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as a percentage of GDP has started growing again, driven by large budget deficits, and 

projections indicate that it will continue to grow over the next 30 years, reaching its 

highest level in 2029 (CBO, 2024). 

As for Europe, when the Economic and Monetary Union (EMU) was launched in 

1992 with the signing of Maastricht Treaty, this imposed a public debt ceiling of 60% of 

GDP to ensure that all member states would converge towards a sustainable debt level. 

However, the 2007-8 global financial crisis led to a sharp increase of debt in those 

countries (84% in 2023 for EU members and 89% for the Eurozone (IMF, 2023c) either 

through expansionary fiscal policy or unconventional monetary policy measures such as 

the Quantitative Easing (QE) adopted by most central banks in response to the crisis. 

One important issue in this context is the degree of persistence of sovereign debt, 

which might shed light on whether or not corrective policies are required to ensure 

sustainability. In a previous study, Martin-Valmayor et al. (2024) found that this is linked 

to the persistence of the primary deficit. The current paper aims to extend their analysis 

by examining the possible role of a wider set of variables affecting the evolution of debt 

(though not of the primary balance – ECB, 2011) also including bond yields, the nominal 

GDP growth rate and other financial transactions. More specifically, long spans of data 

from the 19th century to the present are analysed for the US and the four main European 

economies, namely Germany, France, Italy, UK. It is noteworthy that there are some 

institutional differences between these countries which might have implications for the 

evolution of debt. Specifically, in all of them the government is responsible for fiscal 

policy; however, whilst the US and the UK are characterised by an independent monetary 

policy, the other countries in our sample belong to the eurozone and therefore in their 

case monetary policy decisions are made by the European Central Bank (ECB).  
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To estimate persistence we use fractional integration methods which are more 

general than standard models based on a dichotomy between stationary and non-
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The issue is that imposing a dichotomy between I(0) and I(1) behaviour is very restrictive 

as many series exhibit long memory and are non-stationary but still mean-reverting, 

which occurs if the differencing parameter is in the range [0.5, 1). In such cases, fractional 

integration is the most appropriate modelling framework as standard unit root tests would 

lead to the incorrect conclusion that such series exhibit unit roots. 

Only a few studies have followed this approach to examine the persistence of 

sovereign debt. One example is the paper by Cuestas et al. (2014), who used this method 

to analyse sovereign debt dynamics in the original twelve euro area members over the 

period 2000-







9 
 

where bt is the gross public debt-to-GDP ratio at time t, as a percentage of GDP, rt is the 

real long
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only analysed the primary balance-snowball relationship by carrying out Granger (1969) 

causality tests, the present one sheds more light on the issues of interest by applying 

fractional integration 
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cases, the distribution being symmetrical only in the case of GDP growth in the US and 

Italy, and of the debt/GDP ratio in the UK and Italy. Further, most series exhibit excess 

kurtosis (k>3), the only exceptions being the primary balance in France and the debt/GDP 

ratio in the UK, Italy and Germany.  

TABLE 1 AND FIGURE 1 ABOUT HERE 

Figure 2 displays for each country the evolution over time of each of the series 

entering the budget constraint. It can be seen that war periods are characterised by high 

volatility and major stock-flow adjustments. This is consistent with the evidence provided 

by Martin-Valmayor et al. (2024) that the debt/GDP series exhibit structural breaks, 

especially during such periods. 

FIGURE 2 ABOUT HERE 

4.2  Persistence Analysis 

For each of the series we specify a fractional integration model that allows for 

deterministic terms such as a constant and/or a linear time trend. In particular, the 

estimated model is the following one: 

  ώ   ‎   ‏ὸ    ὼ ȟ           ρ ὒ ὼ    ό ȟ     (8) 

where yt is the observed time series, γ and δ are unknown parameters (specifically, the 

intercept and the coefficient on a linear time trend), and d is a real number corresponding 

to the order of integration of the series. Positive values imply that the series exhibits long 

memory, past observations having a greater impact the greater the value of d is, with mean 

reversion occurring if this parameter is below 1. The error term ut reversion 

long 

the distribution

-

.
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The estimates are reported in Table 2. As is standard in the literature, we consider 

three possible model specifications, namely with i) no regressors (see column 2), ii) an 

intercept only (column 3), and iii) an intercept as well as a linear time trend (column 4). 

The model displayed in bold in each case is the one selected on the basis of the statistical 

significance of the estimated coefficients. Table 3 summarises the best estimates for the 
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occurs in all cases for 
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pressure from bond holders or international organisations (Martin-Valmayor et al. 2024). 

This raises questions about debt sustainability, especially in the presence of relatively 

high yields as in the current economic environment, regardless of the results of the Trehan 

and Walsh (1991), with Japan being a special case, since it has a very large debt/GDP 

ratio (2.5) combined with a negative interest rate policy. As pointed out by Willems and 

Zettelmeyer (2022), the degree of credibility of the central bank is crucial in this context. 

Whenever government borrowing costs are below the growth rate of the economy (r < g) 

debt sustainability does not require future primary surpluses and there is an apparent “free 
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1881 for France and Germany, and ending in all cases in 2022. The chosen approach is 

more general and flexible than the standard one based on the classical I(0) versus I(1) 

dichotomy, and thus it encompasses a wide range of stochastic processes, the unit root 

case being one of them. 

The empirical results provide evidence of a high degree of persistence in all 

debt/GDP series, which appear to be I(1), consistently with the findings of previous 

studies such as Trehan and Walsh (1991), Antonini et al. (2013), Cuestas et al. (2014), 

Chen et al. (2018) and Caporale et al. (2021). However, cross-country differences emerge 

when analysing the properties of the individual components 
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ITALY Bond yield ὶ  GDP growth Ὣ  Snowball ὦ  Primary balance ὴὦ  Other stock flow ίὪ   DEBT/GDP ὦ  
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USA Bond yield ὶ  GDP growth Ὣ  Snowball ὦ  Primary balance ὴὦ  Other stock flow ίὪ   DEBT/GDP ὦ  
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Table 2: Estimates of the differencing parameter d for the whole sample (those 

from the selected model are in bold) 

FRANCE  [1881 – 2022] 

Series No terms An intercept An intercept and a 

linear time trend 







29 
 



30 
 

Table 5: Estimation of the differencing parameter d for the debt sustainability 

condition (Trehan and Walsh, 1991), from the start of the sample and from 1950  
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ὶ ὄ ὖὄ  0.45 (0.29, 0.71) 0.45 (0.29, 0.71) 0.44 (0.30, 0.72) I(d) 

Interests: ὶ ὄ  0.49 (0.43, 0.54) 0.49 (0.43, 0.54) 0.49 (0.44, 0.54) I(d) 

Primary Balance: ὖὄ  0.40 (0.21, 0.59) 0.39 (0.19, 0.59) 0.38 (0.18, 0.58) I(d) 

ITALY (1950-2022) No terms An intercept An intercept and a 

linear time trend 

 

ὶ ὄ ὖὄ  0.51 (0.37, 0.71) 0.54 (0.39, 0.81) 0.55 (0.40, 0.82) I(d) 

Interests: ὶ ὄ  0.49 (0.44, 0.54) 0.49 (0.44, 0.54) 0.49 (0.44, 0.54) I(d) 

Primary Balance: ὖὄ  0.49 (0.44, 0.53) 0.49 (0.44, 0.54) 0.49 (0.44, 0.54) I(d) 

UK (1950-2022) No terms An intercept An intercept and a 

linear time trend 

 

ὶ ὄ ὖὄ  0.40 (0.30, 0.50) 0.40 (0.25, 0.55) 0.34 (0.13, 0.55) I(d) 

Interests: ὶ ὄ  0.40 (0.30, 0.50) 0.40 (0.26, 0.54) 0.40 (0.26, 0.54) I(d) 

Primary Balance: ὖὄ
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Table 6: Selected estimates of the differencing parameter d for the debt budget 

constraint relationship  Ўὦ ὦ ὴὦ   

 

Budget constraint relationship  Ўὦ ὦ ὴὦ    condition. Full sample 

Series No terms An intercept An intercept and a 

linear time trend 
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Figure 1. Debt/GDP series for the countries under investigation 

 

Note: The sample starts in 1800 for the UK and the US, 1860 for Italy and 1880 for Germany and France, 

and ends in 2022 in all cases. The data source is the Historical Public Debt Database (1800-2022) from 

the public IMF e-library (IMF, 2024b). 
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