of political distortions in voting-based policy decisions, as well as potential measures to correct
them.

To address the first question—why the political equilibrium allocation diverges from the
Ramsey allocation—it is important to recall that, although the short-term government in Section
3 and the Ramsey planner in Section 4 share the same constraints, they differ in their objective
functions, particularly in the weights assigned to different generations. Letting the current
period be ¢, consider three cohorts: the period-t older adults, the period-t middle-aged, and the
period-t + i (i > 1) middle-aged. In the government’s political objective function, these cohorts
receive weights of w/(1 + n)(1 —w), 1, and 0, respectively, whereas in the Ramsey planner’s
objective function, the corresponding weights are 1/7, 1, and (y)’. The difference in relative

weights between the period-t older adults and the period-¢ middle-aged reflects the influence of

34



intergenerational conflict in voting, while the zero weight on the period-t 4+ 4 (i > 1) middle-
aged in the political objective function illustrates the short-sightedness of policy under political
equilibrium. Together, these differences account for the deviation of the political equilibrium
allocation from the Ramsey allocation. Appendix C.3 demonstrates in more detail how the zero
weight on the period-t +j (j = 1,2,---) middle-aged in the political objective function creates
political-economy distortions in policy choices relative to the Ramsey allocation.

While the implications of intergenerational conflict in voting have been examined in detail
in Section 3.4, this section focuses on the effect of government short-sightedness. Consider the
policies chosen by the period-t government—ry, byy1, and x;—and how they influence future
factor prices (wages and the interest rate) via physical and/or public capital accumulation.
Increases in 74 or byy1 reduce the physical capital stock k;11 in period ¢t + 1 through the asset
market equilibrium condition, with the effect propagating to physical capital formation in period
t + 2 and beyond. This process lowers wages and raises interest rates from period ¢ 4+ 1 onward.
In contrast, an increase in z; raises the public capital stock kI’ 1 in the following period through
the public capital accumulation equation, and this effect extends to public capital formation
in subsequent periods. Higher public capital in period ¢ + 1 also stimulates physical capital
formation in period t + 2 by increasing wages and savings in period t 4+ 1, with the effect
propagating further. Through public capital formation, an increase in x; raises both wages and
interest rates from period ¢t + 1 onward, whereas through physical capital formation, it raises
wages and lowers interest rates from period ¢+ 2 onward. Consequently, policy choices in period
t shape wages and interest rates in later periods via capital accumulation, thereby affecting the
consumption and utility of the middle-aged from period ¢ onward. However, a short-sighted
government considers only the effect on the period-t + 1 interest rate, which enters the utility of
the period-t middle-aged, and disregards the impact on wages after period ¢ 4 1 and on interest
rates after period t+2, which influence the utility of the middle-aged in period £+ 1 beyond. This
myopia contributes to the divergence of the political equilibrium from the Ramsey allocation.

To address the second question—why the ratio of fiscal deficit to public investment, (B’ —
B)/xN', is higher under the political equilibrium than under the Ramsey allocation—we com-
pare the two allocations in terms of xN'/Y (Figure 9(d)) and (B’—B)/Y (Figure 10(b)). Figure
9(d) shows that, for all v values yielding k£ > 0, the zN’/Y ratio in the political equilibrium
is consistently lower than in the Ramsey allocation. This difference arises because, in the po-
litical equilibrium, the government’s short-sightedness leads it to ignore the effects of current
public investment on public and physical capital accumulation, which influences the utility of
the middle-aged in period t + 1 beyond. Figure 10(b) further reveals that the relative magni-
tudes of (B’ — B)/Y in the two allocations depend on the Ramsey planner’s discount factor, ~;
depending on its level, either allocation may exhibit a higher (B’ — B)/Y ratio. Taken together,
these results imply that the (B’ — B)/xN' ratio is always larger in the political equilibrium,

regardless of v, as the difference in x N'/Y systematically outweighs the y-dependent variation
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in (B'—B)/Y.

To address the third question—how to correct the excessive ratio of fiscal deficit to public
investment in the political equilibrium—it is useful to recall that its root cause lies in government
short-sightedness. One potential remedy is to extend voting rights to the young, who are assumed
in the model to lack them. Notable real-world examples include Japan’s 2015 reform lowering
the voting age from 20 to 18 (Ministry of Internal Affairs and Communications, 2015) and
the planned reform in the United Kingdom to lower it from 18 to 16 (Ministry of Housing,
Communities and Local Government, 2025). An alternative is “Demeny voting” (Demeny,
1986), a system in which parents receive additional votes equal to the number of their children.
In our framework, this corresponds to increasing the political weight of the middle-aged, 1 — w,
or equivalently, reducing w (Rauh, 2017). However, as shown in Figure 7(d), reducing w further
raises the ratio of fiscal deficit to public investment, thereby increasing its deviation from the
Ramsey allocation. This finding indicates that Demeny voting is ineffective in curbing the
excessive ratio. The comparison of these two remedies suggests that expanding voting rights to

children themselves is preferable to granting additional voting rights to parents.

5 Conclusion

This paper has examined the political economy of fiscal rule compliance, with a particular
focus on the Golden Rule of Public Finance (GR). Motivated by the persistent non-compliance
observed in advanced economies such as Germany, Japan, and the United Kingdom, the study
employed a three-period overlapping-generations model with physical and public capital. By
incorporating short-sighted governments that determine both the degree of compliance with the
GR and subsequent fiscal policies through a probabilistic voting framework, we analyzed how
fiscal rules shape policy formation, economic growth, and intergenerational fiscal burden.

Our analysis highlighted three forces—general equilibrium effects through the interest rate,
and two disciplining effects via the next-period capital tax and public goods provision—that
jointly influence fiscal policy under varying degrees of rule compliance. We showed that lower
compliance shifts fiscal burdens away from the middle-aged and onto older, young and future
generations. The degree of compliance was found to depend critically on preferences for public
goods, the elasticity of public capital with respect to investment, and GDP growth rates, with
cross-country calibrations revealing that Germany’s non-compliance was mainly driven by low 6
and n, whereas in Japan and the United Kingdom it was largely attributable to high growth rates.
Comparing political equilibrium with the Ramsey allocation underscored that governments’
short-sightedness tends to induce allocative distortions that diverge from the Ramsey allocation.

One implication of our findings is that the divergence may be alleviated by reforms that
extend voting rights to the young generation, as such measures could help incorporate the
preferences of longer-lived individuals and partially counteract governments’ bias toward the

middle-aged and older adult generations. This implication may be partly driven by the assump-
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tion that parents exhibit no altruism toward their children. While it would be of interest to
consider how relaxing this assumption might influence the results, a detailed examination of
these issues lies beyond the scope of this study. Such extensions could be explored in future
work, thereby offering further insight into the design of fiscal institutions and voting reforms

capable of reconciling economic growth and fiscal discipline.
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A Proofs and Supplementary Explanations

A.1 Relation to Recent EU Fiscal Rule Proposals

In this appendix, we explain how the Golden Rule (GR) on which this paper focuses is
related to recent policy proposals in the European Union (European Commission, 2022). This
discussion clarifies how our stylized analysis may contribute to the ongoing debate on fiscal rules
in the EU.

To begin with, the European Union sets numerical fiscal reference values—3 percent of GDP
for the budget deficit and 60 percent of GDP for public debt—to promote medium-term fiscal
sustainability among its member states, and European Commission (2022) proposes to retain
these thresholds. By contrast, a numerical threshold for public investment, such as the GR
analyzed in this study, has neither been implemented in the EU nor proposed by European
Commission (2022). Nevertheless, the proposal includes several safeguards and supplementary
provisions that correspond closely to the assumptions adopted in our analysis.

First, European Commission (2022) allows for country-specific discretion and permits tem-
porary deviations from fiscal rules, which is consistent with our assumption that deviations
from the fiscal rule may be allowed under certain conditions. Second, the proposal requires
that fiscal rules be ultimately complied with over a multi-year fiscal adjustment period. Our
analysis, which focuses on compliance with the fiscal rule over a long horizon—interpreted as a
30-year period—thus aligns well with this feature of the proposal. Third, the proposal allows
for extensions of the fiscal adjustment period, provided that such extensions are justified by
growth-enhancing investments (Heimberger, 2025). This explicit linkage between public invest-
ment and the extension of the fiscal adjustment period directly motivates our focus on fiscal

rules governing public investment.

A.2 Proof of Proposition 1

Given the conjecture in (30) and (31), we can reformulate the first-order condition with

respect to x in (26) as follows:

B(L+0) ag(1+6,) n(l-a)
A= -1 . Al
(1—¢)y(k,kP) [( )%(1—04)(1—T)—¢X+ X ] (A1)
We can also reformulate the first-order condition with respect to 7 in (24) as follows:
1 1 af (1+0) 55 (1-a)
= . A.
A (1 —a)y(k,kP) 1—T+$(1—a)(1—T)—¢X (8.2)
With (A.1) and (A.2), we obtain
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where (A.3) includes two undetermined constants, 7" and X. Denote the left-hand (right-hand)

side of (A.3) by LHS%) (RHS(). They have the following properties: dLHS?) /aX < 0,

limx_0 LHS™?) = 400, limx_, 0o LHS?) = 0, JRHS3) /X > 0, limx_o RHSWS) ¢
: (A3) _ o :

(0, 4+00), and th—)%(l—a)(l—T)/zﬁ RHS = +00. These properties imply that given T,

there is a unique X that satisfies (A.3): X = X (7).

Given T and X, the first-order condition with respect to 7% in (23) is reformulated as

e e 1 af(1+6)25(1-a) 17 1
1= _(1+n)(1—w)(1 a) 1_T+$(1—a)(1—T)—¢X a%. (A.4)

Eq. (A.4) shows that the conjecture of 7% in (21) is correct as long as T and X are constant.

Next, given T" and X, the first-order condition with respect to g in (25) is reformulated as

2+n _ w 1 aB(1+0) 25 (1-a) |
1+ng_<<1+n><l—w>“>e T wuor—ex) )

(A.5)

Eq. (A.5) shows that the conjecture of g in (22) is correct as long as 7" and X are constant.
The remaining task is to show that the conjectures of 7" in (30) and X in (31) are correct.
Consider the government budget constraint in (17). We substitute the policy functions derived

thus far into the constraint and rearrange the terms to obtain

w 1 aB(1+6) 75 (1-a) -t
_(1+n)(1—w) 1_T+$(1—a)(1—T)—¢X (1—04)+T(1_a)
_ w 1 aB(1+0) 25 (1-a) 1
_((1+n)(1—w)+1>9 1-T %(1,(1)(17T)7¢X (1—a)+(1-9¢)X. (A.6)

The expression in (A.6) is independent of the state variables, k, kP, and b, and times. Thus, we
can verify that the two unknown parameters, X and T, are constant and solved for using (A.3)

and (A.6). They are given by
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where I (¢) appeared in the expressions of X and T is

Hy (9) — [ (H1 (9))? — 4H (9)

1(¢) =

: ,
and Hp (¢) and Hs (¢) are
Hi(6)= AL+ 0) (@t n(1-a) 6+ Lo [1+ag(140)(1-9).
Hy(9)= (1= )08 (1+0)n(1-a) .
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Substitution of X and T into (A.4) and (A.5) lead to the policy functions of 1 — 7% and 212

1+n
as presented in Proposition 1, where T* and G are given by
B -1
T — w (1) 1 N af (1+0) 175 (1—a)
1+l -w) =T 2 (l-a)1-T)-¢X| ’
-1
aB(1+0)L2 (1-a
G:< - +1)9 S ﬁﬁ( sl )] (1-a).
(1+n)(1-w) 1-T o (1—a)(1-T)—¢X
[ |

A.3 Data and Calibration
A.3.1 Sources of the Data for Table 1

The sources of the data are as follows: World Development Indicators (https://databank.
worldbank.org/source/world-development-indicators, accessed on September 9, 2022) for
data on POP and GOV’; the data archive of Professor McDaniel (https://www.caramcdaniel.
com/research, accessed on April 6, 2021) for data on TAX; OECD gross domestic prod-
uct (GDP) indicator (doi:10.1787/dc2f7aec-en, accessed on April 12, 2022), OECD in-
vestment (GFCF') indicator (doi:10.1787/b6793677-en, accessed on April 12, 2022), and
OECD investment by sector indicator (doi:10.1787/abd72f11-en, accessed on April 12, 2022)
for data on INV; OECD library, General government deficit indicator (https://doi.org/
10.1787/cc9669ed-en, accessed on February 25, 2021) for data on DEF of Germany and
the United Kingdom; and FRED economic data (https://fred.stlouisfed.org/series/
GGNLBAJPA188N, accessed on July 24, 2024) for data on DEF of Japan; and World Development
Indicator of GDP per capita (https://databank.worldbank.org/source/world-development-indicators,
accessed on June 4, 2024) for data on GRO.

A.3.2 Calibration on n, 8, w, 1, 0, and A

Country specific parameters, n, 8, w, n, 6, and A are calibrated in the following way. The
population growth rate, n, is obtained from the average of each sample country during the
2002—2007 period. Let POP; denote the annual gross population growth rate of country j.
The net population growth rate for 30 years is (POP;)3° — 1.

To determine the remaining five parameters, 3, w, n, 6, and A, we focus on the labor income
tax rate, 7, the ratio of the public goods provision to GDP, (N_; + N) g/Y, the ratio of public
investment to GDP, N'z/Y, the ratio of deficit to GDP, (B’—B)/Y, and the steady-state growth

rate of GDP per middle-aged individual, 3’/y, where N_; denotes the middle-aged population
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Country estimation  data

Germany 0.4420 0.1701
Japan 0.5431 0.1965
United Kingdom 0.5733 0.2808

Table 3: Estimated and actual capital income tax rates of the sample three countries.
Source: Actual capital income tax rates are obtained from Professor McDaniel’s data archive:
https://www.caramcdaniel.com/ (accessed on February 17, 2022).

for the previous period. These five variables are given by

7; = TAX;, (A.7)
N_i+N
(N-1+N)g — GOV, (A.8)
Y j
N'zx
y,j_INW, (A.9)
/ J—
5-B — DFF}, (A.10)
Yo
/
Y1 = GRo;, (A.11)
Yl

where the subscript j is the country code. We use the data of TAX,;, GOV}, INV;, DFF};, and
GRO; for each sample country during 2002-2007 and solve the five equations in (A.7) — (A.11)
for B;, wj, nj, 0;, and A;. The result is presented in Table 1.

The capital income tax rate is not a target for the calibration. Using the values of the
parameters estimated based on the calibration, we need to compute the capital income tax rate
and check whether it is consistent with the data of the three sample countries. Table 3 reports
the capital income tax rates we compute on the basis of the calibration and those obtained from
Professor McDaniel’s data archive.'! The result in Table 3 shows that the computed capital
income tax rates are higher than the actual rates for the three countries. This suggests that
there is room for improvement in the calibration, but the computed capital income tax rates
fall within the range (0,1). We, therefore, use the calibration result in Table 1 to carry out the

analysis in the main text.

A.3.3 Data on Public Investment

To estimate the ratio of public investment to GDP, we use the following three sorts of the
data: the gross domestic product (GDP), gross fixed capital formation (GFCG), and the ratio
of the investment by sector, general government (ISGG). Using this data, we first compute the
ratio of public investment to GDP of country ¢ in year ¢, denoted by INV;;, as follows:

(ISGG;,/100) - GFCF;,

INVip = GDP,
it

"https://www.caramcdaniel.com/ (accessed on February 17, 2022).

41


https://www.caramcdaniel.com/

Then, INV;, representing the average ratio of public investment to GDP of country ¢ during

2002-2007, is computed based on the following equation:

2007
INVi =2 >INV,
t=2002

A.4 Supplement to Subsection 3.3
A.4.1 Derivation of 2 in (36)

Recall the indirect utility function of the middle in (18), which is reformulated using the

recursive notation as follows:

M <T, 2, 9.7 gk kP KR b’) —Ine(r k kP) + Olng + 8 [m d (T’f’; K kP b’) + Glng’} .

(A.12)
The term d’ in (A.12) is reformulated as follows:
a ()= (1=7") R (K, k") (1L+n) (K + V)
K a—1 l—a
= (1+n)T" -y (K, k"), (A.13)

where the equality in the first line comes from the budget constraint for the older adults, d’ =
(1 —7") R's and the asset market clearing condition, (14 n)(k’ + V') = s; the equality in the
second line comes from the conjecture of 7% in (21) and the first-order condition with respect
to physical capital in (6), and the equality in the third line comes from the production function,

y(k,kP) = A (k)™ (k?)'~®. The term ¢/(-) is reformulated, using the conjecture of ¢’ in (22), as

g/(-) =Gy (k‘/, kp') . (A.14)
The term y (k', kP"), which appeared in (A.13) and (A.14), is further reformulated as follows:
y () = A | 2P ny - ayytkan) ] [Dy @)
’ 1+nl+p ’
=y (T, x, bk, kp) (A.15)

where we use the asset market clearing condition in (16) and the public capital formation function

in (10) in deriving (A.15). Thus, the terms d’' () in (A.13) and ¢/(+) in (A.14) are now given by
d =d (r,2,0k, k) = (1 +n)T" y(r,2,V;k k),
Jd=4q (T,a:,b';k:,k:p) = G-y(T,x,b’;k,k‘p),
respectively, and the indirect utility function of the middle-aged in (A.12) is reformulated as
follows:
VM (7,2,9,6k,kP) =Inc(r;k, k") + 0lng
+ 5 [lnd’ (T,:c,g, bk, k:p) +0lng (T,x,g, vk, k’p)] i (A.16)
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We substitute the indirect utility function of the older adults in (19) and that of the middle-aged
in (A.16) into the political objective function in (20) and then obtain (36).

A.4.2 Proof of Proposition 2

The problem of the government is to choose ¢ to maximize €2 in (36) subject to the gov-
ernment budget constraint in (17), the fiscal rule in (14), and the policy functions presented in

Proposition 1. Substituting (17) and (14) into (36) and rearranging the terms, we have

O~ mlnd(Tk;k,kp,b) +Inc(r;k, kP)
w 14+n » ) » »
+ <(1+n)(1_w)+1)91n2+n [TRK (Tk;k‘,k‘ ) FTR( k) — (1 — ¢)(1 +n)x — R(k, k)b
~
+8(1+60)aln [1?_5(1—7)(1—a)y(k,kp)—¢(1+n)x] +5(1+0)n(1—a)lnz,

— (1R
(A.17)

where the politically unrelated terms are omitted from the expression in (A.17).
We write the policy functions of 7%, 7, and x derived in Proposition 1 in the following implicit

form:
T =78 (i k, KP) |

T=1(9),
x =z (p;k,kP).

We substitute these policy functions into (A.17) and obtain, by using the envelope theorem, the

first-order condition with respect to ¢ as follows:

o0 w i B+0)a
a¢—0‘:’<<1+n)<1w>+1>9 g (rnk

(A.18)

To solve (A.18) for ¢, recall the policy functions of g presented in Proposition 1,

-1
9 1 af(1+6 L. 1-a
+”g=( I “)9 SPUFDEE U )y,
1+n (I4+n)(1-w) 1-T 51 -a)(1-T)-¢X
(A.19)
and the asset market clearing condition in (16) with the fiscal rule in (14),
(1+n)k = lfﬁ (1—7)(1—a)y(k,kP) — ¢Xy(k,kP). (A.20)

We substitute (A.19) and (A.20) into (A.18) and rearrange the terms to obtain:

1 a(l+6) 5 (1-a)
1-T  £(1-a)(1-T)-¢X’
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or,

B _ 1(9)
i+ =10 (A.21)

where we use the definition of 7" and X in Proposition 1 in deriving (A.21).

Substituting the definition of I(¢) into (A.21), we obtain

H, (6) =/ (H1 (6))? — 4H3 (9)

B _
g e+e)=

2(1—¢) ’
3 3 ?
~Hy(¢) =~ 5 (1-a+0)(1-¢)Hi(¢) + {Hﬁu—a(lw))(l—cﬁ) . (A22)

With the use of the definition of H; (¢) and Hs (¢), (A.22) is further reformulated as in (37).
]

A.5 Proof of Proposition 3

Recall the indirect utility of the middle-aged in period ¢ in (18) and that of the older adults

in period 0 in (19), both of which are restated as follows:

1
VM =1n 155 (1 — 1) w (kt, k) + 01n gy
+ A 1n (1 - Ttk+1) R (i1, k) Hﬁﬁ (1= 1) w (ke, kY) + B0 1n g1, (A.23)
Ve = (1= 7) R ko, kE) (14 n) (ko + bo) + 0 In go. (A.24)

With (A.23) and (A.24), we can reformulate SW =y 1V 4+ 322 4'V;M as follows:

SW%11n<1—7'0k)+(1+ﬁ)ln(1—To)+a(1+,3)lnko+(1—a)(l—kﬁ)lnké’—i—@<i+1>lngo

Y
+ 3 7t [flno—q’“) +(1+8)In(1l—7) + <ﬁ(oiy_1)+a(1+ﬁ)> In Ky
t=1
+(1-a) <§+1+5>1nkf+9<§+1>1ngt]. (A.25)

The government budget constraint in period ¢ in (12) is rewritten as:

_ 1+n
24 n

g [R(kt, KDY (ky + ) 78 4w (e, kD) 1+ (1 4+ 1) bryy — (14 n) 2 — R (e, KP) by -

(A.26)
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Substitution of (A.26) into (A.25) leads to:
1
SW ~ ;ln (1—76“) +(1+B)In(1—7)+a(l+p)Inky+ (1—a)(1+p)Ink]
1
+0 (7 + 1> In | R (o, k) (ko + bo) 7+ w (ko, KE) 7o + (1 ) by = (1 + ) @o — R (ko, k}) b

+§;’yt{§ln(l—7}k) +(1+8)In(1—m)

+<ﬁ(oiy_1)—|—a(1—|—,3))lnkt+(l—a) <§—|—1+ﬁ>lnkf

+6 <§ + 1) In [ R (e, KF) (ke + b) 78+ (ke K)o+ (14 m) by — (L) @ = R ke, K by } .
(A.27)

The problem of the Ramsey planner is to choose a sequence {Tt, 7F b1, :ct}toio that maximizes
SW in (A.27). The associated sequence {g:},-, is determined by substituting the solution

of {Tt,Tf,th,:L't} into the government budget constraint in (A.26). Hereafter, for simplicity

of notation, w (k¢, k¥') and R (ki, k¥) are denoted as w; and Ry, respectively. The first order
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conditions with respect to 7, Ttk , ber1, and x; are as follows:

1
7i0=— +6+9(ﬁ+1> . il
Y Rt (kt+bt)Tt —i—tht—i—(l—b—n) bt+1 —(1+n) (l?t—Rtbt

B en) ()

=1 ktJr]
OR OR¢y
8ktt++a (k45 + bits) TH_] + RH]TtH + 8kt+] Titj — 8]%?; bitj ks j
*Rury (kg + biry) T+ Wi + (L4 1) bpjn — (L4 n) 2oy — Regjbey [ O
(A.28)
1 ki +0b
o= B +0<B+1> . B (ke 1 be) :
’Yl—Tt Y Rt(kt+bt)7t +tht+(1+n)bt+1—(1+n)xt—Rtbt
(A.29)
B > 1+n
bip1:0=0(—+1
o <’Y Ry (ke + b)) 7F +wer + (L +n) by — (L+n) zp — Reby

+76 <ﬁ + 1> FeraTi = R
Y Ryt (kty1 + beyr) Ttﬁ-l + w11 + (L 4+n) biyo — (L +n) 2441 — Rev1berr

+gvj{(ﬂ(oiy_l)+a(1+ﬁ)>l+9(§+1)

Kty j
OR4j (kess + bess) +R 4+ QWtt Rt+jb .
Okiyy \tt+j T Ot4j Tt+j t+JTt+g 8k STt T Dy, Ot Ok
“Rer (ke + bisg) T+ Wiy + (L4 1) bt+g+1 — (L4 1)z — Revjbryy [ Obega’
(A.30)
1
$t20:—9<ﬂ—|—1> % tn
Y Rt (kt+bt)7—t —{—tht—|—(1—|—n)bt+1—(1—{—n)mt—Rtbt
B 1 B
+> ¥l —-a) <+1+B S +0(=+1
Z { 2 kiv ol
OR¢, Owiy OR: 1,
Bl#t’ (kg + beag) Ty + 6k§:; Ttj akf: b+ Okt

Rt+] (K45 + betj) Ttﬂ + Wit j Tt + (L+n) b — (L+ 1) 2egj — Reg by | 02

D) g (D)

ORyy; Wiy OReyjp
ot (K + brag) Tl + Ryl + 8k LTi ™ Py Ot Ok

“Rurs (kg + biry) F ;Wi Ty + (14 n) bt+J+1 —(L+n)z4j — Rigjbery | Owe
(A.31)

To simplify notation, we present the following definition:

Tiyj = Ry (ki + bisg) 7y + wegyey + (L4 0) bryjon — (1+n) 2oy — Ryjbiyy, (A32)

_ ORy Owyy; ORy4;
J, T (ki + by ) T o Lbiy s A.33
t+j = 8kf+j ( t+j T t+y)7't+j + 8kf+] Tt+j — akfﬂ t+75 ( )
8Rt+] 8wt+] 8Rt+]~
L k b R Ty — ———by1 . A.34
= s (ketj + bets) T + Regml; + T T (A.34)
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By employing (A.32) — (A.34), we can streamline the expressions of the first-order conditions

in (A.35) — (A.38) as follows:

v I;
— ;[ (Ba—1) > 1 </J’ > Ltﬂ} Ok
" J{<+a1+ b O T , A.35
jz;’Y v (1+5) kit v Iy | om ( )
1 s Ry (ke + by)
o= +0<+1>’ A.36
t yi-7f o\ I, (A.36)
k p—
bp1:0=10 (B + 1) L+n + ~0 (5 + 1> Ry — R
ot I, 5 oo
— ;[ (Ba—1) > 1 (,6’ ) Ltﬂ} ke
j; v Y ( B) kt+j y It+j 8bt+1 ( )
v I
oo B ) 1 <B ) Jiri | Oty
LR CEC) N (el ot e Cl Iy il o ) el drws
Z;Y {( “ <7 ’ kfﬂ v Liv; | Ox
]7
— ;[ (Ba—1) > 1 (/a’ > Lt+j} Ok
JZ_;'-Y Yy ( 5) kt+j y It—i—j a$t ( )

The process for identifying policy functions that satisfy the conditions in (A.35), (A.36),
(A.37) and (A.38) involves the following steps.

e Step 1. Simplify the expression of the first-order conditions by substituting the summation

notation with alternative expressions.

e Step 2. Conjecture a set of policy functions that fulfill the first-order conditions, guided by
Proposition 3, substitute the conjectured solution into first-order conditions, and rigorously

verify its correctness.

Following these two steps, we obtain the result in Proposition 3. The details of the process

through the two steps are provided in Appendix C.
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B Simultaneous Determination of Debt-investment Ratio and
Fiscal Policies

In Section 2.4, we argue that the ratio ¢, and the policy functions, 7%, 7, ¢, and = ob-
tained through the two-step procedure are identical to those derived from a simultaneous
determination procedure. Note that given z, choosing ¢ is equivalent to choosing b’ in the
debt-investment relationship in (14). This implies that the solution to the simultaneous de-
termination of {TK Ty 0, T, gb} is equivalent to the solution to the simultaneous determination
of {TK T, g, x, b } in the absence of the relationhsip in (14). Accordingly, we derive the latter
solution, and show that the debt-to-investment obtained from the latter solution is equivalent
to the ratio derived in the two-step procedure.

The problem in the absence of the relationhsip in (14) is to choose {TK T, g,x, b } to maxi-
mize  in (20), subject to the public capital formation function in (10), the asset market clearing

condition in (16), and the government budget constraint:
/ K (_k 2+n
(L4 ) + TRX (7%, k7,0) + TR (v, k) = (14 n)a + g Rk ). (A39)

The first-order conditions with respect to 7%, 7, and ¢ are identical, in implicit form, to those
obtained in the presence of the debt-investment relationship in (14) and are given by (23), (24),

and (25), respectively. The first-order conditions with respect to x and b’ are, respectively:

) : (A.40)
d, g1,

Bla +07
((dHn)g ) +A=0. (A.41)

With the conjectures in (21) and (22), we can reformulate the first-order conditions in (23),
(24), (25), (A.40), and (A.41) as follows:

K. d : ! =A
1+n)(1-w) Q-7K)a(l+2)ykkr)
B
T am =
I G P T ) (e
0
g:<1+n 1—w)+1)§igng’
x_ﬁ (1+0)(1—a)n )
A+
Y - Ba(1+96) —\

s (1=7) (1 =)y (k,k?) = (1+n)V

Using these conditions with the government budget constraint in (A.39), we can derive the policy

functions of 75, 7, g, , and b and verify the conjectures in (21) and (22). In particular, the

48



policy functions of x and b’ are given by, respectively:

p-a)n
(trmiy +1) + Bla+ (1= a)n)
B(l—a(l+0)
1+ 0 { (s +1) + Bla+ (1 —a)n]}

(I+n)zx=

y(k,EP),

(1+n)b =

y (k,kP).

These functions lead to the debt-investment ratio in the absence of the relationship in (14):

(1+n)l  1-a(l496)

1+n)z (A1+6)n(1-a)

which is identical to ¢peiticar established in Proposition 2.
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C Supplements to the Proof of Proposition 3 in A.5

Appendices C.1 and C.2 provide detailed derivations steps 1 and 2 in Appendix A.5, respec-
tively. Appendix C.3 presents a decomposition of the first-order conditions in (A.35), (A.36),
(A.37) and (A.38) to clarify which mechanisms primarily drive the divergence between the po-

litical equilibrium and the Ramsey allocation.

C.1 Step1l

The derivatives of k;y; with respect to 7, bs41, and x; are, respectively,

Okiy1

Okt j a7t for j =1, ( )
= A.42
Ok 1 Okgy1 . .
ot H 8tt; Gt for j>2,
Okt 41 .
Ok Dbt for j =1,
D1 H Wicr Dbl for j > 2 (A.43)
+ " Okiy; Obip1 J =4
0 for j =1,
Okey2 Ok 1y .
Eo for j =2,
. —2 j—1
akt‘H _ Okt j H Ok 111 | Ok} + Z ]H Okiyiy1 | Okiyj—it1
Jxy Okivirn \ iy ki o i | Nz et Okt tj—i _
for j >3
i—1 » J Z 9
% I~ H 8kt+l+1 6kt+1 + H Okyyir1 | Okpyo Okiyq
i1 8kp ozt Okiyg 8kt+l oxt
(A.44)
Ok .
P forj=1
8kt-i-j _ 8901& ) J ’ (A 45)
- Ok . .
Oxy H a’“:r“ 2o forj=>2.

Using (A.42), (A.43), and (A.44), we reformulate the first-order conditions in (A.35) — (A.38).
First, we substitute (A.42) into (A.35) and (A.43) into (A.37), and obtain

1+ B wy  Oki
0_—1_Tt+9<7+1> 7, + ar, Ay, (A.46)
p l+n 5 Rt-i-thkJrl — R 6kt+1
=0(=4+1 0 A A4
! (’Y * L T W I abt+1 b (A.47)

where A; is defined as

— Bla=1) )1 (5 ) Lt+1}
At_7{< Y Ta(l+h) /ft+1+9 Y ><It+1

+ivj{<W+a(1+ﬁ)>l+9(ﬁ )XLH?}I[@;Z?. (A.48)

Kty Y Iiyj

Removing the term A; from (A.46) and (A.47) by putting them together, and using Ok;4+1/01 =

—ﬁ% (1 — ) y+ and Okyy1/0bsy1 = —1, we obtain the following expression:
1+5 wt
1 Riq (1—7F n T ( ) T
oze<5+1> +”—7<9<B+1> (=)~ = I (A49)
v I e Tt (L — )y
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Second, recall the first-order condition with respect to z; in (A.38). Taking one-period ahead
and rearranging the terms, we obtain

B ) l+n (5 ) <5 > Jitj akthrj
0P § 1-a)(Z+1+ 40 (2 1)

(’Y Iy 4 { “\5 ’ kf+_7 g Iiij | Owiqs

. —1) 1 B Lij) Okiyj

+ ]{<a+a 1+ >+9(+1) J}]. A.50

;}7 v 1+5) ki gl vy ) Owryi (4:50)

Using the definition of I;1; in (A.32), Jiy; in (A.33), and Ly; in (A.34), we can reformulate
the first-order condition with respect to x; in (A.38) as follows

0:—0<5+1>1+”
Y I;

p
+Zv {1—a <§+1+B>kpl+0<ﬁ+1> J”j}ak”ﬂ

t+5 Y It-l—j Oxy

(#1-A.51)

+’y{(1—a) <§+1+B>kl+9<ﬁ+1) Jt+1}3kf+1

t+1 Iiy1 ) Oy
B (a > ( > Lt+j} Okt
+ — +0 —
Z’Y { ( kt+] ItJrj 81315
(#2,/‘.51)
Ba—1) > 1 (B > Lt+2} Oky1o
+P ([ +al+8) ) —+0(=+1 : A51
! {< g 1+5) kiv2 Y firo ) Omy (A-51)
By using (A.45), we can reformulate the term 8kf+j/8xt (#1_A.51) in (A.51) as
kY, , OkP
akf—‘—] - 61@%1? atmtl 8kt+j (A 52)
aa:t N dkt+2 a$t+1 '
0xi41

By using (A.44), we can also reformulate the term 0k;y;/0x; (#2-A.51) in (A.51) as:

Ok j—1
Oktrj _ Gorer Ofyo | T Okerivs Okiro 8kt+9 (A.53)
v~ \ oo, LT s | o

Plugging (A.50), (A. d (A.53) into (A.51) and rearranging the terms, we have

52), &
:—9(5 )12 +v{(1—a)(§+1+5>1+6<6 1)‘%}8’“5“

ki v Iy ) Oxy
—1 1 L ok
+72{<B(a )—i—a(l—i—ﬁ)) +9<5+1) t+2} t+2
Y kt+2 i It+2 Oxy

Bkzﬂ aiacm 5 ,

Oky | Ox +n

— O —=+1
T, (’7 " ) Tt1

0Ty

Okiy2 OK}L 1

Ok, O ']Z’Vj{<ﬁ(0:1)+a(1+ﬁ))1+9<ﬁ >Lt+]

}Hakt+z+1
: Kty j v Teyj ) -5 Okigi '

(#1.A.54)

(A.54)
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Using the first-order condition with respect to 7 in (A.35) and the derivative of k. ; with
respect to 7 in (A.42), we can simplify the term (#1_A.54) in (A.54) as follows:

S M )1 (/B )Ltﬂ'} akt+z+1
]Z:;w{< . +a(l+43) kt+]+9 » A H .

IH—] =2

_ 1 1+ B wy [ (Bla—-1) BN 5 Liyj| Okiyj
T OFern Okiry 1Tt_9<7“>1t ;%WK 5 +a(1+ﬂ)> +9< ) ]

k I | 0T
Oki41 Oy t+j Y t+7 t

(A.55)

Plugging (A.55) into (A.54), we obtain

_ p 1+n B 1 B Jiv1 ) Ok; 4
0__0<'y+1> 7 +7{(1—a)<7+1+6>kp+9<7+ )} B,

41 Iiq
a—1 1 L Ok
v kito ¥ Lo | Oy
OkY 1y 8'gt+1 3 1 Okt42 8g?+1
ok? x +n ok? x
T —0( 5+ 1> T R T
835,511 i b+l Okty1 OTt

X 1+5—0<ﬂ )w ’WK 1)+a(1+5)>1+9<ﬁ 1>Lt+ﬂ}‘%+f
1—Tt Y I 19

i Kty j 8l Iiy; | On
(A.56)

Finally, recall again the first-order condition with respect to 74 in (A.35). Taking one-period
ahead and rearranging the terms, we have

oo

ZVj{(ﬂ(a_1)+a(1+5)>l+9(6 1) Lt+j}3k‘t+j
= v Kty j v Ly ) 0T
1+5 <5 > Wit
= —-0(—+1 . A57
1 -7 g Ity ( )

In addition, using (A.42), we can reformulate the first-order condition with respect to 7; in
(A.35) as

1-— Tt
= —1) 1 B Ltﬂ} ks
ZQ {< el +ﬂ)> Kiy; Y (’Y ) Ty ot
1 B Lit1 ) Ok
{< a(l +6)> i1 o (’Y 1) I } ory
1+06

B
= 0 1
].—’Tt+ ("}/+ It

Okiy2 Oki11 oo

+WZ¢{<B(O¢7—1) a(l +5)>+0<5 )Ltﬂ’}akm‘

e 5 Kitj ¥ Iitj J 0T
Bla—1) ) 1 (ﬁ ) Litq } Oki41
+ —+a(l+ — 40 +1 _— A.58
7 { ( v (1+5) ki1 o Iivn ) Oy ( )
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We substitute (A.57) into (A.58) and obtain

Okyy2 Okt

0__1+B+9 /6+1 +5kt+1 ot 1+p —_0 é—i-l Wt+1
-7 v I Okirz 1 =71 Y I
87’t+1
B (04 - 1) > <5 > Ly } Oki1
+ —+a(l+ —+40 . A .59
K {( g 1+5) i1 Y Lisi ) on ( )

We have so far derived three conditions, namely (A.49), (A.56), and (A.59), from the first-
order conditions (A.35), (A.37), and (A.38) corresponding to the fiscal variables 7, ¥, and x,
respectively. In conjunction with the first-order condition with respect to 7 in (A.36), these
four conditions collectively define the optimal fiscal variables, (7', Tk Y, x), that maximize social
welfare in (A.27).

C.2 Step 2

To find the policy functions, 7, 7%, o', and z that satisfy the four first-order conditions,

(A.36), (A.49), (A.56), and (A.59), we conjecture the policy functions as follows:
=T,
k

1 =Tk

a(ljr;?) (A.60)
(L4+n)bey1 = B -y (ke k),
(1+n)zy =X -y (ke, k),
where T, T*, B, and X are constant. We substitute these conjectured solutions into the four
first-order conditions, (A.36), (A.49), (A.56), and (A.59) and verify their correctness.

For presentation of the analysis, recall w; in (7) and R; in (8), which have the following

properties:
o] 0 2
= o(l—a) ;25 = (1-0) o
gﬁf =a(a—1) —(klf)Q; gTRf =a(l—a) k:i/lzf '

Given the properties in (A.61) and the conjectured policy functions in (A.60), Iy, J;, and Ly
defined in (A.32), (A.33), and (A.34), respectively, are reformulated as follows;

It:<a—Tk+(1—a)T+B—X)yt, (A.62)
Je=(1-a) <a—Tk+(1—a)T> %, (A.63)
t
L, = ik =\ Yt kUt
tr=-al—-a)—-(1-a)T"+a+(1—a)T k—t—T oD (A.64)
Using the asset market clearing condition in (16) with (A.60) and (A.61), we have
= g 5 (1= a)w;
= —T)a(l—a)
ot *1 v (1=7) ke (A.65)
it~ o
o = e (L-T) (1-a)" 5.

From (10), we also have the following properties of the public capital formation function:

akf+1 kf+1 8k;tp+1 ktp+1
8]{,} 77 x4 Y 8ktp ( 77) kp ( )
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With (A.60) — (A.66), we reformulate the four conditions, (A.36), (A.49), (A.56), and (A.59)
in the following way. First, with (A.60), (A.61), and (A.62), the condition in (A.36) is reduced

to:

o=_P. 1 Q@H) (A.67)
oy TF a-Tk+(1-a)T+B-X' ‘
Second, with (A.60), (A.61), (A.62) and (A.64), the condition in (A.49) is reduced to:
—%(a—fk%—(l—a)f—i-é—f() +0<5+1> (1-a)
-0 () (G mar
=——(1- O(—+1)—v0—+1 = . A.68
T+ 5 a)[ 77 T s (1-T) (1 -« (A.68)

Third, with (A.60), (A.64) and (A.65), the condition in (A.59) is reduced to:

— 40 1 L-a

TT1oT ’y+>a—Tk+(1—a)T+B—X'
w5 (1-T)a(l-a) [1+30<5+1> i l-a ]
2(1-T)(1-a)-B[1-T v a-TF+(1-a)T+B-X

O By { b a4

1+ w5 (1-T)(1-a)-B
—a(l-a)—(1-a)T*+a+a(l-a)T . Tk
B 75 (1-T)(1—a)-B 5 (1-7) (-9
o= 11 S LA : A.69
* (’y+ a-Tk+(1—a)T+B-X ( )

Finally, with (A.60), (A.62), (A.64) and (A.66), the condition in (A.56) is reduced to:
B
0=-0|—+1 — —
('y T e T (- ) X

T+B-
”{“—oo(fw) (5=

(a=TF+(1-a)T)
k+(1—a)T+B-X
(

Bla=1) a(l—a)—(1-a)T*+ata(l—a)T Tk
+ 92 —5 - tedth) +9<B+1> 5 (1-T)(1~a)-B 2(0-T)(1-)
s (1-T)(1~a)-B g a-TF+(1-a)T+B-X
B PV a)?

o (L-T)(A-0)-Bitp (8 1-a
a2 1-T vy a-Tk+(1-a)T+B-X

B 15 (1-T)a(l-a)
+y——(1—a) [1+— _ :
1+5 ts(1-T)(1-a)-B
B(a—1) —a(l-a)-(1-a)T*+ata(l-a)T _ Tk
S ta(l+p) o <B N 1> L (-T)(1-a)-B Z(-T)(1-a)
s (1-T)1-a)-B v a-TFr+(1-a)T+B-X
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Conditions (A.67), (A.68), (A.69) and (A.70) all include only constant terms, T, T*, B,
and X, and they are independent of the state variables. Therefore, (A.67), (A.68), (A.69) and
(A.70) are solved for T, T*, B, and X when these four variables are constant. This verifies the

conjecture in (A.60).
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C.3 Decomposition of the First-order Conditions in (A.35), (A.36), (A.37)
and (A.38)

The first-order conditions with respect to 7, 7F, by, 1, and z; in (A.35), (A.36), (A.37) and

(A.38), respectively, are reformulated as follows:

Bwt { 1"‘5 |: Wy 1 Lt+1:| 8[%4.1}
0= 0—— +4q(-1 +|0—+B(a-1)—+0
mt v I ( )1_Tt I ﬁ( )kt+1 BL&H oty
——

(A.71.0t) (A.T1_M_t)

1 L] Okt
1 0
7 [a( +h) 1 * It+1] oy

(A.7T1 M_t45.1)

+§:vj{<ﬁ(047_1) +a(l +B)> . (6 + 1) Lt“} Oy, (A.71)

kit j Y Liy; ) om

(A.71_M_t+5.2)

-1 ki +b ki +b
Tt’fzozﬁ[ k+eRt(t+t)]+9Rt(t+t); (A.72)
Yy 1-— Ty It It
—_———
(A.72.0.¢) (A.72_M.t)
Bl+n 1+n Rerfiy — R [ 1 Lt+1:| Okt
b :0=0— +<40 +6 + a—1 +0
r v I I P Tiq & ) k41 5 Iit1 | Obgyr
(A.73.0t) (A.?ng,t)
Ri17fy — Ry [ 1 Lt+1:| Ok 41
+ 0 + a(l+ + 0
7 Iy 7[ed+h) ki1 Iit1 | Obeyr
(A.73.M_t+j.1)
. [(Ble=1) 1 B\ Lii | Okre
+ ’y]{<—|—a 14+8) ) — +6(=+1 : AT3
jz:; & ( ) t+j 0l Livj ) Obria ( )
(A.73.M_t+j.2)
Bl+n { I+n [ JtH] 8ktpﬂ}
ry:0=—60— + < -0 + (1 -« + 6
t Y It It ( ) ﬁkﬁ_l /8 It+1 al‘t
(A.74-0.t) (A.7AM_t)
1 Jt+1:| Oki 4
+ 1—a)(1+ 0
vy g ot | 0
(A.7TAM_t+j_kP_1)
o, p 1 8 Torj | OkL
+Y Y1 -a <+1+5> +0(+1) tar)
j; {( ) v Kty ot Iy | Owy
(A 74-M_t+j_kp_2)
— ;[ (Bla—1) 1 B Litj | Okiyy
+ 73{(+a1+ﬁ — 102 +1 . A4
jz; g ( ) Kitj v Liv; ) Omy ( )

(A7AM_t+k)
The terms (A.71.0_t), (A.72_0_t), (A.73_0-t), and (A.74_0_t) represent the effects of the

period-t labor income tax rate, the capital income tax rate, public debt issuance, and pub-
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lic investment, respectively, on the utility of the period-t older adults. Similarly, the terms
(AT1_M_t), (A.72_.M_t), (A.73_.M_t) and (A.74_M_t) represent the effects of the period-¢ labor
income tax rate, the capital income tax rate, public debt issuance, and public investment, re-
spectively, on the utility of the period-t middle-aged. These effects reflect mechanisms that are
common to both the political equilibrium and the Ramsey allocation, although their quantitative
implications differ somewhat between the two because of the different weights on generations in
the objective function.

The terms (A. 71 M_t + j4), (A.73.M_t + j4), (A.74M_t + j kP4), and (A.74 M_t + j_ k),
for 1 = 1,2, represent the effects of the labor income tax rate, public debt issuance, and pub-
lic investment—with (A.74_M_t + j_kP_i) and (A.74_M_t + j_k) capturing distinct transmission
channels—, respectively, on the utility of the period-t + 1 middle-aged and all subsequent gen-
erations. These effects are specific to the Ramsey allocation and are absent from the political
equilibrium, in which future generations are ignored. Consequently, their absence generates
political-economy distortions in the labor income tax rate, public debt issuance, and public in-
vestment due to government short-sightedness. These distortions further spill over to the capital

income tax rate, implying a political-economy distortion in capital income taxation as well.
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