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Abstract 
 
The extent of government deficits and debt has been one of the most debated issues in recent 
years. However, much less has been contributed about their dynamics. Yet, the issue of 
entering into and exiting from excessive deficits is critical in the Economic and Monetary 
Union since the Stability and Growth Pact rules out deficits larger than 3 percent of GDP, 
unless countries face strictly defined unusual conditions. This paper provides a transition data 
analysis of the dynamics of public deficits. It shows the asymmetric role played by the 
economic determinants in these dynamics and estimates the evolution of the probability of 
entering into and exiting from excessive deficits for every individual member state of the 
European Union that signed the Maastricht Treaty, since 1970. It also reveals how the 
concurrence of some minor changes may produce a major switchover in public finance 
outcomes. Finally, it analyses the evolution over time of the probabilities that countries will 
enter or escape from the state of having excessive deficit, and hence the fragility of some 
countries even if they are now out of excessive deficits. 
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1. Introduction 

 

Fiscal discipline and fiscal restructuring have been among the most debated issues in recent 

years, more particularly in relation to the establishment of the Economic and Monetary Union 

(EMU) and the related requirements that are imposed on the participants, and to the balanced-

budget rule in the US. Three major questions have been at the heart of this debate: 

— If discretion in policy making may lead to high public deficits and debt, should policymakers 

be subject to strict fiscal constraints? What are the costs and benefits of fiscal rules? 

— What role do economic, political and institutional variables and processes play in the public 

finance outcomes? 

—  What are the macroeconomic effects of fiscal adjustments? 

A growing theoretical and empirical literature is devoted to the analysis of these questions. 

Buiter et al. (1993) and Roubini (1995) examine the relevance of fiscal constraints and claim that 

rigid fiscal rules deprive the policy maker of an important tool to stabilize output and smooth tax 

distortions over time. Mainly focussing on the second question, Roubini and Sachs (1989), Grilli 

et al. (1991), Alesina and Perotti (1995), and Alesina and Perotti (1996) show the importance of 

political and institutional factors in public finance outcomes. Von Hagen (1992), Alesina and 

Perotti (1996a and 1996b), and Poterba (1996) consider the role of institutions and procedures 

involved in the process of preparing and approving the budget. Corsetti and Roubini (1996) 

compare the European and American fiscal rules. Poterba (1996), Bohn and Inman (1996), and 

Ahmed (1996) discuss the effectiveness of balanced-budget rules in the US states. Regarding the 

third question, Bartolini et al. (1995), Bayar et al. (1997), Hallett and Adam (1997), and Cour et 

al. (1996) evaluate the macroeconomic impacts of fiscal adjustments and rules using econometric 

models. Alesina and Bayoumi (1996), and Bayoumi and Eichengreen (1995) explore the 

implications of fiscal rules on economic stabilization. Bertola and Drazen (1993), Giavazzi and 

Pagano (1990 and 1995), Barry and Devereux (1995), McDermott and Wescott (1995) discuss 

whether contractionary policies may have expansionary effects. Alesina and Perotti (1995 and 

1997), and Perotti (1996) show that the composition of fiscal consolidation matters for the 

success of fiscal adjustments. Heylen (1997) discusses the effectiveness of fiscal consolidation 

policies in 19 OECD countries since the mid-1970s. 

 



Since the ratification of the Maastricht Treaty in 1993 and the subsequent enforcement of the 

Stability and Growth Pact2 (SGP) of the EMU in 1999. these agreements have been subject to 

numerous debates and criticisms that can usually be categorised in at least one of the three 

categories listed above. Due to the recession and following negative budgetary developments in 

the majority of the member states early in the new millennium, the discussion on the costs and 

benefits of fiscal rules and constraints gathered momentum. Ballabriga and Martinez-Mongay 

(2005) evaluate the sustainability of public finances in a country set including the EU, both 

before and after ‘Maastricht’. Based on a model that considers long-term solvency of public 

finances as criterion for sustainability, they find that the major part of member states in the EU 

pursued sustainable fiscal policies both before and after the enforcement of the Maastricht-

criteria. Addressing the third question, Buti et al. (2007) investigate the effects of fiscal rules in 

relation to structural reforms, as formulated in the Lisbon Agenda enhancing economic growth 

and an increase in employment. They compare the two opposite views that either these two 

policies are supportive to each other or that they are incompatible and governments face the 

dilemma of focussing on one and harming the other.   

 

As a response to the many criticisms, numerous proposals have been formulated for improving 

the SGP. Fischer et al. (2006) present a comprehensive overview and categorisation of these 

proposals, and identify main factors that are considered to be the cause of the vulnerability of the 

SGP to the various criticisms. Next to the crisis of the SGP during the recession after 200 1. and 

other changed circumstances, as main explanation for the variety in proposals they identify the 

lack of consensus about the role of fiscal policy. In general, the recent macroeconomic literature 

on fiscal policy is remarkably rich and especially in relation to the European integration process, 

many contributions have brought better understandings but also larger contradictions concerning 

the determinants of public deficits. However, apart from the existing disagreement, the debate 

has, until now, largely focused on the magnitude of government deficits and debt alone. An 

important issue has received considerably less attention: the dynamics of deficits.  

 

The dynamics of government deficits are of utmost importance in the monetary union because 

the European Stability and Growth Pact, which has been guiding fiscal discipline among the 

member states after the introduction of the Euro on January  1. 1999. explicitly rules out deficits 

above 3 percent of GDP, unless countries face precisely defined unusual circumstances. Since 

                                                 
2 The Stability and Growth Pact defines precisely under which conditions and following which steps the Excessive 
Deficit Procedure will be launched against a member state which does not comply with the ceiling of 3 percent of 
deficit to GDP ratio. The Pact also states that in the medium run the budget should be close to balance or in surplus 
such that the deficit to GDP ceiling of 3 percent can even be observed under unfavourable economic situations. 



the Stability and Growth Pact establishes a legal definition of excessive deficit3 that the member 

states should avoid, it is important to examine the entry and exit dynamics of excessive deficits. 

How do countries enter into deficits qualified as being excessive, or, if a country has excessive 

deficits, how does it exit from such a situation? What are the risks of entry and exit for different 

member states? These questions are essential for the European Economic and Monetary Union 

because the member countries will lose the exchange rate as a macroeconomic adjustment 

mechanism and will have to rely on fiscal instruments4. The dynamics of excessive deficits and 

its determinants are therefore a vital issue. 

 

Recently, several studies have focused on these dynamics behind fiscal consolidation – i.e. 

exiting from the state of excessive deficits and continuing this situation. In order to evaluate the 

length of different spells together with the probabilistic process driving the particular changes of 

states, most studies present transition data analyses. (Lancaster, 1990) The econometric methods 

of transition data (or survival) analysis are particularly well suited for this issue because one is 

concerned both with the duration of a state5 and the destination6 that is entered at its end. 

Transition data refers not only to how long a state lasts but also to what happens when it ends, 

and besides it provides an elegant tool to parametrically analyse the explanatory forces behind 

the process.  

 

In one of the first approaches to apply the methodology from survival analysis to the field of 

public finance, Von Hagen et al. (2003) use a parametric7 hazard model to model duration 

endogenously, and estimate the impacts of different economic circumstances on the persistence 

of budgetary consolidation in a set of industrialised OECD countries. Particularly focussing on 

experiences in Europe during the 1990s, they find weak evidence for a contribution to 

persistence of budgetary consolidation by the Maastricht treaty. Gupta et al. (2003) focus on 

emerging markets instead, and present both parametric, semi-parametric and non-parametric 

analyses of the duration of fiscal consolidations. Besides, they use a broad definition of fiscal 

consolidation in their analysis, capturing both the pace of deficit reduction and the ‘critical’ level 

of deficit.  

                                                 
3 In this paper we use the term ‘excessive deficit’ in its legal sense established by the Stability and Growth Pact, and 
not in any economic meaning. It is clear that there is no economic standard to know whether a given deficit is 
excessive or not. Following the threshold laid-out by the Stability Pact, in this paper, deficits above three percent of 
GDP are classified as being ‘excessive’.  
4 As well as on wage and price changes. 
5 Being in or not being in a state of excessive deficit. 
6 Excessive or non-excessive deficit states. 
7 A parametric model pre-assumes a particular parametrised probability distribution underlying the stochastic 
process, whereas in a non-parametric model, this distribution depends on the data. 



 

Adam and Bevan (2003) apply a semi-parametric duration analysis to two sets of countries, and 

compare the findings for 25 OECD countries to the results of the analysis of 50 developing 

countries. They find that, when (initial) income levels differ, different factors are determinant for 

the persistence of fiscal consolidation. Illera and Mulas-Granados (2002) compare different 

duration models in order to find the one that is most appropriate to evaluate the duration of 

different episodes of fiscal consolidation in 15 countries in the European Union from 1960-2000. 

Using both economic and political variables as covariates in their model, they evaluate the 

probability of ending a period of fiscal consolidation.  

 

The vast majority of the literature has in common that only periods of fiscal consolidation are 

analysed, and the probability of ending such a period is evaluated – i.e. the probability that a 

country runs into excessive deficits after it experienced a reduction of deficits or alternatively 

managed to keep its deficit below a certain threshold. However, it is also of great interest to 

evaluate the probability of a reverse change: after a period of excessive deficits, how and why 

does a country manage to reduce its deficit again by a sufficient extent. Especially under the 

European Stability and Growth Pact, it seems a plausible assumption that most countries pursue 

an effective consolidation policy, at least to the extent that as a standard they succeed in keeping 

their deficit below three percent of GDP. Therefore, it is useful to evaluate how, starting from a 

deficit smaller than this threshold, different determinants have an impact on the risk of entering 

the state of excessive deficit. However, given the strict regulations and penalties that the 

participating countries face, it is also interesting to see what the determinants are of a successful 

exit of excessive deficit, once one has passed the threshold. Bayar (2001) evaluates both entry 

and exit dynamics into and from the state of excessive deficit, and finds that indeed, the impacts 

of different economic covariates are asymmetric between the two models. 

 

Following Bayar (2001), this paper provides a transition data analysis of the dynamics of budget 

deficits in the 15 member countries of the European Union that signed the Maastricht treaty in 

1992. Using data for the period 1970-2006. in this paper I examine the economic determinants of 

entry and exit dynamics of excessive deficits and estimate the hazard rates for each one of the 

member states. The remainder of the paper is organized as follows. The transition model is 

presented in section 2. Section 3 provides the econometric results. Section 4 concludes. 

 
 
 
 



2. A Transition Model 

 

The evolution of nominal government deficits (DEF) can be expressed by the accounting relation 

 

tttttt TAXiDEDDDEF −+=−= −− 11                                         (1) 

 

where D is the stock of public debt, E is government primary expenditure, i is the nominal 

interest rate on the debt and TAX is total revenues.  

 

 

Expressing the nominal deficit in terms of GDP gives 
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where Y is GDP, g is the growth rate of real GDP, and π is the inflation rate. 

 

Equation (2) clearly shows that the deficit-to-GDP ratio increases with government spending, 

nominal interest rate and debt stock, whereas it decreases with the growth rate, the inflation rate 

and government revenue. Equation (2) can be used to analyze how various economic variables 

determine the evolution of the deficit-to-GDP ratio. 

 

One of the critical questions which arise with the criterion of 3 percent of the Maastricht Treaty 

and the Stability and Growth Pact is how the deficit-to-GDP ratio evolves with respect to this 

threshold of 3 percent. In order to examine this question let us define two states s1 and s2 for the 

deficit-to-GDP ratio. si is a discrete binary variable: the state of being in excessive deficit 

(deficit-to-GDP ratio > 0.03) and the state of not being in excessive deficit (deficit-to-GDP ratio 

≤ 0.03). Now, the question is: How do countries enter into and exit from such states? What are 

the effects of various economic variables on these entry and exit dynamics?  

 

Let us think of time to exit the state si as a continuous random variable T. T can be considered as 

the duration of stay in the state si if we set the clock to zero at the moment a country enters into 

the state in question. Then, the probability of exiting the state si in the time interval from t to t’, 

given that the country has been in that state up to time t’, can be defined as: 

 



( )tTtTtPi ≥′<≤     tt ′<                                                  (3) 

 

This is the probability that an event (entry or exit) occurs in the time interval from t to t, given 

that no event (transition) has occurred before in the interval from 0 to t. The definition refers to 

each point in time and can therefore describe the temporal evolution of the process.  

 

If we divide this probability by t-t’, we get the average probability of leaving per unit time period 

over a short interval after t. By considering this average over shorter and shorter intervals we get 

the hazard function hi(t) of dynamics for state  si 
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The interpretation of the hazard function is that hi(t)(t-t) is approximately the probability of exit 

from the state si in the short interval after t, given that the country has still been in state si at t. 

We can also interpret hi(t) as the propensity to change the state, from the origin state j to the 

destination state k, at t. But it should be kept in mind that this propensity is defined in relation to 

the risk set at time t, i.e. the set of countries which are still in the origin state j. 

 

We can express the hazard function in terms of the distribution and probability density functions 

of the random variable T. Let the distribution function be 

 

( ) 0,)( ≥<= ttTPtF ii .                                               (5) 

 

This gives the probability that an event happens (exit from or entry into the excessive deficit 

state) in the time interval from 0 to t. Equally, we can describe the probability distribution of T 

by a survivor function Gi(t): 

 

( )tTPtFtG iii ≥=−= )(1)(                                                (6) 

 

This is the probability that the spells duration is at least t, that the exit from state j and entry into 

state k occurs later than t. 

 



The distribution of the random variable T can also be described by a density function, fi(t), which 

is related to the distribution function by 
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Now, we can establish the relationship with the hazard function. 

By the law of conditional probability we have 
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In terms of the distribution function, this is equivalent to 
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Dividing this expression by t-t and getting the limit gives the hazard function 
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This shows that the hazard function is a conditional density function, i.e. the density function 

divided by the survivor function. So, the hazard function allows for a local description of the 

development of a process. In order to calculate hi(t) we need information on the local probability 

density for events (exit from or entry into excessive deficits) at t, given by fi(t), and on the 

process up to t, given by Gi(t). 

 

Since dttdGtf ii /)()( −= , equation (10) is a differential equation in t whose solution, subject to 

the initial condition Gi(0)= 1. is 
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The relation between the hazard rate and the survivor function can also be expressed by 
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Thus, h, f, and G are alternative ways of describing the distribution of the probability of exit 

from or entry into a state; if we know one, we can deduce the others. 

 

Now, having defined the hazard functions for the states si, we have to evaluate the transition 

rates between the states and the effects of the relevant economic variables on these rates. The 

models8 to be estimated can be specified as a Cox’ proportional hazard with time-varying 

covariates: 

 

( ) ( ) ( ), , , , iX t
i i i oi ih t X h t e βα β α=                                            (13) 

 

where ),( αthoi  is the baseline hazard function with parameter αi and Xi is a row-vector of 

covariates associated with the coefficients βi.  

 

If the baseline hazard function would be defined by a particular probability distribution that 

would have to be chosen a priori, our hazard model would be fully parametric. However, it is 

impossible to establish the shape of the hazard function hi for state changes into excessive and 

non-excessive deficits on any theoretical grounds. Therefore, in order to estimate the effects of 

the relevant economic variables on the hazard rates it is preferable to use the Cox model. Unlike 

the parametric hazard models, Cox’s method does not require any specific choice of a particular 

probability distribution to represent the survival times. As a consequence, Cox’s semi-parametric 

method is considerably more robust.  

 

The initial approach proposed by Cox (1972) is commonly referred to as the proportional hazard 

model. That name is nevertheless misleading, because the model can be generalized to allow for 

non-proportional hazards, which is the case with our model. Given that this model incorporates 

time-dependent covariates9 which change at different rates for different countries, the hazard 

function can no longer be split in a time-dependent part and a time-invariant part. Therefore, the 

model is no longer proportional and the baseline hazard cannot be derived from the estimated 
                                                 
8 Two models are estimated: one for the transition from excessive to non-excessive deficits, and one for the 
transition in the other direction. 
9 In this paper, time-variant regressors are introduced using the spell splitting technique. The model is estimated 
using partial likelihood procedures, taking into account all the censored and uncensored spells.  



Cox model. It is therefore necessary to estimate a parametric model in order to calculate the 

hazard function for the different constellations of covariates for the different countries. The most 

attractive specification for this is the complementary log-log function10 for grouped durations11 

which provide identical estimates as the Cox model for the effects of the covariates on the 

hazard rate. To see this, lets begin with the equations 11 and 13 for the survivor and hazard 

functions for continuous time models. Given that we have annual data, we only observe whether 

or not an event12 εi occurred between time t-1 and t. This probability is one minus the probability 

of surviving13 beyond t given survival up to   t-1. 

 

Denote 

Ei =
RST
1,  if the event  occurs                
0,  if the event  does not occur   

i

i

ε
ε

                               (14) 

 

Given the observed history Ht-1 corresponding to the spell up to time t-1 in the follow-up, the 

conditional probability Pi that the considered event occurs during the time interval t-1 and t 

granted that no prior event εi has occurred during the spell until t-1 can be expressed as 

 

P E t E H G t G ti i i i t i ib gn s b g b g= = = − −−1 0 1 11 during , /                             (15) 

 

Using equations 11 and 13. we get 
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Next, by the grouped duration assumption, which implies that covariates Xi(t) do change over 

time, but are fixed within the different time intervals {t- 1.t}, we have: 
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10 The complementary log-log function does not provide the continuous hazard rate, but, in our case, this is not a 
problem given that it does provide the conditional probabilities of entry and exits for time intervals. This 
information is sufficient for our analysis. 
11 Grouped duration data allows for exits or entries at any time, but given the discrete measurement process we only 
observe whether an exit or an entry have occurred in some time interval.  
12 We have two events: entry into or exit from excessive deficit. 
13 Given by the equations 6 and 11. 



Since the baseline hazard hoi is unspecified, we can treat the integral of hoi as an unknown 

constant. Defining 

 

λ i oit

t
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−zlog
1

                                                    (17) 

we get the complementary log-log function 

 

( ){ } ( ) ( ){ }, 11 ( ) 0 1 exp expi i i i t i iP E t E H t X tτ τ λ β− ⎡ ⎤= = ∈ = − − +⎣ ⎦                    (18) 

 

which provides estimates of βi that are identical to those of the Cox model for grouped data and 

at the same time we can derive estimates of the conditional probabilities Pi for entries into and 

exits from excessive deficits.  

 

3. Data and empirical specifications 

 

For our analyses we used data obtained from the European Commission, on the budget deficits 

of the 15 countries that signed the Maastricht Treaty in 199214, calculated as a percentage of their 

GDP over the period 1971-2007.15 Besides, we collected five economic covariates that were used 

as explanatory variables in the hazard function: 

 

DEBTL Debt-to-GDP ratio, lagged by one year 

EXPEND Government primary expenditure-to-GDP ratio 

RECEIPT Government receipts-to-GDP ratio 

GROWTH Growth rate 

REALINL Real long-term interest rate, lagged by one year 

 

In the literature on budget deficits, the definition of fiscal consolidation is not univocal. To 

consider the differences, Adam and Bevan (2003) present a useful categorisation of the existing 

work into two groups: (1) the level approach that ex ante defines a specific threshold and 

considers all countries that have a deficit smaller than this value consolidating; (2) the gradient 

                                                 
14 These 15 countries are: Austria, Belgium, Denmark, Finland, France, Germany, Greece, Ireland, Italy, 
Luxemburg, The Netherlands, Portugal, Spain, Sweden and United Kingdom. 
15 For the last year, projections by the EC have been used. All data have been withdrawn from the AMECO 
database, the Macroeconomic Database of the EC. 



approach that evaluates the yearly change in the deficit, and regards all countries whose deficit 

decreases by more than a certain threshold to be in a period of consolidation. The latter approach 

certainly has it subtleties, and especially when a country is facing deficits far above the threshold 

level, it still allows for an evaluation of the policy of governments. However, given the explicit 

thresholds mentioned in the Stability and Growth Pact, together with the strict regulations and 

fines threatening countries that exceed the boundaries, especially the first approach is relevant in 

the current analysis.  

 

Therefore, based on the data on budget deficits, and following the definition in the Stability and 

Growth Pact, we construct a dummy variable that attains the value 1 if country i faces a budget 

deficit larger than three percent in year t: 

 

i,t

i,t

Def
1,  if 3%

GDP( )
0, otherwise               

iE t
⎧

>⎪= ⎨
⎪
⎩

. 

 

This dummy variable is used for the analysis of entry dynamics; for the model for exit dynamics, 

we define a dummy variable that is based on exactly the same conditions, but reversed. This 

seems to be ambiguous, but by the asymmetry of the complementary log-log function, both the 

impacts of the covariates on two the different state variables and the estimated hazard rates may 

differ heavily between the two models.  

 

The average budget deficit over all 15 countries and over the entire time period under 

consideration amounts 2.52 percent, with a standard deviation over the countries of 2.83 percent. 

Figure 1 displays the evolution of the budget deficits in the 15 countries together, revealing that 

an actual budget surplus is rare on average. The European deficit exceeded the three percent 

threshold from 1979 until 1997. with the exception of 1988 and 1989. Notable is the sharp 

decrease in deficits after the ratification of the Maastricht Treaty in 1993. carrying the average 

values from an all-time high 6.25 % to an all-time low -1.30%. Although the recession following 

9/11 caused an equally sharp incline, recent economic progress in the EU restrained that 

development after three years. 

 

Table 1 presents an analysis of the budget deficits by evaluating the dummy variables that we 

have created. Over all the years, the countries faced excessive deficits 59 percent of the time. 

The average spell lasted 6.37 years, whereas the average spell of fiscal consolidation lasted 5.75 



years. The last for rows present the average probabilities of being in both states respectively with 

a break in 1994. following the ratification of the Maastricht Treaty. Due to the heavy influence 

of censoring on the durations in the smaller subintervals, we did not report on that variable in the 

table.   
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Figure 1: Average budget deficit in 15 countries under analysis 
 

When evaluating the path of entry probabilities over time, we can see from figure 2 that at the 

periods when the average deficit was the highest, in 1981 and 1993. 80 percent of the countries 

under consideration faced an excessive deficit.16 In line with the decrease in average deficit 

values after 1993. the probability  of being in excessive deficit also declines, but it lasts until 

1997 before the first signs of this development become clear. Apparently, although countries did 

start to work on fiscal consolidation, they were not able on average to meet the standards set in 

the Stability and Growth Pact during the first three years. The probabilities for 2007. based on 

predictions by the EC, are on average equal to the all-time low probabilities in 1999 and 2000.  

 

In a survival analysis with a similar methodology as ours, but based on a shorter dataset, Bayar 

(2001) finds that receipts and expenditures are the covariates with the highest impact on the 

hazard rate, while the growth rate also plays a considerable role, especially in the model for exit 

dynamics. Figure 3 displays the time series of average government receipts-to GDP ratios and 

primary expenditure-to-GDP ratios for the 15 countries in our dataset. From this graph, we can 

                                                 
16 Note that, by the reversed definition of the dummy variable when considering exit dynamics, these probabilities 
are simply 1 – the values reported in figure 2. 



see that during both periods that showed sharp declines in the average deficits, 1981-1989 and 

1993-200 1. expenditures were cut back whereas the receipts did not show a clear pattern. This 

suggests that governments primarily used their expenditures as an instrument to reduce their 

budget deficits. However, we need to evaluate the results from the probabilistic duration analyses 

in the next section in order to be able to draw any furthergoing conclusions on causality. 

 

  Non-Exc. Def. Excessive Deficit  

  Probability Duration Probability Duration 

All years Mean  0.41 5.75  0.59 6.37 

Variance  0.24 6.54  0.24 5.51 

T<1994 Mean  0.47   0.53  

Variance  0.25   0.25  

T≥1994 Mean  0.33   0.67  

Variance  0.22   0.22  
Table 1: Summary statistics for entry and exit dynamics into and from excessive deficit 
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Figure 2: Average Probabilities of entering the state of excessive deficits  
over all countries 
 

Average debt levels increased steadily from slightly under 30% during the 1970 to well over 

70% on their peak in 1996. Afterwards, under pressure of the restrictions imposed by the 

Maastricht Treaty, fiscal consolidation led to an ongoing decrease in debt levels to a current level 

of 56 percent, a 20-year minimum. Growth rates initially show heavy fluctuations, along with the 

economic climate, but have been between 2 and 4.3 percent since 1993.  
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Figure 3: Average Government Receipts-to-GDP ratio and 
Average Primary-Expenditures-to-GDP ratio for all 15 countries  
 

Empirical Framework 

 

As starting point for our analyses of entry dynamics, we use equation (18). Given the reversed 

definition used for creating the dummy variables for exit dynamics, we can use the same 

equation for these analyses, where only now the dependent variable Ei(t) attains different values. 

As a basic model, we estimate equation (18) with one single constant over all countries by using 

maximum-likelihood techniques: 

 

( ){ } ( ){ }, 11 ( ) 0,  1 exp expi i i i t iP E t E H X tτ τ λ β− ⎡ ⎤= = ∈ = − − +⎣ ⎦                       (19) 

 

This model specification, with a constant varying neither over time nor over the different 

countries, implies that we are treating the different observations as cross-section data. Although 

this model still allows for time-effects in the hazard rate, due to the explanatory power of the 

time-varying covariates, it ignores one important aspect of the data: heterogeneity due to 

dependency among observations within one country. However, it is implausible to assume that 

for a particular country, the different observations over time on the dummy variable are 

independent. Serial correlation in budget deficit values is one possible reason why observations 

dependency is likely to exist. However, there are plenty of other arguments. The stability of the 

government’s budgetary policy is an important factor: when a country has experienced many 

years with excessive deficit, or when many attempts for fiscal consolidation have failed, one 



would expect the country to be more likely the country is to fall into excessive deficit again. 

Indeed, Illera and Mulas-Granados (2002) find that the number of failed fiscal consolidations in 

the past have a significantly positive impact on the probability of ending a period of fiscal 

consolidation again. Political stability in general can be regarded to play an important role: when 

the life of government’s is short, and the political climate is chaotic, a productive long-term 

policy of fiscal consolidation is not likely. As a conclusion, there are many unobserved, country-

specific factors that are likely to cause dependence in the observations within a country. 

 

Ignoring the presence of unobserved heterogeneity in our model would lead to a hazard rate that 

tends to decrease over time. Besides, the estimated coefficients would be attenuated towards zero 

(Allison, 1995). Therefore, in order to cope with the unobserved heterogeneity in our model, we 

include country-specific fixed effects in our analyses, by adding country-dummies in equation 

(19): 

 

( ) ({ } ( ){ }, 11 ( ) 0 1 exp expi i i i t i iP E t E H X tτ τ λ β ν− ⎡ ⎤= = ∈ = − − + +⎣ ⎦  

 

We should carefully evaluate what the consequences are of the distributional assumptions that 

are imposed on the error term! 

 

After estimating the parameter values of the different covariates, we use these estimates in order 

to calculate the implied hazard rate, conditional on the series of explanatory variables. Because 

these regressors differ per country and over time, we also obtain country-specific time-varying 

paths of hazard rates. As a test for the explanatory power of our model, we can compare the 

implicit probabilities of entry and exit from excessive deficit with the actual spells that countries 

went through. 

 

4: Results of analyses 

 

4a. Empirical results for Model A 

 

Tables 1a and 1b provide estimates for the basic model, which will be called model A, with only 

the five covariates included as explanatory variables in addition to the country- and time-

invariant constant λ that represents the baseline part of the hazard function: 
 



, 1( ( ) 1 ( ) 0, ) 1 exp[ exp{ ( ) }]i i i i t iP E t E H X tτ τ λ β−= = ∈ = − − + .    

 

The numerical values of the parameters reported in the tables cannot be interpreted 

straightforwardly, because they represent the effect of the covariates on the hazard rates via a 

complementary log-log link function. However, by applying a simple transformation, an intuitive 

interpretation of the results can be facilitated. The last column in the tables presents the 

percentage change in the hazard rate following a one unit increase in the covariate, where for e.g. 

the expenditures in the entry model in table 1a, we have: 

[ ]exp(0.963) 1 100% 162.0%− =  

 

The likelihood-ratio chi-square statistics show that in both models, the global null hypothesis of 

insignificance of all variables is rejected, by comparing our model to a duration model without 

any explanatory variables.17 This implies that at least one of the covariates in our model 

possesses explanatory power. A test for significance of the individual explanatory variables is 

presented in the fourth column, from which we can draw the conclusion that, at a 5% level, in 

both models the constant is not significantly different from zero. Besides, in the model for entry 

dynamics, the growth rate is insignificant, whereas its positive impact on the hazard rate for exit 

dynamics is significant. All other covariates are highly significant as well, and the signs of their 

coefficients are in correspondence with our theoretical and intuitive expectations.  

Entry Coef. Std. Err. P>|z| Effect in %
λ - 1.584  0.876  0.071  

DEBTL  0.060  0.006  0.000 6.2%
EXPEND  0.963  0.094  0.000 16 2.0%
RECEIPT - 1.007  0.097  0.000 -63.5%
GROWTH - 0.085  0.055  0.124 -
REALINL  0.172  0.039  0.000 18.7%

 
χ2           127.84  with 6 Degrees of Freedom,     p-value = 0.0000 

Table 1a: Estimates for Entries into excessive deficits under Model A 

 

Exit Coef. Std. Err. P>|z| Effect in %
λ - 0.925  0.486  0.057  

DEBTL - 0.035  0.004  0.000 -3.4%
EXPEND - 0.416  0.030  0.000 -34.0%
RECEIPT  0.465  0.034  0.000 59.2%
GROWTH  0.105  0.041  0.011 11.0%
REALINL - 0.097  0.028  0.001 -9.3%

 
χ2           248.16  with 6 Degrees of Freedom,     p-value = 0.0000 

                                                 
17 Therefore, the implicit global null hypothesis is: 0 : 0,jH jβ = ∀  



Table 1b: Estimates for Exits from excessive deficits under Model A 

 

When evaluating the effect that the covariates have on the hazard rate, we observe that the 

government expenditures are the dominant factor for entering the state of excessive deficit. 

Government receipts have an important impact on both entry and exit rates and, in line with the 

findings in Bayar (2001), they play somewhat similar roles (in absolute terms) in the two 

models: a one unit increase in receipts increases the exit rate from excessive deficit by 59 

percent, and at the same time decreases the entry risk  by 64 percent. On the other hand, the 

effect of a one unit increase in the primary expenditures-to-GDP ratio is very asymmetrical 

between the two models: the exit rate decreases by 34 percent, whereas the entry probability 

increases by 162 percent. An important conclusion that can be drawn from these observations is 

that a government aiming at preventing the country from entering the state of excessive deficit 

should focus on controlling expenditures. On the other hand, once a country faces excessive 

deficit, an increase in receipts more effectively enhances the probability of exiting. Economic 

growth plays a rather limited role as potential instrument for policy makers. Not only does it turn 

insignificant in the model for entries, but its coefficient in the exit model is dominated by both 

expenditures and receipts. On the other hand, the lagged real interest rate is significant in both 

models, although its effect on the probabilities is rather limited.  

 

Next to considering the effects of changes in the covariates isolated from each other, we should 

note here that simultaneous changes in the variables will have multiplicative effects: ceteris 

paribus, a simultaneous one-unit increase in primary expenditure-to–GDP ratio and a one-unit 

decrease in receipts will yield to an increase in the hazard for entry into excessive deficit of 617 

percent: 

 

[ ]exp(0.963)exp(1.007) 1 100% 617%− =  

 

4b.Correcting for unobserved heterogeneity: Including fixed effects 

 

After analysing the basic model, this section presents an extension by adding fixed effects νi to 

the model. We will refer to this specification as Model B. Again, the equation for the analysis of 

exit dynamics is obtained by inversing the events of ‘success’ and ‘failure’. 



 

Entry Coef, Std,Err. P>|z| Effect 
λ  0.188  1.519  0.902  

DEBTL  0.087  0.012  0.000 9.1%
EXPEND  1.264  0.136  0.000 253.9%
RECEIPT - 1.383  0.155  0.000 -74.9%
GROWTH - 0.102  0.063  0.104 
REALINL  0.255  0.052  0.000 29.1%
ν DK*  2.190  0.980  0.025  
ν GE - 0.542  0.663  0.414  
ν GR - 0.736  0.626  0.240  
ν SP - 0.445  0.745  0.550  
ν FR - 0.763  0.733  0.298  
ν IR - 0.543  0.730  0.457  
ν IT - 1.272  0.682  0.062  
ν LU  1.584  1.325  0.232  
ν NL  1.104  0.670  0.100  
ν AU  0.046  0.706  0.948  
ν PT  0.397  0.590  0.501  
ν FI  2.227  1.408  0.114  
ν SE 3.279  1.034  0.002  
ν UK - 0.470 0.611 0.441  

 
χ2           119.26  with 20  Degrees of Freedom,     p-value = 0.0000 

Table 2a: Estimates for Entries into excessive deficits under Model B 

*The subscripts are abbreviations for: Denmark (DK), Germany (GE), Greece (GR), Spain (SP), France (FR) 

Ireland (IR), Italy (IT), Luxembourg (LU), Netherlands (NL), Austria (AU), Portugal (PT), Finland (FI) Sweden 

(SE) and the UK (UK). 

 

Tables 2a and 2b report the estimation results of Model B. The log-likelihood chi-square 

statistics for both models indicate that the global null hypothesis can be rejected. At the same 

time, the parameters that were not significantly different from zero in Model A are insignificant 

in the new model as well: the constant terms in both models, and the growth rate for the entry 

dynamics possess no explanatory power. Next to that, almost all dummies that are included to 

capture the fixed effects turn out to be insignificant. However, that should not be a reason to 

ignore the unobserved heterogeneity in our observations, and the possibility of dependence 

among different observations over time within one country that can be a major cause of this 

heterogeneity. Since the number of spells in the dataset is limited, and the number of spells on 

which any particular fixed-effect dummy can be regressed is obviously constrained to the 

number of spells that a particular country faced, the explanatory power of almost all parameters 

νi is insignificant. However, the influence of including fixed effects on the magnitude of the 

other, initial covariates is considerable.  



 

Exit Coef, Std,Err. P>|z|  
λ - 0.231  1.420  0.871  

DEBTL - 0.054  0.009  0.000 -5.3%
EXPEND - 0.755  0.072  0.000 -53.0%
RECEIPT  0.813  0.086  0.000 125.5%
GROWTH  0.123  0.055  0.026 13.1%
REALINL - 0.151  0.039  0.000 -14.0%
ν DK - 1.346  0.736  0.067  
ν GE  0.433  0.579  0.455  
ν GR - 0.026  0.587  0.965  
ν SP  0.188  0.575  0.744  
ν FR  0.675  0.652  0.301  
ν IR  0.277  0.598  0.643  
ν IT  0.555  0.622  0.373  
ν LU - 0.730  0.937  0.436  
ν NL - 0.411  0.589  0.486  
ν AU  0.339  0.614  0.581  
ν PT -3.474  0.814  0.000  
ν FI - 0.852  1.130  0.451  
ν SE - 1.961  0.936  0.036  
ν UK - 0.028 0.544 0.959  

 
χ2           158.00  with 20 Degrees of Freedom,     p-value = 0.0000 

Table 2b: Estimates for Exits from excessive deficits under Model B 

 

When comparing the parameter values of the economic explanatory variables in tables 2a-b with 

the initial results under Model A, presented in table 1a-b, we can see that, except for the constant 

λ, all estimated parameters are more extreme. This is in line with our theoretical expectations, 

since ignoring unobserved heterogeneity tends to lead to estimated parameters being biased 

towards zero.  

 

The more extreme magnitudes of the parameters are obviously also represented in the effects of a 

one-unit change of the covariates, reported in the last column. Again, the effects of a 

simultaneous change in variables add multiplicatively to the hazard rate, and in this case that 

yields rather extreme consequences: Considering a one-unit increase in the primary 

expenditures-to-GDP ratio and a one-unit decrease in receipts, the increase in the hazard rate 

amounts to 1311.2 percent. 

 

 

 

 



4c. Is there a Maastricht-effect in the deficit dynamics? 

 

The conditions specified in the Maastricht Treaty, that later evolved into the Stability and 

Growth Pact, created considerable incentives for the participants to control their deficits, and to 

start pursuing a policy of fiscal consolidation. Therefore, intuitively one would indeed expect 

that a ‘Maastricht-effect’ could be observed, implying that after 1993. the risk of entering an 

excessive deficit declined and, more particularly, the probability of leaving that state increased. 

From a first analysis of the data in section 2. we saw that after reaching its all-time high level in 

1993. the average deficit indeed started to decline soon afterwards. Accordingly the average 

dummy variable, representing the probability of being in excessive deficit, decreased as well, 

although this effect came with a lag of several years. Now, once we are able to determine the 

entry and exit probabilities endogenously, this also provides us with the opportunity to estimate 

whether indeed the hazard rates structurally changed after 1993. and if such a change can be 

detected, which magnitude it has.   

 

Entry Coef. Std. Err. P>|z|  
λ -3.412  1.884  0.070  

DEBTL  0.132  0.019  0.000 14.1%
EXPEND  1.558  0.185  0.000 374.9%
RECEIPT - 1.646  0.204  0.000 -8 0.7%
GROWTH - 0.159  0.080  0.047 -14.7%
REALINL  0.150  0.060  0.012 16.2%
ν DK 3.450  1.243  0.005  
ν GE  1.211  0.911  0.184  
ν GR  0.519  0.796  0.514  
ν SP  1.031  0.914  0.259  
ν FR  0.999  1.030  0.332  
ν IR - 0.224  0.882  0.799  
ν IT - 0.386  0.893  0.665  
ν LU 3.914  1.712  0.022  
ν NL  1.946  0.915  0.034  
ν AU  0.905  0.955  0.344  
ν PT  2.661  0.916  0.004  
ν FI 3.693  1.804  0.041  
ν SE 3.684  1.281  0.004  
ν UK - 0.264  0.774  0.733  

δMaastricht - 0.894  0.450  0.047  
δEuro -3.215  0.611  0.000  

 
χ2           9 2.30  with 22 Degrees of Freedom,     p-value = 0.0000 

Table 3a: Estimates for Entries into excessive deficits under Model C 

 



After the enforcement of the Maastricht Treaty, a next step on the path towards European 

integration was the introduction of the Euro. Since the rules and regulations related to both 

institutional changes are quite different, we distinguish between them and estimate their impacts 

separately.18 In order to measure both effects, we capture the implementation of the Maastricht 

Treaty and the introduction of the Euro by including temporal dummy variables in the analyses, 

lasting from 1994-1998 (δMaastricht) and starting from 1999 (δEuro) respectively:  
 

[ ], 1( ( ) 1 ( ) 0, ) 1 exp exp{ ( ) ( ) ( )}i i i i t i i M EP E t E H X t t tτ τ λ β ν δ δ−= = ∈ = − − + + + +  

 

The results are presented in tables 3a-b, and a first study of the results shows that, next to global 

significance of the model by rejection of the global null, also the two particular dummy variables 

are significant in both models.  

 

Exit Coef. Std. Err. P>|z|  
λ - 0.127  1.483  0.932  

DEBTL - 0.091  0.014  0.000 -8.7%
EXPEND - 0.802  0.081  0.000 -55.2%
RECEIPT  0.903  0.102  0.000 146.7%
GROWTH  0.164  0.058  0.005 17.8%
REALINL - 0.085  0.044  0.053 
ν DK - 2.382  0.917  0.009  
ν GE - 0.947  0.747  0.205  
ν GR - 0.298  0.695  0.667  
ν SP - 0.667  0.729  0.360  
ν FR - 1.138  0.827  0.169  
ν IR  0.703  0.719  0.328  
ν IT  0.587  0.749  0.434  
ν LU - 2.808  1.184  0.018  
ν NL - 1.449  0.754  0.055  
ν AU - 0.985 0.796 0.216  
ν PT -4.059  0.951  0.000  
ν FI - 2.902  1.366  0.034  
ν SE -3.183  1.096  0.004  
ν UK - 0.409  0.672  0.543  

δMaastricht  0.925  0.365  0.011  
δEuro  2.217  0.451  0.000  

χ2           14 0.75  with 22 Degrees of Freedom,     p-value = 0.0000 
Table 3b: Estimates for Exits from excessive deficits under Model C 

 

                                                 
18 One should note that the convergence criteria, imposed on the members of the EU by the ratification of the 
Maastricht Treaty, were still in force after 1998. but in our model, from this date on they are captured by the dummy 
on the introduction of the Euro. 



In line with our expectations, both the ratification of the Maastricht Treaty, leading to the 

implementation of the convergence criteria for candidate countries for the Economic and 

Monetary Union, and the introduction of the Euro led to a decrease in the risk to enter excessive 

deficits, whereas the probability of exiting once a country faced excessive deficits has increased. 

Both effects are significant in both models. The constants in our models are still insignificant, 

but the growth rate now fulfils an explanatory role in both models. By adding the two dummy 

variables, we also observe a change in the impact of the real interest rate: in the model for entry 

dynamics, a one-unit increase leads to a smaller increase in the hazard rate, whereas in the exit 

model, the variable even turns slightly insignificant. The effects of the other explanatory 

variables increase, which could be an indication that the additional control variables capture 

more of the variability of our dependent variable, that would usually be accounted for by lower 

estimates for our initial economic covariates.   

 

4d. Did the Maastricht effect cause structural changes in the parameters? 

 

Including dummy variables is one way to deal with temporal dynamics in the model. In the 

previous subsection, it allowed us to evaluate whether the probabilities of entry and exit changed 

following collective institutional changes. However, as a more rigorous alternative one could 

also consider whether the explanatory power of the covariates changed after the ratification of 

the Maastricht Treaty. Tables 4a-b show estimations of our basic model A, but this time allowing 

for a structural break in the parameters in 1994. the year that the convergence criteria from the 

Maastricht Treaty went into force. From this analysis, various conclusions can be drawn, that to 

a great extent also explain notions from our previously considered models, and besides explain 

observed differences between our current analyses and earlier results (Bayar, 2001).  

 

Starting from the observation that global insignificance can be rejected, tables 4a-b show that 

variables that exhibited weak explanatory power in some or all of the previous tables, are now 

more powerful in at least one of the two periods under consideration. In the model for entry 

dynamics, the growth rate is highly insignificant in the second period, but has indicative 

explanatory power in the first interval 1970-1993. Contrarily, the real interest rate has a high 

impact on the hazard rate, but only in the period after the implementation of the Maastricht 

Treaty. For the more robust covariates, we also observe considerable differences between the 

two periods, where especially the effect of the primary expenditures-to-GDP ratio increases 

sharply in the second period. For the lagged debt-to-GDP ratio, the difference between the 

periods is smaller, whereas the constant is significant only in the first period. 



 

In the model for exit dynamics, the growth rate is also significant in the first period only, while 

the real interest rate turns significant only after 1993. One striking difference with the results of 

model A without breaks is the sharp increase in the effect of receipts in the post-Maastricht era. 

After the break, countries that want to prevent themselves from having an excessive deficit 

minimise this risk by focusing on controlling their expenditures, following table 4a, whereas 

countries that are in excessive deficit should focus on the receipts. It is interesting to note that 

after 1993. the majority of countries were in excessive deficit, and tried to clean up their sheets 

by cutting back their expenditures. However, our model suggests that, especially in this second 

period, an increase in receipts would be indicatively more effective when trying to maximise the 

probability of exiting. 
 

Entry Coef, Std, P>|z| Effect 

 Per1 Per2 Per1 Per2 Per1 Per2 Per1 Per2 
λ -3.382 -3.359  1.127  2.434  0.003  0.168   
DEBTL  0.080  0.087  0.011  0.015  0.000  0.000 8.4% 9.1%

EXPEND  0.947  1.349  0.126  0.235  0.000  0.000 157.7% 285.3%

RECEIPT - 0.950 - 1.427  0.127  0.236  0.000  0.000 -6 1.3% -76.0%

GROWTH - 0.152  0.035  0.073  0.105  0.036  0.738 -14.1%  
REALINL  0.039  0.495  0.049  0.102  0.429  0.000  64.1%

 

χ2           113.16  with 12 Degrees of Freedom,     p-value = 0.0000 
Table 4a: Estimates for Entries into excessive deficits under Model A with one structural break in 1994 

 

Entry Coef, Std, P>|z| Effect 

 Per1 Per2 Per1 Per2 Per1 Per2 Per1 Per2 

λ - 0.312 3.514  0.630  1.900  0.621  0.064   

DEBTL - 0.059 - 0.081  0.008  0.015  0.000  0.000 -5.7% -7.8% 

EXPEND - 0.369 - 1.188  0.038  0.209  0.000  0.000 -3 0.9% -69.5% 

RECEIPT  0.417  1.235  0.044  0.207  0.000  0.000 5 1.7% 243.8% 

GROWTH  0.145 - 0.022  0.053  0.122  0.006  0.857 15.6%  

REALINL - 0.035 - 0.515  0.035  0.133  0.314  0.000  -4 0.3% 

 

χ2           17 1.14  with 12 Degrees of Freedom,     p-value = 0.0000 

Table 4b: Estimates for Exits from excessive deficits under Model A, with one structural break in 1994 

 

 

 



4e. Allowing for a structural break and capturing heterogeneity 

 

In correspondence with our earlier extension of the basic model, by adding fixed effects to the 

basic model formulation, in this case a similar extension is used in order to capture unobserved 

heterogeneity in the model. The model in the previous subsection is expanded by adding both 

country-specific fixed effects and a temporal dummy variable for the introduction of the Euro. 

Although the overall null hypothesis can certainly be rejected, the fixed effect parameters are to 

a large extent insignificant, except for Denmark, Portugal and Sweden. This insignificance can 

be explained by the fact that the number of spells in the dataset is to small for including such a 

large number of explanatory variables. However, inclusion of these fixed effects does 

indicatively improve the explanatory power of our model, when evaluated by comparing the 

predicted pattern of hazard rates with the actual path of excessive and non-excessive deficits per 

country, as will be outlined in the next section.  

 

Entry Coef. Std. Err. P>|z| Effect 
 Per1 Per2 Per1 Per2 Per1 Per2 Per1 Per2 
λ -4.313 -4.683  2.140 4.575  0.044  0.306   

DEBTL  0.120  0.148  0.022  0.030  0.000  0.000 1 2.8% 15.9% 
EXPEND  1.371  2.144  0.205  0.433  0.000  0.000 293.9% 753.4% 
RECEIPT - 1.415 - 2.254  0.231  0.414  0.000  0.000 -75.7% -89.5% 
GROWTH - 0.131 - 0.073 0.093 0.179 0.159 0.684  
REALINL  0.103  0.478  0.063  0.205  0.105  0.02  6 1.2% 

       

ν DK  2.953   1.462   0.043    
ν GE  0.443   1.017   0.663    
ν GR  0.785   1.046   0.453    
ν SP  0.719   0.950   0.449    
ν FR  0.324   1.205   0.788    
ν IR - 0.498   1.003   0.619    
ν IT  0.008   1.243   0.995    
ν LU 3.059   1.825   0.094    
ν NL  1.316   1.054   0.212    
ν AU  0.349  1.073 0.745  
ν PT  2.546   0.991   0.010    
ν FI 3.093   2.057   0.133    
ν SE 3.565   1.646   0.030    
ν UK - 0.467   0.870   0.592    
δEuro - 2.336   0.817   0.004    

 
χ2           87.51  with 27 Degrees of Freedom,     p-value = 0.0000 

Table 5a: Estimates for Entries into excessive deficits under Model C with one structural break in 1994 

 



Table 5a shows that the introduction of the Euro had a strongly negative effect on the risk of 

entering the state of excessive deficits, whereas this effect is smaller and insignificant at a 95 

percent level when considering exit probabilities. Most parameters estimates are more extreme 

than the values found in the model without fixed effects, which is consistent with our earlier 

findings in the model without a break. 

 

Exit Coef. Std. Err. P>|z| Effect 
 Per1 Per2 Per1 Per2 Per1 Per2 Per1 Per2 
λ  0.823 3.912  1.679 3.133  0.624  0.212   

DEBTL - 0.079 - 0.123  0.014  0.026  0.000  0.000 -7.6% -11.6% 
EXPEND - 0.694 - 1.520  0.084  0.286  0.000  0.000 -5 0.0% -78.1% 
RECEIPT  0.752  1.607  0.108  0.285  0.000  0.000 11 2.2% 398.9% 
GROWTH  0.129  0.103  0.063  0.160  0.042  0.522 13.8%  
REALINL - 0.061 - 0.470  0.046  0.196  0.178  0.017  -37.5% 

     

ν DK - 1.664  1.023  0.104    
ν GE - 0.309  0.802  0.700    
ν GR - 0.625  0.809  0.440    
ν SP - 0.404  0.774  0.601    
ν FR - 0.316  0.898  0.725    
ν IR  0.729  0.774  0.347    
ν IT  0.507  0.909  0.577    
ν LU - 1.950  1.216  0.109    
ν NL - 1.019  0.827  0.218    
ν AU - 0.340  0.859  0.692    
ν PT -3.412  0.970  0.000    
ν FI - 2.101 1.509 0.164  
ν SE - 2.579  1.276  0.043    
ν UK - 0.423  0.777  0.586    
δEuro  1.165  0.605  0.054    

 
χ2          133.46  with 27 Degrees of Freedom,     p-value = 0.0000 

Table 5b: Estimates for Exits from excessive deficits under Model C, with one structural break in the 

parameters in 1994 

 

Although the results for the models with a break can be compared to the actual policies 

implemented by the government, as a tool to measure their effectiveness, the implications of the 

indicative differences between the two periods cannot be derived straightforwardly. When using 

the results as an indicator for future, out-of-sample policy, an obvious conclusion would be that 

the roles of different covariates have changed over time. New policy should therefore be based 

on the results over the most recent period, of which the considerations in the previous paragraph 

are a clear example. However, when considering the in-sample dynamics of the different 

covariates a posteriori, it is harder to draw clear-cut conclusions: although it is clear that the 



impact of e.g. the expenditures-to-GDP ratio has risen, does that describe a change in the 

behaviour of governments (i.e. did they more intensively use the expenditures as an instrument 

for fiscal consolidation, such that a change in this variable is now stronger associated with 

budgetary improvement)? Or is it rather an indication of foregone opportunities for countries that 

performed badly in the second period (i.e. some (economic) force caused the expenditures to 

become more important, and countries that did not make use of this consequently performed 

worse)? Besides, does the increase in the magnitude of the impacts of all covariates except for 

the growth rate indicate that governments are under a higher pressure to use the correct measures 

to combat excessive deficits (i.e. has there been an increase in the volatility of the hazard rates, 

caused by larger impacts, such that the consequences of any choice regarding the fiscal policy 

are more extreme)? Or did the convergence in policies among the member states of the EU cause 

an increase in effectiveness of (almost all) the different instruments? 

 

In order to answer these questions, an analysis of the forces behind the changed dynamics is 

needed, by analysing more country-specific institutional variables and by closer consideration of 

the dynamics of the hazard rates over time on an individual basis. In part, that goes beyond the 

scope of this paper. However, in the next section we will present an analysis of time-series of 

implied hazard on a country-per-country basis.  

 
5. Implied Hazard Rates 

 

Conditioning on the parameter estimates that were considered in the previous section, one can 

calculate the implied hazard rates by simply substituting the estimated values for the parameters 

λ and β in the estimation equation, and forecasting the dependent variable by using the actual 

values of the covariates. Irrespective of whether the model specification allows for a break in 

these parameters or not, the transition rates from the origin state j to the destination state k vary 

with different constellations of covariates, over countries and over time. In other words, the 

transition rates are country and time specific.  

 

The averages of the hazard rates over the different time periods under consideration are 

presented per country in table 6. Besides, this table presents the current transition probabilities in 

2006. and an average of the hazards conditioning on the state in which the country actually found 

itself; we can see that e.g. Austria, when facing an excessive deficit, had a probability of leaving 

this state of 33 percent, on average, whereas the country, when having a non-excessive deficit (or 

a surplus), faced a risk of 1 0.7 percent to switch to the state of excessive deficits the next year.   



 

The evolution of the hazard rates per country over time is presented more specifically in the 

appendix. There, the implied entry risks and exit probabilities are plotted together with the actual 

path of the dependent variable ‘Excess’, the dummy variable denoting 1 if a country is in 

excessive deficit and 0 otherwise.  

 

 1971-1993 1994-2006 2006 Split States 
 Entry Exit Entry Exit Entry Exit Entry Exit 
Austria 34.5 7 0.7 28.3 7 1.9  0.4 10 0.0 1 0.7 33.0
Belgium 95.1 1 0.4 26.9 69.1 0.1 10 0.0 6.7 7.7
Denmark 2 1.6 78.8 8.5 9 2.7  0.0 10 0.0 5.4 3 1.3
Finland 9.5 9 0.5 2 2.8 79.8  0.0 10 0.0  0.8 9.3
France 14.5 88.2 45.0 55.2 13.5 8 2.6 9.8 3 2.8
Germany 25.0 77.9 5 1.8 5 1.8 7.0 9 2.0 15.3 38.0
Greece 6 0.1 36.4 74.9 19.8 74.2 2 0.1 19.2 1 0.1
Ireland 77.7 2 2.4  2.0 98.1  0.0 10 0.0 9.6 14.7
Italy 10 0.0 4.0 6 0.3 37.6 10 0.0  2.5 16.3 6.0
Luxembourg 5.1 96.8  0.0 10 0.0  0.0 10 0.0  0.9 45.5
Netherlands 57.6 45.0 16.2 85.3  0.0 10 0.0 11.3 24.0
Portugal 7 0.9 1 2.5 8 0.5 7.7 10 0.0  1.3 27.6 5.6
Spain 46.4 57.3 36.8 66.6  0.0 10 0.0 7.1 16.9
Sweden 3 0.2 7 1.2 2 2.6 78.1  0.1 10 0.0 5.4 18.2
UK 63.3 35.2 35.4 64.7 3 1.6 6 2.9 15.4 18.6
Table 6: average hazard rates per country 

 

As a common pattern in all graphs, a sharp increase in exit probabilities is observable in the 

second half of the 1990s, that comes together with a sharp decrease in entry probabilities. This 

came after a period of three years, 1993-1995. during which only three countries in our set did 

not face excessive deficits. Although the ‘Maastricht effect’ in our previous analyses was the 

strongest when measured starting from 1994. we can see that for most countries, the actual 

improvement in terms of decreasing entry risks and increasing exit probabilities comes with a lag 

of two or three years.  

 

As an exception, we see that Portugal did not experience a sharp increase in exit probabilities. 

However, still the country faced a period of non-excessive deficits, following a slight increase in 

exit rates together with a strongly declining entry risk. Nevertheless, after a total of four years of 

having deficits slightly below three percent between 1999 and 2003. with a minimum of  2.7. 

Portugal seems to have returned to a state of long-lasting excessive deficits, with very high entry 

risks and a very low probability of exiting.  

 



Like Portugal, also Greece and Italy have historically been vulnerable to budget deficits, with 

both countries facing an excessive deficit in a record 84 and 68 percent of the time, respectively. 

Although both countries did experience a sharp increase in the exit rates together with a sharp 

decrease in the risk of entering the state of excessive deficit at the end of the 1990s, the evolution 

of these probabilities shows a similar pattern to Portugal’s, with a rather quick return to the state 

of excessive deficits combined with a low probability of leaving that state. For Greece, the short 

period of improvement in probabilities did not even lead to an escape from excessive deficits 

until recently the country managed to cut back its deficit below the threshold.  

 

On the other hand, Belgium and Ireland, traditionally also facing long spells of excessive 

deficits, managed to structurally improve their situations. After 1996. Belgium’s deficit did not 

exceed  2.3 percent, and during five years it even faced a budget surplus. Ireland, facing deficits 

of over 10 percent in the first half of the 1980s, consolidated its accounts as of 1988. and despite 

a slight deterioration in the probabilities, it did not face an excessive deficit afterwards. After 

1996. all years except for 2002 showed a budget surplus for Ireland, with entry and exit rates 

consistently supporting this favourable situation.  

 

After the jointly successful period of fiscal consolidation in the 1990s, France, Germany and the 

UK experienced deterioration in their situations, with the former two re-entering the state of 

excessive deficit in 200 2. and the latter one in 2003. For the first time since the introduction of 

the Stability and Growth Pact, the majority of countries in the EU faced a recession, and it lasted 

three years before France and the UK were able to cut back their deficits. Germany, traditionally 

facing volatile entry and exit probabilities, needed one more year to leave the state excessive 

deficit that is ruled out by the Stability Pact.  

 

The Netherlands faced a more temporary deterioration early in the new century, with a 

simultaneous decrease in the exit rate and a slight increase in the entry rate. Whereas comparable 

developments did not lead to state changes for Sweden and Belgium, the Netherlands faced one 

year of excessive deficit in 2003.  

 

Austria, Denmark, Finland and Spain managed to keep their entry risks very low after the period 

of improvement during the 1990s. Whereas Austria and Spain used to have more and longer 

spells of excessive deficits before, Finland only exceeded the threshold between 1992 and 1996. 

With the exception of 1993 and 1994. Denmark did not cross this border since 1984. facing 

correspondingly low probabilities of entry and high exit rates. 



 

Finally, Luxembourg has faced the most beneficial situation: in only 6 years out of the 36 in our 

dataset, the country actually faced a deficit, and only in 198 1. this deficit was larger than 3 

percent. Apart from the change in probabilities that is observable in the same year, the country 

did not face entry rates larger than  0.09. or exit rates smaller than  0.91.  

 
6. Conclusion 

 

The emergence and persistence of large public deficits and debt in many industrial countries 

during the last decades has generated a widespread concern that discretion in policy making may 

lead to excessive deficits. Fiscal discipline has been one of the most debated issues in recent 

years, and in Europe the discussion focussed particularly on consequences of the ratification of 

the Maastricht Treaty and the implementation of the Stability and Growth Pact. Whereas the 

success of fiscal consolidation and the factors facilitating this, have been investigated in 

considerable detail, so far very little attention has been paid to the dynamics of excessive deficits. 

This paper is an attempt to contribute to our understanding of the economic determinants of 

budgetary dynamics. The following conclusions emerge from the study: 

 

• Government receipts play a capital role in the exits, whereas for the entries into excessive 

deficits the dominant role is played by the primary expenditures. This implies that even if 

government receipts play a major role in exiting, fiscal policy should then take over and keep a 

strong control over expenditures to secure a lasting budgetary consolidation.  

 

• In the monetary union the focus should be on the expenditure consolidation side in order to 

prevent any entry into excessive deficits.  

 

•  Small but simultaneous changes in the economic situation and government policy may induce 

important changes in the state of public finances. 

 

•  Even if all the Member States with the exception of Italy and Portugal are now in a non-

excessive deficit situation, especially Greece certainly faces a great risk of re-entering this state, 

and several other countries (France, Germany, and the UK) only recently showed an 

improvement in terms of a reduction of the entry risk and a simultaneous increase in the exit rate. 

 



•  Both major institutional changes that affected the member states of the European Union turned 

out to have a significantly positive effect on the odds for the members to pursue a successful and 

consolidating budget policy. The ratification of the Maastricht Treaty and the introduction of the 

Euro both created strong incentives for countries to control their budget deficits, and especially 

in the transitory period in between the two milestones, almost all countries strongly improved 

their positions.  
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