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Abstract
This thesis deals with the relationship between yield spreads on the sovereign
bonds and their determinants with a primary focus on the Czech Republic.
First, a homogeneous panel of Visegrad group countries (V4) was investigated
by the pooled mean group (PMG) method of Pesaran et al. (1998). It was found
that debt-to-gdp ratio along with VIX, the “fear gauge”, are the main factors
driving the spread dynamics in the V4 group. Based on the results from PMG
estimation, we estimate a three-dimensional vector autoregression (VAR) model
and structural VAR (SVAR) model in order to observe spread reactions on
external shocks. Among the V4 group countries, Hungary exhibits the largest
spread response to a VIX shock. Overall, the (S)VAR results confirmed that
countries with higher levels of yields before crisis had also a stronger reaction
to the market disturbances during 2007–2009. Furthermore, it was found that
for the period 2010–2013, the standard model (macroeconomic fundamentals
plus global risk aversion factors) provided less reliable results. As a remedy,
financial soundness indicators were incorporated into the VAR model. We
conclude that it is important to take into account country’s financial sector
vulnerabilities when describing the spread dynamics since 2010.

JEL Classification C38, E44, E62, H63
Keywords sovereign risk premium, yield spread, govern-

ment debt, principal component analysis, vector
autoregressive model
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Abstrakt
Tato diplomová práce se zabývá spready výnosů vládních dluhopisů a jejich de-
terminanty se zaměřením na Českou republiku. Nejprve je pomocí pooled mean
group (PMG) metody (zavedené Pesaranem et al. 1998) odhadnut homogenní
panel zemí Visegrádské skupiny (V4). Poměr dluhu k HDP a index volatility
(VIX) jsou dle našich výsledků hlavními faktory, které ovlivňují vývoj spreadů
V4 skupiny. Na základě PMG analýzy jsme sestavili třídimenzionální VAR a
vícedimenzionální SVAR model, abychom mohli určit reakce spreadů na vnější
vlivy. Mezi zeměmi skupiny V4 vykazuje největší reakci spreadu na náhlou
změnu ve VIX Maďarsko. Empirická analýza potvrzuje tezi, že země vykazu-
jící vyšší hodnoty spreadů v předkrizovém období také nejsilněji zareagovaly
na vývoj v období krize. Dále bylo zjištěno, že standardní modely (zahrnující
makrofundamenty a globální ukazatele rizikové averze) neposkytují spolehlivé
odhady pro období 2010–2013. Proto jsme do VAR modelu zahrnuli Základní
ukazatele finančního zdraví Mezinárodního Měnového Fondu. Došli jsme k
závěru, že pro správný popis dynamiky spreadů po roce 2010 je při odhadech
modelů nezbytné zohlednit také stav finančního sektoru v jednotlivých zemích.

Klasifikace JEL C38, E44, E62, H63
Klíčová slova svrchovaná riziková prémie, spread výnosu,

vládní dluh, analýza hlavních komponent,
vektorový autoregresní model
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Chapter 1

Introduction

Government bonds constitute the main source of national debt financing in
the Czech Republic. For risk management, banking supervision or effective
conduction of national fiscal policy it is important to understand which factors
significantly impact the costs of nation’s borrowing. The relative borrowing cost
of a country can be expressed in the form of government bond yield spread. The
spread reflects a risk premium that is required by an investor when holding a
particular government bond relative to a comparable risk-free asset of the same
class. The higher the spread, the more costly it is for a country to borrow.
However, the risk free asset is rather a theoretical textbook concept and in
reality there are no risk-free assets of the same class (in terms of maturity,
liquidity etc.). The existing literature commonly uses German Bunds or US
Treasuries for the alternative asset1.

The yield spread, as analyzed in empirical literature, might be influenced by
several factors. One of the commonly used factors is risk aversion. Especially
during financial crises, investors tend to purchase relatively safe government
bonds. Nowadays, it is the case of German Bund that is considered to be the
”safe-haven” for investors. Besides the risk aversion, spreads might be also af-
fected by liquidity of the government bond market. Broadly speaking, liquidity
corresponds to the volume of the market and to the reaction of bond prices when
large transactions take place. Finally, soundness of domestic macroeconomic
fundamentals may contribute to a country’s low spread environment.

We aim to perform an empirical analysis of government bond yield spread
determinants with a primary focus on the Czech government bond market. We
include both advanced and emerging countries in our analysis and search for

1for example Mody (2009) etc.
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a group of countries that would form a homogenous panel including the Czech
Republic. We examine both domestic and external factors and search for those
that significantly influence spread movements. The Czech Republic is a small
open economy, hence we anticipate external factors to play an important role
for the Czech government yield spread determination. Further, we aim to test
whether the market pays some attention to country’s macroeconomic funda-
mentals and if so, which are the most important ones for the pricing of the
Czech government bonds. We consider several macroeconomic fundamentals
together with external factors that proved to be relevant in the economic liter-
ature and examine their effect on the spreads of our homogenous group.

We employ a dynamic error correction model, specifically the pooled mean
group estimator, that provides us with a basic overview. The model has the
advantage of allowing for both the short-run and long-run effects. Results from
this estimation show which factors are important and which are not important
for the spread determination in our homogenous panel.

We then proceed with vector autoregression and structural vector autore-
gression analysis. In the VAR and SVAR model estimations, we include vari-
ables that proved to be significant in the pooled mean group estimation. These
models can be used for identification of structural shocks and for examina-
tion of the variables’ response to that shock through impulse response func-
tions. We include more variables in the SVAR estimation (compared to a
three-dimensional vector autoregressive model) and we expect that the SVAR
model will describe the spread behavior in a more accurate way.

Moreover, we investigate whether countries’ financial sector conditions af-
fect the borrowing cost of the countries in our panel. As a response to the
global financial crisis, implicit contingent liabilities imposed on governments
sharply increased. Several financial institutions found themselves in difficulties
and obtained rescue packages or other kinds of support from governments. We
aim to study whether the market reacts on the improvement or deterioration
in the financial sector in countries included in our homogenous panel.

The rest of the thesis is organized as follows. We start with a review of
literature and proceed with a brief description of the Czech government bond
market. Chapter 4 is devoted to the choice of the spread determinants, moti-
vation and definition of the used models. Chapter 5 provides a description of
the data. Chapter 6 presents an exploratory data analysis in which we form
our homogenous panel including the Czech Republic, Chapter 7 discusses our
empirical results and Chapter 8 concludes.



Chapter 2

Review of literature

The sovereign risk premia and the examination of its various determinants
is a well-rooted topic in existing literature. A large number of empirical
studies deals with the relationship between sovereign bond spreads and
macroeconomic fundamentals with global factors. Investigation of the linkages
between sovereign bond spreads and stability of a country’s financial sector is
rather a recent phenomenon in the empirical research.

The first empirical analysis on the sovereign bond yield spread worth men-
tioning was conducted by Edwards (1984) who proposes a model, frequently
used in a recent literature. To understand what influences country’s borrowing
cost, he determines default probability using several macro, fiscal and financial
variables. Many of them turn out to be insignificant, and the rest have mostly
an expected effect on the spread. Only the coefficient of the current account
ratio has an opposite sign compared to the author’s expectations, i.e., larger
surplus or smaller deficit slightly increases the spread. The same conclusion
about the current account variable gets Beck (2001).

Beck (2001) focuses (in addition to the country fundamentals) on market ex-
pectation about real GDP growth, expectation about inflation and a measure of
finacial market volatility (VIX). He distinguishes between long-term, medium-
term and short-term variables in explaining monthly changes in emerging mar-
ket bond spreads. The author employes both the fixed-effect and random-effect
model and gets similar results for both methods. The VIX variable turns out
to be insignificant. The coefficient of determination is satisfactorily high sug-
gesting that the international interest rates and macroeconomic variables are
almost completely explaining the spreads after Asian crisis (1997). However,
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the data are covering only short time period which makes the model inappro-
priate for forecasting.

Min (1998) uses in his research similar set of macroeconomic fundamentals
as Edwards (1984) and as well as the two above mentioned studies, he is inter-
ested in emerging economies. In contrast to the Edwards (1984) who finds the
inflation variable insignificant, Min (1998) concludes that besides the interna-
tional reserves-to-GDP ratio, the domestic inflation rate is especially important
for the yield spread determination.

There are several studies which employ a pooled-mean-group (PMG) esti-
mation technique (Ferrucci 2003; Alexopoulou et al. 2010; Csonto & Ivaschenko
2013). The advantage of this methodology lies in incorporating both short-run
and long-run dynamics, i.e. reflecting the similarities as well as the differ-
ences between countries in the panel dataset. Ferrucci (2003) finds that al-
though country fundamentals are important determinants of the spread, non-
fundamental variables are probably explaining even more variation in the bond
spreads. Moreover, drop in spreads between years 1995–97 cannot be fully
explained by improved fundamentals according to the proposed model. Fi-
nally, the accuracy of the model is tested through the comparison of the fitted
and actual spread for each individual country. Apart from some exceptions,
the spreads were mainly predicted well (and markets priced the bonds accord-
ingly). Alexopoulou et al. (2010) investigated the effect of fundamentals in a
later period (2001–8) and they reach the same conclusion – macro fundamentals
still matter for the assessment of a country’s borrowing risk. They do include
the Czech Republic in the sample and according to their results - the long-run
relationship between fundamentals and the spread is rather negligible. Error-
correction coefficient that controls for the long-run relationship is approaching
zero for the Czech Republic in the PMG model.

Baldacci & Kumar (2010) examine the impact of fiscal deficits and pub-
lic debt on the bond yields. Again, panel data are used but apart from the
emerging market economies, also advanced market economies are included in
the panel sample1. Not surprisingly it is shown that an increase in fiscal deficit
and public debt causes a significant increase in bond yields in both emerging
and advanced economies. Moreover, countries with higher initial deficits wit-
ness larger bond yield spreads and the same holds for countries with higher
initial debt levels as well as for countries with lower savings ratios. It is also

1The Czech Republic is not included in the sample.
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found that larger bond yield spreads are in countries with faster population
aging.

Gelos et al. (2004) studies the developing countries bond spread from a
bit different perspective. He considers that a government borrows money not
only through bond issuances but also through private syndicated bank loans
with a government guarantee. In addition to the macroeconomic variables, the
set of independent variables includes also several indices such as the index of
political risk, index of quality of policies and index of market perception. The
authors employ random-effect logit model and find that vulnerability to shocks
and perceived quality of institutions are rather more important indicators for
pricing the bonds than macroeconomic fundamentals.

Unlike the previous studies where various panel data were used, Ebner
(2009) and Barrios et al. (2009) analyze bond yield differentials at the country-
level. In both studies Germany is used as a benchmark. Ebner (2009) is inter-
ested in government eurobonds issued in Central and Eastern Europe (including
the Czech Republic). His model is estimated for each country separately both
in first differences and in levels with several structural breaks. However, the
adjusted coefficient of determination for the Czech Republic is negative due to
the small sample size, thus no inferences can be made. By contrast, regressions
for Poland, Slovak Republic, Slovenia and Turkey have substantially higher ex-
planatory power suggesting that macroeconomic and market variables explain
considerable part of the bond spread variation. Barrios et al. (2009) conduct
the analysis for seven European countries for which sufficiently long series of
weekly data was found; the Czech Republic is not included. They account for
three kinds of risks: risk aversion (general risk perception variable), liquidity
risk (bid-ask spread variable) and credit risk (5-year CDS spreads relative to
Germany). However, when Barrios et al. (2009) include macroeconomic vari-
ables, the panel regression is used instead of country-level regression because
data are collected at a lower frequency. The results point to the relative impor-
tance of macroeconomic fundamentals during the financial stress while in times
before the crisis general risk perception was crucial suggesting that investors
did not discriminate much between countries in pre-crisis period.

Both volatility and level of macro-fundamentals are included in analysis
of emerging market in Hilscher & Nosbusch (2010). They find that country
fundamentals explain a substantial part of a spread evolution even when con-
trolling for credit ratings and global factors. In particular, volatility in terms of
trade turned out to be statistically and economically significant. They incor-
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porate also a country’s default history2 in a hazard model and estimate default
probabilities.

A more advanced technique use Assmann & Boysen-Hogrefe (2009) who
employ a time-varying coefficient model. They propose a simple linear model
and let the coefficients to follow random walk. For the estimation, they apply
Kalman filter method. To be more exact, they apply a modified version of the
Kalman filter because they consider time-varying variances that follow GARCH
process. Assmann & Boysen-Hogrefe (2009) basically use four time-varying
coefficients for the following explanatory variables: outstanding amount of do-
mestic debt securities (proxy for liquidity measure), debt-to-GDP ratio, budget
balance-to-GDP ratio and current account balance-to-GDP-ratio (proxy for the
default measure). Figures that show means of time-varying coefficients of the
explanatory variables are depicted throughout the period 2001–2009. The au-
thors compare results with Gomez-Puig (2006) and Jankowitsch et al. (2006),
both focusing on the period of the single currency area formation when the real
exchange rate risk was eliminated. For the first two years, Assmann & Boysen-
Hogrefe (2009) get similar results suggesting that both liquidity and default
risks play a role for the bond yield spread explanation. After that, debt-to-
GDP ratio variable is the only one important explanatory variable till the start
of the financial turmoil. During the financial crisis, in contrast, liquidity risk
seems to play the most important role.

Fracasso (2007) and Banerji et al. (2013) perform time-series analysis as
well but instead of employing time-varying coefficient models, they rather use
vector autoregression. The first study focuses on Brazil macroeconomy and
an importance of domestic and external factors. He examines the effect of
external shocks on the Brazilian external debt and EMBI spread. He finds
that both variables are strongly affected by external innovations. The latter
study examines similar topic on Asian emerging economies and uses structural
VAR. They conclude that external shocks are the main drivers of the Asian
emerging economies’ spreads.

In the following table we aim to present in a well arranged way results of
the previously mentioned studies:

2More specifically, they include a number of defaults on total debt for each country since
1970.
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Recently, the empirical research focuses also on the stability of a coun-
try’s financial sector, however, there are only few studies devoted to this topic.
Generally, it was found that sovereign bond market experienced a transmission
of banking sector risk to the sovereign risk during the financial crisis. When
governments started to support problematic financial institutions, the market
perceived them to be less creditworthy. Government financial support has
various forms, it could be provided through recapitalization of the institutions,
guarantee for bank lending, through asset relief schemes or higher retail deposit
insurance (Attinasi et al. 2009). In any event, the financial sector becomes a
liability to governments which is immediately reflected in a higher sovereign
spread. On the other hand, financial institutions are essential for the economic
growth – healthy banking sector contributes to the revenues of the economy
and thus reduces the government spread. Therefore, the government is faced
with the trade-off between providing rescue packages and hence, supporting
growth but increasing fiscal costs for taxpayers, or letting them default.

Reinhart & Rogoff (2011) examined the cycle of sovereign debt and banking
crises for a much longer period than any study before. As the authors point
out, the related existing literature relies only on data going back to 1980 while
in Reinhart & Rogoff (2011), the data cover two centuries. VAR analysis is
employed with the debt and banking crisis dummies as dependent variables. It
is found, that domestic banking crises help explain sovereign debt crises even
after adding debt/GDP variable into the regression. Several studies analyse
the sovereign bond yield spread during the recent financial crisis with different
approaches for incorporating the financial sector (Sgherri & Zoli 2009; Gerlach
et al. 2010; Mody & Sandri 2011). Sgherri & Zoli (2009) use Expected Default
Frequency (EDF) of financial institutions obtained from Moody’s Creditedge
to measure the weakness of the financial sector. The authors relate an increase
in EDF to higher market concerns about potential public sector bailout and
thus to the higher sovereign risk premium required by the investors. Using
seemingly-unrelated regression method, it is documented that a rise in EDFs
in the financial sector is associated with increases in government spreads in
Austria, Ireland and Italy.

Instead of the Expected Default Frequency measure, Gerlach et al. (2010)
use proxies for the banking sector size and structure in the analysis. It is
expected that countries with larger banking sector in episodes of high aggregate
risk face higher sovereign bond yield spread because it is believed that the
banking sector becomes liability to the government during the high aggregate
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risk period. Similar pattern is expected for the banking sector with lower equity
ratios as lower levels of equity imply higher vulnerability of the sector. The
link is tested through an interaction term of the common risk factor and the
banking sector proxies (equity ratio and total assets held by the banking sector
to GDP ratio). These interaction terms are found to be significant indicating
that the size of the effect depends on the aggregate risk. The interaction
effect remains significant even after controlling for different crisis dummies.
The model is also estimated solely for the period of financial distress (July
2007 – February 2009) as well as for the pre-crisis period and it is confirmed
that the banking sector is determinant of the sovereign spread, especially when
interacted with the aggregate risk, for both periods. Larger coefficients are
found for the crisis period though. Results remain unaffected when controlling
for the fiscal variables.

Mody & Sandri (2011) uses financial sector pressure index as an indicator
of the financial sector weakness. The index is expressed as a ratio of finan-
cial equity prices to aggregate equity prices. As the index lowers, the market
perceives the financial sector to be more vulnerable compared to the whole
economy, and the sovereign spread is expected to rise. Mody & Sandri (2011)
employs a dummy variable to distinguish between three phases where the mile-
stones are: the rescue of Bear Stearns in March 2008 and the nationalization
of Anglo Irish in January 2009. For the estimation, panel technique is used
that allows for heteroskedasticity. The results indicate that in the first phase
the spread was mainly affected by the global financial risk. After the rescue
of Bear Stearns, markets started to distinguish between countries and the in-
fluence of the global risk declined. The lagged values of the financial index
gain explanatory power during this second phase suggesting that the spreads
rose with a delay of several weeks after the deteriorating of the financial sector
prospects. Also lagged values of the dependent variable are significant which
means that there was a smooth correction in the sovereign risk premia assess-
ment. This pattern disappeared after the nationalization of the Anglo Irish
when the lagged values of spread turn out to be insignificant. The financial
sector index variable gains significance and its lagged values, in contrast, lose
the significance. The authors provide an interpretation that during the third
phase, the market did not have to learn as much as in the previous phases
about the impact of the financial losses on the sovereign debt.

Ejsing & Lemke (2009) and Acharya et al. (2011) explore only the default
part of a spread and its link to the bank CDS premium. The former study uses
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iTraxx index of non-financial CDS premia as a common risk factor that explains
both bank and sovereign CDS premia. They construct a time-varying coefficient
model with the sovereign and bank CDS premium as a dependent variable
and common risk factor as an indepentent variable in order to investigate and
compare the sensitivity of those premia to the common risk factor. The time-
varying approach enables to follow the sensitivity through time and it is shown
that since October 08 (when governments started providing rescue packages)
the sensitivity of sovereign CDS premia dramatically increased and sensitivity
of bank CDS premia lowered. In contrast to Mody & Sandri (2011), the authors
find no breakpoint when Anglo Irish was nationalized. Acharya et al. (2011)
investigate the sovereign and bank CDS premia in relation to the announcement
of bailouts. They find that the announcements cause an increase in sovereign
CDS premia and decline in bank CDS premia, hence, the transmission of the
credit risk is present.

Similar result as Acharya et al. (2011) get Attinasi et al. (2009) who study
the announcement effect of bank rescue packages as well. Interestingly, they
found that the announcements on their own matter, however, the actual size
of the rescue packages committed by the governments is not important for the
assessment of sovereign spread. The market probably believes that government
will support the financial sector in such extent that will be needed, thus, the
published amount does not have impact on the sovereign bond spreads. The
effect is even more amplified when Ireland is excluded from the sample. Besides
the government announcement, the set of explanatory variables encompasses
also expected fiscal prospects, international risk aversion and market liquidity
risk. The announcement dummy variable is equal to one since the announce-
ment date and the variable reflecting size of rescue packages is constructed
as a cumulative amount calculated for each observation and is expressed as a
percentage of GDP.

There are several reasons why one should believe that the inverse relation
of the sovereign and banking sector risk may hold as well. Worsened credit-
worthiness of a government may impact the banking sector through impaired
debt securities that the banks are holding. Another implication may be in a
sovereign credit rating that has a probable effect on a rating of banking sector
because the rating agencies likely consider potential government financial sup-
port. Two studies (Zoli 2013; Albertazzi et al. 2012) are examining the possible
impact of sovereign bond spread on a bank CDS spreads focusing on an Italian
market. Zoli (2013) indeed finds that the banking funding costs are affected by
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the Italian sovereign risk premium. Moreover, this effect is amplified for the
banks with lower capital ratios and higher nonperforming loans. Five largest
Italian banks are selected for the analysis and the bank CDS spread (which
is the dependent variable in the model) is constructed as a difference between
CDS spreads of each of the selected banks and the average of the euro area
banks spreads. The model is estimated using SUR method. To measure the
impact of sovereign risk on banks with lower capital ratios and higher nonper-
forming loans, the interaction terms for those two banking proxies and sovereign
spread are introduced. The model is estimated with each interaction term sep-
arately and in both cases, the variables are positive and significant. Albertazzi
et al. (2012) find that costs and availability of funding of Italian banks and the
profitability of these banks are associated with the Italian sovereign spread.



Chapter 3

Czech government bond market

Since our primary focus lies on the examination of the Czech government bond
yield spreads, we begin with a brief description of the Czech bond market.

Issuer of the Czech government securities is Ministry of Finance and the
primary sale of these securities is organized by the central bank (CNB). Former
authority that performed the supervision of government securities market was
called Czech securities commission, however, this institution ceased to exist in
2006. Ministry of Finance publishes every quarter an issuance calendar in which
the government bonds’ planned volume and maturity is specified. Issuance of
both Treasury bonds and bills is executed in dematerialized form and these
issued securities are then registered at the Central Securities Depository and
Short-Term Bond System respectively (CNB 2012).

The Czech National Bank uses multiple price auction (so called American
auction) when it sales short-term or long-term government bonds. Bidders that
succeed in this kind of auction buy the bonds at their own bid prices. From
the following table it can be seen that short-term and long-term government
bonds (Treasury bonds) constitute the majority of the state debt:

Table 3.1: Czech Republic state debt in 2013

STATE Domestic Treasury Savings Treasury Foreign Foreign Loans
(CZK bn) DEBT Debt bills government bonds Debt bonds from

IN TOTAL bonds issues EIB
2013 1 683,3 1 288,1 120,9 87,6 1 079,7 395,2 323,7 71,5
proportion
of total - 76,5 % 7,2 % 5,2 % 64,1 % 23,5 % 19,2 % 4,3 %
debt

Source: Ministry of Finance of the Czech Republic
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Yield required by investors on the long-term Czech government bonds is rel-
atively low when comparing with the CEE countries and high when comparing
with the advanced European countries1. When the Czech Republic accessed
the European Union on 1 May 2004, its bond yield fell down and stayed at
relatively low level till 2007. During this period (2005–2007), the Czech spread
(over German Bund) was several times even below zero and the US yield was
above the Czech yield1 which means that the Czech spread over US govern-
ment bonds was also negative. At the onset of the financial crisis, in summer
2007, the Czech Republic experienced a sudden surge of the bond yield spread
which was afterwards followed by the second surge around the Anglo Irish na-
tionalization (in January 2009). In the second half of the year 2012, the Czech
spread fell again to the relatively low levels and stayed there throughout the
whole year 2013 (albeit it is still in positive values). In that year, the Czech
bond yield went again below bond yield of the United States.

One possible explanation for the recent positive evolution of the Czech
spread could be an increasing foreign demand for the Czech bonds. Italian and
other “high-yield” government bonds may be perceived by foreign investors to
be too risky and thus the investors’ attention may be shifted to those bonds
that are not associated with such a risk. At the same time, investors may be
also discouraged from buying “too safe” bonds since the yields of these bonds
are decreasing dramatically.

Figure 3.1: Holders of the Czech Republic national debt

Source: Data are from the excel attachment of Arslanalp & Tsuda (2012) (updated in 2014)

1see Appendix A
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Share of the Czech Republic national debt held by foreign investors indeed
slightly increased during the year 2013 (see Figure 3.1). The relationship be-
tween share of foreign investors and government bond yields is examined for
example by Andritzky (2012) who shows that an increase in the share held by
non-residents is followed by a decline in yields.

Ministry of Finance (MoF 2013) attributes the positive evolution of the
Czech spread during 2013 to the country’s high credit rating (the Czech Re-
public has the best credit rating of all the CEE countries and the new EU
countries) and the ongoing easing of central bank’s policy.

Figure 3.2 presents a composition of the sovereign investor base for Hun-
gary, Poland, Germany and Great Britain. Non-bank investors comprise insur-
ance companies, pension and investment funds, households and non-financial
corporations (Arslanalp & Tsuda 2012). The foreign official sector consists of
foreign official creditors including foreign central banks. It can be seen that a
high portion of Hungarian debt hold foreign investors. The Czech Republic on
contrary relies much less on foreign investors. Domestic banks hold the highest
share of the national debt in Czech Republic.

Figure 3.2: Holders of the Hungarian, Polish, German and British
national debt

Source: Data are from the excel attachment of the Arslanalp & Tsuda (2012)



Chapter 4

Methodology

4.1 Government bond yield spread

4.1.1 Definition
Government bond yield spread reflects a risk premium required by an investor
when holding particular government bond relative to an comparable risk-free
asset.

The yield spread in time t is then defined as a difference between government
bond yield to maturity of country i and (rather hypothetic) risk free yield to
maturity of an alternative comparable asset:

sit = rit − r∗t (4.1)

where r∗t represents the investors’ risk free alternative. While risk-free asset is
rather theoretical textbook concept and in reality there are no risk-free assets of
the same class (in terms of maturity, liquidity etc.) it is common in the existing
literature to consider German Bunds1 or U.S. Treasuries for the alternative r∗t .

4.1.2 Choice of determinants
Our main interest lies in the analysis of the bond spread’s determinants. For
these, we consider macroeconomic fundamentals and common risk factor:

sit = f(fundamentalsit, commonfactort). (4.2)
1In this thesis, we study the government bond yield spreads relative to Germany. Never-

theless, we are aware of some weaknesses that this approach entails, it is for example the so
called ”flight-to-quality” phenomenon that contributes to exceptionally low German yields
environment.
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There are three types of risk that determines the yield spread and that is
studied in the empirical literature: default risk, liquidity risk and risk aversion.
Usually current account variable, inflation and debt are considered when as-
sessing the default risk since these are reflecting the financial condition of the
particular country. Several studies include nation’s reserves for liquidity risk
assessment. General risk aversion is commonly proxied with market volatility
index. We look at each variable that will be used in our analysis and assess
their expected impact on the spread based on the existing literature.

Macrofundamentals

Current account balance
The current account balance variable may be considered by investors as an

important indicator of country’s fiscal condition. Since the current account
balance represents country’s net foreign assets, we believe that large current
account deficits (and thus higher reliance on foreign creditors) make it more
costly for the governments to finance additional debt. On the other hand, there
are several studies that got positive sign for the current account balance variable
(for example Edwards (1984) or Beck (2001)). They came to the conclusion
that an increase in the variable (i.e. larger surplus or smaller deficit) widens
the government spread. Maltriz (2012) claims that there may indeed exist
a positive relationship between the current account balance and government
spread and explains that as follows: since current account basically mirrors
capital account, net capital exports (current account surplus) may be linked
with a higher default risk because the country may be unable to borrow abroad
(and have a capital account surplus). The second reason may be a capital flight
- a sudden outflow of capital (causing capital account surplus) is related with
an increase in default risk and thus an increase in current account balance may
have a negative impact on the spread in the model.

Inflation
The next variable that we take into consideration is inflation. Inflation is

perceived to be a reflection of economic management quality. Hence, higher
inflation should be associated with higher default risk of the particular country.
However, low inflation is not necessarily linked with low spreads, especially
during periods of financial crisis.
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Terms of trade
The terms of trade variable (TOT) is a measure of trade competitiveness for

each country. TOT can be interpreted as an amount of imports that a country
can obtain for a unit of exports. Deterioration in the price of exports (relative
to the imports) is expected to affect country’s ability to generate revenue from
exports and thus the ability to repay the debt. According to our expectations,
economies that experience negative shocks in terms of trade should have higher
bond yield spreads.

Figure 4.1: Current account balance-to-GDP ratio and average 5Y
government bond yield spread in 2010 (in percentage
points)

Source: Data are from Eurostat.

Reserves ratio
Reserves-to-GDP ratio is our proxy for liquidity risk. The amount of re-

serves serves as a cushion for countries that find themselves in financial diffi-
culties. It is generally believed that countries with higher level of reserves have
lower financing costs because it is more likely that they will service the debt.

Debt ratio
According to our expectations, country is perceived to be less solvent when

having high government debt. Thus, we expect that deterioration in the debt-
to-GDP ratio will have negative impact on the yield differentials causing an
increase in the spread.

GDP growth
The real GDP growth may also influence the evolution of the government
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bond yield spread as it was shown in several studies. We expect that high rate
of economic growth will lower the sovereign yield bond spread.

Common factors

Besides the macroeconomic fundamentals, we consider also variables that repre-
sent general risk aversion. These are most commonly proxied with US corporate
bond spread and volatility index. They are unchanging across the countries,
hence, they are called the common factors. Some studies (Banerji et al. 2013)
include Dollar index in the models. The index measures the value of US dollar
relative to a basket of major foreign currencies. Instead of Dollar index, we use
Euro index in the further analysis. Since we found no source of such an index,
we computed the Euro index on our own.

US corporate spread
For assessing the general risk aversion, Hilscher & Nosbusch (2010) and Ger-

lach et al. (2010) include US corporate bond yield spread in their regressions.
The US corporate market is the most liquid one and thus suitable for the as-
sessment of the investor’s risk aversion. The evolution of the corporate spread
together with government spread for CEE countries is shown in Figure 4.2.

Figure 4.2: Comparison of the average government spread for CEE
countries and US corporate bond spread (in percentage
points)

Source: Data for US corporate bond yields with corresponding Moody’s rating are from
FRED. The average CEE government bond spread is constructed from Czech, Slovak, Polish
and Austrian spreads.



4. Methodology 20

Market volatility index
The next commonly used proxy for general risk aversion is VIX index

(Chicago Board Options Exchange Market Volatility Index). The index is
based on S&P 500 index and it measures the implied volatility of the index
options. It helps to indicate whether there is a fear in the market. We assume
that higher VIX index widens the yield spread.

EURx index
Similarly as Banerji et al. (2013) who included Dollar index in the model,

we include Euro index in our model. We use our own coputation of the EURx
and for this purpose we take the formula from instaforex website2. The index
is a weighted average measure of the Euro against five major currencies.

Financial soundness indicators

Besides the macroeconomic fundamentals and common factors, we consider
also strength (vulnerability) of a country’s financial sector. For this purpose,
we use Financial Soundness Indicators (FSIs) from IMF. Financial soundness
indicators were developed by International Monetary Fund to allow for a bet-
ter international comparison. They are reflecting the condition of financial
system. These data are unfortunately not available for all countries3 since each
country can voluntarily decide whether to report them or not. The Czech Re-
public reports these indicators to the International Monetary Fund from 2008.
Among the indicators, we consider capital ratio, non-performing loans ratio,
net open position in foreign exchange ratio, return on assets and return on
equity. Description of each of the indicators is stated in the following table as
International Monetary Fund defines it4:

Table 4.1: International Monetary Fund’s definitions of FSIs

Indicator Name Description from IMF
Regulatory capital to
risk-weighted assets

Data are compiled in accordance with the guidelines of
either Basel I or Basel II. It measures the capital ad-
equacy of deposit takers. Capital adequacy and avail-
ability ultimately determine the degree of robustness of
financial institutions to withstand shocks to their bal-
ance sheets.

2Instant Forex Trading (2013), website address available in Bibliography
3see Appendix B
4IMF (2006), website address available in Bibliography
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Regulatory Tier 1 cap-
ital to risk-weighted
assets

Data are also compiled in accordance with the guidelines
of either Basel I or Basel II. It measures the capital
adequacy of deposit takers based on the core capital
concept of the Basle Committee on Banking Supervision
(BCBS).

Nonperforming loans
to total gross loans

This FSI is calculated by using the value of NPLs as
the numerator and the total value of the loan portfolio
(including NPLs, and before the deduction of specific
loan-loss provisions) as the denominator. This FSI is
often used as a proxy for asset quality and is intended to
identify problems with asset quality in the loan portfolio.

Return on assets This FSI is calculated by dividing net income before
extraordinary items and taxes (as recommended in the
FSI Guide) by the average value of total assets (finan-
cial and nonfinancial) over the same period. This FSI
is an indicator of bank profitability and is intended to
measure deposit takers’ efficiency in using their assets.

Return on equity This FSI is calculated by dividing net income before ex-
traordinary items and taxes by the average value of cap-
ital over the same period. Capital is measured as total
capital and reserves as reported in the sectoral balance
sheet; for cross-border consolidated data, Tier 1 capital
can also be used. This FSI is a bank profitability indica-
tor and is intended to measure deposit takers’ efficiency
in using their capital.

Net open position in
foreign exchange to
capital

The net open position in foreign exchange should be
calculated based on the recommendation of the BCBS.
Capital should be total regulatory capital or Tier 1 cap-
ital as net open position in foreign exchange is a super-
visory concept. This FSI is an indicator of sensitivity to
market risk, which is intended to show deposit takers’
exposure to exchange rate risk compared with capital.
It measures the mismatch of foreign currency asset and
liability positions to assess the vulnerability to exchange
rate movements.

Source: FSIs - Concept and Definitions, IMF

We expect that higher capital ratio, return on asset and return on equity
contribute to the lower spreads environment. On the contrary, higher por-
tion of non-performing loans in the banking system and greater exposure to
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exchange rate risk should cause (according to our expectations) an increase in
the government bond yield spreads.

4.2 Model estimation
There are two strands of the empirical literature examining the government
bonds’ determinants: one uses a logarithmic form (see for example Edwards
(1984) who proposed standard model with a log-linear relationship) and the
other studies estimate the models in levels. Since the use of logarithmic spreads
in the estimation would logically lead to an omission of negative spread values
and since the country of our main interest experienced some periods of negative
spreads, we decided to follow the second strand - estimation in levels. We can
write the general relationship (for an arbitrary number of lags) for a country i

in time t as follows:

sit = α+

p∑
l=0

βi,t−lsi,t−l +

q∑
l=0

γi,t−lfi,t−l +
r∑

l=0

δi,t−lct−l + ϵit (4.3)

where sit stands for the spread, fit for macroeconomic fundamentals and ct for
the common factor.

First, we perform Pooled mean group estimation (PMG) on a panel of
countries with the results in Chapter 7. Our panel of countries that includes
the Czech Republic is formed in Chapter 6. The pooled mean group estimation
provides us with a basic overview. Based on the results, we learn which factors
are important for the spread determination in our panel.

Next, we proceed with VAR and SVAR analysis. We include variables that
proved to be significant in the previous PMG estimation and perform a simple
VAR model. We then proceed with SVAR model that includes more variables
compared to the previous model. We believe that SVAR model will describe
the spread behavior even more accurately. We get inspired by a recent study
of Banerji et al. (2013) that uses the SVAR for studying government spreads in
Asian emerging economies. We focus our analysis rather on the Central Europe
and thus we consider not only US related factors but also those that came from
the Europe.

For even better description of the spread behavior in the ”post”-crisis pe-
riod (2010 and thereafter), we believe that stability of a country’s financial
sector has to be considered. During this period, several countries experienced



4. Methodology 23

a serious banking crisis. As an example we mention Ireland where the banking
crisis erupted in 2009. The planned rescue of Anglo Irish Bank Corp. (which
was later nationalized) and the ongoing weaking of the Irish financial sector
(imposing higher costs on the Irish government) significantly contributed to
the surge of the Irish government bond yield spread (see Figure 4.3).

Figure 4.3: Sudden surge in yields for ES, IT, IE and PT since 2010

Source: Data are obtained from Bloomberg.

The situation has even worsened when the Allied Irish Banks (AIB) was
nationalised. On March 2011, the Ireland’s central bank announced that addi-
tional 24bn euro will be needed for the support of financial sector (CBI 2011).
During that time, the Irish spread rise continued and at the beginning of 2012,
the spread evidenced its highest levels. Afterwards, the Irish spread began to
decline again. Similar pattern that can be seen in the Irish spread was observed
also for the Italian, Portuguese and Spanish spreads that experienced a sudden
rise since 2010. Our goal is to find out whether banking crisis has some impact
on the countries in our panel.

4.2.1 Pooled mean group estimation
Pooled mean group (PMG) estimation method was introduced by Pesaran et al.
(1999) and it belongs to the class of error-correction models. Hence, it can be
applied to nonstationary dynamic panels. The advantage of error-correction
models lies in the possibility of taking into account both short-run and long-
run effects. The PMG uses the combination of pooling technique (for the
long-run coefficients that are the same across the groups) and averaging tech-
nique (for the short-run coefficients, intercepts and error variances that are
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allowed to differ across the groups) (Pesaran et al. 1999). The resulting model
is a reparametrization of an autoregressive distributed lag (ARDL) specifica-
tion. Similarly as Ferrucci (2003) and Alexopoulou et al. (2010) we employ an
ARDL(1,1,...,1) model for country i at time t:

spreadit = ηi + λispreadit−1 +
J∑

j=1

δ1jixjit +
J∑

j=1

δ2jixjit−1 + δ3ict + δ4ict−1 + ϵit

(4.4)
where x and c denote macrofundamentals and common factor respectively,

ηi incorporates the fixed effect and J is a number of considered macrofunda-
mentals.

The equation (4.4) is then reparametrizated in such a way that the depen-
dent variable and all explanatory variables are written in first differences:

∆spreadit = ϕi(spreadit−1−αi−
J∑

j=1

β1jixjit−β2ict)−
J∑

j=1

δ2ji∆xjit+δ4i∆ct+ϵit

(4.5)
where ϕi = λi − 1, αi = − ηi

λi−1
, β1ji = − δ1ji+δ2ji

λi−1
and β2i = − δ3i+δ4i

λi−1
.

Furthermore, the PMG requires the long-run coefficients to be the same
across all groups (pooling): β1ji = β1j, β2i = β2 for all i. Thus, we can rewrite
(4.5) into the following form:

∆spreadit = ϕi(spreadit−1−αi−
J∑

j=1

β1jxjit−β2ct)−
J∑

j=1

δ2ji∆xjit+ δ4i∆ct+ ϵit

(4.6)
The error-correction coefficient ϕi (or speed of adjustment) is allowed to vary

across countries. If it equals zero, then no long-run relationship is present. The
coefficient is expected to be negative if we assume that there is an adjustment
to a long-run equilibrium.

4.2.2 Structural vector autoregression
Vector autoregression (VAR) is a method used for the examination of several
endogenous time series and the interaction among them. Three types of VARs
can be identified: reduced-form VAR (which is the vector autoregression in its
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purest form), recursive VAR (where assumptions about the order of causation
between the dependent variables need to be specified) and structural vector au-
toregression (where further assumptions need to be specified) (Becketti 2013).

The reduced-form model is used when the researcher’s interest lies only
in forecasting and examining the joint distribution of all the variables in the
system. When one wants to analyze also the temporal relationships between the
variables, they need to put events in order. Initially, they need to specify what
happens first and then the events that will follow. For example, they consider
an increase in some variable and observe the reaction of another variable that
will follow in two months. The recursive VAR deals with this type of analysis.
However, one has to be careful when sequencing the events because there may
be multiple existing sequences of the events that the underlying data could be
consistent with. It is recommended first to study hypotheses and theories of
relationships among the variables and then to select the proper sequence of the
events.

Let us consider a simple univariate autoregressive model AR(p):

yt = η + ϕ1yt−1 + ...+ ϕpyt−p + ϵt (4.7)

or
ϕ(L)yt = η + ϵt (4.8)

where η is a constant term, p is a number of lags and ϵt is a random disturbance.
The vector autoregression model consists of a set of n jointly endogenous

variables and is defined as:

yt = η + ϕ1yt−1 + ...+ ϕpyt−p + ϵt (4.9)

or
ϕ(L)yt = η + ϵt (4.10)

where ϕi is n × n dimensional matrix of coefficients, η and ϵt are n-element
vectors and the error terms must satisfy

E(ϵt) = 0

E(ϵtϵ
′
t) = Σ

E(ϵtϵ
′
t−k) = 0 for any non-zero k.

Prior the model estimation, one has to set the optimal length of lags (we
use information criteria) and check for stationarity. The VAR system is sta-
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tionary if all the eigenvalues of companion matrix lie inside a unit circle. The
companion matrix is defined as

ϕ̃ ≡



ϕ1 ϕ2 · · · ϕp−1 ϕp

In 0 · · · 0 0

0 In · · · 0 0
... ... . . . ... ...
0 0 · · · In 0


.

Concerning the stationarity tests, we follow Dickey-Fuller approach. The
augmented Dickey-Fuller test requires to specify a reasonable number of lagged
values for ∆yt and estimates the following equation with OLS5:

∆yt = α+ βyt−1 + δt+ ζ1∆yt−1 + ...+ ζp∆yt−p + ϵt. (4.11)

The augmented Dickey-Fuller test compares its test statistic with tabled critical
values and it either rejects or accepts the null hypothesis of unit root H0 : β = 0

against the alternative A : β < 0.
Nevertheless, Stata offers also modified (improved) Dickey-Fuller test

proposed by Elliott et al. (1996). GLS transformation of the time series
is carried out before the estimation. According to Becketti (2013), there
are studies that proved significantly greater power for this modified test
when compared with the traditional augmented Dickey-Fuller test. Thus, we
employed the modified test in our vector autoregression analysis.

Structural vector autoregression (SVAR)6 is defined as a reduced-form VAR
with identifying assumptions. We can rewrite the equation (4.10) (without the
vector of constants for simplicity) into the form:

A(ϕ(L)yt) = Aϵt ≡ Bνt (4.12)

where A is full rank matrix and E(νtν
′
k) = I for k = t, otherwise zero. The

elements of νt are thus uncorrelated. The B matrix transforms the disturbance
terms ϵt into the uncorrelated ones. Additional contemporaneous endogenous
variables are introduced to each equation (in the form of the A matrix).

Hence, the structural vector autoregressive model is defined as follows
5More details on the stationary tests for Stata can be found in the Stata documentation
6For more detail see Becketti (2013)



4. Methodology 27

Ayt = A(ϕ1yt−1 + ...+ ϕpyt−p) +Bνt (4.13)

which can be further rewritten as

Ayt = A∗
1yt−1 + ...+A∗

pyt−p +Bνt (4.14)

and after multiplying both sides with an inverse A matrix we get

yt = A−1A∗
1yt−1 + ...+A−1A∗

pyt−p +A−1Bνt (4.15)

yt = A1yt−1 + ...+Apyt−p + ut. (4.16)

As it was already mentioned above, the structural model requires further
restrictions on the model in addition to those that are imposed on the recursive
VAR. When employing SVAR model, one has to decide about the sequence of
dependent variables and specify partially the A and B matrix in the equation
(4.13).

The existing literature distinguish between three types of SVAR models
depending on the imposed restrictions. These are referred to as A-model, B-
model and AB-model (Lütkepohl 2007). In the case of the A-model, the B

matrix is set to identity matrix. The instantaneous relations between observ-
able variables (A matrix) are then modelled directly. The A matrix which
reflects the instantaneous effects is unique when exactly n(n−1)/2 restrictions
are defined. That is the minimal number of restrictions for the identification.
In the case of the B-model, A matrix is set to identity matrix and the same
number of restrictions as for the previous model (n(n− 1)/2) are required for
the B matrix identification. We consider the AB-model when both types of
restrictions are simultaneously imposed (they are placed on both the A and
B matrix). The minimum number of restrictions to be imposed on the AB-
model is n2 + n(n − 1)/2. Because of the additional restrictions imposed on
the AB-model in comparison with the special cases (A-model, B-model), it is
more common to use these special cases in the research.

The structural VAR model can be used to identify structural shocks and
to study the response of the variables to that shock through impulse response
function (IRF). The model can be also used to measure the impact of a given
structural shock on the data variability through forecast error variance decom-
positions.We use both of these applications in our analysis.
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Data description

5.1 Yield spreads
We are particularly interested in long-term government bond yield spreads
(5-year and 10-year). Bloomberg is our source for the government bond yields
data and we calculate the corresponding spreads with the use of German Bund
benchmark1.

Figure 5.1: Evolution of 5-year government bond yield spreads for
CEE and advanced countries (in percentage points)

Source: Data are from Bloomberg.

The daily data are collected over the sample period 2004–2013 for 25 coun-
tries in total: Australia, Austria, Belgium, Canada, Czech Republic, Denmark,
Finland, France, Germany, Hungary, Ireland, Italy, Japan, Netherlands, New

1We did not use data on credit default swap (CDS) spreads (an alternative sovereign
credit risk measurement) because the data are available since 2008 for the Czech Republic,
thus they are not covering the whole observation period. The source for CDS spreads is
again Bloomberg.
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Zealand, Norway, Poland, Portugal, Slovakia, South Africa, Spain, Sweden,
Switzerland, United Kingdom and United States. The issuers of the bonds are
central governments and the yields are considered to be yields to maturity.

In Figure 5.1, the Czech bond yield spread is compared to the spreads
of other Central and Eastern Europe countries in the first graph and to the
advanced countries in the second graph. Since October 2008, the spread for
the Czech Republic increased significantly above zero and stayed positive till
the end of our observed period.

5.2 Macroeconomic fundamentals and market in-
dicators

Our main sources for the data collection are the following databases: Datas-
tream, OECD Statistics and Eurostat. The external US factors were obtained
from Federal Reserve Economic Data database (FRED) and Financial Sound-
ness Indicators are taken from the International Monetary Fund eLibrary.
Large part of the data is obtained in a monthly frequency, the rest is linearly
interpolated.

Inflation - We take the inflation as a percentage change on the same period
of the previous year using data on consumer prices (all items). Source of
the data is OECD Statistics database and they are available in a monthly
frequency.

Current account balance - We include this variable as a percentage of GDP.
We use Eurostat database for the European countries and Datastream for the
non-EU countries as a source of the data. The frequency is monthly.

TOT - Terms of trade variable is calculated as a price index ratio of
exports to imports. Since the data on terms of trade are not comparable
across countries, we consider volatility in terms of trade instead. The data are
collected from Datastream and Eurostat database (monthly frequency).

Reserves - The data on country’s reserves are taken form Datastream and
the reserves-to-GDP ratio is computed. All the data are collected in a monthly
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frequency.

Debt - We consider the debt to be a total gross debt of general government
in our analysis. We include this variable in the analysis as a debt-to-GDP
ratio. Eurostat database is used for the European countries and Datastream
for the non-EU countries. Data are available on quarterly basis.

GDP growth - The data are collected from OECD Statistics database and
are in a quarterly frequency.

US corporate bond spread - We calculate US corporate bond yield spread as
a difference between Moody’s Baa and Aaa corporate bond yields and Federal
Reserve Economic Data (FRED) database is used as our source (monthly
frequency).

VIX - The market volatility index is obtained from FRED database in a
monthly frequency.

EURx - The Euro index is a weighted average measure of the Euro against
five major currencies. We compute the index on our own based on the formula
from instaforex website2:

EURx = 34.38805726 ∗ EURUSD0.3155 ∗ EURGBP0.3056 ∗ EURJPY0.1891∗

∗EURCHF0.1113 ∗ EURSEK0.0785

(5.1)

FSIs - Financial Soundness Indicators are available in the International
Monetary Fund eLibrary database. They are unfortunately not available for
all the countries in our sample. The used frequency depends on a country that
provides the data, for the Czech Republic the frequency is quarterly.

More information on the sources and frequency of the data is provided in
Appendix B.

2Instant Forex Trading (2013)
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Exploratory data analysis

Before we begin with the analysis itself, we need to form a homogenous group of
countries that would include the Czech Republic. We expect that investors’ risk
perception is similar for the government bonds issued in the Czech Republic
as for the government bonds issued in countries that have a historical and
geographical linkage with the Czech Republic. Typically, we consider Slovakia,
Poland, Hungary or Austria to be these countries. We perform an exploratory
analysis in order to confirm our expectations. We begin with an illustrative
PCA analysis. Afterwards, we proceed with an analysis of yield temporal
interconnections for all countries. Particularly, we ask ourselves a question -
government bond yields of which countries may be possibly influenced by the
Czech government bond yields? We aim to answer this question with the use
of Granger causality test.

6.1 Principal component analysis
The principal component analysis serves as a tool for data reduction. It can
simplify a task to a lower-dimensional space with the use of so called principal
components. Those are created by a linear transformation of the original data
in a way that the resulting vectors (principal components) are orthogonal and
thus uncorrelated. The first principal component is generated in such a way
that it contains as much variability of the data as possible. The second vector
is chosen from a set of all perpendicular vectors that has the greatest variance
and so it continues. All the components together explain all the information
contained in the data, leaving no unexplained variance left.

We select four variables for the principal component analysis and those are:
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ten-years spread, current account balance-to-gdp ratio, reserves-to-gdp ratio
and gdp growth. For each country, we compute mean values for all variables and
divide them by standard deviation in order to allow for comparison. We then
proceed with the standard PCA analysis and present the results in Table 6.1
and in Table 6.2.

Table 6.1: Variances of all principal components

Component Eigenvalue Proportion Cumulative
Component 1 1.71474 0.4287 0.4287
Component 2 1.23262 0.3082 0.7368
Component 3 0.69219 0.1730 0.9099
Component 4 0.36045 0.0901 1.0000

The second column in Table 6.1 gives us variances of the all principal com-
ponents. The variances are sorted by size from largest to smallest so that the
first component has the largest variance. Proportion of the total variance is
listed in the third column for each component. It can be seen from the ta-
ble that variance of the fourth component accounts for only 9% of the total
variance whereas the first component’s variance explains about 43% of the to-
tal variance. In our analysis, we take into account just the first two principal
components that explain approx. 74% of the total variability in the data.

Table 6.2: Composition of two principal components with the greatest
variances

Variable Comp1 Comp2 Unexplained
spread 0.6491 0.1462 0.2512
current account balance -0.6744 0.1517 0.1917
reserves -0.2325 0.7198 0.2687
GDP growth 0.2642 0.6615 0 .341

The reason for choosing two principal components is straightforward. We
aim to reduce the number of variables so that the principal component analysis
could provide us with a two-dimensional image (Figure 6.1). The two compo-
nents are presented in Table 6.2 and it can be easily shown that they are in-
deed orthogonal (dot product is zero). With the use of these two vectors, each
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country from our sample can be depicted in a two-dimensional image which
is shown in Figure 6.1. We are particularly interested in the Czech Republic,
hence, we are looking at dots that are nearby and that could possibly form a
cluster involving the Czech Republic. Those dots belong to Slovakia, Poland,
Hungary, South Africa, New Zealand and Australia. If we want to choose only
four countries, it will be (according to the figure) those that form the Visegrad
Group.

Figure 6.1: Results of PCA when employing two principal compo-
nents

6.2 Granger causality test
We test the Granger causality using Vector Autoregression model. The question
is whether bond yields in one country may be influenced by bond yields of other
countries, or to be more specific, by past values of the yields. We consider the
whole sample (25 countries) and create pairs for which we test the causality.
For this purpose, vector autoregression of order 2 is constructed on a bivariate
system:
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yt = ϕ
(0)
1 + ϕ

(1)
11 yt−1 + ϕ

(1)
12 xt−1 + ϕ

(2)
11 yt−2 + ϕ

(2)
12 xt−2 + ϵ1t

xt = ϕ
(0)
2 + ϕ

(1)
21 yt−1 + ϕ

(1)
22 xt−1 + ϕ

(2)
21 yt−2 + ϕ

(2)
22 xt−2 + ϵ2t

(6.1)

or in a matrix form:(
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(6.2)

where yt,xt are stationary time series of daily bond yields for two countries
covering a period from 1.1.2004 till 31.1.2014.

The time series xt does not Granger cause yt if ϕ(i)
12 = 0 for i = 1, 2. The

condition of zero cross-lag coefficients is tested by Wald statistic. The null
hypothesis refers to non-causality: that the coefficients on xt−1 and xt−2 are
jointly zero. Thus, if we cannot reject the null hypothesis then we also cannot
reject that there is no Granger causality. The Wald test uses a χ2 - distributed
statistic:

W =
SSER − SSEUR

SSEUR

· (n− 2p− 1) ∼ χ2(df = p) (6.3)

where SSER, SSEUR are residual sum of squares of the restricted (under
the null hypothesis) and unrestricted model respectively, n is a number of
observations and p = 2 is a number of lags.

The results are presented in Table 6.3. Corresponding Wald statistics are
shown for each pair of countries and the numbers are distinguished by colours.
In the case that null hypothesis is rejected at the 1% significance level, the
boxes in table are in black. Grey colour is applied for the 5% significance level
and light grey for the 10% level. When the H0 cannot be rejected, the boxes
are white. For these pair of countries (white boxes) the test failed to reject the
non-causality.

The interpretation of results is as follows. The non-white boxes for each
country in the row indicate yields that might be useful for explaining bond
yields time series of the country in that particular row. The white boxes indi-
cate pairs of countries that do not exhibit any temporal (Granger) causality.
Now we are again interested in the results for the Czech Republic. According
to the Granger causality tests, the bond yields of the Czech Republic may be
useful for the yield-time series of the following countries: Denmark, Hungary,
Poland, Switzerland and Slovakia. Meanwhile, the Czech Republic is a small
and open economy and its bond yields may be (according to the Table 6.3) in-
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fluenced by yields of all countries in the sample. We are searching for yields of
those countries which may both influence and be influenced by the Czech bond
yields (mutual relationship). The Visegrad group belongs to these countries,
thus, the results support our initial expectations.

Table 6.3: Results of Granger causality test using Wald statistic
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Results of model estimations

7.1 Pooled mean group estimation
Based on the results from the previous chapter, we choose the Czech Republic,
Hungary, Poland and Slovakia for our homogenous panel. We select macroe-
conomic fundamentals and aggregate risk factor as our explanatory variables
and estimate PMG model (4.6) that is presented in Chapter 4. We consider
the following macroeconomic fundamentals: debt-to-GDP ratio, GDP growth,
current account balance-to-GDP ratio, terms of trade, inflation and reserves-
to-GDP ratio. For the global risk aversion, we can choose either the US cor-
porate bond yield spread or volatility index (VIX). We depict both of them
together with government bond yield spread in Figure 7.1 separately for each
country and search for similarities. The US corporate bond spread (red line)
has very similar evolution as government spread (blue line) during the years
2008–2009, however, it is significantly ”flatter” elsewhere. On the contrary,
VIX (green line) seems to be moving the exactly same way as the government
spread throughout the whole period, hence, we decided for vix to be our proxy
of general risk aversion.

First, we fit the model for the whole observation period (2004–2013) with
the use of monthly data. The results are shown in Table 7.1. Error correction
coefficients are for all the four countries significant which means that the
long-run relationship exists. Moreover, the error correction coefficients are all
negative, hence, government spreads would tend to return back to equilibrium
after a shock. Hungary has the lowest negative value of the error correction
coefficient suggesting that changes in the macroeconomic fundamentals and
the exogenous factor would have slightly greater effect in the long run on the
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Hungarian government bond spread rather than on the spreads of the other
countries.

Figure 7.1: Government 10y bond yield spread of CZ,HU,PL and SK
(in percentage points) in comparison with two global risk
aversion factors

Source: Sources of the data are specified in Appendix B.
VIX data are scaled for better comparison (divided by ten).

The long-run coefficients are the same across all countries and are shown
in the upper part of the table. Among the macro-fundamentals, only debt-
to-GDP variable has significant coefficient. It has the expected sign, higher
debt ratio values translate into the higher default risk and increase the spread.
Nevertheless, the global risk aversion factor in the form of the VIX seems to be
the most important driver of the government spreads with a strongly significant
coefficient. The results from this estimation are consistent with the empirical
literature - most studies have proved that debt is crucial determinant.

Secondly, we estimate the model for the pre-crisis period only. We believe
that the financial turmoil started in mid-2007 when BNP Paribas announced
that it ceases its activity in three hedge funds. This belief is supported by Fig-
ure 7.1 where the VIX began to rise and be more volatile (indicated by a black
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arrow in the figure). The index then reached its peak in 2009. The estimation
results for the pre-crisis period are shown in Table 7.2.

Table 7.1: Results of PMG estimation for CZ, HU, PL and SK
throughout the whole period (2004–2013)

LONG RUN Coefficient Std. Err. z P>|z|
Debt 0.0509 0.0220 2.32 0.020
GDP growth 0.0495 0.0513 0.96 0.335
Current account balance 0.0229 0.0369 0.62 0.535
Terms of trade -0.0003 0.0833 0.00 0.998
Inflation -0.0080 0.0686 -0.12 0.907
Reserves 0.0104 0.0164 0.63 0.528
VIX 0.1151 0.0207 5.57 0.000
EURx -0.0298 0.0227 -1.32 0.188

SHORT RUN CZ HU PL SK
Error correction coefficient -0.1215 -0.2091 -0.0893 -0.1173
P>|z| 0.001 0.000 0.002 0.001
Debt D1 -0.0066 0.0498 -0.0334 0.0229

0.908 0.314 0.609 0.626
GDP growth D1 -0.0542 -0.1673 -0.0222 0.0330

0.323 0.063 0.786 0.320
Current account balance D1 0.0044 0.1367 -0.0399 0.0043

0.644 0.053 0.394 0.646
Terms of trade D1 0.0299 -0.0017 -0.0106 0.0216

0.040 0.950 0.600 0.075
Inflation D1 0.0427 -0.0009 0.1220 0.0875

0.354 0.99 0.036 0.087
Reserves D1 -0.0265 -0.0739 0.0744 -0.0047

0.515 0.111 0.044 0.675
VIX D1 0.0019 0.0177 0.0092 -0.0037

0.752 0.125 0.113 0.569
EURx D1 -0.0035 -0.0625 -0.0205 -0.0110

0.762 0.003 0.088 0.413
Constant -0.0499 0.2849 0.0473 -0.0469

0.888 0.703 0.870 0.895

Not only debt but also GDP growth and reserves are important for
the government spread determination before the financial crisis. All these
macrofundamentals have expected sign: higher GDP growth rate and reserves
indicate lower government spread and higher debt ratio indicates higher
spread. The debt variable has the greatest impact: an increase in the
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debt-to-GDP ratio by one basis point increases the 10 years bond yield
spread by 0.11 basis points. Common factors are strongly significant indi-
cating that external factors are crucial for the government spreads explanation.

Table 7.2: Results of PMG estimation for CZ, HU, PL and SK for
the pre-crisis period (2004 - first half of 2007)

LONG RUN Coefficient Std. Err. z P>|z|
Debt 0.1095 0.0466 2.35 0.019
GDP growth -0.0777 0.0345 -2.25 0.024
Current account balance -0.0114 0.0142 -0.80 0.422
Terms of trade -0.0241 0.0323 -0.75 0.456
Inflation 0.0159 0.0504 0.32 0.752
Reserves -0.1024 0.0391 -2.62 0.009
VIX 0.0932 0.0291 3.20 0.001
EURx -0.1621 0.0274 -5.92 0.000

SHORT RUN CZ HU PL SK
Error correction coefficient -0.5338 -0.1515 -0.5558 -0.0884
P>|z| 0.000 0.139 0.000 0.088
Debt D1 -0.2737 -0.0125 -0.3894 -0.0622

0.023 0.888 0.002 0.248
GDP growth D1 -0.4633 0.5489 -0.4609 0.0726

0.000 0.044 0.016 0.446
Current account balance D1 0.0282 -0.0165 0.1707 0.0052

0.003 0.875 0.119 0.484
Terms of trade D1 0.0349 -0.0414 -0.0341 -0.0155

0.019 0.116 0.266 0.195
Inflation D1 -0.0654 0.0293 0.2894 0.1426

0.101 0.756 0.009 0.001
Reserves D1 0.0240 -0.1426 0.1426 -0.0341

0.401 0.140 0.035 0.113
VIX D1 -0.0329 0.0251 -0.0068 0.0180

0.004 0.482 0.777 0.186
EURx D1 0.0744 0.0118 0.0331 0.0390

0.000 0.838 0.450 0.187
Constant 8.2605 2.1469 7.8604 1.2821

0.000 0.171 0.001 0.131

We estimate the model also for the crisis-period (the second half of 2007
till December 2011). Results are in Table 7.3 and show that apart from the
fundamentals that were significant in the pre-crisis period, inflation became
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very important factor as well. Investors require real yield and thus they want
to be compensated for the inflation risk.

Table 7.3: Results of PMG estimation for CZ, HU, PL and SK for
the crisis period (second half of 2007 - 2011)

LONG RUN Coefficient Std. Err. z P>|z|
Debt 0.0867 0.0242 3.58 0.000
GDP growth -0.0628 0.0368 -1.71 0.088
Current account balance -0.0009 0.0361 -0.03 0.980
Terms of trade 0.0105 0.0509 0.21 0.837
Inflation 0.1623 0.0586 2.77 0.006
Reserves 0.0376 0.0141 2.66 0.008
VIX 0.0264 0.0101 2.62 0.009
EURx -0.0271 0.0220 -1.23 0.218

SHORT RUN CZ HU PL SK
Error correction coefficient -0.2010 -0.1740 -0.4715 -0.2497
P>|z| 0.010 0.036 0 0.000
Debt D1 0.0493 0.0907 -0.0512 0.0067

0.602 0.18 0.543 0.928
GDP growth D1 -0.0949 -0.3753 -0.0209 0.0287

0.181 0.008 0.856 0.396
Current account balance D1 0.0083 0.0908 -0.0836 -0.0015

0.593 0.469 0.12 0.93
Terms of trade D1 0.0452 0.0177 0.0247 0.0390

0.106 0.754 0.323 0.015
Inflation D1 -0.0255 0.0078 0.0437 -0.1607

0.736 0.95 0.550 0.125
Reserves D1 -0.0018 -0.0802 0.0600 0.0020

0.982 0.292 0.139 0.872
VIX D1 0.0068 0.0358 0.0005 0.0004

0.378 0.010 0.939 0.958
EURx D1 0.0064 -0.0588 -0.0073 -0.0063

0.713 0.035 0.565 0.688
Constant -0.1251 -0.1770 -0.1241 0.0459

0.852 0.814 0.945 0.957
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7.2 Vector autoregressive estimation
We proceed with the analysis of government bond yield spreads and employ
structural autoregressive model (defined in Chapter 4). From the previous es-
timations it is apparent that exogenous factors play very important role in the
spread determination. In our SVAR model, we include those variables that
turned up to be important in the previous analysis of pooled mean group esti-
mation and we study the mutual relationships between the proposed exogenous
variables, macroeconomic fundamentals and government spreads. Our aim is
to examine how the nation’s funding costs in the Czech Republic and other
countries are influenced by both domestic and external factors over time.

7.2.1 Simple model
Our first model contains all the significant variables from PMG estimation that
was carried out previously on the whole observation period (Table 7.1). From
that estimation it implies that the important variables are debt-to-GDP ratio
and volatility index. Thus, we construct a simple model including these two
variables and 10-year government bond spread. Since we include only these
three variables, the model is actually estimated using three-dimensional VAR
procedure (instead of the structural vector autoregression).

Stationarity and lag length issues

Prior the estimation, we need to check for stationarity. As it was already
explained in Chapter 4, we run the modified Dickey-Fuller test and find out
that the time series of debt is not stationary. Thus, we take this variable in first
differences and the rest in levels. Now, the VAR system should be stationary.
We test it, and indeed all the eigenvalues of companion matrix1 lie inside a unit
circle as it can be seen in Figure 7.2.

The second thing we do prior the estimation is choosing the optimal length
of lags. Table 7.4 shows four information criteria for each lag length. The pre-
ferred length is marked for each statistic with a star. Only Schwarz’s Bayesian
information criterion suggests that the lag length should be 1, the rest points
on 4. Based on these results, we decide for the VAR model with 4 lags.

1For definition, see Chapter 4
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Figure 7.2: Eigenvalues of companion matrix for the Czech Republic

Source: Sources of the debt, vix and yield spread variables are in Appendix B.
Figure is produced in Stata.

Our three-dimensional recursive VAR model then looks as follows (p = 4):

A

 V IXt

d.Debtt

Spreadt

 = A1

 V IXt−1

d.Debtt−1

Spreadt−1

+ · · ·+Ap

 V IXt−p

d.Debtt−p

Spreadt−p

+Bϵt (7.1)

Next, we test the coefficient significance for all the lags in each equa-
tion(see Table 7.4 again). From the results it follows that in the first equa-
tion, coefficients of the variables on the first lag are jointly significant. The
same holds for the variable coefficients on the second and third lag but not
on the fourth lag. Nevertheless, the hypothesis that the variable coefficients
are zero in all three equations jointly can be strongly rejected for all the lags.
Finally, we test null hypothesis of no residual autocorrelation. We expect that
the number of lags we have chosen is sufficient for the residuals to be white
noise. This expectation has proven to be right since the null hypothesis of no
autocorrelation cannot be rejected (see Appendix D).

Table 7.4: Tests on lag length for the three-dimensional VAR (CZ)
Information criteria:
lag 0 1 2 3 4 5

FPE 3.87 0.13 0.12 0.10 0.07* 0.08
AIC 9.87 6.45 6.43 6.19 5.88* 6.01
HQIC 9.90 6.57 6.64 6.49 6.27* 6.49
SBIC 9.94 6.74* 6.95 6.93 6.85 7.20
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Test for the coefficient significance:

1st equation: vix 2nd equation: debt
lag chi2 df Prob>chi2 lag chi2 df Prob>chi2
1 147.60 3 0.000 1 97.82 3 0.000
2 16.06 3 0.001 2 1.97 3 0.579
3 10.16 3 0.017 3 79.40 3 0.000
4 4.49 3 0.213 4 39.99 3 0.000

3rd equation: government spread equation: all
lag chi2 df Prob>chi2 lag chi2 df Prob>chi2
1 58.80 3 0.000 1 302.11 9 0.000
2 2.59 3 0.459 2 21.51 9 0.011
3 1.37 3 0.713 3 92.85 9 0.000
4 12.19 3 0.007 4 59.07 9 0.000

Impulse response analysis

We are particularly interested in the behavior of impulse response function
(IRF) of the Czech government bond yield spread. The function simulates
effect of a shock to external variable (VIX) on the conditional forecast of the
spread. We generate the IRFs for all the four countries and compare them.

We follow the response of the spread for four years (48 months). All the
four impulse response functions are presented in Figure 7.3. The computed
impulse responses are depicted with a blue line and 95% confidence intervals
with dotted red lines. Overall, the government spread increases when a positive
shock on VIX occurs. The spreads reach its peak approximately in 8 - 10
months. Afterwards, the spreads start to decline and slowly return to their
initial values. From the figure, it is apparent that Hungary evidences the
greates spread response to the shock in VIX. When there is an unexpected
increase in the volatility index by one unit, the Hungarian spread responses
with an increase of app. 0.07 percentage points. This result is also supported
with the Figure 3.2 where Hungary has the highest share of foreign investors
which indicates a higher vulnerability of Hungarian spreads to external shocks.
For the Czech Republic, the effect wears off the earliest.
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Figure 7.3: Impulse response functions of 10year government spread
to shock in VIX for three-dimensional VAR

7.2.2 SVAR model
We construct another model and this time we include also the other significant
variables from the PMG estimations. These are the debt-to-GDP ratio, GDP
growth and inflation among the macroeconomic fundamentals and VIX, EURx
among the exogenous variables. Now, we have enough variables to employ
structural autoregressive model.

Identification

We need to check for stationarity for all variables that were not included in the
previous model. Based on the modified Dickey-Fuller test we take in the first
differences debt and EURx time series. With these variables, the VAR system
is again stable.

Table 7.5: Variables and stationarity
variable vix eurx inflation gdpgrowth debt spread
stationarity I(0) I(1) I(0) I(0) I(1) I(0)

We need to set identifying restrictions when estimating SVAR model. We
determine these restrictions based on the theory described in Banerji et al.
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(2013) and based on likelihood-ratio tests that are testing the identifying re-
strictions. Finally, we decided to employ the following model (with p = 4)
in which the likelihood-ratio test cannot reject the identifying restrictions at
considerably high significance level (56%):

A
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Spreadt
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Spreadt−p


+Bϵt

(7.2)

where the identifying restrictions are as follows. VIX is not affected by
contemporaneous variables but it affects EURx, inflation and GDP growth.
Debt and VIX do not contemporaneously affect each other and the same holds
for debt and EURx, debt and inflation. EURx has a contemporaneous effect
on inflation and GDP growth. Moreover, inflation has also contemporanous
effect on GDP growth. The government spread is contemporaneously affected
by all variables.

Impulse response analysis

From the results of the impulse response analysis presented in Figure 7.4 it is
again apparent that the greatest response of the government spread on VIX
shock has Hungary. The difference is in this figure even more highlighted since
the Hungarian spread increases after a shock twice as much as the spreads of
other countries. When we look again on the results of the pre-crisis PMG fit,
the short-run coefficient on VIX has the highest value for Hungary. Hence, from
the pre-crisis data (2004–2007) it could be already anticipated that the Hungary
will have the greatest reaction during the crisis (compare with Figure 7.1).

The figure also shows that Polish spread exhibits the ”flattest” reaction.
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The lowest peak (and thus the weakest reaction of the government spread on
VIX shock) is evident for the Slovak Republic and Poland.

Figure 7.4: Impulse response functions of 10year government spread
to shock in VIX for SVAR

The highest shock in volatility index throughout the whole observation pe-
riod occured at the end of year 2007 (Figure 7.5). The Czech 10 year gov-
ernment bond yield spread reacted at that time by an increase of approx. 2
percentage points (on the VIX shock that was about 55 points2).

This corresponds to our impulse response function for the Czech Republic
(on the right side of Figure 7.5). According to that function, an unexpected
increase in volatility index by one unit causes an increase in the Czech spread
by approx. 0.04 percentage points. So if there was a 55 points shock in VIX,
it should lead to an increase in spread by about 2 percentage points which
complies with what really happened on the Czech market during 2008–2009.

2We again devided the VIX values by ten for better comparison in the figure.
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Figure 7.5: Evolution of VIX and Czech spread (on the left) and IRF
for the Czech Republic (on the right)

Variance decomposition analysis

Next, we perform variance decomposition of forecast errors on our model. The
variance decomposition reveals how much of the forecast error variance of an
endogenous variable can be explained by shocks to another endogenous variable
(or to itself). We perform the analysis at different horizons (1, 6, 12, 18, 24, 30
and 36 months) and observe particularly the contribution of all variables to the
forecasting error variance of 10 year government bond yield spread (Table 7.6).

In the last column, we include aggregate domestic factor which is a sum of
all domestic factors (inflation, GDP growth and first differences of debt-to-GDP
ratio). The greatest contribution to the forecast error variance of the spread
have shocks in the volatility index in each country and at all the horizons.
For Hungary, fluctuations in the spread could be explained by VIX shocks in
70% (at 12-months horizon). Among the macroeconomic variables, inflation
shocks seem to be the most important factor for the forecast error variance of
Slovak and Czech spreads. Concerning the Czech Republic, it holds especially
at longer horizons. On the contrary, GDP growth shocks appear to be the
most important (among the macro-fundamental shocks) for the Polish spread
fluctuations.

To sum it up, unexpected changes in domestic factors have together quite
significant effect on fluctuations of Czech and Polish spread (30%–40% on av-
erage). But shocks in volatility index contribute to the spread forecasting error
variance (in all countries) the most.

7.2.3 Comparison with IRFs of other countries
We compute impulse response functions for all countries (with an impulse of
VIX shock and response of the government spread). For this purpose, we use
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again the significant variables from the PMG fit that was performed throughout
the whole observation period (three variables in total). This model should be
robust enough for estimating spreads of all countries included in our study.

Table 7.6: Variance decomposition of forecast errors (%)

Horizon VIX d.EURx Inflation GDP growth d.Debt Aggregate
domestic
factor

CZ
1 11.25 1.64 0.06 0.01 0.02 0.08
6 50.16 1.64 3.87 6.55 1.07 11.50
12 66.99 1.74 2.79 3.96 3.42 10.18
18 60.24 1.57 11.98 4.07 4.71 20.76
24 53.97 1.84 19.65 5.38 4.31 29.34
30 52.67 1.84 20.24 7.03 4.14 31.41
36 51.98 1.81 19.93 8.38 4.10 32.41

HU
1 32.60 4.89 0.26 0.72 0.20 1.19
6 63.09 3.75 2.43 0.79 1.17 4.38
12 71.76 2.61 2.95 0.54 5.01 8.50
18 71.14 2.41 3.22 0.51 6.71 10.44
24 69.73 2.37 4.55 0.67 6.79 12.02
30 68.83 2.39 5.38 0.90 6.71 12.99
36 68.41 2.42 5.74 0.99 6.68 13.40

PL
1 16.79 4.48 0.96 0.01 0.00 0.97
6 40.01 1.37 2.30 4.29 4.33 10.91
12 37.65 0.80 3.74 13.03 10.89 27.67
18 36.10 1.25 6.87 16.89 11.09 34.85
24 34.88 1.86 8.47 20.18 10.37 39.02
30 32.53 2.06 8.82 24.31 10.10 43.22
36 31.11 2.07 8.65 27.27 9.82 45.73

SK
1 8.70 1.06 4.30 2.12 0.64 7.06
6 29.20 2.79 10.88 5.73 2.09 18.70
12 46.73 2.46 9.73 5.72 3.34 18.79
18 54.31 2.11 8.53 5.03 4.04 17.60
24 57.08 1.96 7.98 4.72 4.22 16.92
30 57.73 1.92 7.81 4.62 4.25 16.68
36 57.75 1.92 7.78 4.61 4.25 16.64

From the results of the IRF computation we take the highest value (peak)
for each country and we record them into the Table 7.7 together with the
values of 95% confidence interval. According to our expectations, the US,
Canada and GB evidence no response on a shock in volatility index. Next,
there are countries that react only a little on an unexpected change in VIX and
these are New Zealand, Netherlands, Sweden and Norway. The IRF pattern
for the Czech Republic resembles to that of Austria, however, the response of
the Austrian spread is much weaker. The Czech spread reaches its peak in
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the eighth month (the same month as for the Austrian spread). Both Polish
and Slovak spreads reach also similar values as the Czech spread and in similar
horizon (the tenth month).

Table 7.7: Comparison of IRF maximum values across countries

Country Horizon IRF max value 95% lower CI 95% upper CI
AT 8 0.013 0.002 0.023
AU 13 0.010 -0.001 0.021
BE 4 0.014 0.001 0.026
CA 1 -0.002 -0.007 0.004
CH 2 0.010 0.005 0.016
CZ 8 0.045 0.026 0.064
DK 1 0.008 0.005 0.012
ES 24 0.013 -0.024 0.049
FI 4 0.007 0.003 0.011
FR 7 0.007 -0.002 0.016
GB 1 -0.001 -0.006 0.004
HU 9 0.081 0.030 0.132
IE 24 0.035 -0.023 0.093
IT 3 0.015 -0.007 0.036
JP 2 0.014 0.004 0.024
NL 4 0.004 0.000 0.009
NO 2 0.006 0.001 0.012
NZ 14 0.003 -0.005 0.012
PL 10 0.031 0.006 0.055
PT 23 0.027 -0.066 0.120
SE 14 0.005 -0.003 0.012
SK 10 0.031 0.005 0.058
US 24 -0.002 -0.011 0.007
ZA 10 0.027 0.001 0.052

Interestingly, when we look at the maximum IRF values for Ireland, Portu-
gal, Italy and Spain we observe relatively small response. We take Ireland as
an example and plot the spread and VIX which can be seen in Figure 7.6. Evo-
lution of the Czech and Irish spread during the financial crisis is very similar
till October 2009. Afterwards, the Irish spread suddenly increased to relatively
high values.

But as it can be seen from the figure, the volatility index does not explain
this sudden rise. We tried to plot the Irish spread also with other spread
determinants but there is no sign in the data that would explain it. As we
already mentioned it in the motivation (see Section 4.2), the trigger of the
surge in Irish sovereign spreads is most likely the crisis in Irish financial sector.

We believe that the bad condition of the Irish banks contributed signifi-
cantly to the widening of the Irish spread and that it is important to consider
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fragility of a banking sector when estimating spread determinants. Hence, we
added banking data to our analysis in order to learn whether bank crisis has
also an impact on the countries in our panel.

Figure 7.6: VIX and government spread for Ireland

7.3 Analysis with FSIs
We model the stability of a nation’s banking system with the use of Financial
Soundness Indicators (FSI) obtained from the database of International Mone-
tary Fund. Based on the previously mentioned case of Ireland, we believe that
the financial sector condition have possibly began to play a role for the spread
determination during the financial crisis also for our panel of countries. We
include the FSIs in our dataset and estimate PMG model for a period June
2009 - September 2013 (Table 7.8).

For the PMG estimation, we again take variables that are significant in Ta-
ble 7.1 (the whole period estimation). Besides those variables (debt-to-GDP
ratio and VIX) we add also Financial Soundness Indicators that are described
in Chapter 4. Two of them turned out to be important for the spread determi-
nation.

Capital ratio in the Table 7.8 stands for the regulatory capital-to-risk
weighted assets ratio, which is the total regulatory capital to the total volume
of risk-weighted exposure. It is expected to have negative sign - the higher
the ratio is, the more loss an institution can absorb when a shock comes. The
variable is significant, indicating that the ratio indeed has some link to the
government spread evolution, and it has the anticipated negative sign.
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Table 7.8: Results of PMG estimation with FSIs (2009–2013)

LONG RUN Coefficient Std. Err. z P>|z|
Debt 0.09725 0.03316 2.93 0.003
VIX 0.07250 0.01706 4.25 0.000
Capital ratio -0.56490 0.16744 -3.37 0.001
NPL ratio 0.28573 0.07310 3.91 0.000
NOP ratio 0.03685 0.02939 1.25 0.210

SHORT RUN CZ HU PL SK
Error correction coefficient -0.2490 -0.3137 -0.1617 -0.3571
P>|z| 0.001 0.000 0.007 0.000
Debt D1 0.0527 -0.0551 -0.0027 0.0842

0.615 0.573 0.981 0.245
VIX D1 0.0145 0.0301 0.0191 0.0055

0.137 0.102 0.015 0.561
Capital ratio D1 0.1721 -0.1262 -0.1791 1.4414

0.610 0.800 0.353 0.001
NPL ratio D1 -0.7255 0.3033 -0.0196 -0.4205

0.251 0.486 0.966 0.412
NOP ratio D1 -0.0385 -0.0643 -0.0075 -0.0238

0.266 0.386 0.936 0.454
Constant 0.6259 -0.1344 0.4376 0.4916

0.186 0.833 0.143 0.321

NPL ratio stands for the non-performing loans-to-total gross loans ratio.
The ratio is expected to have a positive sign - the lower quality of the assets
in a loan portfolio (and higher the ratio), the higher is risk of the institution
that it becomes insolvent. The ratio turns out to be important in our analysis
and the coefficient has indeed the expected positive sign. Increase in the ratio
corresponds to an increase in banking sector risk and transmits into an increase
in sovereign spread.

Our third proxy for the banking sector stability is a net open position in
foreign exchange-to-capital ratio (NOP ratio in the table). The ratio measures
the deposit takers’ exposure to exchange rate risk (i.e. net position in foreign
currencies) in relation to the total regulatory capital. This variable does not
prove to be significant for the government spread determination.
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SVAR

The results from the previous model estimation indicate that banking data
have some explanatory power for government spread determination. We plot
evolution of the Czech and Slovak spreads compared to the volatility index
(Figure 7.7) similarily as we did that for Ireland (compare with Figure 7.6).
Interestingly, we find similar pattern for the Slovak spread as we have found
for the Irish spread - in the first half of the year 2012 the Slovak spread sud-
denly increased without any indication coming from VIX or from other spread
determinants.

To have a look at the Slovak spread apart from other Central European
countries, we performed SVAR analysis on data since the financial crisis period
including banking data.

Figure 7.7: VIX and government spread for Slovakia

Our SVAR model includes five variables in total (spread, debt-to-GDP ra-
tio, VIX, capital ratio and non-performing loans ratio). We again check for
stationarity of all the variables and take both the banking variables in the first
differences. All four information criteria, that we used for lag length testing,
suggest to set 1 for the lag length. The proposed SVAR model then looks as
follows:
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We plot impulse response functions from (7.3) for the Czech and Slovak
Republic where FSIs are included and compare them with the IRFs from (7.1)
equation where only debt, VIX and spread are included. Both models are
estimated on data since the financial crisis period. The result is in Figure 7.8.

Figure 7.8: Response of CZ and SK spreads to VIX shock when in-
cluding banking data (on the right side) and not (on the
left) for period 2009–present

The figure shows that when including Financial Soundness Indicators into
the model, reaction of the Czech spread on VIX shock remains unchanged while
reaction of the Slovak spread is strongly amplified. Although not fully conclu-
sive, these findings indicate that different models are required for a proper
description of pre-crisis and post-crisis period. It can be seen that when in-
cluding FSIs in the model for the ”post”-crisis period (right side of Figure 7.8),
the result is in a very good accord with actual data (compare with Figure 7.7).
Our results for the previous model estimation (7.1), constructed without FSIs
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data, do not actually correspond well with the post-crisis Czech and Slovak
spread behavior.



Chapter 8

Conclusion

This thesis was focused on finding macroeconomic fundamentals and other in-
ternal and external (market) factors that are particularly important for the
bond spread determination in Central European countries with a primary
emphasis on the Czech Republic. Considering quite a short observation pe-
riod (2004–2013) and relatively low sampling frequency of macro fundamentals
(available on a monthly or quarterly basis), a homogenous group of countries
that are linked with the Czech Republic in a historical and geographical way
(Slovakia, Poland, Hungary and Austria) was selected in order to reach statis-
tically robust estimates. The panel selection was further confirmed by a PCA
analysis and by the results of an empirical exploratory analysis using Granger
causality tests. It was found that the Czech government bond yields may in-
fluence the bonds of Slovakia, Poland, Hungary, Denmark and Switzerland.
Combining the results of empirical analyses the homogenous panel consisting
of the Visegrad group countries was taken into consideration.

PMG estimation carried out on the V4 panel provides us with a basic
overview. According to the results of the whole-period estimation, the debt
and market volatility index turned out to be the most important factors for
the bond spread determination of our homogenous group. This result is in a
full accord with the available empirical literature. A detailed inspection of pre-
and post-crisis periods showed that other macro fundamentals such as inflation,
GDP growth and reserves can also play a significant role.

The VAR model including only three variables (10-year spread, debt-to-
GDP ratio and VIX - variables that proved to be the most significant in PMG
estimation) was performed throughout the whole observation period. Accord-
ing to the VAR results, the Hungarian spread response on the VIX shock is
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significantly higher than the response of other countries of the Visegrad group.
In case of an unexpected one unit increase of the volatility index, the Hungarian
spread increases by approximately 7 bp. The empirical analysis thus supports
the conclusion that countries with higher levels of spread before crisis had also
a stronger reaction during 2007–2009.

The oversimplified three-dimensional VAR model cannot be expected to
present quantitative forecasts. Hence, we employed a more complex SVAR
model with variables that proved to be significant in the PMG analysis for the
crisis period. Indeed, based on the resulting impulse response functions, the
SVAR model was found to better describe the spread dynamics.

On the other hand, 3D-VAR is expected to be more robust when utilized for
countries outside of our homogenous panel because of a varying composition
of the significant spread determinants. That is why we used 3D-VAR for the
comparison of the Czech Republic’s IRF characteristics to other countries in
our sample. The similar spread response in a similar horizon as for the Czech
Republic was found in Slovak, Polish, Hungarian and Austrian spreads. The
Austrian spread has a significantly lower response though. To summarize, the
3D-VAR analysis confirmed our results from the empirical analysis and fully
supports our choice of the homogenous panel.

The final part of the thesis deals with the “post”-crisis period (2010–2013).
The spread behavior can be described with a standard model (macroeconomic
fundamentals plus global risk aversion factors) till the end of 2009. It is quite
interesting, however, to observe spread responses of “problematic” countries
such as Ireland, Portugal, Spain and Italy starting from 2010. For these coun-
tries, there is an enormous surge in the government bond yield spreads during
2010–2012 that cannot be explained by neither any macrofundamental vari-
ables, nor by risk aversion proxies such as VIX . We found that including
Financial Soundness Indicators into the VAR model leads to a significantly
amplified response of the Slovak spread compared to the Czech counterpart,
which corresponds to the real behavior of the Slovak spread in the post-crisis
period. Although not fully conclusive, these findings strongly indicate that
very different model specifications are required for a proper description of pre-
and post-crisis periods.



Bibliography

Acharya, V. V., I. Drechsler, & P. Schnabl (2011): “A Phirric Victory?
Bank Bailouts and Sovereign Credit Risk.” No. w17136. National Bureau of
Economic Research .

Albertazzi, U., T. Ropele, G. Sene, & F. M. Signoretti (2012): “The
Impact of the Sovereign Debt Crisis on the Activity of Italian Banks.” Bank
of Italy Occasional paper, No. 133 .

Alexopoulou, I., I. Bunda, & A. Ferrando (2010): “Determinants of Gov-
ernment Bond Spreads in New EU Countries.” Eastern European Economics
vol.48, no.5:pp.5-37 .

Andritzky, J. R. (2012): “Government Bond and Their Investors: What Are
the Facts and Do They Matter?” IMF Working Paper WP/12/158 .

Arslanalp, S. & T. Tsuda (2012): “Tracking Global Demand for Advanced
Economy Sovereign Debt.” International Monetary Fund, WP/12/284 .

Assmann, C. & J. Boysen-Hogrefe (2009): “Determinants of Government
Bond Spreads in the Euro Area in Good Times as in Bad.” Kiel Working
Paper 1548, Kiel Institute for the World Economy .

Attinasi, M. G., C. Checherita, & C. Nickel (2009): “What Explains
the Surge in Euro Area Sovereign Spreads During the Financial Crisis of
2007-09?” ECB Working Paper No.1131 .

Baldacci, E. & M. S. Kumar (2010): “Fiscal Deficits, Public Debt, and
Sovereign Bond Yields.” IMF Working Paper WP/10/184 .

Banerji, S., A. Ventouri, & Z. Wang (2013): “The Sovereign Spread in
Asian Emerging Economies: The Significance of External versus Internal
Factors.” Economic Modelling 36:566-576 .



Bibliography 58

Barrios, S., P. Iversen, M. Lewandowska, & R. Setzer (2009): “Deter-
minants of Intra-Euro Area Government Bond Spreads during the Financial
Crisis.” No. 388. Directorate General Economic and Monetary Affairs (DG
ECFIN), European Commission .

Beck, R. (2001): “Do Country Fundamentals Explain Emerging Market Bond
Spreads?” CFS Working Paper No.2001/02 .

Becketti, S. (2013): Introduction to Time Series Using Stata. Stata Press,
College Station, Texas.

CBI (2011): “The Financial Measures Programme Report.” Central Bank of
Ireland .

CNB (2012): “Rules for the Primary Sale of Government Securities Organised
by the Czech National Bank.” Czech National Bank .

Csonto, B. & I. Ivaschenko (2013): “Determinants of Sovereign Bond
Spreads in Emerging Markets: Local Fundamentals and Global Factors vs.
Ever-Changing Misalignments.” IMF Working Paper WP/13/164 .

Ebner, A. (2009): “An Empirical Analysis on the Determinants of CEE Gov-
ernment Bond Spreads.” Emerging Markets Review 10.2:pp.97-121 .

Edwards, S. (1984): “LCD Foreign Borrowing and Default Risk: An Empiri-
cal Investigation.” National Bureau of Economic Research in Cambrige, MA
.

Ejsing, J. W. & W. Lemke (2009): “The Janus-Headed Salvation: Sovereign
and Bank Credit Risk Premia during 2008-09.” ECB Working Paper No.1127
.

Elliott, G., T. Rothenberg, & J. Stock (1996): “Efficient Tests for an
Autoregressive Unit Root.” Econometrica 64:813-836. .

Ferrucci, G. (2003): “Empirical Determinants of Emerging Economies’
Sovereign Bond Spreads.” Bank of England, Working Paper no.205 .

Fracasso, A. (2007): “The Role of Foreign and Domestic Factors in the
Evolution of the Brazilian EMBI Spread and Debt Dynamic.” No. 22/2007.
HEI Working Paper .



Bibliography 59

Gelos, R. G., R. Sahay, & G. Sandleris (2004): “Sovereign Borrowing by
Developing Countries: What Determines Market Access?” IMF Working
Paper WP/04/221 .

Gerlach, S., A. Schulz, & G. B. Wolff (2010): “Banking and Sovereign
Risk in the Euro Area.” No. 2010, 09. Deutsche Bundesbank, Research Centre
.

Gomez-Puig, M. (2006): “Size Matters for Liquidity: Evidence from EMU
Sovereign Yield Spreads.” Economics Letters 90.2:156-162 .

Hilscher, J. & Y. Nosbusch (2010): “Determinants of Sovereign Risk:
Macroeconomic Fundamentals and the Pricing of Sovereign Debt.” Review of
Finance 14:235-262 .

IMF (2006): “Financial Soundness Indicators (FSIs) – Concepts and Defini-
tions.” http://fsi.imf.org/misc/FSI%20Concepts%20and%20Definitions.pdf.

Instant Forex Trading (2013): “Euro currency index.”
https://www.instaforex.com/forex_indicators/euro.php.

Jankowitsch, R., H. Mösenbacher, & S. Pichler (2006): “Measuring the
Liquidity Impact on EMU Government Bond Prices.” The European Journal
of Finance 12.2:153-169 .

Lütkepohl, H. (2007): New Introduction to Multiple Time Series Analysis.
Springer.

Maltriz, D. (2012): “Determinants of Sovereign Yield Spreads in the Euro-
zone: A Bayesian Approach.” Journal of International Money and Finance
31:657-672 .

Min, H. G. (1998): “Determinants of Emerging Market Bond Spread: Do
economic fundamentals matter?” Vol. 1899. World Bank Publications .

Mody, A. (2009): “From Bear Stearns to Anglo Irish: How Eurozone Sovereign
Spreads Related to Financial Sector Vulnerability.” IMF Working Paper
WP/09/108 .

Mody, A. & D. Sandri (2011): “The Eurozone Crisis: How Banks and
Sovereigns Came to be Joined at the Hip.” IMF Working Paper WP/11/269
.



Bibliography 60

MoF (2013): “The Czech Republic Funding and Debt Management Strategy
for 2014.” Ministry of Finance of the Czech Republic .

Pesaran, M. H., Y. Shin, & R. P. Smith (1999): “Pooled Mean Group
Estimation of Dynamic Heterogeneous Panels.” Journal of the American
Statistical Association 94.446:pp.621-634 .

Reinhart, C. M. & K. S. Rogoff (2011): “From Financial Crash to Debt
Crisis.” American Economic Review 101:pp.1676-1706 .

Sgherri, S. & E. Zoli (2009): “Euro Area Sovereign Risk During the Crisis.”
IMF Working Paper WP/09/222 .

Zoli, E. (2013): “Italian Sovereign Spreads: Their Determinants and Pass-
through to Bank Funding Costs and Lending Conditions.” IMF Working
Paper WP/13/84 .



Appendix A

Government bond yields and
spreads

Figure A.1: Evolution of the Czech government bond yield compared
to DE and US (in percentage points)

Source: Data are from Bloomberg.



A. Government bond yields and spreads II

Figure A.2: Evolution of the Czech government bond yield spread for
the period 01/01/2004–30/09/2013 (in percentage points)

Source: Data are from Bloomberg.



A. Government bond yields and spreads III

Figure A.3: Government bond yield spreads (in percentage points)

Source: Yields are from Bloomberg, spread is calculated relative to the German Bund.



A. Government bond yields and spreads IV

Figure A.4: Total gross debt of general government-to-GDP ratios
(comparison)

Source: Eurostat, OECD, Datastream.



Appendix B

Source of data

Table B.1: Frequency and source of the government bond yield deter-
minants

Variable Frequency Source

bond yield daily Bloomberg
reserves Q Datastream

M Datastream (all)
inflation Q OECD, only ZA from inflation.eu

M OECD (only AU,NZ interpolated)
terms of trade Q Datastream, only AT,PT,SK from Eurostat

M Datastream (CA,CH,JP,US), Eurostat, (interpolated: AU,NO,NZ,ZA)
current account Q Datastream (AU,CA,CH,JP,NO,NZ,US,ZA), Eurostat
balance M Datastream (BE,CZ,ES,FI,FR,IT,JP,PT,SK), the rest interpolated
debt Q Datastream (CH,NZ,ZA), OECD (AU,CA,JP,US), Eurostat

M interpolated
GDP growth Q OECD (all)

M interpolated
GDP Q OECD (CA,JP,SK,US), Datastream

M interpolated
corporate bond weekly FRED
spread
VIX weekly FRED
EURx daily FRED, own computation
capital ratio Q IMF (AT,AU,CA,CZ,DK,FI,HU,IE,NL,NO,PL,PT,SE,SK,US)

semiannual IMF (BE,ES,FR,GB,IT,JP)
return of assets Q IMF (AT,AU,CA,CZ,DK,FI,HU,NL,NO,PL,PT,SE,SK,US)

semiannual IMF (BE,ES,FR,GB,IT,JP)
NPL to total Q IMF (AT,AU,CA,CZ,DK,HU,IE,NL,NO,PL,PT,SE,SK,US)
gross loans semiannual IMF (BE,ES,FR,GB,IT,JP)
portion of foreign Q IMF
holders



Appendix C

Impulse response functions



C. Impulse response functions VII

Figure C.1: Impulse response functions for CZ, HU, PL, SK and ES,
IE, IT, PT.

Source: Own computation.



Appendix D

Test on significance in Stata

Table D.1: Test for residual autocorrelation in three-dimensional
VAR (CZ)

Lagrange-multiplier test
lag chi2 df Prob>chi2
1 2.6325 9 0.97711
2 3.3439 9 0.94909
3 9.2727 9 0.41249
4 2.7797 9 0.97239

H0: no autocorrelation at lag order
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