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Abstract

How do budget rules influence the size and structure of the
public sector? This question is considered in an overlapping
generations political economy model. The different horizons of
agents influence their voting behaviour and lead to excessive
deficit financing and debt accumulation, reducing welfare of all
subsequent generations. Along an equilibrium trajectory with
increasing debt, the tax burden increases and public sector activ-
ities are crowded out due to the increasing costs of debt servicing.
A debt ceiling may halt this process leading to less debt, more
public consumption and higher welfare.
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1 Introduction

Fiscal frameworks (institutional/procedural rules, e.g., a budget law)
have become widespread and are an integral part of the EU policy frame-
work1. An essential element is numerical fiscal targets, or intermediary
fiscal policy targets. These frameworks have been developed as a re-
sponse to deficit biases and debt accumulation (or failure to consolidate
debt after crises) observed for a number of countries as well as a concern
for fiscal sustainability in relation to changing demographics. Fiscal rules
are thus serving a commitment role to provide fiscal discipline2 and to in-
crease transparency and accountability in fiscal policy to achieve better
outcomes in the medium to long run.

The discussion on fiscal rules has been heated. The criticism of bud-
get rules has both a business cycle and a structural component. The
former relates to the ability to pursue a sufficiently active countercycli-
cal policy, and thus whether such norms leave sufficient room for fiscal
flexibility. An excessively rigid interpretation of budget rules has been
argued to be at the root of austerity policies, causing a slow recovery
after the financial crisis3. The structural issue relates to the size and
structure of the public sector, in particular, whether tight budget rules
restraining deficit financing or debt accumulation are part of a political
agenda to attain a leaner public sector. Related, it has been claimed
that tight budget rules introduce a bias in public activities away from
investments, detrimental to the long-term objectives the rules are meant
to serve.

Considering the empirical evidence, there is no clear-cut relation be-
tween debt levels and the size of the public sector4. Figure 1 gives a

1Within the EU the well-known rules include the fiscal norms associated with
the Growth and Stability Pact (strengthened in the so-called six pack), stipulating
that the actual general government deficit must not exceed 3% of GDP and public
debt must not exceed 60% of GDP (or at least diminish sufficiently towards the 60%
threshold). The Fiscal Compact (Treaty on Stability, Coordination and Governance)
imposes a lower limit on the structural deficit of 0.5% of GDP (1.0% of GDP for
Member States with a debt ratio significantly below 60% of GDP), see European
Commission (2017). For an analysis and discussion, see e.g. Wyplosz (2014).

2Fiscal councils play an important role in this context, see Beetsma and Debrun
(2016).

3On the other hand, it has been argued that fiscal rules in the EU have been
administered too laxly, and this is one key reason why many countries entered the fi-
nancial crisis with high debt levels. This made many countries vulnerable to negative
shocks, which eventually caused the sovereign debt crisis.

4While the size of the public sector (measured relative to GDP) is relatively stable
for most countries, there has been some variability in the debt-to-gdp level. This
makes it difficult to precisely relate public sector size and debt level. The chart uses
averages as a simple metric of structural levels.
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cross plot of debt and core public expenditures (total expenditures less
expenditures on debt servicing), and the two are not related5. Hence, the
simple view that the extent of the welfare state is related to debt levels
is not substantiated. It is particularly noteworthy that the Nordic coun-
tries known for their extended welfare states are among the countries
with the lowest debt levels.

Figure 1: Public debt and core public expenditures, OECD countries,
average 1995-2015.

Note: Debt measured by Maastricht debt, and country selec-
tion determined by data availability. Core public expenditures
are total expenditures net of debt servicing expenditures. Both
measured as averages over the period 1995 (earliest data point)
and 2015. Data source: www.oecd-iLibrary.org

High debt and debt servicing costs may crowd out other expenditure
types for a given size of the public sector measured by total expendi-
tures or tax revenue. Total expenditures less debt servicing equal the
expenditures on the core activities of the public sector like education,
health, pensions etc. Figure 2 shows debt servicing expenditures as a
share of core expenditures as a simple metric of the budget off-setting
effect; that is, for an unchanged tax burden it shows by how much core
expenditures can be increased if there were no debt servicing costs. For

5The correlation between debt level and core expenditures across the countries is
0.3 (not significantly different from zero). The correlation between debt and total
expenditures is 0.55. The higher correlation is to be expected, since higher debt leads
to higher debt servicing and thus higher total expenditures.
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some countries this off-set is rather large, and for countries like Italy,
Greece and Hungary expenditures on debt servicing exceed those on e.g.
education. This is suggestive that debt may have implications for the
structure of the public sector.

Figure 2: Debt servicing expenditures in percentage of core expenditures,
average 1995-2015

Note: See Figure 1.

Although there is by now a rather large literature on the institutional
specificities of fiscal rules and their possible effects, see e.g. Lledó et al.
(2017), the above-mentioned ”structural” criticism that fiscal rules affect
the size and structure of the public sector has not been much analysed.
Is this criticism justified when considering explicitly both the reasons
for deficit biases and how a deficit/debt restraint affects the political
process? This paper analyses these issues considering why the political
process causes a deficit/debt bias and explores its consequences for the
size and structure of the public sector. It is considered how the political
process and thus fiscal policies are affected by a budget/debt restraint.

A political economy literature has developed arguments why deficit
biases may arise; for an overview see, e.g., Persson and Tabellini (2000),
Calmfors and Wren-Lewis (2011) and Alesina and Passalacqua (2017).
The key explanations run in terms of short horizons of voters, infor-
mational problems, political fragmentation and common-pool problems.
This literature has laid the foundation for understanding the basic rea-
sons why deficit biases arise. However, the arguments are developed in
two-period models ruling out the dynamics which is at the heart of the
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problem6. This is important since the debt dynamics may feedback into
the political process causing a deficit/debt bias and therefore affect the
structure of the public sector (different expenditure types and taxation).
Moreover, two-period models force a repayment of debt in the second
period, whereas it is well-known that a positive level of debt can be
sustained in steady state.

This paper develops a dynamic political economy model with over-
lapping generations of voters7. Specifically, a standard overlapping gen-
erations model of the type used to analyse macroeconomic dynamics is
merged with the so-called probabilistic voting model (see Lindbeck and
Weibull (1987)). The key mechanism is the finite horizon of agents in
combination with a recurrent conflict of interest between old and young
(and yet unborn) voters; cf. also Musgrave (1988). The analysis consid-
ers both the mechanism causing a deficit/debt bias and its implication
for the size and structure of the public sector as well as the welfare con-
sequences. The role of a fiscal rule in the form of a binding debt ceiling
(balanced budget requirement) is analysed with particular focus on how
it affects the level and composition of public expenditures.

The role of finite horizons for voters is also considered in a rather
large political economy literature on pensions, starting with Browning
(1975); for a survey see e.g. Galasso and Profeta (2002) and Mulligan
and Sala-I-Martin (2004). A key insight from this literature is that the
political equilibrium may support the introduction of a PAYG pension,
even though such a scheme reduces welfare in the long run. More recent
work along the same line considers the entire welfare package, including
education for the young and pensions for the old; see e.g. Lancia and
Russo (2016) and Bishnu and Wang (2015).

The paper is organized as follows. Section 2 sets out the overlapping
generations model and the political process in the case where the fiscal
platform includes public consumption financed either by current taxation
or debt. Section 3 extends the political decision problem to include
both productive expenditures and pensions as well as distortionary taxes.

6These issues have also been analysed in infinite-horizon agents models, see
Battaglini (2011) for a discussion and references.

7Röhrs (2016) presents a fully-specified OLG model where parents are altruistic
towards children. Moreover, public debt is the only financial asset and is therefore
needed as a savings devise for young agents; i.e., debt is also associated with efficiency
gains. Debt accumulation is considered in the case of both commitment and absence
of commitment. Song et al. (2012) present a quantitative analysis of a ”global” model
with a set of small open economies and an OLG-structure similar to the one in this
paper. Important in their setting is the difference in preferences across countries and
how this affects international capital flows. Mueller et al. (2016) consider how the
political colour of the government affects deficit/debt biases.
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Section 4 offers a few concluding comments. Technical details and proofs
are given in Appendices.

2 A political economy model of the public sector

Consider a standard two-period overlapping generations model where
agents work and save as young and care about consumption both when
young and old. Agents are assumed to be non-altruistic to bring forth
the role of finite horizons among voters. The result also holds allowing
for altruism8. The population size is assumed constant (normalized to
unity)9. Factor prices are exogenous (small open economy). For a start,
labour supply/production is assumed exogenous, but this assumption is
relaxed in Section 4.

Life-time utility for a representative agent belonging to the cohort
being young in t is given as

Ωy
t ≡ u(cyt ) + υ(gt) + δ

[
u
(
cot+1

)
+ υ(gt+1)

]
(1)

where u(·) gives the utility from private consumption (c), where a super-
script y refers to the young, and o to the old. The utility function u(·)
satisfies all standard assumptions, including uc > 0, ucc < 0. Utility from
public consumption (g) is denoted by υ(·), and it satisfies all standard
conditions, including vg > 0, vgg < 0. Additive separability is assumed
to simplify the exposition. Similarly, it is assumed that the young and
the old have the same period utility functions specified over private and
public consumption, respectively, to show how the results may derive
solely from differences in time horizons across voters. These assumptions
can easily be relaxed10. Disutility from work is disregarded, since labour
supply is exogenous. The subjective discount factor is δ < 1.

As old, utility is given as

Ω0
t+1 ≡ u

(
cot+1

)
+ υ(gt+1) (2)

8Altruism would imply that the voters care for the debt (negative bequest) they
leave to their decendants. This increses the marginal costs of debt in the political
process and therefore leads to a lower debt level. However, it does not eliminate
the incentive to push financing forward in time and the excessive debt accumulation
unless utility of future cohorts are fully internalized as in the dynasty model with
Ricardian equivalent, see Barro (1974).

9Allowing for exogenous population growth would be straightforward. The rela-
tive political power of the old, introduced later, will be lower, the higher the popu-
lation growth rate. Except for that, nothing changes.

10It is easily verified that a more general specification with utility to the young
being υy(gt) and for the old υo(gt) does not change anything qualitatively. To simplify
the exposition, the utility functions are assumed identical.
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The individual faces the following budget constraints

cyt = y − Tt − st (3)

cot+1 =Rst (4)

where Tt is the lump-sum tax levied on the young (see discussion below),
st savings, and R > 1 is the gross market return11. The first-order con-
dition to the household problem of finding the savings level maximizing
(1) subject to (3) and (4) reads

uc(y − Tt − st) = Rδuc (Rst) (5)

which defines a savings function

st = s(R, y − Tt)

where ∂s(R,y−Tt)
∂y

=
ucc(c

y
t )

ucc(c
y
t )+R

2δucc(cot+1)
∈ [0, 1].

The public sector provides the public consumption/activity g and
finances it via current taxation T or debt D. End of period debt Dt

thus evolves as
Dt = RDt−1 + gt − Tt (6)

It is assumed that debt is always honoured; i.e., there is a commitment
not to renege on debt12.

Political process
Policies are decided by a government elected for one period accord-

ing to a majority rule; i.e., there are repeated elections, and current
governments cannot commit future governments. The political outcome
is modelled using the so-called probabilistic voting model13; see Lindbeck
and Weibull (1987) and Persson and Tabellini (2000). The foundation
of this model is a setting with two contesting parties running for govern-
ment aiming at maximizing their expected number of voters and thus

11The setting may be interpreted as having a funded pension scheme; i.e., agents
voluntarily save for old age at the market return R. There are no capital market
imperfections, myopia or the like motivating a mandated (PAYG) pension scheme.
On public pensions, see below.

12The issue of whether not to renege on debt in political equilibrium has been stud-
ied in a number of papers. Tabellini (1991) shows in a setting with intergenerational
altruism and income heterogeneity that there are opposite interests in honouring the
debt; e.g., holders of the debt and their children clearly support it to be honoured.
Dixit and Londregan (1998) show that debt is honoured if debt holders are more
politically powerful.

13For recent applications in overlapping-generations models with balanced budget
settings, see e.g. Lancia and Russo (2016) and Bishnu and Wang (2015).
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the probability of being elected14. The policy equilibrium is the policy
package maximizing a weighted sum of the utilities of the voters with
weights depending on the size of the groups and their political power15.

In the present setting, there are two groups of voters, young and old,
and the equilibrium political outcome is the policy package maximizing
a weighted sum of the utility of the two groups given as

Ωt = Ωu
t + φΩo

t

where φ is the relative political power of the old φ ∈ [0,∞). Observe
that since agents are non-altruistic, the utility of future cohorts does not
directly influence the political outcome. Importantly, varying φ traces
out the set of Pareto-efficient allocations among living cohorts (those
affecting the political decision). Note also that the median voter model
arises as special cases in the sense that either the old (corresponds to
φ→∞) or the young (φ→ 0) may be the median voter.16

Using the definition of utility for the young and old, respectively, we
have that the political objective function can be written

Ωt = u(cyt ) + υ(gt) + δ
[
u
(
cot+1

)
+ υ(gt+1)

]
+ φ [u (cot ) + υ(gt)]

Since Dt−1 is predetermined, the policy choice determines public con-
sumption (gt) and taxation (Tt), and thereby via (6) also the outstanding
debt (Dt) of the public sector. It turns out to be easier to characterize
the political process in terms of gt and Dt (Tt then follows from (6),
Tt = RDt−1 + gt − Dt). Hence, the outcome of the political process is
found as the solution to the problem

max
gt,Dt

Ωt

subject to (5) and (6). The first-order conditions to this problem read
(for second order conditions, see Appendix A)

14It is essential that the mapping from the policy platform to the support of a
policy/party is not one-to-one. The political parties face uncertainty in the support
a given platform generates, and this makes a unique Nash equilibrium possible for
the game between the two contesting parties. Note that since the parties only care
about winning the election, they propose the same policies in equilibrium; see e.g.
Persson and Tabellini (2000).

15The outcome may also be interpreted in the sense that the political outcome
is Pareto-efficient, and by changing the relative weight of the two groups φ, the
Pareto-efficient possibility frontier is traced out.

16Note, that if the old is deciding (the median voter) there is no concern for the
debt level and the equilibirum is thus not well-defined. If the young is the median
voter then debt is well-defined given the youngs perception of how debt affects the
future level of public consumption.
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gt :uc(y −RDt−1 − gt +Dt − st) = [1 + φ] υg(gt) (7)

Dt :uc(y −RDt−1 − gt +Dt − st) = −δυg(gt+1)
∂gt+1

∂Dt

(8)

The first condition (7) is a variant of the standard condition (Samuel-
son rule) for the determination of public consumption (when lump-sum
taxation is feasible). The optimal level is where the marginal cost given
by the marginal utility of private consumption (here of the young, since
the tax is levied on the young) equals the marginal benefit or utility of
public consumption. Note that the latter is weighted by 1 + φ, the sum
of the weights to the utility of the young and the old in the political
process.

The extent of debt financing is determined by (8). A higher debt
level allows a lower tax burden, which benefits the young by allowing
higher consumption. Hence, the marginal benefit of debt is given by the
marginal utility of consumption to the young. Higher debt is passed on
to future cohorts, and may thus affect future supply of public consump-
tion adversely, a cost which is anticipated by the current young voters.
The marginal cost of debt is determined by marginal utility consquences
of the lower future level of public consumption. The optimal level of
debt is where the marginal gain (temptation) equals the marginal cost
(punishment). Observe that (8) does not depend directly on the politi-
cal power of the old. This is the natural consequence of debt financing
postponing debt servicing to future generations, and thus of no direct
importance for the non-altruistic old17. There is thus a clear asymmetry
in the political decision process - both the young and the old have a
direct interest in public consumption, but debt financing is only influ-
enced by the young. This asymmetry is a source for deficit bias and debt
accumulation, cf. below.

It can be shown (see Appendix A) that there exists a Markov equi-
librium to the political-economy model of the form

gt = g(Dt−1, φ) (9)

Dt =D(Dt−1, φ) (10)

and the tax is given by Tt = RDt−1 + gt −Dt = RDt−1 + D(Dt−1, φ)−
g(Dt−1, φ). The equilibrium outcomes depend on the debt level inherited
from the past, the state variable (note that all other variables/parameters

17Cukierman and Meltzer (1989) show in a context with intergenerational altru-
ism that bequest-constrained voters (individuals ideally wanting negative bequest)
support deficit financing.
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except Dt−1 and φ have been supressed). Appendix A works out an ex-
plicit solution for the case of log-utility functions.18

The debt level evolves according to a first-order difference equation,
see (10), and stability requires: 0 < ∂Dt

∂Dt−1
< 1 (see Appendix A). A

higher initial debt level implies, other things being equal, a lower ini-
tial income/wealth for the young, which lowers both private and public
consumption. This gives the current young an incentive to allow debt
to increase. However, this comes at the costs of lower future supply of
public consumption. This constrains the increase in debt, and therefore
debt increases less than one-to-one. Hence, the political equilibrium, and
thus the debt level, converges to a well-defined steady state equilibrium
level with a debt level Dss : Dss = f(Dss, φ) > 0. The steady state
levels of the other variables can be determined similarly.

The higher the initial debt, the lower the level of public consump-
tion19, i.e. ∂gt

∂Dt−1
< 0. Therefore, starting with a low level of initial debt

(D < Dss), the equilibrium trajectory displays an increasing debt level,
an increasing tax burden and a decreasing level of public consumption
as illustrated in Figure 3. The political process has a deficit bias imply-
ing an increasing debt level. Debt servicing causes a higher tax burden
but also crowds out public consumption. Hence, measured by the tax
burden the public sector grows over time, but its structure is twisted
with declining public consumption and increasing expenditures on debt
servicing. To see this clearly, note that the steady-state has20

Dss = RDss + gss − T ss

or
T ss = gss + (R− 1)Dss

The political process has a deficit/debt bias which, via debt servic-
ing, ”consumes” space in the public budget constraint. In the short

18This specific case implies that debt converges to the maximum debt level which
can be served based on the constant income flow y and the gross rate of return
R. Therefore the entire budget is eventually absorbed by debt servicing. This is
clearly extreme, and does not hold for more general utility functions. Other specific
assumptions including exogenous production, exogenous factor prices and absense of
any form of alturism should also be kept in mind.

19It follows directly from (8) that an interior solution requires ∂gt+1

∂Dt
< 0.

20This is a variant of the standard budget arithmetic for debt dynamics implying
that there is a steady state relation between the level of debt measured relative to
GDP (dss = Dss

Y ) and the total budget balance measured relative GDP (Γ) given

as dss = 1+ŷ
ŷ Γss, where ŷ is the growth rate of GDP. Systematic deficits are thus

consistent with stationary debt levels and hence in this sense sustainable. In the
main text ŷ = 0, but the analysis easily generalizes to the case of exogenous output
growth.

10



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

run deficit financing makes it possible to attain a higher level of public
consumption, but in the long run the opposite relation holds due to the
alrger burden of debt servicing consuming space in the public budget,
which, other things being equal, crowds out public consumption.

Figure 3: Trajectories for debt, public consumption and taxes

Observe that if the initial debt level is high (D > Dss), the trajectory
would be the reverse, that is, a declining debt level, lower tax burden
and an increasing level of public consumption. The political equilibrium
can therefore be consistent with debt consolidation (e.g. after a recession
increasing the debt level above the steady-state level).

The political power of the old (relative to the young) matters for
both the level of public consumption and debt,

∂gt
∂φ

> 0;
∂Dt

∂φ
> 0

For a given initial debt level, a higher political power to the old leads to
more public consumption and a higher debt level. The intuition follows
straightforwardly from the asymmetry between the interests of the young
and the old concerning public consumption and debt. Both the old and
the young have a direct interest in current public consumption, cf. (7),
but only the young are concerned about debt (since it influences the
future level of public consumption), cf. (8). Hence, more political power
to the old increases public consumption. The financing burden falls
on the young, and to avoid a too sharp drop in private consumption,
they allow debt to increase. It is an implication that more political
power to the old (higher φ) leads to an increase in steady state public
consumption, debt, and taxes. Note that the deficit/debt bias does
not disappear in the limiting case where the political power of the old
vanishes (φ → 0) . The reason is that the young have a finite horizon,
and therefore do not care enough about the long-run consequences of
debt.

11
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2.1 Welfare effects

How is welfare affected by the policy choices? A simple metric is to
consider how decisions made by past generations affect subsequent gen-
erations. The intergenerational linkage arises via debt, and the question
is thus how the life-time utility of a cohort is affected by the initial debt
level ”inherited” from past generations. From (1) it follows that

∂Ωu
t

∂Dt−1
= −uc (cyt )

∂Tt
∂Dt−1

+ vg(gt)
∂gt
∂Dt−1

+ δvg(gt+1)
∂gt+1

∂Dt

∂Dt

∂Dt−1
< 0

The higher the initial debt level in period t (Dt−1), the lower the
life-time utility of the period t cohort (Ωu

t ). Starting from an initial low
level of debt (D < Dss) - see Figure 1 - it follows that the equilibrium
trajectory has an increasing level of debt, and hence decreasing life-time
utility, i.e.

Ωu
t+j+1 ≤ Ωu

t+j for all j ≥ 0 if Dt−1 < Dss

The finite horizons underlying policy choices induce an inefficiency,
making cohorts successively worse off; debt accumulation is excessive.
Any cohort is worse off than the previous - the political decision process
creates a vicious circle. This result holds for any value of φ.

2.2 Budget rules

As a remedy to the excessive debt accumulation pointed out above,
consider a debt ceiling D̂ < Dss. It is assumed that the ceiling is fully
credible and binding. Observe that when the debt ceiling is binding it
corresponds to a balanced budget constraint.

In the absence of the ceiling, the political equilibrium implies a se-
quence of policy choices {gt+j, Dt+j}∞j=0 determined by (9) and (10) given
an initial debt level Dt−1 < Dss. Define the time period t+ k by

Dt+k−1 < D̂ and Dt+k ≥ D̂

i.e. along the unconstrained policy trajectory, period t+ k would be the
first period, where the debt level is higher than (or equal to) the debt
ceiling. Clearly, this is not feasible, and hence policies from period t+ k
onwards would be constrained by the ceiling and thus determined by

max
gt+k+j ,Dt+k+j

Ωt+k+j for j ≥ 0

subject to Dt+k+j = D̂ for all j > 0. Since Dt+k > D̂, initial debt will

also be constrained to D̂, and the first-order conditions to the policy

12
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problem read

ĝt :uc(y −RD̂ − ĝt+k + D̂ − s(y −RD̂ − ĝt+k + D̂)) = [1 + φ] υg(gt+k)

D̂ :uc(y −RD̂ − ĝt+k + D̂ − s(y −RD̂ − ĝt+k + D̂)) > −δυg(gt+k+1)
∂gt+k+1

∂Dt

where ĝ denotes the optimal level of public consumption when the debt
ceiling is binding (under a balanced budget requirement). Observe that
the second first-order condition states that the political process is con-
strained by the debt ceiling; i.e., in the absence of the ceiling, debt
would be higher. Since a debt level at the ceiling level implies that debt
is constant over time (Dt+k+j = D̂ for all j > 0), it follows that

ĝt+k+j = ĝ for all j ≥ 0

i.e. when debt accumulation has ceased, public consumption remains
constant across periods, and therefore the tax payment also remains
constant. A consequence of the debt ceiling is that the life-time util-
ity of future cohorts will remain unchanged. The debt accumulation is
stopped, and as a consequence the decline in public consumption and the
increase in the tax burden are halted. Therefore the decline in welfare
of future cohorts is stopped, which gives a welfare rationale for the debt
ceiling.

The preceding characterizes policies from period t+ k and onwards.
But when will the debt ceiling start binding? In the political process,
debt financing is influenced by the young perceiving that it affects their
future access to public consumption negatively. However, if debt reaches
the debt ceiling D̂ in period t + k, there is no incentive for the young
in period t + k − 1 to abstain from more debt financing, and hence the
debt level may be reached before t+ k. In other words, approaching the
debt ceiling makes fiscal policy more loose, since there is no ”reward” to
a more prudent policy. To see this more precisely, recall that only the
young voice an interest in the debt level, and they will follow the uncon-
strained trajectory as long as it delivers higher utility than by increasing
debt financing immediately and striking the debt target. That is, the
young are better off along the unconstrained trajectory (participation
constraint) as long as

u(y −RDt+h−1 − gt+h +Dt+h − s(y −RDt+h−1 − gt+h +Dt+h) + δv (gt+h+1)

>u(y −RDt+h−1 − gt+h + D̂ − s(y −RDt+h−1 − gt+h + D̂)) + δv (ĝ) for h < k

It follows that evaluated for h = k we have that the condition

u(y −RDt+k−1 − gt+k +Dt+k − s(y −RDt+k−1 − gt+k +Dt+k) + δv (ĝ)

>u(y −RDt+k−1 − gt+k + D̂ − s(y −RDt+k−1 − gt+k + D̂)) + δv (ĝ)
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is violated since Dt+k < D̂. This shows that there is an incentive to
deviate from the unconstrained trajectory before reaching period t+ k.
The period at which there is a jump in policies21 is in period t+ ĥ, cf.
Figure 4, for which

u(y −RDt+ĥ−1 − gt+ĥ +Dt+ĥ − s(y −RDt+ĥ−1 − gt+ĥ +Dt+h) + δv
(
gt+ĥ+1

)
=u(y −RDt+ĥ−1 − gt+ĥ + D̂ − s(y −RDt+ĥ−1 − gt+ĥ + D̂)) + δv (ĝ)

Anticipating that the debt ceiling is reached thus affects the political
process and leads to more debt financing. This moves forward in time
when the debt ceiling is binding.

Figure 4: Debt dynamics under a binding debt ceiling

21Notice that this has some similarity to a well-known result from the literature
on balance-of-payment-crises; see Obstfeld (1984). A pegged exchange rate policy is
threatened by a systematic monetization of public deficits, which via the increase in
the money supply leads to continuous depletion of foreign reserves making the peg
unsustainable in the long run. Market participants perceive the non-sustainability
of the policy trajectory, and therefore the peg has to be given up before the level of
foreign reserve reaches the lowest feasible level. In the present case, the discipline
constraining debt financing is eroded when the economy is close to the ceiling, leading
to a more loose fiscal policy bringing forward in time the moment the economy reaches
the debt target.
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3 Extensions

The analysis in the previous section has worked out the dynamics implied
by the political equilibrium in the overlapping generations economy in
the simple case to distill the key mechanisms. The following generalizes
the analysis by changing the political platform to allow for productive
expenditures, pensions and distortionary taxation.

3.1 Productive expenditures

The preceding considered public consumption as the main activity of
the public sector. Many public sector activities (e.g. education, health,
infrastructure) may have an effect on production and thus income2223.
In a stylized way such activities can be introduced by assuming that
period t income depends on period t − 1 human capital (h), which in
turn can be affected by education (e). Specifically, assume that output
depends on human capital in the following way such that income is

yt = y(ht)

where ∂yt
∂ht

> 0, and ∂2yt
∂h2t

< 0, and human capital is determined by a

decreasing returns production function

ht = h(ht−1, et−1)

depending on the past level of human capital (ht−1) and investments
in human capital (et−1), where (0 < ∂ht

∂ht−1
< 1, ∂ht

∂et−1
> 0, ∂

2ht
∂e2t−1

< 0 ). The

educational input affects the level of human capital with a one period
lag; human capital is thus predetermined.

Define period t net private income at the disposal of the young (in-
come minus debt servicing) as

ωt = ω (ht, Dt−1) ≡ y(ht)−RDt−1

which is pre-determined depending on the human capital stock and debt
decided in period t−1, hence the subscript t−1. The political objective
function can now be written (using the government budget constraint
Tt = RDt−1 + et + gt −Dt)

Ωt = u(ωt−gt−et+Dt−st)+υ(gt)+δ [u (Rst) + υ(gt+1)]+φ [u (Rst−1) + υ(gt)]

22Via effects on either labour supply or productivity. See empirical evidence given
in e.g. Gemmell et al. (2011).

23Peletier et al. (1997) consider public investment in the Tabellini and Alesina
(1990) two-period political economy model with political uncertainty/fragmentation.
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The policy outcome is the choices of gt, et and Dt maximizing Ωt given
that private savings are determined by

uc(ωt − gt − et +Dt − st) = Rδuc (Rst)

The first-order condition to this problem reads24

gt :uc(ωt − gt − et +Dt − st) = [1 + φ] υg(gt) (11)

et :uc(ωt − gt − et +Dt − st) = δυg(gt+1)
∂gt+1

∂et
(12)

Dt :uc(ωt − gt − et +Dt − st) = −δυg(gt+1)
∂gt+1

∂Dt

(13)

The ”new” first-order condition (12) has the same interpretation as (7)
that education expenditures should be increased up to the point where
the marginal costs equal the marginal future gain in terms of higher
supply of public goods.

In Appendix B it is shown that there exists a Markov equilibrium
where the policy variables can be expressed in terms of the following
implicit functions

gt = g(ωt, φ) ; gω > 0

et = e(ωt, φ) ; eω > 0

Dt =D(ωt, φ) ; Dω < 0

Note that period t− 1 decisions affect period t solely via the net private
income ωt = y(ht)−RDt−1; i.e., if there in period t− 1 is invested more
in education (higher e) or borrowed less (lower D), then net income is
higher in period t, and this works to increase public consumption and
investment, and to reduce debt. The response of education and debt to
the past debt level arises due to the link to the future supply of public
consumption.

On the margin, a change in education affects net private income by
its marginal product (

∂y(ht+j)

∂ht+j

∂ht+j

∂et+j−1
) and a reduction in debt by the gross

rate of return (R). The policy outcome ensures equality between these
two, since (12) and (13) imply25

24Note that in equilibrium gt+1 = g(ωt+1, φ) hence e.g. ∂gt+1

∂et
=

∂g(ωt,φ)
∂ωt+1

∂ωt+1

∂ht+1

∂ht+1

∂et
. The simpler expression is used in the text to avoid to simplify

the exposition.
25Note that this is not the level of educational input maximizing steady-state

welfare (Golden Rule) which is higher due to a lower implicit rate of return than the
market rate in a PAYG scheme in a dynamically efficient economy, cf. Andersen and
Bhattacharya (2017).
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∂y(ht+j)

∂ht+j

∂ht+j
∂et+j−1

= R for all j ≥ 0 (14)

If left unconstrained, the level of human capital and educational inputs
would reach a steady state (ht+k = hss and et+k = ess for all k ≥ 0).

Note that the level of education is independent of both the political
power of the old (φ) and the debt level (Dt−1). In the setting considered
in Section 2 with public consumption only, the young have an incen-
tive to avoid too much debt financing, since it reduces future public
consumption from which they benefit as old. In this setting with edu-
cation, there is a similar incentive to invest in future income to improve
the future level of public consumption. Therefore, the young support
such investments even if they are non-altruistic and the investment does
not give them any higher income directly26. On the margin, productive
expenditures and debt are similar ways of influencing future political
decisions, and therefore the optimal level of productive expenditures is
where the marginal product equals the gross return on debt. Except for
this modification, the basic results remain unchanged relative to the base
model. The equilibrium trajectory for public consumption, taxation and
debt are qualitatively as in Figure 1, if starting from a situation where
debt is below the steady-state level (D < Dss). Welfare is decreasing
along the equilibrium trajectory, and in that sense there is excessive debt
accumulation.

Consider next how the debt ceiling works in this case. Let the se-
quence of policy variables found in the unconstrained case are {gt+j, et+j, Dt+j}∞j=0.
Define time period t+ k by

Dt+k−1 ≤ D̂ and Dt+k > D̂

i.e. along the unconstrained policy trajectory, period t + k is the first
period, where the debt level is higher than the debt ceiling. From this
point in time, the debt constraint is binding. As shown in the previous
section, there is an incentive to give in to the debt restraint earlier, but
this is qualitatively as in Section 2. When the debt ceiling is binding,

26There are also indirect effects through which the old may benefit by investing
in the young or middle-aged; e.g., if it either increases the tax base and thus future
pensions or increases the return to savings; see e.g. Konrad (1995) and Poutvaara
(2003).
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the policy variables are determined by(for k > 0)

ĝt+k :uc(ωt+k − ĝt+k − êt+k +Dt+k − s(·)) = [1 + φ] υg(ĝt+k)

êt+k :uc(ωt+k − ĝt+k − êt+k + D̂ − s(·)) = δυg(ĝt+k+1)
∂ĝt+k+1

∂êt+k

D̂t+k :uc(ωt+k − ĝt+k − êt+k + D̂ − s (·)) > Rδυg(ĝt+k+1)
∂ĝt+k+1

∂ωt+k

where âdenotes the policy choice when the debt ceiling is binding, and
ωt+k = y(ht+k)− RD̂. Note that even though debt is constant, there is
an intergenerational link via investments in education.

It follows from the first-order conditions given above that

∂y(ht+k)

∂ht+k

∂ht+k
∂et+k−1

> R

i.e. the level of investment in education is reduced êt < et when the
debt ceiling is binding. In the constrained case, the level of educational
investment becomes dependent on the policy power of the old (φ), since
more power to the old increases public consumption, and this crowds out
investments in education. It is shown in Appendix B that (for k > 0)

ĝt+k = ĝ(êt+k−1, φ) ;
∂ĝt+k
∂êt+k−1

> 0,
∂ĝt+k
∂φ

> 0

êt+k = ê(êt+k−1, φ) ; 0 <
∂êt+k
∂êt+k−1

,
∂êt+k
∂φ

< 0

Stability further requires (see Appendix B) ∂êt+k

∂êt+k−1
< 1. When the debt

ceiling is binding, public education and consumption increases along the
equilibrium trajectory due to an increasing level of human capital.

When the debt ceiling is reached, there is less incentive to invest in
education, since it is competing with public consumption in the bud-
get. This in turn reduces future income, which leads to lower public
consumption and education. The debt ceiling thus has a welfare cost
in terms of squeezing out productive investments. This captures one of
the criticisms of budget rules, namely that they are too crude not dis-
tinguishing between ”productive” and ”non-productive” expenditures.
Could this problem be circumvented by a Golden Rule budgeting prin-
ciple, see e.g. Blanchard and Giavazzi (2004), where public investments
are not included in the debt concept for which the ceiling applies. To
analyse this situation, it is useful to decompose total tax payments (Tt)
into two components, (T gt ) to finance public consumption and (T et ) to
finance education (Tt = T gt + T et ). The two types of expenditures and
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taxes are kept separate. Debt related to consumption is denoted Dg
t and

evolves according to

Dg
t = RDg

t−1 + gt − T gt
and debt for education

De
t = RDe

t−1 + et − T et

If T et = et−1R, it follows that debt is De
t = et (assuming initial edu-

cation debt to be zero), and investment in education would be as in
(14). For public consumption and the associated debt, the situation is
similar to the base model, and the reasoning from there applies. Hence,
applying the ”Golden Rule” budgeting approach such that productive
investments/expenditures are not included under the debt ceiling, would
make it possible to counteract the deficit/debt bias without causing a
reduction in productive expenditures/investments. The preceding has
disregarded the practical problems associated with a distinction between
the two types of expenditures.

3.2 Pensions

Public pensions are a prime public activity with an intergenerational
link. The following adds pay-as-you-go pensions (b) to the political
agenda (productive expenditures are disregarded to simplify) to anal-
yse the consequences. With public expenditures on consumption and
pensions, debt evolves according to

Dt = RDt−1 + gt + bt − Tt

The possibility of voluntary savings is maintained27, but given the
asymmetry in political power, there may be political support to intro-
duce a public pension as well. The policy choice is now found as the
solution to the following programme

max
gt,bt,Dt

Ωt =u(y −RDt−1 − gt − bt +Dt − st) + υ(gt) + δ [u (Rst + bt+1) + υ(gt+1)]

+φ [u (Rst−1 + bt) + υ(gt)]

subject to the first-order condition for savings (st) given as

uc(y −RDt−1 − gt − bt +Dt − st) = Rδuc(Rst + bt+1) (15)

27The focus of this analysis is entirely the political support for pensions, and not
possible efficiency effects of intervention in pension saving.
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The first-order condition to the policy problem reads

gt : uc(y −RDt−1 − gt − bt +Dt − st) = [1 + φ] υg(gt) (16)

bt : uc(y −RDt−1 − gt − bt +Dt − st) = φuc (Rst−1 + bt) (17)

Dt : uc(y −RDt−1 − gt − bt +Dt − st) (18)

=−δυg(gt+1)
∂gt+1

∂Dt

− δuc(Rst + bt+1)
∂bt+1

∂Dt

The new aspect here is condition (17), saying that the optimal pen-
sion equalizes its marginal cost measured by the marginal utility of con-
sumption to the young financing the pension to the marginal benefit
given as the marginal utility of consumption to old weighted by their
relative political power. It is a well-known result from the pensions
literature that a public pension (PAYG) reduces long-run welfare in a
representative agent model when the economy is dynamically efficient
(corresponding to R > 1 in the absence of population growth), see e.g.
Aaron (1966). However, such a pension is introduced if the political
power of the old is sufficiently large28 (φ > Rδ); i.e., the old benefit from
the pension, and the cost falls on future cohorts. This is a generalization
of a well-known result; see e.g. Browning (1975).

The intergenerational political linkage now has two elements; leaving
a higher debt level to future cohorts may affect both the future level of
public consumption and pensions. This ”cost” of debt financing may
constrain the incentive to debt-finance public expenditures. To see more
clearly how the debt left to the next generation (Dt) affects future pen-
sions (bt+1), we have by use of the first-order condition (15) that equation
(18) can be written

uc(y−RDt−1−gt−bt+Dt−st)
[
1 +

1

R

∂bt+1

∂Dt

]
= −δυg(gt+1)

∂gt+1

∂Dt

(19)

In the special case where the political choice is only over pensions
and debt (υg(·) = 0: gt+j = 0 for all j), this reduces to

uc(y −RDt−1 − gt − bt +Dt − st)
[
1 +

1

R

∂bt+1

∂Dt

]
= 0

which is satisfied for
∂bt+1

∂Dt

= −R > 0 (20)

28The outcome may be a corner-solution with no pension, bt = 0, if uc(y − st) >
φuc (Rst−1) or using the individual first-order condition Rδuc(Rst) > φuc (Rst−1).
If the initial situation has no pension, then st−1 = st and the above condition holds
if Rδ > φ. Hence, φ > Rδ is required for a pension to be introduced. Note that this
holds for any debt level inherited from the past, see Appendix C.
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i.e. an increase in debt reduces the future pension by the gross rate of
return. This brings out a well-known result from the pensions literature
(see e.g. Atkinson and Stiglitz (1978), Sinn (2000), de la Croix and
Michel (2002)) that a PAYG pension financed by a lump-sum tax is
equivalent to a debt29. The equivalence follows immediately by noting
that the intertemporal budget constraint for cohort t reads

cyt +
cot+1

R
= y −RDt−1 − gt − bt +Dt +

bt+1

R

Hence, (20) implies that life-time income of the agents belonging to
cohort t is invariant to a change in the debt level Dt, i.e.

∂
[
y −RDt−1 − gt − bt +Dt + bt+1

R

]
∂Dt

= 1 +
1

R

∂bt+1

∂Dt

= 0

This is saying that if the young are contemplating raising the debt
level to shift some financing burden forward in time, it would release
a corresponding decline in their future pensions, leaving their life-time
income and thus utility unchanged. Debt and pensions are equivalent.
The interesting point here is that this equivalence holds in the political
equilibrium in the special case where the political agenda considers a
choice only between pensions and debt.

Returning to the general case (vg > 0), it follows directly from (19)

that 1 + 1
R
∂bt+1

∂Dt
> 0 and hence

∂bt+1

∂Dt

> −R

i.e. the pension-debt equivalence result does not apply when the
political decision also includes public consumption; ”crowding out” is
less than complete, and this gives a welfare rationale for a debt ceiling.
Clearly, the mechanisms are otherwise as in the base model, cf. above.

29To see the equivalence, note that the life-time income of cohort t under a balanced
budget regime (Tt = gt + bt) is

IPAY Gt = y − gt − bt +
bt+1

R

Compare this to a debt regime with no pensions where it is

IDEBTt = y −RDt−1 − gt +Dt

Clearly, IPAY Gt = IDEBTt if pension benefits are determined by bt+j = RDt+j−1
for all j.
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3.3 Distortionary taxation

To simplify, the preceding assumed lump-sum taxation, but the key
arguments straighforwardly generalize to the case where taxes distort
economic activity. To show this, it suffices to specify income (y) as a

function of the income tax rate (τ t), assuming that ∂y(τ t)
∂τ t

< 0,∂
2y(τ t)

∂τ2t
< 0.

This captures the essence of tax distortions in standard political econ-
omy models with endogenous labour supply, cf. Meltzer and Richard
(1981). In this case the tax revenue is

Tt = T (τ t) = τ ty(τ t)

where it is assumed that ∂T (τ t)
∂τ t

> 0 (ruling out that the economy is
on the downward sloping part of the Laffer curve). The public budget
constraint reads

gt = Dt −RDt−1 + T (τ t)

and the tax rate is given by

τ t = T−1(RDt−1 + gt −Dt)

which implies ∂τ t
∂RDt−1+gt−Dt

> 0. Disposable income can now be written

y(τ t)− T (τ t) = y(T−1(RDt−1 + gt −Dt))− [RDt−1 + gt −Dt]

=χ (RDt−1 + gt −Dt)

where

∂χ (RDt−1 + gt −Dt)

∂ [RDt−1 + gt −Dt]
= yτ

∂τ t
∂RDt−1 + gt −Dt

− 1

Utility for the young is therefore

Ωu
t =u(y(τ t)− T (τ t)− st) + v(gt) + δ [u(Rst) + v(gt+1)]

=u(χ (RDt−1 + gt −Dt)− st) + v(gt) + δ [u(Rst) + v(gt+1)]

It is readily apparent that the structure is similar to the base model, cf.
above. The costs of increasing g are now higher, since it financed by a
distortionary tax reducing output and thus consumption, and this tends
to reduce public activities, but otherwise the underlying mechanisms are
unchanged.
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4 Concluding remarks

With finite horizons (and no altruism), a deficit/debt bias arises be-
cause current voters have an incentive to shift financing forward in time
on future generations. The enforcement is young agents perceiving that
this in the future via debt servicing crowds out core activities of the
public sector from which they benefit. Along the equilibrium trajectory
(starting with low debt) debt increases, total taxes increase, and core
expenditures are crowded out. As a consequence, generations are worse
off along the trajectory. A debt ceiling (balanced budget) rule can cur-
tail this tendency to excessive debt accumulation, and is thus potentially
welfare improving. With a binding ceiling core expenditures are higher
and the total tax burden lower. This applies for various types of public
expenditures. Criticism that fiscal rules enforce a smaller public sector
is not justifed, rather such rules can prevent that debt crowds out core
activities of the public sector.

However, for expenditures with an investment element like education,
a binding debt ceiling may lead to underinvestments. This is a poten-
tial cost of a debt ceiling and raises the issue of so-called golden rule
budgeting rules keeping investment expenditures outside the fiscal rules.
This is, however, not without problems since in practice it is difficult to
define such investment activities precisely.

The political process has been modelled using the probabilistic voting
model. This model can be readily applied, and has the advantage that it
traces out the Pareto-efficient possibility frontier for the political choices.
A shortcoming is that it is difficult to relate to more specific institutional
and political factors which are likely to play a role, and which the stylized
facts shown in the introduction point to as important.

The primary aim has been to demonstrate how actually implemented
fiscal rules may affect the size and structure of the public sector. Find-
ing that simple rules are associated with welfare improvements raises
questions on optimal rules. While simple rules are more easy to imple-
ment, they are likely dominated by more sophisticated rules, and it is
an interesting question to analyse optimal rule design.

The analysis has purposely been very stylized to focus on the basic
effects released by debt dynamics and how it may feedback into the
political process. In future work it would be interesting to consider
these questions in more rich environments including, e.g., a changing
demographic structure.
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A Public consumption and debt

Standard assumptions are made ensuring that Ω is differentiable, and
the first-order conditions for the policy choices of gt and Dt are

Ωg =−uc(y −RDt−1 − gt +Dt − st) + [1 + φ] υg(gt) = 0

ΩD =uc(y −RDt−1 − gt +Dt − st) + δυg(gt+1)
∂gt+1

∂Dt

= 0

and the second-order conditions ensuring a local maximum are

ΩDD< 0

ΩDDΩgg − Ω2
Dg > 0

Conjecture a solution of the form

gt+1 = g(Dt, φ) (21)

Dt+1 =D(Dt, φ) (22)

and define

h(Dt, φ) ≡ δvg(gt+1)
∂gt+1

∂Dt

The foc condition for the policy choices of gt and Dt can therefore be
written

zg(gt, Dt, Dt−1, φ) ≡ −uc(y −RDt−1 − gt +Dt − st) + [1 + φ] υg(gt) = 0(23)

zD(gt, Dt, Dt−1, φ) ≡ uc(y −RDt−1 − gt +Dt − st) + h(Dt, φ) = 0 (24)

This equation system solves for gt and Dt as functions of Dt−1 and
φ of the form (21) and (22). The steady-state equilibrium satisfies

zg(g
SS, DSS, DSS, φ) = 0

zD(gSS, DSS, DSS, φ) = 0

To determine the properties of the function g(·) totally differentiate
(23) and (24) and evaluate at the steady-state equilibrium yields

zggdgt + zgDdDt + zgDt−1dDt−1 + zgφdφ= 0

zdgdgt + zDDdDt + zDDt−1dDt−1 + zdφdφ= 0

or in matrix form[
zgg zgD

zDgzDD

] [
dgt
dDt

]
= −

[
zgDt−1 zgφ

zDDt−1 zDφ

] [
dDt−1
dφ

]
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where

zgg = ucc(·) [1− sy(·)] + [1 + φ] υgg(·) < 0 zDD = ucc(·) [1− sy(·)] + hd(·)
zgD = −ucc(·) [1− sy(·)] > 0 zDg = −ucc(·) [1− sy(·)] > 0
zgDt−1 = Rucc(·) [1− sy(·)] < 0 zDDt−1 = −Rucc(·) [1− sy(·)] > 0
zgφ = υg(·) > 0 zDφ = 0

Note that (23) and (24) are the first-order conditions to the policy prob-
lem, and hence the 2nd order conditions can be written as

zDD< 0

zDDzgg −z2
Dg > 0

Note that they have to hold evaluated under the g (·) - function to have
a solution of the conjectured form.

To work out the comparative statistics using Cramer’s rule, we have

dgt =−

∣∣∣∣zgDt−1 zgD

zDDt−1 zDD

∣∣∣∣∣∣∣∣zgg zgD

zDgzDD

∣∣∣∣ dDt−1 = −
zgDt−1zDD −zgDzDDt−1

zDDzgg −z2
Dg

=− Rucc(·) [1− sy(·)]hD(·)
[1 + φ] υgg(·) [ucc(·) [1− sy(·)] + hD(·)] + ucc(·) [1− sy(·)]hD(·)

Since it has already been established that dgt
dDt−1

< 0 it implied by the

above expression that hD(gt, φ) < 0.
Similary, we have

dDt =−

∣∣∣∣zgg zgDt−1

zDgzDDt−1

∣∣∣∣∣∣∣∣zgg zgD

zDgzDD

∣∣∣∣ dDt−1 = −
zggzDDt−1 −zgDt−1zDg

zDDzgg −z2
Dg

=
[1 + φ] υgg(·)Rucc(·) [1− sy(·)]

[1 + φ] υgg(·) [ucc(·) [1− sy(·)] + hD(·)] + ucc(·) [1− sy(·)]hD(·)
> 0

Local stability around the steady state equilibrium requires dDt

dDt−1
< 1

or

R [1 + φ] υgg(·)ucc(·) [1− sy(·)]
[1 + φ] υgg(·) [ucc(·) [1− sy(·)] + hD(·)] + ucc(·) [1− sy(·)]hD(·)

< 1

or

[R− 1] [1 + φ] υgg(·)ucc(·) [1− sy(·)] < [[1 + φ] υgg(·) + ucc(·) [1− sy(·)]]hD(·)
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[R− 1] [1 + φ]
υgg(·)ucc(·) [1− sy(·)]

[[1 + φ] υgg(·) + ucc(·) [1− sy(·)]]
> hD(·)

Hence, a necessary condition for a stable equilibrium is hD(·) < 0, which
holds.

Finally, the effects of a change in the political power of the old are

dgt = −

∣∣∣∣zgφ zgD

zDφzDD

∣∣∣∣∣∣∣∣zgg zgD

zDgzDD

∣∣∣∣dφ = − zgφzDD

zDDzgg −z2
Dg

dφ > 0

and

dDt = −

∣∣∣∣zgg zgφ

zDgzDφ

∣∣∣∣∣∣∣∣zgg zgD

zDgzDD

∣∣∣∣dφ =
zgφzDg

zDDzgg −z2
Dg

dφ > 0

A.1 Log-case

Assume that u(c) = ln(c) and v(c) = ln(c). Savings is from (5) deter-
mined as

st =
δ

1 + δ
[y −RDt−1 − gt +Dt]

Conjecture the following solutions for the level of debt and public con-
sumption, respectively

Dt =A0 + A1Dt−1 (25)

gt =B0 +B1Dt−1 (26)

Equation (23) can be written

1

y −RDt−1 − gt + D̃t − st
= [1 + φ]

1

gt

implying

gt =
1 + φ

2 + δ + φ
[y −RDt−1 +Dt]

=
φ

2 + δ + φ
[y −RDt−1 + A0 + A1Dt−1]

which is consistent with (26) for

B0 =
φ

2 + δ + φ
[y + A0]

B1 =
φ

2 + δ + φ
[A1 −R]

28



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

Equation (24) can be written

1

y −RDt−1 − gt +Dt − st
= −δ B1

gt+1

or

B0 +B1D̃t = −δB1
1

1 + δ
[[y −RDt−1 +Dt]− gt]

Solving for Dt

Dt

[
1 +

δ

1 + δ

[
1 + δ

2 + δ + φ

]]
= − δ

1 + δ

[
1 + δ

2 + δ + φ

]
[y −RDt−1]−

B0

B1

Which is consitent with (31) for

A0 =
− δ

1+δ

[
1+δ

2+δ+φ

]
y − B0

B1[
1 + δ

1+δ

[
1+δ

2+δ+φ

]]
A1 =

δ
1+δ

[
1+δ

2+δ+φ

]
R[

1 + δ
1+δ

[
1+δ

2+δ+φ

]]
and hence

A0 =

[
2 + 2δ + φ− δR

2 + 2δ + φ

]
1

R− 1
y

A1 =
δR

2 + 2δ + φ
> 0

Stability requires A1 < 1 or δR
2+2δ+φ

< 1. Steady state (ss) debt and
public consumption is

Dss =
A0

1− A1

=
1

R− 1
y

Note that the debt level is the maximal level which can be served with a
constant income flow y at the gross rate of return R. Hence, in steady-
state the entire budget is absorbed by debt servicing, and public con-
sumption is driven to zero.

gss = B0 +B1D
ss =

φ

2 + δ + φ

[
y + A0 −

1

R− 1
y [A1 −R]

]
= 0
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B Productive expenditures

The first-order conditions for optimal policies read

gt :uc(ωt − gt − et +Dt − st) = [1 + φ] υg(gt) (27)

et :uc(ωt − gt − et +Dt − st) = δυg(gt+1)
∂gt+1

∂et
(28)

Dt :uc(ωt − gt − et +Dt − st) = −δυg(gt+1)
∂gt+1

∂Dt

(29)

where

k(ωt) ≡ δυg(g(ωt, φ))
∂g(ωt, φ)

∂ωt

∂ωt
∂et

We thus have three equations (27)-(29) in the three endogenous vari-
ables {gt, et, Dt} with ωt the state variable as conjectured in the text. It
is implied that

∂ωt
∂et

= − ∂ωt
∂Dt

or

R =
∂y(ht+1)

∂ht+1

∂ht+1

∂et

B.1 Binding debt ceiling

If debt is at the debt ceiling (D̂), the policy problem is

Maxgt,et Ωt = u(ωt−gt−et+D̂−st)+υ(gt)+δ [u (Rst) + υ(gt+1)]+φ [u (Rst−1) + υ(gt)]

where ωt = y(ht)−RD̂. The first-order conditions to this problem are

g : Λ̂g(·) ≡ −uc(ω − gt − et + D̂ − st) + [1 + φ] υg(gt) = 0

e : Λ̂e(·) ≡ −uc(ω − gt − et + D̂ − st) + k̂(et) = 0

where

k̂(et) ≡ δυg(gt+1)
∂gt+1

∂et
> 0

implying ∂gt+1

∂et
> 0.

The 2nd order conditions to the policy problem are

Λ̂gg(·)< 0

Λ̂gg(·)Λ̂ee(·)−
[
Λ̂ge(·)

]2
> 0
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where

Λ̂gg = ucc(·) [1− sy(·)] + [1 + φ] υgg(·) < 0 Λ̂ee(·) = ucc(·) [1− sy(·)] + k̂e(·) < 0

Λ̂ge(·) = ucc(·) [1− sy(·)] < 0 Λ̂eg(·) = ucc(·) [1− sy(·)] < 0

Λ̂get−1(·) = −ucc(·)ye(·) [1− sy(·)] > 0 Λ̂eet−1(·) = −ucc(·)ye(·) [1− sy(·)] > 0

Λ̂gφ = υg(gt) > 0 Λ̂eφ(·) = 0

Totally differentiating the first-order conditions for the policy choice
yields [

Λ̂gg Λ̂ge(·)
Λ̂ge(·) Λ̂ee(·)

] [
dgt
det

]
= −

[
Λ̂get−1(·) Λ̂gφ

Λ̂eet−1(·) Λ̂eφ(·)

] [
det−1
dφ

]
Using Cramer’s rule, we get

dgt
det−1

=−

∣∣∣∣∣Λ̂get−1(·) Λ̂ge(·)
Λ̂eet−1(·) Λ̂ee(·)

∣∣∣∣∣∣∣∣∣∣ Λ̂gg Λ̂ge(·)
Λ̂ge(·) Λ̂ee(·)

∣∣∣∣∣
=−

Λ̂get−1(·)Λ̂ee(·)− Λ̂ge(·)Λ̂eet−1(·)

Λ̂gg(·)Λ̂ee(·)−
[
Λ̂ge(·)

]2
=

ucc(·)ye(·)k̂e(·) [1− sy(·)]

[ucc(·) [1− sy(·)] + [1 + φ] υgg(gt)]
[
ucc(·) [1− sy(·)] + k̂e(·)

]
− [ucc(·) [1− sy(·)]]2

=
ucc(·)ye(·)k̂e(·) [1− sy(·)]

[1 + φ] υgg(gt)
[
[1− sy(·)]ucc(·) + k̂e(·)

]
+ [1− sy(·)]ucc(·)k̂e(·)

> 0

Since, dgt
det−1

> 0 this implies k̂e(·) < 0. Similarly,

det
det−1

=−

∣∣∣∣∣ Λ̂gg Λ̂get−1(·)
Λ̂ge(·) Λ̂eet−1(·)

∣∣∣∣∣∣∣∣∣∣ Λ̂gg Λ̂ge(·)
Λ̂ge(·) Λ̂ee(·)

∣∣∣∣∣
=−

Λ̂ggΛ̂eet−1(·)− Λ̂ge(·)Λ̂get−1(·)

Λ̂gg(·)Λ̂ee(·)−
[
Λ̂ge(·)

]2
=

[1 + φ] υgg(gt)ucc(·)ye(·) [1− sy(·)]

[1 + φ] υgg(gt)
[
[1− sy(·)]ucc(·) + k̂e(·)

]
+ [1− sy(·)]ucc(·)k̂e(·)

> 0
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Stability requires det
det−1

< 1 or

[1 + φ] υgg(gt)ucc(·)ye(·) [1− sy(·)] < [1 + φ] υgg(gt)
[
[1− sy(·)]ucc(·) + k̂e(·)

]
+[1− sy(·)]ucc(·)k̂e(·)

which can be written

[ye(·)− 1] [1 + φ] υgg(gt)ucc(·) [1− sy(·)] < [[1 + φ] υgg(gt) + [1− sy(·)]ucc(·)] k̂e(·)

or
[ye(·)− 1] [1 + φ] υgg(gt)ucc(·) [1− sy(·)]

[[1 + φ] υgg(gt) + [1− sy(·)]ucc(·)]
> k̂e(·)

Finally, considering the relative political power we have

dgt
dφ

= −Λ̂gφΛ̂ge(·)− Λ̂eφ(·)Λ̂ge(·)

Λ̂gg(·)Λ̂ee(·)−
[
Λ̂ge(·)

]2 > 0

and

det
dφ

=−

∣∣∣∣∣ Λ̂gg Λ̂gφ

Λ̂ge(·) Λ̂eφ(·)

∣∣∣∣∣∣∣∣∣∣ Λ̂gg Λ̂ge(·)
Λ̂ge(·) Λ̂ee(·)

∣∣∣∣∣
=− Λ̂ggΛ̂eφ(·)− Λ̂gφΛ̂ge(·)

Λ̂gg(·)Λ̂ee(·)−
[
Λ̂ge(·)

]2 < 0

C Pensions

The following considers the situation where the policy choice involves
pensions and debt; i.e. public consumption is disregarded. The first-
order conditions for the policy choice read

Ωb≡−uc(y −RDt−1 − bt +Dt − st) + φuc (Rst−1 + bt) = 0 (30)

ΩD≡uc(y −RDt−1 − bt +Dt − st) + δuc(Rst + bt+1)
∂bt+1

∂Dt

= 0 (31)

Suppose a past without any pension - would there be political support to
introduce the pension? This would require (assume initial debt is zero)

φuc (Rst−1) > uc(y − st)
Since individual foc for savings implies uc(y − st) = δRuc (Rst), this
condition can be rewritten

φuc (Rst−1) > δRuc (Rst)
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Since the initial situation is characterized by st−1 = st, it follows that
introduction of the pension requires

φ > δR

In the following this assumption is assumed fulfilled, and we consider
the dynamics of a system with positive pensions and debt, cf. (30) and
(31). Note first that since ∂bt+1

∂Dt
= −R, cf. main text, it follows that

uc (Rst−1 + bt) =
δR

φ
uc(Rst + bt+1)

and since φ > δR, it must be the case that

uc(Rst + bt+1) < uc (Rst−1 + bt) (32)

and since ucc(·) < 0, it follows that along the equilibrium trajectory

Rst−1 + bt > Rst + bt+1

From the first-order condition for savings, we find (recall that effects
via debt do not matter given the equivalence)

uc(y −RDt−1 − bt +Dt − st) = Rδuc(Rst + bt+1)

and hence ∂st
∂bt+1

= − Rδucc(·)
ucc(·)+R2δucc(·) < 0 implying that ∂[Rst+bt+1]

∂bt+1
=

− R2δucc(·)
ucc(·)+R2δucc(·) + 1 = ucc(·)

ucc(·)+R2δucc(·) > 0. Therefore the above inequality

only holds if bt+1 < bt. From (32), one can also infer that the equilibrium
path displays a decreasing sequence of c0. Note that there is no well-
defined steady-state equilibrium in this case, but this finding can be
attributed to the separability assumption and does not generalize. Note
that the above finding also applies in the general case υg(gt) 6= 0, since
(15) and (17) imply

φuc (Rst−1 + bt) = Rδuc(Rst + bt+1)

D Tax distortions

Define total tax revenue as

T (τ t) = τ ty (τ t)

where it is assumed that ∂T (τ t)
∂τ t

> 0 (ruling out that the economy is
on the downward sloping part of the Laffer curve). The public budget
constraint reads

gt = Dt −RDt−1 + T (τ t)
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The tax rate can therefore be written

τ t = T−1(RDt−1 + gt −Dt)

which ∂τ t
∂RDt−1+gt−Dt

> 0. Disposable income can now be written

y(τ t)− T (τ t) = y(T−1(RDt−1 + gt −Dt))− [RDt−1 + gt −Dt]

≡χ (RDt−1 + gt −Dt)

where

∂χ (RDt−1 + gt −Dt)

∂ [RDt−1 + gt −Dt]
= yτ

∂τ t
∂ [RDt−1 + gt −Dt]

− 1

Utility for the young can now be written

Ωu
t =u(y(τ t)− T (τ t)− st) + v(gt) + δ [u(Rst) + v(gt+1)]

=u(χ (RDt−1 + gt −Dt)− st) + v(gt) + δ [u(Rst) + v(gt+1)]

It is readily apparent that this has the same structure as the base model
in Appendix A, and hence qualitatively works in the same way.
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