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Abstract

Economic vulnerabilities may remain latent for long periods and may only reveal their full impact on a

country's �scal sustainability when the economy undergoes a signi�cant shock. This could lead researchers to

understate the impact of such vulnerabilities on a country's probability of sovereign default, particularly at times

of global or local �nancial stress. We analyze data from a panel of 113 countries over the period 1990-2014 to

examine the impact of debt burden indicators and macro fundamentals on risk of sovereign default in emerging

markets and advanced economies. We test whether economic fundamentals and �scal vulnerabilities have a

stronger impact on the risk of sovereign default during periods of �nancial distress than during tranquil times.

We �nd that �nancial stress signi�cantly ampli�es the impact of the debt-to-GDP ratio, the stock of international

reserves, and GDP per capita on the probability of sovereign default.
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1 Introduction

The global �nancial crisis of 2008-2009 and the European crisis that followed drew attention to the potential

disruptive e�ects of the interlinkage between macroeconomic fundamentals and �nancial stress on the sovereign risk

of default of both advanced economies and emerging markets. As the crisis showed, economic vulnerabilities may

remain latent for long periods and may only reveal their full impact on a country\textquoteright s debt sustainability

when the economy undergoes a signi�cant shock, either external or domestic. This could lead researchers to

understate the impact of such vulnerabilities on a country' s sovereign risk of default during times of market

disturbance.

Conceptually, �nancial stress can augment the impact of �scal vulnerabilities and economic fundamentals

through a variety of channels, including the following. First, �nancial stress may weaken the markets' ability

to �nance sovereign liabilities to the extent that it impacts risk appetite and market liquidity. Second, �nancial

stress can act as a wake-up call that induces investors to pay more attention to hitherto-ignored fundamentals.

Third, �nancial stress can bring new information on contingent liabilities that might in�ate future public debt.

To the extent that the impact of public debt on sovereign risk is non-linear and increasing, information on future

additions to public debt should have a bigger impact on sovereign risk, the higher the level of current debt.

Inspired by the events of the last crisis, our paper contributes to the literature by highlighting the impact of

�nancial stress on sovereign risk. It answers the following question: how do macroeconomic fundamentals and �scal

vulnerabilities a�ect a country' s sovereign risk in normal times compared to when under �nancial stress?

In our empirical analysis we use a panel dataset of debt burden indicators, sovereign spreads and sovereign

defaults that covers 113 Market Access countries, including advanced economies (AEs) and emerging markets

(EMs), over the period 1990-2014. We regress sovereign risk on economic fundamentals and �scal vulnerability

indicators. We then test whether distress in �nancial markets leads to higher sovereign risk either directly or by

amplifying the impact of �scal vulnerabilities.1

We use two measures of sovereign risk: (i) the country\textquoteright s 10-year sovereign bond spread with

respect to the US-Treasury bond and (ii) the probability of sovereign default. As a measure of sovereign risk, the

10-year sovereign bond spread has the advantage that it captures increases in risk even if these are not big enough

as to lead to sovereign default. This is particularly useful for advanced economies, among which only three of them

experienced sovereign default or debt restructuring episodes in the last 25 years. Still, several AEs, especially in

Europe, experienced high increases in their sovereign bond yield and sovereign bond spreads between 2010 and

2013, with long term e�ects on their economic growth, debt-to-GDP ratio and debt sustainability. We use an OLS

model to estimate the impact of �scal vulnerabilities on sovereign bond spreads in AEs and EMs and whether such

impact is ampli�ed during times of distress in �nancial markets.

The probability of sovereign default, our second measure of sovereign risk, is estimated using a logit model based

on a dummy for sovereign default episodes. This analysis is applied to EMs only, given the lack of sovereign default

episodes among AEs. We estimate the impact of �scal vulnerabilities on the probability of default and test whether

such impact is ampli�ed during periods of distress in �nancial markets.

We use two di�erent indicators of private �nancial stress: a local one and a global one. The local stress indicator

is the time series of systemic banking crises estimated by Laeven and Valencia (2018). In the case of the global

indicator, we build two alternative measures. The �rst is a dummy based on the growth rate of the broker-dealer

leverage Adrian et al. (2011). The second is a dummy based on the VIX index. We use local and global indicators

of �nancial stress because �nancial crises can have a local or global origin, as stated by Claessens and Kose (2013).

To attenuate endogeneity problems in the case of a local �nancial crisis, we use lagged values of all our independent

1A third channel, beyond this paper's scope, through which �nancial distress can lead to higher sovereign risk is by deepening �scal
vulnerabilities. For example, distress in �nancial markets can cause the public debt to balloon if the state bails out private �nancial
entities.
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variables: �nancial stress and macroeconomic indicators.2

We �nd that sovereign spreads increase with public debt, higher in�ation and exchange rate overvaluation, but

decrease with higher real GDP growth, GDP per capita, and global growth. We also �nd that at times of �nancial

distress, whether global or local, the impact of public debt on sovereign spreads is signi�cantly ampli�ed. At times

of local �nancial distress, the impact of other economic fundamentals on sovereign spreads is also ampli�ed: GDP

per capita and the level of international reserves (in percent of GDP) seem to matter signi�cantly more for sovereign

risk at times of local �nancial distress than during tranquil times.

Public debt is also found to impact the probability of default of EMs (as modeled with a logit using a dummy

for sovereign default events), and its impact is also ampli�ed signi�cantly during periods of international �nancial

stress. International currency reserves are found to mitigate the probability of default, particularly during times of

local �nancial stress.

Our results suggest that explicitly incorporating the joint e�ect of �nancial stress and macroeconomic funda-

mentals in debt sustainability assessments can help researchers in having a clearer view of sovereign risk, both in

normal times and in periods of �nancial stress. Not doing so can signi�cantly underestimate sovereign risk and the

impact of economic fundamentals during �nancial stress episodes.

The paper develops as follows. Section 2 presents the relevant literature and positions the paper in the current

debate. Section 3 describes the data. Section 4 explains our empirical framework. The results are presented in

sections 5 and 6, while section 7 concludes.

2 Related literature

This paper presents evidence about the impact of �nancial stress on a country's sovereign risk, and how it may

amplify the e�ect of worsening macroeconomic fundamentals. As such, our work relates with several streams of

literature regarding the determinants of sovereign risk, the relationship between �nancial crises and sovereign crises

and the international transmission of �nancial and domestic �nancial shocks.

There is a large literature on determinants of sovereign risks and early warning systems that relate economic

fundamentals, liquidity indicators, and other variables to sovereign risk. For example, Manasse et al. (2003) and

Bassanetti et al. (2019) model the probability of sovereign distress with multivariate discrete choice models, while

Reinhart et al. (2003) and Dell'Ariccia et al. (2002) model sovereign risk as measured by bond and CDS spreads

or alternative measures of risk. Knedlik and von Schweinitz (2012) use a signal approach to test early warning

indicators of debt crises and Baldacci et al. (2011) use the same approach to construct indexes of sovereign risk

based on whether individual determinants exceed critical thresholds. Bruns and Poghosyan (2018) and Cerovic

et al. (2018) apply other methodologies to estimate leading indicators of sovereign stress.3 Although the role of

�nancial factors is stressed in several papers, this literature does not examine the possibility that the impact of

economic fundamentals on sovereign risk may be augmented during periods of �nancial stress.

There is also a large literature relating �nancial stress and �nancial crises to sovereign risk. Reinhart and Rogo�

(2009) present a deep analysis of the role of banking risk in explaining sovereign debt crisis through an historical

perspective, while Reinhart and Rogo� (2011a) document the connection between �nancial crises, in particular

banking crises, and sovereign debt crises. They show that banking crises tend to happen before sovereign default

crises (see also Laeven and Valencia, 2018). Other papers relate the behavior of CDS or bond spreads to �nancial

sector risks and to global risk aversion (see, for example, Kallestrup et al., 2016, Caceres et al., 2010, Arslanalp and

Liao, 2014, and Arslanalp and Tsuda, 2012).

2We recognize the fact that endogeneity problems may not be completely resolved by lagging the local �nancial crisis variable one
period, as �nancial crises may re�ect investor's expectations of a sovereign default several periods ahead. We use our global �nancial
stress indicator to get around endogeneity problems more e�ectively.

3A large literature developed alternative approaches for assessing sovereign debt sustainability. See also Blanchard et al. (1990),
Buiter (1985), Garcia and Rigobon (2005), Celasun et al. (2006), Baldacci et al. (2011) and Baldacci et al. (2011, a)
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The contribution of this paper to the literature is to point to measure a particular channel through which

�nancial stress impacts sovereign risk: by augmenting the impact of macroeconomic vulnerabilities on sovereign

risk. This transmission mechanism implies that �nancial stress and macroeconomic vulnerabilities complement each

other in their impact on sovereign risk: (i) the impact of �nancial stress on sovereign risk is bigger in countries

with worse macro fundamentals - hence an increase in global �nancial can be more costly for countries with poor

fundamentals - and (ii) a deterioration in macro fundamentals has a bigger impact on sovereign risk during times

of �nancial stress. In particular, as described later, we �nd that the impact on sovereign risks of variables like

the stock of public debt, primary surplus, real GDP growth rate, and/or net international reserves is augmented

during periods of �nancial stress. This result can imply that debt tolerance (as de�ned in Reinhart et al., 2003)

may be lower during periods of �nancial stress than during tranquil times. Similarly, �scal space (as estimated in

Ghosh et al., 2013 or by Aizenman et al., 2019) may be more limited than we normally estimate if we consider

that, at times of �nancial stress, the impact of deteriorating macro fundamentals on sovereign risk -and therefore

also on country spreads and the country\textquoteright s capacity to exercise counter-cyclical �scal policy- may

be magni�ed. This is especially relevant given that researchers have also found that �nancial stress leads to a

deterioration in real activity and other macro fundamentals (see, for example, Afonso et al., 2012).

Several papers shed light into the channels described in the previous section through which �nancial stress can

augment the impact of economic fundamentals and �scal vulnerabilities on sovereign risk. Arslanalp and Tsuda

(2012) highlight the important role of non-resident investors as a source of sovereign �nancing and their sensitivity

to �nancial risk. The bigger the sovereign\textquoteright s �nancing needs (and the lower its international reserves),

the more vulnerable it may be to volatility in non-resident �nancing. Goldstein (1998) and Ahnert and Bertsch

(2015) note how �nancial stress can act as a wake-up call that induces investors to pay more attention to hitherto-

ignored fundamentals. Arslanalp and Liao (2014) analyze the role of contingent liabilities which may come under

the spotlight during periods of �nancial stress, thereby in�ating expected increases in public debt. To the extent

that the impact of public debt on sovereign risk is non-linear, the expected increase in public debt would augment

the impact of today\textquoteright s debt on sovereign risk.

The proper measurement of �nancial stress is important in our analysis.4 We use three indicators of �nancial

stress: a dummy based on the broker dealer leverage indicator developed by Adrian et al. (2011), a dummy based

on the VIX index, and dummy indicating banking crisis based on the episodes compiled by Laeven and Valencia

(2018). Adrian et al. (2011) associate deteriorating fund conditions with deleveraging and high marginal value of

wealth. We interpret the broker-dealer leverage factor and the VIX index as indicators of global �nancial risk, as

in Krogstrup and Tille (2016), and the banking crisis dummy as an indicator of local �nancial risk.

3 Data and descriptive �ndings

Ideally, for our analysis we need a broad group of countries that might be a�ected by �nancial stress transmitted

through global �nancial markets or international banking linkages. To this purpose, we use a panel dataset based

on World Economic Outlooks (WEOs), Baldacci et al. (2011, a), Cruces and Trebesch (2013), and Moody's (2013),

as detailed below. The original data has annual frequency, it covers the period 1990-2014, and it comprises data

for all Market Access Countries.5 Market Access Countries (MACs), as de�ned by the IMF, are those which have

signi�cant access to international capital markets, in contrast to Low Income Countries (LICs) which meet their

external �nancing needs mostly through concessional resources (IMF, 2013). The MAC group broadly comprehends

4Gadanecz and Jayaram (2009) present an overview of measures of �nancial stability indicators and how they are used in �nancial
stability reports. While composite indicators capture more information than single-dimension indicators, their downside is that they
are compiled often on a country-by-country basis and they are time consuming to replicate across countries. For this reason, we focus
on single-dimension indices.

5We eliminate extreme cases of high in�ation dropping observations where the in�ation is higher than 99th percentile. We lose 27
observations from 13 countries.
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all the advanced economy countries and most of the emerging market economies.6 Table 1 lists our variables and

sources and the Data Appendix describes in detail our data sources and sample of countries.

[Insert Table 1 here.]

3.1 The dependent variable

We use two di�erent dependent variables: (i) an indicator of sovereign debt default and (ii) the 10-year Treasury

bond spread. Both variables are expected to capture sovereign risk.

3.1.1 Sovereign default dummy

The indicator of sovereign default is built based on three main sources: Baldacci et al. (2011, a), Cruces and

Trebesch (2013), and Moody's (2013). Additional data sources are the Paris Club arrangements and the Bank of

Canada-Bank of England Sovereign Default Database (Beers and Nadeau, 2015).

It should be noted that in this paper we use the term �default� to indicate not only events of external and

domestic defaults, but also episodes of restructuring or rescheduling of sovereign debt. As noticed by Borensztein

and Panizza (2009), this de�nition of default is in line with the one applied by credit rating agencies.7

Baldacci et al. (2011, a) compile a list of �scal crisis episodes, a concept that is broader than default, de�ning them

as periods �of extreme government funding di�culties�, following Cottarelli (2011). In their paper, among episodes

that can give rise to a �scal crisis, Baldacci et al. (2011, a) include episodes of sovereign default or restructuring,

but also IMF �nancial supported programs, periods of high in�ation, and bond yield pressure. Our indicator selects

only those of sovereign default or restructuring. This choice is motivated by our interest in preserving only clear-cut

default or restructuring events and avoid introducing subjective thresholds above which in�ation, IMF program

sizes, or bond yields would indicate a �scal crisis event.

Cruces and Trebesch (2013) build a database of sovereign investor losses (or �haircuts�) covering 40 years, from

1970 to 2010, and 68 countries.8 As also stated in Reinhart and Rogo� (2011a), outright default, repudiation, or

restructuring of the foreign debt in terms less favorable to the lender are considered sovereign default crisis episodes.

Moody's (2013) is a report on the sovereign default rates that covers the period 1983-2013 and 103 countries.

According to Moody's de�nition, �a sovereign default occurs when the country misses or delays the disbursement

of interest or principal, or when a distressed exchange occurs�.9

The database merges all the default and debt restructurings episodes in a unique indicator of sovereign default

and we select the �rst year of a default period (that can last one or more years) as our measure of sovereign default

shock. Therefore, we build our default variable as a dummy equal to 1 if any of our three sources indicates a default,

in a certain country and year, and 0 otherwise. We do not distinguish if a precise episode is registered by only one

of our sources or more sources simultaneously.10

Table 2 lists the episodes of default occurring over the period 1990-2014. It shows the country and the year of

each default episode, and the source of our data. Some episodes are reported by multiple sources.

6For more details see Guscina et al. (2017)
7Given our broad de�nition of �default episodes�, our sample includes also debt restructurings that may be given by episodes of force

majeure.
8Sovereign debt restructurings can be de�ned as changes in the originally envisaged debt service payments, either after a default

or under the threat of default (Sturzenegger and Zettelmeyer, 2007), so they are considered in the same manner as sovereign default
decisions.

9A distressed exchange occurs in two cases. The issuer can o�er bondholders a new security that amounts to a diminished �nancial
obligation; or the exchange had the apparent purpose of helping the borrower avoid a �stronger� event of default (Moody's, 2013).

10The duration of the crises may vary. The average crisis has a length of 2.8 years.
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[Insert Table 2 here.]

24 countries experienced more than one default, and two countries su�ered at least four default episodes. Among

the default episodes, only three regard advanced economies: Slovenia in 1992, Greece in 2012 and Cyprus in 2013.

Although we report these episodes for completeness, their number is too small to allow a statistical study of the

probability of default in AEs. We will focus our discrete-choice analysis on EMs only. Figure 1 presents the uneven

distribution of default episodes over time. The average is �ve defaults per year, although there is a decrease in

the period between the Mexican crisis in 1994 and the Asian and Russian crises of 1997 and 1998. After 2007 the

number of defaults decreases again, with a peak of 5 defaults in 2008 and 2011 but none in 2009 and 2014.11

[Insert Figure 1 here ]

3.1.2 Treasury bond spread

The Treasury bond spread is expected to increase as investors' perceived sovereign risk increases. Hence, �scal

vulnerabilities and economic fundamentals that impact a country\textquoteright s sovereign risk are expected to

impact the Treasury bond spread too. The sovereign default dummy is used as the dependent variable to assess

the probability of default in a discrete choice model. Fiscal vulnerabilities and economic fundamentals can impact

the probability of default directly or through their impact on the interest rate. For example, a higher stock of debt

causes interest payments to increase even if the interest rate remains unchanged but will have an even bigger impact

on the probability of sovereign default if interest rates increase as a result.12

The 10-year Treasury bond spread is calculated with respect to the US 10-year Treasury bond yield. The time

series for the sovereign bond spreads is shorter than the time span of our panel. Data starts from 1990 or later,

depending on the country, and it covers 30 advanced economies and 34 emerging markets (see Table 3).13

[ Insert Table 3 here. ]

3.2 Financial stress indicators

In general, the impact of a global shock on a country may depend on its international trade linkages, its international

�nancial linkages, and its macroeconomic conditions (Milesi-Ferretti and Tille, 2011).

In this paper we focus on international �nancial linkages by identifying the impact of global �nancial stress on

sovereign risk. Financial stress may arise from local �nancial weaknesses or spillovers of global risk to the local

economy, including the local �nancial sector (Claessens and Kose, 2013).

The transmission of stress through �nancial linkages may happen in two ways: through the asset side or the

liabilities side. On the asset side, a possible channel of transmission of global �nancial stress to a country may be

the direct exposure of domestic banks and the domestic �nancial sector to crisis-a�ected countries, for instance due

to worse cross-border loans extended. On the liabilities side, an external shock may cause a decrease in external

funding to the domestic �nancial sector due to worse economic conditions abroad, thereby creating liquidity and

solvency problems in the recipient economy (Ongena et al., 2015).

11In our regressions, unclear cases of debt default/restructuring events are dropped from the sample. These include political crises
and unclear arrears cases (our approach follows \citealp{BassanettiCottarelliEtAl2019}). We run also regressions on the complete set
of defaults, obtaining very similar results.

12See for example Ghosh et al. (2013) on doom loops between the interest rates and a higher probability of default.
13The original database contains 42 EMs and 31 AMs. Since there are countries that have data on bond spreads only for very few

years, we select the EMs countries with more than 10 years of data and the AEs with more than 15 years of data.
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These channels are not the only ones through which �nancial stress can impact sovereign stress. In fact, much

of the econometric analysis that we perform indicates that �nancial stress leads to higher �scal stress even after

netting out the augmented impact of macro fundamentals. Other possible channels include, for example, the direct

impact of �nancial contingent liabilities, and possible obstacles to trade and real activity to the extent that trade

credit may be a�ected and investments may be held up due to uncertainties. The strength of one mechanism or

the other can depend on the speci�c country considered, and it falls outside the scope of our study.

To consider both local �nancial stress and global �nancial stress, we use three di�erent indicators of market

stress: (i) the indicator of systemic banking crises built by Laeven and Valencia (2018) - an indicator of local stress-;

(ii) the growth rate of the aggregate broker-dealer leverage, built following Adrian et al. (2011); (iii) an indicator

built on the VIX index. The last two are indicators of global �nancial stress.

3.2.1 A local indicator of �nancial stress

As a local proxy for �nancial stress, we use the banking crises indicator by Laeven and Valencia (2018), which covers

151 systemic banking crises episodes occurring in 118 countries over the period 1970-2017. The indicator is a dummy

variable equal to one for the country and year where a systemic banking crisis is happening and zero otherwise. A

systemic banking crisis is de�ned as such if two conditions are met. First, the country's banking system needs to

show signi�cant signals of �nancial distress. Second, there should be signi�cant policy interventions in response to

losses in the banking system (Laeven and Valencia, 2018). The authors de�ne the end of a crisis as the year before

both the real GDP growth and real credit growth are positive for two consecutive years or more.

3.2.2 A global indicator of �nancial stress

There are many ways to describe �nancial markets and �nancial stress. Country-speci�c �nancial condition indices

are used to summarize the state of �nancial markets in a speci�c country. These indices collect a variety of �nancial

variables that help characterize the state of �nancial markets. With the same spirit, country-speci�c �nancial stress

indexes monitor �nancial instability by looking at data series that indicate increased likelihood of a crisis in a

speci�c country (Brave and Butters, 2012; Brave and Kelley, 2017).

The main disadvantage of using these indices in a cross-country comparison is their construction. Being com-

posite indicators, they are built on a country-by-country basis, using country speci�c macroeconomic and �nancial

variables. They are very precise in describing �nancial conditions, or in predicting �nancial stress occurring in their

speci�c context, but it is costly to replicate them for other countries, both in terms of time and data.

In this paper we take a third way, following the intuition of Milesi-Ferretti and Tille (2011). In their paper, these

authors argue that the driving force of the retrenchment in capital �ows during the recent crisis was a �risk shock�

due to reassessment of global risk by investors that took a more cautious view of investment prospects. As the basis

of our global indicator of �nancial stress then, we use a variable that stays centered in between �nancial conditions

indexes and �nancial stress indexes, but that takes into account the shift in preferences of �nancial intermediaries,

that actively adjust for market risk: the broker-dealer leverage developed by Adrian et al. (2011). Moreover, being

a one-dimensional indicator, not a composite one, the broker-dealer leverage is a simple global measure that can

easily be applied to a cross-country comparison.

The indicator takes inspiration from the behavior of securities broker-dealers on �nancial markets. Brokers are

active investors who rapidly adjust their risk exposure following changes in economic conditions. Broker-dealers

have a prominent role in some transactions, such as OTC ones. In fact, broker-dealers are the market makers

and the agents bargain directly with them. Etula (2013) sustains the importance of U.S. securities broker-dealers

on OTC markets, speci�cally commodity markets, showing that if broker-dealers face constraints that limit their

ability to bear risk, the pricing of commodity derivatives can be expected to re�ect such constraints. Adrian and

Shin (2010) show that, while households leverage is inversely proportional to the value of their assets, broker-dealer
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leverage is procyclical: it increases during �nancial market booms and decreases during busts. This e�ect depends

speci�cally on the active behavior of �nancial intermediaries, that adjust their leverage according to the market

value of their assets.

Building on this concept, Adrian et al. (2011) state that one can expect the broker-dealer aggregate balance

sheets to contain information about the marginal utility of wealth in di�erent states of the economy, so it is

possible to use broker-dealer leverage to proxy for an indicator of the average return on risky �nancial assets. Their

paper also shows that the broker-dealer �nancial leverage can explain the average excess returns of di�erent assets,

outperforming other multi-factor models. The indicator is easy to construct and reliable against multi-factor models

and it is a widely used indicator of global banking leverage (Bruno and Shin, 2015; Miranda Agrippino and Rey,

2015).

Following Adrian et al. (2011), �rst we build the broker-dealer leverage indicator as:

LeverageBD
t =

Total financial assetsBD
t

Total financial assetsBD
t − Total financial liabilitiesBD

t

(1)

We use as a continuous indicator of �nancial stress the rate of change of the broker-dealer leverage:

Leverage growtht = Δln
(
LeverageBD

t

)
(2)

Finally, to simplify the comparison with the local �nancial stress indicator, we build a dummy variable such

that:

BD dummyt =

1 if Leverage growtht < 0 in year t

0 otherwise
(3)

The BD dummy will be our measure of global �nancial stress. Adrian and Shin (2010) suggest that �nancial

intermediaries adjust their balance sheets actively, and that they do so in such a way that leverage is high during

booms and low during busts. Following this reasoning, we use 0 as the cuto� value of our indicator of �nancial

stress. In this way, a negative growth rate of the leverage indicator signals a period of �nancial stress (our dummy

is therefore equal to 1). By contrast, a positive rate of leverage growth signals a period of safer �nancial conditions,

and our dummy is equal to 0.

Following Krogstrup and Tille (2016), we use quarterly data covering the period 1990-2014 from the Federal

Reserve Board database to compute our global indicator of �nancial stress. Since our panel database has annual

frequency, we take the annual average of the indicator for our analysis.

Figure 2 shows the level of the broker-dealer leverage and its growth rate over time. Broker-dealer leverage

grew from 19 percent in 1990 and reached a �rst peak of 27 percent in the second half of the 1990s. The indicator

decreased in response to the Asian and Russian crises and after the burst of the dotcom bubble in the early 2000s.

It increased again reaching a maximum of more than 33 percent in 2007 and 2008 during the subprime crisis. After

the housing bubble burst, it continually declined, bottoming out at 16 percent in 2014. The fall in the broker-dealer

leverage indicator after 2007 shows the process of deleveraging by banks and �nancial �rms after the burst of the

subprime bubble and the subsequent crisis period.

[ Insert Figure 2 here. ]

As a robustness check, we try a variant of our global �nancial stress variable built on the broker-dealer leverage.

To construct this dummy we set our cut-o� value at 0, a choice based on the �nding of Adrian et al. (2011) and

Adrian and Shin (2010) that there is a positive correlation between broker-dealer leverage and �nancial market

outcomes. However, procyclicality does not necessarily imply that negative growth rates occur only during crisis
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periods for two reasons: �rst, procyclicality implies a positive correlation between two variables, but does not give

information about the respective levels. In our case, it means that below average leverage growth often happens

when there are below average market returns, but we do not know where the respective averages are located. Second,

the positive correlation is not too high (Adrian et al. (2011) present a correlation between the broker-dealer leverage

and market return of 0.166), so market returns and leverage growth are not always moving in the same direction.

In our robustness test we use a more extreme cuto� value. The global �nancial stress dummy is equal to 1 for year

t when the growth rate of leverage is more than 2 standard deviations below the mean of the entire period for at

least one quarter. The crisis years signalled by this alternative broker-dealer leverage indicator correspond to the

Asian Crisis and the 2008-2009 crisis in the US.

3.2.3 Alternative measures of global �nancial stress: the VIX index

As an alternative measure of global �nancial stress we use the VIX index, compiled by the Chicago Board of

Exchange. The broker-dealer leverage and the VIX index are constructed in di�erent ways, even if they are closely

correlated (Bruno and Shin, 2015). On one side, the broker-dealer leverage is used to model the role of �nancial

intermediaries as lenders in global �nancial markets and it is built using banks balance sheet variables. In this

sense, the broker-dealer leverage is an indicator similar to the local �nancial stress indicator we de�ne in this paper.

In fact, both may be interpreted as measures of banking stress, one for international lenders and the other for local

banks. On the other side, the VIX index is a forward-looking indicator, constructed using the implied volatilities on

S\&P index options. It represents the 30-day future volatility of the U.S. stock market, and it can be interpreted

as an indicator of stock market investors' sentiment toward risk. It is a widely used indicator of global risk, but

it is more general than the broker-dealer leverage. However, it may complement the information given by the �rst

global �nancial stress indicator.

To keep the results comparable, we transform the continuous VIX index in a dummy variable in two steps. First,

we compute the weekly average of the daily VIX index. Second, we build a dummy variable that is equal to 1 in

year t if the weekly average of the VIX index is higher or equal to 35 points at least for one week during the year.

In the time period we consider, from January 1990 to December 2014, the daily VIX index had a mean value of

19.2 points and a standard deviation of 7.76 points. Therefore, 35 points is a threshold for extreme VIX volatility,

being at two standard deviations from the average. Following this de�nition, the VIX dummy signals as �nancial

stress the years 1998 (the Asian crisis and the Russian crisis), 2001 and 2002 (the dotcom bubble), 2008, 2009, 2010

and 2011 (the global �nancial crisis).

3.3 Macroeconomic fundamentals

The choice of the set of macroeconomic indicators is based on the existing literature on sovereign defaults. For

the debt burden indicator we use the level of public debt-to-GDP ratio, de�ned as gross general government debt

in percentage of GDP. We compiled the series using as main reference the Historic Public Debt Database (Abbas

et al., 2010). Where data are missing, we complete the information with data extracted form the World Economic

Outlook published by the IMF. We rely on the log GDP per capita as a debt tolerance indicator. A higher level of

GDP per capita is the sign of a healthy economy and increases tolerance to higher public debt.

The level of foreign currency reserves over GDP is a proxy for the resilience of the economy in case of a crunch

in external �nancing. Foreign exchange reserves may help reduce the probability of default because they can be

used to absorb shocks on the exchange rate, and they could help build market con�dence. A low level of reserves in

a country might indicate that the country does not have a reserve cushion necessary to honor the foreign exchange

denominated debt service.14

14Bassanetti et al. (2019) use as debt burden indicators the level and rate of change of the debt-GDP ratio. They show that debt
dynamics is a robust predictor of debt distress episodes and complements the information given by the level of debt. As in the case
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Other macroeconomic factors, such as real GDP growth, the GDP de�ator, the change in the real e�ective

exchange rate, and the primary balance15 account for the state of the economy. In particular, stronger growth in-

creases the country's ability to service debt. High in�ation may indicate internal imbalances, and may be associated

with a higher risk of default, while the real e�ective exchange rate is an indicator of external competitiveness: real

exchange overvaluation poses a risk to foreign currency denominated debt. The primary balance is an indicator of

future debt dynamics as large primary de�cits likely lead to increasing debt-to-GDP ratio in the future.

As a control for global factors, we use the annual global real GDP growth rate, in speci�cations where time �xed

e�ects are not used. This indicator is aimed at proxying for the state of the global economy. Strong global growth

should boost exports, increase capital in�ows and decrease global risk aversion.

Tables 4 and 5 contain some summary statistics and cross-correlations in our sample. The descriptive statistics

are broadly in line with our expectations. Table 4 shows in detail summary statistics for the total sample and

respectively for EMs and AEs. Macroeconomic indicators are better for AEs and sovereign risk is higher in EMs.

However, while the expected probability of default is more than ten times higher in EMs than in AEs, the average

sovereign bond spread is only seven times higher, and the maximum spread is three times higher in EMs than in

AEs. This is a signal that even if AEs are on average more solid economies than EMs, they may experience periods

of stress very similar to those experienced by EMs, as happened during the global �nancial crisis. In fact, even if

the EMs country group in absolute terms experiences more time in local �nancial stress, (our database contains 143

observations for local �nancial stress in EMs versus 103 in AEs), in relative terms the AEs as a group are hit more

frequently: the probability of a local �nancial stress episode is 7 percent for EMs and 12 percent for AEs. This

mostly re�ects the di�erence in the number of countries in each group and the length of the European crisis, during

which multiple waves of banking shocks hit European countries that constitute the majority of AEs in our sample.

[ Insert Table 4 here. ]

[ Insert Table 5 here. ]

Figure 3 presents some evidence on the average values of our main variables in an interval of 3 years before and

after an episode of sovereign default.16 Sovereign defaults are associated with considerable changes in macroeconomic

fundamentals. Most of the changes occur in an interval of two years before and after the default. Real GDP growth

decreases slightly before the default and increases from the �rst year after the default. This is in line with the

�ndings of Schaltegger and Weder (2015) and Levy-Yeyati and Panizza (2011). The �rst paper uses annual data

and shows that the trough of real GDP growth coincides with the year of a sovereign default. The second one

presents similar �ndings but using quarterly data: the trough in real GDP growth is on the quarter when the

default is announced, after which, growth recovers.

[ Insert Figure 3 here. Single �tting image. ]

Not surprisingly, the debt-to-GDP ratio presents an opposite trend. The sovereign debt grew from 58 percent

to a 66 percent peak the year after the default and it collapses afterwards, passing from 66 percent to 59 percent

3 years after the default. There is a decrease in the stock of reserves one year before the default. Reserves bounce

of the level of debt and its rate of change, the information given by the level of currency reserves might not be su�cient. The rate of
change of reserves could document if a sudden change in reserves happens in a country that can be a clear indicator of a reaction to a
negative shock to avoid default. We test these hypothesis incorporating the rate of change of the debt/GDP ratio, as well as the rate
of change of the reserves in some of our robustness checks but the results do not signi�cantly change from our baseline model.

15The primary balance is de�ned as net government lending(-)/borrowing(+) plus net interest payable/paid (interest expense minus
interest revenue).

16We include only Emerging Market countries, since this is the country group we will focus our sovereign default analysis on.
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back entirely in the default year, with positive increases in t+1 and t+2, and after three years from default the

accumulation of foreign exchange reserves begins to slow down. GDP per capita increases slightly before the crisis,

as well as the primary balance. Finally, in�ation starts to grow during the default year, reaching a peak of 26

percent the year after and immediately starts to decrease thereafter. Global growth has less clear dynamics and

shows that the country default episodes are not strongly correlated with the developments of the global economy.

Overall, it appears that although sovereign defaults have severe e�ects on EM countries' economies, these e�ects

disappear within 2 years.

4 Methodology

4.1 Sovereign risk and �nancial stress in advanced economies and emerging markets

The �rst question of this paper regards the impact of �nancial stress on sovereign risk of default in advanced

economies and emerging markets, as measured by the 10-year bond spread. We run a panel OLS regression of the

sovereign 10-year bond spread on �nancial stress and debt indicators according to the model:

Spreadit = α+ β1Xit−1 + β2FSit−1 + β3Xit−1 ∗ FSit−1 + Zit + ai + tt + εit (4)

where Spreadit is the sovereign bond spread, Xit−1 are the lagged debt and macro variables, FSit−1 is the

lagged local or global indicator of �nancial stress, Zit are the global control variables, ai and tt are respectively

country and year �xed e�ects, and α is a constant term. The use of lagged values of the independent variables is

a way to minimize possible endogeneity issues derived from the interaction of the sovereign risk indicator, �nancial

stress and macroeconomic indicators.

We run separate regressions, �rst using the banking crisis dummy (local indicator) as the �nancial stress indi-

cator, and then the broker-dealer leverage dummy and the VIX dummy (global indicators).

We expect that an increase in the debt-to-GDP ratio, higher in�ation or depreciation will be positively correlated

with a rise in the probability of default. On the other hand, a better GDP growth rate or a higher GDP per capita,

higher global GDP growth rate, a higher primary balance and a wider stock of reserves should be associated with

a more resilient economy in case of debt distress events and a decrease in the probability of sovereign default.

Financial stress is expected to increase directly the probability of default, while also enhancing the impact of

macro fundamentals and �scal vulnerabilities. Evidence in the literature (Laeven and Valencia, 2018; Demirguc-

Kunt et al., 2006) show that during crisis periods macroeconomic indicators and �nancial stress variables could be

altered, creating serious biases in the estimation of sovereign risk. To avoid this issue, we drop the entire crisis

period from the sample, considering only tranquil times in the OLS analysis.

4.2 Episodes of sovereign default and �nancial stress in emerging markets

An increase of sovereign risk does not always translate into a default event. During the European sovereign debt

crisis, sovereign risk of default increased in several countries but only one experienced a debt restructuring. In the

second part of our analysis we investigate the linkage between �nancial stress and a default event. Defaults are rare

events, and in our database most of default episodes occurred in EM countries. Therefore, in this second section

we focus exclusively on this country group.

We assume a similar approach to early-warning models (see Lo Duca and Peltronen, 2013; Knedlik and von

Schweinitz, 2012). Our dependent variable this time is the sovereign default indicator described in section 3.1.1.

Since we are interested in analyzing the probability of sovereign default and its determinants, based on observed

defaults events, we use a logit model with clustered standard errors at the country level. Logit analysis has been

the dominant method to examine the probability of default due to its capacity to better capture tail risk (Lo Duca
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and Peltronen, 2013). Following Krueger and Messmacher (2004) and Jorra (2012) we did not include �xed e�ects

as they would be a perfect predictor of the absence of a default.

The main di�erence between our study and a classic early-warning model, is that our goal is not predicting the

probability of the crisis in the future given current fundamentals. We focus our attention on a description of past

regularities, studying for which macroeconomic variables we �nd signi�cant non-linear e�ects in periods of �nancial

crisis compared to more normal times. For this reason, we do not include out-of-sample forecasts, that is the main

outcome of early warning models, and we limit our attention to in-sample results.

We estimate the following model for all emerging market economies in our sample in the period 1990-2014:

P (Defaultit) = F (α+ β1Xit−1 + β2FSit−1 + β3Xit−1 ∗ FSit−1 + Zit + εit) (5)

where Defaultit is our binary dependent variable and F denotes a cumulative logistic distribution. As in the

previous speci�cation, we use lagged variables to avoid endogeneity problems and we cluster standard errors by

country. The �nancial stress variable is either the indicator of systemic banking crisis (local indicator) or the

broker-dealer leverage dummy and VIX dummy (global indicators).

In the case of the logit analysis, we cannot drop the entire crisis period because we need at least one year of

default to signal the crisis event. We keep only the �rst year of the default crisis and drop subsequent crisis years.

The interaction e�ects between �nancial stress and the macroeconomic fundamentals are the main focus of the

paper. Since we use dummies to indicate periods of �nancial stress, we can easily de�ne the marginal e�ects in a

non-linear model. In fact, in case of no stress, the marginal e�ect of a macroeconomic variable X is β1 ∗ F ′(.). In
periods of stress, the interaction term is counted in the marginal e�ect, that becomes (β1 + β3) ∗ F ′(.).

4.3 Discussion of the methodology

The aim of this paper is not to claim a strong causal linkage between �nancial stress and sovereign crises, but to

present evidence of how the correlation between macroeconomic indicators and the sovereign risk of default show

non-linear properties in the presence of �nancial stress, of domestic or foreign origin. Our results may be useful

to inform the discussion about the connection between �nancial stress and the sovereign probability of default. To

attenuate endogeneity problems we use lagged values of all our independent variables. However, we are aware of

potential endogeneity due to reverse causality that may bias our results.

Financial crises can make �scal crises more likely through their impact on the interest rate and by augmenting

the impact of weak economic fundamentals and �scal vulnerabilities. At the same time, �nancial crises can also

be the result of sovereign risk in cases where, for example, the price of sovereign bonds held by banks declines due

to an increase in sovereign risk. Although we lag the �nancial crisis dummy variable to attenuate the endogeneity

problem that this entails, we are conscious that �nancial crises may still be the result of an expectation of future

sovereign default. Regarding this point, previous literature shows that it is common for banking crises to precede

sovereign crises (see for instance Laeven and Valencia, 2018 and Kaminsky and Reinhart, 1999). To check that

our sample of sovereign default crises and banking crises is in line with existing evidence, we compute how many

sovereign crises (in terms of banking crises) occur in one of the tree years before a banking crisis, and how many

occur afterwards. In line with Laeven and Valencia (2018), we �nd that only 2 percent of the sovereign crises (in

terms of the number of banking crises) occur in one of the tree years before a banking crisis, while almost 9 percent

of the sovereign default crises occur in one of the three years after a banking crisis. This evidence is in line with

previous literature, and for this reason we are not worried about possible bias due to the composition of our sample.

Finally, in order to get around this problem, we also look at global indicators of �nancial stress, for which

endogeneity problems are virtually non-existent for small economies. Global �nancial stress can impact sovereign

risk directly, to the extent that external �nancing to the government is restricted, or through its impact on the
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local economy. For example, it may impact the local �nancial sector through its funding or by decreasing the value

of its assets.

5 Analysis of sovereign risk in advanced and emerging economies

Table 6 shows the results for the OLS estimates using the 10-year bond spread as the dependent variable and includ-

ing on the right-hand side local �nancial stress and its interactions, in addition to the typical macro-fundamentals.

All our regressions control for time and country �xed e�ects and we cluster errors by country. Columns 1-3 show

the results when all countries are pooled together. Columns 4-6 show the results for emerging markets only, while

columns 7-9 show the results for advanced economies. For each of these samples, we show the results of three

speci�cations: (i) one including macro-fundamentals without controlling for local �nancial stress (cols. 1, 4, and 7);

(ii) one including macro-fundamentals and a dummy for periods of local �nancial stress (cols. 2, 5, and 8); and (iii)

one including macro-fundamentals and allowing their coe�cients to be di�erent during periods of local �nancial

stress (cols. 3, 6, and 9).

[ Insert Table 6 here. ]

We �rst focus on speci�cation (i), which shows the impact of macro-fundamentals without distinguishing between

normal periods and periods of banking crisis. No matter which of the three samples we choose, debt-to-GDP ratio

has signi�cant correlation with sovereign bond spreads, both for EMs and AEs. Higher debt ratios lead to higher

bond spreads. Moreover, bond spreads in EMs are more sensitive to increases in debt than in AEs: without

controlling for �nancial stress, an increase of 1 percent in the debt-to-GDP ratio leads to a 3.88 basis point increase

in the bond spread in EMs (column 4), but only a 1.15 basis point increase in AEs (column 7).

The coe�cient for in�ation is signi�cant for EMs, where an increase of 1 percentage point in in�ation leads to a

6.83 basis point increase in bond spreads (column 4). At the same time, higher levels of international reserves lead

to lower bond spreads, with the impact being statistically signi�cant among advanced economies. Finally, also an

increase in the GDP growth rate and the primary balance in the previous year seem to lead to lower bond spreads

with a statistically signi�cant e�ect in the full sample and for advanced economies. Other macro fundamentals are

not signi�cant. Focusing on speci�cations (ii) and (iii), our results suggest that local �nancial stress has a signi�cant

impact on sovereign risk, both in emerging markets and in advanced economies: the coe�cient for the banking crisis

dummy has a signi�cant positive sign, as we expected. In EMs the coe�cient for a banking crisis is signi�cant only

in speci�cation (ii) (column 5), being signi�cantly correlated at the 10 percent level with an increase of 80 basis

points in the sovereign bond spread. In AEs the presence of a banking crisis is correlated with an increase of more

than 13 percentage points in the 10 year bond spreads (column 9).17

Using speci�cation (iii), we �nd that periods of �nancial stress augment the impact on bond spreads of the

public debt ratio among EMs, and of reserves and GDP per capita among AEs. Among EMs, the coe�cient on

the interaction of the banking crisis dummy with the debt-to-GDP ratio indicates that the impact of debt (1 p.p.

increase) on sovereign spreads is 4.4 basis points higher during periods of banking stress than in tranquil times.

Among AEs the impact of the e�ectiveness of currency reserves in dampening sovereign risk increases in periods

of �nancial stress: the reduction in bond spreads due to (1 p.p.) higher international reserves is 5 basis points

stronger during banking stress than in tranquil times. Finally, among AEs, an increase of 1 percent in GDP per

capita decreases the sovereign bond spread by an additional 1.18 percentage point during periods of stress.

Table 7 presents the results of the same model, but this time using the global indicator, the broker-dealer leverage

dummy, as a measure of �nancial stress. Columns 1, 4, and 6 show the estimates without controlling for �nancial

17This is not excessive, if we consider that by the end of 2011, at the peak of the crisis, the sovereign yield spread of some European
countries had increased signi�cantly, in the order of hundreds or thousands of basis points.
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stress, while columns 2, 5 and 7 present the results for the complete model with interaction e�ects. In the case of

the AE group, Greece is an outlier with respect to the other countries, since it was experiencing a deep �nancial

crisis due to local factors during the period of the global �nancial crisis that our global indicator signals. To avoid

biases due to endogeneity, we add a speci�cation where we drop Greece from the pooled sample and the AEs group

(columns 3 and 8). Our measure of global �nancial stress is not only exogenous but is also common to all countries.

Having these characteristics, when we add time-�xed e�ects, the indicator is dropped from our regressions due to

collinearity with the year �xed e�ects. To tackle this issue, we run a variant of our main regression, without time

�xed e�ects. We add as a control a measure of global GDP growth.

[ Insert Table 7 here. ]

The direct e�ect of global stress in the complete model is signi�cant and positive for EMs (but not for AEs),

meaning that sovereign spreads increase during periods of global �nancial stress, as would be expected.

In addition, among EMs, global �nancial stress augments the impact of GDP growth rate and GDP per capita on

bond spreads, as implied by the coe�cients on the interaction terms between the corresponding macro-fundamental

and the global stress dummy. The interaction e�ect between global �nancial stress and in�ation in AEs has a

negative coe�cient (column 6). This may be explained in AEs by the fact that during the post-Lehman banking

crisis the Eurozone was experiencing an episode of de�ation, instead of high in�ation: our data re�ect this peculiarity

and the fact that de�ationary spirals can increase sovereign risk.18 GDP growth rate has a negative and signi�cant

coe�cient in AEs (column 7) in normal times, but the coe�cient of its interaction with global �nancial stress is

positive and signi�cant at the 10 percent level. In the restricted sample (when we drop Greece) the GDP growth

rate becomes insigni�cant for AEs during periods of �nancial crisis.

Global growth has a signi�cantly negative impact on bond spreads. Although we already control for the growth

rate of each country, high global growth could help reduce sovereign risk to the extent that it improves the perfor-

mance of trade partners and of other countries in the same asset class.

Table 8 presents the outcome of the OLS model when we use the VIX dummy as the measure of global �nancial

stress. The results are comparable to Table 7. In the case of the baseline model, the direct e�ect of in�ation is

positive and signi�cant for both EMs and AEs. The debt to GDP ratio, and the exchange rate deviation also shows

a positive and signi�cant e�ect on the probability of sovereign default, while reserves to GDP ratio, and the primary

balance are associated with a decrease in the probability of default. In columns 2, 5 and 7 we can see the results

of the complete model. For EMs, an increase in the primary balance during a period of global stress signi�cantly

decreases the sovereign bond spread by 23.16 basis points. For AEs the most important indicator is the in�ation

rate, that is negative, as expected, based on the rationale presented in the previous section, both in the complete

and restricted sample.

[ Insert Table 8 here. ]

Finally, Table 9 shows the results of our robustness test on the broker-dealer leverage. In this exercise, the

broker-dealer dummy signals a year of global �nancial stress when the growth of the broker-dealer leverage in year

t is more than 2 standard deviations below the mean of the entire period for at least one quarter. We �nd results

in line with Table 7. The direct e�ects of in�ation, the level of government debt, the volatility of the exchange rate

and currency reserves are signi�cant and with the expected sign.

[ Insert Table 9 here. ]

18After 2007 in�ation was low or negative in most of the AEs, such that the average in�ation rate in our sample is 2.9 percent in that
period, with a standard deviation of 3.57 and a minimum of -6 percent. This coincided with years of low or negative growth in many
countries, and in some cases of high sovereign spreads.
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The coe�cient of the interaction between the �nancial stress and GDP growth rate is no longer signi�cant in

EMs, but we �nd that primary balance is signi�cant and negatively correlated with the sovereign bond spread:

during periods of global �nancial stress the impact of an increase of 1 percent in the primary balance on sovereign

spread is 22.8 basis point bigger than in tranquil times for Emerging Market countries. This is in line with our

expectations. Column 7 shows the result of the complete model for AEs. The coe�cient on in�ation interacted with

the �nancial stress dummy is negative and signi�cant, while the one on GDP growth rate is no longer signi�cant.

Currency reserves have a signi�cant coe�cient and during periods of global �nancial stress have an even stronger

negative correlation with sovereign bond spreads. Surprisingly, the government debt has a negative and signi�cant

coe�cient (column 7). We attribute this result to the timing of the sovereign debt crisis in Greece and the �nancial

crisis signalled by this new indicator of global �nancial stress. In fact, the years signalled as "crisis" are 2008 ad

2009, the years when the Global crisis was deeper. However, in those years the government debt of Greece and

its sovereign spread were low with respect to the spike that occurred in 2010, when the Greek crisis exploded and

developed in the subsequent years until the restructuring of Greek sovereign debt in 2012. For this reason, we run

a speci�cation without Greece (column 8). In the restricted sample, the negative coe�cient loses its signi�cance.

Another unexpected result is the sign of the coe�cient of the deviation in the Real E�ective Exchange Rate, that

is negative instead of positive. However, real exchange rate overvaluation poses risk to sovereign debt especially in

the case when a country has a large amount of foreign exchange denominated debt. This is a typical scenario for

an emerging market country, but not for an advanced economy, that can issue all its sovereign debt in domestic

currency. We explain this result as being a side e�ect of the low in�ation period experienced during the crisis years.

6 Analysis of sovereign default probability in emerging market countries

Table 10 shows the results of our logit model, the standard errors are clustered by country. The results of the

direct e�ect of the macroeconomic variables on the probability of default are in line with the previous analysis. In

particular, a higher debt ratio leads to a higher probability of sovereign default, while higher GDP growth rate

and log GDP per capita reduce the probability of default, as expected. Coe�cients on other macro fundamentals

have the expected sign but are not statistically signi�cant. The Area Under the Receiver Operating Characteristic

(AUROC) curve has a value of 0.76 or higher, signaling that the accuracy of the model is good.19

[ Insert Table 10 here. ]

To gauge whether �nancial stress signi�cantly changes the impact of macro fundamentals on sovereign risk, we

must rely on Table 11, in which we can see the marginal e�ects of macroeconomic fundamentals during tranquil

times and periods of �nancial stress, local and global.20

[ Insert Table 11 here. ]

The results are broadly consistent with the analysis presented using bond spreads (as a measure of sovereign

risk) in the previous section. As presented in column 1 and 2, in the case of local �nancial stress, currency reserves

19The AUROC is a measure of the predictive ability of the model that is independent of the cuto� probability used to classify
the model predictions. A higher AUROC statistic indicates better predictive power (a value of 0.5 represents the benchmark for any
informative model).

20Greene (2010) argues that the interpretation of the interaction terms in non-linear models is particularly challenging. For this
reason he suggests that the presentation of results on interaction e�ects in non-linear models should be kept as simple as possible. As
a corollary, he highlights that hypothesis testing on the coe�cient of interaction terms in non-linear models should be avoided. The
reason is that it might be biased by construction, or it might be unclear how to interpret the hypothesis itself. We follow his suggestion,
presenting the marginal e�ect of each variable in normal times and periods of stress. For illustrative purposes and to make this section
of the paper more comparable with the �rst part, we also present the simple di�erence between the two marginal e�ects. For a clear
discussion of the interpretation of interaction terms in non-linear models, see Greene (2010).
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have signi�cant and negative marginal e�ects on the probability of default, while they do not have any signi�cant

e�ect in normal times. The marginal e�ect of a 1 percent increase in the ratio of currency reserves to GDP is -2.34

percent. We also �nd that GDP growth rate, as expected, has a negative and signi�cant e�ect in normal times,

that becomes stronger in �nancial stress periods. Also an increase in the real exchange rate has signi�cant marginal

e�ects during periods of local �nancial stress, increasing the probability of default. This is in line with the evidence

on twin crises, presented by Kaminsky and Reinhart (1999). Strangely, the signi�cant positive impact of public

debt is lost during periods of local �nancial stress.

Columns 4 and 5 in Table 11 present the marginal e�ects of macroeconomic fundamentals in normal times versus

periods of global �nancial stress as measured by broker-dealer leverage dummy, and columns 7 and 8 present the

results of the model that uses the VIX dummy as a measure of global �nancial stress. Also in this case, these

�ndings are consistent with our previous results. We �nd that indicators of debt sustainability play a signi�cant

role also in the analysis of the determinants of sovereign default in EMs: a 1 percentage increase in GDP growth

signi�cantly decreases the probability of default by 0.37 percentage points (column 8). Moreover, global �nancial

stress augments the impact of debt on the probability of default, both when measured with the BD dummy and the

VIX dummy. The impact of an additional 1 percent of government debt on the probability of default is signi�cant

and 0.035 p.p. higher during periods of global �nancial stress than during tranquil times (column 6).

Other interaction terms turned out to have an unexpected sign. Table 11 shows that the interaction e�ect

between �nancial stress and in�ation is signi�cant but with an opposite sign than expected in the case of local

�nancial stress. In�ation can be used in case of high debt to \textquotedblleft in�ate debt away\textquotedblright

, and avoid default, so higher in�ation can be correlated with a lower probability of formal default, as discussed by

Reinhart and Rogo� (2011b).

Tables 12 and 13 present the results of the robustness check on the threshold de�ned for the broker-dealer

leverage dummy. As in Table 9, the global �nancial stress dummy is equal to 1 in year t when the growth rate

of leverage is more than 2 standard deviations below the mean of the entire period for at least one quarter. Our

�ndings are in line with Tables 10 and 11. An increase in the level of government debt increases the probability of

default, while higher growth or income per capita decreases it.

[ Insert Table 12 here. ]

[ Insert Table 13 here. ]

The primary balance is positive, due to the dynamic of primary balance in Botswana and Jamaica. Botwana's

economy rebounded strongly from the 2009 economic downturn, due to the strong global demand for commodities.

The economy grew by 7.2 percent in 2010 up from a negative growth of 4.9 percent in 2009 and the primary balance

increased, even though it was a period of signalled �nancial stress. Jamaica experienced two episodes of sovereign

debt swaps (considered by Moody's as sovereign debt restructurings) after the global �nancial crisis, and in the

second one, occurring in 2013, the primary balance was still recovering from the �rst crisis in 2010. Adding a

dummy to �lter these two special cases makes the primary balance insigni�cant, while the results on debt-to-GDP

ratio, GDP per capita and growth rate remain robust.

Our results suggest that during periods of �nancial stress the e�ect of some macroeconomic factors is enhanced.

A higher level of currency reserves helps in decreasing the probability of default of a country. Similarly, when a

country already has a signi�cant estimated probability of default, global �nancial stress signi�cantly augments the

impact of public debt on the risk of default.

As a �nal robustness check, in the spirit of Aizenman et al. (2019), we test if our analysis captures fundamental

developments or short-run spikes using a di�erent de�nition of the debt-to-GDP ratio and the reserves-to-GDP
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ratio, as the main debt dynamic variable and the main debt sustainability variable in our sample, respectively.21

We divide the government debt and the level of currency reserves by a three-year moving average of the GDP. In

this way, the indicator captures fundamental developments in the variables, and not potential short-run spikes given

by temporary shocks.

We re-run both the OLS analysis comparing EMs and AEs, and the logit analysis on EMs only. We obtain

very similar results to our main analysis. Debt/GDP has a signi�cant role in reducing the bond spread, or the

probability of default, of emerging market countries, while currency reserves maintain their signi�cant correlation

with decreasing sovereign bond spread (or sovereign probability of default) for EMs. In the case of AMs, we �nd

that GDP per capita and the reserves are signi�cant in reducing the sovereign bond spread during periods of local

�nancial stress. With the exception of a few cases, macroeconomic variables (especially debt indicators) evolve

slowly, so we are able to capture fundamental developments with this analysis. Results are available upon request.

7 Conclusion and future work

Economic vulnerabilities may remain latent for long periods and may only reveal their full impact on a coun-

try\textquoteright s �scal sustainability when the economy undergoes a signi�cant shock. In this paper we look

into the determinants of sovereign risk and how their impact is ampli�ed during periods of �nancial stress, whether

of a local or global nature. We use sovereign spreads as well as a sovereign-default dummy variable as alternative

measures of sovereign risk.

We �nd that a higher public debt and a lower GDP growth rate lead to higher sovereign risk among EMs and

AMs, independently of whether sovereign risk is measured based on sovereign spreads or a sovereign stress dummy.

GDP per capita is found to signi�cantly attenuate the probability of a sovereign stress episode.

We also �nd that the impact on EM sovereign risk of some key determinants is signi�cantly augmented during

periods of �nancial stress. For EMs, higher public debt or lower primary balance produce a bigger increase in

sovereign bond spreads during periods of local �nancial stress than during tranquil times. Similarly, in the case of

AEs, the attenuating impact of higher international reserves and of GDP per capita on sovereign spreads is generally

bigger during periods of local �nancial stress than during tranquil times. Based on models of probability of default

for EMs, the impact of public debt on sovereign risk is particularly signi�cant during periods of global �nancial

risk, while the risk-attenuating e�ect of international reserves is bene�cial during local �nancial risk episodes.

The results of our analysis highlight the role of interactions between macro fundamentals and �nancial stress,

whether local or global, in determining sovereign risk. Our results are in line with previous literature. In particular,

\citet{Baldacci2010} show that the impact of �scal deterioration on long-term sovereign bond yields is signi�cant

and non-linear, depending on initial conditions in the country and spillovers from global �nancial markets, measured

by the VIX index. \citet{ManasseRoubini2009} �nd that a high level of currency reserves helps to classify a country

as safe. They show that a level of short-term debt higher that 130 percent of currency reserves increases roll-over

risk and consequently the risk of a liquidity-type sovereign crisis.

For clarity purposes, our stylized model does not consider some elements that may be explored in future work.

Given the importance of non-linear e�ects of foreign exchange reserves linked to local �nancial stress episodes, it

may be worth distinguishing the exchange rate regimes of the countries included. In fact, countries can use their

currency reserves to keep the value of their currencies at a �xed level in the case where the country has a �xed

exchange rate regime. In this case, a higher level of reserves might be needed to maintain con�dence and avoid

currency crises. Another element that may be interesting to explore is the composition of sovereign debt, both

in terms of foreign versus domestic denominated debt, and in terms of short versus long-term debt. Both the

21Aizenman et al. (2019) use as a measure of �scal capacity the ratio of public debt to the tax revenue, and as a robustness check,
the ratio between public debt and the 3-year moving average of the tax revenue.

17



denomination and the duration of the debt determine the level of solvency and liquidity risk, that may change in

normal times versus periods of �nancial stress. These questions are left for future research.
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Figure 1: Sovereign defaults in advanced economies and emerging markets, by year
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Figure 2: Level and growth rate of the broker-dealer leverage, 1990-2014, based on Federal Reserve Board data
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Figure 3: Average values of the macroeconomic indicators in an interval of [-3, +3] years around the year of the
default. t is the �rst year of the default episode
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Tables

Hypothesis Indicator Source

Sovereign risk indicators

Dependent variables Sovereign default Baldacci et al. (2011), Cruces and

Trebesch (2014), Moody (2013), BoC-BoE

Sovereign Default Database.

10y Treasury bond spread World Economic Outlook, IMF and

(basis points) Bloomberg

Debt burden indicators

Higher levels of debt generally lead to Gross general government debt Abbas et al.(2010) and World Economic

a higher probability of default (% of GDP) Outlook, IMF

Macroeconomic factors

Stronger growth increases country's Real GDP growth World Economic Outlook, IMF

ability to service debt, thus reducing (percentage change)

the probability of default

High in�ation indicates internal GDP de�ator (percentage change) World Economic Outlook, IMF

imbalances and may be associated

with higher risk of default

Real exchange rate overvaluation Deviation in REER (%) IMF International Financial Statistics.

poses a risk to FX denominated debt

and constraints competitiveness

Primary balance is an indicator Primary balance (% of GDP) World Economic Outlook, IMF

of current �scal e�ort. For highly

indebted countries, achieving a

primary surplus is usually considered

necessary for a reduction of the debt/GDP ratio

Debt tolerance indicators

Higher level of income and/or economic (log) GDP per capita (in US dollars) World Economic Outlook, IMF

development has been seen to increase

tolerance to higher public debt

FX bu�ers could reduce the probability of default: Level of FX reserves (% of GDP) World Economic Outlook, IMF

(1) could be used to absorb shocks;

(2)could help to build market con�dence

Global factors

Strong global growth should boost exports, increase Global real GDP growth (%) World Economic Outlook, IMF

capital in�ows and dampen global risk aversion

Financial stress indicators

If a country is experiencing a banking crisis Systemic banking crisis dummy Laeven and Valencia (2018)

in a certain year, �nancial markets will also

be under great stress.

The adjustment in the Broker-Dealer leverage Broker-Dealer leverage dummy Federal Reserve Board database,

re�ects changes in the state of the economy based on Adrian et al.(2011)

and signals the reaction of �nancial markets

The VIX index represents the market's expectation VIX index dummy FRED database, St. Louis Fed

of 30-day future volatility of the S&P 500.

Table 1: Data and sources
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Country Default

year

Source Country Default

year

Source Country Default

year

Source

Albania 1991 B Ecuador 2008 CT Montenegro 2001 CT

1998 PC 2011 BoC Morocco 1992 PC

2000 PC Egypt 1991 PC Pakistan 1998 M,CT

Algeria 1990 BoC 2006 BoC Paraguay 2003 BoC

Antigua and Barbuda 1996 BoC Equatorial Guinea 1992 BoC Philippines 1994 PC

Argentina 2001 CT 1994 PC Russia 1991 BoC

Armenia 1994 BoC Fiji 2006 BoC Seychelles 2000 BoC

2000 BoC Gabon 1991 PC 2008 CT

Azerbaijan 1994 BoC 1994 CT,PC Slovenia 1992 BoC

Belarus 1994 BoC 1998 BoC South Africa 1993 B

2003 BoC Georgia 1995 BoC Sri Lanka 2005 PC

2005 BoC 2001 PC St. Kitts and Nevis 2011 BoC

Belize 2001 BoC 2004 PC St. Lucia 2003 BoC

2005 M, BoC 2011 BoC 2007 BoC

2013 BoC Greece 2012 M Suriname 1998 BoC

Bosnia and Herzegovina 1992 B, BoC Guatemala 1993 PC Thailand 2006 BoC

2000 BoC India 1992 BoC 2008 BoC

2002 BoC Indonesia 1998 PC Turkey 1999 M

Botswana 1998 BoC 2002 B,PC Turkmenistan 1994 BoC

2004 BoC 2005 PC 2004 BoC

2008 BoC Iran 2011 BoC 2006 BoC

Bulgaria 1990 B Jamaica 2010 BoC Ukraine 1993 BoC

Colombia 1990 BoC 2013 BoC 1998 B, M,

1999 BoC Jordan 1997 PC CT

Costa Rica 1993 PC 1999 PC Uruguay 1990 B

Croatia 1992 B 2002 PC 2003 BoC

Cyprus 2013 M Kazakhstan 1993 PC Venezuela 1990 BoC

Dominican Republic 2004 B,M, 1999 BoC 1995 BoC

CT,PC Macedonia, FYR 1992 B 2004 BoC

Ecuador 1999 B,CT,M 2000 BoC

2003 PC 2008 BoC

2005 B Mauritius 2011 BoC

B: Baldacci et al.(2011); M: Moody's(2013); CT: Cruces and Trebesch (2014); PC: Paris Club arrangements listed in the BoE-BoC

Sovereign Default Database; BoC: loans to o�cial creditors, private creditors or banks other than the Paris Club in the BoE-BoC

Sovereign Default Database. Time period: 1990-2014. All countries are Emerging Market countries, with the exception of Greece,

Slovenia and Cyprus, that are part of the Advanced Economies group, as de�ned by the IMF classi�cation.

Table 2: List of sovereign default episodes.
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Country Bond spread coverage Country Bond spread coverage

Argentina 1993-2013 Korea 1990-2014

Australia 1990-2014 Lebanon 1998-2013

Austria 1990-2014 Lithuania 2009-2013

Belgium 1990-2014 Luxembourg 1990-2014

Brazil 1995-2013 Malaysia 1996-2013

Bulgaria 1994-2013 Malta 1999-2014

Canada 1990-2014 Mexico 1993-2013

Chile 1999-2013 Morocco 1997-2006, 2012-2013

China 1994-2013 Netherlands 1990-2014

Colombia 1997-2013 New Zealand 1990-2014

Croatia 1996-2004, 2009-2013 Norway 1990-2014

Cyprus 2001-2014 Pakistan 2001-2013

Denmark 1990-2014 Panama 1996-2013

Dominican Republic 2001-2013 Peru 1997-2013

Ecuador 1995-2013 Philippines 1993-2013

Egypt 2001-2013 Poland 1994-2013

El Salvador 2002-2013 Portugal 1990-2014

Finland 1990-2014 Russia 1997-2013

France 1990-2014 Singapore 1990-2014

Georgia 2008-2013 Slovak Republic 2000-2014

Germany 1990-2014 Slovenia 1992-2014

Greece 1990-2014 South Africa 1994-2013

Hong Kong SAR 1991-2014 Spain 1990-2014

Hungary 1999-2013 Sweden 1990-2014

Iceland 1990-2014 Switzerland 1990-2014

Indonesia 2004-2013 Thailand 1997-2006

Ireland 1990-2014 Tunisia 2002-2011

Israel 2000-2014 Turkey 1996-2013

Italy 1990-2014 Ukraine 2000-2013

Jamaica 2007-2013 United Kingdom 1990-2014

Japan 1990-2014 Uruguay 2001-2013

Kazakhstan 2007-2013 Venezuela 1993-2013

Time period: 1990-2014. EM=1: Emerging Market country; EM=0: Advanced Economy,

as de�ned by the IMF classi�cation.

Table 3: List of sovereign bond spreads
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Variable Obs Mean Std. Dev. Min Max

All countries

10y sovereign bond spread 1,267 240.258 504.522 -426.265 6342

Default 2,898 0.0273 0.16287 0 1

Debt/GDP 2,662 52.377 36.760 0 334.853

Currency reserves 2,526 0.110 0.129 0 1.912

Log(GDP per capita) 2,687 8.853 1.259 3.430 11.683

In�ation 2,752 11.165 36.748 -31.566 705.718

Real E�ective Exchange Rate 2,627 0.183 12.206 -57.930 228.741

GDP growth rate 2,761 3.685 6.435 -62.076 149.973

Primary balance 2,399 -0.307 18.080 -549.84 35.994

Global growth rate 2,898 2.712 1.269 -2.006 4.179

Bank crisis dummy 2,898 0.085 0.279 0 1

B-D leverage dummy 2,898 0.444 0.497 0 1

VIX dummy 2898 0.283 0.450 0 1

Emerging markets

10y sovereign bond spread 537 477.210 644.331 -3 6342

Default 2,048 0.037 0.189 0 1

Debt/GDP 1,865 48.674 36.348 0 334.853

Currency reserves 1,748 0.116 0.121 0 1.912

Log(GDP per capita) 1,875 8.293 1.033 3.430 11.547

In�ation 1,932 14.706 43.317 -31.566 705.718

Real E�ective Exchange Rate 1,811 0.258 13.899 -57.930 228.741

GDP growth rate 1,941 4.125 7.356 -62.076 149.973

Primary balance 1,679 -0.535 21.440 -549.84 35.994

Bank crisis dummy 2,048 0.070 0.255 0 1

Advanced economies

10y sovereign bond spread 730 65.954 254.975 -426.265 2220.344

Default 850 0.004 0.059 0 1

Debt/GDP 797 61.041 36.280 3.685 243.372

Currency reserves 778 0.097 0.145 0 0.786

Log(GDP per capita) 812 10.147 0.618 7.022 11.683

In�ation 820 2.822 3.578 -6.008 39.669

Real E�ective Exchange Rate 816 0.016 7.141 -43.752 32.837

GDP growth rate 820 2.641 3.137 -14.098 15.240

Primary balance 720 0.223 4.134 -29.722 19.154

Bank crisis dummy 850 0.121 0.327 0 1

Time period: 1990-2014

Table 4: Summary statistics of the variables of interest
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(1) (2) (3) (4) (5) (6) (7) (8) (9)

10y sovereign bond spread All All All EM EM EM AE AE AE

In�ation (t-1) 8.170*** 7.644*** 9.081** 6.827** 6.458** 6.598* 15.88 16.18 19.71

(2.962) (2.875) (4.046) (2.854) (2.774) (3.678) (10.13) (10.27) (12.64)

Debt/GDP (t-1) 1.858*** 1.809*** 1.626** 3.877*** 3.681*** 3.056** 1.148** 1.260** 1.157**

(0.612) (0.585) (0.652) (1.086) (1.078) (1.238) (0.531) (0.526) (0.482)

Primary balance (t-1) -6.961** -5.343 -5.268 -6.264 -6.261 -7.591 -5.573* -4.297 -2.663

(3.300) (3.451) (4.074) (7.453) (7.302) (8.061) (3.242) (3.504) (3.726)

GDP growth rate (t-1) -10.90*** -8.178* -9.982** -6.907 -4.924 -8.397 -14.62* -12.97 -11.87

(4.032) (4.176) (4.747) (4.457) (4.767) (5.780) (7.589) (7.737) (7.156)

Log(GDP per capita) (t-1) -7.101 20.62 21.30 154.4 140.6 167.9 -108.6 -80.07 -76.64

(74.41) (73.46) (78.03) (103.0) (104.1) (106.4) (72.96) (75.24) (95.86)

Change in REER (t-1) 1.304 1.337 1.141 -0.215 0.195 -0.609 1.506 1.484 0.484

(0.935) (0.899) (1.071) (1.793) (1.785) (2.030) (1.955) (1.900) (1.562)

Reserves/GDP (t-1) -2.885* -2.679* -1.604 -3.146 -3.321 -3.535 -3.955* -3.850* -1.903

(1.634) (1.521) (1.551) (2.811) (2.778) (2.810) (2.233) (2.143) (1.784)

Banking crisis (t-1) 89.43*** 514.6** 80.19* -223.7 56.56* 1,282***

(26.32) (216.2) (45.36) (375.8) (28.16) (411.1)

Banking crisis* -5.045 -1.377 -16.93

In�ation(t-1) (3.518) (2.803) (11.10)

Banking crisis* 1.346 4.427*** 0.707

Debt/GDP (t-1) (1.180) (1.581) (1.220)

Banking crisis* 0.748 -8.374 -2.673

GDP growth rate (t-1) (5.454) (11.91) (6.983)

Banking crisis* 4.456 11.93 -3.716

GDP growth rate (t-1) (5.622) (7.725) (6.709)

Banking crisis* -47.03** 18.35 -117.8***

Log(GDP per capita) (t-1) (21.44) (45.98) (39.51)

Banking crisis* 1.200 2.417 3.842

Change in REER (t-1) (2.530) (3.099) (4.491)

Banking crisis* -4.461 -5.232 -4.942*

Reserves/GDP (t-1) (2.726) (7.169) (2.690)

Time �xed e�ects YES YES YES YES YES YES YES YES YES

Country �xed e�ects YES YES YES YES YES YES YES YES YES

Observations 1,003 1,003 1,003 412 412 412 591 591 591

R-squared 0.312 0.327 0.339 0.501 0.507 0.518 0.381 0.391 0.435

Number of countries 64 64 64 34 34 34 30 30 30

Robust standard errors in parentheses. Standard errors clustered by country. All regressions include a constant. *** p<0.01, ** p<0.05,

* p<0.1 Regressions in columns named "All" consider the complete sample of countries, as detailed in the Data Appendix (Section "List

of countries"). The "AE" columns show the results for the Advanced Economies only, and the columns "EM" show the results for the

Emerging Markets only. All regressions are run over the period 1990 to 2014. For more details about the construction of the variables,

see the Data Appendix (Section "Data sources").

Table 6: E�ect of local �nancial stress on sovereign risk. OLS estimates.

27



(1) (2) (3) (4) (5) (6) (7) (8)

10y sovereign bond spread All All All EM EM AE AE AE

In�ation(t-1) 8.174*** 11.32** 8.786** 5.817* 7.885 20.48* 38.21** 18.75**

(2.997) (4.770) (4.012) (2.902) (4.719) (11.43) (15.17) (6.985)

Debt/GDP(t-1) 1.711*** 1.231* 1.244* 1.456 1.923 1.868** 1.608** 1.282**

(0.612) (0.657) (0.660) (1.492) (1.721) (0.749) (0.594) (0.550)

Primary balance(t-1) -8.375** -7.978* -7.308* 1.677 -0.179 -11.60*** -10.46*** -8.982***

(3.252) (4.179) (4.183) (7.785) (11.17) (2.857) (2.624) (2.946)

GDP growth rate(t-1) -3.945 -1.341 1.832 -0.676 6.243 -9.293 -13.61* -6.742

(3.585) (6.345) (5.418) (4.385) (8.609) (5.892) (6.982) (4.107)

Log(GDP per capita)(t-1) -39.81 -22.50 -18.61 -31.43 71.80 -59.36* -61.80* -49.89

(25.01) (31.48) (31.84) (44.19) (53.94) (33.32) (34.52) (35.14)

Change in REER(t-1) 2.481*** 3.995*** 3.619*** 3.256*** 5.444*** 2.109 1.709 0.989

(0.777) (1.063) (0.990) (0.924) (1.602) (1.620) (1.268) (1.252)

Reserves/GDP(t-1) -3.293* -3.226 -3.805* -2.579 -2.977 -5.220** -5.891** -5.847*

(1.673) (2.163) (2.097) (3.093) (4.141) (2.499) (2.833) (2.973)

BD leverage dummy(t-1) 31.80 14.79 822.3*** -235.9 -397.2

(157.7) (156.7) (269.7) (399.5) (351.2)

BD leverage dummy* -6.515 -4.566 -2.075 -37.19** -19.21*

In�ation(t-1) (4.639) (3.987) (4.625) (15.07) (9.521)

BD leverage dummy* 0.810* 0.696 1.562 0.130 -0.00744

Debt/GDP(t-1) (0.476) (0.461) (1.018) (0.566) (0.342)

BD leverage dummy* -3.429 -3.668 -11.26 -3.291 -5.098

Primary balance(t-1) (3.867) (3.950) (8.555) (3.852) (3.552)

BD leverage dummy* -6.038 -7.426 -15.75* 8.113* 5.813

GDP growth rate(t-1) (5.909) (5.681) (8.664) (4.429) (4.183)

BD leverage dummy* -7.948 -5.981 -111.4*** 27.58 39.97

Log(GDP per capita)(t-1) (15.23) (15.13) (33.82) (36.28) (32.83)

BD leverage dummy* -3.415*** -3.257** -3.297 -2.299 -2.431

Change in REER(t-1) (1.266) (1.266) (1.958) (2.265) (2.179)

BD leverage dummy* 0.435 0.924 1.917 -0.034 0.845

Reserves/GDP(t-1) (1.071) (0.978) (2.657) (1.286) (1.118)

Global growth -26.31*** -31.54*** -31.25*** -30.82*** -43.44*** -19.38*** -21.58*** -21.61***

(3.166) (3.918) (3.948) (6.469) (7.792) (3.313) (3.123) (2.955)

Time �xed e�ects NO NO NO NO NO NO NO NO

Country �xed e�ects YES YES YES YES YES YES YES YES

Observations 973 973 954 412 412 561 561 542

R-squared 0.108 0.139 0.130 0.077 0.148 0.239 0.318 0.274

Number of country 64 64 63 34 34 30 30 29

Robust standard errors in parentheses. Standard errors clustered by country. All regressions include a constant. *** p<0.01, ** p<0.05,

* p<0.1. Regressions in columns named "All" consider the complete sample of countries, as detailed in the Data Appendix (Section "List

of countries"). The "AM" columns show the results for the Advanced Economies only, and the columns "EM" show the results for the

Emerging Markets only. All regressions are run over the period 1990 to 2014. For more details about the construction of the variables,

see the Data Appendix (Section "Data sources").

Table 7: E�ect of broker-dealer leverage as global �nancial stress indicator on sovereign risk. OLS estimates.
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(1) (2) (3) (4) (5) (6) (7) (8)

10y sovereign bond spread All All All EM EM AE AE AE

In�ation(t-1) 8.174*** 10.67*** 8.190*** 5.817* 6.724* 20.48* 33.38** 16.91***

(2.997) (3.849) (2.940) (2.902) (3.618) (11.43) (14.02) (5.656)

Debt/GDP(t-1) 1.711*** 1.415** 1.427** 1.456 2.019 1.868** 1.804** 1.404**

(0.612) (0.582) (0.583) (1.492) (1.474) (0.749) (0.660) (0.559)

Primary balance(t-1) -8.375** -5.743 -5.443 1.677 3.502 -11.60*** -10.73*** -10.01***

(3.252) (3.629) (3.654) (7.785) (9.232) (2.857) (2.374) (2.659)

GDP growth rate(t-1) -3.945 -5.597 -1.871 -0.676 2.762 -9.293 -10.26 -4.601

(3.585) (5.178) (3.707) (4.385) (5.808) (5.892) (6.483) (4.153)

Log(GDP per capita)(t-1) -39.81 -43.79 -38.31 -31.43 -14.82 -59.36* -56.76* -38.96

(25.01) (26.87) (26.95) (44.19) (42.45) (33.32) (31.39) (28.25)

Change in REER (t-1) 2.481*** 2.746*** 2.679*** 3.256*** 3.969*** 2.109 1.579 0.906

(0.777) (0.848) (0.807) (0.924) (1.102) (1.620) (1.117) (1.083)

Reserves/GDP(t-1) -3.293* -2.912 -3.304* -2.579 -1.447 -5.220** -4.977* -4.472*

(1.673) (1.833) (1.816) (3.093) (3.300) (2.499) (2.652) (2.617)

VIX dummy(t-1) -171.4 -167.9 163.2 -36.56 -99.07

(104.9) (102.0) (171.3) (292.6) (238.4)

VIX dummy* -5.815* -3.896 -0.809 -35.64** -20.87***

In�ation (t-1) (3.166) (2.487) (3.013) (13.34) (7.441)

VIX dummy* 0.540 0.387 0.591 0.0706 -0.0598

Debt/GDP (t-1) (0.402) (0.352) (0.558) (0.530) (0.327)

VIX dummy* -8.147** -7.929** -23.16*** -2.067 -3.007

Primary balance(t-1) (3.508) (3.519) (4.792) (4.166) (3.475)

VIX dummy* -0.799 -2.671 -9.349 4.738 3.821

GDP growth rate(t-1) (4.521) (4.208) (6.174) (5.257) (4.888)

VIX dummy* 13.93 14.41 -30.11 10.85 14.42

Log(GDP per capita)(t-1) (9.853) (9.549) (19.14) (27.26) (22.97)

VIX dummy* -1.070 -1.431 -0.830 -0.981 -1.404

Change in REER(t-1) (1.487) (1.398) (2.067) (2.277) (2.229)

VIX dummy* 0.062 0.403 1.606 -0.831 -0.334

Reserves/GDP (t-1) (0.715) (0.646) (2.188) (0.997) (0.814)

Global growth -26.31*** -32.66*** -32.11*** -30.82*** -46.89*** -19.38*** -21.70*** -21.80***

(3.166) (4.041) (4.031) (6.469) (8.106) (3.313) (3.170) (2.886)

Time �xed e�ects NO NO NO NO NO NO NO NO

Country �xed e�ects YES YES YES YES YES YES YES YES

Observations 973 973 954 412 412 561 561 542

R-squared 0.108 0.135 0.124 0.077 0.118 0.239 0.302 0.267

Number of countries 64 64 63 34 34 30 30 29

Robust standard errors in parentheses. Standard errors clustered by country. All regressions include a constant. *** p<0.01, ** p<0.05,

* p<0.1. Regressions in columns named "All" consider the complete sample of countries, as detailed in the Data Appendix (Section "List

of countries"). The "AM" columns show the results for the Advanced Economies only, and the columns "EM" show the results for the

Emerging Markets only. All regressions are run over the period 1990 to 2014. For more details about the construction of the variables,

see the Data Appendix (Section "Data sources").

Table 8: E�ect of VIX index as global �nancial stress indicator on sovereign risk. OLS estimates.
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(1) (2) (3) (4) (5) (6) (7) (8)

10y sovereign bond spread All All All EM EM AE AE AE

In�ation (t-1) 8.174*** 8.902** 7.221** 5.817* 6.411* 20.48* 25.22** 11.18***

(2.997) (3.568) (3.001) (2.902) (3.290) (11.43) (12.08) (3.898)

Debt/GDP (t-1) 1.711*** 1.542** 1.487** 1.456 1.127 1.868** 1.932** 1.455**

(0.612) (0.608) (0.617) (1.492) (1.624) (0.749) (0.716) (0.563)

Primary balance (t-1) -8.375** -8.192** -7.752** 1.677 3.466 -11.60*** -12.25*** -11.83***

(3.252) (3.254) (3.341) (7.785) (8.045) (2.857) (2.313) (2.793)

GDP growth rate (t-1) -3.945 -8.053 -4.291 -0.676 -1.587 -9.293 -15.83* -6.958*

(3.585) (5.473) (3.845) (4.385) (6.261) (5.892) (9.264) (3.918)

Log(GDP per capita) (t-1) -39.81 -27.59 -23.27 -31.43 -22.97 -59.36* -40.73 -22.75

(25.01) (25.57) (26.00) (44.19) (44.57) (33.32) (28.38) (24.81)

Change in REER (t-1) 2.481*** 2.463*** 2.253*** 3.256*** 3.143*** 2.109 1.981 0.887

(0.777) (0.778) (0.748) (0.924) (1.020) (1.620) (1.439) (1.102)

Reserves/GDP (t-1) -3.293* -3.475* -3.627** -2.579 -2.046 -5.220** -5.613** -4.823*

(1.673) (1.766) (1.794) (3.093) (3.335) (2.499) (2.588) (2.438)

FS (t-1) -56.90 -44.22 414.1 -251.7 -216.8

(135.0) (133.0) (258.0) (200.7) (177.2)

FS*In�ation (t-1) -5.630 -4.599 -3.737 -28.75** -16.47***

(3.567) (3.227) (4.036) (10.52) (4.396)

FS*Debt/GDP (t-1) -0.0718 -0.0271 0.602 -0.615** -0.529

(0.290) (0.308) (0.805) (0.290) (0.350)

FS*Primary balance (t-1) -1.529 -1.594 -22.83** 3.373 3.879

(2.798) (2.893) (9.125) (2.649) (2.474)

FS*GDP growth rate (t-1) -4.036 -7.183 -10.78 4.984 -3.857

(5.540) (4.494) (7.048) (9.753) (4.787)

FS*Log(GDP per capita) (t-1) -3.309 -4.010 -66.89** 24.37 19.43

(13.92) (13.80) (29.92) (19.51) (17.97)

FS*Change in REER (t-1) -2.906** -2.868** -0.947 -4.609** -4.262**

(1.338) (1.289) (2.149) (1.967) (1.958)

FS*Reserves/GDP (t-1) 0.457 0.243 1.941 -1.569* -0.819*

(0.577) (0.540) (1.942) (0.815) (0.405)

Global growth -26.31*** -39.71*** -39.71*** -30.82*** -57.82*** -19.38*** -28.60*** -29.42***

(3.166) (4.527) (4.620) (6.469) (10.48) (3.313) (3.966) (3.407)

Time �xed e�ects NO NO NO NO NO NO NO NO

Country �xed e�ects YES YES YES YES YES YES YES YES

Observations 973 973 954 412 412 561 561 542

R-squared 0.108 0.149 0.142 0.077 0.129 0.239 0.310 0.297

Number of countries 64 64 63 34 34 30 30 29

Robust standard errors in parentheses. Standard errors clustered by country. All regressions include a constant. *** p<0.01, ** p<0.05,

* p<0.1. Regressions in columns named "All" consider the complete sample of countries, as detailed in the Data Appendix (Section "List

of countries"). The "AM" columns show the results for the Advanced Economies only, and the columns "EM" show the results for the

Emerging Markets only. All regressions are run over the entire period, from 1990 to 2014. For more details about the construction

of the variables, see the Data Appendix (Section "Data sources").

Table 9: Robustness check: OLS estimates using the alternative BD leverage dummy as global �nancial stress
indicator.
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(1) (2) (3) (4) (5) (6) (7)

Sovereign default Baseline FS: Banking dummy FS: BD dummy FS: VIX dummy

In�ation(t-1) -0.918 -1.22 -1.52 -1.01 -2.70 -1.03 -1.29

(0.808) (0.918) (1.55) (0.887) (1.87) (0.859) (1.23)

Debt/GDP(t-1) 1.23** 1.31** 1.36** 1.21** 0.738 1.21** 0.825

(0.526) (0.520) (0.538) (0.532) (0.596) (0.535) (0.627)

Primary balance(t-1) 7.19 0.666 0.604 0.752 0.602 0.763 0.397

(0.621) (0.551) (0.548) (0.661) (0.836) (0.656) (0.503)

GDP growth rate(t-1) -7.68** -6.81** -6.66* -7.90** -9.52** -8.02** -7.24*

(3.48) (3.26) (3.58) (3.61) (4.79) (3.49) (4.06)

Log(GDP per capita)(t-1) -0.575*** -0.559*** -0.549*** -0.556*** -0.650*** -0.571*** -0.613***

(0.170) (0.177) (0.181) (0.173) (0.228) (0.170) (0.235)

Change in REER(t-1) 0.965 1.03 0.105 0.961 0.675 0.984 0.395

(1.66) (1.65) (1.87) (1.66) (2.02) (1.61) (1.70)

Reserves/GDP(t-1) -2.116 -2.032 -1.112 -2.069 -1.074 -2.037 -0.813

(2.621) (2.948) (2.085) (2.569) (3.846) (2.536) (3.835)

FS(t-1) 1.038** 13.69 -0.248 -3.138 -0.324 0.00237

(0.495) (12.69) (0.390) (3.369) (0.398) (4.100)

FS*In�ation(t-1) -3.90 4.88* 0.704

(3.68) (2.66) (2.55)

FS*Debt/GDP(t-1) -3.93 1.46** 1.33*

(4.22) (0.696) (0.749)

FS*Primary balance(t-1) -20.1 -6.00 6.07

(23.4) (6.45) (5.00)

FS*GDP growth rate(t-1) -20.3 5.14 -8.00

(19.3) (8.11) (7.94)

FS*Log(GDP per capita)(t-1) -0.784 0.196 -0.0960

(1.386) (0.366) (0.462)

FS*Change in REER(t-1) 7.65 2.00 3.64

(5.71) (4.00) (4.52)

FS*Reserves/GDP(t-1) -69.70*** -1.939 -4.344

(26.71) (3.042) (5.553)

Global growth rate 3.57 3.69 0.490 3.42 4.94 0.842 -1.86

(7.21) (7.24) (7.45) (7.69) (9.05) (8.68) (9.46)

Observations 1,227 1,227 1,227 1,227 1,227 1,227 1,227

Pseudo R-squared 0.0942 0.1045 0.1515 0.0956 0.1108 0.0962 0.1111

Log pseudo-likelihood -165.777 -163.883 -155.282 -165.511 -162.736 -165.398 -162.668

AUROC 0.762 0.769 0.793 0.763 0.773 0.767 0.772

Robust standard errors in parentheses. Standard errors clustered by country. All regressions include a constant. *** p<0.01,

** p<0.05, * p<0.1. The results reported in this table regard exclusively the Emerging Markets subsample, as de�ned in the

Data Appendix (Section "List of countries"). All regressions are run over the period 1990 to 2014. For more details about

the construction of the variables, see the Data Appendix (Section "Data sources"). "FS" refers to the indicator of Financial

Stability used in each speci�cation.

Table 10: E�ect of local and global �nancial stress on sovereign risk. Logit estimates.
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(1) (2) (3) (4) (5) (6)

Sovereign default FS: Bank dummy FS: BD dummy FS: VIX dummy

Tranquil Stress Tranquil Stress Tranquil Stress

In�ation(t-1) -0.044 -0.179** -0.097 0.061 -0.046 -0.014

(0.048) (0.087) (0.075) (0.049) (0.046) (0.051)

Debt/GDP(-1) 0.040** -0.085 0.027 0.062*** 0.029 0.052***

(0.018) (0.132) (0.023) (0.024) (0.023) (0.017)

Primary balance(t-1) 0.018 -0.644 0.022 -0.151 0.014 0.157

(0.016) (0.777) (0.031) (0.192) (0.018) (0.130)

GDP growth rate(t-1) -0.193* -0.892* -0.343* -0.123 -0.256* -0.370**

(0.100) (0.458) (0.188) (0.180) (0.142) (0.153)

Log(GDP per capita)(t-1) -0.016*** -0.044 -0.023*** -0.013 -0.022** -0.017

(0.006) (0.038) (0.009) (0.011) (0.009) (0.011)

Change in REER(t-1) 0.003 0.256*** 0.024 0.075 0.014 0.098

(0.054) (0.128) (0.073) (0.097) (0.060) (0.112)

Reserves/GDP -0.032 -2.338*** -0.039 -0.085 -0.029 -0.125

(0.060) (0.845) (0.138) (0.100) (0.134) (0.108)

Observations 1,227 1,227 1,227 1,227 1,227 1,227

Robust standard errors in parentheses. Standard errors clustered by country. *** p<0.01, ** p<0.05,

* p<0.1. The results reported in this table regard exclusively the Emerging Markets subsample, as

de�ned in the Data Appendix (Section "List of countries"). All regressions are run over the period

1990 to 2014. For more details about the construction of the variables, see the Data Appendix

(Section "Data sources"). "FS" refers to the indicator of Financial Stability used in each speci�cation.

FS=1 when the broker-dealer leverage growth is more than 2 standard deviations below the mean

for at least one quarter. "FS" refers to the indicator of Financial Stability used in each speci�cation. In

Tranquil periods FS=0, in Stress periods FS=1. The last column report the di�erence between the two.

Table 11: Logit estimates: average marginal e�ects of the macroeconomic indicators during tranquil periods and
during periods of �nancial stress.
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(1) (2)

Sovereign default

In�ation (t-1) -1.07 -1.23

(0.896) (1.05)

Debt/GDP (t-1) 1.19** 1.08**

(0.535) (0.532)

Primary balance (t-1) 0.751 0.600

(0.677) (0.616)

GDP growth rate (t-1) -8.23** -7.91**

(3.68) (3.96)

Log(GDP per capita) (t-1) -0.566*** -0.552***

(0.168) (0.173)

Change in REER (t-1) 0.967 0.606

(1.63) (1.63)

Reserves/GDP (t-1) -2.221 -1.910

(2.508) (2.342)

FS (t-1) -0.705 2.177

(0.596) (4.017)

FS*In�ation (t-1) -0.157

(0.042)

FS*Debt/GDP (t-1) 2.13**

(0.903)

FS*Primary balance (t-1) 9.33**

(4.30)

FS*GDP growth rate (t-1) -14.4**

(6.9)

FS*Log(GDP per capita) (t-1) -0.343

(0.436)

FS* Change in REER (t-1) 8.94

(5.81)

FS*Reserves/GDP (t-1) -23.65**

(10.90)

Global growth 1.44 -1.98

(9.36) (12.7)

Constant 1.264 1.296

(1.503) (1.531)

Observations 1,227 1,227

Pseudo R-squared 0.098 0.113

Log pseudo-likelihood -165.014 -162.287

AUROC 0.7683 0.7862

Robust standard errors in parentheses. Errors clustered by country.

*** p<0.01, ** p<0.05, * p<0.1. The results reported in this table

regard exclusively the Emerging Markets subsample, as de�ned

in the Data Appendix (Section "List of countries"). All regressions

are run over the period 1990 to 2014. For more details about the

construction of the variables, see the Data Appendix. (Section "Data

sources"). FS =1 when the broker-dealer leverage growth is more

than 2 standard deviations below the mean for at least one quarter.

All regressions include a constant.

Table 12: Robustness check: alternative global �nancial stress on sovereign risk. Logit estimates.
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(1) (2)

Sovereign default Tranquil Stress

In�ation (t-1) -0.042 -0.022

(0.038) (0.065)

Debt/GDP (t-1) 0.037* 0.051***

(0.020) (0.014)

Primary balance (t-1) 0.020 0.159***

(0.021) (0.060)

GDP growth rate (t-1) -0.269** -0.356***

(0.129) (0.116)

Log(GDP per capita) (t-1) -0.019*** -0.014**

(0.007) (0.007)

Change in REER (t-1) 0.021 0.152

(0.055) (0.110)

Reserves/GDP (t-1) -0.065 -0.408

(0.078) (0.264)

Observations 1,227 1,227

Robust standard errors in parentheses. Errors clustered

by country. All regressions include a constant.

*** p<0.01, ** p<0.05, * p<0.1. The results reported

in this table regard exclusively the Emerging Markets

subsample, as de�ned in the Data Appendix (Section

"List of countries"). All regressions are run over the

period 1990 to 2014. For more details about the

construction of the variables, see the Data Appendix

(Section "Data sources"). FS=1 when the broker-dealer

leverage growth is more than 2 standard deviations

below the mean for at least one quarter.The last column

report the di�erence between the two.

Table 13: Robustness check: average marginal e�ects of the macroeconomic indicators during tranquil periods and
during periods of global �nancial stress. Logit estimates.
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Data Appendix

Data sources

The sovereign default dummy is built merging various sources. Among the �scal stress events collected by Baldacci

et al. (2011) we consider exclusively the sovereign default or restructuring episodes listed in Table 2. Cruces and

Trebesch (2013) details the complete list of Sovereign debt and restructurings in their Online Appendix (Table 9),

Finally, the BoC-BoF Sovereign Default Database is updated every year and contains the list of creditors of any

given country in default or restructuring, distinguishing between institutional investors, Paris Club arrangements,

private creditors, and banks. The Database is accessible from the websites of the Bank of Canada or the Bank

of England. Table 2 details which country was hit by a default or restructuring episode, in which year, and from

which source we retrieved the information.

The 10-year Treasury Bond spread of a country is built taking the di�erence between the country's 10-year bond

yield and the USA 10-year bond yield, our benchmark. The macroeconomic data were extracted from various IMF

databases: the April 2014 World Economic Outlook Database,the IMF Debt Database and the IMF International

Financial Statistics Database. We do not modify the data, except in the case of the deviation in REER. The

deviation in REER is de�ned as (residual/�tted REER) *100, where residuals and �tted values are from OLS

regressions of REER over year.

The �rst measure of �nancial stress, the broker-dealer leverage dummy, is built following the methodology of

Adrian et al.(2011), using the quarterly data on broker-dealer assets and liabilities issued by the Federal Reserve

Board of Governors. The database is publicly accessible.

The second measure of �nancial stress, the systemic banking crisis dummy, is taken from the last update of the

Systemic Banking Crises Database compiled by Laeven and Valencia (2018).

The third measure of �nancial stress is based on the VIX index, published by the Chicago Board Options

Exchange (CBOE). We extract the VIX index, with daily frequency, from the FRED database of the Federal

Reserve Bank of St. Louis. First, we take the weekly average of the VIX index. Then we build an annual dummy

that is equal to 1 if in a given year the weekly average of the VIX surpasses the threshold of two standard deviations

above the average VIX computed on the 1990-2014 period for at least one week. Table 1 lists in detail the match

between each variable and its source.

List of countries

OLS regressions: the Emerging Market countries are: Argentina, Brazil, Bulgaria, Chile, China, Colombia, Croatia,

Dominican Republic, Egypt, El Salvador, Georgia, Hungary, Indonesia, Jamaica, Kazakhstan, Lebanon, Lithuania,

Malaysia, Mexico, Morocco, Pakistan, Panama, Peru, Philippines, Poland, Russia, South Africa, Thailand, Tunisia,

Turkey, Ukraine, Uruguay, Venezuela. The Advanced Economies are: Australia, Austria, Belgium, Canada, Cyprus,

Denmark, Finland, France, Germany, Greece, Hong Kong SAR, Iceland, Ireland, Israel, Italy, Japan, Korea, Luxem-

bourg, Malta, Netherlands, New Zealand, Norway, Portugal, Singapore, Slovak Republic, Slovenia, Spain, Sweden,

Switzerland, United Kingdom. Table 3 details the sovereign bond coverage of each country. The Unites States are

not listed, since they are our benchmark, but their 10-years bond yield has full coverage for the period 1990-2014.

Logit regressions: Albania, Algeria, Angola, Antigua and Barbuda, Argentina, Armenia, Azerbaijan, The Ba-

hamas, Bahrain, Barbados, Belarus, Belize, Bosnia and Herzegovina, Botswana, Brazil, Brunei Darussalam, Bul-

garia, Chile, China, Colombia, Costa Rica, Croatia, Czech Republic, Dominican Republic, Ecuador, Egypt, El

Salvador, Equatorial Guinea, Fiji, Gabon, Georgia, Guatemala, Hungary, India, Indonesia, Iran, Iraq, Jamaica,

Jordan, Kazakhstan, Kosovo, Kuwait, Lebanon, Libya, Lithuania, Macedonia FYR, Malaysia, Mauritius, Mexico,

Montenegro, Morocco, Namibia, Oman, Pakistan, Palau, Panama, Paraguay, Peru, Philippines, Poland, Qatar, Ro-

mania, Russia, Saudi Arabia, Serbia, Seychelles, South Africa, Sri Lanka, St. Kitts and Nevis, St. Lucia, Suriname,
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Swaziland, Syria, Thailand, Trinidad and Tobago, Tunisia, Turkey, Turkmenistan, Ukraine, United Arab Emirates,

Uruguay, Venezuela.

Note: the World Economic Outlook currently classi�es Lithuania as an Advanced Economy. However, Lithua-

nia was still classi�ed within the Emerging Market and Developing Economies group in the October 2014 WEO

Database. The classi�cation was updated only in the April 2015 World Economic Outlook. Since our period of

interest spans from 1990 to 2014, in this paper we refer to the pre-2015 classi�cation and we include Lithuania

among emerging market countries.
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