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ABSTRACT 

 

This paper studies the Brazilian fiscal dynamics and evaluates its sustainability for the 

period between 2002 and 2019. To do so, we use standard cointegration and stationarity tests 

used in the literature. Furthermore, we propose a new approach to Bohn’s (1998) perspective 

on sustainability, verifying if there is an active fiscal rule, thus the government reacts by 

promoting surpluses to changes in the debt stock based on Structural Vector Autoregressive 

estimates. Our results underscore the importance of evaluating the different sources of 

imbalances in the intertemporal budget constraint (IBC), an analysis often overlooked in 

sustainability tests. Standard tests suggest a sustainable path for debt. However, we provide 

evidence that the Brazilian government promotes surpluses that stabilizes debt after imbalances 

from tax shocks only. On the contrary, primary surplus does not respond to spending shocks 

that unbalance the IBC. Moreover, those spending shocks explain most of the variance 

decomposition of debt dynamics. 

 

Key words: Fiscal sustainability; Fiscal dynamics; Fiscal Rule 

 

  



RESUMO 

 

Este trabalho pretende examinar a dinâmica fiscal brasileira e verificar se pode ser 

considerada sustentável para o período entre 2002 e 2019. Para isso, utilizamos análises de 

cointegração e estacionariedade clássicas da literatura de sustentabilidade fiscal. Além disso, 

propusemos uma nova abordagem para a perspectiva proposta por Bohn (1998), verificando se 

há uma regra fiscal ativa, ou seja, se o governo reage promovendo superávits às mudanças no 

estoque da dívida, com base numa estimação de um Vetor Autorregressivo Estrutural. Nossos 

resultados ressaltam a importância de verificar as diferentes fontes de desequilíbrio do 

orçamento intertemporal do governo, uma análise muitas vezes negligenciada nos testes de 

sustentabilidade. Os testes clássicos sugerem uma trajetória sustentável para a dívida brasileira. 

Contudo, nós fornecemos evidências de que o governo brasileiro promove superávits que 

estabilizam a dívida depois de desequilíbrios provenientes apenas de choques nos tributos. Por 

outro lado, os superávits primários não respondem quando a fonte do desequilíbrio é um choque 

nos gastos.  Além disso, os choques nos gastos explicam a maior parte da decomposição da 

variância da dinâmica da dívida.  

 

Palavras-chave: Sustentabilidade Fiscal; Dinâmica Fiscal; Regra Fiscal. 
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1. INTRODUCTION 

 

The 2008 Great Financial Crisis brought fiscal policy back to the spotlight, getting 

developed economies closer to the lower bound limit of interest rates and bringing stimuli to 

economies in the form of fiscal packages in attempt to boost the recovery. In the same way, 

emerging markets have also implemented fiscal stimuli in a smaller scale to face the recessive 

risks of the crisis that started in United States of America (USA) but indirectly affected the 

whole world.  

Now, once more, the COVID-19 pandemic imposes conditions that encourage 

governments to engage in large fiscal transfers to support consumption during the period of 

social distancing and lockdowns. Among this atypical situation, the concernment with fiscal 

sustainability became evident. Here, we propose an analysis of fiscal sustainability to 

acknowledge Brazilian fiscal conditions before the increase in expenditures and indebtedness 

as a result of the pandemic. 

The analysis on debt sustainability for Brazilian economy had great relevance in the 

1990s, evaluating mainly the Real Plan period seeking to understand the fiscal conditions before 

and after stabilization, as we see in Rocha (1997), Pastore (1995), and Issler and Lima (1998). 

In their analysis, seigniorage was found as an important source of revenue that guaranteed 

sustainability. As Brazilian monetary dynamics changed, the inflationary tax is no longer a 

major source of financing government spending, and the debt dynamics was not considered a 

problem until recently, when Brazil faced a deterioration of the fiscal target system mainly from 

2014 onwards. Most of the recent papers that studied Brazilian fiscal dynamics tried to 

understand the effectivity of the policy in general and the size of the fiscal multiplier, 

disregarding sustainability, such as Peres (2012), Cavalcante and Silva (2010), and Holland et. 

al. (2020).  

In this paper, we seek to fill in the gap for Brazilian fiscal sustainability analysis by 

evaluating fiscal conditions from 2002 to 2019, under these recent monetary and fiscal regimes.  

To do so, we rely our analysis on three prominent models in sustainability literature: 

Bohn’s (1991) cointegration approach, Trehan and Walsh’s (1991) unit root approach, and 

Bohn’s (1998) fiscal rule approach. Regarding the latter, we contribute to the literature by 

proposing an alternative way to estimate the fiscal rule that differs from Bohn’s (1998) seminal 

approach. Instead of estimating a regression of the surplus to the debt, adding a business cycle 

variable as control, we estimate the whole fiscal dynamics as an extended version of Blanchard 

and Perotti’s (2002) original Structural Vector Autoregressive (SVAR) method, following 
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Favero and Giavazzi’s (2007) insight, who show that to estimate the fiscal dynamics of 

expenditures and taxes it is necessary to include the debt. However, the authors do so by adding 

it as an exogenous variable to their estimated Vector Autoregressive (VAR) and computing the 

debt level using the intertemporal budget constraint (IBC). Therefore, they impose that the IBC 

is constantly satisfied. Their goal is to evaluate if fiscal multiplier estimates are affected 

including the response to debt in the fiscal policy determination. We do not consider that a good 

strategy when analyzing if there is fiscal sustainability. 

Thus, we decide to follow a more agnostic strategy, by including the debt stock and the 

debt interest rate as endogenous variables to our VAR system. Doing so, we are able to verify 

if the IBC is or is not satisfied, by examining the whole fiscal dynamics and computing the 

primary surplus responses to structural shocks. Our method allows us to understand if different 

sources of imbalances to the government budget leads to different responses in terms of surplus. 

In other words, we can verify if sustainability is achieved for each shock, something that is 

usually set aside in literature. Our results seem to endorse the importance of this analysis. 

We find a cointegration vector that corroborates sustainability in Bohn’s (1991) 

approach. When considering Trehan and Walsh’s (1991) unit root approach, we find 

sustainability only if we consider the possibility of adding an intercept break to our analysis. 

However, the break reveals that from August 2014 onwards, Brazil has incurred in higher levels 

of nominal deficit, what demands a higher indebtedness in the attempt to sustain those levels. 

Lastly, we estimate our new proposed method to verify the existence of an active fiscal 

rule. We provide evidence that Brazilian economy has an active fiscal rule when considering 

an exogenous shock to the taxes, the debt-stock and the debt interest rate. However, we find no 

evidence of the promotion of surpluses when the source of imbalance is an exogenous shock to 

the expenditures. When this is the situation, the spending does not seem to be compensated by 

any surplus in the evaluated periods, and so cause a higher level of debt that does not finds its 

way back to its initial level. The analysis of the forecast error variance decomposition reinforces 

this hypothesis, as we find that the main exogenous shock that explain the variability of the debt 

stock is the spending one. 

Therefore, this paper is organized as it follows. Next section contains the literature 

review; section 3 explains the methodology; and section 4 presents the data and results. Finally, 

last section concludes.  
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2. FISCAL DYNAMICS, SUSTAINABILITY, AND THE 

INTERTEMPORAL BUDGET CONSTRAINT 

 

Empirical studies on the effects of fiscal shocks on the macroeconomic variables follow 

in general three different approaches. The first one, applied by Alesina and Perotti (1997) and 

McDernott and Westcott (1996) for example, follows what is called Event Study Methodology. 

The authors’ focus is to compare the macroeconomic performance before and after fiscal 

contractions. The second is the narrative identification approach, from Romer and Romer 

(1989), based on the analysis of official documents and legislation studies in the attempt to 

identify exogenous changes in taxation that were not explained by the economic cycles and 

then evaluating the effect of those in others macroeconomic variables.  

The last strategy, and used in this paper, is the VAR approach. This approach was 

pioneered by Sims (1980) and consists of using a SVAR with different specifications in the 

attempt of recovering the structural shocks. Fatas and Mihov (1998) estimate a SVAR using 

output, primary deficit, deflator, and interest rate. The authors explore the different timing of 

the changes in output and prices to specify their model. Rotemberg and Woodford (1992) and 

Fatas and Mihov (2001) use a Cholesky decomposition for identification. Mountford and Uhlig 

(2007) use a different identification, imposing a sign restriction only on the fiscal variables 

while controlling for monetary policy shock and business cycles shock. Blanchard and Perotti 

(2002) use a mixed strategy, exploring the slowness of the response of fiscal policy decisions 

in their quarterly data. This, associated to institutional information about elasticities of taxes 

and spending to the output, provides an exactly identified system.  

Perotti (2005) extends his and Blanchard’s initial work to the Organization for 

Economic Cooperation and Development (OECD) countries from 1960 to 2001. He adds two 

other variables: the nominal interest and the inflation, so that the monetary dynamics is also 

contemplated in the model. Thus, one can analyze how fiscal shocks may affect monetary 

variables. The author follows a similar specification method, considering how slow variables 

would respond to shocks and using elasticities from institutional information.  

Peres (2009) reproduces Blanchard and Perotti’s (2002) method for Brazil from 1994 to 

2005 and compares the results to the finding of the American and OECD’s results. The findings 

were close results to the USA and OECD’s countries. Though small, the output reacted 

positively to positive spending shocks and negatively to taxes’ positive shocks. 
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Ilzetski (2011) tries to fill the gap in empirical evidence on some important questions 

over fiscal policy effectiveness. In his work he promotes an analysis on 44 countries (Brazil 

included) through a Panel VAR, in which he investigates whether exchange regime, degree of 

openness, and financial fragility may impact the fiscal multiplier. The author emphasizes that 

if one promotes an estimation in conventional Blanchard-Perotti (2002) strategy for Brazilian 

economy, not considering the debt dynamics, the effects of fiscal policy on the output might be 

overestimated for ignoring the effects of debt accumulation. His estimation of the output 

elasticity to tax revenue, considering the debt accumulation, is quite smaller than Peres’ (2009), 

which does not consider the debt dynamics, for example. 

Besides understanding the impact of debt to fiscal dynamics, it is also important to 

analyze whether the debt dynamics can be considered sustainable. Blanchard (1990) highlights 

that importance. A government that cares for its sustainability is headed towards avoiding an 

excessive debt accumulation. According to the author, a sustainable fiscal policy can be defined 

as a policy such that the debt share of the output eventually converges back to its initial level. 

It is necessary to highlight that the convergency does not need to come in the same period or in 

the following one of a fiscal shock. That happens because the government is subjected to an 

intertemporal budget constraint (IBC), in other words, it must manage through periods its 

revenues, expenditures, and debt stock in a way to keep the balance. That means that a 

government can choose to maintain a temporary bulge in debt ratio as long as it makes its way 

back to a path that converges again. 

Hakkio and Rush (1991) suggest that the fiscal dynamics can be considered sustainable 

if the taxes and expenditures have a long-term relationship where they balance each other. That 

implies that sustainability can be attested by verifying the existence of a cointegration 

relationship, β, where β =  [1 −1]. 

Issler and Lima (1998) use Hakkio and Rush (1991) approach for Brazilian case. The 

authors test if their sample, from 1947 to 1992, of revenues and expenditures are cointegrated. 

They find that seigniorage needed to be included in the government revenues to such that they 

cannot reject a [1 -1] cointegration relationship between taxes and expenditures as expected for 

the period with high inflation. Brazilian fiscal situation is considered sustainable for the period 

when taking the inflationary tax into consideration.  

 The cointegration approach used by Bohn (1991) implies a relation between the taxes, 

expenditures and debt in the long-term. The author discusses the importance of understanding 

how government’s budget is balanced after a shock while tries to examine how the United 

States’ government has adjusted its taxes and spending in response to budget imbalances in 
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past.  One could say that fiscal sustainability is achieved by finding a cointegration vector such 

as [1 −1 −𝑟], where 𝑟 represents a constant nominal interest rate for the evaluated period.  

Trehan and Walsh (1991) also offer a perspective on how to find whether an economy 

is sustainable. The authors state that a cointegration relationship between the debt stock and the 

primary deficit is an evidence on sustainability when the hypothesis of a constant interest rate 

provides a good characterization of the data. However, when that hypothesis is not a good 

representation of the economy, Trehan and Walsh (1991) show that the stationarity of the 

nominal deficit is a necessary and sufficient condition for fiscal sustainability. Thus, testing the 

presence for unit root in the deficit interest inclusive series and finding evidence on stationarity 

would be a way to attest sustainability. 

Rocha (1997) uses Trehan and Walsh’s method in an analysis for Brazil from 1980 to 

1993, since a constant expected interest rate does not seem to characterize Brazilian data for 

the evaluated period. Rocha finds that the fiscal policy can be considered unsustainable till 

March 1990, finding unit root evidence for the debt in level and in first difference. According 

to the author, the Collor Plan worked as an exogenous shock that put the debt back to a 

sustainable level. Using Hakkio and Rush (1991) strategy, Rocha (1997) finds that there was 

no long-term relationship unless seigniorage is included in the government revenues. 

Pastore (1995) has similar findings. He analyzes the relation between the public deficit 

and inflation in Brazil. Pastore promotes unit root and cointegration tests and does not find 

evidence that attests against sustainability when considering seigniorage for the period between 

1974 and 1989. The author makes it clear that though the tests points to the respect of the IBC, 

one cannot assume that there is fiscal discipline. He affirms that in the examined period, the 

monetary policy was passive, considering that Brazil did not have independent monetary policy 

until 1999. Thus, seigniorage could be used as revenue and the IBC would hold through 

monetary expansion. 

In Bohn (1998), the analysis of sustainability goes further beyond unit root tests and 

cointegration relations. Instead of testing those, the author suggests that they do not provide 

definitive evidence on sustainability. Bohn argues that relationship between the debt-income 

ratio and the primary surplus that must be evaluated. If the latter has a positive reaction to an 

increase in the debt-income ratio, controlled by a business cycle indicator variable, one can say 

that there is reliable evidence about the debt sustainability in an economy. In other words, the 

government promotes surpluses intentionally to keep the fiscal policy in a path consistent with 

the IBC. 
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Bicalho and Issler (2011) evaluated what has been the main source of adjustment to 

fiscal imbalances in Brazil from 1997 to 2004. The authors proposed two sustainability tests 

(Bohn (1998) and Hakkio and Rush (1991)) for Brazilian fiscal data, and, in both, one cannot 

reject the sustainability hypothesis. After confirming that the IBC was being respected, the 

authors use Bohn’s 1991 methodology to estimate the mechanism through which the fiscal 

adjustment was provided. Their conclusion found significant results attesting that Brazil’s fiscal 

policy is made through spending first, and taxing later in the evaluated period. 

Favero and Giavazzi (2007) add the debt dynamics and the IBC to the analysis of the 

fiscal dynamics using the VAR method. The authors state that an estimation of fiscal dynamics 

through a VAR model that does not consider the debt dynamics is misspecified. They claim 

that if one omits the level of debt in the estimation, a biased response of the macroeconomic 

variables after the fiscal shock would be produced. That because one will neglect the possibility 

of the variables, such as taxes, expenditures, and interest rate, for example, to respond to the 

debt level. Their method, using a SVAR with the debt dynamics imposed as a linear restriction, 

allows to check if there is a positive correlation between the shares of government surpluses 

and debt to the Gross Domestic Product (GDP). The imposition of the linear constraint that 

relates the debt dynamics to the other variables in the model allows for a feedback effect. 

Though it was not the goal of Favero and Giavazzi (2007), their approach can be used in an 

analysis of the effects of fiscal shocks in debt sustainability, which cannot be addressed in the 

previous methods. This paper uses this insight to evaluate the fiscal sustainability in Brazil.  

Cavalcanti and Silva (2010) use this method for Brazil, analyzing the fiscal dynamics 

taking the debt into account from 1995 to 2008. The authors find that the inclusion of the debt 

dynamics as Favero and Giavazzi (2007) did changed the results in the fiscal variables path. 

Chung and Leeper (2007) impose a linear IBC to an identified VAR, implying that it is 

respected, in the estimation instead the model to find or not sustainability. This strategy seems 

to work quite well for countries where assuming that the IBC is stable and respected through 

periods is not an extraordinary assumption. This method may be useful for analyzing countries 

where the fiscal situation is no longer a problem, since the linear constraint in the model 

presumes that the IBC is respected. Therefore, the main goal of Chung and Leeper (2007) 

investigation is to find the source of adjustment, instead of identifying whether it is done or not. 

Blanchard and Perotti (2002) and Favero and Giavazzi (2007) methods were already 

used for Brazilian economy in Peres (2009) and Peres (2012) and Cavalcanti and Silva (2010). 

However, the main goal of these works was estimating the fiscal multiplier or understanding 

the fiscal dynamics. In the other hand, our goal here is to use the estimated fiscal dynamics to 
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verify whether there is evidence that supports that Brazil has an active fiscal rule and, 

consequently, promotes a sustainable fiscal policy. 

 

3. METHODOLOGY 

 

This section offers three different techniques to test fiscal sustainability: Bohn (1991), 

Trehan and Walsh (2001), and Bohn (1998). It also presents an analysis of the fiscal dynamics 

in Brazil following Blanchard and Perotti (2002), extending it to incorporate the considerations 

raised by Favero and Giavazzi (2007). 

 

3.1.  Sustainability Tests 

 

Defining the government’s budget constraint as: 

 

           𝐺𝑡 + (1 + 𝑖𝑡)𝐵𝑡−1 = 𝑇𝑡 + 𝐵𝑡,                                 [1] 

 

where 𝐵 is the debt stock, 𝑖 is the nominal interest rate of the debt, 𝐺 is the government 

spending, and 𝑇 the tax revenues. Equation [1] implies that the expenditures in the period 𝑡, 

expressed in the left side should be equal the revenues through taxes and new indebtedness. 

Solving equation [1] to every period in future, we find: 

 

(1 + 𝑖𝑡)𝐵0 = ∑𝛿𝑡(𝑇𝑡 − 𝐺𝑡)

∞

𝑡=1

+ 𝑙𝑖𝑚
𝑛→∞

𝛿𝑛 𝐵𝑛,                      [2] 

 

where   𝛿𝑡 = ∏ (
1

1+𝑖𝑠
)𝑡

𝑠=1  . We assume that 𝑙𝑖𝑚
𝑛→∞

𝛿𝑛 𝐵𝑛  =  0, so that as n goes to infinity, thus 

the debt is sustained by the sum of discounted surpluses and implies a “non-Ponzi” condition 

to the government indebtedness. We can verify whether the IBC, expressed by equation [2] 

assuming the “non-Ponzi” scheme, is satisfied using three approaches: cointegration, unit root, 

and fiscal rule. 
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3.1.1. Cointegration approach 

 

We follow Bohn (1991), who provides a perspective on whether budget imbalances 

generated by fiscal positive shocks in the Unites States are eliminated through increasing taxes 

or decreasing expenditures. Let us define the dynamics of government debt as follows:  

 

𝑏𝑡+1 = 𝑔𝑡 − 𝑡𝑡 + (1 + 𝑟)𝑏𝑡 + ϵ𝑡+1,                        [3] 

   

where the lowercase variables represent the uppercase previously defined, as shares of the GDP, 

and   ϵ𝑡+1 is a stationary error term inherited to assuming a positive and constant interest real 

rate: 𝑟 =  𝑟𝑡 for every period. As the model is presented in GDP ratio, one can consider 𝑟 as 

the real interest rate discounted the growth rate of the economy. Solving equation [3] to every 

period in future, we find equation [4]. 

 

(1 + 𝑟)𝑏𝑡 = 𝑙𝑖𝑚
𝑠→∞

𝐸𝑡(𝑏𝑡+𝑠)

(1 + 𝑟)𝑠−1
 +   ∑ρ𝑗

∞

𝑗≥0

𝐸𝑡  [𝑡𝑡+𝑗 –  𝑔𝑡+𝑗 − ϵ𝑡+𝑗+1],              [4] 

  

where ρ is the discount factor defined as ρ = 1/(1 + 𝑟). Assuming the transversality condition, 

𝑙𝑖𝑚
𝑠→∞

𝐸𝑡(𝑏𝑡+𝑠)

(1+𝑟)𝑠−1  =  0, then we have the relationship in equation [5]. 

 

        (1 + 𝑟)𝑏𝑡 =  ∑ρ𝑗

∞

𝑗≥0

𝐸𝑡  [𝑡𝑡+𝑗 – 𝑔𝑡+𝑗 − ϵ𝑡+𝑗+1].                         [5] 

 

Trehan and Walsh (1988) state that the government debt should be stationary in first 

difference when the IBC is respected. Thus, the stationarity of Δ𝑏𝑡  implies the existence of a 

cointegration vector [1   -1   -r] between 𝑋𝑡
𝑓

= [𝑡𝑡. 𝑔𝑡, 𝑏𝑡] that follows from equation [3].   

Disregarding the error term and taking the first difference of b𝑡+1 we find equation [6], which 

defines the nominal deficit-to-GDP ratio (d𝑡) and provides evidence on the expected 

cointegration relation. 

 

                    𝑏𝑡+1 − 𝑏𝑡 = 𝑔𝑡 + 𝑟𝑏𝑡 − 𝑡𝑡 = 𝑑𝑡 .                   [6] 

 



19 

 

Therefore, the existence of a cointegration vector that follows the described process can 

be considered a sufficient condition to attest that the debt-to-GDP ratio is sustainable, and the 

IBC holds. 

 

3.1.2. Unit root approach 

 

We follow Trehan and Walsh (1991) and denominate a budget process sustainable if the 

expected discounted present value of the future stock of debt converges to zero. This demands 

that there are no Ponzi schemes. If this condition is not satisfied, the government could cut taxes 

today or increase the expenditures without changing the future path of the variables.  

Based on equation [6] but using all variables in level, considering 𝐷𝑡 the nominal result 

of the period 𝑡 in level, 𝐼𝑡−1 as the information set of private agents at the beginning of period t 

and, for now, R as a constant realized gross rate of interest, which is defined as: 𝑅 = 1 + 𝑟. The 

authors proceed taking expectations of [6] conditional on the set of information 𝐼𝑡−1 and 

recursively eliminating future values of the stock of debt yields the IBC. The result is in 

equation [7]. 

 

𝐵𝑡−1 = −∑𝑅−(𝑗+1)𝐸(𝐷𝑡+𝑗|𝐼𝑡−1) + 𝑙𝑖𝑚
𝑗→∞

𝑅−(𝑗+1)

∞

j=0

𝐸(𝐵𝑡+𝑗|𝐼𝑡−1).           [7] 

 

Considering the “No-Ponzi” condition the last term must equal zero. If this condition is 

satisfied, the discounted value of the expected future stock of debt converges to zero as 𝑡 goes 

to infinity. Equation [7] also implies that the current outstanding real stock of debt (𝐵𝑡−1), must 

be equal to the discounted present value of current and expected nominal surpluses. 

Trehan and Walsh’s (1991) analysis can be separated in two main ways to attest fiscal 

sustainability, one for economies where the hypothesis that a constant expected interest rate 

provides a good characterization of data, and another, used when this is not a good assumption.  

The authors show that for a constant expected r, considering that equation [7] describes 

the evolution of 𝐵 for all r ≥ 0, if 𝐷 is a mean zero stationary stochastic process, then the “No-

Ponzi” condition holds if 𝐵 is also stationary. If 𝐷 is nonstationary, 𝐵 must also be 

nonstationary, thus, the IBC holds if and only if there is linear combination of 𝐵 and 𝐷 that is 

stationary. 
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If the intertemporal budget balance holds, and the deficit process is described by 

equation [8]. 

 

                    (1 − λ𝐿)𝐷𝑡 = 𝐴(𝐿)ϵ𝑡,                           [8] 

 

where 0 ≤ λ < R, ϵ𝑡 is a q-dimensional martingale difference sequence that engender the set 

of information in period t, and 𝐴(𝐿) = ∑ α𝑖𝐿
𝑖∞

0  and ∑ |α𝑖|
2∞

0 <  ∞. Using equation [8] into [7], 

we find: 

 

𝐵𝑡−1 = −𝐸 [
λ𝐷𝑡−1 + 𝐴(𝐿)ϵt

𝑅
 +

λ2𝐷𝑡−1 + λ𝐴(𝐿)ϵ𝑡 + 𝐴(𝐿)ϵ𝑡+1

𝑅2
+ ⋯| 𝐼𝑡−1],          [9] 

 

which can be reduced to: 

 

         𝐵𝑡−1 = −
λ

𝑅 − λ
𝐷𝑡−1 −

1

𝑅 − λ
𝐸[∑ 𝑅−𝑗∞

0 𝐴(𝐿)ϵ𝑡+𝑗|𝐼𝑡−1].              [10] 

 

If the constant expected interest rate is not a good characterization of the data, the 

cointegration between the stock of the debt and the primary surplus may not exist because the 

variables can have different orders of integration. Therefore, when the expected interest rate is 

not a constant, cointegration does not implies sustainability. Considering a strictly positive 

expected interest rate that can change over time, sustainability demands that 

𝑙𝑖𝑚
𝑗→∞

E(ρt+j
−1Bt+j|It−1) = 0, where 𝜌𝑡+𝑗 = ∏ 𝑅𝑡+𝑖

𝑗
𝑖=0  is the discount factor from 𝑡 to 𝑡 + 𝑗. After 

similar calculations that led to equation [10], but considering a non-constant interest rate, we 

find: 

 

𝐵𝑡−1 = −𝐸 [(
1
ρ𝑡

+
λ

ρ𝑡+1
+

λ2

ρ𝑡+2
+ ⋯)𝐷𝑡 + (

1
ρ𝑡+1

+
λ

ρ𝑡+2
+ ⋯)𝐴(𝐿)ϵ𝑡+1 + ⋯|𝐼𝑡−1] .   [11] 

 

Equation [11] indicates that a constant coefficient cannot be recovered from a regression 

of 𝐵𝑡−1 and 𝐷𝑡. However, the stationarity test on the nominal deficit is valid. The stationarity 

of  rtBt−1 + 𝐷t assures that the outstanding stock of debt grows not more than a linear trend. 

Thus, the stationarity of the nominal deficit is a necessary and sufficient condition to guarantee 

that the IBC holds when the expected real rate of interest is positive and not constant. 
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3.1.3. Fiscal rule approach 

 

According to Bohn (1998) a positive response of primary surpluses to a debt-to-GDP 

ratio implies that the government policy is sustainable and satisfies the IBC. Equation [12] 

shows the period-by-period government budget equation as shares of the GDP. 

 

𝑏𝑡+1 = xt+1(𝑏𝑡 − 𝑠𝑡).        [12] 

 

The lowercase variables represent the previous defined as uppercase as share of the 

GDP, and xt+1 = (1 + Rt+1). Yt/Yt+1 ≈ 1 + rt+1 − γt+1, where rt+1 is the real interest rate and 

𝛾t+1 is the real growth rate in an economy. 

Bohn (1998) proposes an empirical analysis based in Barro’s (1986) tax-smoothing 

model, assuming that the government minimizes the cost of tax collection through smoothing 

marginal tax rate over time. Thus, the centerpieces of the optimal policy are that tax rates should 

depend exclusively on the permanent government spending and on the level of debt. Therefore, 

Bohn (1998) main goal is to verify if there is relation between the primary surplus and the debt-

to-GDP ratio, and estimate a regression of the form of equation [13].  

  

𝑠𝑡 = ρ𝑑𝑡 + αZt + ϵ𝑡 = ρ𝑑𝑡 + μ𝑡,       [13] 

 

where 𝜇𝑡 is define as 𝜇𝑡  =  𝛼𝑍𝑡 + 𝜖𝑡, 𝑍𝑡 represents a vector of other determinants of primary 

surplus defined in equation [14], 𝜖𝑡 is the error term.  

 

               𝑍𝑡  =  [
𝐺𝑉𝐴𝑅𝑡

𝑌𝑉𝐴𝑅𝑡
] ,               [14] 

 

where GVAR represents the temporary government spending and YVAR is a business cycle 

control indicator, both defined in Barro (1986). 

Bohn (1998) states two possible ways of estimating equation [13]. The first, if the debt-

to-GDP and the primary surplus-to-GDP are both non-stationary while μ𝑡 is stationary, one can 

easily estimate a regression of the surplus ratio in the debt ratio as a cointegration process. But 

if the debt-to-GDP and the primary surplus-to-GDP are stationary, the regression will omit other 

important determinants of the surplus and the estimation will be biased. 



22 

 

Bohn (1998) estimates a relationship between primary surpluses and debt ratios of GDP. 

So, if the government actively promotes primary surpluses in response to debt increases, one 

can state that there is sustainability, and the IBC is satisfied.  

Instead, we estimate the fiscal dynamics as a VAR system and, therefore, one can find 

the reaction of taxes and spending to changes in the debt stock. By using this method, we take 

into account the fiscal effects on GDP instead of only using it as a control variable in a 

regression. Besides that, we allow for different responses from tax revenues and government 

expenditures to the business cycle and to the debt level. Thus, we are able to evaluate the debt 

dynamics considering these responses. The VAR used here is presented in the next section. 

 

3.2. Fiscal dynamics  

 

This section presents Blanchard and Perotti’s (2002) strategy and introduce some 

important considerations raised by Favero and Giavazzi (2007) about fiscal dynamics and the 

necessity of considering the debt as a variable of the system.  The latter attest that not 

considering the debt into the estimation, would generate biased responses and could 

overestimate the fiscal dynamic.  

However, none of these authors were concerned about addressing fiscal sustainability. 

Bohn (1991) suggests that because of the IBC, the debt dynamics is a relevant variable not only 

to the different responses of fiscal variables, as Favero and Giavazzi (2007) consider, but in the 

decision-making process that defines the level of taxes and spending. Bearing it in mind, we 

propose an alternative method to assess sustainability in a more agnostic way, using the debt 

stock and the debt interest rate within the VAR, without imposing the IBC. The downside of 

this is that debt responses to other variables are linear. 

Our model also allows us to analyze if different source of imbalances finds different 

reactions of the government. We identify government expenditure and revenue shocks as in 

Blanchard and Perroti (2002) model and first verify whether the debt dynamics bias is an issue 

for Brazilian economy by comparing it to one that considers the debt stock and the debt interest 

rate. Then, we proceed to evaluate whether there seem to exist a fiscal adjustment defined by 

Bohn (1998) as the promotion of surpluses, after each of the shock. Moreover, we can assess if 

the debt stock goes returns to its previous level and if it does, how long it takes, and what seems 

to be the main source of adjustment. 
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3.2.1. Three-variables VAR 

 

The SVAR model has been used extensively to understand the effects of fiscal shocks 

to the others macroeconomic variables. Blanchard and Perotti (2002) use a model with three 

variables: government spending (G), net taxes (T), and real GDP (Y). That can be defined as 

equation [15]. 

 

                            𝑋𝑡 = 𝐴(𝐿)𝑋𝑡−1 + 𝑢𝑡,                     [15] 

 

where 𝑋𝑡 = [𝐺𝑡, 𝑇𝑡, 𝑌𝑡] is a vector containing the variables in logarithms of quarterly real, per 

capita data of taxes, spending, and GDP and 𝑢𝑡 is the corresponding vector of reduced-form 

residuals: 𝑢𝑡  =  [𝑢𝑡
𝑔
, 𝑢𝑡

𝑡, 𝑢𝑡
𝑦
]. Each of them is surprise movements in each variable that can be 

written as a linear combination of uncorrelated structural shocks in taxes (et
t), expenditures (et

g
), 

and GDP (et
y
) that one wants to recover such that 

 

 𝑢𝑡
𝑔

= αg,yut
y
+ βg,tet

t + et
g
, 

                        𝑢𝑡
𝑡 = αt,yut

y
+ βt,get

g
+ et

t ,               [16] 

𝑢𝑡
𝑦

= αy,gut
g
+ α𝑦,tut

t + et
y
. 

 

In matrix form, this linear relationship can be described as:  

 

                                 𝐴𝑈𝑡 = 𝐵𝐸𝑡 ,                               [17] 

 

where matrix A represents the contemporaneous relations of the endogenous variables, and B 

describes the contemporaneous relations between the structural shocks and the reduced-form 

residuals. The covariance matrix of the structural shocks is an identity. Blanchard and Perotti 

(2002) identification method rely on a combination of institutional information and slowness 

of the response of fiscal policy decision. That is why the quarterly data is a key part of the 

estimation. The matrix system can be represented as: 

 

          [

1 −αg,t −αg,y

−α𝑡,g 1 −α𝑡,y

−αy,g −αy,t 1
] [

ut
𝑔

ut
𝑡

ut
y

]  =  [

1 βg,t βg,y

β𝑡,g 1 β𝑡,y

βy,g βy,t 1

] [

et
g

𝑒t
t

𝑒t
y

].                 [18] 
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It does not seem reasonable to consider surprise movements between the variables that 

are under government control. In other words, α𝑔,t = α𝑡,g  =  0. Based on the institutional 

framework, we can suppose the slowness in changes in spending and taxing decisions, thus, 

considering the quarterly data, it is logical to assume that the fiscal authorities do not respond 

simultaneously to shocks in the income, thus βt,y  =  βg,y  =  0. Changes in economic activity 

are explained by surprises in taxes and expenditures and other exogenous shocks, thus we can 

consider that βy,t  =  βy,g  =  0. The parameters αt,y and αg,y represents respectively the taxes 

elasticities to the GDP and the spending elasticities to the GDP.  

Favero and Giavazzi (2007) showed that results are not sensitive to imposing βt,g  =  0 

or βg,t  =  0 , separately for each estimation, or both at the same time. The key to our estimation 

lies then in the elasticity parameters.  

Hence, system [18] can be rewritten as: 

 

                       [

1 0 −αg,y

0 1 −α𝑡,y

−αy,g −αy,t 1
] [

ut
g

ut
𝑡

ut
y

]  =  [
1 0 0
0 1 0
0 0 1

] [

et
g

et
t

et
y

] .             [19] 

 

Blanchard and Perotti (2002) estimate the elasticities to output of spending and taxes, 

using information on the features of the fiscal system.  

Considering the net taxes, one can write the level of net taxes as �̃� = ∑�̃�𝑖, where the 

corresponding to taxes �̃�𝑖 are positive, and if corresponding to transfers are negative. 

Considering 𝐵𝑖
𝑡 as the tax base corresponding to �̃�𝑖 , the within-quarter elasticity of the net taxes 

to output can be rewritten as equation [20]1. 

 

         αt,y = ∑𝜂𝑇𝑖𝐵𝑖
𝑇𝜂𝐵𝑖

𝑇,𝑌

�̃�𝑖

�̃�
𝑖

,               [20] 

where 𝜂𝑇𝑖𝐵𝑖
𝑇 represents the elasticity of each 𝑖 tax to their tax base, and 𝜂𝐵𝑖

𝑇,𝑌 is the elasticity of 

the tax base to the GDP. To find these quarterly elasticities Blanchard and Perotti extend Giorno 

 

1 Using the chain rule: 
𝜕𝑇

𝜕𝑌
= ∑

𝜕𝑇𝑖

𝜕𝐵𝑖
𝑇

𝜕𝐵𝑖
𝑇

𝜕𝑌𝑖
. To find equation [20], one can 

𝑌

𝑇

𝜕𝑇

𝜕𝑌
=

𝑌

𝑇
∑

𝜕𝑇𝑖

𝜕𝐵𝑖
𝑇

𝐵𝑖
𝑇

𝑇𝑖𝑖

𝜕𝐵𝑖
𝑇

𝜕𝑇𝑖

𝑇𝑖

𝐵𝑖
𝑇  =

 ∑
𝜕𝑇

𝜕𝐵𝑖
𝑇

𝐵𝑖
𝑇

𝑇𝑖𝑖
 
𝜕𝐵𝑖

𝑇

𝜕𝑌

𝑌

𝐵𝑖
𝑇

𝑇𝑖

𝑇
. 
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et. al. (1995) work who constructed annual elasticities for four different categories of taxes. 

They found an elasticity of taxes to GDP of 2.08 to the USA data. 

Peres (2009) uses Blanchard and Perotti (2002) method described by equation [24] to 

estimate the Brazilian quarter tax to GDP elasticity from 1994 to 2005. He found seven main 

categories: (i) foreign trade (import and export taxes); (ii) industrial production (IPI); (iii) 

corporate income taxes; (iv) personal income taxes; (v) financial taxes; (vi) revenues taxes; (vii) 

payroll taxes. The author found an elasticity of 2.0322 for Brazil for the evaluated period. 

No automatic feedback from the economic activity to government spending was found 

in any of the works. Thus, one can say that αg,y  =  0. 

After finding those elasticities, the number of restrictions is enough for exact 

identification, and the impulse response functions can be computed describing the fiscal 

dynamics of an economy. 

 

3.2.2. Five-variables VAR 

 

Favero and Giavazzi (2007) shows that a VAR system that does not considers the debt 

dynamics can generate biased estimation for not allowing taxes and spending to respond to the 

indebtedness level. In their estimation, the authors provide a strategy that adds the debt 

dynamics as an exogenous variable to their VAR and then use the IBC to find the debt responses 

to changes in taxes and spending. By doing so, they assume that the IBC is being satisfied. 

Here, we propose a more agnostic method. We investigate if the fiscal dynamics is affected by 

the debt in a VAR with five variables, by adding the stock of the debt as share of the GDP and 

the real interest rate of the debt into the system previously presented. Besides finding how fiscal 

dynamics can change by adding the debt variables to it, this alternative allows the response of 

debt to change in fiscal policy without imposing that the IBC is satisfied. So that one can state 

whether the government has or has not been promoting surpluses actively, as Bohn (1998) says 

to be a better evidence on fiscal sustainability. Our method provides evidence to verify if the 

source of imbalance matters, something that has little attention on fiscal sustainability 

discussion. 

Thus, the five-variables VAR model can be defined as:  

 

                           𝑍𝑡 = 𝐴(𝐿)𝑍𝑡−1 + 𝑢𝑡,                     [21] 
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where 𝑍𝑡  =  [𝐺𝑡 𝑇𝑡 𝑌𝑡 𝑏𝑡 𝑟𝑡] is a vector containing the logarithms of quarterly real data 

of expenditures, taxation and output, the debt-to GDP share, and the real interest rate of the 

debt. 𝑢𝑡 is the corresponding vector of reduced-form residuals: 𝑢𝑡  =  [𝑢𝑡
𝑔
 𝑢𝑡

𝑡 𝑢𝑡
𝑦
 𝑢𝑡

𝑏 𝑢𝑡
𝑟]. They 

also have economic interpretation and can be described as a linear combination of uncorrelated 

structural shocks that are one can want to recover. This system can be described as follows: 

 

[
 
 
 
 
 

1 −αg,t −αg,y −αg,b −αg,r

−αt,g 1 −αt,y −αt,b −αt,r

−αy,g −αy,t 1 −αy,b −αy,r

−αb,t −αb,g −αb,y 1 −αb,r

−α𝑟,𝑡 −α𝑟,𝑔 −αr,y −αr,b 1 ]
 
 
 
 
 

[
 
 
 
 
 
𝑢𝑡

𝑔

𝑢𝑡
𝑡

𝑢𝑡
𝑦

𝑢𝑡
𝑏

𝑢𝑡
𝑟 ]
 
 
 
 
 

=  

[
 
 
 
 
 

1 βg,t βg,y βg,b βg,r

β𝑡,g 1 βt,y βt,b βt,r

β𝑦,g βy,t 1 βy,b βy,r

β𝑏,g β𝑏,t β𝑏,y 1 βb,r

β𝑟,g β𝑟,t β𝑟,y βr,b 1 ]
 
 
 
 
 

[
 
 
 
 
 
𝑒𝑡

𝑔

𝑒𝑡
𝑡

𝑒𝑡
𝑦

𝑒𝑡
𝑏

𝑒𝑡
𝑟 ]
 
 
 
 
 

.     [22] 

 

As all variables are quarterly, we also rely in the slowness of the responses of the fiscal 

variables as a method of identification, as Blanchard and Perotti (2002). Besides defining  

α𝑔,t = α𝑡,g  =  0, as previously described, we also assume that the taxes, the spending, and the 

GDP does not respond contemporaneously to changes in debt stock and in the interest rate of 

the debt, thus: αg,b = αt,b = αy,b = αg,r = αt,r = αy,r =  0. Lastly, we assume that the 

matrix multiplying the structural shocks is diagonal, as used in the previous method.  

Assuming the same hypothesis from the previous section and allowing for the debt stock 

and the debt interest rate contemporaneously react to all other variables of the system we find 

system [23]. 

 

            

[
 
 
 
 
 

1 0 0 0 0
0 1 −αt,y 0 0

−αy,g −αy,t 1 0 0

−αb,t −αb,g −αb,y 1 −αb,r

−α𝑟,𝑡 −α𝑟,𝑔 −αr,y −αr,b 1 ]
 
 
 
 
 

[
 
 
 
 
 
𝑢𝑡

𝑔

𝑢𝑡
𝑡

𝑢𝑡
𝑦

𝑢𝑡
𝑏

𝑢𝑡
𝑟 ]
 
 
 
 
 

  =  

[
 
 
 
 
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1]

 
 
 
 

[
 
 
 
 
 
𝑒𝑡

𝑔

𝑒𝑡
𝑡

𝑒𝑡
𝑦

𝑒𝑡
𝑏

𝑒𝑡
𝑟 ]
 
 
 
 
 

.          [23] 

 

We rely once more in institutional information of taxes to the GDP elasticity (α𝑡,y) to 

find an exact identified system. 
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4. EMPIRICAL RESULTS 

 

4.1. The data 

 

The data used in our paper comes from institutional sources. The tax revenues, the 

government spending, the nominal deficit2come from the Tesouro Nacional Brasileiro 

database. The spending data includes (i) social security benefits; (ii) wages and social charges; 

(iii) other compulsory expenditures3; and (iv) expenses from the executive power subjected to 

financial programming. The tax revenues used in this paper are the net taxes: total current 

revenues minus transfers.   

The debt-to-GDP series comes from the Brazilian Central Bank’s database. We decide 

to use the gross debt, as Gobeti and Schettini (2010) state that in Brazil, the gross level of debt 

is a better indicator than the net level, for sustainability measurement. We choose to use the 

previous method of accounting the Brazilian debt (the so called 2002 methodology), that 

includes Central Bank’s bonds portfolio, as it offers a larger sample to our estimation. 

The interest rate of the debt used here is the custo médio da dívida mobiliária released 

by the Tesouro Nacional Brasileiro in its monthly report of the debt. The rate is an average cost 

of different interests of government-issued bonds accumulated in the past 12 months. 

The quarterly GDP data comes from the Instituto Brasileiro de Geografia e Estatística. 

When monthly data is used, the series used for the GDP comes from Central Bank’s 

interpolation.  

All series are from 2002 to 2019. We avoided using 2020 data, though it was available, 

because of the COVID-19 shock, that affected the public expenditures. The frequency used 

varies from monthly to quarterly, in the attempt to have a bigger sample for the unit root and 

cointegration approaches4. As our analysis of the fiscal dynamics relies on a quarterly estimated 

elasticity, we used quarterly data in the VAR estimation. 

Figure 1 displays the series of (a) Tax Revenues (quarterly); (b) Government Spending 

(quarterly); (c) Surplus (interest inclusive) (monthly); (d) GDP (quarterly); (e) Debt Interest 

Rate (quarterly); and (f) Debt-to-GDP stock from 2002 to 2019 (quarterly). The dashed line 

 
2 The nominal deficit used in this paper obtained from Tesouro Nacional Brasileiro database consists in the called 

“under the line” methodology, thus it does not consider the exchange devaluation on its estimation. 
3 Compulsory spending includes subsides, donations, contingency reserves, legislative and judiciary costing, 

election campaign financing, money-printing costs and other transfers to people and enterprises. 
4 The description of the used variables for each of the different methods promoted in this paper is contained in 

Appendix A.  
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represents the real data with no seasonal adjustment, while the continuous line represents the 

real seasonally adjusted data. 

All data used in estimation was seasonally adjusted with the X-13-ARIMA-SEATS and, 

when not used as share of the GDP, deflated with the Market General Price Index (IGP-M), 

used as a proxy to the GDP deflator. 

 

FIGURE 1: Analyzed series (2002 - 2019) 

 

 

 

Notes: (a) Tax revenues (quarterly); (b) Government Spending (quarterly); (c) Surplus (interest inclusive) 

(monthly); (d) GDP (quarterly); (e) Interest Rate of the Debt, 12 months accumulated (quarterly); (f) Debt Stock, 

12 months accumulated (% of GDP) (quarterly). The dashed line represents the real data with no seasonal 

adjustment, while the continuous line represents the real seasonally adjusted data. 

 

4.2.  Cointegration approach 

 

In this section, we evaluate if there is a cointegration relation between taxes, spending, 

and debt. The series of net tax revenues, expenditures and debt used here are monthly, 
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cumulated for the last twelve months, seasonally adjusted, and in shares of GDP. Figure 9, 

contained in Appendix B, displays the monthly series used for the cointegration approach.  

Table 2, also in Appendix B, shows the results for the Augmented Dickey Fuller (ADF) 

and Phillips-Perron (PP) tests for variables in level and first difference. The tests provide 

evidence that all variables are nonstationary in level and stationary in first difference. The 

Akaike Information Criterion (AIC) and the Hannan-Quinn information Criterion (HQ) pointed 

to the lag length of size 2 for the variables in level. A VAR was estimated in such form and the 

Johansen Cointegration test was performed. The results of the test for the existence of a 

cointegration vector of taxes, expenditures and debt that contains no constant or trend are 

reported on Table 3 also in Appendix B. 

Both the max-eigenvalue and the trace tests indicate one cointegration relation test at 

the level of 5% and 1%, respectively. Therefore, a Vector Error Correction Model (VEC-M) 

implies a the cointegration vector [1 −1.2711 0.0457]. Looking for the relationship 

proposed by Bohn (1991), two restrictions were imposed to the vector. Table 4 in the Appendix 

B represents the test imposing a cointegration vector of [1 −1 −𝑟] with unrestricted 𝑟. 

 The finding vector of [1 −1 −0.022385] could not be rejected. This lead us to the 

conclusion that we cannot reject that those variables cointegrate in the expected way and that 

the interest rate discounted of the growth rate consistent with this relation is r = 0.022385. As 

all data is accumulated for the past twelve months, one can read this result as the annual debt 

interest rate. Thus, according to Bohn (1991), one can state that Brazilian debt-GDP ratio is 

sustainable to the analyzed period. 

  

4.3.  Unit Root Approach 

 

Based on the assumption that Brazilian economy is not well characterized by the 

hypothesis of constant debt interest rate, the examination here proposed, as Trehan and Walsh 

(2001) state, is a stationarity test for the nominal result series. The authors argue that this 

condition is necessary and sufficient to attest fiscal sustainability. Figure 2 highlights the 

behavior of the surplus interest inclusive for Brazilian economy. The nominal result series here 

used is all monthly, real, and seasonally adjusted. 
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FIGURE 2: Surplus Interest Inclusive (2002 – 2019) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: The dashed upright line represents August 2014. 

 

Table 5, in Appendix C, shows the ADF test with and without a constant. The tests 

cannot reject the presence of unit root in the series, what could be interpreted as an evidence of 

some problem on Brazilian fiscal situation. But analyzing the series once more, there seem to 

be a structural break in 2014, where the nominal deficit changes its mean-floating to a lower 

baseline. This break can create a bias in the unit root test estimation as Perron (1989) shows. 

The author states that the unit root hypothesis is sensitive to exogenous changes in the 

deterministic component and provides new methods to test stationarity for those series where 

sudden changes happen. 

 The results of the Modified Augmented Dickey-Fuller test which allows for levels that 

differ across a breaking date are also contained in Table 5. 

The test found the month of August in 2014 as an intercept break on the series, mainly 

because of higher levels of debt service. When that break is taken in consideration the unit root 

hypothesis is strongly rejected. One can state that the deficit interest inclusive after the second 

quarter of 2014 is still stationary but floats around a more negative value than it did before. 

According to Trehan and Walsh (1991) the absence of unit root is enough condition to attest in 
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favor of fiscal sustainability. Despite that, the Brazilian scenario is still worrying since the new 

higher mean of the nominal deficit implies a higher level of indebtedness.  

 

4.4. Fiscal Dynamics 

 

This section seeks to understand the fiscal dynamics and the impacts of the inclusion of 

the debt dynamics to the estimation. Then, we first show a VAR with three variables, following 

the previously described Blanchard and Perotti (2002) method. The series of government 

expenditures, net taxes, and GDP are all quarterly, real, seasonally adjusted, and in logarithms 

of the levels.  

First, we determined the optimal quantity of lags for Brazilian data. Table 6 shows the 

results for the AIC, the HQ, the Likelihood-Ratio test (LR), the Final Prediction Error (FPE), 

and the Schwarz Information Criterion (SIC). We choose the lag order on AIC, because it is 

considered superior for estimation in smaller samples, and our data has 72 observations. 

Therefore, the estimation for the three-variable VAR model proceeded with 3 lags.  

We did the same process for the five-variables VAR that includes the debt-to-GDP stock 

and the debt interest rate to our previous three-variables model. The results are also contained 

in Table 6, which also leads to 3 lags. The mentioned table is contained in Appendix D. 

As our models are estimated with our variables in level, all the residuals were tested to 

be sure that we find no spurious relations. All tests are contained in Appendix E. We find no 

evidence of serial correlation, unit root, heteroskedasticity, or structural breaks in the residuals. 

In order to understand the fiscal dynamics and the differences between including and 

excluding debt in the model, Figures 3 and 4 shows the responses to impulses in the government 

expenditures and tax revenues for both models.  The three-variables model is represented in 

solid line, while the dashed line represents the five-variables model. Based on the Impulse 

Response Functions (IRFs) for each shock, we also compute the implied primary surplus 

response by subtracting the expenditures responses from the tax revenues responses for each 

shock in each period.  
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FIGURE 3: Responses to government expenditure shock 

 

 

Notes: The solid line with circle shaped points represents the three-variables model that excludes the debt 

dynamics. The solid lines with no shaped figure are the confidence interval of 95%. The dashed line with diamond 

shaped figures represents the five-variables model, that includes the debt dynamics. The dashed lines with no 

shaped figure are the confidence interval of 95%.  
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FIGURE 4: Responses to tax revenues shock 

 

 

Notes: The solid line with circle shaped points represents the three-variables model that excludes the debt 

dynamics. The solid lines with no shaped figure are the confidence interval of 95%. The dashed line with diamond 

shaped figures represents the five-variables model, that includes the debt dynamics. The dashed lines with no 

shaped figure are the confidence interval of 95%.  

 

A shock in expenditures generates positive responses in the GDP, thus one can state that 

the fiscal multiplier is positive in Brazilian economy, yet larger for the model that does not 

contain the debt stock and the debt interest rate5. Considering the tax revenues shock, we face 

a positive and significant shock, though small, that produces a negative response in the GDP. 

The tax impulse become negative right after the shock in the second quarter. We can assume 

that as the tax elasticity to GDP is constructed based in the aggregation of different tax rates of 

an economy, and weighted by each tax base, it can be considered a tax rate shock. If so, the 

drop in the GDP in the first quarter can explain the subsequently fall in taxes, as the decrease 

in output induced a fall in the tax base, and thus, a fall in tax revenues. One could see the tax 

 
5 Considering our three-variable model, we find the multiplier of 2.2435 for the first four quarters, 3.4435 for six 

quarters, and 3.624 for eight quarters. When considering our five-variables model, we find 1.5735 for the first 

quarter, 1.9395 for 6 quarters, and 2.226 for eight quarters.  
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impulse and its path as an evidence that Brazil might be in a place in Laffer Curve6, where 

higher tax rates does not convert into higher revenues, but in a smaller tax base and so, a lower 

revenue. 

We can see that as in Favero and Giavazzi (2007), not endogenizing the debt dynamics 

in the estimation seems to be a source of bias. As one can see in Figures 3 and 4 not using the 

debt as a variable in the SVAR system, indeed generated bigger responses for both tax revenues 

and expenditure shocks. The output found higher paths for the spending shock, and lower levels 

in the tax shock in the three-variables model. Therefore, the estimated model that does not 

includes the debt dynamics indeed seem to be miss-specified, generating overestimated results 

for Brazilian economy.   

 

4.4.1. Fiscal Rule 

 

Our five-variables model can keep in track of the debt dynamics for each of the analyzed 

shocks and provides the responses to the impulses of the debt-to-GDP. This is an important 

factor for our analysis. Considering Bohn (1998), an evidence of debt sustainability would be 

a reaction of surpluses when there is a change in the debt stock. To evaluate that relation, we 

focus on the debt dynamics and the primary result for each shock.  When considering the 

spending shock, our three-variables model estimates surpluses in third and fourth quarters, 

whereas the debt-inclusive model generates deficits in all periods. Besides that, the deficits are 

higher until period 8 in the five-variables model. Meanwhile, the debt-to-GDP increases 5% 

until the second quarters, falls, then slowly increases again converging towards a 10% increase. 

Even though there is a reduction in the negative responses of the primary results, we find no 

positive values when considering our debt inclusive model. 

Considering the response of the debt-to-GDP to the impulse in taxes, we can state that 

there is a decrease that lasts for 3 quarters after the shock and then, the debt level increases 

again back to a positive path slowly falling from fifth quarter onwards. Simultaneously, looking 

at the primary result constructed response, we can see that it follows the tax revenues dynamics, 

finding a positive result that is subsequently converted to deficits. After the third quarter, the 

deficits are reduced, turning into surpluses that remain positive onwards, while debt-to-GDP 

 
6 The Laffer Curve (2004) describes the two possible effects on tax revenues of changes in tax rates. Besides 

considering that an increase in tax rates is arithmetically associated to bigger revenues, Laffer described the 

economic effect of higher taxes, where work, employment, and output are penalized because of the incentives to 

decrease activities, reducing, consequently, the tax base. Then, a rate rise could generate a bigger economic effect, 

decreasing the tax base, thus, the revenue would also decrease, instead of increasing it. 
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ratio decreases. There seems to exist a relationship between the surpluses and the debt-stock 

when considering a tax exogenous change. 

We can verify that the source of imbalance seems to matter for Brazilian economy, as 

we find surpluses that seem to rebalance the debt stock when considering the tax shock, 

however we find no evidence of surpluses or rebalancing when considering a shock to the 

government spending, thus, the debt stock remains higher for all five years of analysis. 

For both shocks, when looking to the debt interest rate we do not find the expected 

reaction. Our model generates an increase in the interest rate when surpluses are achieved after 

a tax shock, and a decrease in it after a spending shock. Both responses are statistically 

insignificant what gives us some evidence that our linear model may not provide a good 

approximation of the dynamics, especially for the debt service.  

 Looking for a potential source of the adjustment for the shocks we focus now only in 

our five-variables model that keep on track with the debt stock and the debt interest rate.  

For the tax shock, one can state that the main source of adjustment is a bigger decreasing 

in expenditures from the fifth period onwards. Since we find a fall in taxes, the bigger 

decreasing on spending generates positive results, and the debt-stock falls. As the surpluses are 

small, the adjustment seems to take 11 quarters and after that, we still find surpluses for all 20 

quarters, therefore, the debt-to-GDP keeps falling. 

However, when considering the shock in the government spending, one can affirm that 

the taxes does not seem to keep up with the spending increases. Though the GDP grows 

continuously, the fiscal dynamics seems to provide deficits only, what explains the continuous 

growing of debt-stock. 

 Our five-variables model also allows us to analyze the debt and its interest rate shocks. 

Though there is no clear identification for these two shocks, we can still evaluate if the taxes 

revenues and the government spending responses are stabilizing the debt when those shocks 

happen. The responses to the impulses in the debt-to-GDP stock and the debt interest rate are 

plotted in Figures 5 and 6.  
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 FIGURE 5: Responses to debt-to-GDP shock 

 

Notes: The grey shadow represents the 95% confidence interval. 

 

FIGURE 6: Responses to debt interest rate shock 

 

Notes: The grey shadow represents the 95% confidence interval. 
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Considering the shock in the debt-to-GDP stock, one can verify that it produced a small 

decrease and insignificant in the GDP in periods 3 and 4, coming back to the original level right 

after. The debt stock shock also increases the interest rate in 0,5%, that became negative right 

after remaining like that onwards.   

 Now, bearing in mind the debt interest rate shock, we can identify a stronger response 

of the GDP, that falls continuously till fifth quarter and then slowly recovers. The debt-to-GDP 

stock falls around 0.1% in the first period and then slowly get back. Even though the interest 

rate shock is not identified, the effects seem to reproduce a debt rollover, where we find a rising 

interest rate and a decrease in the debt stock, although the debt response is very imprecisely 

estimated. If so, the fall in the debt stock could be explained as a search for safer assets, other 

than the Brazilian government bonds.  

Comparing the debt-stock path for both IRFs to the primary results responses, one can 

state that there are surpluses after the increase in debt level. When considering the debt-stock 

shock, we face a primary result slowly becoming positive, and a debt-stock that falls gradually 

right after the shock. As we find small surpluses, it takes more than 5 years to get the debt back 

to its original path.  

Regarding the debt interest rate shock, we can see a peak in a positive primary result in 

the third quarter, when the effect on the debt stock is still negative. But this result is reversed 

after a year, where we find deficits again. It seems that from period 9 onwards, we see a more 

consistent surpluses response.   

In the debt-stock shock, we can notice that the first response is slightly higher tax than 

the increase in the second quarter that is the main source of a surplus. The taxes subsequently 

fall as the tax base decreases as a result of the GDP also falling in third quarter. We do not find 

any surpluses until the tenth quarter. Thus, we can consider the slight reduction in the debt stock 

from quarter 2 to 10, as a consequence of the fall of the debt interest rate. After an increase in 

the first quarter, it became negative, and so it remains for two years, therefore, the government 

bonds have a lower return than before the shock, leading to a lower debt service. The 

expenditures here do not face any cut before period 10, other than the slow return to the original 

level after the shock. After the decrease in government spending, the primary results finally 

became positive again. Thus, though it seems to take two years, the government promotes the 

surpluses by decreasing the government spending. 

When considering the interest rate shock, we see a decrease in tax revenues, that could 

be explained again by the GDP fall. Considering that the output falls continuously and then 

stabilizes in a negative level, the tax revenues dynamics could be interpreted as the consequence 



38 

 

of these changes in the tax base. One can verify that the government seems to promote a fiscal 

adjustment through decreasing spending even after the output stop falling, generating surpluses. 

Though, here the fiscal reaction seems to be not to the debt level, that decreases since the shock, 

but to the interest rate.  This is consistent with a debt rollover problem, where the government 

promotes a fiscal adjustment as a way regaining trust, guaranteeing investors willing to buy 

government bonds. 

Lastly, we promoted a variance decomposition for our data series, to verify which 

shocks are the most important to explain the dynamics for each variable. Table 1 shows the 

forecast error variance decomposition for our variables. 

 Considering the forecast error variance decomposition of the debt-stock, which is our 

main goal, we verify that most of the forecast error variance is explained by the exogenous 

shock in the government spending. As periods go by, we can notice a decrease on the spending 

shock participation and a higher importance of the tax shock in the explanation of the error 

variance to the tax shock, though still inferior when compared to government expenditures. 

 When looking to the debt interest rate, we find that the shocks in spending and taxes are 

the main source of variation through periods. We find a great importance in the first period to 

the spending shock, while in the others evaluated, the tax shock gains more importance. We 

also observe the exogenous spending shock as key to explain the forecast error variance of the 

expenditures themselves in all evaluated periods and the tax revenues in period 1. This 

relevance changes for the latter as time passes and after a year the tax exogenous shock becomes 

its own main driver. The tax shock is the main importance source of variation of the forecast 

error of the GDP in every evaluated period, followed by the spending shock, and them its own 

shock. The debt and the debt service shock do not provide much information when trying to 

explain the forecast error variance of our variables. The GDP shock also does not explain much 

the variation of the other variables. 
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TABLE 1: Forecast Error Variance Decomposition for the five-variables model 

 

Government Expenditures (G) 

Period Shock in G Shock in T Shock in Y Shock in b Shock in r 

1 100% 0% 0% 0% 0% 

4 76,65% 23,32% 0,01% 0,01% 0% 

8 69,96% 30,02% 0,01% 0,01% 0,01% 

20 58,96% 40,98% 0,05% 0% 0,01% 

40 55,98% 43,89% 0,10% 0,01% 0,01% 

Tax Revenues (T) 

Period Shock in G Shock in T Shock in Y Shock in b Shock in r 

1 88,06% 2,33% 9,62% 0% 0% 

4 27,02% 72,05% 0,91% 0,02% 0,01% 

8 36,61% 62,69% 0,67% 0,01% 0,02% 

20 39,62% 59,82% 0,54% 0,01% 0,02% 

40 39,51% 59,92% 0,53% 0,01% 0,02% 

GDP (Y) 

Period Shock in G Shock in T Shock in Y Shock in b Shock in r 

1 5,27% 94,15% 0,58% 0% 0% 

4 11,89% 87,65% 0,46% 0% 0% 

8 20,61% 79,02% 0,36% 0% 0,01% 

20 28,50% 71,20% 0,28% 0% 0,01% 

40 29,40% 70,30% 0,30% 0% 0,01% 

Debt-to-GDP stock (b) 

Period Shock in G Shock in T Shock in Y Shock in b Shock in r 

1 72,05% 20,01% 0,14% 7,73% 0,07% 

4 88,99% 6,71% 2,45% 1,84% 0,01% 

8 84,20% 10,77% 4,07% 0,96% 0% 

20 76,50% 20,51% 2,62% 0,37% 0% 

40 53,30% 45,62% 0,95% 0,13% 0,01% 

Debt Interest Rate (r) 

Period Shock in G Shock in T Shock in Y Shock in b Shock in r 

1 88,01% 3,26% 3,45% 1,10% 4,19% 

4 23,34% 75,70% 0,61% 0,09% 0,26% 

8 35,99% 63,24% 0,48% 0,08% 0,21% 

20 44,04% 55,31% 0,41% 0,07% 0,16% 

40 43,71% 55,74% 0,35% 0,06% 0,14% 

 

Notes: The variance of the forecast error of Government Spending (G), Tax Revenues (T), GDP (Y), debt-to-GDP 

stock (b), and debt interest rate (r), is decomposed debt-to-GDP stock is decomposed in the shocks of G, T, Y, b, 

and r, for 1, 4, 8, 20 and 40 quarters. 
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4.4.2. Robustness 

 

We carry out different robustness analysis to evaluate if our results remain the same. 

Considering the counterintuitive result for the interest rate in our baseline model, we propose 

an analysis adding separately the JPMorgan Emerging Market Bond Index (EMBI+), and the 

monetary dynamics represented by the inflation, used here as the Extended National Consumer 

Price Index (IPCA, in Brazilian acronym), and the nominal interest rate (Selic rate). The EMBI+ 

was identified recursively, while we rely our specification when considering the monetary 

dynamics on the Holland et all. (2020) strategy7. As our variance decomposition suggests, our 

main shocks are the spending and the taxes ones, thus, our analysis here will focus on then. 

When using the EMBI+ in our estimation, we seem to find a better description on the 

debt interest rate reaction when the exogenous shock is in the tax revenues. However, we still 

cannot provide a good characterization on the debt interest rate when the shock is in the 

government expenditures, even the EMBI+ seem to react to the opposite side as expected in a 

spending that finds no rebalancing in the five-year horizon. The importance of taking the source 

of the imbalance into consideration remains, as we still find evidence on surpluses and 

consequently on the rebalancing of the debt-stock to shocks in the taxes, but no evidence of 

sustainability when considering the exogenous shock to the spending. The presented IRFs and 

the ones of the shock in debt stock and debt interest rate are presented in Appendix F. 

When adding the monetary dynamics to our estimation, we find a better characterization 

of the debt interest rate for taxes and spending shocks. However, we face an unexpected 

reaction, though insignificant, of the inflation, for both. As we are not currently trying to 

characterize the interactions between policies, we decide to focus on the sustainability analysis 

for now. Despite finding a small positive response on primary result in the second quarter, our 

conclusions on sustainability and the importance of the source of imbalance remain, as the only 

positive response in Primary Result is not enough to rebalance the debt-stock. After that, we 

just find negative responses, and a debt-to-GDP ratio remains stable and higher, not returning 

to its initial level, afterwards. The presented IRFs of our model added by the monetary policy 

are contained in Appendix G. 

 
7 The authors use a standard specification for the elasticity of the expenditures to inflation (𝛼𝑔

𝜋 = - 0.5) and use the 

Croatian value for the elasticity of the taxes to inflation (𝛼𝑡
𝜋 = 0.73), all other contemporaneous reaction from 

previous variables to the monetary ones were defined as equal to zero. 
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 Lastly, we propose an analysis of the IRFs switching our debt-stock series and interest 

rate to the Central Bank’s 2008 methodology that excludes its bonds portfolio. By using this 

series, we are allowed to use the implicit interest rate on debt (taxa de juros implícita da dívida 

bruta), a calculated interest rate of the debt that is computed based on the stock of the gross 

debt. As the new series starts in 2007, we have a reduced sample, with 52 observations. Figure 

7 shows the IRFs to a shock to the tax revenues and Figure 8 shows the shock to the government 

spending, when using the new data, comparing the new five-variables model to the classic 

Blanchard-Perotti (2002) estimation. 

 

FIGURE 7: Responses to tax revenues shock (2008 methodology) 

 

 

Notes: The solid line with circle shaped points represents the three-variables model that excludes the debt 

dynamics. The solid lines with no shaped figure are the confidence interval of 95%. The dashed line with diamond 

shaped figures represents the five-variables model, that includes the debt dynamics (using 2008 method). The 

dashed lines with no shaped figure are the confidence interval of 95%.  

 

We find similar conclusions to our baseline model. However, it is not that clear that the 

restricted model is overestimated when considering the new debt stock and the implicit interest 

rate. The response of the Primary Result suggests that the government promotes positive 
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reactions, rebalancing the debt-stock. The new interest rate series seem to respond as expected, 

decreasing in the periods that we find positive Primary Results. 

 

 FIGURE 8: Responses to government expenditures shock (2008 methodology) 

 

 

Notes: The solid line with circle shaped points represents the three-variables model that excludes the debt 

dynamics. The solid lines with no shaped figure are the confidence interval of 95%. The dashed line with diamond 

shaped figures represents the five-variables model, that includes the debt dynamics (using 2008 method). The 

dashed lines with no shaped figure are the confidence interval of 95%.  

 

Once more, we find similar conclusions to our baseline five-variables model. Here, the 

biased of omitting the debt dynamics became more obvious. The reaction of the primary result 

and the debt-to-GDP stock corroborates our previous analysis that the exogenous shocks to the 

spending does not seem to be rebalanced in Brazilian economy as we find no evidence of 

positive responses on Primary Result nor any rebalancing of the debt-stock. However, the new 

interest rate, now reacts positively, though insignificant, to the negative responses on the 

Primary Result. 

The others IRFs are similar to the previously found when analyzing sustainability, 

though we find some slight difference when considering the shock to the interest rate, that to 

this new series does not seem to characterize a debt rollover problem, perhaps because the new 
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interest rate data is built based on the different stocks. The responses to the non-identified 

shocks in the debt stock and the interest rate are contained in Appendix H.
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5. FINAL REMARKS 

 

 This paper evaluates the fiscal sustainability and an active fiscal rule in the Brazilian 

economy from 2002 until 2019 and fill in the gap of sustainability analysis that has not received 

much attention in Brazil recently. To do so, we employed different methods to find robustness 

to our conclusions. 

 When considering our cointegration analysis, proposed by Bohn (1991), we find a result 

that corroborates with the debt sustainability, attested by the existence of the cointegration 

vector. But this analysis relies in the hypothesis of a constant interest rate as a good description 

of the economy, what may not be a good characterization of Brazilian economy.  

Thus, we proceed to our second analysis, proposed by Trehan and Walsh (1991), where 

we allow for a variable interest rate. To do so, we performed a unit root test to our nominal 

surplus series. We find sustainability only if considering an intercept break to our analysis in 

August 2014. Though the unit root hypothesis was rejected when this break was considered, 

this situation is worrying, because the government is incurring in bigger levels of nominal 

deficit. 

 This led us to investigate the fiscal dynamics more profoundly, looking for an active 

fiscal rule following Bohn’s (1998) intuition. Our first conclusion corroborates with Favero and 

Giavazzi (2007) and Ilzetki (2011) works that state that not including the debt to the analysis 

of the fiscal dynamics might overestimate it. Though we used a different method of including 

the debt stock and the debt interest rate to the analysis, our conclusions corroborate with the 

analysis of Cavalcanti and Silva (2010) who applied Favero and Giavazzi (2007) methodology 

for Brazil between 1995 to 2008. We verified that their conclusions are also valid for our period 

of analysis. 

As we use an agnostic method that does not impose the IBC constantly, differently from 

Favero and Giavazzi (2007) and Chung and Leeper (2007), our SVAR allowed us to verify if 

different sources of imbalances could generate different government reactions, something that 

is disregarded in sustainability analysis. This made possible to verify that depending on the 

source of disequilibrium in the Brazilian IBC, the government might or might not provide 

surpluses to take the debt back to its path.  

We find that after an exogenous shock to taxes, there is a positive reaction of the 

government, promoting surpluses mainly through an expenditure’s contraction. However, when 

the exogenous shock is in the government spending, there seem to be no surpluses, and so the 

debt-stock remains higher. Therefore, the source seems to be an important factor in the analysis, 
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as an unexpected change in government spending does not seem to be sustainable as does not 

find any positive primary result response in all evaluated periods. The forecast error variance 

decomposition reinforces this result, as we find that the main exogenous shock that explain the 

variability of the debt stock is the spending one. 

Based on what is proposed in this work, it seems that fiscal policy made through changes 

in expenditures do not seem to be rebalanced, what can be interpreted as an evidence that there 

is no sustainability, since we find no evidence on the government actively promoting surpluses 

to make up for the deficits, caused by the increasing in the spending.  

Future research may consider use some non-linear method to the estimation, to 

understand eventual nuances, especially for the debt interest rate level, that may be better 

characterized by a non-linear model, and the debt-stock, that may impact the economy 

differently, depending on current level of accumulation, for example. 
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APPENDIX A: VARIABLES DESCRIPTION 

 

(a) Cointegration approach 

 

Debt-to-GDP stock (2002 methodology): Gross Debt (in 2002 methodology), accumulated in 

12 months, as a share of the GDP. Seasonally adjusted. Frequency: monthly. Source: Brazilian 

Central Bank.  

 

Government spending-GDP share: Government spending accumulated in 12 months and as 

share of the GDP. Seasonally adjusted. Frequency: monthly. Calculated using expenditure data 

from Tesouro Nacional Brasileiro and GDP interpolation from Brazilian Central Bank. 

 

Tax-to-GDP share: Tax revenues accumulated in 12 months and as share of the GDP. 

Seasonally adjusted. Frequency: monthly. Calculated using tax revenues data from Tesouro 

Nacional Brasileiro and GDP interpolation from Brazilian Central Bank. 

 

(b) Unit root Approach 

 

Surplus (interest inclusive): Difference between tax revenues and government spending, 

considering the interest payment, and disregarding the exchange devaluation (so called "under 

the line" methodology). Deflated using IGP-M and seasonally adjusted. Frequency: monthly. 

Source: Tesouro Nacional Brasileiro. 

 

(c) Fiscal Rule Approach 

 

Tax Revenues: Logarithm of the level of real tax revenues, deflated using IGP-M, and 

seasonally adjusted. Frequency: quarterly. Source: Tesouro Nacional Brasileiro. 

 

Government spending: Logarithm of the level of real government spending, deflated using 

IGP-M, and seasonally adjusted. Frequency: quarterly. Source: Tesouro Nacional Brasileiro. 

 

GDP: Logarithm of the level of real GDP, deflated using IGP-M, and seasonally adjusted. 

Frequency: quarterly. Source: Brazilian Statistic Institute (IBGE). 
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Debt-to-GDP stock (2002 methodology): Gross debt accumulated in 12 months, as a share of 

the GDP. Seasonally adjusted. Frequency: quarterly. Source: Brazilian Central Bank. 

 

Debt Real Interest rate: Real debt interest rate accumulated in 12 months, deflated using IGP-

M, and seasonally adjusted. Frequency: quarterly. Source: Tesouro Nacional Brasileiro. 

 

Inflation: Extended National Consumer Price Index (IPCA in Brazilian acronym). Seasonally 

adjusted. Frequency: quarterly. Source: Brazilian Central Bank (Sistema Gerenciador de Séries 

Temporais) 

 

Interest rate: Nominal interest rate (Selic). Seasonally adjusted. Frequency: quarterly. Source: 

Brazilian Central Bank (Sistema Gerenciador de Séries Temporais). 

 

EMBI+: Logarithm of the level of EMBI+ Index. Frequency: quarterly. Source: IPEA Data. 

 

Debt-to-GDP stock (2008 methodology): Gross Debt, accumulated in 12 months, as a share 

of the GDP. Seasonally adjusted. Frequency: quarterly. Source: Brazilian Central Bank.  

 

Debt implicit Interest Rate: Real debt interest rate accumulated in 12 months, deflated using 

IGP-M, and seasonally adjusted. Frequency: quarterly. Source: Brazilian Central Bank. 
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APPENDIX B: COINTEGRATION APPROACH 

 

FIGURE 9: Cointegration approach variables (2002 -2019) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Notes: (a) Tax revenues, 12 months accumulated, as share of the GDP (monthly); (b) Government Spending, 12 

months accumulated, as share of the GDP (monthly); (c) Debt Stock, 12 months accumulated as share of the GDP 

(% of GDP) (monthly).  

 

 

  



52 

 

TABLE 2: Unit Root Tests 

 
Serie Const. ADF p-value PP p-value 

T Yes -2.106299 0.2425 -2.156040 0.2232 

T No 0.156484 0.7306 0.167049 0.7337 

G Yes -0.571389 0.8729 -0.571389 0.8729 

G No 1.509369 0.9677 1.509369 0.9677 

B Yes 0.447093 0.9845 0.223302 0.9735 

B No 1.236110 0.9448 1.084685 0.9275 

t Yes -13.29090 0.0000*** -13.18626 0.0000**** 

t No -13.32185 0.0000*** -13.21906 0.0000**** 

g Yes -13.37228 0.0000*** -13.37122 0.0000**** 

g No -13.25860 0.0000*** -13.25860 0.0000**** 

b Yes -18.22526 0.0000*** -17.97003 0.0000**** 

b No -13.32185 0.0000*** -13.21906 0.0000**** 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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TABLE 3: Johansen Cointegration Test 

 

Eigenvalue 

H0: cointegration 

relations 

Eigenvalue Max- Eigen Stat 5% critical 

value 

Prob. 

0 0.125798 28.63663 21.13162 0.0036*** 

1 0.031645 6.849230 14.26460 0.5071 

2 0.018551 3.988492 3.841465 0.0458** 

 

Trace 

H0: cointegration 

relations 

Trace-stat Trace 5% critical value Prob. 

0 25.89836 24.27596 0.0310** 

1 5.844281 12.32090 0.4552 

2 1.192454 4.129906 0.3205 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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TABLE 4: Restrictions imposed to the cointegration vector 

 
Testing for [1 −1 −𝑟]  with unrestricted r 

Variables Coint. Equation 

t (-1) 1 

g (-1) -1 

b (-1) -0.022385 

LR statistic Probability 

1.1850 0.27633 

 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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APPENDIX C: UNIT ROOT APPROACH 

 

TABLE 5: Unit Root Test for the Nominal Result 

 

Serie Constant ADF Critical Value - 5% p-value 

D Yes -1.402553 -2.338489 0.1607 

D No -0.174455 -1.249531 0.1943 

(Augmented Dickey Fuller test) 

Serie Modified ADF Critical Value - 5% p-value 

D -7.466240 -14.51672 <0.01*** 

(Modified Augmented Dickey Fuller with intercept break test) 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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APPENDIX D: FISCAL DYNAMICS SVAR  

 

TABLE 6: Lag Order Selection Criteria 

 
Lag LR FPE AIC SIC HQ 

0 NA 5.96e-07 -5.819547 -5.721627 -5.780748 

1 346.2674 3.47e-09 -10.96527 -10.57359* -10.81007 

2 22.58019 3.13e-09 -11.07073 -10.24423 -10.79914 

3 24.20902* 2.70e-0.9* -11.22342* -9.910702 -10.8543* 

4 13.37169 2.83e-09 -11.18366 -9.910702 -10.67927 

(a) Three-variables model 

Lag LR FPE AIC SIC HQ 

0 NA 7.01e-05 4.624021 4.787220 4.688686 

1 619.8051 6.68e-09 -4.637541 -3.658346* -4.249554 

2 63.47019 4.64e-09* -5.014004 -3.218814 -4.302695* 

3 38.63958* 4.73e-09 -5.021779* -2.410594 -3.987147 

4 22.27920 6.54e-09 -4.760489 -1.333308 -3.402535 

(b) Five-variables model 

 

Notes: (*) identifies which lag order each test pointed out as the optimal. 
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APPENDIX E: RESIDUAL’S TEST 

 

TABLE 7: Serial Correlation of the residuals 

 
Lag LM-Stat p-value 

1 12.94712 0.1652 

2 11.62505 0.2355 

3 8.225342 0.5119 

4 8.124638 0.5219 

5 9.907342 0.3583 

6 11.19348 0.2629 

(a) Three-variables model 

 

Lag LM-Stat p-value 

1 23.08270 0.1825 

2 31.74566 0.2798 

3 38.87591 0. 8817 

4 30.37089 0.0985 

5 17.58171 0.6565 

6 24.18941 0.6152 

(b) Five-variables model 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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TABLE 8: Unit Root Tests for the residuals 

 
Serie ADF Critical Value - 5% p-value 

𝑢𝑡
𝑔

 -7.975686 -2.904848 0.0000**** 

𝑢𝑡
𝑡 -8.962115 -2.904848 0.0000**** 

𝑢𝑡
𝑦

 -8.226309 -2.904848 0.0000**** 

(a) Three-variables VAR 

 

Serie ADF Critical Value - 5% p-value 

𝑢𝑡
𝑔

 -7.821069 -2.904198 0.0000**** 

𝑢𝑡
𝑡 -8.252347 -2.904198 0.0000**** 

𝑢𝑡
𝑦

 -7.638606 -2.904848 0.0000**** 

𝑢𝑡
𝑏 -8.428308 -2.904198 0.0000**** 

𝑢𝑡
𝑟 -4.955309 -2.904198 0.0001**** 

(b) Five-variables model 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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TABLE 9: White Test for Heteroskedasticity 

 
Testing for levels and squares 

Chi-Squared stat Degrees of Freedom p-value 

103.0046 108 0.6178 

(a) Three-variables model 

 

Testing for levels and squares 

Chi-Squared stat Degrees of Freedom p-value 

637.1015 600 0.1426 

(b) Five-variables model 

 

Notes: (**) significance of 5%, (***) significance of 1%, (****) significance of 0.1% 
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FIGURE 10: CUSUM test for structural break in the residuals 
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APPENDIX F: SVAR USING EMBI + 

 

FIGURE 11: Responses to tax revenues shock (EMBI+ model) 

 

Notes: The solid line with circle shaped points represents the six-variables model that includes the EMBI+ index 

to our previous five-variables model. The solid lines with no shaped figure are the confidence interval of 95%. 

The dashed line with diamond shaped figures represents the baseline five-variables model, that includes the debt 

dynamics. The dashed lines with no shaped figure are the confidence interval of 95%.  
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FIGURE 12: Responses to government expenditures shock (EMBI+ model) 
 

Notes: The solid line with circle shaped points represents the six-variables model that includes the EMBI+ index 

to our previous five-variables model. The solid lines with no shaped figure are the confidence interval of 95%. 

The dashed line with diamond shaped figures represents the baseline five-variables model, that includes the debt 

dynamics. The dashed lines with no shaped figure are the confidence interval of 95%.  
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FIGURE 13: Responses to a debt-to-GDP shock (EMBI+ model) 

Notes: The solid line with circle shaped points represents the six-variables model that includes the EMBI+ index 

to our previous five-variables model. The solid lines with no shaped figure are the confidence interval of 95%. 

The dashed line with diamond shaped figures represents the baseline five-variables model, that includes the debt 

dynamics. The dashed lines with no shaped figure are the confidence interval of 95%.  
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FIGURE 14: Responses to debt interest rate shock (EMBI+ model)  

 

Notes: The solid line with circle shaped points represents the six-variables model that includes the EMBI+ index 

to our previous five-variables model. The solid lines with no shaped figure are the confidence interval of 95%. 

The dashed line with diamond shaped figures represents the baseline five-variables model, that includes the debt 

dynamics. The dashed lines with no shaped figure are the confidence interval of 95%.  
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FIGURE 15: Responses of EMBI+ to all previous shocks 

 

Notes: (a) Response to a shock in government expenditures; (b) Response to a shock in tax revenues; (c) Response 

to a shock in debt-stock; (d) Response to a shock in debt interest rate. The grey shadow represents the 95% 

confidence interval. 
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APPENDIX G: SVAR USING INFLATION AND INTEREST RATE 

 

FIGURE 16: Responses to government expenditures shock (Monetary Model)  

 

Notes: The solid line with circle shaped points represents the seven-variables model that includes inflation and 

interest rate to our previous five-variables model. The solid lines with no shaped figure are the confidence interval 

of 95%. The dashed line with diamond shaped figures represents the baseline five-variables model, that includes 

the debt dynamics. The dashed lines with no shaped figure are the confidence interval of 95%.  
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FIGURE 17: Responses to tax revenues shock (Monetary Model) 

 

Notes: The solid line with circle shaped points represents the seven-variables model that includes inflation and 

interest rate to our previous five-variables model. The solid lines with no shaped figure are the confidence interval 

of 95%. The dashed line with diamond shaped figures represents the baseline five-variables model, that includes 

the debt dynamics. The dashed lines with no shaped figure are the confidence interval of 95%. 
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APPENDIX H: SVAR USING DIFFERENT DEBT STOCK AND DEBT 

INTEREST RATE  

 

FIGURE 18: Responses to debt-to-GDP shock (2008 method data) 

 

Notes: The grey shadow represents the 95% confidence interval. 
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FIGURE 19: Responses to debt interest rate shock (2008 method data) 

 

 

Notes: The grey shadow represents the 95% confidence interval. 


