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Abstract
Building on the work of among others Diamond (1965), a two-period overlapping generations model including income taxation, pension benefits,
and public investment is set forth in order to assess Belgium’s fiscal sustainability. Moreover, the model is employed to get a better grasp of the
effects of possible fiscal rules, which are among others thought to prevent
a deficit bias. In particular, the model is employed to calibrate the effects
of maintaining current fiscal policy, a balanced primary budget, and adhering to the golden rule of public finance. It is found that the Belgian
conditions will not lead to a sustainable equilibrium under the conditions
of the proposed model due to crowding out in the capital market. Furthermore, the assessed fiscal rules are preferred to the current policy even
if the initial Belgian debt would be relatively low.
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Introduction

In recent decades, oil crises and ensuing recessions, high interest rates, political
instability, and structural problems contributed to the deterioration of public
finances worldwide. Due to the recent economic downturn, budgetary problems
are a topical subject once again. The fiscal deficits, incurred as a result of the
current economic downturn, cause the public debt to rise steeply. Yet, the public
debt of some EU countries was already at a high level in comparison to other
industrial countries. It is agreed upon by academics and practitioners alike
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there is a necessity for fiscal measures both in the short-run and long-run, to
safeguard stability of public finances which should at the same time boost, or at
least not hurt, economic recovery. A frequently proposed way of achieving this
goal are so-called fiscal rules or budgetary constraints. The golden rule of public
finance adopted in Germany and the UK, for example, required governments to
run an overall balanced budget while allowing for debt-financed investments.
As such, one needs to consider both the fiscal rules’ effect on the general state
of the economy as well as the sustainability of the policy proposed to assess the
desirability of such rules.
Therefore, the purpose of this paper is to present an overlapping generations
(OLG) model for an economy under the authority of fiscal rules. This allows to
make inferences about the corresponding fiscal sustainability while controlling
for endogenous macroeconomic effects. Consequently, a sound answer can be
provided to the central question: Is the current Belgian fiscal policy sustainable
and what value do fiscal rules entail in this context?
In order to achieve this, the next section will first present some basic principles, as well as a perspective on the context within which the analysis should
be treated. Section 3 continues with the overlapping generations model used to
assess fiscal sustainability. It will also present the fiscal rules used in the following analysis. Section 4 will comprise the analysis of fiscal sustainability and
welfare when the current policy would be maintained and when the proposed
fiscal rules are in force. Finally, section 5 will provide some concluding remarks.

2
2.1

Public Finance with Overlapping Generations
Intergenerational Considerations

There has been a long-lasting discussion on the burden of public debt. The
well-known Ricardian equivalence hypothesis that only the quantity of government purchases and not the mode by which they are financed matters, has been
up for debate for a long time.1 The most important issue being the failure
of the permanent-income hypothesis. The permanent-income hypothesis states
that households’ behaviour is only affected by their lifetime budget constraint.
As it fails in quantitatively important ways, this implies that the Ricardian
equivalence result fails as well. As such, the resulting burden of public expenditures financed by current taxes or bonds (and accompanying increased future
taxation) would turn out not be the same.
Therefore, a special type of dynamic general equilibrium models of interest
are the so-called overlapping generations models including public debt popularized by Diamond (1965). By introducing overlapping generations and nonaltruistic households, the Ricardian equivalence breaks down in such models.
As a consequence, they allow for intergenerational considerations. In particular, the famous neutrality result fails to hold in the overlapping generations
1 An overview of potential failures is provided by Elmendorf and Mankiw (1999) and Romer
(2006).
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models considered below due to the presence of (unborn) future generations
whose interests are not (or only partially) taken into account by present generations. Such a turnover in generations causes a redistribution of wealth between
different generations. For instance, part of the future tax burden accompanying the issue of new government bonds is borne by individuals who are not yet
born at the moment of the issue. For that reason, the bond issue represents
net wealth to those who are alive at the moment of the issue and affects their
decisions.
More precisely, OLG models specify a setup in which agents live a finite
length of time, though long enough to remain in existence to overlap the next
generation’s lives. As a result, the models entail a demographically more realistic structure which in its turn adds to the robustness of this study, since
the sustainability of a country’s public finances depends partly on its (future)
demographics.
And, even though complete asymmetry between tax and debt funded public
expenditures and absence of altruism is rather unlikely, the setup offers the
opportunity to study the effects of fiscal policy measures (e.g. fiscal rules)
under the existence of a positive burden of public debt. Consequently, given the
real effects of debt in such a demographically more realistic setup, OLG models
appear to be an ideal instrument to test the influence of budgetary constraints
on the policymakers’ behaviour.

2.2
2.2.1

Fiscal Rules and Sustainability
Effective Fiscal Measures

Drawing upon a consensus with respect to the necessity of effective fiscal measures to safeguard the stability of public finances and the validation of this thesis
by the recent (European) debt crisis, a sufficiently stringent fiscal policy seems
appropriate to avert lapses like those in the mid-1970s and 1980s. Fiscal rules,
whether quantitative or not, indicate the public sector’s role in macroeconomic
processes and the direction in which policymakers aim the public finances to
evolve. As argued by Debrun et al. (2008) fiscal rules seek to provide a solution to the deficit bias problem that is caused by the governments’ myopia
and the common pool problem. Furthermore, fiscal rules contribute to the prevention of disruptive fiscal adjustment (Fernandez-Huertas Moraga and Vidal,
2010). Consequently, they are a frequently suggested measure of achieving the
above-mentioned goal.
Nonetheless, the design of efficient and effective fiscal rules has been the
centre of debate for several decades, with the contrast between stringent neoclassical principles and Keynesian macroeconomic stabilization as a common
thread. Many rules with different objectives and impacts have been proposed
and applied. Budgetary constraints regained attention due to the enforcement
of the Treaty of Maastricht (succeeded by the Stability and Growth Pact as a
part of the Treaty of Amsterdam) imposing among others the requirement for
member states of the EMU to preclude excessive budget deficits. More recently,
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the Chancellor of Germany, Angela Merkel, put forward the idea to strengthen
the Eurozone fiscal union by imposing a ’golden rule’. More specifically, the proposal encompasses the requirement for member states to balance their budget
over the cycle, as opposed to the historical definition of the golden rule of public finance aiming at an annual budget balance yet allowing for deficit financed
public investment.
A series of recent studies used endogenous growth models to map the economic impact of fiscal rules. These growth models comprise a significant portion
of the debate concerning fiscal rules, especially with respect to the golden rule.
The various growth models, however, do not entirely agree upon the impact
of the golden rule on economic growth and welfare. For instance, Kellermann
(2007), Groneck (2010), and Agénor and Yilmaz (2011) found that the golden
rule (or other primary surplus rules that exclude productive spending) result in
a higher growth in comparison to a balanced budget or a fixed deficit benchmark. Minea and Villieu (2009), on the other hand, found that the golden
rule would lead to lower growth in both the short and long run. The resulting
welfare effects were found to depend on the form of the utility function, in particular the intertemporal elasticity of substitution of consumption. For instance,
Ghosh and Mourmouras (2011) stated that the golden rule may actually result
in a higher steady-state welfare in comparison to a rule for which there are no
constraints on the objectives for borrowing.
The overlapping generations approach has more recently been applied as
an instrument for the analysis of fiscal policy rules as well. As discussed below, this was mainly done in combination with the analysis of macroeconomic
stabilisation and fiscal sustainability.
2.2.2

On the Definition of Sustainability

Fiscal rules are inherently linked with public debt and fiscal sustainability. It is
often taken for granted that fiscal sustainability refers to fiscal policies which can
be maintained indefinitely without risking a government’s ability to continue
to spend in order to achieve public purposes. Nevertheless, the definition of
fiscal sustainability employed by different assessments in the economic literature
varies, as is illustrated in this subsection.2 In general, the law of motion of a
government’s debt can be written as follows:


1 + rt
(1)
bt = dt + bt−1
1 + yt
2 Moreover, note that some authors (e.g. IMF, 2002; or Perotti, 2007) draw a distinction
between a government’s solvency and sustainability. The government is judged solvent if it
satisfies the no-Ponzi scheme condition discussed below, i.e. if it is able to service its outstanding debt using future primary surpluses over an infinite horizon. Whereas sustainability
refers to the capability of the government to attain the same budget constraint given historical
data generated under current policies in a finite horizon. In order to keep the overview of the
methods at hand comprehensive, both idioms will be used interchangeably. Nonetheless, the
reader is advised to keep the slight difference of definition in mind.
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where bt is the public debt relative to GDP, dt stands for the primary deficit
as a percentage of GDP, rt is the real interest rate, and yt represents the real
GDP growth rate at time t. Discounting back to the initial period implies that
a government could meet its requirements even if it successively rolls over its
entire debt and runs a Ponzi scheme, i.e. by issuing new debt to pay off both
the principal and the interest payments of the debt coming due. Nonetheless,
O’Connell and Zeldes (1988) have shown that this is not feasible when there is
only a finite number of utility maximizing agents in the economy. As a result,
the following transversality condition (i.e. no-Ponzi scheme condition) should
be adhered to:
" 
−T #
1+r
≤ 0.
(2)
lim bT
T →∞
1+y
Consequently one may thus argue that this is complied with if the economy
is dynamically efficient (r > y).3 Under the assumption that private agents
cannot be indebted to the government, formula (2) will hold with equality and
the accompanying intertemporal budget constraint (IBC) for the government
can be denoted as follows:
" T
#
X  1 + r −t
lim
dt
= −b0 .
(3)
T →∞
1+y
t=1
Utilizing a country’s fiscal balance and its components, a straightforward
test of sustainability based on the former is to analyse whether both public
expenditures (exclusive of the interest burden) and government revenues may
continue to display their historical growth rates in the future. In particular,
the government expenditures and government revenues have to be cointegrated
in order for the government to satisfy its IBC, as suggested by Hamilton and
Flavin (1986). In addition, stationarity of the public debt series in differences
should be sufficient to conclude that a country’s fiscal policy is sustainable, as
it implies that the no-Ponzi scheme condition is satisfied. Similarly, Trehan
and Walsch (1988) suggested to test for cointegration between the series of a
government’s primary balance and its public debt. More recently, however,
Bohn (1998) suggested that such tests may be misleading to test sustainability
in accordance with the IBC due to sensitivity to the discount rates. Testing for
the reaction of the fiscal balance to changes in the debt stock (i.e. testing a
fiscal reaction function) would overcome this problem.
In his turn, Blanchard (1990) took a different approach by introducing the
primary gap and tax gap indicator of sustainability, based on the the permanent
primary deficit and the fiscal revenues as a percentage of GDP imperative to
stabilize the debt level, respectively.4 Building upon this, an adjusted primary
3 Dynamic inefficiency of an economy is characterized by a level of capital per effective unit
of labour exceeding its golden rule level, i.e. agents are saving too much and consuming too
little.
4 By contrast, Buiter (1985) focused on stabilizing the ratio of public sector net worth to
output instead of the level of public debt.
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gap indicator, as well as an adjusted tax gap, can be calculated to indicate the
amount by which the primary surplus has to increase such that the IBC holds,
as done by the European Commission’s S2 sustainability indicator.
Lastly, given the aging population, another important approach is offered
by the method of generational accounting developed by Auerbach et al. (1991,
1994). Generational accounting added an intergenerational perspective to the
analysis by measuring the redistribution of lifetime tax burdens across generations. Instead of using the conventional fiscal deficit and the level of public debt
as a measure of sustainability, proponents of generational accounting propose
among others the use of the fiscal gap (see e.g. Raffelhuschen, 1999; or Deeg
et al., 2009). The fiscal gap reflects the additional burden that will need to be
imposed on future generations to satisfy the government’s budget constraint.
Moreover, note that the method of assessing the sustainability of fiscal policy
adopted by the OECD is found to show a large parallel with the one offered
by generational accounting (Benz and Fetzer, 2006). Nonetheless, a possible
drawback of a generational accounting analysis is the strong data requirements
posed by it.
The aforementioned methods of assessing fiscal sustainability have the benefit of explicitly emphasizing the constraints imposed on fiscal policies. In spite of
that, they overlook the simultaneity between budgetary variables and the general economic conditions. In reality, however, taxes, public expenditures, budget
deficits, and public debt do have an impact on macroeconomic variables such as
the interest rate and the growth rate. Consequently, although the greater ease
of empirical testing of the former, more complex general equilibrium models
have been proposed to improve the robustness of sustainability analyses.
Diamond (1965) pioneered by developing an OLG model with a neoclassical
technology framework to analyse the effects of the debt stock on the long run
steady state of a closed economy. An increase in internal or external public
debt (per capita) was found to decrease the consumer’s utility in case of an
efficient economy, but may increase it in the inefficient state. Building on this
framework, several other notable results were established. For example, Rankin
and Roffia (2003) used a Diamond OLG model to assess the theoretical determinants of maximum sustainable debt. Among others, they showed that for both
an open as a closed economy a maximum sustainable level of debt almost always
exists. More specifically, it occurs where variables are such that an infinitesimal
increase in debt causes the economy to embark on a path of uncontrolled capital
decumulation.
Furthermore, as the research was - and still is - hesitent of investigating
cases where the steady-state interest rate falls short of the growth rate (r < y),
Chalk (2000) too used a Diamond OLG setting to assess the sustainability of
bond-financed deficits and accompanying limits to government borrowing in this
particular case. Although that under these conditions permanent deficits are
sustainable according to the IBC, his findings proved that r < y is a necessary
yet not sufficient condition for permanent deficits. In addition, it is required
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that the deficits and stock of debt is not excessive.5
Finally, de la Croix and Michel (2002) showed that there is no restriction on
government borrowing when policymakers can freely tax all generations. While
fiscal instruments are limited by the fact that the life-cycle income of the agents
must be kept positive, there is no specific constraint on debt policy. There
thus appears to be no theoretical reason to oblige the government to satisfy its
IBC in overlapping generations models. Hence, in combination with the possible
counterintuitive results of the IBC (see e.g. Chalk, 2000), this provides evidence
that a dynamic OLG approach is a valuable road to explore in order to achieve
the main objective of this paper.
2.2.3

Point of Tangency

As mentioned before the OLG analysis of fiscal rules has largely been conducted
in combination with the analysis of macroeconomic stabilisation and fiscal sustainability. For example, Yakita (2008) uses the OLG approach to analyse the
sustainability of budget deficits in case a golden rule is in force. A threshold
level of initial public debt (for a given stock of public capital) was found to exist.
When that threshold is surpassed, the government is judged unable to sustain
the budget deficits intended by the prevailing rule.
Related research with regard to the European setting has been done as well.
Marin (2002), for instance, showed that a close to balance or in surplus fiscal
rule such as the one entailed in the Stability and Growth Pact can guarantee
the global stability of the equilibrium and furthermore make fiscal sustainability
compatible with automatic stabilisation. Annicchiarico and Giammarioli (2004)
incorporated a simple fiscal policy rule into their OLG model. Allowing for
a fiscal rule that adjusts the primary balance (as a percentage of GDP) as
a function of the deviation from the European target debt level, they found
that a fiscal rule characterized by time invariant parameters may result in nonlinear adjustments of the former fiscal variables. Moreover, they found that the
adjustment of the transfer instead of the tax rate in order to satisfy the rule
positively influences growth and consequently the speed of convergence of the
public debt to its target level. Nonetheless, the analysis in Section 4 will go into
some objections to the latter.
de la Croix and Michel (2002) distinguished between the effects of constant
deficit policies and constant debt policies on capital accumulation and debt dynamics. A level of debt such that the golden rule capital stock is a steady
state always exists. However, a constant debt policy may be unable to lead
the economy to the golden rule, as it can only implement the golden rule for a
specific level of the initial debt. The authors conclude that none of the policies
considered is stable per se. Nonetheless, two policies were generally found un5 Though, Zee (1988) did show that the rate of economic growth must exceed the interest
rate (net of taxes) in the steady state for any amount of public debt to be stable in a closed
economy. Moreover, the level of debt maximizing the consumer’s utility was bound to be
positive if the steady state level of the capital intensity is below its golden rule level, and vice
versa.
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sustainable: to maintain a constant deficit with a too high initial debt and to
maintain a constant debt with a too low initial capital. In their turn, FernandezHuertas Moraga and Vidal (2010) found proof that indicates that fiscal rules
are indeed desirable. They formulated an OLG model for sustainability analysis including human capital formation through educational spending. That way,
they found that in the absence of fiscal rules which stabilise government debt,
the economic equilibrium is in general unstable and a debt trap may render
fiscal policy unsustainable. Therefore, discretionary fiscal policy is found to be
inadvisable and a rationale for such fiscal rules is provided.
In brief, as there is much debate on the impact of fiscal rules the main purpose of this paper is to analyze two frequent proposals both from an economic
as a sustainability perspective. Doing this, it is found that the current Belgian
debt stock is unsustainable and budgetary constraints offer an insufficient solution. Nonetheless, in case of a lower initial debt stock, the proposed rules are
expected to be preferred to the current policy due to their expansionary impact,
to which there exists a clearly defined limit.

3

The Model

The model employed in this paper is a two-period overlapping generations model
based on that of Diamond (1965) and is in the line of the model presented by
Annicchiarico and Giammarioli (2004). The discrete time model presented here
will each period consist of a young generation which provides labour and pays
proportional taxes on its labour income, while the old generation is retired and
enjoys a pension benefit. Moreover, the government is assumed to provide in
public capital formation which positively influences production, factor prices
are endogenous, and capital is depreciated each period.

3.1

Households

The consumption side of the model consists of N consumers who each live two
periods. They earn a living by supplying labour to firms when young, while
they are assumed to retire in the second phase of their lives.6 Consequently,
they earn wage income while young and enjoy transfers from a pension scheme
when retired, allowing them to consume in both periods. Each agent chooses its
consumption plans to maximize his or her discounted lifetime utility function,
U (cYt , cO
t+1 ), taking the return on savings from one period to another as given.
The superscripts denote the stage of life of the private agents, i.e. young and
working or old and retired. In this context, the representative consumer born
in period t solves the following problem:
max u(cYt ) + βu(cO
t+1 )
{cYt ,cO
t+1 }

(4)

6 Each of the private agents is endowed with eY efficiency units of labour when young. This
t
can, however, be normalized to one without loss of generality.
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where u(•) is the instantaneous utility function, cYt is the consumption by the
young generation during period t, cO
t+1 is the consumption by the same generation when old during period t+1, and β entails a notion of discounting as it
is the inverse of the rate of time preference.7 Accordingly, the representative
consumer derives utility only from his own consumption during both stages of
life and is assumed not to have any incentive to leave an inheritance for future
generations (i.e. there is assumed to be no bequest motive).
Furthermore, the consumer problem is subject to the following budget constraints:
cYt = (1 − τt )wt − sYt

(5)

Y
cO
t+1 = [1 + Et (Rt+1 )]st + Et (πt+1 )wt

(6)

where wt is the wage rate at time t (i.e. per unit of labour provided when
young), τt denotes the distortionary tax rate levied by the government on the
young agents living at time t (with 0 < τt < 1), sYt denotes the savings by the
young at time t, Et (Rt+1 ) is the expected return earned on these savings, and
Et (πt+1 ) is the expected pension rate received by the representative consumer
born in period t when old (with πt+1 > 0). The taxes and retirement benefits
are assumed to be proportional to the labour income earned by the generation
when young. These simplifying assumptions do, however, imply there is no
redistribution among income classes or between different generations. The focus
of the system is on the intertemporal redistribution for an agent within the same
generation. Nonetheless, it does show some resemblance to among others the
Belgian social security system in the sense that current transfers are financed
with current contributions, i.e. it is a repartition system.
Further, there are no bequests incorporated into the representative consumer’s budget constraints (i.e. the old agents do not leave any inheritance for
the next generation’s youngsters) to render the two-period model non-Ricardian.8
Finally, note that the population is assumed to grow at the exogenous rate
n each generation, implying that the labour force grows at rate n as each agent
is supposed to supply his or her endowments of labour inelastically during the
first phase of their lives.

3.2

Firms

The production side of the model is characterized by a neoclassical production function depending on both capital and labour. Each firm i at time t its
production function can be expressed as:
1
with ρ the rate of time preference of the private agents.
particular, β = 1+ρ
models with infinitely lived agents such bequests are typically present making the
current agents consider future effects of their present decisions, causing the Ricardian equivalence to hold. For instance, such models can be rewritten as a succession of finitely lived
private agents who all take into account the utility in every future period, also those of future
generations.
7 In

8 In

9

Yit = F (Kit , KtP LD
it )

(7)

where Yit is the individual output of each firm i at time t, Kit denotes the private
capital rented by firm i, LD
it is the individual labour demand of each firm i, and
KtP represents the stock of public capital available in period t (which, following
Futagami et al. (1995) and Yakita (2008), is assumed to multiplicatively have
an enhancing effect on output through labour input). Note that the producer
problem can, however, be simplified by normalizing the number of firms to one
single firm which takes prices as given. That profit maximizing firm’s problem
then is
D
max F (Kt , KtP LD
t ) − rt Kt − wt Lt .
{Kt ,LD
t }

(8)

where wt is the wage rate at time t per unit of labour. Note that Rt = rt − δ
has to hold, with δ denoting the rate of depreciation. In other words, the return
on savings has to equal the return on capital after depreciation, which implies
a loss in value.
In view of a constant returns to scale production function it is convenient to
rewrite production as a fraction of efficiency units of labour (i.e. in its intensive
form). Using lower case letters to indicate variables as a fraction of efficiency
units of labour, it follows that:


Kt
P D
Yt = F (Kt , Kt Lt ) ⇔ yt = F
, 1 = f (kt ).
(9)
KtP LD
t
Solving the producer’s maximization problem in case of a Cobb-Douglas pro1−α
duction function, Yt = (Kt )α (KtP LD
, results in the following factor prices:9
t )
rt = αktα−1
w̄t = (1 −

3.3

α)ktα

(10)
(11)

Government

As mentioned in paragraph 2.2.2 the government has to obey the law of motion
of debt. Writing it such that the stock of public debt at the beginning of the
period is considered, the government has to obey the following debt dynamics:
Bt+1 = (1 + Rt )Bt + Dt .

(12)

In particular, her level of public debt at the beginning of period t+1 is formed
by the nominal value of the debt stock at the beginning of period t, the interest
9 Note that this Cobb-Douglas function satisfies the constant returns to scale property
necessary for rewriting the problem in its intensive form (i.e. the function is homogeneous
of degree one in its arguments), as well as the Inada conditions and prerequisite of positive
(but decreasing) marginal products in effective units of labour of a neoclassical production
function.
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burden following from this debt stock, and the primary deficit accrued during
period t. In addition, the primary deficit is assumed to consist of, on the
one hand, the amount by which the transfers to retired agents exceed the tax
revenues during the same period. And, on the other hand, the government
is also assumed to provide public capital. In particular, investment in public
P
− KtP ), will each period amount to a fixed rate of output,
capital, ItP (= Kt+1
θYt . Formally, in period t this is
Dt = πt wt−1 Lt−1 − τt wt Lt + ItP .

(13)

Consequently, the government’s budget constraint can be rewritten as:
Bt+1 = (1 + rt )Bt + πt wt−1 Lt−1 − τt wt Lt + ItP .

(14)

Public policymakers their choices are described by the sequences of Bt and
Dt , which in turn are implied by the choice of the tax and benefit rates (since
public investment is assumed to be an exogenously fixed fraction of output).
The specific regulations to which these choices are subjected, will be discussed
in the next subsection.

3.4

Fiscal Policy Rules

Using the above described model the rest of this paper will aim to test how both
a country’s real economy and fiscal position react to different fiscal policies. The
various fiscal policies will be formulated as fiscal rules to which the government
has to obey, say constitutionally.
Current Fiscal Policy A rather self-evident first scenario to be assessed is
a continuation of current fiscal policy. How sustainable is the current policy if
it would be carried on in the future and, in particular, what long term effects
would it have on the real economy? By not only keeping the proportion of
public capital investment fixed, but also fixing the tax rate and benefit rate to
their initial level the model gives an indication.
A Balanced Budget Another intriguing case, certainly in light of current
European developments, is that of a balanced budget. In particular, a balanced
primary budget will be considered. More specific, setting Dt = 0 in equation
(13) implies:
τt wt Lt = πt wt−1 Lt−1 + θYt .

(15)

Note that the debt dynamics to be adhered to can be simplified to Bt+1 =
(1 + Rt )Bt . Consequently, the growth rate of the nominal debt stock will equal
the rate of return on the government bonds.
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A Golden Rule The final policy rule considered is that of a permanent deficit
policy. The deficit level will be chosen such that the primary deficit accrued can
amount to a level equal to that of the public capital investments. All the rest of
the government’s expenditures (i.e. the pension benefits) should balance with
her fiscal revenues. Consequently, the deficit rule that will be considered below
largely corresponds to the historical golden rule of public finances. In the above
model this can be formally expressed as Dt = θYt . This in turn implies:
τt wt Lt = πt wt−1 Lt−1

(16)

and Bt+1 = (1 + Rt )Bt + θYt .

4
4.1

A Case for Fiscal Rules and Sustainability?
Approach of the Analysis

In the model under consideration crowding out in the capital market may eventually result in a negative private capital stock.10 In particular, the requirement
to satisfy
sYt Lt = Kt+1 + Bt+1 .

(17)

implies that an excessive public debt may crowd out private capital investments.11 Given the complete depreciation of capital during a thirty year period
(see infra), this implies that the private capital stock becomes negative in case
a country’s current private savings fall short of the amount necessary to finance
next period’s public debt certificates. In addition, a negative private capital
stock yields it impossible to determine a real valued rate of return and wage.
Moreover, a negative private capital stock is rather unthinkable in practice.
Consequently, a minimum criterion for the basic continuity of a policy emerging
in this context is provided in Proposition 1.
ft , necessary to
Proposition 1. The threshold level of the initial public debt, B
assure a positive capital stock until period T at least, keeping fixed all other
initial variables, is


T
−1
TY
−1
h
i
X
β
πT
T −1−t
Dj
−
(1 + Ri )
1+β 1 − τT −1 − β(1+RT ) wT −1 Lt (1 + n)
ft =
B

j=t

i=j+1

TY
−1

(1 + Ri )

i=t
10 The capital market crowding out discussed here has to be opposed to the international
crowding out effect due to floating exchange rates.
11 In accordance with Auerbach and Kotlikoff (1987), crowding out in the long run is found.
Nevertheless, due to the time horizon of the model the crowding in they found in the short
run is hard to reestablish here.
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.

The threshold level introduced above does not represent the variable levels
for which the IBC from paragraph 2.2.2 holds. Although it represents a relationship among the current debt and future primary balances, it also takes into
account private savings as a function of the wages, taxes, pensions, and interest
rates. It is, however, required to ensure the existence of an equilibrium for the
model. And thus it is suitable for this setup. Yet, once continuity is guaranteed,
sustainability in a stricter sense can be tested. Below, the requirement will be
such that the private capital stock remains strictly positive for at least the next
150 years.
Finally, take notice of the fact that other possible criteria than such a debt
threshold exist as well. For instance, one could impose stronger requirements,
such as a minimum level of capital (as a percentage of GDP) higher than zero.
One could also express the criterion as the primary deficit level (over the 30
year period) required - ceteris paribus - to ensure a positive private capital
stock. That way, it would provide in a clear policy directive. In addition, the
rate of the pension transfers or labour taxes required to have a positive private
capital stock are possible criteria. The latter would mirror an application of the
indicator proposed by Blanchard (1990) to the current setting.

4.2

Calibration Methodology

Now the model setup and its dynamics are clear, the analysis of current fiscal
policy and sustainability in case of the aforementioned fiscal rules can be presented. This will be done under the assumption that the households have perfect
foresight. However, before proceeding to the actual analysis of the model, a brief
word on the methodology is in order. In the calibration below each period (thus,
phase of life of a private agent) is assumed to consist of 30 years as this is standard for the calibration of two-period models (de la Croix and Michel, 2002).
This property also implies that the rates mentioned below in the model output
are 30 years based.
In order to calibrate the model, so as to obtain the results presented below,
General Algebraic Modeling System (GAMS) is used. Calibrating the model the
population growth rate (and accordingly the growth rate of the labour supply)
is fixed at 1.49 per cent annually in conformity with the Eurostat average of
the population growth rate of Belgium during the last decade.12 Nonetheless,
note that the model considers the sequence of the level of the labour supply
to be endogenous. Other parameters have to be chosen non-arbitrarily as well.
The capital share in production and the discount factor representing the rate of
time preference are chosen in accordance with standard values in the literature
pinned down empirically by others and proven to be reliable. In particular, α is
set at 0.25 (Chalk, 2000). And, given that private agents were found to be fairly
patient, β equals 0.99 per quarter, corresponding with a rate of time preference,
12 The per annum rate can be converted to the 30 years based rate as follows: n
30y =
(1 + 0.0149)30 − 1 = 0.558466873.
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Parameter

Assigned Value

α
β
δ
n

0.250
0.299
1.000
0.558

Table 1: Exogenous Values for Calibration
ρ, of 0.01 per quarter (de la Croix and Michel, 2002).13 Finally, a 100 per cent
depreciation rate over 30 years seems reasonable.
Furthermore, for initiating the calibration some variables have to be assigned
initial values. At the time of writing the most recent observations in the BelgoStat database of the National Bank of Belgium with respect to the capital
stock are for 2009. In particular, the gross private capital stock amounted to
1,422 billion Euros. The gross public capital stock, in its turn, amounted to 200
billion Euros. For the same period, the gross consolidated public debt stock of
Belgium (following the definition of the Treaty of Maastricht) amounted to 326
billion Euros. Moreover, the initial factor prices can be set. Given an average
annual rate of return on capital of 4.896 per cent (over the period 2000-2009)
according to Eurostat, the 30 years equivalent of r is 3.195. The initial value of
R is therefore implied too. In addition, the wage rate is normalized to one.
Except for the variables representing stocks or prices, some flow variables
have to be assigned initial values as well. For instance, Y represents the country’s GDP over one period in the model, hence 30 years. Starting from Belgium’s
GDP during 2009 of 335 billion Euros and an average growth rate of 1.37 per
cent per year over the last decade, this would yield an estimated GDP flow of
12,333 billion Euros over the subsequent 30 year period. Given the preceding
variable choices, the initial labour supply can be normalized such that no profits
are realized (due to perfect competition) and the goods market clears. The last
(flow) variable to be predetermined is the primary deficit run by the government
during the first period. Again precluding periodical effects - in order to provide
more general policy implications - by taking the average over the past decade
(i.e. -8.779 billion Euros), the 30 years equivalent (when the primary deficit
would be kept constant during the whole period) is -263 billion Euros.
A summary of all the exogenously fixed parameters is given in Table 1. An
overview of the rescaled initial values for calibration of the parameters just
discussed is presented in Appendix A. Except for those rescaled variables, all
monetary values in the tables and figures that follow will be expressed in billions
of Euros.
13 This per quarter rate can be converted to the 30 years based rate as follows: β
30y =
0.99120 = 0.299380391.
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4.3

Continuing Current Fiscal Policy

Under this scenario the government is assumed to leave its current fiscal policy
unaltered in the future. In the model under consideration this implies that the
government keeps fixed the tax rate on labour (τ ), the pensions as a proportion
of labour income (π), and public investments as a proportion of GDP (θ). Hence,
Belgium’s current fiscal policy can be characterized as follows. The tax rate on
labour is kept fixed at 0.383, signifying the 2003 Belgian tax rate on labour
(McDaniel, 2007).14 Note that this rate only deviates little from the average
rate over the period 1994-2003, 0.3873. On the other hand, the pension benefit
as a percentage of the individual gross earnings averaged over all households
(i.e. the gross replacement rate) in 2008 in Belgium amounted to 42.0 per cent
(OECD, 2011). For an individual’s net earnings (i.e. after taxes) it was 64.1 per
cent. And, finally, the Belgian public investments as a proportion of GDP are
kept fixed at their 2008 value according to the OECD StatExtracts database,
i.e. 1.66 per cent of GDP.15 A summary of these variables is presented by Table
2.
Variable

Assigned Value

τ
π
θ

0.383
0.42
0.0166

Table 2: Variable Values w.r.t. Current Policy

4.3.1

Failing to Meet the Threshold

Solving the model numerically using the aforementioned parameters and initial
values shows that the Belgian fiscal starting position is unsustainable. More
specific, as described above, due to crowding out rising public debt will crowd
out private investments in the third period. To assure continuity given that
current fiscal policy is maintained, current public debt should be 39.622 billion
Euros at the most. Thus, the public debt as a percentage of GDP should
currently not exceed 11.82 per cent. In all other cases, current private savings
will be insufficient to finance both next period’s public debt certificates and a
positive private capital stock.
If the current public debt stock, however, does prevail, a minimum primary
surplus of 1,179.634 billion Euros over the next thirty years would be required to
assure an equilibrium. This means that the government should run an average
annual primary surplus during the next thirty years that is over 4.5 times higher
than the average during the last decade.
14 Although a more recent rate would have been preferred, it will become clear further on
that a reasonably higher or lower rate would not influence the conclusions drawn from the
analysis.
15 As a matter of comparison, this is slightly less than the average value over the period
1999-2008, which was 1.719 per cent of GDP.
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4.3.2

Sensitivity Analysis

Calibration is a delicate exercise. The specification of a restricted number of
parameters may make the results sensitive to changes in the assumptions concerning their values. An overview of the individual sensitivity of each of the
parameters characterizing current fiscal policy, while the other parameters are
kept constant at their prespecified level, are included in Figure 1. In particular,
the three panels of Figure 1 portray the threshold level of initial debt to ensure
the existence of an equilibrium for each parameter value. The shapes of the
graphs are according to expectations. For example, a low rate of taxation on
labour leaves little room for manoeuvre as it restricts the governments revenues.
A high rate, on the other hand, may limit the acceptable initial debt level as
well, since it limits agents’ ability to save and thus invest. Higher pension transfers just put a burden on the government. Public investments may lighten such
a burden up to some satiation point by enhancing growth. From the figure
it immediately becomes clear that the initial Belgian debt level will not likely
result in an equilibrium, not even in extremis. The same is found to hold for
the Belgian primary deficit level (see Appendix B).
In brief, the conclusions so far with respect to the Belgian policy are not affected. The current Belgian fiscal policy appears to be unsustainable given the
current debt and deficit level. More specifically, as crowding out occurs at the
current level of debt, private capital is suppressed. Moreover, negative capital is
infeasible in this model as it would run equations (10) and (11) infeasible and no
equilibrium can be found. Nonetheless, although it simply implies that the private households borrow more money (from the firms in the economy) than they
invest in capital, negative capital is rather unthinkable in reality as well. Consequently, notwithstanding that the standard measures from paragraph 2.2.2
could not be employed, the current fiscal policy can be judged unsustainable.

4.4

A Balanced Budget or Golden Rule

Given that current fiscal policy is judged undesirable, does the implementation
of fiscal rules offer solace? In any case introducing a balanced primary budget requirement results in higher threshold levels of the initial debt stock. In
particular, when the tax rate is free to be chosen by policymakers, while the
pension rate is kept fixed at its current level, the initial debt stock may not
surpass 85.268 billion Euros (i.e. 25.44 per cent of GDP). On the other hand,
when the pension rate is endogenous the threshold level of public debt is 85.781
billion Euros (i.e. 25.59 per cent of GDP). An indication of the case in which
both parameters change simultaneously is given below as well.
A golden rule allows for a more expansionary policy via public investment.
Hence, a lower threshold level of initial debt to ensure the existence of an equilibrium corresponds with the expected result. In particular, the initial debt level
may not exceed 71.731 billion Euros (or 21.40 per cent of GDP) in case the tax
rate on labour is set endogenously, while the pension rate is kept at its current
level. In case the pension rate is endogenous, the threshold is at 69.852 billion
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Figure 1: Parameter Sensitivities - Debt Threshold
Euros (i.e. 20.84 per cent of GDP).
Consequently, two possibly more sustainable fiscal policies would be to adhere to a balanced primary budget rule or a primary golden rule. In spite of
that, the respective threshold levels also imply that even these would not provice
a sufficient answer to the high initial Belgian debt level. Nevertheless, it is still
valuable to have a closer look at them. In fact, the consolidation required now is
smaller if a fiscal rule will be implemented afterwards instead of a continuation
of current fiscal policies. For instance, the primary balance could be approximately 145.487 bilion Euros less over the next thirty years if the primary balance
is balanced afterwards. As the rule implies that a government can no longer
run primary deficits, the higher debt and lower primary surplus thresholds are
a natural consequence. Similarly, policymakers need to consolidate for about
96.547 bilion Euros less if they opt for the golden rule afterwards.
4.4.1

Evolution of the Economy

One interesting aspect is the evolution of the endogenous fiscal variables and the
evolution of the economy as a whole. Such analysis would preferably be executed
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with the respective parameters and initial values characterizing Belgian policy,
to allow for specific policy recommendations. Nevertheless, in order to prevent
crowding out from occurring and to be able to provide further insights into the
different fiscal rules, all scenarios are recalibrated with an initial debt level as
high as 35 billion Euros.
Then, under the balanced budget rule the model predicts the economy to
evolve as indicated by the figures in Appendix C. More specifically, in case the
pension rate is endogenous the output, the private and the public capital stock
are expected to grow. Furthermore, the public debt stock is expected to be
reduced heavily. A slightly higher increase in output, private and public capital
stock can be expected when the taxation rate of labour income is determined
endogenously, while the pension rate is kept at its current level. By contrast,
the decline in the public debt stock, inspiring as it may be, will be smaller in
this case.
The evolution of the endogenous fiscal variables and the evolution of the
real economy under the golden rule is similar to that under the balanced budget
scenario. However, the decline in debt is expected to be much slower due to
the deficit financed public investments. Furthermore, similar to the previous
scenario, assuming the tax rate to be endogenous results in a higher expected
growth of the economy’s output and capital than assuming the pension rate to
be endogenous, but a higher public debt too.
Based on the higher threshold debt and primary deficit levels mentioned
above, it immediately becomes clear that suggested rules are more sustainable
than the currently pursued policy. Further examination confirms the desirability
of such rules. For example, calculating the outcome of current fiscal policy with
an initial debt level of 35 billion Euros, results in a lower national output, private
capital stock and public capital stock, and a higher public debt stock in every
period. As a result, imposing a budgetary constraint is desirable in the setting
under consideration.
The main reason for this is that a lower primary budget balance was found to
have the expansionary impulse it is expected to have in practice. In particular,
while the current policy would be characterized by large primary surpluses in the
long run, the presented fiscal rule would require a relatively more expansionary
fiscal stance by balancing the primary budget.16 As a result, the economic
growth, consumption and capital stock would be higher under imposition of
the rule. Moreover, a higher capital stock would in its turn lower a country’s
interest rate. It is this lower interest burden (although, in combination with
a lower primary balance) that would cause the public debt stock to be lower
under a balanced primary budget rule in the long run.
A similar point can be made with respect to the primary golden rule. Given
the higher expected output and capital stocks in comparison to those in case of a
continuation of the current policy, it is judged economically desirable. Furthermore, it would also result in a lower public debt stock than the current policy
16 Belgium succeeded to keep its primary balance in surplus over the last 25 years, with the
exception of the years following the recent crisis.
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would. The latter impact on sustainability was also indicated by the thresholds
mentioned before. However, a limit to the advantageous expansionary influences
becomes apparent. Although running a primary deficit as large as the public
investments is considered to be more expansionary, both the output and the
capital stock are expected to increase less than they would under the balanced
budget rule. In addition, the public debt is expected to remain at a higher level.
One may thus conclude that the budgetary cost of an expansionary policy will
at some point exceed the beneficial impact, which would result in the higher
debt stock diminishing further expansionary effects. As a consequence of this
restriction, the balanced budget rule is preferred to the golden rule. Yet, the
choice would matter little for the levels of the tax and pension rate.
A graphical summary of the main economic variables in each of the three
scenarios is included in Appendix E. From this it can be clearly seen that even
in case the initial Belgian debt stock would be relatively low, the proposed fiscal
rules would be preferred. Nevertheless, in case the debt level is much higher, the
debt will not necessarily become negative after 30 years. In that case, running
a primary balance would make the public debt stock grow (instead of decline)
steadily at the rate of return on government bonds. Although the rule might
have a more expansionary effect, a definite answer could not be given whether
this expansionary effect (with the resulting lower interest burden) would be more
sustainable than continuing the less expansionary current policy with primary
surpluses. For this the boundary deficit level where both effects equal out should
be calculated. Unfortunately, as no equilibrium exists for the actual Belgian
context, a definite answer to the latter issue is not possible in this setup.
Finally, the figures also illustrate the cases in which the initial public debt
stock is 10 billion Euros lower and higher. From the figures it becomes clear
that the level of initial debt has little influence on the path of the endogenous
tax or pension rates. It does, however, have an impact on the other variables
in the economy, especially the returns on capital, the private capital stock, and
the public debt stock. Moreover, this impact was found to be numerically larger
in case the initial debt level is adjusted to a higher level than in case it would
have been lower. Hence, the disadvantageous effects of a higher initial debt
level on the economy and fiscal sustainability are found to be larger than the
advantageous effects of a lower level.
4.4.2

Changing Both Parameters Simultaneously

Next, changing the value of the fixed parameter signifying fiscal policy gives
an indication of how the economy would evolve in case both fiscal parameters
were free to be chosen by the government. The results of a 5 per cent change
in each parameter for both cases are illustrated by the figures in Appendix D.
In both cases the output, the private capital stock, and to a large extent the
public capital stock do not seem to differ among the portrayed scenarios. Only
the tax rate, the pension rate, the rate of return, and the public debt stock
do. Consequently, one may conclude that in this model’s setting it does not
matter much at which level the government sets the parameters of the fiscal
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policy in order to balance the budget, as the effect on economic growth is of
minor importance, at least for those 10 per cent ranges in which a change of
the policy seems reasonable to be carried out in practice. For instance, if a
country’s parliament could legally fix the pension rate to be 0.37 or 0.42 this
would eventually make little difference for the real economy, since optimizing
policymakers would adjust the tax rate in such a way that the primary budget is
balanced and variables such as the output or the capital stock take on relatively
similar values in both cases.
Nevertheless, given the effect on the debt stock, the country’s fiscal sustainability would be affected. Off course not via the effect on the budget balance,
which is already fixed by the rule, but via consumption behaviour which affects growth. Yet, the public debt stock is affected by a considerable amount
in later periods. Consequently, the choice of the fixed tax and pension rates
in order to satisfy a rule are not irrelevant with regard to fiscal sustainability.
For instance, setting the tax rate at a lower level would cause the public debt
to wind up on a path of higher debt and would endanger fiscal sustainability.
Moreover, although it seems counterintuitive, the pension rate may not be too
low. Yet, a higher pension rate does not only have a deteriorating effect on the
budget balance in this model. It also implies higher lifetime consumption and
thus increased utility. Consequently, as shown by the results, the consumption
increasing effect outweighs the deterioration of the budget, since the budget is
kept fixed as a result of the rule.
The preceding analysis also provides in the opportunity to make inferences
about whether it is preferable for policymakers to adjust the tax rate on labour
rather than to adopt the replacement rate as a policy instrument. In case of a
balanced budget rule, the lower public debt stock in the preceding simulations
and higher threshold debt level imply that the pension rate has a superior
impact on the fiscal sustainability. This is in accordance with the conclusions by
Annicchiarico and Giammarioli (2004), which assessed a fiscal rule adjusting the
primary balance in function of the target levels of the Treaty of Maastricht. In
spite of this, the model presented above, also concludes that setting the pension
rate endogenously results in lower, rather than higher, economic growth for both
the primary balanced budget rule and the golden rule. More specifically, the
difference is in the interest rate, which is kept constant by Annicchiarico and
Giammarioli (2004). Setting the pension rate endogenously would result in a
smaller expansionary effect, i.e. a smaller capital stock, and therefore a higher
rate of return on capital. Yet, public debt eventually becomes negative in the
simulations at hand. Consequently, a higher interest rate is beneficial for the
government, which can now reduce public debt with less economic growth.17 As
a result, in a setting with endogenous returns and a balanced budget or golden
rule their conclusion that the adjustment of the transfer rate instead of the tax
rate positively influences growth does not seem to hold.
17 Moreover, in case of a continuously positive debt the smaller economic growth and higher
interest rate would also cause a relatively higher debt level.
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4.4.3

The Agents’ Welfare

The objective function of the representative consumer’s problem is the same in
each scenario. Therefore, it provides a fit instrument for comparison. Turning
to the value of the utility function, the welfare of the private agents’ can be
assessed. An overview of the discounted lifetime utilities to be expected by an
individual from each of the next five generations according to each scenario is
included in Figure 2.

Figure 2: Discounted Lifetime Utilities in each Scenario - B1 = 35
From the figure it becomes clear that, in accordance with the previous part
of the comparison, maintaining the current policy overall does not seem appealing to the private agents from a welfare point of view. The balanced primary
budget rule and golden rule, however, are generally preferable based on the lifetime utility. Hence, there is a conformity between what private agents would
policymakers elect to do based on private welfare and what seems to be the
most preferable policy based on the evolution of the main economic variables.
In addition, note that at first the scenarios with the pension rate chosen endogenously by the policymakers are preferred in order to satisfy the imposed
fiscal rule. In the long run, however, the private agents benefit from the policies
adjusting the tax rate as its policy instrument, irrespective of the chosen rule.
Therefore, although the difference between the primary balanced budget and
golden rule is relatively small, in the long run the most appealing policy can be
expected to prevail.
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5

Concluding Remarks

Recently, international concern has been voiced once more with regard to the
sustainability of some European fiscal policies. Since Belgium is one of these
countries, a sustainability analysis of the Belgian policy was considered to be
appropriate. Moreover, as fiscal rules are regularly cited to be a solution to
possible unsustainability in the long run, two such rules were assessed as well.
Given that past indicators and tests for assessing fiscal sustainability solely
use historical data, do not adhere to the intertemporal budget constraint or lack
to take into account the dynamic interactions in the economy, a more elaborate
framework for analysing a country’s fiscal sustainability was proposed. It was
chosen to embark on the more recent path of employing a general equilibrium
model in order to test fiscal rules and sustainability. In particular, a two-period
OLG model including income taxation of the employed, pension benefits for the
elderly, and growth enhancing public investments was set forth.
Using this setup, the current Belgian public debt stock was found to be
unsustainable. In particular, the government should run an average annual
primary surplus during the next thirty years that is over four times higher than
its average during the last decade in order to prevent the current public debt
from crowding out private capital. Even if the tax rate, pension rate, or public
investments would be adjusted to take on extreme values, the current debt level
was judged too high. Consequently, in the setup of this model radical actions
are called for in the Belgian context.
As suggested by the threshold debt and deficit levels, two possibly more
sustainable fiscal policies would be to adhere to a balanced primary budget
rule or a primary golden rule. Nevertheless, the respective threshold levels also
imply that even these would offer too little solace for the high initial Belgian debt
level. On the other hand, it was found that even in case of a relatively low initial
Belgian debt stock, the proposed fiscal rules are expected to be preferred to the
current policy due to their expansionary impact. In particular, in this model’s
setup they would not only enhance economic growth, but the resulting higher
capital stock would also lower the interest rate. It is this lower interest burden
(although, in combination with a lower primary balance) that would cause the
public debt stock to be lower in the long run. Yet, at a certain deficit level, a
limit to this beneficial effect is expected to present itself. The budgetary cost of
an expansionary policy will at some point exceed the beneficial impact, which
will result in the higher debt stock diminishing further expansionary effects. It
is this limit that made a balanced primary budget rule preferable to a golden
rule in the presented simulations.
Furthermore, note that when the proposed fiscal rules would be applied, the
levels at which the government chooses the tax and pension rate so as to balance
the budget are expected not to influence economic growth in a substantial way.
Only the relative level, making sure the budget is balanced, would matter. With
regard to fiscal sustainability, on the other hand, the respective levels would not
be irrelevant. They were found to influence the equilibrium level of public debt.
By means of a welfare comparison a conformity between the main economic
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results and the private agents’ preferences became apparent as well. Based on
their discounted lifetime utilities, consumers are expected to prefer the proposed
fiscal rules over the current policy. In addition, setting the tax rate endogenously
is preferred over changing the pension rate and would result in a slightly higher
output, public capital stock, and private capital stock, but would imply a higher
debt stock as well. Nevertheless, it was found that given their consumption and
utility increasing feature, higher pension transfers do not only deteriorate the
debt stock position. Consequently, although the difference in utility between
both rules is relatively small, in the long run the most appealing policy based
on economic growth and fiscal sustainability can be expected to be voted for.
Finally, the model leaves some room for improvement and presents possibilities for future research. First of all, the model can be redesigned in such a way
that one period represents one single year instead of 30 years. This way more
specific policy directives can be deducted. Moreover, the crowding out effect in
the capital market can be diminished by expanding the model to represent an
open economy. Adapting it more to reality through the incorporation of foreign
investments will make the private capital stock less vulnerable. Another interesting way of approaching reality would be to introduce heterogeneity among
the private agents in order to create a link with the generational accounting
methods. Other interesting adjustments to be considered for future analysis
would be to add other types of taxation and to diversify more among the possible government expenditures as their composition will be of great importance
in the future. Nevertheless, these were not the main purpose of the analysis
presented above. And unfortunately, although the results do not fully represent
reality, the conclusions with regard to Belgium were not very bright.
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Appendices
Appendix A
Variable

Initial Value

K
KP
r
L
w
Y
D
B

14.216
2.003
3.195
77.908
1.000
123.333
-2.634
3.264

Table 3: Initial Variable Values for Calibration

Appendix B

Figure 3: Parameter Sensitivities - Deficit Threshold
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Appendix C

Figure 4: Evolution under the Balanced Budget Rule with the Tax Rate Endogenous
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Figure 5: Evolution under the Balanced Budget Rule with the Pension Rate
Endogenous
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Figure 6: Evolution under the Golden Rule with the Tax Rate Endogenous
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Figure 7: Evolution under the Golden Rule with the Pension Rate Endogenous
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Appendix D

Figure 8: Comparison of the Balanced Budget Rule with the Tax Rate Endogenous
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Figure 9: Comparison of the Balanced Budget Rule with the Pension Rate
Endogenous
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Figure 10: Comparison of the Golden Rule with the Tax Rate Endogenous
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Figure 11: Comparison of the Golden Rule with the Pension Rate Endogenous
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Appendix E

Figure 12: General Comparison - B1 = 35
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