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Abstract

The aim of this paper is to analyze the relatiotwben maturity structure, sovereign
bond yields and sovereign risk estimated throudterdint proxies. We uspanel data
methodology to analyze data on a group of couninethe Economic and Monetary
Union for the period between 1990 and 201Be results indicate that risk shortens the
maturity structure of sovereign debt because iticed the stock of long-term debt. The
relationship between maturity structure and sogeréiond yields differs depending on
the risk of the countries analyzed (non-monotomi@ationship). We distinguish two
subgroups with different risk levels, perifhericaluntries (Portugal, Italy, Greece and
Spain) and core countries. For the first group,rélationship between sovereign bond
yields and maturity structure remains indirect, fartthe core countries, this indirect
relationship is not so clear, indicating that thesentries can be financed withng-
term debt—because the borrowing costs for long-teetrt are lower. If we control for
the indebtedness level of these countries, thdtseslnow that the relationship between
the sovereign bond yields and maturity strengtlaanhe debt level increases.
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BOND YIELDS, SOVEREIGN RISK AND MATURITY STRUCTURE

1. INTRODUCTION

The sovereign debt crisis has highlighted the ingmme of the management of
public debt by monetary authorities and has becamenportant line of research. This
crisis is especially important in Europe, particiylan perifherical countries (Portugal,
Ireland, Italy, Greece and Spain), where the turmoigovernment bond markets
reached hardly acceptable limits for the countrpsblic finance systems. Terms such
as risk premiums, Credit Default Swaps (CDS) arnthgaagencies are frequently in
press headlines. Within this context, the objectif/éhis paper is to analyze the impact
of sovereign risk on the maturity structure of seuwgn debt for a group of Economic
and Monetary Union (EMU) countries. For this pumposve analyze the maturity
structure, measured as the percentage of longdebmnto total debt, and its relationship
with sovereign bond yields and various proxies gowereign risk, namely, the risk
premium, and sovereign ratings. We also study tkistemce of a non-monotonic
relationship between maturity structure, soverelpnd yields and risk premium
(Diamond, 1991) by distinguishing two subgroupscotintries (perifherical and core



countries). Finally, this study differentiates beem highly and less indebted countries
to analyze the relationship between the maturitycsire and sovereign bond yields and
sovereign risk, following the approaches of Alesiiaal. (1992) and Drudi and
Giordano (2000).

Economic agents use the maturity structure of sagerdebt to postpone or advance
their debt payment obligations depending on thieuidity needs. In this sense, the
relationship between the maturity structure andicresk has been analyzed in depth in
the field of corporate finance, for instance, i tworks of Myers (1977), Flannery
(1986) and Diamond (1991) and, more recently, ins¢h of Baker (2003) and
Brunnermeier and Oehmke (2013), among others. Hexyelere are fewer studies in
the field of public finance in which the relatiomstbetween maturity and sovereign risk
is analyzed, as public finance studies have paiceratiention to other research topics,
such as debt levels and risk premiums. Moreovetunity structure is a fundamental
tool in managing sovereign debt (Goudswaard, 19Bi0¢refore, this paper attempts to
extend the existing literature on this line of @@, which is particularly interesting in
the context of the current financial crisis thatave experiencing.

The results show that sovereign bond yields, sayemsk and the maturity structure
of sovereign debt are inversely related. This faigdndicates that an increase in the risk
level shortens the maturity structure for the samplurthermore, the analysis of the
debt maturity structure suggests it is reduced whensovereign risk increases as the
proportion of long-term debt reduces. Another ie$ting result is the existence of a
non-monotonic relationship between sovereign baetdly and the maturity structure
debt. We find evidence that in high-risk countrige., perifherical countries), the
maturity structure of the debt shortens becaugheoincrease in sovereign bond yields.
However, in countries with lower risk (i.e., coreuatries), this inverse relationship is
not so clear. If sovereign bond vyields increase, ylelds of long-term bonds from
countries with higher sovereign risk (i.e., perifbal countries) increase to a greater
extent than those of short-term bonds, i.e., tleeemse in the sovereign bond yields
increases the term premium. Therefore, these desmnsort to issuing short-term debt
to reduce their funding costs. However, the yiatifong-term government bonds hold
constant for core countries and can even decreasaube they become safe havens.
Therefore, core countries can issue debt at longaturities without drastically
increasing their financing costs. Finally, we afsad evidence that the relationship
between sovereign bond yields and maturity is gkeonvhen the indebtedness level of
the country is high.

Thus, the aim of this study is to extend the li@ra on the maturity structure and of
sovereign debt. Specifically, we attempt to provide following contributions to the
literature:

* Analyze the effect of sovereign bond yields andesenn risk on the maturity
structure of sovereign debt for a set of EMU caestr

* Further knowledge of the determinants of the matwstructure of sovereign
debt, for which several sovereign risk proxiesiactuded.

* Test the existence of a non-monotonic relationsbgiween the maturity
structure and sovereign bond yields and soverdgln depending on the risk
level of two subgroups of countries (perifhericatiaore countries).

1 Several papers refer to the countries of the emea that are not included within PIIGS as corenties. See
Gatkowski and Kalbaska (2012) in this regard. Wasaer the following core countries: Germany, Aiastr
Belgium, Finland, France and the Netherlands.



« Determine whether differences exist in the relaiop between sovereign bond
yields and sovereign risk and maturity structur@eseling on the level of
indebtedness of the countries.

The paper is organized as follows. The followingtie® contains a summary of the
literature on the relationship among average migfumaturity structure and risk. In
section 3, we describe several proxies for sovereigk identified in the literature.
Section 4 presents the main hypotheses to be testkd study. Section 5 describes the
data and methodology. In section 6, the results mesented. Finally, section 7
summarizes the main conclusions.

2. LITERATURE REVIEW

The analysis of debt maturity structure and itatrehship with the credit risk has
been and remains a major research topic in thd 6élfinance, especially corporate
finance. One of the pioneering works in the studythe determinants of maturity
structure is Myers (1977). He examines why somepaones borrow more than others
do and why some do so with short-term instrumeritdenothers do so with long-term
instruments. Subsequently, Flannery (1986) propase®del to analyze the maturity
structure of corporate debt in the context of aswtnim information. They claim that
risk and debt maturity move in the same directibherefore, a higher credit risk
implies a greater share of long-term debt, lengtigethe maturity of sovereign debt.
Diamond (1991) states that the relationship betweeedit risk and debt maturity is not
linear. He posits that a non-monotonic relationskexists, which indicates that
companies with high or low credit risk behave difely from those with intermediate
credit risk. In this sense, the latter have a greportion of long-term debt, while firms
with high and low risk have higher levels of shtatm debt.

The works of Flannery (1986) and Diamond (1991peeslly the latter, have been
the basis for other authors to analyze the relaligmbetween debt maturity and credit
risk. Barclay and Clifford (1995) analyze indudstcampanies and conclude that those
with greater information asymmetries issue morertsteom debt, which is consistent
with the model proposed by Diamond (1991). The mamotonic relationship between
credit risk and debt maturity also appears in Stas$ Mauer (1996) and Scherr and
Hulburt (2001). However, there are studies thatreainct this hypothesis. Berger et al.
(2005) compared the implications of the Flannerg &namond models for a set of
American companies until the mid-1990s. Their rssghow that debt maturity is an
increasing function of risk and therefore confitme arguments of Flannery (1986) and
contradict those of Diamond (1991), who suggesas tiigher risk companies borrow
over the short term.

Berger et al. (2005) suggest that studies thatyaeathe Flannery and Diamond
models may not be adequate because their modelsntakaccount new debt issues and
not the maturity of the stock of accumulated débtthis sense, there are also studies
that solve this problem and that focus on the nitgtof new debt issues. Among them,
Mitchell (1993) discusses signaling, tax and momtp theories and their relationship
with the maturity structure of corporate debt foset of corporate bonds issued by
industrial companies in the 1980s. She finds ewdethnat lower risk firms have a
longer average maturity of debt than higher riskpanies.

Moreover, Baker et al. (2003) analyze new debtassnd their relationship with the
maturity structure of debt by using data on an ahbasis for a set of U.S. companies
for the period between 1953 and 2000. Their ressiiisw an inverse relationship



between the volume of long-term debt and the terempum (the difference between
yields on long and short term), as obtained in @gexhd Opler (1996).

In the Spanish context, there are also studiesetkamine the relationship between
maturity and credit risk. Gonzalez (2009) usesAhman Z to measure credit risk and
to analyze its relationship with the average matuof corporate debt for a set of
Spanish firms for the period between 1995 and 2&@® confirms the arguments of
Diamond (1991). Specifically, he states that comgmmith low and high risk levels
have a larger share of short-term debt, while megtiate-risk firms have a higher
volume of long-term debt.

Considering the literature review, we observe thate are many works that focus
on analyzing the relationship between credit riskl anaturity structure in corporate
finance. However, in the field of the public fin@ndew studies analyze debt maturity
and its relation with sovereign risk. Within thisd of research, Alfaro and Kanzcuk
(2009) discuss the advantages and disadvantagesriaiwing over the short or long
term and conclude that shortening the maturity cttine implies higher levels of
welfare. Park (1999) studies the management of deBt. Specifically, he analyzes the
influence of maturity on sovereign bond yields. Thsults indicate that shortening the
debt maturity structure, i.e., using more shonntatebt, reduces the yields of these
instruments but increases those of long-term bordsllano and Ramanarayanan
(2008) apply a dynamic model that takes into actdba possibility of default to
analyze the optimal maturity structure in emergingntries. They obtain evidence that
the composition of the maturity structure of sovgmedebt is related to interest rate
differentials. Hatchondo and Martinez (2013) anelyhe effect of sudden stops on
duratiorf, and they find evidence that sudden stops incréaseaverage optimal
duration by one year and that the long term deb&GRP ratio increases 10%. The
authors indicate that this phenomenon is not caewmerior countries that are facing a
high sovereign risk. Lee et al. (2011) examine tékationship between Macaulay
duration and sovereign risk for a sample of borstsied in U.S. dollars by Asian
countries for the period between 1997 and 2009y Tihd that risk reduces the duration
of the bonds and confirm the results of Xie et (aD09). Moreover, this effect is
strengthened during recession periods and wheneignecredit ratings are worse.

Broner et al. (2014) indicate that the average ntgtof sovereign debt in PIIGS
has increased since the creation of the euro—tgddesmmilar to those existing in France
and Germany—as a result of the financial stabilityoduced by the Monetary and
Economic Union. A more detailed analysis of thatiehship between debt maturity
and sovereign risk is provided by Broner et al.1@0 who analyze the relationship
between those two variables for a set of emergmnties for the 1990s and the first
decade of the century, taking into account thetemce of a crisis during this period.
They use the term “excess premium” to refer to dierence in the term premium
between emerging and developed countries. Theyiroontheir hypothesis that
investors ask for a higher risk premium on longradyonds, which indicates that the
countries analyzed prefer to issue short-term telveduce their funding costs. They
also obtain evidence that this trend intensifietimmes of crisis, since in this case, the
risk premium that investors incorporate into loegat bonds is higher than that in times
of financial stability. Drudi and Giordano (2000¢epen the analysis of the optimal
maturity structure and find that lengthening theturity structure decreases the risk of

2 See also Hatchondo, Martinez and Padilla (2014 )fdcther analysis of the relationship between tHaraand
sovereign default risk.



default whereas shortening the maturity structurereases default risk, therefore
requiring that the optimal maturity structure bedtened. However, they also state
that, for highly indebted countries, it is likelhat the risk premium in long-term

instruments is so high that issuing short-term dshthe only viable option. These
results confirm those reported by Alesina et al99¢), who obtain an inverse

relationship between the risk premium and averagtunty only for countries with a

high level of indebtedness.

This work is part of this last line of research,iethfocuses on analyzing the
relationship between average debt maturity andreaye risk in different countries and
geographical areas. Specifically, the aim of ttapgr is to analyze this relationship for
a sample of EMU countries by using different measwf sovereign risk.

3. SOVEREIGN RISK PROXIES

One of the main aspects of analyzing the impacoskereign risk on the maturity
structure of sovereign debt is determining whichialdes are used to measure the
sovereign risk.

In the literature on corporate finance, variousx@e are used to measure credit risk.
Some studies use the value obtained from the meawaweloped by Altman (1968) or
the Altman Z (Gonzalez, 2009), whereas others bsevalue of the spread between
long- and short-term bonds (Baker et al., 2003)tler ratings (Mitchell, 1993).
However, this work focuses on public finance, dmel proxies used in the literature on
public finance are different but share some sintiée with those used in the literature
on corporate finance.

In the case of sovereign risk, there are varioogips, which approximate the value
of the credit risk of a country or region. Ratirfigsm rating agencies have been used in
several studies (Datta et al., 1999; Remolona.e2@07). However, the drawback of
using ratings is that they are infrequently revidveed therefore show low variability,
making the proxy less dynamic for analysis. In &ddj Altman and Rijken (2004)
indicate that rating agencies focus on a long-teomizon and that they do not take into
account short-term movements.

[Insert Figure 1 here]

The evolution of the ratings, which are transformatb numerical valugsas
explained later in the description of the variapliesshown in Figure 1. The ratings
show low variability over the last 20 years for mamountries (Germany, Finland and
the Netherlands, among others). Moreover, since32p8rifherical countries show a
worsening of their ratings due to the greater garoa in the measurement of sovereign
risk by rating agencies.

The use of sovereign spreads is also common ihitérature (Bayoumi et al, 1995;
Bernoth et al, 2004; Agca and Celasun, 2005). Riskniums represent the difference
between the sovereign bond yields of a specifiamtrguand a specific maturity relative
to a bond with similar characteristics for a coyritrat acts as a benchmérhus, one
of the main disadvantages of using spreads is ithet necessary to exclude the
benchmark country from the analysis.

% In the case of Europe, the difference betweerstivereign 10-year bond yields from a European eypuartd that
from the same instrument in Germany is used.



[Insert Figure 2 here]

The evolution of the monthly returns of the 10-ysavereign bonds for the period
between January 1993 and November 2013 for theeelBuropean countries included
in the analysis is shown in Figure 2. We observeetldifferent phases in the evolution
of the sovereign yields. The first stage is a cogeece phase that extends from the
beginning of the time horizon until the end of 208dinciding with the start of the third
stage of the EMU. At this point, all the countr&sow a trend toward convergence,
including Greece, which already showed higher wdidan the rest of countries. In
2002, the second phase, which shows higher stglstarts with yields of about 5% and
runs until the end of 2007, when the financial talinbegins. Subsequently, the final
phase extends from 2008 to the end of time horiZdnthis stage, we observe a
dispersion of the yields, which increase expondptiaspecially in Greece, Portugal
and lIreland, as well as in Italy and Spain, althowgth less intensity. In other
countries, the yields decrease progressively taaB®%. The evolution of the spread
relative to bonds for German, which acts as benckimaEurope, is shown in Figure 3,
where we distinguish the same phases that arevasstar the yields.

[Insert Figure 3 here]

However, in recent years, because of the finartammhoil, credit default swaps or
CDS are frequently used (Delatte et al., 2012; Aatcal., 2013; Buchel, 2013, among
others). CDS are contracts whereby one party esdie payment compliance of a
country's sovereign bonds in exchange for an amaiumoney, so they resemble a sort
of insurance on the probability of default or bankcy of a country. CDS are the most
appropriate proxy to analyze sovereign risk, ag #re less distorted by the reduction in
liquidity and funding that occurred in the finaricmarkets as a result of the financial
crisis that began in 2007 (Ejsing and Lemke, 2009).

In short, any of these proxfesan be used to measure or quantify sovereign bisi,
each one of them presents advantages and disageantm this paper, we use the
spread referenced to the German bond, the spréar@meed to the USA bond and the
credit rating from MoodySto measure sovereign risk, and we use the 104yemad
sovereign yields to approximate sovereign yields.

4. HYPOTHESES FORMULATION

In this section, we propose the hypotheses to &tedein the study based on the
arguments that have been previously discussed agzad in the literature and that
serve to justify their formulation.

4.1. Relation between sovereign risk and average togity

The first hypothesis concerns the direction of elationship between the maturity
structure of sovereign debt and sovereign bondiyiahd sovereign risk, regardless of
the proxy used to measure risk. Most of works ois tubject find an inverse
relationship between these variables. Broner €R8ll3) report that, in an environment
where borrowers or investors are risk averse, & @f long-term financing is greater

* Another measure to quantify the sovereign risksisduby Alesina et al. (1992), who use the ratisosereign bond
yields to corporate bond yields, as well as th&edihice between them.
> The proxies used to approximate sovereign rislselected according to data availability.



than that of the short-term financing, which progkia term premium. If the risk rises,

this term premium increases, as long-term bonddyi@xperience a greater increase
than that yielded by short-term instruments. THati@ship between the measure of
sovereign risk and maturity structure is indireecéuse an increase in the term
premium shortens the maturity structure of sovereligbt. Moreover, all these proposed
relationships intensify in times of crisis. Thesguaents are supported by the results of
Xie et al. (2009) and Lee et al. (2011), who analyze relationship between sovereign
risk and duration instead of maturity.

Therefore, Broner et al. (2013) examine a scenafriosk-averse investors. In this
context, sovereign risk is a direct function oféinand therefore, if the risk increases, it
leads to a greater uncertainty in long-term investis. In this case, investors tend to
protect themselves by choosing shorter maturitiesirfvestments and to incorporate
term premiums in long-term bonds that leads govemimto issue debt with shorter
maturities to reduce their cost of funding. Accaglito the above arguments, we
propose the following hypothesis:

Hypothesis la: An increase in sovereign bond yieldsovereign risk shortens the
maturity structure of sovereign debt.

Under this hypothesis, an increase in the 10-gead sovereign yields (or in the risk
premium) and a downgrade in the sovereign ratingdestates to issue more short-term
debt and, therefore, to shorten the maturity stinecof sovereign debt. Thus, the cost of
borrowing is reduced because both the risk and fgmmium increase to a greater
degree with longer bond maturities.

4.2. Diamond’s model (1991) and its application ithe analysis of the maturity
structure

As indicated in the literature review section, Dard (1991) establishes that a non-
monotonic relationship exists between credit riskl debt maturity in companies. This
means that both variables are related in a difftenery depending on the level of risk.
In companies with a high or low level of risk, artiease in the credit risk shortens the
maturity structure. In contrast, companies withistermediate level of risk resort to
long-term funding. Subsequently, several studies l@nfirmed the existence of this
non-monotonic relationship (Barclay and Smith, 199&®hs and Mauer, 1996, Berger
et al 2005; Gonzalez 2009, among others). We tearisis hypothesis from the field of
corporate finance to the set of countries analyedhis study and determine the
validity of the non-monotonic hypothesis in thddief public finance.

Therefore, the following hypothesis tests whethenan-monotonic relationship
exists between sovereign risk and debt maturitytHercountries in our sample, which
are divided into two subgroups with different rigikeels: on the one hand, perifherical
countries, which are the countries that have sedfenore strongly from the debt crisis
and that show higher risk, and, on the other haog countries, which show the lowest
risk. According to Diamond (1991), the relationshiptween sovereign risk and the
average maturity of debt has to differ for the subgroups.

Hypothesis 2: The relation between sovereign boietds;, sovereign risk and the
maturity structure of sovereign debt differs depegan the risk level.

We aim to determine whether a non-monotonic ratatigp exists between the main
variables of this analysis. Therefore, we distisguiwo subgroups with different risk
levels. Support for this hypothesis would allow us to tfanghe theory of Diamond
(1991) from the field of corporate finance to theld of public finance.Thus, in



countries with a high risk level, the spread retpeedy investors in their long-term
bondscan make the issuance of such instruments unafited@herefore, the only
viable option is short-term debt (Drudi and GiordaB000). For countries with lower
sovereign risk, this inverse relationship betwesk and the maturity structure may not
be as clear or may not even be a direct relatipnshiithin this non-monotonic
relationship, the risk has an indirect influence dountries with high risk but a
negligible or direct influence in countries withwaisk.

4.3. Stock of debt influence on the relationship eeen sovereign bond yields,
sovereign risk and debt maturity

Drudi and Giordano (2000) establish that when theksof debt is very higtthe risk
premium of long-term bonds may be unsustaindhbl¢his case, governments are forced
to issue short-term debt, and the maturity strectfrthe debt therefore is shortened.
These results confirm the results for a set of OEGDNtries reported by Alesina et al.
(1992). They indicate that the indirect relatiopsbetween maturity and sovereign risk,
measured as the ratio and the difference betwesdsyon public and private debt, is
obtained only for highly indebted countries. On basis of these arguments—and to
complete the analysis—we propose the following hiypsis:

Hypothesis 3: The indebtedness level of the andlyzeuntries influences the
relationship between sovereign bond yields, sogarask and the maturity structure of
sovereign debt.

This hypothesis attempts to analyze whether tregiogiship between sovereign risk
and debt maturity differs for highly indebted caues.

[Insert Table 1 here]

The hypotheses in the study are shown in Tablené.fifst hypothesis concerns the
relation between sovereign risk and debt maturitycsure. We expect an indirect
relationship, i.e., an increase in sovereign risknsovereign bond yields is expected to
shorten the maturity structure. The second hypatheempts to confirm the theory of
Diamond (1991), which proposes that a non-monotoglationship exists between risk
and debt maturity. In this sense, with a highek hevel, an inverse relationship exists
between the variables, while the relationship isaifor countries with lower risk. The
third hypothesis states that the indebtedness &val country affects the relationship
between the variables. It is expected that an seveglationship exists between risk and
maturity for highly indebted countries, while inhet countries, there is either no
relationship (Alesina et al., 1992) or a direcatelinship (Drudi and Giordano, 2000).

5. DATA AND METHODOLOGY

In this section, we describe the data and methggalbat are used to analyze the
relationship between the average maturity of detot sovereign risk and to test the
hypotheses. We use data for a sample of elevenpBanocountries from the EMU
(Germany, Austria, Belgium, Spain, Finland, FranGeeece, Netherlands, Italy and
Portugal) for the period between 1990 and 2013

® The time horizon is selected considering the ability of data for one of the dependent variabtés, average
maturity of sovereign debt. These data are on anarbasis.



5.1. Data

The variables that are included in the analysiswall as the data sources are as
follows.

« The dependent variable is the ratio of long-terrbtde total debt The ratio of
long-term debt to total debt allows us to analymeitnpact of sovereign risk on the
maturity structure of sovereign debt. The datatlies variable were obtained from
the European Central Bank Statistical Data Warehjonkich collects data from the
European System of Central Banks (ESCB), Eurostdt reational central banks.
This ratio represents the volume of long-term dedon all sectors of the economy
to the total delt

* We consider the following control variables as deieants of the average maturity
of sovereign debt:

» Inflation (Missale and Blanchard, 1994; Goudswad®@B0; De Haan et al,
1995): This variable is expressed as the increasetbe previous period. It
is expected that the coefficient for this variabses a negative sign because
higher inflation increases uncertainty about theglerm bonds. This
uncertainty generates a trend toward investinghortserm maturities. The
data were obtained from the European Central BatdtisBcal Data
Warehouse.

= Gross Domestic Product (GDP): This variable is uaeda proxy for the
business cycle (Goudswaard, 1990) and to conteositte of the economy. It
is expected that an increase in GDP leads to amease in the average
maturity and therefore a lengthening of the magsitucture. The data were
obtained from the Eurostat Statistics Database.

= Debt/GDP ratio (Missale and Blanchard, 1994; De rHa&h al, 1995;
Bodnaruk, 1999): Data for this variable were ol#dinfrom European
Central Bank Statistical Data Warehodse.

= Borrowing requirements of the public administratiothe borrowing
requirement covers all financial transactions imegament debt instruments.
The data were obtained from European Central Batdtis8cal Data
Warehouse.

= Average maturity of sovereign debt: the residuatumiy of government
debt expressed in years. The data were obtained Earopean Central
Bank Statistical Data Warehouse.

To analyze sovereign bond yields, sovereign rigktaeir relationship with maturity
structure, we have selected the following proxe¥ssbvereign risk:

= Annual 10-year sovereign bond yields: This proxycalculated as the
average of the monthly returns published in theopean Central Bank
Statistical Data Warehouse. A high value of retusrmgenerally indicative of

’ The ECB provides the average maturity of sovereigbt dor the period between 1990 and 2013 but do¢s n
include Germany and Spain. These data were obt&ioedthe OECD database and the Spanish Treasury.

8 The ECB provides the ratio of short-and long-teehtcbver GDP and the volumes of short- and longréebt. To
construct the ratio of long-term debt to total dett consider total debt to be the sum of shortt lang-term debt,
and we subsequently calculate the ratio. The ECBéefgjovernment debt as consolidated gross dehiding all
sectors of the economy and excluding financiah@rres and loans.

® The debt/GDP provided by the ECB includes all sectdrthe economy, including regional and local dabd
social security funds.



greater sovereign risk; therefore, we expect td finnegative relationship
with the ratio of long-term debt to total debt.

= Spreads (Broner et al, 2013; Perez, 2013.): Tlogypallows us to measure
the default risk of a country. Spreads are caledlaas the difference
between the 10-year sovereign bond yields and Getmad yields of the
same maturity, which were both obtained from Euapp&entral Bank
Statistical Data Warehouse. We also use risk prnamitelative to 10-year
U.S. bonds (Bernoth et al., 2010) to include Genymarthe study and as a
robustness test. Data for U.S. bond yields weraiobt from the database of
the Federal Reserve Bank of St. Louis. A high gpiadicates greater risk,
and therefore, the expected sign for this variablesgative.

= Sovereign Ratings: We construct a numerical vagidbl approximate the
Moody’s agency ratings (Remolona et al., 2007). 3tede assigns a greater
score to ratings with higher risk; therefore, thgnsof this variable is
expected to coincide with the sign of the restmfeseign risk proxies. We
assign a value of 1 to the rating Aaa, a value & Aal and so dfi. The
results are depicted in Figure 1. However, ratingge the disadvantage that
their variability is not very high, as they are rfotquently reviewed by
rating agencies. We expect to find an inverseimidtetween this proxy and
the maturity structure of sovereign debt, as witle ©ther proxies for
sovereign risk.

[Insert Table 2 here]

5.2. Methodology

The management of the average maturity and matstitycture of the different
countries in the sample depends on their natiooatexts. For this reason, the results
are not homogeneous for all countries; rather, #reyconditioned by the circumstances
of each state and its institutions, as well ag thaiticular characteristics.

In this sense, every country has its own structig@iures that modify their maturity
structure. Therefore, we consider the econometieepdata technique to well suit the
available data and to allow us to determine whethere are differences between the
countries included in the sample. Specifically, semsider a data set that includes 10
countries and 24 year periods to analyze the oglstiip between sovereign risk and
debt maturity according to the following equations:

LTDebt / TDeht = §, + X, + B,Risk +3, +4 (1

where the subscriptsandt represent individuals and analysis periods, raspyg. The
dependent variable in equation is the ratio of mrgn debt to total debt
(LTDebt/TDebk X is a vector that represents the control variablekided in the study
as determinants of the maturity structuRask; represents the different proxies for
sovereign risk, and its analysis is the fundamenptgéctive of the study to draw
conclusions about their relationships with the deleat variables. Finally,d,

represents country effects, aads the error term.

' When there is more than one rating during the ywarcalculate the average numerical value of ttiegs. If
there are favorable prospects, we round the valpiesenting the lowest risk and vice versa.



One aspect to consider in panel data methodolodlieschoice between fixed or
random effects for the coefficient estimates. le filked-effects modelp,is treated as

another parameter regression, whereas random-<ffeatlel consider it to be part of
the random disturbance. For this purpose, we useHausman test (1978), which
establishes as null hypothesis that the individeffi&cts of each country are not
correlated with the other explanatory variables, ahdrefore, that the random effects
model is appropriate. The rejection of the null ttfyesis indicates that the fixed-effects
estimation is the most consistent.

To analyze the relationship between sovereignargk maturity according to the risk
level of the country in order to detect a non-monat relationship, the sample has been
split into two subgroups: on the one hand, cousitwéh high risk (PIIGS) and, on the
other hand, low risk countries (core countries}théugh intuitively and according to
previous figures it is clear which countries haverenor less risk, we run tests of
differences in means and medians by using the Whlcorank-sum test (Wilcoxon
1945; Mann and Whitney 1947) and the K-sample eyual-medians test,
respectively. These non-parametric tEstfor independent samples allow us to
determine whether there are differences betweegrihgps according to the risk level
risk. Thus, we test whether subgroups are heteemyenwith respect to each other.
Specifically, we use spreads to test whether diffees exist between low and high risk
countries.

6. RESULTS AND DISCUSSION

In this section, we present and discuss the reeliltise analysis. Namely, we show
the estimates of the relationship between soverean yields, sovereign risk and the
maturity structure of sovereign debt, as well asrésults regarding these relations are
the non-monotonic according to the risk and theltedness level.

6.1. Sovereign bond yields, sovereign risk and maity structure

The first hypotheses proposes that a relationsRipts between sovereign bond
yields, sovereign risk and maturity structure,, iteew debt maturities are managed by
country authorities. The evolution of the averaggos of short- and long-term debt to
total debt is shown in Figure 6. We observe an ugwend in long-term debt, which
coincides with the period of convergence of boneldd. Subsequently, the ratio of
long-term debt to total debt shows a period of iftglthat ends in 2007 with the
outbreak of the financial crisis. At this time thetio of long-term debt to total debt
reduces until 2010, after which it begins to inseegradually.

[Insert Figure 4 here]

The analysis of the volume of short-term and logrgat debt produces similar
conclusions. The data of average volumes of slaond long-term debt are shown in
Figure 7. A reduction in the volume of long-ternmbties observed starting in the 2007
as a result of the financial turmoil.

[Insert Figure 5 here]

The main results of the analysis between the ntatstiucture, and sovereign bond
yields and sovereign risk are presented in Table 3.

" These tests are considered to be the most appmpvieen the series does not follow a normal digtiiim and
when the population variances are not equal.



[Insert Table 3 here]

We use the following control variables in all madehflation, GDP, and debt/GDP
ratio. These variables are used in the literatsrdegierminants of the average maturity
of sovereign debt (Goudswaard, 1990; Missale armhddard, 1994; De Haan, 1995;
Bodnaruk, 1999). We also add the average maturitysavereign debt and the
borrowing requirements of the public administratasnexplanatory variables.

The values of the Hausman test (1978) provide alpevthat leads to the rejection of
the null hypothesis. Therefore, we choose to usdided-effects estimation instead of
the random-effects estimatithWe also provide the results for the OLS estinmate
the results do not differ from those obtained wiité fixed effects estimation. Regarding
the control variables, the average maturity of seigm debt and the borrowing
requirements of the public administration showissdly significant coefficients with
the expected sign, and they seem to be the covdrables that most affect maturity
structure.

Regarding the relationship between maturity stmaéctind sovereign risk in models 1
and 4, we include sovereign bond yields. An inveesationship is found between 10-
year bond yields and the maturity structure of seigm debt. Subsequently, we use
spreads relative to German bonds (Spread) and & bonds (Spread USA) as
measures of sovereign risk. We find that the cati@h between all variables that
approximate sovereign risk and the maturity stmgctf debt is indirect and significant.

The signs of both the sovereign bond yields andr¢ie of sovereign risk variables
are as expected. These results indicate that aeaise in risk causes a decrease in the
ratio of long-term debt to total debt. Therefotee maturity structure of sovereign debt
shortens with higher yields and higher risk, thosfecming hypothesis H

6.1. Robustness tests

To ensure that the relationship between soverean tyields, sovereign risk and
maturity structure remains robust, we run differantlyses to control the effects of
different variables. In table 4, we control for ttime variability of the data. For this
purpose we include time dummy variables and a tnerad. In this way, we control for
temporal variation in our dependent varidbl&Ve also add a time trend to capture the
effect of the passage of time rather than contmoifparticular period.

[Insert Table 4 here]

The results show that the inverse relationship betwsovereign bonds yields,
sovereign risk and the maturity structure remaigeificant regardless of the temporal
variation and the time trend. Therefore, the resale robust to the time variance and
allow us to confirm that an increase in the sowgrdiond yields or risk premiums
shortens the maturity structure of sovereign d&¥e have also included the time
dummy variables and the time trend simultaneousihy the results do not differ of
those shown in Table 4.

We also control for the international risk aversamd for the LTROs. The latter are
three months liquidity providing operations thateatpt to provide funds to the

2 The results for the random-effects estimation pie\dimilar results to those obtained with the OL8xed effects
estimation. These results are available upon regoeise authors.

13 A phenomenon can vary between years for reasansite not adequately captured by the explanatmighles in
the model. Therefore, not controlling for temporatiation may lead to a bias in the results.



financial sector in the Euro area. To control foe international risk aversion, we use
the S&P volatility index (VIX), and to control fdhe LTROs, we use the total annual
allotted amount in logs. The results are quitekstg, and they are shown in Table 5.
We observe that the coefficients for the varialilest approximate sovereign risk,
including sovereign bond yields, lose their sigrdfice, and the coefficient for the
LTROs is highly significant in the three models.

[Insert Table 5 here]

The results indicate that the effect of sovereiggk ron the maturity structure
disappear when we take into account the effech@®fLiTROs. The explanation for this
result is that the financial sector obtains funda aery low interest rate that are mostly
used to buy sovereign debt at short maturitiesbtaio a profit in the operation. This
operation relieves pressure on sovereign debttlame@ffect of sovereign risk on debt
maturity disappears. At the same time, these IaIgROs, which have been particularly
important after the financial crisis, lead to a rséwing of the maturity structure of
sovereign debt. Therefore, on the one hand, theQd &erve to alleviate the pressure of
the sovereign risk premiums, but on the other hémay shorten the maturity structure
of sovereign debt, which can be harmful in the erhof a debt crisis, even when the
expansion of maturity is essential to reduce tbk of a crisis of these characteristics
(Cole and Kehoe, 2000).

In short, we have found evidence that an inverdatio@ship exists between
sovereign bond yields, sovereign risk and the nitstatructure of sovereign debt. This
inverse relationships remains robust regardlesth@ftemporal variance of the data,
which allows us to confirm our first hypothesesvBigheless, the LTROs seem to have
a more important effect on debt maturity than seigr risk does.

6.2. Analysis of the non-monotonic relation betweersovereign bond yields,
sovereign risk and maturity structure

One objective of the study is to test whether thera non-monotonic relationship
between maturity structure and sovereign risk, twidéiamond (1991) explained based
on the existence of different relationships betwésse variables depending on the
level of credit risk. To analyze this nhon-monotorgtationship in this study, we split
the sample into two subgroups: the first one inetugderifherical countries, which are
the countries in the Euro area with high risk, #mel other one includes core countries,
which are the countries with a lower risk level.

[Insert Figure 6 here]

The annual evolution of the mean values of the ge spreads for the two
subgroups of countries is presented in Figure @ifffeeical countries show great
divergence from the core countries in the pre-Eaewod and during the financial crisis
stage. To verify this division of countries, we rtests of differences in means and
medians for the two subgroups (Table 6). Theses tes¢k to determine whether the
population means or medians are equal, which isntie hypothesis. If the null is
rejected, we can assume that there are signifdifiatences between the groups.

[Insert Table 6 here]

We obtain evidence of significant differences betwethe subgroups (i.e.,
perifherical and core countries), as the resultbath the mean and median difference
tests are statistically significant. Once we haegafied the division of the sample, we
proceed to perform the panel data estimates fdr eithe subgroups (Table 7). For this



purpose, we use various interactions between thersign bond yields, the sovereign
risk and a dummy variable that distinguish betwpenfherical and core countries.
Namely, the variable takes is equal to one forfperical countries, and zero otherwise.

The results show that only the interaction betwsewereign bond yields and the
dummy variable that captures the different effelsegsween perifherical and core
countries is significant and with the expected sigy contrast, the coefficients for the
spread on the German bond and the spread on thebd&a\lose their significance and
seem to be captured by the dummy variable. Thigltreglicates that it is not the risk
itself that influences maturity structure but wreethve are considering a perifherical
country or not.

[Insert Table 7 here]

Regarding the sovereign bond yields and accordinthé results we observe that
there exists a different relationship between theables depending on the group of
countries we are analyzing. In Figure 7, we obsémaé the slopes for these subgroups
of countries are different. For the perifhericauntries, the graph shows a negative
slope, indicating that for this subgroup an incee@s sovereign yields shortens the
maturity structure of sovereign debt. By contrdst,the core countries, the slope is
slightly positive.

[Insert Figure 7 here]

To be exhaustive in the analysis, we also calculseaverage marginal effects for
the yields on the dependent variable for the perifial and core countries (Figures 8
and 9). We can observe that the differences betwegfherical and core countries are
significant for values of the sovereign bond yidhitgher than 0.04.

[Insert Figures 8 and 9 here]

The graphs show that the perifherical/core diffeemnincrease as the value of the
yields increase, and this difference is statidiycsilgnificant for values greater than 4%.
According to these results, we can confirm thatifeer@nt behavior exists between
sovereign bond yields and maturity structure, mly avhen the yields reach a value
higher than 4%. Below this threshold, there aralifferences between periftherical and
core countries.

The average marginal effects for the spread orGirenan bond and for the spread
on the USA bond are shown in Figures 10-11 and 3l 2rdspectively. As we have
deduced from the coefficients of the interactionmtethere is no evidence of a
significant difference in the effect of sovereigiskr on the maturity structure of
sovereign debt between perifherical and core castr

[Insert Figures 10-13 here]

The results show that there exists a non-monotoglationship between maturity
structure and sovereign bond yields in perifherasad core countries but only when the
yields exceed the 4% threshold. This non-monotogiiation can be explained by the
high yields in the fixed income instruments in fiegrical countries. Because of these
high yields, these countries resort to issuing tstesm debt to reduce their funding
costs, and as a result, the maturity structuréhefdebt shortens. However, countries
with lower yields have lower term premiums, andirtHeng-term yields may even
decrease because they become safe havens. Iraflsisthese countries can choose to
issue long-term debt. Thus, they can defer theyrapat of debt and can finance at a
lower cost, which leads to a lengthening of theunst structure of the debt



By contrast, we cannot confirm this different babawepending on the risk level
proxied by the spread on the German bond or theagpon the USA bond. According
to these outcomes, we are not able to assert tisteege of a non-monotonic
relationship between the maturity structure ancesgign risk in the countries analyzed.

6.3. Relation between sovereign bond yields, sova&ne risk and maturity structure
depending on the indebtedness level

Another objective of the study is to analyze tHatrenship between sovereign bond
yields, sovereign risk and the maturity structuresavereign debt based on the level of
indebtedness of the countries analyzed to evathatarguments of Alesina et al. (1992)
and Drudi and Giordano (2000). According to thesthars, the inverse relationship
between the two variables is obtained only in hightlebted countries, because if the
stock of debt is large, term premiums rise, anchtrt@s can only resort to issuing short-
term to reduce the cost of debt.

For this purpose, we combine the variable debt/Gati® with the variables that
approximate sovereign bond yields and sovereigk tis analyze the existence of
nonlinear effects. We present the estimates optmel data regression for each of the
groups (Table 7):

[Insert Table 8 here]

Based on these results, we find evidence that th@ycoefficient for the interaction
between debt/GDP ratio and the sovereign bond gisldstatistically significant with
the expected negative sign. The results for thergpinoxies of sovereign risk do not
provide significant results. Regarding the soverdignd yields, as we can observe in
Figure 14, an increase in the debt to GDP/ratighdlly increases the negative slope
between the dependent variable and the yields.

[Insert Figure 14 here]

Therefore, according to the results obtained, wanof roundly confirm the
arguments of Drudi and Giordano (2000) and Aleshal. (1992), who claim that the
inverse relationship between risk and maturity sximly for highly indebted countries.
Nevertheless, we do find evidence that the invegkdionship between sovereign bond
yields and maturity is stronger when the level ebtdis higher, so we can partially
confirm hypothesis ki

7. CONCLUSIONS

The aim of this paper is to deepen into the analg$ithe relationship between
sovereign bond yields, sovereign risk and the ntgitatructure of sovereign debt for a
set of countries in the European Monetary Union thg to contribute in extending the
existing literature on this matter (Broner et 2013; Xie et al., 2009, among others). In
addition, we analyze the existence of a non-monotmiationship between sovereign
bond vyields, sovereign risk and maturity basedhenarguments of Diamond (1991).
Finally, we evaluate the arguments of Alesina et(#92) and Drudi and Giordano
(2000), who suggest that the indebtedness levigsleo€ountries analyzed may influence
the relationship between maturity and sovereigh ris

The results confirm the existence of an inversati@iship between sovereign bond
yields, sovereign risk and the maturity structufesavereign debt, regardless of the
proxy that is used to measure sovereign risk aedtithe variance of the variables



employed. When sovereign bond yields or risk ineesarisk premiums in long-term
instruments increase more than the short-term umsnts, which increase term
premiums. In this context, states choose to issaee rehort-term debt to reduce their
funding costs. Thus, the maturity structure ofdieét shortens because more short-term
fixed income instruments are issued. Thereforegmogn debt increases the share of
short-term debt to total debt. However, this ineerslationship does not appear when
we take into account the effect of the LTROs th&tnapt to provide liquidity to the
financial sector. In this case, it is not the rible variable that shortens the maturity
structure, but the LTROs do. The results providdeawce that these LTROs lead to the
financial sector but to large amounts of sovereitphbt at short maturities, which
shortens the maturity structure of sovereign débbebing the effect of sovereign bond
yields and sovereign risk.

The analysis of whether a non-monotonic relatiomgiists between sovereign bond
yields, sovereign risk and maturity structure gdsavides interesting results. According
to the analysis performed, the relationship betwsevereign bond yields and debt
maturity show a negative slope for countries withigher risk level (i.e., perifherical
countries). However, for countries with lower saign risk (i.e., core countries), this
inverse relationship is not significant. For thesmintries, the long-term yields are
lower than those for perifherical countries and neayn tend to decrease, as they
become safe havens when risk increases. Accordirgglse countries can finance
themselves with longer maturities and simultangousve low funding costs in a
context of financial turmoil with risk-averse intess who seek protection for their
sovereign debt. The results indicate that the diffees between perifherical and core
countries are greater for higher levels of the ddgeland the difference becomes
significant for a value of the yields larger thae ¥4% threshold

Finally, we analyze the relation between soverdignd yields, sovereign risk and
maturity according to the indebtedness level of ¢bantries. In this case, the results
indicate that the effect of the sovereign bonddymh debt maturity structure is slightly
enhanced for the effect of the indebtedness lelvideocountry. Therefore, in countries
with higher levels of debt, an increase in soverdigpnd yields generates a higher
shortening in the maturity structure of sovereigbtd
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Table 1. Summary of the hypotheses

Hypotheses

Effect of sovereign risk on the maturity
structure of sovereign debt

If risk increases If risk decreases

H.a A variation in sovereign bond yields or in
sovereign risk modifies the maturity structure
sovereign debt.

The maturity
structure of
sovereign debt is
shortened

The maturity structure
of sovereign debt is
lengthened

H,: The relationship between sovereign risk ¢
the maturity structure differs depending on th
country risk level.

The maturity

. The maturity structure
structure is

is lengthened

shortened _ :
(perifherical (perlfhe_rlcal
countries) countries)

The maturity
structure is
lengtheneddore
countrieg

The maturity structure
is shortened
(core countrie¥

Hs: The indebtedness level of the countries
influences the relationship between debt
maturity and sovereign bond yields and
sovereign risk.

The maturity

. The maturity structure
structure is

is lengthened

shortened ; )
(highly indebted  (MigNly indebted
. countries)
countries)
No relationship No relationship
(less indebted (less indebted
countries) countries)

This table presents a summary of the hypotheses. fifst column presents the assumptions, and

columns 2 and 3 then indicate the expected effecha@nges in sovereign risk on the maturity strrectu

Source: own elaboration.

Table 2. Expected signs of the correlations betwierlependent and the explanatory variables

Borrowing requirements

Variables Long-term debt to total debt ratio
Inflation +
GDP -
Control
Variables Debt/GDP _
Average maturity +

Yields

Sovereign risk | SPread
proxies Spread USA

Ratings

This table shows the expected signs for the cdioelabetween the dependent variables (average
maturity and ratio of long-term debt to total deht)d the explanatory variables, which are
divided into control variables and proxies for s@ign risk.

Source: own elaboration.



Table 3. Panel data regression of maturity strectur sovereign bond yields and on sovereign risk

Dependent variable: long OLS estimation Fixed effects estimation
term debt to total debt ratio Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
Average maturity 0.0207*** 0.0248*** 0.0231*** 0.4+ 0.0222* 0.0229*
(0.00297) (0.00309) (0.00300) (0.0100) (0.0101)  .0@O95)
GDP (in logs) -0.0301*** -0.0357*** -0.0245*** -0.0736 -0.0342 -0.0421
(0.0109) (0.00971) (0.00901] (0.0496) (0.0457)  0462)
Debt/GDP 0.00673 0.0210 0.0129 0.0157 0.0386 0.0312
(0.0247) (0.0243) (0.0243) (0.0654) (0.0726) (@07
Inflation 0.00156 0.00317 0.00286 0.00418 0.00343 .00482
(0.00334) (0.00338) (0.00337) (0.00486) (0.00538) (0.00518)
Borrowing requirements -0.00364*** -0.00295** -0.002* -0.00305* -0.00319* -0.00262*
(0.00115) (0.00124) (0.00126) (0.00146) (0.00146) (0.00136)
Yields -0.296* -0.599*
(0.171) (0.266)
Spread -0.574** -0.552*
(0.232) (0.292)
Spread USA -0.603*** -0.660**
(0.220) (0.249)
Constant 1.173*** 1.181*** 1.062*** 1.725* 1.162* D71+
(0.143) (0.122) (0.116) (0.613) (0.555) (0.555)
Observations 196 181 196 196 181 196
R-squared 0.263 0.274 0.276 0.283 0.277 0.286

This table shows the estimates of a panel datassigm of the dependent variable and the long tksioh to total debt ratio on
sovereign bond yields and on sovereign risk. Thieakile employed to measure sovereign yields islfbwear government
bond yields (Yields). The variables to measure sziga risk are the risk premiums between 10-yeadbgelds and German
bond yields of the same maturity (Spread) and igie premiums for the benchmark of 10-year U.S. Isof@pread USAY.
The control variables considered are the inflattbe, logarithm of GDP, the debt/GDP ratio, the agermaturity of sovereign
debt and the borrowing requirements of public adstiations as a share of the GDP. We present th® &id fixed effect
estimations. The R-squared shown in the table septs the within R-squared.

Robust standard errors in parentheses

*** p<0.01, ** p<0.05, * p<0.1

1 We also use the Moody’s sovereign rating to measavereign risk, but it does not provide significeesults, as
this variable does not vary much with time. Theuhssfor this variable are available upon requegshe authors.



Table 4. Panel data regression of maturity strectur sovereign bond yields and sovereign risk tiftle dummy variables and a
time trend

Dependent variable: long

. Model 1 Model 2 Model 3 Model 4 Model 4 Model 4
term debt to total debt ratio
Average maturity 0.0239** 0.0250** 0.0237* 0.0228* 0.0239** 0.0242*
(0.0106) (0.00994) (0.0108) (0.0104) (0.0106) 100
GDP (in logs) 0.0620 0.0438 0.0381 0.000112 0.0620 0.0358
(0.146) (0.133) (0.167) (0.143) (0.146) (0.134)
Debt/GDP 0.0658 0.0599 0.0679 0.0496 0.0658 0.0583
(0.0955) (0.102) (0.0936) (0.0990) (0.0955) (0)101
Inflation 0.00712 0.00475 0.00762 0.00326 0.00712 .00418
(0.00472) (0.00482) (0.00508) (0.00511) (0.00472) (0.00506)
Borrowing requirements -0.000913 -0.00252 -0.000871 -0.00314* -0.000913 -0.00250
(0.00205) (0.00146) (0.00207) (0.00152) (0.00205) (0.00139)
Yields -0.696** -0.735**
(0.306) (0.255)
Spread -0.713** -0.550*
(0.305) (0.292)
Spread USA -0.696** -0.666**
(0.306) (0.253)
Constant -0.0262 0.230 0.210 0.730 -0.0858 0.276
(1.850) (1.710) (2.090) (1.820) (1.853) (1.722)
Time dummy variables Yes No Yes No Yes No
Trend No Yes No Yes No Yes
Observations 196 196 181 181 196 196
R-squared 0.429 0.305 0.278 0.283 0.429 0.295

This table shows the estimates of a panel datassigm of the dependent variable, long term detuitad debt ratio on sovereign
bond yields and on sovereign risk. The variable loygal to measure sovereign yields is the 10-ye&egonent bond yields

(Yields). The variables to measure sovereign risktle risk premiums between 10-year bond yields@erman bond yields of
the same maturity (Spread) and the risk premiumghtobenchmark of 10-year U.S. bonds (Spread UBKg.control variables

that are considered are inflation, the logarithmG&P and debt/GDP ratio, the average maturity ekessgn debt and the
borrowing requirements of public administrationsaashare of the GDP. We include time dummy varmhled a time trend to
control for the time variability in the variabléBhe results are obtained using the fixed effedisnesion. The R-squared shown
in the table represents the within R-squared.

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1



Table 5. Panel data regression of maturity strectur sovereign bond yields and on sovereign rigustness test)

Dependent variable: long term debt to total detib ra Model 1 Model 2 Model 3
Average maturity 0.00313 0.00274 0.00313
(0.00299) (0.00281) (0.00299)
GDP (in logs) 0.121 0.105 0.121
(0.0844) (0.111) (0.0844)
Debt/GDP 0.0363 0.0391 0.0363
(0.0564) (0.0541) (0.0564)
Inflation 0.0118* 0.0121** 0.0118*
(0.00407) (0.00443) (0.00407)
Borrowing requirements -0.000651 -0.000574 -0.0a065
(0.00171) (0.00174) (0.00171)
Yields 0.172
(0.330)
Spread 0.142
(0.340)
Spread USA 0.172
(0.330)
VIX -0.00196 -0.00203 -0.00195
(0.00118) (0.00129) (0.00117)
LTROs (in logs) -0.0275** -0.0264** -0.0275**
(0.00938) (0.0105) (0.00943)
Constant -0.208 0.00442 -0.194
(1.065) (1.327) (1.071)
Time dummy variables Yes Yes Yes
Trend Yes Yes Yes
Observations 144 132 144
R-squared 0.439 0.423 0.440

This table shows the estimates of a panel datassgmn of the dependent variable, long term delibtal debt ratio on
sovereign bond yields and on sovereign risk. Théakke employed to measure sovereign yields islhwear government
bond yields (Yields). The variables to measure sziga risk are the risk premiums between 10-yeadbgelds and German
bond yields of the same maturity (Spread) andigkepremiums for the benchmark of 10-year U.S. Isof8pread USA). The
control variables that are considered are inflgtiba logarithm of GDP and debt/GDP ratio, the agermaturity of sovereign
debt and the borrowing requirements of public adstiations as a share of the GDP. We control ferittiernational risk
aversion using the VIX indéXand for the longer term refinancing operationsRIB) of the Eurosystem. We include time
dummy variables and a time trend to control fortthre variability in the variables in all modelsmsiltaneously. The results
are obtained using the fixed effects estimatiore Rhsquared shown in the table represents thennRksquared.

Robust standard errors in parentheses. *** p<0.0p<0.05, * p<0.1

Table 6. Difference in means and medians of rigkiums between PIIGS and core countries.

Group of countries Mean Median
Perifherical countries 0.029 0.010
Core countries 0.004 0.002
Wilcoxon rank-sum test 0.000***

K-sample equality-of-medians test 0.000***

The table shows the results of the tests of diffees in means (Wilcoxon rank-sum test) and medians
(K-sample equality-of-medians test) for the varabék premium.
#+% n<0.01, ** p<0.05, * p<0.1

15 We also use the VSTOXX index to approximate iraéiomal risk aversion. The results do not vary reiyay the
presented in Table 5.



Table 7. Panel data regression of maturity strectur sovereign bond yields and on sovereign ristirgjuishing

between perifherical and core countries

Dependent variable: long term debt to total detibra Model 1 Model 2 Model 3
Average maturity 0.0296*** 0.0358*** 0.0330***
(0.00548) (0.00592) (0.00501)
GDP (in logs) -0.0111 -0.0297*** -0.0160
(0.0131) (0.00920) (0.0132)
Debt/GDP -0.0176 -0.0105 -0.0208
(0.0503) (0.0461) (0.0489)
Inflation 0.0154 0.0126 0.00887
(0.0132) (0.0121) (0.0127)
Borrowing requirements 0.00109 0.000554 0.00125
(0.00216) (0.00204) (0.00228)
Yields 1.456***
(0.492)
Spread 0.320
(1.556)
Spread USA 0.133
(1.384)
Perifherical 0.0229 -0.0429* -0.0597**
(0.0221) (0.0243) (0.0240)
PerifhericalxYields -1.918%***
(0.546)
PerifhericalxSpread -0.976
(1.374)
PerifthericalxSpreadUSA -0.571
(1.126)
Constant 0.683*** 1.010%** 0.879***
(0.197) (0.138) (0.156)
Time dummy variables Yes Yes Yes
Trend Yes Yes Yes
Observations 196 181 196
R-squared 0.484 0.389 0.377

This table shows the estimates of a panel dataessign of the dependent variable, long term delibta debt ratio on

sovereign bond yields and on sovereign risk. Théakte employed to measure sovereign yields islthwgear government
bond yields (Yields). The variables to measure sgiga risk are the risk premiums between 10-yeadbgelds and German
bond yields of the same maturity (Spread) andigkepremiums for the benchmark of 10-year U.S. Isof8pread USA). The
control variables that are considered are inflattba logarithm of GDP and debt/GDP ratio, the agermaturity of sovereign
debt and the borrowing requirements of public adstiations as a share of the GDP. We include tiomardy variables and a
time trend to control for the time variability ihe variables in all models simultaneously. We idelthe interaction between
the sovereign bond yields and sovereign spreads aluinmy variable that takes is equal to one faiftpical countries and

zero otherwise. The R-squared shown in the talpiesents the within R-squared.

Robust standard errors in parentheses

** p<0.01, ** p<0.05, * p<0.1



Table 8. Panel data regression of maturity strectur sovereign bond yields and on sovereign riskndjuishing

by the debt level

Dependent variable: long term debt to total detib ra Model 1 Model 2 Model 3
Average maturity 0.0237* 0.0258* 0.0252**
(0.0105) (0.0114) (0.0109)
GDP (in logs) 0.0851 0.0400 0.0672
(0.151) (0.174) (0.150)
Inflation 0.00583 0.00518 0.00499
(0.00427) (0.00503) (0.00477)
Borrowing requirements -0.00123 -0.00180 -0.00173
(0.00183) (0.00180) (0.00175)
Yields 1.191
(0.878)
Spread 1.425
(1.412)
Spread USA -1.206
(0.793)
Debt/GDP 0.180** 0.0995 0.0900
(0.0773) (0.0895) (0.0908)
Debt/GDPxYields -1.436**
(0.547)
Debt/GDPxSpread -1.464
(0.891)
Debt/GDPxSpreadUSA -1.206
(0.793)
Constant -0.506 0.128 -0.197
(1.916) (2.175) (1.907)
Time dummy variables Yes Yes Yes
Trend Yes Yes Yes
Observations 196 181 196
R-squared 0.482 0.456 0.451

This table shows the estimates of a panel dataessigm of the dependent variable, long term delibta debt ratio on

sovereign bond yields and on sovereign risk. Théakte employed to measure sovereign yields islthgear government
bond yields (Yields). The variables to measure sziga risk are the risk premiums between 10-yeadbgelds and German
bond yields of the same maturity (Spread) andigkepremiums for the benchmark of 10-year U.S. Isof@pread USA). The
control variables that are considered are inflattba logarithm of GDP and debt/GDP ratio, the agermaturity of sovereign
debt and the borrowing requirements of public adstiations as a share of the GDP. We include tiomardy variables and a
time trend to control for the time variability ihe variables in all models simultaneously. We idelthe interaction between
the sovereign bond yields and sovereign spreadgtendebt/GDP ratio. The R-squared shown in th&e tegpresents the
within R-squared.

Robust standard errors in parentheses

*** n<0.01, ** p<0.05, * p<0.1
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Figure 3. Evolution of 10-year bond spreads (1993-2013)
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Figure 4. Evolution of short-term and long-term debt ratios
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Figure 6. Evolution of risk premium for perifherical and core countries
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Figure 10. Average Marginal Effects with level(95)% Cls

Figure 11. Average Marginal Effects with level(95)% Cls
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Figure 14. Simple slopes for the interaction between debt/GDP ratio and Yields
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