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Abstrakt 

 

Tato práce se zabývá dynamikou spreadů vládních dluhopisů v zemích v a mimo 

Evropskou měnovou unii, využitím nelineárních metod Markov-switching a Dynamic 

model averaging. Využitím hlavně pomocí metody Dynamic model averaging jsme 

našli přítomnost třech režimů, kterými jsou spready ovlivňované – předkrizový, krize 

a po ohlášení OMTs. Tyto tři režimy jsou charakteristické pro všechny země Evropské 

měnové unie (vyjma Slovenska) a Českou Republiku. Ohlášení OMTs zpustilo třetí 

režim i v Slovenské Republice. Třetí režim není přítomný v Polsku, Maďarsku a Velké 

Británii. Ve Velké Británii byl dokonce identifikován jenom jeden režim a je výhradně 

dominovaný tržními očekáváními. Mezi všemi zkoumanými zeměmi je přítomná 

heterogenita determinantů vládních dluhopisů. Navíc, byla zjištěna závislost spreadů 

na tržních a ekonomických očekáváních.  
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Abstract 

 

This thesis investigates dynamics of determinants of government bond spreads in 

EMU and non-EMU countries, using non-linear Markov-switching method and 

Dynamic model averaging. Utilizing Dynamic model averaging we found evidence of 

three bond pricing regimes – pre-crisis, crisis and post Outright monetary transaction 

announcements. These three regimes are characteristic for all EMU countries (except 

Slovak Republic) and the Czech Republic. Announcements of OMTs triggered post 

OMTs announcement regime also in Slovak republic. Third regime is not present in 

Poland, Hungary and the United Kingdom. Moreover, the United Kingdom has only 

one regime and is dominated solely by market expectations. We found that there is 

heterogeneity in the determinants of bond spreads across all examined countries. 

Moreover we found that spreads are related to market and economic sentiments. 

JEL Classification F12, F21, F23, H25, H71, H87  

Keywords Bond yields, bond spreads, DMA 

  

Author’s e-mail  jan.popadak@fsv.cuni.cz  

Supervisor’s e-mail jaromir.baxa@fsv.cuni.cz  

 

 

 

  

http://ideas.repec.org/j/F12.html
http://ideas.repec.org/j/F12.html


 

 

Contents 

 
List of Tables ................................................................................................................... viii 

List of figures ..................................................................................................................... ix 

Master's Thesis Proposal ..................................................................................................... x 

Introduction ........................................................................................................................ xi 

1 Literature review .............................................................................................................. 4 

1.1 Determinants of government bond spreads in the EMU countries ........................... 4 

1.2 Determinants of government bond spreads in the non-EMU countries .................... 9 

2 Methodology .................................................................................................................. 12 

2.1 Markov switching model ......................................................................................... 12 

2.2 Dynamic model averaging ...................................................................................... 13 

3 Data description ............................................................................................................. 21 

3.1 Explanatory Variables ............................................................................................. 21 

3.1.1 Monthly stock returns ...................................................................................... 22 

3.1.2 Volatility of stock returns ................................................................................ 22 

3.1.3 Inflation ............................................................................................................ 22 

3.1.4 Real effective exchange rate ............................................................................ 23 

3.1.5 Economic sentiment indicator.......................................................................... 23 

3.1.6 Government debt and deficit ............................................................................ 23 

3.1.7 Current account balance ................................................................................... 23 

3.1.8 Policy uncertainty index .................................................................................. 24 

3.1.9 Domestic Yield Curve...................................................................................... 24 

4 Results of empirical analysis ......................................................................................... 25 

4.1 Markov switching model ......................................................................................... 25 

4.2 Dynamic Model Averaging ..................................................................................... 37 

4.2.1 Periphery EMU countries ................................................................................ 39 

4.2.2 France ............................................................................................................... 54 

4.2.3 The United Kingdom ....................................................................................... 57 



 

 

4.2.4 Central European Countries ............................................................................. 60 

4.3 Summary of results.................................................................................................. 70 

Conclusion ........................................................................................................................ 72 

References ......................................................................................................................... 74 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 
 

 
 

 



viii 

 

List of Tables 
 

Table 1: P-values of the Andrews-Ploberger test specification ........................................ 26 

Table 2: Summary of explanatory variables ..................................................................... 29 

Table 3: High volatility regime estimates ......................................................................... 30 

Table 4: Low volatility regimes estimates ........................................................................ 31 

Table 5: High volatility regimes estimates ....................................................................... 32 

Table 6: Low volatility regimes estimates ........................................................................ 33 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



ix 

 

List of figures 
 

Figure 1: Results of regime Classification process ........................................................... 27 

Figure 2: Predicted model size .......................................................................................... 38 

Figure 3: DMA for Portugal. ............................................................................................ 45 

Figure 4: DMA for Spain .................................................................................................. 48 

Figure 5: DMA for Italy .................................................................................................... 50 

Figure 6: DMA for Greece ................................................................................................ 52 

Figure 7: DMA for France. ............................................................................................... 55 

Figure 8: DMA for the United Kingdom. ......................................................................... 58 

Figure 9: DMA for Slovakia. ............................................................................................ 62 

Figure 10: DMA for  the Czech Republic. ........................................................................ 64 

Figure 11: DMA for Poland. ............................................................................................. 66 

Figure 12: DMA for Hungary. .......................................................................................... 68 

 

 

 

 

 

 

 

 

 

 

 

 

 



x 

 

Master's Thesis Proposal 
 

Author:  Bc. Ján Popaďák 
Supervisor: PhDr. Jaromír Baxa, Ph.D. 
Defense Planned: June 2018 

 

Proposed Topic: 

Bond spreads: When do fundamentals matter? 

Motivation: 

Following the 2008-2009 global financial crisis, and markedly after situation 

following bankruptcy of the Lehman Brothers in autumn 2008, fiscal imbalances 

increased in almost all European countries and most notably in the euro area, 

reflecting the high fiscal cost of the measures received to contain the fallout from the 

credit crisis. These issues were followed by a sovereign debt crisis, which began in 

Greece in autumn 2009 and continuously absorbed the entire European Economic and 

European Monetary Union. What is the portion of fundamentals, market behavior and 

euro area determinants in explaining the borrowing costs of European countries that 

they have to deal with at the capital markets? Do the factors develop over time? Does 

their significance tend to alternate in times of intensified market volatility? Such an 

inquiry into investor’s perception of countries creditworthiness becomes very 

substantial at the current time. Therefore I will examine bond spreads and their 

determinants in time period before and after financial crisis in countries which are the 

part of European monetary union and which are not. 

 

There have been conducted lots of analysis related to this topic. I will mention a few 

here. Bernoth et al. (2004) confirm that the bond yield spreads react significantly to 

determinants of government indebtedness. Bernoth/Wolff (2006) discovered that risk 

premia contained in government bond spreads grow in both the formal fiscal position 

and anticipated “innovative” part of fiscal policy. However, none of these papers 

have adopted relatively young method - Dynamic model averaging. This method is 

used in Koop and Korobilis (2011) for forecasting inflation and it is also the paper, 

from which I will heavily draw the theory for Dynamic model averaging method. 

Hypotheses: 

Hypothesis #1: Are Markov switching models useful for description of nonlinearities 

in the dynamics of sovereign bond prices? 

Hypothesis #2: Are the determinants selected by the DMA different across regimes 

identified using MS model? 

Hypothesis #3: There is heterogeneity of determinants across EMU and non-EMU 

coountries. 

Methodology: 

I will investigate the determinants of European government bond spreads against 

https://is.cuni.cz/studium/dipl_st/redir.php?id=70d959b4391ece65d3bcfbc2d2b5cc51&tid=1&redir=detail&did=191868


xi 

 

Germany, the variable commonly used by investors and policy makers to assess the 

spread and magnitude of the European debt crisis. I will use two econometric 

methods, whose results will be compared in final assessment – Markov switching 

model and Dynamic model averaging.  

 

The motivation for examining the influence of determinants in a Markov switching 

environment comes from empirical evidences indicating that switching regimes are 

better descriptions of these variables than single regime models (Evans, 2003). While 

Markov switching models allow for parameters to change over time, Dynamic model 

averaging allows for model change. We can include a huge number of explanatory 

variables, but DMA is able to attach weight to more parsimonious models. It is able 

to pick up cases where particular explanatory variables are substantial in certain 

periods, but not in others (Koop and Korobilis, 2011). 

 

I will use data mainly from Eurostat, World bank and IMF databases. 

Expected Contribution: 

I think that most added value to the academic literature of this master’s thesis lies in, 

that dynamic model averaging method is very young and have not been markedly 

used. So it is interesting to see, how will this method perform in another empirical 

analysis. 

Outline: 

1. Motivation and literature review: I will briefly describe motivation for the topic 

and mention previous studies conducted on the topic and methodology used. 

2. Data: I will describe the dataset 

3. Methods: I will explain Markov switching and Dynamic moving averages 

methods. 

4. Results: I will discuss results of regression and provide sensitivity 

analysis/robustness check. 

5. Concluding remarks: I will summarize my findings and their implications for 

policy, future research etc. 

Core Bibliography: 

De Grauwe, Paul and Ji, Yuemei, Disappearing Government Bond Spreads in the 

Eurozone – Back to Normal? (May 14, 2014). CEPS Working Document No. 396. 

Available at SSRN: https://ssrn.com/abstract=2438610 

 

Evans, M.D.D., 2003Ñ Real Risk, Inflation Risk, and the Term Structure, Economic 

Journal 113, 345-389. 

 

K. Bernoth, J. Von Hagen and L. Schuknecht Sovereign risk premia in the European 

government bond market 2004ECB Working paper, No 369, June 

 

K. Bernoth and G.B. Wolff Fool the markets? Creative accounting, fiscal 

transparency and sovereign risk premia 2006Deutsche Bundesbank, Discussion Paper 

No 19 

https://ssrn.com/abstract=2438610


xii 

 

 

Koop, G. and Korobilis, D. (2011), FORECASTING INFLATION USING 

DYNAMIC MODEL AVERAGING. International Economic Review, 53: 867–886 

 

Koop, Gary and Onorante, Luca, Estimating Phillips Curves in Turbulent Times 

Using the ECB's Survey of Professional Forecasters (February 1, 2012). ECB 

Working Paper No. 1422. Available at SSRN: https://ssrn.com/abstract=1997080 

 

 

 

Popaďák Ján 

  

 

Phdr. Jaromír Baxa 

Ph.D. 

Author  Supervisor 

 

 

 

  

https://ssrn.com/abstract=1997080


 

1 

 

Introduction 

Government bond yield spreads have an important role in macroeconomy. Appropriate 

understanding of their determinants is of the highest importance for issuers of 

government bonds and also for their investors. Their level and stability is critical for 

maintenance and the long-run sustainability of public debt. Banks, central banks, 

insurance companies, municipalities – they all preserve a lot of public debt. 

Government bond yields influence also investments of private sphere. Besides 

influence of interest rates of loans, they are used to recognize profitability of 

investment projects. For some countries bond markets exert noticeable influence over 

fiscal policy. Recent sovereign debt crisis showed that this may burden indeed the 

most developed ones. 

Divergence of government bond yields in the European Monetary Union (EMU) and 

also in the other countries of European Union, which was triggered after the start of 

sovereign debt crisis. This incident influenced elevated research on the question what 

is behind the sharp increase in the bond spreads, what role plays the deterioration of 

underlying fundamentals and what strength have economic sentiments and 

expectations in explaining their movements. As follows, existential fear of the collapse 

of EMU, initiated Outright Monetary Transactions programme by European Central 

Bank. Since its announcement in 2012, government bond spreads started a strong 

decline. This further advanced the research on the role of determinants of bond 

spreads and the effectiveness of monetary policy, although the focus of most of the 

research is aimed towards the countries of European Monetary Union. 

Until the beginning of financial crisis, literature was heavily utilizing linear panel 

models to capture the relationship between spreads and fundaments. In this strand of 

literature researchers found significant link between spreads and fundamentals and 

identified financial market of European Monetary union as highly integrated. 

However, the onset of financial crisis evoked emergence of literature applying non-
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linear time-varying parameter or regime switching models, to mimic the nonlinear 

dynamics of government bond spreads more precisely. Georgoutsos and Migiakis 

(2012) and G. Dufrénot et al. (2014) assess the movements of government bond 

spreads as processes specified across different level of volatility and subject to 

changes in economic conditions and market sentiments in EMU countries. They find 

important role of forward-looking variables in explaining the movements of bond 

spreads. From the recent literature Afonso et al. (2017) apply time-varying parameter 

panel specification and identifies third bond-pricing regime following the 

announcement of Outright Monetary Transactions programme in august 2012 and they 

find that unconventional monetary policy has significant impact on pricing of 

sovereign risk. 

The objective of this thesis is to analyze the dynamics of government bond spreads 

determinants through the three stages of bond spreads development – pre-crisis, crisis 

and post Outright monetary transactions announcement. This thesis contributes to the 

ongoing research by focusing on determinants of both EMU and non-EMU countries 

and their comparison. Moreover, it contributes to the ongoing discussion on 

effectiveness of announcement of Outright monetary transactions and furthermore 

extends with assessment of possible effects on countries outside the Eurozone. To 

answer these questions, we implement non-linear methods, namely Markov-switching 

and Dynamic model averaging. Interestingly, despite having advantage over linear and 

panel methods in that it allows to easily distinguish the underlying regimes of bond 

spreads, these methods have not been heavily utilized in ongoing research. They can 

also contribute to easier assessment of differences in development of spreads in EMU 

and non-EMU countries. Furthermore, besides fundamentals reflecting the economic 

conditions of the countries, we explicitly implement indices for uncertainties and 

economic sentiments, with economic sentiments being indices for expectation of short 

to medium term future economic development. 

Our results suggest that there is no uniform pattern in the determinants of government 

bond spreads. There is heterogeneity in the determinants of bond spreads across both, 

EMU and non-EMU countries. Furthermore, our findings indicate that membership in 
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EMU itself has greater impact on bond yields than underlying economic fundamentals. 

Thus, policy makers should aim on country-specific problems and focus on economic 

and political stability inside EMU. 

The remainder of this thesis is structured as follows: Chapter 1 reviews the most 

relevant research and literature on determinants of government bond spreads in EMU 

and non-EMU countries. Chapter 2 explains Markov-switching and Dynamic model 

averaging methods and application on our research question. Chapter 3 describes 

variables used to model evolution of bond spreads determinants. In Chapter 4 are 

described results of our empirical analysis and thesis concludes with summary of main 

findings and policy implications. 
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 1 Literature review 

 

Function of government bond markets as benchmarks for determining the cost of 

capital, play the main role in identifying them as interesting attraction  

among academia, various market participants and policy makers. Moreover, bond  

yields have supplied investors with materials useful in decoding the different  

risk components (see for example Cochrane and Piazzesi, 2005). Latterly, raising 

interest in government bonds of European countries has occurred, at first for purpose  

of assessing the effect of the European monetary union (EMU) on the financial 

integration process and, lately, as a result of sovereign debt crisis. 

Indeed, there has been an expansion of empirical researches that intend  

to analyze the fundaments of the government bond spreads in both, EMU 

and non-EMU countries. Nevertheless to make a conclusion of this broad research is 

challenging, because studies tend to implement different methodologies  

(model definition and estimation methods), different length of the time series  

and structure of variables used for measurement of the various risk elements (Pepino, 

2012). 

1.1 Determinants of government bond spreads 

in the EMU countries 

Initially, studies focused on the impact of EMU on the financial integration process in 

European bond markets. Baele et al. (2004) examine the state and progress of financial 

markets integration in the euro area. Considering five markets, namely the money, 

credit, equity, corporate and government bond markets, they use government bond 

spreads to evaluate the level of financial integration in the euro-area bond markets. 

They conclude from their analysis high level of financial integration. Codogno et al. 

(2003) provide evidence for the time period between 1995 and 2002 that the 

movements in bond spreads of euro area countries can be significantly explained by 
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variations in international risk factors, proxied by corporate bond spreads relative to 

US Treasury yields and US swap. The international factors influence yield 

differentials because they affect the perceived default risk. The risk of default 

indicates market perceptions of fiscal vulnerability and therefore enforcing more 

responsible domestic fiscal policy. Nonetheless, they assess that liquidity factors play 

only a smaller role. Based on their analysis they  

also conclude strengthened financial integration on EMU government bond  

markets as the bond spreads have been progressively correlated across EMU countries. 

Therein, literature focused on the period before start of the global 

financial crisis in 2007-2009 is consistent in result that euro-area bond markets  

are highly integrated (see among others, Pagano and von Thaddem, 2004;  

Abad et al., 2009). 

By putting attention on assessment of the degree to which bond yields co-move, hence 

displaying systemic or idiosyncratic risks, couple of studies have been provided 

investigating the government bond spreads determinants (see for example,  

Geyer et al., 2004; Bernoth et al., 2004; Pozzi and Wolswijk, 2008); the larger is the 

effect of the systemic factor, the more limited the home-bias effects become.  

In this kind of literature the problem of spread determinants is addressed  

primarily by focusing on linear in-sample specifications ever since the EMU.  

In this manner, these studies coincide in conclusion that government bond  

yields in euro-area countries share extensive systemic factor, which imply,  

as mentioned earlier, a high level of financial integration. Nevertheless,  

more recent literature, mainly from period short after the beginning  

of financial crisis, have shown that the systemic risk factor has become  

less important in explanation of the variations in the bond spreads  

than idiosyncratic factor (see for example, Dötz and Fischer, 2010; Favero and 

Missale, 2011).  

The intensity of credit and liquidity risk aspects on government bond spreads 

is repeatedly compared alongside with the previous research topics. For example 

previously mentioned research of Codogno et al. (2003), assess the liquidity  
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component as less important as the credit risk component of the government bond 

spreads.  

For clarification of the impacts of the major domestic risk components on bond  

spreads, Gomez-Puig (2006) conduct panel-estimation including the 1996-2001  

time-period. They involve all EMU countries besides Greece and Luxemburg.  

Their main contribution to the literature lies in using a specific data set,  

consisting of daily data, to measure important liquidity risk component,  

namely the bid-ask spread. The results show that principal determinant of bond 

spreads is the liquidity, rather than credit risk component. After the beginning  

of the EMU government bond spreads have risen relative to German  

bond spreads, which could be explained by shift in market perceptions  

of liquidity, determined by market size (Gomez-Puig, 2006). 

Bernoth et al., (2004) use data set with Deutsch Mark/euro and US dollar denominated 

government bonds. By using this data set they avoided the currency risk 

complications. Also by using data set from Pre-EMU and post-EMU period it is 

feasible to estimate the impact of the EMU on bond pricing.  

Bernoth et al., (2004) empirically examined their portfolio model of bond yield 

spreads with a reduced-form equation to analyze movements in government bond 

spreads. They conclude that government bond spreads of euro-area countries include 

both liquidity and default risk premia and default risk premia are shown to be 

associated with fiscal soundness. After the beginning of Monetary union, because of 

markets perception a proxy of fiscal conditions have shifted to a debt-services 

ratio and liquidity premium appears to have lost its significance. In 2012 Bernoth et al. 

conducted the analysis with the same methodology for a period extended 

up until 2009. In this extension fiscal imbalances are stressed as a main driver 

of bond spreads and liquidity premium is firmly excluded to have some effect on bond 

yield differentials. 

Favero and Missale (2011) also support the above findings regarding the fiscal 

conditions. Moreover, as a consequence of the adverse market sentiment  
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conditions after the start of the global financial crisis, evidence shows that credit  

risk component as a determinant of government bond spreads has grown  

in significance. Researchers in the studies that use data which go further  

than 2007-2009 financial crisis period come to similar conclusions (see for example, 

Palladini and Portes, 2011; Dötz and Fischer, 2010). Evidence from the comparison of 

these conclusions with the conclusions of the studies that use data sets until the 

beginning of the financial crisis period, favor employment of non-linear 

methodologies, to capture changes in the specification of the spreads in-sample 

(Georgoutsos and Migiakis, 2012).  This was suggested already earlier  

in Gomez-Puig (2006). Evans (2003) also claims that empirical evidences  

indicate that switching regimes are better descriptions of these variables than single 

regime models. 

Georgoutsos and Migiakis (2012) apply Markov-switching model for analysis of 

government bond spreads. Specifically under the assumption of spreads being 

appropriate proxies for the level of bond market integration and if we take into  

consideration time-varying features of this process, then this constitutes  

a motivation to examine transitions in the structure of the deterministic process of 

government bond yields and spreads. Moreover, time-variation in the level  

of the process of financial integration can be managed as a regime-switching  

process, possibly uncovering transitions in the underlying determinants of the bond 

spreads which permanent shifts arise, from the moment that global financial  

crisis started, from larger investors’ risk aversion and monetary integration 

(Georgoutsos and Migiakis, 2012).  

In this regard, they assess the variations in euro are government bond spreads  

against the German Bund as processes designated across different degrees  

of volatility and subject to variations in economic conditions and asset prices.  

They grouped determinants into domestic and euro-are aggregates, what allowed them 

to obtain results on their relative explanatory power for variations in spreads and also 

compare them both across different volatility regimes and euro-area countries. They 

find that the deterministic process of the government bond spreads 
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is influenced by volatility and that identic determinants affect spreads across countries 

variously. Furthermore, they show that economic sentiment indices are the most 

substantial determinants and their importance remains, significantly, even when 

controlling for fiscal variables as debt-to-GDP ratio. 

Economic Sentiment Indicator (ESI) marked as the most important determinants  

of bond spreads in euro-area countries by Georgoutsos and Migiakis (2012), may  

be viewed, according to Rua (2002), also an economic agents’ perceptions  

of forthcoming economic activity. There have been written several more papers  

in the empirical literature indicating that rather than observed, expected variables  

of budgetary and current account balances matter for investment decisions  

in bond markets. Some of these papers are specifically dealing with euro-area 

countries.   

Heppke-Falk and Hufner (2004) with data from the Consensus Forecasts estimate  

in France and Germany a significant relationship between expected deficits and 

interest rate swap spreads. Haugh et al. (2009) by approximation of future fiscal 

deficits by subsequent Economic Outlook forecasts and a fiscal-track-record indicator 

come to conclusion that higher expected future fiscal deficits were significant in 

explanation of variations in bond spreads. Attinasi et al. (2009),  

Barrios et al. (2009), also suggest that expected macroeconomic fundamentals had 

large influence on bond spreads during the 2008 financial crisis period.  

Sgherri and Zoli (2009) find that the euro area government bond markets have been 

more interested in the effects of financial unsoundness on debt dynamics.  

G. Dufrénot, O. Damette, and P. Froute (2014) find that forecasts in macroeconomic 

fundamentals can affect the movements found in the government bond spreads  

in a nonlinear structure. Specifically, current global conditions in the financial markets 

(market liquidity, willingness to risk etc.) have strong effect on the impact  

of the anticipated macroeconomic variables (they implement three variables,  

namely expected current account balance, expected fiscal balance and  

expected inflation) on the bond spreads. They use time-varying probability Markov-

switching model, for the estimation of non-linear bond spreads model.  
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De Grauwe, Paul & Ji and Yuemei (2014) presented a study on government bond 

spreads of the EMU countries, trying to tackle a strong decline in bond spreads after 

the announcement of the Outright Monteray Transactions (OMTs) programme by 

European Central Bank. They find that most of this decline is not due to improvement 

of underlying fundamentals but due to trigger of positive market sentiments. The most 

recent study by Afonso et al. (2017) extends the exercised time period and identifies 

the third regime of bond spreads determinants, next to the pre-crisis and crisis regimes. 

The third regime is launched with the announcements of OMTs and is characterized 

by a weakened link between spreads and fundamentals, but with higher spreads levels’ 

than during the pre-crisis period.  

1.2 Determinants of government bond spreads 

in the non-EMU countries 

One of the first analysis dedicated to bond markets of non-EMU countries, which  

in vast majority consist of Central and Eastern European countries (CEE) was 

performed by International Monetary Fund (2003). In their Global Financial Stability 

Report they focused on bond yield spreads of the Poland, Slovakia and  the Czech 

Republic. Until that period, decline of bond spreads was associated especially to 

convergence expectations. The IMF found that movements in spreads had been 

affected primarily by domestic macroeconomic development, with inflation 

considered as the key factor. Such evidence is not surprising, since the period of 1990s 

was characterized by high and unpredictable inflation, what resulted in prevailing 

uncertainty about inflation in following decade. 

Ebner (2009) studied bond spreads of 12 CEE countries from period 1999 to 2007. To 

get rid of the effects of the currency risk, author focuses on Euro-denominated bonds 

only and identifies the four main determinants influencing the bond  

spreads. Namely, ECB reference rate, market liquidity (computed as the  

difference between EURIBOR and ECB reference rate), international risk  

(proxied by volatily of DAX) and inflation in the Eurozone. Except the exchange rate, 

significance of other macroeconomic variables on bond spreads was not convincing. 
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Above findings are similar to those of International Monetary Fund (2003) and Nickel 

et al. (2009). Nickel et al. (2009) in contrast with International Monetary Fund (2003) 

and Ebner (2009) examined effect of projected and not observed macroeconomic 

variables, which again shows the significance of market expectations. They studied 

bond spreads in the Czech Republic, Poland, Russia, Hungary and Turkey and found 

the heterogeneity in the group as the estimates varied markedly across countries. 

Furthermore, deficit of public finances influence significantly only spreads of Hungary 

and Russia. 

Another investigation of Euro-denominated bonds from 2001-2008 was done by 

Alexopoulou et al. (2009).  They come to similar conclusions as above literature, but 

in addition using the pooled mean group estimator they separate the long-run and 

short-run effects. Furthermore, they incorporate among their explanatory variables an 

Emerging markets Financial Stress Index. They find that in the short-run, financial 

soundness and liquidity conditions have significant impact on bond spreads, while in 

the long-run, macroeconomic variables (i.e. debt to GDP ratio) affects bond spreads 

much more strongly than their short-run determinants. Hence, this is the reason why 

for example Ebner (2009) did not find any influence from macroeconomic 

determinants on spreads, because he focused on short-run effects. 

During the earlier period of financial crisis, effect of macroeconomic determinants on 

spreads became more influential. Cihak and Mitra (2009) analyzed bond  

spreads in CEE countries and found more weight on macroeconomic determinants 

 is put in the crisis period than in the pre-crisis period. However, instead of studying  

the impact of single macroeconomic determinants, they use a composite index of 

economic risk. 

In the more recent years, the topic of government bond spreads in the CEE  

region was studied by Csonto and Ivaschenko (2013). Their contribution  

to the literature lies in, that in the addition to the decomposition of fitted changes  

in bond spreads into the contribution of global factors and macroeconomic 

determinants as generally known in the literature, they also breakdown changes  

in the residual into adjustment of initial deflection and increase/decrease  
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in deflection in the given period. They come to conclusion that global factors and 

country-specific fundamentals are both important determinants of government bond 

spreads denominated in foreign currency, with global factors being much more 

important in the short-run. They also find that besides the impact of fundamentals  

on the level of spreads, fundamentals also affect the sensitivity of the country’s risk 

premium to global factors. So stronger the economic and financial indicators, lower 

the sensitivity to transitions in global risk aversion. 

The most recent research on the bond spreads of the countries in CEE region was 

conducted by Gyódi (2017). Through panel data methods, they estimate determinants 

of bond spreads in three periods: before the crisis, during the global financial crisis, 

and during the European debt crisis. Through the specification of the econometric 

model, where they include interactions between the crisis dummies and explanatory 

variables, they allowed the coefficients of determinants to change in specific period. 

Their empirical findings also confirm the results of the above mentioned literature. 

Bond spreads are significantly determined by macroeconomic fundamentals and they 

raise their importance in crisis period. Additionally, their analysis also suggest 

significant relationship between government credit ratings, exchange rate and 

government bond spreads.  
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2 Methodology 

 

2.1 Markov switching model 
 

At the beginning, before laying out the model examined in this thesis, recall the 

particular property of the bond yields – persistence. With regard to this property, 

Georgoutsos and Migiakis (2009) have claimed that the properties of government 

bond spreads are also determined by the level of integration among the underlying 

markets, which is on the other side dependent on the current market volatility. In this 

manner, more proper method for capturing bond spreads is by using autoregressive 

processes that involve Markov switching effects. The following equation demonstrates 

the MS-AR(1) specification for the government bond spreads: 

(𝑦𝑥
10 − 𝑦𝐺𝑅

10 )𝑡 = 𝛼0(𝑠) + 𝛼1(𝑠)(𝑦𝑥
10 − 𝑦𝐺𝑅

10 )𝑡−1 + 𝑢𝑡 ,                  (1) 

Where 𝑢𝑡  ~ 𝑁(0, 𝜎(𝑠𝑡)). In above equation, the term (𝑦𝑥
10 − 𝑦𝐺𝑅

10 )𝑡  denotes the bond 

spreads as difference between the yields of country 𝑥 and equivalent German Bund 

yields, in time period 𝑡, 𝑢 is error term of the AR(1) specification and by 𝑠 is denoted 

unobserved state dependent variable defined as a Markov ergodic 

probabilisticadistribution. Markov ergodic probabilistic distribution allows estimation 

of the parameters 𝛼 and the volatility of stochastic part, individually across different 

regimes. This important property allows us to recognize the time periods under which 

the effects of parameters of the specified model differ. This means, that we are able to 

identify period with different level of persistence of bond spreads and different effect 

of our determinants. Additionally, because the stochastic part of the specification is 

also under the regime-switching effects, our sample can be categorized with regards to 

condition of different level of volatility. 

For estimation of transition probabilities in transition matrix P, that is, probability that 

event “s belongs to regime j when in previous period belonged to regime i”, in terms 
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of equations 𝑝𝑖𝑗 = 𝑃𝑟𝑜𝑏[𝑠𝑡+1 = 𝑗|𝑠𝑡 = 𝑖], ∑ 𝑝𝑖𝑗 = 1𝐾
𝑗=1  ∀𝑖, 𝑗, is used Maximum 

Likelihood Expectations Maximization algorithm of Hamilton (1989). This means that 

only information about regime classification of the last preceding observation is 

important for the estimation of probability of the regime to which the observation 

belongs. The principal criterion for the classification of all observations into the one of 

the two regimes is presented by smoothed probabilities. When for some observation 

𝑝𝑖𝑗 > 0.5 , then this observation is allocated to the corresponding regime. As we do 

not know which observations belongs to which regime in advance, the process of 

regime classification based on properties of our sample gives considerable 

informational benefit to our analysis. 

In this regard, into the specification in (1) are incorporated variables that may contain 

some information for the determinants of the spreads. So equation (1) then becomes: 

(𝑦𝑥
10 − 𝑦𝐺𝑅

10 )𝑡 = 𝛼0(𝑠) + 𝛼1(𝑠)(𝑦𝑥
10 − 𝑦𝐺𝑅

10 )𝑡−1 +  ∑ 𝛼𝑗(𝑠)𝑋𝑗𝑡
𝑚
𝑗=2 + 𝑒𝑡    (2) 

Where 𝑒𝑡 ~ 𝑁(0, 𝜎(𝑠𝑡)).  This way it is possible for explanatory variables, based on 

the regime by which they are determined, to have a different impact on government 

bond spreads. Description of selected variables and reason for selection of respective 

variables is provided in next section. 

2.2 Dynamic model averaging1 
 

DMA was developed in Raftery, Karny and Ettler (2010) and as the earliest used by 

Koop and Korobilis (2011). Reader is referred to these papers for full details. To 

closely specify the logic behind the DMA, suppose that we have a set of M models 

which are defined by having distinct subsets of zt as predictors. If we denote these as 

z(m) for m = 1,.., M, then we can write these set of models as: 

𝑦𝑡 = 𝑧𝑡
(𝑚)

𝜃𝑡
(𝑚)

+ 𝜀𝑡
(𝑚)

     (1) 

𝜃𝑡+1
(𝑚)

= 𝜃𝑡
(𝑚)

+ 𝜔𝑡
(𝑚)

 , 

                                                 
1 This section closely follows Koop and Korobilis (2011) 
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𝜀𝑡
(𝑚)

 is 𝑁 (0, 𝐻𝑡
(𝑚)

) and 𝜔𝑡
(𝑚)

 is 𝑁 (0, 𝑄𝑡
(𝑚)

). Let 𝑆𝑡 ∈  {1, … , 𝑀} denote which model 

is employed at every time period, 𝛩𝑡 = (𝜃𝑡
(1)′, … , 𝜃𝑡

(𝑀)′)
′

 and 𝑦𝑡 = (𝑦1, … , 𝑦𝑡)′.  Term 

“dynamic model averaging” stems from the fact that at each time period we are letting 

hold different models and will carry out model averaging. More specifically, 

forecasting variables from time period t and utilizing information through time period 

𝑡 − 1, DMA calculates Pr(𝑆𝑡 =  𝑚|𝑦𝑡−1) for 𝑚 = 1, … , 𝑀 and utilizing these 

probabilities for averaging forecasts through models. Dynamic model selection then 

use for forecast particular model which has the highest value  

for Pr(𝑆𝑡 =  𝑚|𝑦𝑡−1). Addition information for the calculation of Pr(𝑆𝑡 =  𝑚|𝑦𝑡−1) 

are below. 

Models specified such as (1) are very attractive in empirical macroeconomics. These 

specifications allow for the set of predictors and their marginal effects for variable of 

interest, in our case bond spreads, to vary over time. The complications with such 

specifications arise when models contain a lot of parameters (risk of over-

parametrization) and then computational troubles arise when we have large M 

(estimation may take a long time which can be a problem when forecasting in real 

time) (Koop and Korobilis, 2011). 

The specification given in (1) is similar to the switching linear Gaussian state space 

model explained in Fruhwirth-Schnatter (2006). Exact application of this framework 

in the literature is rare, because except that T and M are small, such specifications 

require to run recursive algorithms, for example Kalman filter, 𝑀𝑇times. Typically, 

approximations have been adopted. The most prominent approximation used in 

econometrics was proposed by Kim (1994). Their approximate method need to run 

Kalman filter 𝑀2 times. Kim (1994) considers the effectiveness of computational 

speed to loss of accuracy (which is higher relative to exact methods). However, Koop 

and Korobilis (2011) argue that because their method proceeds conditionally on 

transition matrix P, which is in this case of too high-dimension, will be still 

computationally cumbersome. Therefore they also turn to approximation proposed by 

Raftery et al (2010). Even though they do not define transition matrix such as P 
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explicitly, their approximation is computationally easy and appear to perform properly 

in practice. In the final result, derivations of Raftery et al (2010) lead  

to accurate approximation method, which need to run the Kalman filter only  

M times. 

The approximation method used by Raftery et al (2010) incorporate two parameters, 

𝜆 and 𝛼, which are referred to as forgetting factors and are set to numbers little below 

1. To understand the function of these forgetting factors, consider firstly the standard 

state space model and ignore the uncertainty of the model:  

𝑦𝑡 = 𝑧𝑡𝜃𝑡 + 𝜀𝑡           (2) 

𝜃𝑡 = 𝜃𝑡+1 + 𝜔𝑡. 

To do recursive estimation or forecasting, for given values of 𝐻𝑡 and 𝑄𝑡, normal  

filtering results can be utilized. In other words, Kalman filtering start with the result 

that 

𝜃𝑡−1|𝑦𝑡−1 ~ 𝑁(𝜃𝑡−1, 𝛴𝑡−1|𝑡−1)         (3) 

where specifications for 𝜃𝑡−1 and 𝛴𝑡−1|𝑡−1are standard. Note that these specifications 

are dependent on 𝐻𝑡 and 𝑄𝑡. Kalman filtering then continues with 

𝜃𝑡|𝑦𝑡−1 ~ 𝑁(𝜃𝑡−1, 𝛴𝑡|𝑡−1)         (4) 

where 

𝛴𝑡|𝑡−1 =  𝛴𝑡−1|𝑡−1 +  𝑄𝑡. 

Raftery et al (2010) remark that situation simplifies when this latter formula is 

replaced by: 

𝛴𝑡|𝑡−1 =
1

𝜆
𝛴𝑡−1|𝑡−1     (5) 

where 0 < 𝜆 ≤ 1. This approach has been used in the state space framework long ago 

starting with Fagin (1964) and Jazwinsky (1970). Term “forgetting factor” stems from 
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the fact that in this specification observations i periods ago have weight 𝜆𝑖.  

We can interpret 𝜆 also as an effective window size of  
1

1−𝜆
.  Typically 𝜆 is fixed near 

one, indicating progressive evolution of coefficients. Raftery et al (2010) suggests to 

fix 𝜆 = 0.99. For example for quarterly macroeconomic data, this means that 

observations five years ago obtain nearly 80% of weight of last period’s observation. 

Reasonably stable models with progressive change of coefficients exhibit similar 

values. If we put 𝜆 = 0.95, the observations five years ago obtain roughly only 35% of 

weight of last period observations. This is considerably unstable parameter 

environment where coefficients are changing very quickly. This looks like the range of 

justifiable values for 𝜆 is exhausted and therefore in this study we consider  

𝜆 ∈ (0.95, 0.99). I will work with 𝜆 = 0.99 and majority of empirical estimates will  

be presented for this (even though I will also incorporate sensitivity analysis to this 

preference). 

It is important to notice that, with this specification, there is no longer need for 

estimation or simulation of 𝑄𝑡. Instead, the only requirement in this simplification 

(besides the Kalman filter) is a method for estimation or simulation of 𝐻𝑡 (we will 

discuss this problem below). 

In the one model case, estimation is then accomplished by the updating equation: 

𝜃𝑡|𝑦𝑡 ~ 𝑁(𝜃𝑡 , 𝛴𝑡|𝑡),     (6) 

where 

𝜃𝑡 = 𝜃𝑡−1 + 𝛴𝑡|𝑡−1𝑧𝑡(𝐻𝑡 + 𝑧𝑡𝛴𝑡|𝑡−1𝑧′
𝑡)

−1
(𝑦𝑡 − 𝑧𝑡𝜃𝑡−1)     (7) 

and 

𝛴𝑡|𝑡 = 𝛴𝑡|𝑡−1 − 𝛴𝑡|𝑡−1𝑧𝑡(𝐻𝑡 + 𝑧𝑡𝛴𝑡|𝑡−1𝑧′
𝑡)

−1
𝑧𝑡𝛴𝑡|𝑡−1.     (8) 

Then using the predictive distribution, recursive forecasting is carried out by  

𝑦𝑡|𝑦𝑡−1 ~ 𝑁(𝑧𝑡𝜃𝑡−1, 𝐻𝑡 + 𝑧𝑡𝛴𝑡|𝑡−1𝑧′
𝑡).   (9) 
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It is important to mention that this outcome is all analytical (conditional on 𝐻𝑡) and 

therefore it does not involve Markov chain Monte Carlo algorithm. Thus, 

computational burden is significantly reduced. 

In the specification with many models, (1) utilize the preceding approximation, but 

also an additional one. For explanation, we denote 𝛩𝑡 as the vector of all the 

coefficients and turn to the specification for the multiple model case in (1). More 

specifically, Kalman filtering proceed on (3), (4) and (6) in the case of standard single 

model, while in the multiple model case, these three formulas turn for model m into: 

𝛩𝑡−1|𝐿𝑡−1 = 𝑚, 𝑦𝑡−1 ~ 𝑁(𝜃𝑡−1
(𝑚)

, 𝛴𝑡−1|𝑡−1
(𝑚)

),    (10) 

𝛩𝑡|𝐿𝑡 = 𝑚, 𝑦𝑡−1 ~ 𝑁(𝜃𝑡−1
(𝑚)

, 𝛴𝑡|𝑡−1
(𝑚)

)          (11) 

and 

𝛩𝑡|𝐿𝑡 = 𝑚, 𝑦𝑡 ~ 𝑁(𝜃𝑡
(𝑚)

, 𝛴𝑡|𝑡
(𝑚)

),       (12) 

where 𝛴𝑡|𝑡
(𝑚)

, 𝛴𝑡|𝑡−1
(𝑚)

 and 𝜃𝑡
(𝑚)

 are estimated using Kalman filtering in the standard way 

using (7), (8) and (5). The difference is only with (m) superscripts included to 

designate model m. To clarify the notation in these formulas, note that, conditional on 

𝑆𝑡 = 𝑚, updating equation and prediction will only give information on 𝜃𝑡
(𝑚)

 and not 

on the whole vector 𝛩𝑡. Therefore (10), (11) and (12) is only written in notation for the 

distributions which belong to 𝜃𝑡
(𝑚)

. 

The preceding results are all conditional on 𝑆𝑡 = 𝑚, conditional on a specific model, 

and we require a method for unconditional prediction. Theoretically, a one way how to 

do it would be through specification of a transition matrix, P, like we have mentioned 

above and applying Markov chain Monte Carlo methods to get this unconditional 

predictions. However, this procedure will generally be computationally cumbersome 

and because of consequential proliferation of parameters empirical results will be 

undesirable. Next suggestion by Raftery et al (2010) involves a forgetting factor 𝛼 

which is similar to the forgetting factor 𝜆,  
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while 𝜆 is used with the state equation for the parameters, 𝛼 is used with the state 

equation of the models. The derivation of Kalman filtering concept starts with (3).  

Corresponding outcome, when carrying out DMA, is 

𝑝(𝛩𝑡−1|𝑦𝑡−1) = ∑ 𝑝(𝜃𝑡−1
(𝑚)

|𝑆𝑡−1 = 𝑚, 𝑦𝑡−1)𝑃𝑟(𝑆𝑡−1 = 𝑚|𝑦𝑡−1)𝑀
𝑚=1 , (13) 

where 𝑝(𝜃𝑡−1
(𝑚)

|𝑆𝑡−1 = 𝑚, 𝑦𝑡−1) is given by (10). For simplification of notation,  

let 𝜋𝑡|𝑛,𝑠 = 𝑃𝑟(𝑆𝑡 = 𝑠|𝑦𝑛) and so the right hand side simplifies to 𝜋𝑡−1|𝑡−1,𝑚. 

If we wanted to work with the unrestricted transition matrix P, with elements 𝑝𝑚𝑠 then 

the prediction equation would be: 

𝜋𝑡|𝑡−1,𝑚 = ∑ 𝜋𝑡−1|𝑡−1,𝑠𝑝𝑚𝑠,

𝑆

𝑠=1

 

but rafter et al (2010) use instead  

𝜋𝑡|𝑡−1,𝑚 =
𝜋𝑡−1|𝑡−1,𝑚

𝛼

∑ 𝜋𝑡−1|𝑡−1,𝑠
𝛼𝑆

𝑠=1
,    (14) 

where 0 < 𝛼 ≤ 1 and is set to a value lightly below one. The interpretation of 𝛼 is 

similar to that of 𝜆. Rafter e al (2010) claim that this simplification is empirically 

reasonable and, more specifically, is a class of multiparameter power steady model 

applied commonly in the literature. 

The great benefit from implementation of the forgetting factor 𝛼 in the prediction 

equation is that Markov chain Monte Carlo algorithm for selecting the transitions 

between models and algorithms for simulation over model space is not required 

anymore. In this case, all that has to be done is simple evaluations similar to those of 

the updating equation in the Kalman filter. More specifically, our model updating 

equation is: 

𝜋𝑡|𝑡,𝑚 =
𝜋𝑡|𝑡−1,𝑚𝑝𝑚(𝑦𝑡|𝑦𝑡−1)

∑ 𝜋𝑡|𝑡−1,𝑠
𝑀
𝑠=1 𝑝𝑠(𝑦𝑡|𝑦𝑡−1)

,    (15) 
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where 𝑝𝑠(𝑦𝑡|𝑦𝑡−1) is representing the predictive density for model 𝑠 (for example 

Normal density in (9) with superscripts (s)) evaluated at 𝑦𝑡.  

Recursive forecasting is then obtained by averaging predictive results using 𝜋𝑡|𝑡−1,𝑚 

for every single model. Thus, DMA point predictions are obtained via: 

𝐸(𝑦𝑡|𝑦𝑡−1) = ∑ 𝜋𝑡|𝑡−1,𝑚𝑧𝑡
(𝑚)

𝜃𝑡−1
(𝑚)

𝑀

𝑚=1

. 

DMS then select, in every time period, single model which has the highest value for 

𝜋𝑡|𝑡−1,𝑚 and easily use it for forecasting. 

For better understanding of interpretation of the forgetting factor 𝛼, note that the 

implication of this specification is that the weight used in DMA which at time t is 

attached to model m is: 

𝜋𝑡|𝑡−1,𝑚 ∝  [𝜋𝑡−1|𝑡−2,𝑚𝑝𝑚(𝑦𝑡−1𝑦𝑡−2)]
𝛼

 

                                                   = ∏ [𝑝𝑚(𝑦𝑡−𝑖|𝑦
𝑡−𝑖−1)]

𝛼𝑖

.𝑡−1
𝑖=1  

Hence, model m will be evaluated more highly at time t if its forecast was well in the 

recent past (the quality of forecast is calculated by the predictive density, 

𝑝𝑚(𝑦𝑡−𝑖|𝑦
𝑡−𝑖−1)). The meaning of “recent past” is contingent on the forgetting factor 

𝛼 and we have exactly the same exponential decay for observations i periods ago, at 

the rate 𝛼𝑖, as it was related with 𝜆. Hence if we set 𝛼 = 0.99 (which is value used by 

Raftery et al (2010) and will be also our benchmark value), then, when using quarterly 

data, forecasts five years ago obtain only 80% of the weight of the forecasts from the 

last period. If we set 𝛼 = 0.95, then forecasts from five years ago obtain about 35% of 

that weight. Therefore by these suggestions, same as with 𝜆, I will focus on the 𝛼 ∈

(0.95, 0.99). 

Note also that, if we use data through period 𝑡 − 1 and set 𝛼 = 1, 𝜋𝑡|𝑡−1,𝑚 is then 

comparable to the marginal likelihood. It is also worth to mention that, conditional on 

𝐻𝑡, forecasting and estimation described above needs only to evaluate equations such 
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as those in Kalman filter. The recursions above starts with selecting a prior for 

𝜋0|0,𝑚 and 𝜃0
(𝑚)

for 𝑚 = 1, … , 𝑀. 

The previous description is all conditional on 𝐻𝑡. In Raftery et al (2010) it is 

recommended simply to use plug in method where 𝐻𝑡
(𝑚)

= 𝐻(𝑚) and is substituted 

with a consistent estimate. However, when forecasting variables like for example 

inflation, bond spreads etc. it is very possible that through time the error variance is 

changing. Theoretically, one can use a stochastic volatility or ARCH specification for 

𝐻𝑡
(𝑚)

. However, this would again trigger computational issues. Koop and Korobilis 

(2011) therefore estimate 𝐻𝑡
(𝑚)

 with Exponentially Weighted Moving Average 

(EWMA): 

�̂�𝑡
(𝑚)

= √(1 − 𝜏) ∑ 𝜏𝑗−1 (𝑦𝑗 − 𝑧𝑗
(𝑚)

𝜃𝑗
(𝑚)

)
2

𝑡

𝑗=1

, 

 where 𝜏 is a decay factor and is proposed to be set for monthly data to 0.97.    
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3 Data description 
 

 

In empirical exercise I consider monthly data possibly from January 2000 to 

September 2017 for all selected countries. Due to limited data availability of several 

explanatory variables, period of some countries starts after 2000:1. Exact period for 

those countries is specified in the sections below. Our sample of countries comprises 

of both EMU and non EMU countries, namely the United Kingdom, France, Portugal, 

Spain, Italy, Greece, Czech Republic, Slovakia, Poland and Hungary.  

Reason for selection of those ten countries is to have representation of all interesting 

groups, with regards to bond spreads variation and dynamics of their determinants, 

inside European Union to be able to look at degree of within and between groups 

homogeneity. In that manner I compare periphery countries (Portugal, Spain, Italy and 

Greece), post-communistic countries of ‘wild east’ (Czech Republic, Slovakia, Poland 

and Hungary) and finally EMU and non-EMU member country with relatively stable 

level of bond spreads through longer period of time (the United Kingdom and France). 

3.1 Explanatory Variables 

The dependent variables are bond yield spreads, derived as differences between 10-

year sovereign bond yields of our ten respective countries and yields of equivalent 

German Bund. There is no consent in empirical literature as to what explanatory 

variables should be included for description of movements in bond spreads. Studies 

differ in their choice of selected variables and therefore it is burdensome to compare 

and synthesize their results. For the discussion and summary of which variables should 

not be missing and which variables should be included in bond spreads analysis see 

Maltritz (2012) and De Grauwe, Paul & Ji and Yuemei (2014). The set of variables 

chosen in this exercise is based on variables most commonly used in empirical 

research and public data availability for whole group of countries.  
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3.1.1 Monthly stock returns 

This variable is used in order to capture portfolio allocation effects between stocks and 

bonds in each respective country. This relationship is predominantly driven by 

behavioral effects related to investors’ preferences (see for example Semenov, 2009). 

For example, increases in government bond spreads due to raised propensity of 

investors to hold less risky assets, in this case German bunds, can usually occur in 

times of negative stock returns and during the financial turmoil. Furthermore, in 

peaceful periods, investors in financial markets lean towards more risky behavior, in a 

vision of higher returns, which would lead to increases in stocks returns being 

accompanied with decreases in government bond spreads. As a consequence, our 

corresponding coefficient should indicate whether variation in stock returns  

precede variations in government bond spreads and is expected to have a negative 

sign. Monthly stock returns are calculated as log-differences of the stock market 

indices. 

3.1.2 Volatility of stock returns 

For approximation of equity market volatility we use squared monthly stock returns. 

Rationale behind inclusion of this variable is in that an increase in stock market 

volatility may occur, or can cause, rise in other risk components and therefore causing 

increase in bond yield spreads. Accordingly, we expect for corresponding coefficient 

to have a positive sing. 

3.1.3 Inflation 

Differences between growth rates of prices amongst the countries trading with each 

other can affect the competitiveness. The higher the rate is, the worse position on the 

international market. This holds specifically in the countries that are part of currency 

union. The mechanism for enhancing their competitiveness with the help of 

devaluation of their national currency is infeasible. In such a case, country has to 

introduce another adaptable mechanism, for example lower wages (De Grauwe, 2012). 

Nonetheless, as we saw the case of the peripheral EMU countries in crisis period, this 

type of mechanism is not comfortably feasible. In addition, in expectation of 
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accelerated growth of prices, investors are requiring higher interest rate. Accordingly, 

we expect for estimate of corresponding coefficient to have a positive sing. 

3.1.4 Real effective exchange rate 

It is possible to view the real effective exchange rate, meant as a rule of 

competitiveness on international markets, as an early alarm indicator for a country that 

goes through a real currency appreciation. Such a country can face worsening of its 

competitiveness, which in future will consecutively result in current account deficits 

and issues with debt. As a result we expect a negative sign for respective coefficient, 

as it is most likely from investors to ask for further risk premium. 

3.1.5 Economic sentiment indicator 

Next fundamental variable in our regression is Economic sentiment indicator (further 

in text as ESI), published monthly by European Comission. ESI is a composite 

indicator made up as a weighted average of five sectoral confidence indicators, whose 

values are obtained from surveys about agents’ perception of the ongoing and 

incoming economic position. In the empirical research ESI is commonly used as a 

forward-looking variable to capture growth expectation (Dewachter et al., 2015, 

Afonso et al., 2017). Higher ESI values indicate reduced credit risk and so accordingly 

lead to lower spreads. Therefore we expect negative sing for respective coefficient. 

3.1.6 Government debt and deficit 

We use those two fundamentals as ratio to GDP, with deficit derived as first 

differences of debt-to-GDP ratio. Growing difficulties of debt service, caused by 

increasing ratio, contribute negatively to probability of default. Investors in order to 

offset the increase of the risk of default, demand higher risk premium, which leads to 

higher bond spread values.  Same applies for deficit-to-GDP ratio. Accordingly, for 

corresponding coefficients for both variables we expect positive sing. 

3.1.7 Current account balance 

The current account balance tracks country’s transactions with the rest of the world, 

mainly its net trade in goods and services. Therefore it determines the net foreign debt 

position of the country as a whole. Increasing net foreign debt, caused by excessive 
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spending of private sector, will lead to increased risk of default of private sector. 

Government is most probably going to be affected by this situation too, because such 

defaults can have negative impact on economic activities, leading to drops in 

government revenues and therefore to further increase in budget deficits. When the 

increase of net foreign debt is caused by government excess spending, then 

government’s debt service is going to be affected directly. We use this variable as a 

ratio of current account balance to GDP and we expect negative sing for respective 

coefficient. 

3.1.8 Policy uncertainty index 

Values of policy uncertainty index are derived from numbers of news pointing to the 

uncertain economic situation of the given country or specified region. This type of 

variables, are commonly used throughout the research on government bond spreads’ 

determinants. For instance, the CBOE Volatility Index (VIX) is frequently used as a 

proxy for the global risk aversion, see for example Giordano et al. (2014). In line with 

the most recent research (see Grabowsky and Stawasz, 2017 and Afonso et al.,2017) 

we decided to incorporate a variable that reflects situation in more specified region 

than the US economy and that is for countries that does not have evaluated its own 

policy uncertainty index, European policy uncertainty index, and for the rest  

of countries its own uncertainty index. We expect positive sing for respective 

coefficient for this variable. 

3.1.9 Domestic Yield Curve 

The term spread between ten and two-year government bond yields is used in order to 

capture the pricing of relative risks in bond spreads. The yield curve has been analyzed 

in various studies, as a sign of investors’ expectations aboutareleases of 

macroeconomic data (Georgoutsos and Migiakis, 2012). Therefore, the term spread 

between ten and two year government bond yields might have significant effects on 

different bond spreads. 
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4 Results  

 

4.1 Markov switching model 

This section presents regression results of the Markov switching specification 

described earlier, in equation (2). Before the start of the discussion on the significance 

of the determinants of the spreads for all of our selected countries, it is important to 

present and comment on results of the regime classification process. 

First of all, it would be appropriate to use some statistical tests to check whether 

Markov switching model’s fit is adequate to our data.  However, testing for 

nonlinearities in Markov switching models is problematic because under the null 

hypothesis (linearity) parameters that drive the dynamic of the underlying Markov 

chain are not identified, which result in non-standard testing problem (see for example 

Carrasco et al., 2014). Generally, ongoing research on statistical tests for Markov 

switching models has been conducted relatively for short period of time and its results 

are still not commonly utilized. The reason is that they are not yet implemented in the 

statistical softwares and properties of the tests are still uncertain. Therefore we adopt 

well-established Andrews and Ploberger’s (1994) significance testing with F statistic 

where the null hypothesis of “no structural change” is rejected when the 𝑒𝑥𝑝𝐹 statistic  

𝑒𝑥𝑝𝐹 = 𝑙𝑜𝑔 (
1

𝑖̅ − 𝑖 + 1
∑ 𝑒𝑥𝑝(0.5 ∗  𝐹𝑖)

𝑖

𝑖=𝑖

) 

gets too large. 𝑖 ̅ and 𝑖 constitute an interval with potential break points.  Table 1 

presents the p-values of the tests for all countries. For our model specification the null 

hypothesis of “no structural change” is not rejected at 5% significance level only in 

two cases – the United Kingdom and Hungary. From these results we would expect at 

least for this two countries for Markov switching specification to perform poorly. 
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Table 1: P-values of the Andrews-Ploberger test specification 

Portugal Spain Italy Greece France 

1.05E-06 3.047E-12 2.51E-15 2.2E-16 2.2E-16 

Slovakia Czech rep. Poland Hungary United Kingdom 

0.000101 0.0000065 0.009757 0.4621 0.07807 

 

Figures 1 to 10 illustrate the evolution of time series of government bond spreads for 

each country separately and also provide graphical illustration of the regime 

classification results. Shaded areas represent the observations that have been classified 

to the second regime of our specification. It is important to remind that classification 

process is based on the standard deviation of the equation’s residuals. So it is clear that 

the second regime represents high volatility conditions at least in the first five cases, 

that is, Portugal, Spain, Italy, Greece and France. Notice, that the shift of the regimes 

took place during the global financial crisis, between 2008 and 2009. 

In case of Slovak Republic it is less obvious, but the highly volatile period after 2011 

up to 2014 and periods around peaks that all belong to the second regime, suggest that 

classification process is still able to distinguish periods with higher volatility 

conditions, although it is not so credible as in the case of previous countries. However, 

this was kind of expected as the time series of Slovak Republic’s spreads does not 

have such straightforward pattern of low and high volatility conditions. In such a case 

transition probabilities from first to second regime and vice versa are relatively high 

and therefore makes it for Markov switching specification more difficult to produce 

comprehensible classification results. For example for Slovak Republic transition 

probabilities from first to second regime 𝑝12 is equal to 15% and  vice versa 

probability 𝑝21is 25%, thus making it for sample fairly unstable to remain in one of 

the regimes for extended period of time, in comparison with Spain for example where 

estimated transition probabilities 𝑝12and 𝑝21are 2.1% and 2.9%, respectively. 
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Figure 1: Results of regime Classification process 

 



 

28 

 

 



 

29 

 

For the rest of the countries, that is countries outside of the EMU - Czech Republic, 

Poland, Hungary and the United Kingdom – the result of the classification process is 

even less comprehensible than in the case of Slovak Republic. Transition probabilities 

are estimated for all cases above 30%, thus it appears that regime shifting occurs 

randomly rather than it follows some sophisticated pattern behinds it. The only 

reasonable pattern of classification results seems to occur in the Czech Republic, 

where highlighted areas of the graph represents peaks and rising periods of bond 

spreads. However, the length of periods at the peak and growths of spreads together 

with vague regime classification in the rest of non-EMU countries arise a question, 

whether Markov switching specification, for this group of countries, significantly 

improve over classical linear regression results. Also for the Poland and the Czech 

Republic, where the Andrews-Ploberger test points toward the nonlinearities in the 

sample, Markov switching model fails to detect distinct regimes clearly. 

Before showing and commenting on the result from regression, let us one more time 

recall order of integration and expected sign of variables entering the model (see Table 

1)  

Table 2: Summary of explanatory variables 

Variable Order of integration Expected sign 

Spreadst-1 Level + 

Deficit/Gdp Level + 

Debt/Gdp Level + 

Inflation Level + 

Ca/Gdp Level - 

ESI 1st difference - 

Yield curve Level - 

Index  1st difference - 

Index vol. 1st difference + 

Reer 1st difference - 

Uncertainty 1st difference + 
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Table 3: High volatility regime estimates 

Stĺpec1 Portugal Spain Italy Greece France 

Cons. -1.367 
(1.096) 

0.132 
(0.405) 

-1.733. 
(0.96) 

-4.944* 
(2.177) 

-0.384* 
(0.193) 

Spreads 0.908*** 
(0.025) 

0.952*** 
(0.029) 

0.845*** 
(0.053) 

0.943*** 
(0.032) 

0.712*** 
(0.065) 

Deficit 0.085* 
(0.042) 

0.02 
(0.046) 

-0.023 
(0.057) 

0.006 
(0.062) 

0.056. 
(0.029) 

Debt 0.013 
(0.008) 

-0.001 
(0.004) 

0.015. 
(0.008) 

0.029* 
(0.013) 

0.003 
(0.002) 

Inflation 0.066 
(0.05) 

0.027 
(0.02) 

0.179** 
(0.067) 

0.157 
(0.113) 

0.054** 
(0.02) 

Current account 
 

-0.056 
(0.039) 

0.005 
(0.03) 

0.001 
(0.021) 

-0.094 
(0.062) 

0.032 
(0.023) 

ESI 0.019 
(0.016) 

-0.005 
(0.012) 

-0.02 
(0.014) 

-0.134* 
(0.062) 

-0.005 
(0.006) 

Yield curve -0.108*** 
(0.023) 

-0.057 
(0.05) 

-0.211*** 
(0.057) 

0.001 
(0.005) 

0.093** 
(0.03) 

Reer -0.055 
(0.082) 

-0.105** 
(0.04) 

-0.069. 
(0.04) 

-0.512* 
(0.251) 

-0.008 
(0.016) 

Stock returns -2.716*** 
(0.745) 

-1.386*** 
(0.381) 

-1.371** 
(0.523) 

1.095 
(1.736) 

-0.43. 
(0.236) 

Volatility of stock 
returns 

-16.42* 
(7.143) 

12.086** 
(4.562) 

0.338 
(6.123) 

19.043 
(12.227) 

-1.2 
(3.729) 

Uncertainty 0.001 
(0.001) 

0.001. 
(0.001) 

0.004*** 
(0.001) 

0.001 
(0.003) 

0*** 
(0) 

R-squared 0.9835 0.9702 0.9658 0.9307 0.9044 

Note: 
p-vaue of the tests:  ‘***’ p < 0.001, ‘**’ p < 0.01 ‘*’, p < 0.05, ‘.’ p < 0.1.  
Standard errors in parentheses. 
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Table 4: Low volatility regimes estimates 

Stĺpec1 Portugal Spain Italy Greece France 

Cons. -0.0247 
(0.0595) 

0.1523 
(0.0861) 

-0.5006** 
(0.1699) 

-0.2909* 
(0.1145) 

0.0408 
(0.041) 

Spreads 0.9405*** 
(0.0157) 

1.0575*** 
(0.0263) 

0.9227*** 
(0.0181) 

0.9863*** 
(0.0053) 

0.9344*** 
(0.0225) 

Deficit -0.014 
(0.0092) 

0.0224* 
(0.011) 

0.0012 
(0.0064) 

-0.0017 
(0.0056) 

0.001 
(0.0055) 

Debt 0.0002 
(0.0005) 

-0.0028* 
(0.0013) 

0.0045** 
(0.0015) 

0.0029** 
(0.0009) 

-0.0003 
(0.0006) 

Inflation -0.0019 
(0.0055) 

0 
(0.0016) 

0.0172* 
(0.008) 

-0.007 
(0.0072) 

-0.0104* 
(0.0043) 

Current 
account 

-0.004 
(0.0028) 

0.0032 
(0.004) 

-0.0151** 
(0.0052) 

-0.0008 
(0.0012) 

-0.0039 
(0.0046) 

ESI 0.0006 
(0.0012) 

0.0002 
(0.0016) 

-0.0041* 
(0.002) 

0.0014 
(0.0022) 

-0.0026** 
(0.0009) 

Yield curve -0.0009 
(0.0085) 

-0.0009 
(0.0067) 

0.0019 
(0.009) 

0.0036*** 
(0.0004) 

0.0014 
(0.005) 

Reer 0.0087 
(0.0067) 

-0.0104. 
(0.0059) 

-0.0019 
(0.008) 

0.0003 
(0.0062) 

-0.0029 
(0.0026) 

Stock 
returns 

-0.1908* 
(0.0744) 

-0.1157* 
(0.0522) 

-0.3454*** 
(0.0884) 

-0.062 
(0.0681) 

-0.041 
(0.0355) 

Volatility of 
stock returns 

-0.8074 
(0.6543) 

-0.1939 
(0.5202) 

-1.1133 
(0.7809) 

0.6759. 
(0.3601) 

-0.4292 
(0.3633) 

Uncertainty 0 
(0.0001) 

0.001. 
(0.001) 

0 
(0.0002) 

0.0001 
(0.0001) 

0 
(0) 

R-squared 0.996 0.9841 0.9942 0.9821 0.9856 

Note: 
p-vaue of the tests:  ‘***’ p < 0.001, ‘**’ p < 0.01 ‘*’, p < 0.05, ‘.’ p < 0.1. 
Standard errors in parentheses. 
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Table 5: High volatility regimes estimates 

Stĺpec1 Slovakia Czech R. Poland Hungary UK 

Cons. 0.0331 
(0.4352) 

0.1086 
(0.1696) 

-1.2094*** 
(0.3638) 

-0.7914 
(0.5747) 

-0.0006 
(0.0171) 

Spreads 0.7849*** 
(0.0712) 

0.8318*** 
(0.0765) 

1.0093*** 
(0.0328) 

0.8674*** 
(0.0312) 

0.951*** 
(0.0207) 

Deficit -0.0459 
(0.0807) 

0.0098 
(0.0609) 

0.0327 
(0.0245) 

-0.008 
(0.0339) 

-0.0066 
(0.02) 

Debt 0.0008 
(0.0085) 

-0.015** 
(0.0057) 

0.0279*** 
(0.0079) 

0.0136 
(0.0084) 

0.0014. 
(0.0008) 

Inflation 0.1297** 
(0.0398) 

0.0259 
(0.0239) 

-0.0441** 
(0.0152) 

0.0164 
(0.0336) 

-0.0089 
(0.0072) 

Current 
account 

0.0394* 
(0.0163) 

0.0007 
(0.0144) 

-0.0097. 
(0.0053) 

-0.0123 
(0.0226) 

0.0031 
(0.0071) 

ESI 0.0136 
(0.0114) 

-0.0237** 
(0.0077) 

0.0195* 
(0.0083) 

-0.0068 
(0.0114) 

0.0004 
(0.0026) 

Yield curve 
- 

0.1959*** 
(0.0578) 

-0.1919*** 
(0.0434) 

-0.0569 
(0.0423) 

-0.0113 
(0.0114) 

Reer -0.1945*** 
(0.0571) 

0.0262 
(0.0181) 

-0.0835*** 
(0.0088) 

-0.0668*** 
(0.0183) 

0.0137** 
(0.0046) 

Stock returns -1.6158 
(1.0697) 

-0.6594* 
(0.2873) 

-0.4804* 
(0.2438) 

-1.5879*** 
(0.4467) 

-0.3145. 
(0.1846) 

Volatility of 
stock returns 

3.2114 
(4.9293) 

5.4413. 
(3.0314) 

8.6599*** 
(2.0367) 

3.6572 
(2.6375) 

-4.4868. 
(2.6165) 

Uncertainty 0.0023* 
(0.0011) 

0.0018* 
(0.0007) 

-0.0004 
(0.0004) 

0.0011 
(0.0007) 

0 
(0.0001) 

R-squared 0.9754 0.9458 0.983 0.9255 0.9658 

Note: 
p-vaue of the tests:  ‘***’ p < 0.001, ‘**’ p < 0.01 ‘*’, p < 0.05, ‘.’ p < 0.1. 
Standard errors in parentheses. 

 

 

 

 

 

 

 

 

 



 

33 

 

Table 6: Low volatility regimes estimates 

Stĺpec1 Slovakia Czech R. Poland Hungary UK 

Cons. -0.0535 
(0.0724) 

-0.2019** 
(0.0744) 

0.1322 
(0.4466) 

-0.6989 
(1.0962) 

0.1427*** 
(0.0282) 

Spreads 0.9762*** 
(0.0155) 

0.8008*** 
(0.0281) 

0.9098*** 
(0.0549) 

0.9683*** 
(0.0453) 

1.0496*** 
(0.0287) 

Deficit 0.0308 
(0.0257) 

-0.0556. 
(0.0315) 

-0.0835* 
(0.0409) 

-0.0369 
(0.074) 

-0.0294. 
(0.0153) 

Debt 0.0008 
(0.0016) 

0.0031 
(0.002) 

-0.0033 
(0.0096) 

0.0181 
(0.0149) 

-0.0081*** 
(0.0009) 

Inflation 0.0034 
(0.0054) 

0.0098 
(0.0076) 

0.034 
(0.0227) 

-0.0458 
(0.0735) 

0.0066 
(0.0079) 

Current 
account 

-0.011* 
(0.0047) 

-0.0049 
(0.0075) 

0.0028 
(0.0062) 

0.0256 
(0.0481) 

-0.0506*** 
(0.0092) 

ESI -0.0035 
(0.0033) 

-0.0115* 
(0.0056) 

-0.0246* 
(0.0103) 

0.0102 
(0.0463) 

-0.0078** 
(0.0028) 

Yield curve 
- 

0.0439. 
(0.0243) 

0.1393* 
(0.0625) 

-0.411*** 
(0.0841) 

0.1319*** 
(0.0151) 

Reer -0.0228 
(0.0141) 

-0.0005 
(0.0085) 

0.0163 
(0.013) 

-0.1024** 
(0.0385) 

0.0216** 
(0.0078) 

Stock returns -0.1801 
(0.2315) 

-0.3088 
(0.2214) 

-1.1879** 
(0.3926) 

-1.1778 
(1.3676) 

1.0575*** 
(0.2089) 

Volatility of 
stock returns 

-0.7079 
(2.2775) 

1.8494 
(1.2008) 

6.4943** 
(2.2753) 

-5.4836 
(5.0995) 

7.8046* 
(3.1375) 

Uncertainty 0.0008** 
(0.0003) 

0.0003 
(0.0002) 

0.0007. 
(0.0004) 

0.0005 
(0.0021) 

-0.0001 
(0.0001) 

R-squared 0.9251 0.9897 0.9511 0.9688 0.9699 

Note:  
p-vaue of the tests:  ‘***’ p < 0.001, ‘**’ p < 0.01 ‘*’, p < 0.05, ‘.’ p < 0.1. 
Standard errors in parentheses. 

 

Tables 3 and 4 present the output from the regression for first five countries with 

clearly distinguished regimes. First we comment on results that relate to the properties 

of the government bond spreads. For all cases, we have significant estimates of 

autoregressive coefficients and in several cases estimates are close to unity. These 

results correspond with findings of previous studies (see for example Favero and 

Missale, 2011 or Georgoutsos and Migiakis 2012) and indicate high persistency of 

series of government bond spreads. 

Results for variables reflecting conditions of stock markets, indicate that both returns 

and volatility of stock markets have considerable effect on explanatory power for 
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spreads’ movements. Returns or volatility of stock markets significantly affect spreads 

in all countries (except for Slovakia), in at least one of the two regimes specified. 

These results highlight the idea of interconnections between bond and stock markets. 

In this regard, negative estimates of coefficient for stock returns in both regimes can 

be viewed as an indication that the formulation of investment conditions have a main 

role in the interconnections between these two market sections. Particularly, spreads 

decrease (increase) after positive (negative) stock returns. For the group of the 

peripheral countries, estimates for stock returns are found to be significant in both 

specified regimes, except for Greece, where only significant estimate is volatility of 

returns in low volatility regime. For France, estimated coefficient gets significant with 

the high volatility regime. For the rest of the countries with significant estimates, 

obtained results are in line with the intuition, with only counterintuitive estimate for 

the United Kingdom in the first regime (positive sign).  

Volatility of returns is found to be significant in several cases, with, except for the 

United Kingdom in one of the regimes and for Portugal, positive sign as expected, 

thus further indicating the interconnections between the two market sectors. Higher 

spreads associated with increase in volatility, are then found in Spain, in high volatility 

regime, Czech Republic and Poland. 

Now we focus on a description of the effects examined by the domestic economic 

sentiment conditions, which are expressed in the Economic Sentiment Index variable. 

Recall that the Economic sentiment indices are deduced from surveys of households 

and corporations and therefore taken as forward-looking indices. This estimation 

results show, that such indices are significant determinants of bond spreads in some of 

the countries examined. From the group of peripheral EMU countries, ESI is found to 

be significant in Greece in high volatility regime and in Italy in low volatility regime. 

For the Central European countries, ESI is found to be significant only in  the Czech 

Republic and Poland in both specified regimes. ESI is found to be significant also in 

France in low volatility regime and also in the United Kingdom. Direction of the 

estimated effect is also in accordance with our intuition, that is, improvement in 

economic agents’ expectation about economic conditions is associated with decrease 
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in spreads. However, from the countries where high volatility regime is clearly 

distinguished, which occurred during the beginning of financial crisis, the partial 

responsibility of ESI for significant increase in spreads during the financial crisis is 

found only in Greece. 

The domestic term spreads are found to be significant throughout all countries at least 

in the one of the regimes, except for Spain. Data on 2 year government bond yields for 

Slovakia are available only since 2009 therefore this variable was excluded from 

regression. Movements in domestic term spreads cause opposite effects for Portugal 

and Italy in their high volatility regimes, however this is not true for France in its high 

volatility regime and Greece in its low volatility regime. For  the Czech Republic and 

Poland parameter is significant in both specified regimes, however in Poland direction 

of effect changes across the regimes. 

The effect of inflation is found to be significant in both regimes for Italy and France, 

in high volatility regime for Slovakia and in one of the regimes for Poland. The 

estimated effect in most cases is as expected – positive. However, for Poland and for 

France in low volatility regime estimated effects are negative. 

What regards the variables representing external competitiveness of the countries, 

parameter for current account balance is found to be significant in the high volatility 

regime only for Slovakia, while in low volatility regime again only for Slovakia and 

also Italy. For both countries in low volatility regime, the estimated effects are 

negative, thus bond markets penalize these countries for running current account 

deficits by higher spreads. Same holds for the United Kingdom and Poland in one of 

the regimes. However, we have found opposite effect for Slovakia in the high 

volatility regime. On the other hand, real effective exchange rate is found to be 

significant in high volatility regime for Spain, Italy, Greece and Slovakia and for 

Spain also in low volatility regime. It is also significant for Poland, Hungary and the 

United Kingdom. Except for the UK, estimated effect of parameters is negative. In this 

countries, worsening of competitiveness through the real currency appreciation as 

expected increase the level of spreads. 
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Domestic policy uncertainty index is not available for Slovakia, Czech Republic, 

Portugal, Greece, Poland and Hungary. Impact of policy uncertainty was therefore 

substituted with policy uncertainty index for whole Europe. As expected, the estimates 

of the parameters for this variable are positive for all cases where the parameter is 

significant. The significance was found in the countries in both regimes for Spain, 

France and Slovakia. For Italy, intensified uncertainty during the financial crisis has 

also underlined the bond spreads levels, thus variable became strongly significant in 

the high volatility regime. Uncertainty positively affecting bond spreads was found to 

be significant also in one of the regimes in the Czech Republic and Poland. 

What concerns the most followed determinant of bond spreads throughout the 

research, debt to GDP ratio and deficit of budget balance, these are found to be 

significant in several cases. For the periphery EMU countries, after the beginning of 

financial crisis debt to GDP ratio is significantly affecting level of spreads only in 

Italy and Greece and deficit is positively affecting spreads in Portugal. Interestingly, 

parameters for these variables became less significant after the start of financial and 

European sovereign debt crisis. For Greece parameter became significant from 1% to 

5% level, for Italy from 1% to 10% and for Spain parameters of both coefficients 

became insignificant. The only case when parameter became significant after the crisis 

is Portugal, where parameter for deficit was estimated at 5% significance level. 

Similar scenario holds for France, where after beginning of crisis punishment for 

deficit of budget balance is reflected in higher spreads. For  the Czech Republic, 

Poland and the United Kingdom Markov switching model has identified significant 

effect of debt or deficit on spreads at least in one of the regimes. For Hungary and 

Slovakia, none of the variables is relevant in explaining bond spreads’ movements in 

any of the regimes. 

Thus, concentrating on high volatility regime in peripheral EMU countries, France and 

Slovakia, it seems that evolution in the level of debt, or of its dynamic, did not play 

the crucial role in the sovereign debt crisis, but rather its combination with 

expectation, which are present in ESI and equity market variables, and uncertainties.  
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All in all these results suggest that there is considerable in-group and between group 

heterogeneity of the determinants of government bond spreads. Even if in some cases 

determinants are similar, their impact differs considerably. Specifically, there are a lot 

of cases where the impacts exercised by the determinants on the bond spreads differ 

both in their strength and also in their signs. However Markov switching identification 

of determinants for  the Czech Republic, Poland, Hungary, the United Kingdom and 

also in large part for Slovakia might be meaningless, as the classification process of 

the regime failed to distinguish regime clearly, therefore it is necessary to compare 

these findings with results obtained from another valid method. We will discuss this 

topic in next section, along with results from DMA analysis.  

4.2 Dynamic Model Averaging 

The implementation of a DMA requires: 1) a prior for the parameters, 2)  a prior 

over the initial model probabilities and 3) a choice for forgetting factor. We adopt the 

same specification of DMA as in Koop and Korobilis (2011) empirical analysis of 

determinants of inflation. Thus, we use 1) a noninformative prior over theaparameters, 

2) make the noninformative option of 𝜋0|0,𝑚 =
1

𝑀
 for 𝑚 = 1, … , 𝑀 and 3) set 

foregetting factor 𝛼 = 0.99.  Estimation of model then starts with OLS results from 

initial period, which is set to 3 years period of the data and then continues doing DMA 

on the rest of the sample. 

Our model contains 11 explanatory variables (for Slovakia 10) and the first interesting 

question about estimation is whether DMA is being parsimonious. The problem is 

clarified in Figure 2 for all countries individually. Figures show the expected number 

of variables included in the models used by DMA at each point in time  

𝐸(𝑆𝑖𝑧𝑒𝑡) =  ∑ 𝜋𝑡|𝑡−1,𝑚𝑆𝑖𝑧𝑒𝑚,𝑡

𝑀

𝑚=1

 

where 𝑆𝑖𝑧𝑒𝑚 is the number of explanatory variables in model 𝑚 (excluding intercept). 

From figures it is evident that DMA is being fairlyiparsimonious. Practically for all 

countries it includes between one and six of the explanatory variables (in an expected 



 

38 

 

value sense). Furthermore, these figures provide some evidence that inclusion of 

variables vary over time. However, it does not show us which variables are important 

in explaining the movements in government bond spreads nor how these variables 

develop. Next sections focus specifically on these issues.  

Figure 2: Predicted model size 
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4.2.1 Periphery EMU countries 

On the following figures are depicted on the left side time-varying posterior inclusion 

probabilities related to every explanatory variable and on the right side posterior mean 

and its 95% confidence interval of coefficient for each respective explanatory variable. 

Posterior inclusion probabilities are the probabilities which DMA assigns to models 

which include the given variable. That is, for variable 𝑗 summation is only through 

models containing the variable 𝑗,  ∑ 𝜋𝑡|𝑡,𝑖𝑖𝜖𝑗 . Notice that in the initial sample, there is 

not much information to utilize for estimation, therefore the posterior inclusion 

probabilities are very close to their prior inclusion probability of 
1

2
 (we chose a 

standard non informative prior, that is the a priori assumption that each explanatory 

variable has the same probability to be included as excluded from the model). Same 

conditions apply for all other features of the model (for example parameters estimates) 

which are likely to be imprecisely estimated in the initial sample. Therefore in the 

figures estimates of the posterior inclusion probabilities start at 
1

2
 and also estimates 

for all coefficients for respective variables are very imprecise with huge variance. 

This section describes the DMA findings illustrated in collection of figures for EMU 

periphery countries Portugal, Spain, Italy and Greece. From figures it is obvious, that 

after the initial period, there is broad variation in behaviors of the determinants 
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thorough the time. In some periods, the weight assigned by DMA for variables is 

progressively increasing or decreasing. However in other periods DMA simply 

exclude or include variable and cause the probabilities to change unexpectedly. 

First interesting finding of DMA is the behavior of determinants after European 

central bank’s announcement of Outright monetary transactions in the end of the 2012. 

Recall the figures 1-10 from the previous chapter, depicting the evolution of 

government bond spreads. The period of dramatic increase in spreads after the 

beginning of European debt crisis since the end of 2009, was followed by gradual 

decrease in bond spreads after the ECB’s announcement of OMTs. This period was 

identified as high volatility regime by Markov switching model together with dramatic 

period of financial and debt crisis. Therefore one of the advantages of DMA over 

Markov switching modelling in this empirical exercise is that it allows us to 

distinguish period after the OMTs from the two previously distinguishable time 

periods.  

We start with the description of variables regarding the credit risk of the country. For 

Portugal, looking at the period after the third year of the sample (as mentioned earlier, 

first three year are initial period and results might be imprecise because of small 

number of observations in the sample) both debt/GDP ratio and deficit are not 

contributing significantly to explanation of variation in bond spreads until the 

beginning of the financial crisis. However, after the crisis they switch to become more 

important and more specifically coefficients estimates for debt/GDP ratio are 

significant from zero as well. Notice that after the announcement of OMTs inclusion 

probability for debt/GDP felt from over 0.9 to almost zero. This finding suggests that 

further decreasing of Portugal’s spreads cannot be related to improvement of country’s 

debt position.  

Similar considerations hold for Spain, Italy and Greece, with the difference that for 

Spain and Italy debt/GDP ratio became less important in the crisis period but only in 

Italy with coefficient significant from zero. The most significant turn in importance 

was estimated in Greece. Note that at the beginning of the sovereign debt crisis, deficit 

had bigger impact on the Greece’s bond spreads than debt/GDP ratio, but after 2010 
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overall level of debt became only important determinant of the two. Then same 

scenario as in Portugal, after the announcement of the OMTs, importance of these 

variables is very low – near zero. These findings are not very different from the 

Markov-switching results. The most noticeable difference is in the pre-crisis level of 

debt which was estimated significantly by Markov-switching, but DMA shows that 

there might be some importance in the early part of the sample, but before the crisis 

this variable becomes irrelevant. However, as mentioned earlier, Markov-switching 

does not show us the behavior of these determinants after the OMTs announcement. 

External debt position represented by current account balance/GDP ratio is affecting 

spreads differently across peripheral EMU countries. It is found to be completely 

irrelevant for Spain, affecting spreads of Portugal early in the sample and then only for 

short period at the beginning of financial crisis, having significant impact during crisis 

for Italy, although variable cannot be considered as important given the low level of 

inclusion probabilities. Only in Greece during the crisis period importance of current 

account balance became important having the inclusion probability almost 1 for 3 

years, but interestingly coefficient is estimated with positive sign, which is contrary to 

our intuition. However, what is more important, again after the announcement of 

OMTs inclusion probabilities and coefficient estimates are near zero and in case of 

Greece drastic decline from almost 1 to zero cannot be unnoticed. Therefore, decline 

in bond spreads for this group of countries after the OMT should not be assigned to 

improvement in debt position nor to external debt position. 

What regards the inflation, this does not have any significant impact on bond spreads 

throughout the whole period for these countries, except for the Italy’s pre-crisis 

period, where inflation is incorporated in the models with high posterior probabilities 

and its coefficient is also significantly different from zero. Although there is some 

variation of the coefficient estimates throughout the sample for these countries, effects 

significantly different from zero where found only in the short period after the 

beginning of the financial crisis. During this short period, inflation in these countries 

culminated and then dropped sharply. These findings also correspond with Markov-

switching results as these found inflation to be significant only in Italy. 
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Economic sentiment indices are of significant importance only in Italy, especially 

during sovereign debt crisis period, until the end of the 2011, where they suffered 

decline in importance to zero. Notice that for Italy and Greece, dramatic decline in 

several fundamentals occurred for Italy in the second half of 2011 and for Greece at 

the beginning of 2012 that is due to sharp decrease in spreads followed by sharp 

increasing, which then turned to permanent decline after the OMTs announcement. 

This pre OMTs behavior is not related to any changes in fundamentals, therefore these 

abrupt changes might happen a little earlier for these two countries. Anyway, 

Economic sentiment indices shows similar pattern in the EMU periphery countries. 

They gain some importance during the financial crisis, but coefficients are merely 

significant from zero. This is in accordance with our previous exercise, where these 

indices are significant in high volatility regime only for Greece. 

DMA identified yield curve to be important only for Greece during the crisis period 

and for Portugal after the announcement of OMTs (the specific behavior of 

determinants after the announcement of OMTs for all EMU countries will be 

discussed at the end of the section). For Greece, this is little contrary to Markov-

switching findings as these estimated yield curve as insignificant. However, this is 

because Markov-switching was unable to distinguish period after OMTs, which 

became completely unimportant period for yield curve as determinant, as depicted in 

DMA results. 

Interestingly, real effective exchange rate has an important role as a determinant of 

government bond spreads during the financial crisis in the EMU periphery countries. 

Reer gains high importance and estimates with noticeable impact with the beginning 

of the sovereign debt crisis. Its estimates vary for Portugal between -0.5 and -2 

(although the highest negative estimate holds only for very short period), between -0.5 

and -1 for Spain, similar estimates as for Spain stands for Italy (in Italy reer is 

significantly affecting spreads also before financial crisis). Thus, for example in Spain, 

decrease in reer by 1 unit , which is real appreciation of currency, caused increase up 

to 1% in spreads during the period of sovereign debt crisis. This impact is relatively 

huge. In Greece with the beginning of the financial crisis reer also became rapidly 
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important, but its estimates are merely significant from zero in this period. 

Interestingly, Markov-switching has similar estimates, but DMA estimates’ size of 

impact is larger. 

DMA findings of stock markets variables are more conservative than the results from 

Markov-switching result, especially the volatility of stock market indices. Markov-

switching estimates of index volatility ranging from -16,42 for Portugal to 19,05 for 

Greece are not supported by DMA. Although DMA confirms the switching 

significance throughout the Markov-switching regimes for all countries quite 

similarly, DMA estimates reach +-0,06 at maximum. On the contrary, estimates for 

stock market returns are in line with those from Markov-switching results but its 

importance not that much. For Portugal, stock returns became important only with the 

beginning of sovereign bond crisis, in Spain stock returns lost their importance with 

the beginning of financial crisis. In Italy stock returns are relatively important until the 

announcements of OMTs, even though estimates are significant only after the start of 

debt crisis. 

Uncertainties have been most important for Spain. Importance is continuously 

growing from the beginning of financial crisis, with culmination after the OMTs 

announcements. Uncertainties also gain some importance for Portugal during the 

financial crisis, but only for short period of time. In Italy, their importance is not 

relevant for any extended time period and for Greece, uncertainty has a big role until 

the beginning of financial crisis, but with estimates not significant from zero. These 

findings are similar with those of Markov-switching results. 

Findings of DMA regarding the effects and significance of determinants for the 

Periphery EMU countries do not differ dramatically from the Markov-switching 

results. However, the advantage is in that DMA allows us to recognize ‘the third 

regime’, that is the change of role of determinants of bond spreads after the 

announcement of OMTs. After the announcement, posterior inclusion probabilities of 

variables drop near zero and then begin simultaneously increase up to around 
1

2
 (best 

example is Italy) or they drop drastically to zero and after short period simultaneously 
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switch again up to around 
1

2
 (Greece). This means that DMA does not recognize which 

variables are important and which are not. This can be interpreted as that after the 

announcement of OMTs no specific variable has any significant impact on the bond 

spreads level. The only exception are variables, which inclusion probability have risen 

to very high values, like for example uncertainty in Spain, where inclusion 

probabilities dropped only slightly with OMTs announcement. These findings are in 

line with the recent study regarding bond spreads of EMU countries by Afonso et al. 

(2017). With time-varying parameter panel specification they found weakened link 

between spreads and fundamentals. In their findings, after the announcement of OMTs 

huge increase in the variance of fundamentals has occurred and thus all fundamentals 

are found to be insignificant. 
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Figure 3: DMA for Portugal. 
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*left column represents posterior inclusion probabilities 

**right column represents estimated coefficients with 95% confidence intervals 

***debt stands for debt/GDP ratio and CA for current account balance  
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Figure 4: DMA for Spain 
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Figure 5: DMA for Italy 
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Figure 6: DMA for Greece 
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4.2.2 France 

France has very similar pattern of estimates as the periphery EMU countries. 

Intensification of effects of fundamentals during the financial crisis is followed by 

weakened link of fundamentals and spreads after the announcement of OMTs. Decline 

in posterior inclusion probabilities for France occurred during the same circumstances 

as in Italy and Greece at the end of 2011. This decline is then followed by quick 

change to 
1

2
 inclusion probabilities for most of the variables. 

What regards the importance of individual variables, before the crisis not a single 

fundamental seems to have strong significant impact on bond spreads. Variables with 

the highest posterior inclusion probabilities are Economic Sentiment Indicator, Yield 

Curve and Uncertainty. However, importance of ESI and yield curve increased only 

up to 
1

2
 and only until 2005. Uncertainty is most important before-crisis determinant 

with inclusion probabilities reaching almost 1. 

With the beginning of financial crisis uncertainties start to lose their importance, and 

are replaced with debt and deficit, real effective exchange rate, stock market returns 

and their volatility. Even though fundamentals such as debt and deficit increased their 

importance with the beginning of crisis, their estimates are very small and rarely 

significant from zero. Again, similarly as in the case of some periphery EMU 

countries, the strongest effect on spreads have Reer and stock market returns. The 

results are similar to those from Markov-switching, except that Markov-switching 

identifies inflation as significant determinant in both regimes, while DMA puts weight 

on inflation only in the early part of the sample. 
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Figure 7: DMA for France. 
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4.2.3 United Kingdom 

United Kingdom is the first analyzed country that is not the member of EMU. It is the 

country with the lowest spread levels during the financial and sovereign debt crisis 

period from the examined sample of countries. The difference of results compared to 

EMU members is striking. 

For the United Kingdom, there is no increase in sensitivity of spreads to fundamentals 

and as expected, announcement of OMTs had no impact on the relations between 

spreads and their determinants. Fundamentals of the United Kingdom’s spreads are 

pretty much unimportant throughout the whole examined period. It seems that bond 

spreads of the United Kingdom are driven by expectations rather than by the result of 

developments in the level of spreads, or of its dynamics. Expectations are reflected in 

the stock market variables – stock market returns and their volatility. Note on the 

figures below, that stock market returns are affecting spreads of the United Kingdom 

more dominantly until the beginning of the financial crisis, but then the dominance of 

market returns up until the end of the sample is substantial. Comparison with Markov-

switching results is in this case redundant, because failed regime classification process 

makes the estimation results questionable. 
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Figure 8: DMA for the United Kingdom. 
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4.2.4 Central European Countries 

The evolution of bond spreads determinants for Central European countries as a whole 

differs from the EMU countries. The typical pattern of intensification of determinants 

effects during the financial crisis, followed by weakened link between spreads and 

determinants after the announcement of OMTs is not characteristic for all Central 

European Countries. The most similar behavior of determinants to EMU countries can 

be found in the Czech Republic.  

The Czech Republic’s determinants have increased their importance with the 

beginning of financial crisis. The most notable increase occurred to debt and deficit, 

current account balance and real effective exchange rate. However, inclusion 

probabilities for this variables is merely above 0.5 and their coefficient estimates are 

very small with most of the time having zero included in their confidence intervals. 

The strongest effect on spreads has Reer, but it is significant only between 2007 and 

2009. There is also a group of variables, which became important between 2005 and 

2008 namely inflation, ESI, yield curve and volatility of stuck market returns. Clearly 

there are a lot of determinants of the  the Czech Republic’s bond spreads, 

fundamentals like debt and account balance, inflation, expectations, even uncertainty 

is gaining importance until the announcement of OMTs. Interestingly, even though the 

Czech Republic is not member state of EMU, announcement of OMTs have also 

weakened the link between determinants and spreads. Posterior inclusion probabilities 

after 2012 are simultaneously converging to 
1

2
. Only ESI’s inclusion probabilities 

increased to almost 0.8, showing that it is expectations, that are still relevant for the 

Czech Republic’s bond spreads after the OMTs announcement. 

Slovak Republic is the only country from Central European countries in our sample, 

which is part of the EMU, but only since 2009. The effect of announcement of OMTs 

is the same as for the rest of the EMU countries. However, similarly as for the Czech 

Republic, ESI’s inclusion probabilities increased up to 0.8. Moreover also deficits 

remain important throughout the whole sample, with its inclusion probabilities ranging 

from 0.6 to 0.9. Other important determinants of Slovak Republic’s bond spreads until 

the OMTs announcement are inflation and current account balance. The importance of 
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these determinants has switched in the middle of 2005, with current account balance 

becoming important at the beginning of financial crisis. 

The last two countries in the group of analyzed countries are Poland and Hungary. 

Dynamics of determinants for these countries together with the United Kingdom is 

very little sensitive to the announcement of OMTs. There also is not very frequent 

switching of inclusion probabilities of variables. In Poland, variables regarding debt 

and external debt position are completely irrelevant in explaining spreads’ dynamics. 

In Poland, uncertainties became important as spreads determinant during the financial 

crisis and stock market variables are gradually increasing their explanatory power 

from the beginning of financial crisis. However, the most important determinant of 

Poland’s spreads is real effective exchange rate. Inclusion probabilities of this variable 

range from 0.6 to almost 1, through whole period and with significant coefficient 

estimates. Similarly for Hungary, real effective exchange rate is the determinant with 

the most significant effects on government bond spreads since the beginning of the 

financial crisis. In Hungary, debt is found to be important as a determinant with the 

beginning of the sovereign debt crisis in Eurozone. Index volatility determines the 

level of Hungarian’s spreads through the whole time period.  
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Figure 9: DMA for Slovakia. 
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Figure 10: DMA for the Czech Republic. 
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Figure 11:  DMA for Poland. 
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Figure 12: DMA for Hungary. 
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4.3 Summary of results 

Overall, this DMA and Markov-switching analysis confirms the existence of the pre-

crisis and crisis bond-pricing regimes recognized in previous studies regarding the 

determinants of government bond spreads of the EMU countries (for example 

Georgoutsos and Migiakis, 2012 and G. Dufrénot et. al., 2014). Moreover, using the 

DMA it is possible to identify the third regime introduced in the second part of 2012 

after the announcement of OMTs. Announcement of OMTs is associated with decline 

of government bond spreads, but with level of spreads noticeably higher than during 

the pre-crisis period and more variable across countries. This classification of regimes 

is in line with most recent literature on bond spreads (see Afonso et al., 2017). 

First regime for periphery EMU countries is predominantly characteristic with low 

impacts of fundamentals such as debt, deficit, current account balance, Reer, etc. 

These fundamentals enjoy their increased importance during first regime mainly in 

Italy, but with the second regime they got more intensified similarly to the rest of the 

countries. Spreads in Spain and Greece are mainly driven by expectations, reflected in 

stock market indices and uncertainties.  Then the following regime associated with the 

divergence of bond spreads, is characterized with intensification of effects of 

fundamentals and increase of importance of variables reflecting expectations and 

uncertainties. And it is these variables that have strongest impact on bond spreads 

during the second regime. Except the Greece, where most important fundamentals are 

debt and current account balance, one of the most influential determinant of spreads 

during the second regime is also real effective exchange rate. Third regime can then be 

then characterized by the weakened link between determinants and bond spreads. The 

only variable that shows some importance in this regime is again real effective 

exchange rate, but only in Italy and Spain. France as the representative of core EMU 

countries has very similar pattern of the determinants evolution as the periphery EMU 

countries, with real effective exchange rate being the most influential during the 

second regime and uncertainties during the first regime. These results of the EMU 

countries after the OMTs announcement are very similar to the findings of De Grauwe 

(2014). They identify almost zero effects for determinants after the announcement of 
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OMTs, although for Greece and Portugal link between some fundamentals did not 

completely disappeared. 

Interestingly, from the group of Central European countries and the United Kingdom, 

the most similar pattern as described for EMU countries was found for the Czech 

Republic. It even reacted to the OMTs announcements in the same manner. The same 

response to the OMTs announcements was found also for Slovak Republic (as 

expected). However the strong relation of spreads remained for both countries to ESI, 

suggesting that Economic sentiments have an important role as determinant of spreads 

in recent years. Moreover, Slovak Republic’ spreads, depend on the level of deficit 

through whole sample. 

The different story about dynamics of determinants hold for Poland, Hungary and the 

United Kingdom. Dynamics of the determinants for these countries does not change 

with the announcement of OMTs. Also beginning of the financial crisis intensified 

effects of variables related to debt only in Hungary. The most important fundamental 

with very significant effects on spreads of Poland and Hungary is real effective 

exchange rate.  
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Conclusion 

 

In this thesis we investigated dynamics of determinants of government bond spreads in 

EMU and non-EMU countries, using non-linear Markov-switching method and 

Dynamic model averaging. We found evidence that there are three bond pricing 

regimes in the examined group of EMU countries, specifically Portugal, Spain, Italy, 

Greece and France. The first regime is characterized by weak link between 

fundamentals and spreads and holds until the beginning of financial crisis. Second 

regime, which last until the announcement of Outright monetary transactions, is 

characterized by strengthened link between fiscal fundamentals, real effective 

exchange rate and expectations. Third regime starts with the announcement of 

Outright monetary transactions and is characterized by completely weakened link 

between fundamentals and spreads. Therefore, displaying effectiveness of the 

programme of the ECB, as the decline in spreads in this period is not related to 

improvement of underlying fundamentals. Interestingly, from the group of examined 

non-EMU countries, this three-pricing regime of spreads is also relevant for the Czech 

Republic. In Slovak Republic ECB programme has the same effect on spreads 

determinants as in the previous countries, but first two regimes are harder to 

distinguish. Poland, Hungary and the United Kingdom are the countries unaffected by 

the announcement of Outright monetary transactions. Specifically, for the United 

Kingdom’s determinants, these are insensitive even to the start of financial crisis and 

level of spreads of the United Kingdom is determined solely by expectations. 

In the interpretation of results we relied more on the findings of Dynamic model 

averaging. The reason is that Markov-switching did not identify the third bond pricing 

regime, despite the clear change of behavior of determinants in the results provided by 

Dynamic model averaging. Markov-switching also failed to clearly distinguish 

regimes for countries outside of the European Monetary Union. All in all, we found 

that there is no uniform pattern in the determinants of spreads. There is heterogeneity 
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in the determinants of government bond spreads across European Monetary Union 

countries and across non-European Monetary Union countries. Furthermore, our 

findings indicate that membership in EMU itself has greater impact on government 

bond spreads than fundamental economic factors, which have been notably changing 

in both, EMU and non-EMU countries. This finding suggests that in order to stabilize 

government bond yields and in order to support investors’ confidence, policy makers 

should aim to deal with the country-specific problems and focus on economic and 

political problems inside EMU. 
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