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Abstract

This paper investigates a number of specific questions related to the dynamics of international
government bond market integration in six of the G7 economies over the nearly last two decades.
It examines whether such integration had been significant, the extent to which integration at the
short end, and the long end, of the yield curve differed; what was the nature of such integration;
and the extent of the decoupling of the long-term rates from short-term rates. These issues are
investigated using the rigorous smooth-transition copula-GARCH model framework. The results
show that the integration at the long end of the yield curve had been pronounced and was
significantly greater than at the short end. Decoupling between the short and long end of the yield

curve was notable, with important implications for the efficacy of monetary policy.
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1. Introduction

A large number of explanations have been advanced to explain the global financial and economic
crisis that began in the summer of 2007 and gathered pace in the aftermath of the Lehman
collapse in September 2008.> While factors relating to weaknesses and lapses in the financial
sector regulatory and supervisory framework and inappropriate incentives have been often
singled out as the most serious proximate elements leading to the crisis, a number of observers
have also emphasized underlying factors related to the availability of credit, the stance of
monetary policy and a regime shift that appears to have occurred with regard to the impact of
monetary policy changes on the term structure of interest rates. This paper focuses on the narrow
issue of the decoupling of the short-term policy rates from longer-term bond vyields, and the
evolution of sovereign bond market integration. This contributes to an understanding of the
underlying causes of the crisis, but it is also of interest in its own right and has important
implications for issues relating to portfolio diversification.

The paper can be seen as part of the large and growing literature on financial globalization
and the international integration of national financial markets (for the latest survey, see Kose et
al., 2009). There have been a number of studies focusing on the integration of national equity
markets, but a smaller, albeit increasing, number of papers examining integration of fixed income
markets, particularly of government bond markets (see Laopodis, 2003; Beliu, 2005; Breger and
Stovel, 2005; Kim, Moshirian, and Wu, 2006; Balli and Sorensen, 2007; Clarida, 2007; Davies,
2007; Lamedica and Reno, 2007). The latter set of studies generally focus on integration at the

long end of the yield curve, and have been primarily motivated by concerns about diversification
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benefits. Their broad conclusion is that government bond markets have become more integrated
in recent years, but that there are still significant benefits to diversification.

This paper contributes to the latter literature by examining specific issues related to the
process of bond market integration, in particular for the major industrial countries, and argues
that it is richer and more complicated than most of the existing studies indicate. The reason why
the process of integration may be more complex is in part due to the fact of increasing
globalization itself, combined with financial market innovation. The ongoing structural changes
in the world economy, including in the underlying economic and financial market conditions,
raise this complexity further. For instance, following from suggestion by a number of observers
that the home bias in bonds (as well as equities) has diminished,* it is not unreasonable to
hypothesize that there may well be different degrees of integration at the short- and the long-end
of the government yield curve.

At the short-end, the degree of integration will be dictated by the fact that monetary
policy still holds sway on short-term interest rates and returns. If the business cycles across
countries are synchronous, and also lead to some synchronicity for policy, returns at the short end
may be expected to be highly correlated. Where business cycles diverge, so do such returns. It
could still be the case that, abstracting from the state of the cycle, the degree of correlation over
this segment has increased over time. But presumably divergent cyclical conditions would
continue to matter.

More importantly, this may have little bearing on the correlations at the long end of the
curve. If long bond yields are being driven by global investor preferences, global savings and

investment, international risk appetite etc., then despite the term structure considerations, there

* See, for instance, Greenspan (2007).



could be significant sustained divergences between returns at the short and the long-end. For
instance, suppose cyclical conditions between the Euro area and the US diverge, and monetary
policy in the former is being tightened while in the latter it is being eased (as was the case until
well after the beginnings of the crisis in the summer of 2007). The returns at the short end would
diverge, but this may have little or no impact on returns at the long end which may primarily be
dictated by global savings-investment balance and capital flows. In this context it is worth noting
the assessment by Greenspan (2007), just before the crisis, that “in retrospect, global economic
forces, which have been building for decades, appear to have gained effective control of the
pricing of longer debt maturities. Simple correlations between short- and long-term interest rates
in the U.S. remain significant, but have been declining for over a half-century. Asset prices more
generally are gradually being decoupled from short-term interest rates”.

The goal of this paper is to investigate the dynamics of international government bond
market integration in the largest G7 economies (excluding Japan for reasons noted below) over
the last two decades and focus on a number of different aspects. In particular, the paper addresses
the following questions for the two decade period leading up to the onset of the crisis: (i) Has
sovereign bond market integration been increasing? (ii) To what extent does the integration at the
short and the long end differ? (iii) What has been the evolution of integration? (iv) Have the
long-term rates decoupled from short-term rates?

The paper investigates these issues using the relatively novel but rigorous six-variate
smooth-transition copula-GARCH (STCG) model. The smooth transition model per se gives us a
convenient method to capture dominant long-run trends of correlations in bond yields. In addition,
the copula framework allows us to model and estimate marginal and copula models separately,
increasing tractability to estimate a model of the magnitude used in this paper. The

smooth-transition copula-GARCH framework essentially enables us to analyze the dynamics of



correlations in the bond markets in a highly flexible and tractable way.

We apply the STCG model to the short- and long-term yield for G6 countries, namely
Canada (CA), France (FR), Germany (GE), Italy (IT), UK, and US. It is, however, unrealistic to
estimate the model including twelve variables even if we use copula approach. We therefore
consider the four subgroups based on the country and type of yields. Two groupings of countries
are based on the recent study by Doyle and Faust (2005) and Stock and Watson (2005). They
analyze the international business cycle dynamics and argue the emergence of two groups,
namely the English-speaking (ES) group including Canada, UK and US, and the Euro-zone (EZ)
countries consisting of France, Germany, and Italy. Thus, we estimate the six-variate STCG
model for the following four subgroups: (i) Short- and long-term yields for the ES countries, (ii)
Short- and long-term yields for the EZ countries, (iii) Short-term yields for G6 countries, (iv)
Long-term yields for G6 countries. This allows a detailed investigation of the market integration
dynamics of the yield curve for the G6 countries.

Our empirical results indicate a striking difference in the correlation dynamics between
changes in the short- and long- term yield, and between the ES and EZ countries. For the ES
countries, short-term rates are correlated only weakly in the period leading up to the crisis. The
average correlation among these countries was about 0.16 in the early 1990s, and has shown no
significant increase over the past nearly two decades for CA-UK and UK-US pairs. Although the
correlation for CA-US pair increased significantly, its magnitude is still relatively low compared
to the correlations between long-term yields. On the other hand, the long-term rates were
moderately correlated (with average correlation 0.52) at the beginning of the 1990s. Strikingly,
the long-yield correlation has increased significantly and almost linearly throughout the sample
period for all country pairs. The average correlation reached 0.84 by 2007, suggesting very high

degree of market integration in these countries’ long-yields.



For the Euro countries, the basic results are similar. Correlations between short-term
yields for FR-IT and GE-IT pairs have been low over the entire sample period; even though for
FR-GE and GE-IT the correlation increases in the second sub period (2001-2007) compared to
the first (1994-2000), it remains surprisingly low. In a noticeable contrast, European long-term
rates experienced more striking increase in integration (from 1996 to 1998). The degree of
integration between the short- and the long- term yield curve varies noticeably: the average
correlation among the European short-term rates was 0.20 in 1995 and 0.24 in 2007, while the
corresponding values for long-term rates were 0.59 and 0.98, respectively. This difference
between the market integration in European short- and long-term bond markets is similar to that
in the ES countries, but given the European Monetary Union (EMU) is surprising for the former
set of countries.

Our analysis also indicates clear-cut results for decoupling between the short- and
long-term yields for UK, US, FR and IT. In addition, we show that the correlation between the
short- and long-term yields for GE has been very small for the entire sample period. A wide array
of tests supports the robustness of the results.

The results suggest that the evolution of interest rates at the short-end of the curve up to
the onset of the crisis continued to reflect domestic monetary policy as well as domestic
economic and financial market conditions, with limited spill-overs, while at the long-end of the
curve, the importance of global conditions and global investor preferences had been paramount.
This leads to some clear implications for the term structure of interest rates in the government
securities markets.

The remainder of the paper is organized as follows. Section 2 briefly discusses a range of
economic and financial issues related to the convergence hypothesis. Section 3 introduces the

econometric model and the estimation strategy, while Section 4 provides the empirical results.



Section 5 concludes.

2. Financial Market and Economic Issues in Government Securities’ Markets

2.1. Factors Underlying Convergence

The factors underlying the convergence in bond yields (nominal and real) have received
increasing attention in recent years. As Clarida (2007) argued succinctly, a key element had been
a decline in “home bias,” reducing the preference of investors for domestic bonds and leading to
increased international diversification. This change in preferences in turn is considered to reflect
a variety of factors: a reduction in hedging costs related to international diversification, and prior
to the crisis lower volatility in country specific inflation and growth rates, reflecting in turn a
convergence in the goals and implementation of monetary policy.”

Complementary to these factors, and perhaps accentuating them has been the role of other
structural changes in the world economy, and the role of common global shocks. For instance,
there is growing evidence that the international trade integration of major emerging markets such
as China and India, the accumulation of large foreign exchange reserves and an increase in the
global pool of savings might have had an impact on the convergence of bond yields. There are
several different facets of this: higher trade integration and large current account surpluses (in
emerging markets as well as oil producing countries) increase the potential resources available

for investment. These complement the “excess” savings in some of these economies reflecting in

% For evidence and analysis of the convergence in inflation rates in the G7 economies, see Kumar and Okimoto
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part the domestic economic and financial considerations as well as demographic factors. Given
the small size of domestic financial markets in many of the countries with excess savings, the
need for international investment and diversification of these assets is evident. This in turn would
be expected to have downward pressure on bond yields in all major financial markets (see Hauner
and Kumar, 2006). This would occur both directly as well as through arbitrage opportunities,
especially given the fact that while the underlying fiscal sustainability positions in the different
G7 countries could be regarded as being quite different (see, for instance, Hauner, Leigh and
Skaarup, 2007), the likelihood of debt servicing difficulties and outright default was considered
to be remote in all countries. In other words, these underlying factors reflecting higher global
savings, and increased international diversification sustained the downward pressure on bond
yields and in their convergence. Such a pressure is seen to be almost invariant to the stance of
monetary policies in individual G7 countries.’

It should be noted that the above argument does not require the assumption of an
increasing synchronicity of business cycles in the world. Rather, regardless of the state of the
cycle, the level of output gap, the rate of inflation, as well as the associated response of monetary
policy in individual countries, structural change would be expected to lead to the convergence in
bond yields. A different type of structural change, but with somewhat similar consequences,
refers to the formation of the EMU in 1999: in this case, a variety of other factors played a role,
but the decline in the home bias was equally marked.

If it is the case that the synchronicity in the business cycle has not increased significantly,

then the expectation would be that monetary policy stance could diverge quite substantially

® The extent to which the impact of domestic monetary and fiscal stance may be superseded by this global shock is

the subject of active research agenda. For a discussion of some of the fiscal aspects of this, see Hauner and Kumar



among the major industrial countries. This would then mean that short-term interest
rates—typically from overnight up to six month T-bill rates—while exhibiting somewhat higher
correlation could nonetheless continue to diverge. This then suggests that the yield curves across
the G7 countries are likely to continue to exhibit meaningful divergence, with the long end of the
curve becoming more correlated while the short end reflecting much lower correlation.

A cursory glance at the data supports the above hypothesis. Table 1 reports the sampe
correlation coefficients between short-term yields, long-term yields, and short- and long-term
yields across G7 countries for two subsamples. As can be seen, long-run yields are highly
correlated with a marked increase in the co-movement between the first and second subsample
periods (1994-2000, and 2001 to 2007 respectively). At the same time, however, correlations in
the short interest rates generally remain at much lower level. Note also that correlations between
the short- and long-term yields typically become weaker in the later subsample.

What would be the implications of this analysis for the benefits or otherwise of
international diversifications, even among the G7 investors? As Clarida (2007) notes, even where
there are differences in bond yields across countries, it does not imply differences in currency
hedged bond returns since if countries with higher bond yields also have higher short-term
interest rates, then the cost of hedging currency exposure in holding foreign bonds may offset the
higher foreign yield. This would then suggest that a portfolio of foreign securities hedged back
into dollar would produce similar total return as a dollar portfolio, with the two only diverging to
the extent of home bias, and different degrees of risk aversion. But what if the bond yields are not
significantly different but the short-term rates are. This would imply that cost of hedging may

outweigh the foreign yield advantage, reducing the average hedged return to foreign bonds.

(2006, 2009).



On the other hand, if (counterfactually) domestic country-specific risk is reduced because
of lower business cycle risk, and the correlation in bond yields (while increasing) is lower,
diversification may still be beneficial. Clarida’s (2007) argument is that this would suggest that
“a currency hedged, diversified portfolio of government bonds should produce similar average
returns to a passively held U.S. treasury portfolio, but with possibly lower volatility” (p. 3). He
examines data on monthly total returns on US Treasuries and foreign government bonds hedged
back into dollars for two periods—21990 t01998 and 1999 to 2006, and finds that for the first
period, the average realized excess returns of hedged foreign portfolio over US Treasuries was
around 40 basis points (9 percent versus 8.6 percent a year respectively), with lower realized
volatility of foreign portfolio (3.6 percent versus 4.3 percent). For the more recent period, the
average excess returns to the foreign portfolio declined to just ten basis points, but the volatility
of the foreign portfolio was significantly lower than in the earlier period (in part due to EMU),
suggesting that the gains to diversification have continued. He argues that since there continues to
be a significant country-specific component to business cycles and bond returns, and there are
differences in countries’ monetary policy reaction functions, there will remain gains to
international diversification.

With regard to underlying causes, it is the case that this convergence has been becoming
more pronounced over a period that had seen a notable decline in real exchange rate volatility
among the G7 economies. Consistent with the earlier study by Fidora et al. (2007) this suggests
that a decline in home bias, attendant upon a reduction in exchange rate risk may have played a
role. However, as noted earlier there does not appear to be an increase in convergence in the
business cycles, or in the monetary policy stance. This in turn lends support to the hypothesis that
the structural change in the world economy, or a global shock may have played a role in the

convergence process.



2.2. Convergence in Bond Yields in the Euro Area

There is significant evidence of a decline in home bias in financial markets in the countries of the
Euro area even before the start of the EMU in 1999, and which accelerated over the subsequent
period (see, for instance, Balli 2009). As would be expected, there has also been a marked
convergence in government bond yields starting in the mid 1990s, reflecting reduced transactions
costs following the abolition of various restrictions on nonresidents, increased competition, and
nominal convergence flowing from the Maastricht criteria for macroeconomic performance
(specifically inflation and long-term rates). Relatedly, the constraints on general government
deficit and debt to GDP ratios enshrined in the Stability and Growth pact led to better fiscal
balances, and following the start of the EMU, the introduction of the Euro and the elimination of
exchange rate risk further improved transparency, reduced transactions costs and facilitated the
convergence of interest rates.’

However, Favero et al. (2009) show that despite the dramatic convergence in bond yields

for both sovereign (and corporate) bonds in the transition to the EMU, the persistence of small

" There is significant literature in this area: see, for instance, European Commission (2001, 2003), Duisenberg
(2002), and Hardouvelis et al. (2006), Favero et al. (2009). In particular, Hardouvelis et al. (2006) explores the
impact of EMU on European stock integration by assessing the evolution of the relative influence of EU-wide risk
factors over country specific risk factors on required rates of return. The empirical results show that in the second
half of the 1990s, the degree of integration increased to the point where individual Eurozone country stock markets
appeared to be fully integrated into the EU market, with the evolution of inflation differential being a key element
behind the level of integration. The exception was the U.K. which did not show any sign of increased stock market

integration.



and variable yield differentials for sovereign debt indicates that Euro area bonds are still not
perfect substitutes. They regard this as reflecting not so much as continued market segmentation
and even less so liquidity differences, but rather small differences in underlying risk. In a similar
vein, utilizing later data and modeling the time varying nature of government bond market
integration in the context of multivariate GARCH framework, Balli (2009) also suggests that the
bond markets, while strongly converging, are not fully integrated with each other.?

Beliu (2005) investigates whether bond market returns of US and five of the European
Union countries — Austria, France, Germany, Netherlands and the UK share the same volatility
process. Using the common feature approach (a generalization of cointegration in the first
moments), it is seen that the first four of the EU countries (members of the Euro area) do share
the same volatility process, suggesting regional integration among the markets. However, there is
little indication of a common volatility process between the UK and the other European markets,
while there is evidence of this among the US and the UK markets. This methodology, however,
while useful to illustrate the degree of convergence in the bond yields is not able to isolate the
period when there are marked changes in the degree of integration, nor how it has evolved over

time.

2.3. Home Bias

To the extent that the correlations have increased significantly, it raises issues regarding the

§ While the situation in the Euro area is unique, movements towards development of regional wide sovereign and

corporate debt have been occurring in other parts of the world also. For instance, ASEAN countries have been



benefits of international diversification, in terms of reducing the variance of the portfolio for a
given rate of return. If that is the case, then the notion of portfolio “home bias” as postulated by
Poterba (1989) and Tesar and Werner (1995), which is considered to arise in part due to
information asymmetries and other transactions and information costs, can be seen from a
somewhat different perspective. It is the case that side-by-side with a decline in home bias, there
appears to have been an increase in Euro area portfolio bias, whereby investors appear to hold a
suboptimal proportion of financial assets originating from outside of the Euro area.

The factors underlying the home bias have been investigated at length (see, for instance,
Ahearne et al., 2004; Fidora et al., 2007). These include the effect of transaction and information
costs on international portfolio positions, the role of policies and the quality of domestic
institutions, and to a lesser extent the role of exchange rate volatility. However, with regard to the
latter, Fidora et al. (2007) show that real exchange rate volatility is an important determinant of
cross-country differences in bilateral home biases in bonds as well as equities, and that bond
home bias is more pronounced than equity home bias. The latter finding is seen to be consistent
with the authors’ hypothesis of “Markowitz-type international CAPM that financial assets with
lower underlying volatility should exhibit a larger home bias.” Their empirical analysis based on
a large sample of industrial and emerging market countries suggests that a given reduction in real
exchange rate volatility is likely to lead to a significant reduction in bond home bias, that exceeds

the reduction in equity home bias by a factor of 3.°

according domestic bond market development and promotion of a regional market a priority. See, for instance, Click
and Plummer (2005).

® Specifically, for their sample of industrial and emerging market economies, the authors show that a reduction of
the monthly real exchange rate volatility from its sample mean to zero reduces bond and equity home bias by around

60 and 20 percentage points respectively.



In the case of the Euro area convergence of bond vyields, it has been argued that the
default risk of members going into EMU declined significantly reflecting the marked
improvement in the countries fiscal positions, and the budgetary policy framework more
generally. The latter reflected in large part the need to abide by the Stability and Growth pact. But
the fact that there would be convergence does not say much about its extent, or the speed with
which it was attained. While bond yields among the “high risk” countries such as Italy had begun
to converge in the run up to EMU and continued to do so afterwards, the mapping between the
fiscal consolidation and convergence was far from isomorphic or monotonic. Rather, the decline
in underwriting and transactions costs within the Euro area is likely to have played an important
role.’

Nonetheless, even with the increasing convergence in Yyields, the perceived
creditworthiness of the member states shows a considerable amount of variation, and of course
changes over time. This in turn has meant that the convergence, while very strong, may not be

perfect.

3. Econometric Model and the Estimation Strategy

To assess and analyze the dynamics of correlations in international government bond markets we

use the six-variate smooth-transition copula-GARCH (STCG) model. The smooth transition

10" |_ane (2005) finds that individual Euro area economies’ international bond holdings are heavily weighted towards
intra-Euro area holdings, and trade linkages and geographical proximity are seen to be key determinants of intra Euro

area bond holdings.



model per se can give us a convenient method to capture dominant long-run trends of correlations
in bond yields. In addition, the copula framework allows us to model and estimate marginal and
copula models separately, increasing tractability to estimate a model of the magnitude used in this
paper. The smooth-transition copula-GARCH model thus enables us to model the dynamics of
correlations in the bond markets in a flexible and tractable way. This section describes the model
for margins, copula, and dynamics of correlations successively, and then discusses the estimation
strategy.

The methodology is novel. The only recent application we are aware of which in part has
a somewhat similar approach is by Berben and Jansen (2005) in their analysis of the dependency
between international equity markets, when returns are reckoned to exhibit time-varying
correlations. Their methodology is based on the bi-variate normal GARCH model with
time-varying correlation described by a smooth transition model. Our model can be regarded as
an extension of their model by adopting the copula approach, which allows us to use Student’s t
distribution as a marginal. In addition, copula framework can give us flexibility to estimate first
the univariate distributions and then the copula function, with the dependency parameter rendered
time-varying. As a consequence, our model can accommodate as many as six variables. See also
Jondeau and Rockinger (2006), Patton (2006a), and Okimoto (2008), among others, for the recent

studies analyzing time-varying dependence with a use of copula theory.

3.1. Marginal distributions

™ The argument here is analogous to the creditworthiness and the yield spreads for individual states in the United

States, or among the Canadian provinces (see, for instance, Bayoumi and Eichengreen, 1998).



According to the copula theory based on Sklar’s (1959) theorem, the n -variate joint distribution
function H(-) can be written as
H(X,,.... X,;0) = C(F,(x.;0,),.... F,(x,:0,);8). 1)

Here & is a parameter vector for the copula, 0,,...,0, are parameter vectors for each marginal

distribution, and 0=(3',0,,...,0")" is a parameter vector for the joint distribution. Thus, Eq. (1)

indicate that the joint distribution can be decomposed into two parts: marginal distributions

F.....F,, describing the marginal behavior of each variable, and a copula C, representing the

dependence structure among all variables. This decomposition allows us to model marginal
distributions and dependence structure separately. In this subsection, we describe the model for
marginal distributions, followed by the model for copula in the next subsection.

For the marginal distributions we use the AR(4)-GARCH(1,1) model with Student’s

t -disturbance. Specifically, the model for margins can be expressed as

X =Ci + @uXioa + oKX o+ BaXip s T BuXir g T Es

&y = \/h_ituit’ (2)

he = o + ey + B,
for t=1...T and i=1...n, where T is a sample size and n is a number of variables
included in the model, namely six for this paper. We assume u, follows Student’s
t-distribution with mean 0, variance 1, and the degree of freedom v,. This specification is

motivated by the well-known fact that the GARCH(1,1) model with Student’s t-disturbance is
able to capture many features of financial data, such as volatility clustering and fat-tailness. We
also include AR terms in the conditional mean equation to treat a possible serial correlation of
each variable.

Note that our copula framework allows each marginal model of Eq. (2) to have different



degree of freedom, or fat-tailness. This is an important generalization, since the tail behavior of
the government bonds in each international market could be different as we will confirm in the

next section. As a result, each marginal model of Eg. (2) contains nine parameters;

0, =(C. 418, S bar i, B Vi)

3.2 Copula function

For a copula, or a dependence structure, we simply use the normal copula, which is a copula for
multivariate normal distribution and given as follows:
C(Uy, - Up38) = O (P (U,), .., D(u,)). (3)

Here ®(-) is a cumulative distribution function (CDF) of the standard normal distribution and
@, () is a CDF of the n-variate normal distribution with mean 0 and variance-covariance

matrix R. In our copula framework, R becomes a correlation matrix with unity along the
diagonal elements, since variances are captured by the marginal model. This is relevant because a
copula describes only dependence structures, not marginal behaviors. Note that we allow the
correlation matrix R to be time dependent to describe the time-varying dependence. The model
for the dynamics of correlations is discussed in detail in the next subsection.

We choose the normal copula for several reasons. First, the normal copula is easy to
manipulate. As can be seen from the definition of the normal copula of Eqg. (3), we need only the
normal CDFs to calculate the normal copula. This tractability is essential to estimate large models
such as the one this paper. Second, the normal copula is flexible in the sense that it allows all
possible pairs to have different correlations. This is important for our purpose, since we want to

impose as few restrictions as possible on the dependence structures. To make this clear, let’s



consider an Archimedean copula as an alternative.’> The Archimedean copulas are more
attractive than normal copula to describe asymmetric and extreme dependence, since the normal
copula can capture only symmetric dependence with no tail dependence as emphasized by,
among others, Embrechts, McNeil, and Straumann (2002). However, when it comes to the
extension to more than three dimensions, the normal copula is superior to the Archimedean
copulas. Although the multi-variate Archimedean copulas can be easily obtained, they typically
have only one or two parameters. In other word, using the multi-variate Archimedean copulas, we
have to assume that correlations between all possible pairs are characterized by only one or two
parameters, which is most-likely a misleading characterization of the correlation structure in
government bond markets. Lastly, even if we use the normal copula, our model can accommodate
fat-taillness, since we employ the GARCH model with Student’s t-disturbance for marginal
models. Therefore, our normal copula model is not as restrictive as the multi-variate normal

distribution model employed by the most of previous studies in the multi-variate framework.

3.3 Dynamics of correlations

To examine the evolution of bond market integration, we need to specify a model for the
dynamics of correlations. To this end, we adopt the smooth transition model proposed by
Terdsvirta (1994) in an autoregressive model framework. With the smooth transition framework
we can model the copula parameters, or the correlation matrix as

R, =(1-G,)R, +GR,. 4)

In other words, we assume that there are two correlation regimes and the regime transition is

12 See, Joe (1997) and Nelsen (2007) for the detail of the Archimedean copulas.



governed by a transition function, G,. The transition function is often modeled by the logistic

function as

1
- Lrexp(-r(& —c)

GtZG(égt;%C) )v 7/>0’ (%)

where & is a transition variable, and y and c are smoothness and location parameters,
respectively. Note that since the transition function G, takes values between 0 and 1, as long as
R, and R, are correlation matrices, R, will be a correlation matrix as well.

For a transition variable, following Lin and Terésvirta (1994) and Berben and Jansen
(2005), we use a linear time trend, specifically, we set & =t/T . In addition, we assume

0.15 < ¢ < 0.85s0 that we can detect the correlation transition within sample period. By doing so,
we can capture dominant long-run trends of international government bond market integration,
since the correlation matrix of the international bond markets changes from R, to R,
monotonically. In addition, we can test the changes in a correlation for a specific pair by testing
the difference between the corresponding elements of R, and R,. For example, if we want to
test the changes in correlation between government bond yields 1 and 2, we can test the

difference between the (1,2) elements of R, and R,. More specifically, we can test the null

hypothesis H, : 1, =r; against the alternative hypothesis H, :r, = r3, where r isthe (1,2)

elementof R,.

Another attractive feature of the smooth transition models is that they can allow data to

choose the pattern of transition. The change is abrupt for large values of y, while the transition
is gradual for small values of y. Furthermore, the location parameter ¢ can adjust the location

of the reflection point. Thus, the smooth transition model can describe a wide variety of patterns



of change and select empirically the best pattern for the international bond market data, which is
particularly attractive for our purpose.

Note that each correlation matrix has n(n-1)/2 parameters and the transition function

has two parameters. Thus, our copula specification of Egs. (3)-(5) contains n(n-1)+2

parameters to estimate. Specifically, & = (c,,vech(R,)’,vech(R,)")’, where vech(A) is defined

as a column vector consisting of the elements of A below diagonal.
3.4. Estimation strategy

Since we have fully specified the model, we can derive the (conditional) log-likelihood function

1(8) to implement the maximum likelihood estimation (MLE). In a copula framework, we

differentiate the joint distribution (1) with respect to x,...,X, to get the joint density of

OH (X,..., X,;0)

Ev— = o(F,(%,;0,),0, F (X360, );8)x f,(x;0,)x---x f(x;90,). (6)

n

Here c(-) is adensity function of copula defined as

oC(u,,...,u,;0)

c(u,,...,u,;8) = Y
1

; ()

n

and f,..., f, are density functions of each marginal. Thus, the log-likelihood function [(0) can

be obtained from Eg. (6) as

n

10) = I C(F, (%:0,).... F, (,16,):8) + Ziln f(X:;0,). (8)

i=l t=1

—

In our specification, the copula density ¢ of Eq. (7) can be represented as
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where ¢, is a density function of n -variate normal distribution with mean 0 and

variance-covariance matrix R, and ¢ is a density of the standard normal distribution. Also, f.

is given by the Student’s t-density with mean c; +@ X, +@,% ., +@:X s +&,X 4, Variance

h.

.., and the degree of freedom v, .
Since the normal and Student’s t-density functions are well-known and available in most

statistical packages, we can evaluate the value of 1(0) readily using Egs. (8) and (9). However,
we often encounter the difficulty in maximizing 1(0) with respect to a large number of

parameters. Note that 0 consists of all parameters for copula and marginal distributions, and

contains 9n+n(n-1)+2 parameters. Thus, our six-variate smooth-transition copula-GARCH

model has 96 parameters to estimate, meaning that it is formidable, if not impossible, to calculate
MLE in practice. To overcome this difficulty, we employ a multi-stage maximum likelihood
estimator (MSMLE) analyzed by Patton (2006b). The MSMLE is obtained by getting the MLE
for the parameters for marginal distributions and copula separately. More precisely, to get the
MSMLE, we first calculate the MLE for each marginal model by maximizing each marginal
likelihood, separately. Then we substitute those parameter estimates into the joint likelihood and
calculate the MLE for copula parameters using this quasi-likelihood. Patton (2006b) shows that
the MSMLE is asymptotically normal and as efficient as the true MLE under some regularity
conditions.

Another advantage of the MSMLE is that we can use all available data rather than the
overlapping data. As discussed in the next section, the availability of our data differs from

country to country. Therefore, if we use the usual MLE, we have to make each sample size even



by discarding a portion of samples other than overlapping data. Using the MSMLE, we can use
all available data, which may increase the accuracy of parameter estimates for marginal
distributions.

One concern using the MSMLE is to evaluate the standard errors of the MSMLE. Patton
(2006b) provides the robust consistent estimator for the asymptotic variance-covariance matrix of
the MSMLE for the bi-variate case. Theoretically, it can be easily extended to the multi-variate
case and used to evaluate standard errors, but in practice it is a formidable task to calculate it
accurately, in particular, when the number of parameters is large. For this reason, we use the
usual standard errors obtained in each stage of calculating the MSMLE as the approximate
standard errors for the MSMLE. This is innocuous for marginal distribution parameters, but not
for copula parameters, since we treat parameter estimates for the marginal distributions as given
when estimating copula parameter. However, it should not be a serious problem, if sample size is

large, which is so in this paper.*®

4. Empirical Analysis

4.1. Data

The data were initially obtained for daily bond yields adjusted for maturity (obtained from
Bloomberg and IMF). Daily data are seen to be desirable to increase the information available for
testing the underlying hypotheses. However, as a number of other studies have indicated, serious

issues are raised by the differential time-zone effects, with trading hours for markets in North

3 Our shortest sample size is 690 for Italian 3-month rates.



America and Europe overlapping only partially. Indeed as Mertons and Poon (2001) show lack of
common trading hours and the resultant asynchronous data can lead to a significant downward
bias in estimates of correlations. Given this, the data on daily yields were averaged into weekly
data, and the bulk of the analysis was undertaken using these weekly averages.

The weekly averages are computed for both short- and long-term government bond yields
for G7 countries except Japan (Canada (CA), France (FR), Germany (GE), Italy (IT), UK, and
US). We exclude Japan from our analysis, since the unique Japanese low growth and deflation in
the Japanese “lost decade” significantly distorted the analysis. We use the three-month rate as the
short-term rate and ten-year rate as the long-term rate (the only exception is the Canadian
short-term rate, proxied by the 2 year rate since three-month and six-month rates are not
available). The sample period is from January, 1990 to November, 2007, with the exception of
the following; for the UK short-rate is available from November 1992, while the short-yield data
for GE can be used only from May 1993. In addition, the short- and long-term yields for IT are
available from September 1994 and May 1993, respectively.

We take first differences in for the short- and long-term rates of the yield curve to make
the series stationary. In addition, changes are more appropriate to use, since we are interested in
commensurate movements of monetary policy and global investor preferences, which are
reflected by the change of interest rates, rather than the level itself. (We do not pursue the issue of
cointegration in this paper).

We classify twelve variables (short- and long-term government bond yields rates for G6
countries) into four six-variable groups in order to investigate the dynamics of correlations. This
is so for two reasons: First, if all variables are included in one analysis, it is almost impossible to
obtain reasonable estimates due to the large number of parameters. Second, in our STCG model

analysis, we assume that all variables share the same transition function. We can make this



assumption more reasonable by grouping variables with similar characteristics. For the country
grouping, we refer the results of Doyle and Faust (2005) and Stock and Watson (2005), which
indicate the emergence of two groups, one consisting of English-speaking (ES) countries and the
other of Euro-zone (EZ) countries. We, therefore, consider the following two groups based on
countries. The first group corresponds to the ES countries and includes the short- and long-term
government bond yields for CA, UK and US. The second group consists of the short- and
long-term government bond yields for EZ countries, namely FR, GE and IT. In addition, we
consider two more groups depending on the type of yields: the third group contains short-term
yields for G6 countries, while the fourth group is for long-term yield groups.

Based on these four groups we examine the evolutions of international government bond
market integration from several aspects. For instance, the short-end of the yield curve mainly
reflects the stance of monetary policy, while the long bond yields are in addition driven by global
investors’ preference. As discussed earlier, it is very unlikely that the correlation dynamics in the
two cases are similar. In particular, the analysis addresses the following questions: (i) Has
sovereign bond market integration been increasing? (ii) To what extent does the integration at the
short and the long end differ? (iii) What has been the evolution of integration? (iv) Have the
long-term rates decoupled from short-term rates?

In what follows, we first document the results of marginal models for all countries, then

report the results of each group’s correlation dynamics for the short- and long-term rates.

4.2. Results of the marginal model

In this subsection, we document the estimation results of marginal model. We fit the



AR(4)-GARCH(1,1) model with Student’s t-disturbance of Eq. (2) to the short- and long-term
government bond yields for each country.* The estimation results indicate that AR parameters
are jointly significant for all cases, meaning that both short- and long-term yields are significantly
serially correlated. In addition, all results suggest that the CARCH effects are highly statistically
significant. Furthermore, estimates of the degree of freedom are very small for most of the cases,
indicating the fat tailness of the disturbance.'® In particular, for the short-term rates, the degree of
freedom is estimated at less than 5 for all countries except CA, whose estimate is 7.2. The
long-term rate results are not as striking as those of short-rates, but still suggest much fatter
distribution than normal distribution with about 6 to 10 degree of freedom estimates for the most
of countries. The highest degree of freedom is for US with about 25, which is still significantly
fatter than normal. These results clearly demonstrate the importance of capturing the fat-tailness,
hence the superiority of our copula-GARCH approach to the usual multi-variate normal GARCH
model.

Table 2 reports the results of diagnostic tests based on the standardized residual from the
marginal model for each government bond yield. Specifically, we test the serial correlation in the
standardized residuals and squared standardized residuals based on the Lyung-Box’s Portmanteau
tests. If marginal models are correctly specified, the standardized residuals are iid, implying no

serial correlation in either original or squared series. The table shows the values of Q -statistic
for the Portmanteau test and its p -value using the order up to 5, 10, and 20: most of the results

indicate no significant serial correlation with p -values greater than 0.05; in particular, none of

4 To save space, all parameter estimates are not reported, but are available from the authors upon request.
> We assume the degree of freedom v is larger than 4, or the existence of at least fourth order moment to

guarantee the asymptotic normality of MLE. If this restriction is bound, we reestimate the model with setting v =4.



them are statistically significant at 5% level for the long-term yields. Although short-term yields
of US, FR, and GE show some significant serial correlation in the longer horizon, it is extremely
difficult to take care of these serial correlations in a parsimonious way. Overall, the results are
acceptable, meaning that our models are satisfactory to describe the marginal behavior of the

short- and long-term government bond yields.

4.3. Results of the joint model

In this subsection, we present the estimation results of the STCG models, specifically correlation
dynamics for government bond yields, to answer the questions noted above. As explained in the
previous section, we employ the MSMLE to estimate parameters for smooth-transition normal
copula model, meaning that we use the estimation results of the marginal model as given to
estimate the joint model. We estimate the six-variate STCG model for four groups; (i) the short-
and long-term government bond yields for ES countries, (ii) the short- and long-term government
bond yields for EZ countries, (iii) the short-term yields for G6 countries, and (iv) the long-term
yields for G6 countries.

The estimation results for the ES country group based on the sample from November
1992 to November 2007 are summarized in Table 3. There are three country pairs in the group,
namely CA-UK, CA-US, and UK-US. Each column of the fourth to sixth column in this table
reports the estimation results of each pair’s correlation, showing the results for short-term yield
followed by the long-term yield. In addition, the results of hypothesis tests for equivalence
between each pair’s correlations across regimes are documented. For example, correlations of

CA-UK pair for the short-term yields are estimated at 0.036 and 0.143 with standard errors of



0.083 and 0.055 for regimes 1 and 2, respectively. The null hypothesis of equivalence between

these two correlations is not rejected with p-value 0.370. Recall that the correlation changes
monotonically from p, to p, in our smooth-transition framework, where p, is correlation in

the regime i. Thus, our results indicate no significant increase in the CA-UK correlation
between short-term government bond yields over the sample period. As for the long-term yields,
correlations are estimated at 0.051 with standard error 0.174 for regime 1 and at 0.893 with
standard error 0.100 for regime 2. The difference in correlations across regimes is highly

statistically significant with essentially zero p -value. This is also true for other two pairs. Both

pairs’ correlations for the long-term yields have increased remarkably in regime 2 to around 0.9,
while correlations for the short-term yields remain relatively low even for the CA-US pair, whose
correlation for the short-term yield shows a marked increase from 0.181 to 0.445.

To highlight the correlation dynamics visually, Figure 1 plots the time series of
correlations implied by the estimated smooth-transition normal copula model. As can be seen
from the figure, there are noticeable differences in correlation dynamics between the short-term
yields (dotted line) and long-term yields (solid line). First, the degree of integration measured by
correlation is much higher for the long-term than for the short-term yields. Average correlations
for these ES country pairs over the sample period are 0.193 and 0.707 for the short- and long
yields, respectively. Second, correlations for the long yields are increasing almost linearly for all
three pairs, while correlations for the short yields stay nearly same level for the CA-UK and
UK-US pairs, although the CA-US pair’s correlation between the short-term yields shares the
same trend as that of the long term yield. As a consequence, the difference in average correlations
between the long- and short-term yields has increased from 0.365 to 0.625 during the sample

period. These observations provide strong evidence relating to the first three questions stated



above for ES countries.

The last three columns in Table 3 report the estimation results for the EZ countries based
on the sample from September 1994 to November 2007. As can be seen from the table, the basic
results are essentially same or even more striking for EZ countries; correlations between the
long-term yields have increased significantly for all pairs, while the short-term yield correlations
for the FR-IT and GE-IT pairs show no significant change, although FR-GE pair has experienced
significant increase in correlation between short-term yields. In addition, correlations between
long-term yields are much higher than those for the short-term yields. Given the introduction of
Euro in January 1999, these results are more surprising than those for ES countries. We can also
confirm these results as well as the correlation dynamics from Figure 1. As can be seen from the
figure, correlations between short-term yields (dotted line) for the FR-IT and GE-IT stay almost
at the same level, and if anything decline slightly, although FR-GE show some increase. On the
other hand, the long yields (solid line) experienced a very rapid increase in correlation between
1996 and 1998 for all pairs. This is in contrast to the results for ES countries, which suggested
almost linear increase in correlations between the long-term rates. Overall, our analysis indicates
very similar tendency in the degree of, and changes in correlations between government bond
yields for ES and EZ countries, but different dynamics in correlations between the long-term
yields.

Using the estimation results for the ES and EZ country group, we can examine the
possibility of decoupling between the short- and long-term yields. Table 4 reports the results of
estimation and hypothesis tests of equivalence for correlations between short- and long-term
yields across regimes for each country. The results are clear-cut. The null of equivalence for
correlations is rejected for 4 out of 6 countries. We fail to reject the null for CA and GE; for CA

it is most likely due to the use of two-year yields as short-term yields instead of three-month



yields; as a result, the correlation between the short- and long term yields for CA is much higher
than other countries with insignificant decrease across regimes. For GE, since the correlation
between the short- and long-term yields is very small throughout the sample period, it is not
unreasonable that we fail to reject the null in that case. These observations can also be confirmed
from Figure 2, which depicts the estimated correlation dynamics between the short- and
long-term yields. In addition, Figure 2 indicates that decoupling in ES countries happened almost
linearly, whereas decoupling in EZ countries occurred mainly between 1996 and 1998. In sum,
our results demonstrate the decoupling of the long-term yields from the short-term yields. This
provides strong support of our basic premise: the evolution of interest rates of the short-end of the
curve continues to reflect primarily domestic monetary policy as well as domestic economic and
financial market conditions, while at the long-end of the curve, the importance of global
conditions and global investor preferences have been paramount.

To provide further evidence of different characteristics in correlations dynamics between
the short- and long-term yields, we also investigated the correlation dynamics across the different
country groups. To this end, we estimated the joint model for two more groups based on the type
of yields for each of the country pairs using sample from September 1994 to November 2007 for
the short-term yields and from May 1993 to November 2007 for the long-term yields. Table 5
summarizes the estimation and hypothesis test results for the short and long rates respectively.
Since we have already tested the equivalence of correlations within the ES and EZ countries,
Table 5 reports the results only for the pairs across each country groups. As can be seen, the
results are practically the same as those for within the ES and EZ countries. The significant
increase in correlations between the long-term yields can be observed for all pairs, while the
short-term yield correlations show no significant change at the 5% significance level for all pairs

except US-FR pair. In addition, correlations between long-term yields are much higher than those



for the short-term yields. To provide a summary of the intertemporal evolution of these
developments and confirm the points visually, Figure 3 plots the time series of average
correlations of the short-term yield (dotted line) and the long-term yield (solid line) between one
country and other countries. For example, the dotted line in CA panel shows the average
correlations between CA’s short-term yield and that of other five countries, and so on. As can be

seen from the figure, the conclusions are robust for all countries.

5.  Summary and Policy Implications

Against the backdrop of the most serious global economic and financial crisis, this paper has tried
to investigate the dynamics of cross-border government bond market integration in six of the
largest G7 economies over almost two decades up to the onset of the crisis. The motivation was
to see the extent to which one of the underlying causes of the crisis—that of the loss of traction of
monetary policy in influencing long-term rates in the largest economies—was reflected in a
decoupling of short and long rates, and also to explore changes in the degree of international
integration at the short and the long end of the yield curve. We also investigated the dynamics of
the evolution of integration. These issues were investigated using the novel and rigorous
smooth-transition copula-GARCH model that provides a convenient method to capture dominant
long-run trends of correlations in bond yields. In addition, the copula framework allowed us to

model and estimate marginal and copula models separately, increasing tractability.

Our results show a clear weakening of the relationship between the short- and long-rates for most

of major industrial countries, with an almost monotonic decline over the last two decades in the



case of US and UK. At the same time, there was a marked increase in the degree of international

integration of long-term rates across most country groups.

Specifically, the estimation results for the ES country group indicate generally no significant
increase in the pair-wise correlation between short-term government bond yields, but a highly
significant increase with regard to the long-term yields. Correlations for the long yields increased
almost linearly for all three pairs, while correlations for the short yields stayed at nearly the same
level for the CA-UK and UK-US pairs, although for the CA-US pair correlation between the

short-term yields showed a similar trend as that of the long term yield.

In the case of the EZ countries, the basic results are essentially same or even more striking:
correlations between the long-term yields have increased significantly for all pairs, while the
short-term yield correlations for the FR-IT and GE-IT pairs show no significant change, although
FR-GE pair has experienced a marked increase in correlation between short-term vyields. In
addition, correlations between long-term yields are much higher than those for the short-term

yields.

These results are consistent with the premise that the evolution of short rates reflected primarily
domestic monetary policy and domestic economic and financial market conditions, while the long
rates were increasingly determined by international investor preferences and global financial
market conditions. They are thus compatible with the notion that monetary policy had begun to
have much less traction in influencing long rates and that in turn was a contributing factor to the
build up of the asset price bubble in several of the major economies and the ensuing global crisis.

It is too early to surmise how the crisis will affect the correlations at the short and long end as



they existed in mid-late 2007. However, if fundamental factors that had been instrumental in
leading to the outcome discussed in this paper begin to reassert themselves as the crisis wanes,
the efficacy of traditional monetary policy would again be called into question, and the
diversification benefits for this asset class within the largest economies would need to be

reassessed.
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Table 1: Correlations for the first and second subsamples

English—Speaking Group

Euro Group

Sample period | CA-UK CA-US US-UK FR-GE FR-IT GE-IT

Short—term 1994-2000 0.086 0.284 0.137 0.122 0.324 0.145
yields 2001-2007 0.176 0.401 0.193 0.557 0.284 0.243
Long—term 1994-2000 0545 0.814 0.632 0.925 0.684 0.591
yields 2001-2007 0.736 0.873 0.763 0.990 0.981 0.979
1994-2000 0.802 0217 0.360 0.319 0.032 0.392

Cross yields
2001-2007 0.767 0.166 0.227 0.194 0.069 0.057




Table 2: Results of diagnostic tests for the marginal model

standardized residual squared standardized residual
Lag 5 10 20 5 10 20

CA | Q-stat | 1909 | 8595 | 30.137 | 3247 | 17128 | 26.169
Sh‘;rig(::rm P-value | 0862 | 0571 | 0068 | 0662 | 0072 | 0.160
UK Q-stat | 3616 | 7575 | 25926 | 0929 | 1595 | 16.720
P-value | 0606 | 0670 | 0168 | 0968 | 0999 | 0671

us Q-stat | 4714 | 10392 | 54968 | 5811 | 7.989 | 13.403
P-value | 0452 | 0407 | 0000 | 0325 | 0630 | 0859

FR Q-stat | 9.800 | 14628 | 43011 | 1.183 | 4007 | 18610
P-value | 0081 | 0146 | 0002 | 0946 | 0947 | 0547

GE Q-stat | 0948 | 3085 | 32974 | 7611 | 23295 | 33.361
P-value | 0330 | 0798 | 0007 | 0006 | 0001 | 0007

IT Q-stat | 4.324 | 13.441 | 27439 | 2255 | 17.826 | 27.406
P-value | 0504 | 0200 | 0123 | 0813 | 0058 | 0.124

CA | Q-stat | 3708 | 5534 | 18460 | 9241 | 10378 | 24.353
L°;§:m P-value | 0592 | 0853 | 0557 | 0.100 | 0408 | 0227
UK Q-stat | 2935 | 9971 | 15971 | 2110 | 3242 | 18.980
P-value | 0710 | 0443 | 0718 | 0834 | 0975 | 0523

us Q-stat | 0454 | 2324 | 17469 | 13575 | 14752 | 23613
P-value | 0994 | 0993 | 0622 | 0019 | 0.141 | 0260

FR Q-stat | 1530 | 7.680 | 20469 | 3.117 | 10257 | 19.413
P-value | 0910 | 0660 | 0429 | 0682 | 0418 | 0495

GE Q-stat | 2684 | 7982 | 21382 | 8697 | 10980 | 23.970

P-value 0.749 0.631 0.375 0.122 0.359 0.244

IT Q-stat 1.262 5.991 13.426 8.007 8.943 16.106

P-value 0.939 0.816 0.858 0.156 0.538 0.710




Table 3: Hypothesis tests of equivalence for correlations within each group

English—Speaking Group Euro Group
CA-UK | CA-US | UK-US | FR-GE | FR-IT GE-IT
Estimate | 0.036 0.181 0.106 0.150 0.267 0.182
Regime 1
Std. Error| 0.083 0.081 0.090 0.068 0.066 0.066
Short—term Estimate | 0.143 0.445 0.111 0.322 0.228 0.167
. Regime 2
vields Std. Error| 0.055 0.055 0.057 0.038 0.042 0.043
Wald stat | 0.804 6.116 0.001 415 0.220 0.035
P-value | 0370 0.013 0.971 0.042 0.639 0.852
Estimate | 0.051 0.604 0.099 0.859 0.500 0.398
Regime 1
Std. Error| 0.174 0.070 0.171 0014 0.065 0.072
Long—term Estimate | 0.893 0.938 0.922 0.988 0.978 0.976
) Regime 2
vields Std. Error| 0.100 0.043 0.098 0.001 0.002 0.002
Wald stat | 23.46 19.70 23.30 83.96 5411 64.53
P-value | 0.000 0.000 0.000 0.000 0.000 0.000

Table 4: Hypothesis tests of equivalence for correlations between short- and long-term yields

English—Speaking Group Euro Group
CA UK us FR GE IT
Estimate 0.787 0.353 0.665 0.553 0.068 0.442
Regime 1
Std. Error| 0.021 0.091 0.123 0.047 0.080 0.065
Estimate 0.798 0.101 0.246 0.217 0.084 0.076

Cross yields | Regime 2
Std. Error| 0.016 0.063 0.089 0.042 0.044 0.045

Wald stat | 0.125 4315 5.942 26.842 0.026 19.057

P-value 0.724 0.038 0.015 0.000 0.872 0.000




Table 5: Hypothesis tests of equivalence for correlations across the groups

CA-FR | CA-GE | CA-IT | UK-FR | UK-GE | UK-IT | US-FR | US-GE | US-IT
Regime 1 Estimate | 0.121 0.098 0.079 0.113 0.116 | -0035 | 0.099 0.049 0.033

Std. Error | 0.053 0.056 0.051 0.048 0.046 0.047 0.052 0.052 0.050

Short—term . Estimate | 0.243 0.177 0.132 0.127 0.161 0.057 0.266 0.085 0.136
yields | Regme 2 Std. Error | 0.048 0.051 0.053 0.045 0.044 0.046 0.044 0.054 0.052
Wald stat | 2.821 0.996 0.496 0.035 0.475 1.805 5.623 0213 1.863

P-value | 0.093 0.318 0.482 0.852 0.491 0.179 0.018 0644 | 0.172

Regime 1 Estimate | 0.371 0.405 0.216 0.674 0.671 0.381 0.406 0.448 0.103

Std. Error | 0.058 0.056 0070 | 0034 | 0035 0.056 0.054 0.054 0.075

Long~term | oo Estimate | 0.741 0.744 0.726 0.871 0.869 0.860 0.784 0.791 0.767
vields Std. Error | 0.016 0016 0016 0.009 0.009 0.010 0014 0.013 0014
Wald stat | 34.63 30.79 46.67 28.54 27.68 68.53 42.79 34.64 72.61

P-value | 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000




Figure 1: Dynamics of correlations between government bond yields within ES and EZ countries
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Figure 2: Dynamics of correlations between short- and long-term government bond yields
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Figure 3: Dynamics of correlations between government bond yields for each country
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