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Abstract

This paper examines interactions of the U.S., Gararad Greek bond markets in times of
financial crisis. Specifically, the connections amgalaily and weekly growth rates of the 10-year
government bond yields of the U.S., Germany anc&e&rdrom July 13, 2006 to June 28, 2012 are
considered and an empirical illustration of thds&sed on the vector autoregressive (VAR) model
with stochastic volatility (SV) disturbances, isopided. Finally, sufficient weak and strong
exogeneity conditions in the VAR-SV models areddsSince the strong exogeneity hypothesis of
the 10-year US bond yields’ growth rates has nenbejected by the data, they can be predicted

from the marginal model only.

JEL classification: G15, G01, C11, C32.

Keywords:. international bond markets, financial crisis, exogjty, stochastic volatility



Interactions of U.S., German and Greek Bond Markets
in Times of Financial Crisis. A Bayesian Analysis of
Exogeneity in the VAR-SV Model

Anita M odrzejewska, Anna Pajor

1. Introduction

The financial crisis that originated in the crashh@ U.S. housing market in mid-2007 followed
by the Lehman Brothers bankruptcy in 2008 has smdethe convergence trend in the Eurozone
government bond market, which was clearly recodneafter the introduction of the common
currency in 1999. The onset of the sovereign desisdn Europe at the end of 2009, closely related
to the worsening economic situation in Greece,raadorced the tendency towards a cross-country
bond vyields differentiation leading to a greaterrkea fragmentation. As a result, European
government bond spreads remained at higher leme®12 in comparison to the pre-crisis years
resembling those of the pre-Euro introduction prio

One of the reasons for differentiated pricing of’eseign debt securities across European
countries was a stronger impact of domestic factbighly neglected by the bond market
participants in the years 1999-2007. The influen€eountry-specific factors, such as national
fiscal conditions and macroeconomic imbalancesd(trask) together with market liquidity
(liquidity risk) on government bond yields, was toned by Barrios et al. (2009). Nevertheless,
the major role in explaining the differentials ofire area sovereign bond yields was played by
international factors, especially investors’ riskeesion (Barrios et al., 2009). In times of finaici
instability, investors typically engage in a “fligto quality’ (and a ‘flight to liquidity") i.e. they
substitute safe assets for the more risky oneseSgovernment bonds are perceived as ‘safe
havens’, investors substitute bonds for stocks, iarmbnsequence, bond and stock market returns
become negatively correlated (Kim et al., 2006)ni&irly, as in terms of credit quality and
liquidity, German Bunds have been considered thfe& haven’ among European sovereign bonds
(Barrios et al., 2009) and the Greek ones the l|ea#, yields on both should be negatively
correlated during a financial crisis.

However, the developments in the Euro area govembrbend markets cannot merely be
assessed from the regional perspective. Discermitmes-border co-movements of bond yields
signal the presence of common driving factors atdlobal level as well. In particular, there is

! Risky assets are usually less liquid.



much empirical evidence supporting a substantigrdependence between the U.S. and European
sovereign bond markets (Goldberg and Leonard, 2888sted and Tanggaard, 2005, Ehrmann et
al., 2005; Andersson et al., 2006; Laopodis, 2008)imes of financial stability, government bond
yields in these markets tend to move together ayspy a high degree of positive correlation. This
holds true especially for the U.S. Treasuries dm@dGerman Bunds (Goldberg and Leonard, 2003;
Engsted and Tanggaard, 2005), which in the globakreign debt market are deemed to be
benchmark securities (U.S. Treasuries serve amattenal benchmarks, and German Bunds — as
regional ones). Considering the facts that theeturfinancial crisis began in the U.S. and the U.S.
Treasuries as global benchmark securities assigagpto other assets, the question arises whether,
and if so, to what extent the changes in Euro gmernment bond yields were affected by the
changes in yields of U.S. Treasuries.

On the other hand, downgrading of the Greek pud#iat to junk level (BBB-) by rating agency
Fitch in April 2010 has threatened the stabilityttod whole Euro area, bringing the bond yields of
larger European economies under pressure in 202B,(E012). On November 23, 2011, Germany,
considered a stalwart pillar of the Eurozone econoaiailed to get bids for 35% of the 10-year
government bonds offered for the auction sale, whiade it clear that even German Bunds are not
immune to the ongoing sovereign debt crisis in Rarfhttp://www.bloomberg.com/news/2011-11-
23/germany-fails-to-receive-bids-for-35-of-10-ydmmds-offered-at-auction.html). As the German
bond market seems to have been affected by theirtsin of the Greek bond market since the
end of April 2010, another question addressed is plaper is about the potential impact of the
European bond markets on that of the U.S. durifigaacial turmoil. It's worth noting that earlier
the same year, on August 5, 2011, Standard & Pamvengraded the U.S. sovereign debt from
AAA to AA+, which increased speculation about agmtial loss of the benchmark status of U.S.
Treasuries (IMF, 2012). Hence, an analysis of conoes between the U.S. and German
government bonds, acting as close substitutesangtbbal bond market, seems to be especially
interesting.

Thus the aim of this paper is to study interactianng selected government bond markets,
namely that of the U.S. (the global benchmark),n@ey (the regional benchmark) and Greece (the
country most severely affected by the sovereigr-desis) in the presence of high levels of market
uncertainty. In particular, we examine the strengtitl direction (the sign) of bilateral linkages
among yields in the sovereign debt markets of thomentries, i.e. we consider how the past
changes in 10-year government bond yields in onmtcp have determined the present changes in
10-year government bond yields in another couridditionally, we test the sufficient weak and
strong exogeneity conditions in the vector auta@sgive (VAR) model whose disturbances follow

the stochastic volatility (SV) process. The Bayesiancept of exogeneity adopted in this paper
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was proposed by Florens and Mouchart (Florens aadckart, 1977, 1980, 1982; Florens et al.,
1990; Mouchart et al,. 2007; Osiewalski and St&896), and then extended by Pajor (2011) to the
class of models with latent variables (in whichubset of parameters and latent variables is of
interest).

The remainder of this paper is as follows: secHdmiefly reviews empirical studies which fit
the line of our research, section 3 introducesBhgesian econometric VAR-SV model together
with the formal definition of exogeneity, sectiordcusses the dataset and empirical results, and
finally, section 5 concludes by providing the kewings.

2. Literaturereview

The sovereign debt crisis in Europe shifted inteteggovernment bond markets again, thus
raising the problem of their international interdedence in the context of transmission of financial
shocks. Previous analyses of interactions among@ean sovereign bond markets have seldom
been carried out in isolation from the global markeor instance, Sosvilla-Rivero and Morales-
Zumagquero (2011) studied the volatility of the @&ll0-year sovereign bond yields for 11 EMU
countries during the 2001-2010 decade, using a ®GA model and cluster analysis. Their results
suggest that for all countries and periods, thasitary (short-run) component of bond-yield
volatility was less important than the permanemngirun) one. In other words, shocks to
underlying economic fundamentals had a greater ¢npa volatility of government bond yields
than temporary shifts in bond markets. Moreovee, ¢brrelation analyses and Granger causality
tests between transitory and permanent volatildfesovereign bond yields confirmed the existence
of two groups of EMU countries, characterized bifedent degree of credibility ascribed to the
announcements made by policymakers and by varioggigns regarding the stability of public
finance. It came as no surprise that Germany am@dcgrbelonged to the distinct groups, i.e. to the
EMU-core and -periphery respectively, which medrs there was a rather weak relation between
volatilities of their bond yields in the years 262010.

Nevertheless, the empirical study of Sosvilla-Rivand Morales-Zumaquero (2011) did not
cover the actual period of sovereign debt crisi€urope, and in times of financial instability,
markets behave differently. They are more volatite become more highly correlated (Chordia et
al., 2001). Therefore, during periods of finanagtkss the external factor plays a more important
role than the domestic one (Clare and Lekkos, 200Rkys and Va&ek (2012), who measured the
bilateral spillovers between 16 EU government boraakets since May 2000 up to February 2012,
using the forecast-error variance decompositionsnfa VAR model on sovereign bond vyield
spreads relative to the German 10-year bond yietlicated that 59% of the variations in sovereign

bond spreads could be explained by shocks to &hepean countries, i.e. the regional factor, and
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only the remaining 41% of all movements were deteech by a purely domestic factor. The
authors also suggest that spillover has substpntratreased since 2007, and it was of greater
significance than domestic factors to all EMU coigst due to the influence of the common factor
as well as bilateral linkages. In case of Greeosyever, domestic dynamics were slightly more
important than the international ones.

Furthermore, Claeys and Va&sgk (2012) examined the spillover of fiscal problem$&reece
to other European bond markets. They observedilieainfluence of changes in Greek sovereign
bond spreads on other markets was varying significaver time, and it was quite different across
four identified groups of countries. The most atiéelcwere the bond markets of the PIIS (Portugal,
Ireland, Italy and Spain) and those of the core E&tluntries (Austria, Belgium, France, Finland
and the Netherlands), whereas the bond marketheofCEE (the Czech Republic, Hungary and
Poland) and those of the non-EMU countries (Denm&rkeden and the UK) remained barely
influenced. Since May 2010 the spillover to the dpgran bond markets was magnified by the
crisis. The structure of the spillover, howeved dot change. The time-varying effect of shocks
was also measured in the opposite direction, he.irfluence of other European bond markets on
the Greek one was calculated. The overall effet stable, and again, there were stronger links
between the core EMU, the PIIS countries, and @eécs worth noting that in both cases, Greece
contributed more to spread movements in other ntsutkan it received from, so the influence of
the Greek sovereign bond market on the other mawkas more powerful than the reverse effect.

As mentioned in the other paragraph, analysestefantions among European bond markets
have usually been done within the global contegt, mext to the influence of the domestic and
regional factor also the global factor has beerenaito consideration. Such an approach was
adopted by Ch. Christiansen (2003) who studiedtiVityaspillovers from the US and aggregate
European bond markets into 6 EMU (Belgium, Fra®ermany, Italy, the Netherlands, and Spain)
and 3 non-EMU countries (Denmark, Sweden, and tkg uUsing a GARCH volatility-spillover
model with the weekly data of total return governiigond indices for the period from January 6,
1988 to November 27, 2002. She measured threeilitglaffects: the global, regional and local
one. The regional effect followed by the local @ppeared to be the most important for the EMU
countries and Denmark. Additionally, the introdoatiof common currency has strengthened the
European and weakened the US volatility-spillovigea for EMU bond markets. In case of non-
EMU countries the local and global effects wergater importance than the regional one which
turned out to be rather weak.

J. M. C. da Costa et al. (2004), who followed thsearch method applied by Christiansen,
examined the volatility-spillover effects from theS. and Germany to EMU countries with the

weekly data of return indices for 7 and 10-yearegoment bond markets from October 1993 to
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May 2004. They proved, however, that most Europeamd markets were strongly affected by
volatility-spillover effects, coming both from tlggobal (the U.S.) and regional (German) markets.
Moreover, the spillover effects have increasediBgantly after the introduction of the common
currency, whereas the local effect has declinechportance after 1999.

On the other hand, the findings of P. Abad et 2000) are consistent with the results of
Christiansen, although a different research methad used. P. Abad et al. adopted Bekaert and
Harvey's CAPM-based model (1995) to analyse thebelir of 10-year sovereign bond returns of
13 European countries (Greece and Luxembourg warencluded into the sample) with a weekly
dataset covering the period from January 1999 tee 2008. The adoption of this model also
allowed them to separate each individual countgdsernment bond return into three effects:
a local (own country), a regional (Eurozone), arglabal (the U.S.) effect. Significant distinctions
between EMU and non-EMU countries were recogniZéeé. degree of integration with the US and
German bond markets varied clearly between theseggtaups of countries. The authors indicated
that the EMU countries, sharing a single monetaficp, were more vulnerable to the influence of
regional risk factors and less vulnerable to thabal risk factors. Their results suggest that the
EMU bond markets were only partially integratedhatite German market because of differences in
their market liquidity or default risk. In contrasthe non-EMU countries presented higher
vulnerability to external risk factors i.e. thewrd markets were more affected by the U.S. market.

Another line of empirical research on interactioh&uropean government bond markets puts
a special emphasis on the relationship betweenWl& and Germany. The interdependence
between these two markets has been usually ina¢stign the context of a high level of their co-
movements. L. Goldberg and D. Leonard (2003) u€ech@nths of hourly yield data for the on-the-
run U.S. and German 2- and 10-year notes from Jar4a2000, to June 28, 2002. The U.S.
economic news was found to have a direct and lafygeence on German yields within an hour of
its release. The effect in the opposite directibawever, appeared to be far less influential.
According to T. Engsted and C. Tanggaard (2005) wéed a VAR model for monthly data over
the period of 1975-2003 to decompose the U.S. arin@n unexpected bond returns into 3 news
components, news about: future inflation, futural iaterest rates and future excess bond returns,
the main driving force behind the co-movement ef thS. and German bond markets was inflation
news coming from the U.S. Furthermore, they protred there were important spillover effects
from the U.S. to the German bond market, but antytéd ones from Germany to the U.S., and that
these two markets were closely linked togetheresione-month excess bond returns in the U.S.
and Germany showed a contemporaneous positivelatioreof 0,54. The significant impact of the
U.S. announcements on German government bond setvas also confirmed by M. Andersson et

al. (2006), who examined the effects of macroecaoaaata releases and the ECB’s monetary
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policy statements on the German long-term bond etas&gment of the yield curve in the period
from January 1999 to December 2005. Their resulggest that the U.S. macroeconomic releases
exert a stronger influence on German bond markets the Euro area and domestic news, and the
strength of those reactions has increased ovegreéhed considered.

Interactions among international government bondaketa have also been studied across
various classes of financial assets (currencieskst and bonds etc.). Despite the fact that timd k
of approach, similarly to the previous paragragresgbeyond the scope of this research, it is worth
noting that in times of financial crisis, shocksarating from the U.S. asset markets are transmitted
worldwide and in a negative direction within-markas in case of equity and bond markets) as well
as cross-market from the U.S. equity to bond mamkbereas the Euro area shocks mainly have a
negative effect on bond markets and are largelyfime to spillovers to the bond markets of
advanced economies. J. Beirne and J. Gieck (2042¢ ltome to such conclusions, while
investigating over 60 economies in periods of foiahstress between 1998 and 2011 with the use
of a GVAR model. The dominance of the U.S. as tlaénndriver of global financial markets was
also proved by M. Ehrmann et al. (2005). They auph multifactor model to analyse daily returns
of a 16-year period of 1998-2004 for 7 asset prisésrt-term interest rates, bond yields, equity
market returns and the exchange rate in the U.&tts Euro area. Their results suggest that the
U.S. financial markets explained, on average, ntbhem 25% of movements in the Eurozone
financial markets, while the Euro area markets wesponsible only for 8% of the U.S. price
changes. The international transmission of shoasstrengthened in times of recession.

The investigations hitherto conducted on intecarsti among international bond markets
allow us to assume a stronger relationship betwieerl.S. and Germany and between Germany
and Greece than between the U.S. and Greece. fidatiain (the sign) of bilateral linkages between
each pair of these countries will determine whetther crisis stimulated a ‘flight to quality’
phenomenon.

This paper contributes to the existing literaturea number of ways. Firstly, it examines
connections among the selected government bondetsairk times of financial crisis. Secondly, it
employs a sophisticated econometric model to inyatst the relationship of exogeneity between
international bond markets. Thirdly, it uses the/&aan framework to analyse these linkages, and
to our knowledge, none of the researchers hasrsimastigated the interactions of international
bond markets with use of a Bayesian analysis.

3. Methodological framework
3.1. Bayesian econometric VAR-SV model



Let x; denote the 10-year bond yields of countay timet forj =1, 2, 3and=1, 2, ....T.
The vector of growth rates =(y:1, Y12, W.3)', each defined by the formwg = 100 In &,j/%-1), iS
modelled using the basic VAR(1) framework:

Y =8 =R(y, =) +&;, 1)
where R is a 83 matrix of the autoregressive coefficieriss a 3«1 mean vector, &} is a

trivariate SV process. More specifically:

Yia o 1 T2 M| Yi-u1 ) $ia
Yiz = %2 |=| 1y Ty fgl||| Yimaz |=| O |[+]6t2], t=1,..T, 2
yt 3 53 If31 If32 If33 yt—1,3 53 Et 3

We assume that conditionally on the latent varial@etor, (fy introduced latgré; follows a
trivariate Gaussian distribution with mean vectopx) and covariance matrixx;, i.e.
& In, ~NQOpq,2,), t=1, 2, ...,T. We employ the specification of the conditionavaoance
matrix as in Tsay (2002). Thus the Cholesky decasition is used:

> =L GLy, 3)
where l; is a lower triangular matrix with unitary diagorelements, and @s a diagonal matrix

with positive diagonal elements:

1 0 0 Gu O O
L= 1 O0,G6=0 g, O
Ghar Oha 1 0 0 Qs

Hence, we have

Gi11 Gt 11G% 21 Gt 211Gk 31
2y = Oh11Gh 21 G ,llqt2,21 022 Or 110 210 31 T G 220k 32 | o (4)
Oi21% 31 G110 210 31 T U 220G 32 Gk 11qt2,31 + 0 ,22Qt2,32 * G a3

where {o;}, and {Inq.;} (i, ] = 1, 2, 3,i >]), as in the univariate SV, are standard univariate

autoregressive processes of order one, namely:

Ing ; -y =g (ng_y; ~yy)+oym;.1=1,2,3,

G ~Vi =A@y — V) o, 1 10{L, 2, 341>,
Nt = (a1 M2z, Mhas T2y s 7z2)'s {Nd ~ iiNg(Opay, l6) , tU {1, ..., T},
e = (011, Gt22, G33 Ch,21, G31, G32)'-

It can easily be shown that if the absolute valfeg are less than one, the SV process is a
vector white noise (see Pajor 2005a). The conditighstribution of y (given the past of the

process Yi, the parameters and the latent variable vectprisha trivariate Normal with mean

vectorp, =8+R(y,_, —8) and covariance matr: (y, 1, Y ¥:3)' 8. R.h, Yy ~ Ng(u,.Z,).
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3.2. Exogeneity in the VAR-SV model
To formally test the sufficient conditions for tistrong exogeneity of the growth rates of
10-year U.S. bond yields we use the Lindley tyst ite the VAR-SV model for selected countries:
the U.S., Germany and Greece.

Following Pajor (2011), we partition §ndZ;, conformably, into:
Zt Z:t,].l Z:t,:l.2i|
Yy, = andx, = , (5)
t {WJ t |:Zt,21 Zi22
where zis a scalar:{zy;1, and w has two elements:\w (yi 2, yi3)'. After partitioning, equation (2)

becomes:

B Kb (g s ©
W, O, R, R |l [ Wi o, €2

whered.; = (&, &), €21 = (12, i.3)"-

The VAR form in (6) can be reparameterized as Wadlo

2 =0, = Ry(21=0) + Ryp(Wiy =6.) + &4 (7)
W, =8 = (Ry ~D\R) (W —=8_1) +(Ryy — DRy )(Z 4 — ) +D(7 —&y) + (65, ~Di&1) . (8)

where

&1 Zin 0 _
Lt,z - Dté‘tj = Ns(o{ 0 Zipl) Feam = 2z th;tilzuz,

0; 21

_ i 22 i 220k 32
D, = 2t,212t;1L1 = {q

2
O 20032 O3zt G220k 32

} i1 =[G4l 2t,221=|:

t 31

The latent variables and parameters of the comditimodel (8) are

(vedH)",0,")'= (Ry — D;R;)"-.(Ryy — D Ry) VEdR,, — DiR,) ... vedR,, — D1 Ry,]),
DDy vedZ o)y VedZT,221)'a51-6—1l19{1'W')'.

and those of the marginal model (7) are

(vedH3*)',8,")'= (Zpag0Zr 11,01, 00 s Rug s Rz, 877)',

where 6] and 6)* are vectors of parameters in the equationshfdr= (0, »1, G 31,0 22t 32+t 33)'»

and ht* =q,,,,, respectively H" = [h"h;" ...hs"], Hy? =[hi*h3* ...h77].

The conditional and marginal models contain two plately separate sets of latent variables. Thus
under some additional assumptions, we can makaezffiinference about the parameters and latent

variables in the conditional model, and the margmadel can be neglected due to no information
loss. Folowing Pajor (2011) we have:



Lemma 1. If
() Rii=0, R2=0,0=0,
(i) (5,R, " veqR,,),0:"") and el are a priori independent,
or
(i) 4=0,0t 041, ..., T} D;=0,
(iv) (0, 'R, ',vedR,,),8™") and (R, R, 6*")" are a priori independent,

then zis weakly exogenous fof (H:",0, .)

T

Hence, assumptions (i) and (ii) in Lemma 1 areisiefiit for the Bayesian sequential cut and,
consequently, for weak exogeneity efar (vec(H;")", 61 ')". It means that the inference about the
parameters and latent variables of interest (zec(H;")’, 8:')') based on the complete process

{y¢ is the same as the one based on the conditiomaeps {Wz}. Conditions (i) and (ii) in
Lemma 1 are sufficient but not necessary for weadgeneity. In Lemma 1 an alternative set of
sufficient conditions that guarantee weak exoggnditz; for (vec(H:")', 8,")" is presented: D= 0
(D¢ # 0 implying contemporaneous conditional correlati@tween wand 2,t =1, ...,T, & =0,
and the prior independence @f,',R,,',vedR,,)",6:"")" and (R;;,R;,,05%')".

Once conditions (i) and (i) in Lemma 1 are sadidfithe conditional model of;\wgiven z assumes

the form:

Yi2 0, 2 Tos|{]| Yi-12 0, Q; 21 B, $i2
_ — _ _ , o]
[Yt,J Lyj |:r32 r33i| ﬂ yt—L3:| [@D * {Qt ,31}4'1 * ngyt w? Lﬁj ®)
where {(&2, &.3)'} IS the bivariate SV process.

When conditions (iii) and (iv) in Lemma 1 hold, eqjons (7) and (8) can be written as:

Z =Rz +Ryp(Wig =04) + &4, (10)

Wy =83 =R,(W, —8,) +Ryuz )+, (11)

Note that conditions (i) and (ii) in Lemma 1 rem#ie same for strong exogeneityzofor
(vec(H;")', 61')'. However, conditions (iii) and (iv) are not suféint for strong exogeneity af for
(vec(H;")', 61')". To ensure it, we must assume, in addition, Raat 0.

The strong exogeneity o for (vec(H:")',8:')' implies that the marginal model suffices
(without a loss of information) for predictive imésmce orz and hy. On the other hand, the strong

exogeneity of gpermits to forecast Mirom the conditional model, given the forecaszdfom the

marginal model.
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In this paper, the conditions for exogeneity neetid tested. Unfortunately, tests of weak or
strong exogeneity hypothesis require the joint rhade be specified.To test the sufficient
conditions (presented in Lemma 1, i-ii) for theosty exogeneity ofz for a function of

(vedH;")',6,")" we use the Lindley type test (based on the highesterior density region, see Box

and Tiao, 1973; Osiewalski and Steel, 1993). Wetlsetnull and alternative hypotheses ag: H
0p5,=0 and H: 6y, #0, where 8y, is the kx1 vector Qo1 = (1, r11, 2 riz)', k=4). Then, a

posterior, the quadratic form:F(8,;) =[0o; = E(0p1|Y)I'V (001 |Y)[001— E(0o |Y)], where
E(6y; 1Y) andV(8,, |y) are the vector of posterior means i and the posterior covariance

matrix respectively (in the notation we omit thétia conditions), is approximatelyT( o) x?
distributed withk degrees of freedom. We assume thai(F(8o1) > F(0)]y) = 0.01, the sufficient
conditions of the strong exogeneity are not reppdig the data. In the same way, we examine
whether6,, = Q whereBoz = (i, r11, r12, 13, Y21, @1, 021, Ya1, @31, O31)" (See conditions (iii) and (iv)

in Lemma 1).

4. Dataset and empirical findings

Let us consider the daily and weekly 10-year baettlg of the U.S.y 1), Germany; »), and
Greece Y 3), over the period from July 13, 2006 to June ZB.2(downloaded from the website
www.stooq.pl). The dataset of the daily (weeklygddthmic growth rates (expressed in percentage
points), consists of 1550 (311) observations (facheseries). The first observation (in each time
series) is used to construct the initial conditionte consider both the daily and weekly data to
examine whether differences in closing times ofkats as well as differences in time zones affect
the conclusions regarding the exogeneity of thevroates of 10-year US bond yields.

The selected data are plotted in Figure 1 and @ntbe seen from the graphs that the growth
rates seem to be centered around zero, with timgnagavolatility and the presence of outliers. The
daily and weekly growth rates are more volatileéhie periods of the financial crisis 2008-2009 and
2011-2012. However, the volatility of the growthes of the 10-year bond yields of Greece is
higher than that of the U.S. and Germany. Summgtaijstics for the time series are shown in
Table 1. The arithmetic mean of the growth ratethefl10-year Greek bond yields is positive (with
a relatively high standard deviation), while meahshe growth rates of the 10-year German and
U.S. bond yields are negative, which signals insedarisk aversion among investors and can be
interpreted as a confirmation of the assumptionuaiibe ‘flight-to-safety’ effect. The kurtosis
(much larger than 3) suggests that distributionthefgrowth series are leptokurtic. As expected,
the growth rates of the 10-year bond yields ofli®. and Germany are positively correlated.

11



To obtain the Bayesian model, we specify a pristriiution of the parameters in the same
way as in Pajor (2011). The prior distributionsdisee relatively non-informative. For daily data
we start withT=550 initial observations (from the period July 2806 — August, 24, 2008, selected
ad hoc) and calculafe=1000 posterior distributions of parameters anenfavariables based on the
dataset available at timletk for eachk =0, 1, ...,p-1 (up toT+p-1 = 1549). Thus we receive 1000
posterior distributions for the quadratic foff(By) and posterior characteristics for each parameter
and a latent variable. For weekly data we starth Wit98 initial observations (from the period July
14, 2006 — June, 13, 2008) and calculat@13 posterior distributions of parameters andnlate
variables based on the data set available atTikdor eachk =0, 1, ...,p-1 (up toT+p-1 = 310).

All presented results were obtained with the use¢hef Metropolis and Hastings algorithm
within the Gibbs sampler using % @erations after B0* burn-in Gibbs steps (see for details,
Gamerman 1997, Tsay 2002 and Pajor 2005a, 2007).

Table 2 reports the posterior means and standatdtabens (in parentheses) of all parameters
of the VAR-SV model for the daily data. The mainsgmior characteristics of matrix R indicate
that the daily growth rates of German and Greekddr-bond yields ‘significantly’ (and positively)
depend on the past daily growth rates of 10-ye&: bond yields (the posterior standard deviations
of ry; andrs; are relatively small compared to the posteriormsgan other words, the daily growth
rates of German and Greek 10-year bond yields ffeeted by the past movements of the U.S.
sovereign bond yields. However, the daily growttesaof Greek 10-year bond yields ‘significantly’
(and negatively) depend on the past daily growmtiesraf German 10-year bond yields. On the other
hand, the relatively large standard deviations;pfindr;3 indicate that the U.S. government bond
yields are ‘insignificantly’ affected by the pasbwements in the German and Greek bond markets.

Table 3 reports the posterior means and standatdtabans (in parentheses) of all parameters
of the VAR-SV model for the weekly data. For thet ef data, the main posterior characteristics of
matrix R indicate that the weekly growth rates O6fyear German and Greek bond yields do not
‘significantly’ depend on the past weekly growthesof 10-year U.S. bond yields. Similarly, the
weekly growth rates of 10-year Greek bond yieldsxdb'significantly’ depend on the past weekly
growth rates of 10-year German bond yields. Thesalts may be caused by using more aggregate
data, and aggregation usually implies a loss armétion. Finally, we can see that, similar to the
results obtained for daily data, the U.S. bond miai& not affected by the past movements in the
German and Greek bond markets.

In Figure 3 and 4, the dashed lines representdsigepor means plus (or minus) the standard
deviation, and the solid ones - the posterior medrisese lines illustrate the alteration of
characteristics of the posterior distributionrpfwhen the dataset was being increased one by one
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observation, from the initial 550 vectors of daigta observations to 1550, and from the initial 98
vectors of weekly data observations to 311. Theenotnservations are used, the more concentrated
around their means the posterior distributions @hes effect can be seen both in Figure 3 and 4,
where we observe the decrease of the posteriodatameviations of; (the diminishing distance
between the solid and the dashed lines). The lotatf the posterior distributions of, changes
significantly, but only for the data from the begimg of the analyzed period, August 2008 to
January 2010. In the middle of November 2008 paldarty, the growth rates of 10-year U.S.
Treasuries bond yields seem to be negatively a&ftkloy the growth rates of 10-year German bonds.

For both datasets the posterior means and stan@ardtions ofg (i = 1, 2, 3) indicate that
vector O is ‘insignificantly’ different from 0. The formaBayesian testing (not presented here)
would not lead to rejection of the null hypothesiatg = 0 fori =1, 2, 3.

It is interesting to analyse the main charactessif the posterior distributions of the
conditional correlation coefficients. The time plaif conditional correlation between the growth
rates of the selected countries’ sovereign bontlyi€for eacht=1,2, ..., T+p-1) are shown in
Figure 5a-b and 6a-b, where the upper line reptestre posterior mean plus the standard
deviation, and the lower one — the posterior mearusthe standard deviation. It can easily be seen
that the conditional correlation coefficients varyer time. Generally, the correlation between the
U.S. and Germany is positive and rather stron@ -atferage posterior mean@b; (t = 1, ..., T+p-

1) is equal to 0.636 (with average standard desnagiqual to 0.095) for the daily data and 0.786
(with average standard deviation 0.084) for thekiyegrowth rate respectively. Different results
were obtained for conditional correlations betwabha U.S. and Greece as well as between
Germany and Greece. From July 2006 to October 2008onditional correlations are strongly
positive, but from October 2008 (after the collapseehman Brothers) the downward trend related
to the posterior mean @hs; andos; (t = 1, ...,T+p-1) can be clearly seen. From the beginning of
2010 these correlations are weakly negative —atetid of analyzed period the posterior mean of
Piar+p-1 IS equal to -0.058 for the daily data and -0.080the weekly data, while the posterior
mean ofpsr+p-1 iS equal to -0.174 for the daily data and -0.3@5the weekly data. Among other
things, this result is connected with the onsethef sovereign debt crisis in Europe at the end of
2009 (in late 2009 a new government in Greece ftedethat its predecessors had concealed
enormous budget deficit of 12,7% of GDP in conttasthe projected 3,7% of GDP, by the spring
of 2010 Greece was unable to borrow on the opelketsat an affordable interest rate, and was
devised a series of bailout package by the soealieika, the EU, the IMF and ECB,
http://topics.nytimes.com/top/reference/timestofsicbjects/e/european_sovereign_debt_crisis/inde
x.html).
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Additionally, the conditional correlations presehtm Figure 5a, 5b, 6a, and 6b, provide
information about possible contagion effects. If define contagion between bond markets as a
significant increase of the conditional correlatiorefficient in a crisis period compared to a pre-
crisis period, then no contagion between all 10-geaernment bond yield pairs considered can be
observed whereas a significant decrease in the conditiczmtelation coefficient between
Germany and Greece as well as between the U.SGaeelce may be explained by the effect
known as ‘flight to quality’ (see Baur and Lucey020).

Individual volatility of each time series is meastirby the conditional standard deviation.
The time plots of conditional standard deviatiohshe growth rates are presented in Figure 7 and
8, where the upper line represents the posteri@nnpéus the standard deviation, and the lower one
— the posterior mean minus the standard deviatiazan be seen from the graph that volatility of
the growth rates of 10-year government bonds vanes time. Surprisingly, in case of the daily
data the average volatility of the 10-year U.S.dgrelds (which is equal to 2.04) is higher than
that of the 10-year German and Greece bond yigtigl are equal to 1.64 and 1.51 respectively).
In case of the weekly data the average volatilityGoeek bonds (which is equal to 4.45) is the
highest one (for the U.S. and German bonds theagesrof the conditional standard deviation are
equal to 4.32 and 3.80 respectively). For bothggathe volatility plots for the U.S. and German
bonds are relatively smooth. The dynamics of vithatof the 10-year Greek bond vyields is
different. The posterior means of the condition@indard deviation are most volatile, with the
highest peaks. The first high peaks appeared wdmt April and May 2010 and were connected
with the economic situation in Greece (On April 2010 Greece's debt was downgraded to junk
level by rating agencies, in May 2010 a series efegal strikes and demonstrations were taking
place across Greece), the second one (in March @0&h Greek 10-year bonds topped 38.5%)
with a sudden decrease of the 10-year Greece kelts$ yrom 36.562 on March 12, 2012 to 19.018
on March 13, 2012 (on May 13, 2012, credit ratimgrecy Fitch upgraded Greece's long-term
foreign and local currency issuer default ratings‘B-* with stable outlooks from ‘restricted
default’, http://news.xinhuanet.com/english/busgi2812-03/14/c_122830872.htm).

Suppose that some function pleqH")',0,')' is of interest. As previously mentioned, to test
the sufficient conditions (presented in Lemma 1)th@ strong exogeneity of the growth rates of the
10-year U.S. bond yields we use the Lindley typs. tEor the complete daily dataset we obtain
F(0) = 12.412, ang(F(Bo1) > F(0)|y)= 0.03. The 99% highest posterior density intertd#?DI) for
F(B01) does includé=(0), but the valué-(0) lies outside the 95% HPDI (see Figure 9). Heoce
result precisely depends on that which HPDI we ehd%ie 99% HPDI implies th&; = 0. Thus

2 A formal Bayesian test whether changes in excesslation are statistically significant has not h@eesented here.
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the sufficient conditions of the strong exogeneitg not rejected by the data. The result obtained
for all weekly data provides similar conclusion, caese of F(0)=9.625, and
p(F(601) > F(0)]ly)=0.09. The 95% HPDI implies that the sufficient ditions of the strong
exogeneity are supported by the data.

A different result is obtained when we examine wkeb,, = 0 (see conditions (iii) and (iv)

in Lemma 1)For the daily datd(0) = 150445.2, that ip(F(602) > F(0)]y) = 0.0000; and for the
weekly dataF(0) = 25060.1, that ip(F(602) > F(0)]y) = 0.0000. None of the reasonable HPDIs
containsF(0). Thus the hypothesis theg, = i9strongly rejected by the data.

As a byproduct of the strong exogeneity testindyais been formally shown that w (y: 2,

Vi3)' does not causg = yi1, given H:*and 6, (see Pajor 2011). Thus the past afdees not

influence the conditional distribution of given the past of,zH;*and 6,. Roughly speaking, the

past values of the growth rates of 10-year Gernrah Greece bond yields do not influence the
growth rates of 10-year U.S. bonds. Therefore, fthecast of the growth rates of 10-year U.S.
bonds can be constructed from the marginal modil @@e equation (7) with 2= 0) and then
forecasts of the growth rates of 10-year GermanGrek bond yields can be obtained from the
conditional model (see equation (9)) - without ladsrelevant sample information. The result is
consistent with our intuition.

In Figure 10 we present the posterior probabilitiest F(60,) > F(0) (and respectively that
F(602) > F(0)) at each timé=T+i-1 based on updated data set up to timd@+i-1 (fori=1, 2, ...,p)
The dataset is updated every diapm August, 24, 2008 for the daily data and from Jur$s,2008
for the weekly data to June, 28, 2012. Each timenmdingle vector observation was updated into a
dataset, we computed these posterior probabiliiesan easily be seen that these probabilitieg var
with updating of the dataset. For the daily ddiae,lbwest values are obtained in July-October 2009
(but p(F(601) > F(0)]y)= 0.1) and in May-June 2012 (bp¢F(601) > F(0)ly)= 0.01). In the whole
analyzed period the 99% HPDI implies titgt = O, that is the sufficient conditions of the sigo
exogeneity of the growth rates of 10-years U.S.dbgields are not rejected by the data. The value
F(0) lies outside the 95% HPDI from May 22, 2012he end of the observation period, i.e. June
28, 2012 (see Figure 10). For the weekly datatively low (but above 0.05) values of the
posterior probability thaE(Bo,) > F(0) are in May-November 2010 and from February 2@l2une
2012. Thus the 95% HPDI implies that the hypothésa 6y1 = O is not rejected by each of the
datasets.

As regards the posterior probability tHgBo2) > F(0), it is from January 2009 (for the daily

data) and December 2010 (for the weekly data) tee BD12 close to zero, which means that the
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second set of sufficient conditions of the strorggeneity of the growth rates of 10-year U.S. bond

yields is strongly rejected by the data.

5. Conclusions

The examination of interactions among the U.S.ntaer and Greek bond markets confirmed
the asymmetric nature of their relationships. Other whole period of our analysis, except for
a brief interval in November 2008, the status of.Ulreasuries as a global ‘safe haven’ remained
unchanged. During the financial crisis, the growdites of 10-year U.S. bond yields were not
affected by the past growth rates of 10-year Gerarath Greek bond yields. Our results indicate
that contagion effects were absent among all 10-gead markets considered. However, a ‘flight
to quality’ effect between Germany and Greece aeclin the crisis period.

The econometric research of time-varying interdepane, based on the joint (complete) model
for all variables, shows that the growth rates @fygar U.S. bond yields can be forecast from the
marginal model only, i.e. without taking German aBceek bond vyields into consideration (the
strong exogeneity hypothesis has not been rejduyeithe data), and the growth rates of 10-year
German and Greek bond yields can be predictedpwiitloss of information, from the conditional
model, i.e. the predicted values of 10-year U.Swdbgields obtained from the marginal model may

be treated as fixed.

16



References

Abad P., Chulia H., Gomez-Puig M., (2009), EMU aBdropean Government Bond Market
Integration, EBC Working Paper Series No. 1079/Asigu

Andersson M., Hansen L. J., Sebestyén S., (2006)icWNews Moves the Euro Are Bond
Market?, ECB Working Paper Series No. 631/May.

Barrios S., Iversen P., Lewandowska M., Setzer (R009), Determinants of intra-euro area
government bond spreads during the financial ¢risisopean Ecocnomy — Economic Papers
388, Directorate General Economic and Monetary iAdfa(DG ECFIN), European
Commission.

Baur, D.G., Lucey, B.M., (2009), Flights and comtag An empirical analysis of stock—bond
correlations. Journal of Financial Stability 5, 3382.

Beirne J., Gieck J., (2012), Interdependence andd&gmn in Global Asset Markets, ECB Working
Paper Series No. 1480/October.

Box G.E.P., Tiao G.C., (1973)Bayesian Inference in Statistical Analysi&ddison-Wesley
Publishing Company, Massachusetts.

Christiansen Ch., (2003), Volatility-Spillover Effis in European Bond Markets, available at:
http://pure.au.dk/portal/files/12707/wp_03-8.

Claeys P., Vagek B., (2012), Measuring Sovereign Bond SpilloveEurope and the Impact of
Rating News, Working Papers 2012/07, Czech NatiBaak, Research Department,
available at:
http://www.cnb.cz/en/research/research_publicatems wp/download/cnbwp 2012 07.pdf.

Clare A., Lekkos 1., (2000), An analysis of theatednship between international bond markets,
Bank of England’s Working Paper, available at:
http://www.bankofengland.co.uk/publications/Docunsénorkingpapers/wp123.pdf.

Da Costa J. N. C., Cruz L. V., Leiria P. S., (20@9vernment bond markets: what is the
magnitude of volatility-spillover effects in thereuarea?, available at:
http://docentes.fe.unl.pt/~jmccosta/IMCCCruzLedid _Volatility-spillovers.pdf

De Luna X., P. Johansson P., (2006), Exogeneitystinctural equation modelslournal of
Econometrical 32 (2), 527-543.

Ehrmann M., Fratzscher M., Rigobon R., (2005), E&épdBonds, Money Markets and Exchange
Rates. Measuring International Financial TransraissiECB Working Paper Series No.
452/March.

Engsted T., Tanggaard C., (2005), The comovemebtSodnd German bond markets, available at:
http://www.ucd.ie/tdcms/s51124.pdf.

Engle R.F., Granger C.W.J., (1987), Co-integratiad error correction: representation, estimation
and testingeconometricebb, 251-276.

Engle R.F., Hendry D.F., Richard J.F., (1983), Eeraajty,Econometricebl, 277-304.

Ericsson N.R., Hendry D.F., Mizon G.E., (1998), Bepeity, Cointegration, and Economic Policy
Analysis,Journal of Business and Economic Statisti@), 370-387.

European Debt Crisis, available at:
http://topics.nytimes.com/top/reference/timestofsiabjects/e/european_sovereign_debt_crisi
s/index.html.

Financial Integration in Europe, (2012), EBC, April available at:
http://www.ecb.int/pub/pdf/other/financialintegratineurope201204en.pdf.

Florens J.P., Mouchart M., (1977), Reduction of &agn experiment§ ORE disscusion pape&io.
7737, Université Catholique de Louvain, LouvairNative, Belgium.

Florens J.P., Mouchart M., (1980), Initial and Seufial Reduction of Bayesian Experiments,
CORE disscusion papemno. 8015, Université Catholique de Louvain, Louvi-Neuve,
Belgium.

Florens J.P., Mouchart M., (1982), A Note on Narsadity, Econometriceb0 (3), 583-591.

17



Florens J.P., Mouchart M., (1985), Conditioning dgnamic modelsJournal of Time Series
Analysis53(1), 15-35.

Florens J.P., Mouchart M., Rolin J.M., (1998)ements of Bayesian statistidarcel Dekker, Inc,
New York and Basel.

Gamerman D., (1997Markov Chain Monte Carlo. Statistic simulation fBayesian inferencge
Chapman and Hall, London.

German Auction ‘Disaster’ Stirs Crisis Concern, ikkde at:
http://www.bloomberg.com/news/2011-11-23/germarilsfto-receive-bids-for-35-o0f-10-
year-bunds-offered-at-auction.html.

Goldberg L., Leonard D., (2003), What Moves Sowgrddond Markets? The Effects of Economic
News on U.S. and German Yields, Federal Reservi& BeNew York Vol. 9, No. 9,
September, available at: http://www.newyorkfed.agéarch/current_issues/ci9-9.pdf.

Granger C.W.J., (1969), Investigating causal refally econometric and cross-sectional method,
Econometricaé87, 424-438.

Hendry D.F., Richard J.F., (1982), On the Formalatiof Empirical Models in Dynamic
EconometricsJournal of Econometric0, 3-33.

Hendry D.F., Richard J.F., (1983), The Economethigalysis of Economic Time Series,
International Statistical Reviewl, 111-163.

Kim S.-J., Moshirian F., Wu E., (2006), Evolutiori mternational Stock and Bond Market
Integration: Influence of the European Monetary d#niJournal of Banking and Finance,
30:5, 1507-1534.

Laopodis N. T., (2008), Government Bond Market giméion within European Union, International
Research Journal of Finance and Economics, Issue 19

Mouchart M., Russo F., Wunsch G., (2007), Causadityuctural modelling, and exogeneitpP
Statistics Networkl-26.

Newton M.A., Raftery A.E., (1994), Approximate Bajen inference by the weighted likelihood
bootstrap [with discussionJournal of the Royal Statistical Societyd(1), 3-48

O’Hagan A., (1994)Bayesian InferenceHalsted Press, New York.

Osiewalski J., Pipie M., (2004), Bayesian comparison of bivariate GARfidcesses. The role of
the conditional mean specification, Chapter 7] [@ontributions to Economic Analysis 269,
New Directions in Macromodellinded.:] A. Welfe,Elsevier, Amsterdam, 173-196.

Osiewalski J., Steel M.F.J., (1993), Una perspadbayesiana en seleccion de modelsgdernos
Economico$5/3, 327-351, (typescript: A Bayesian perspeadivenodel selection).

Osiewalski J., Steel M.F.J., (1996), A Bayesianlysis of exogeneity in models pooling time-
series and cross-section datayrnal of Statistical Planning and Inferens@, 187-206.

Pajor A., (2005a), Bayesian Analysis of Stochagtatility Model and Portfolio AllocationActa
Universitatis Lodzensis — Folia Oeconomi&@®21229-249.

Pajor A., (2005b), Bayesian comparison of bivari@ie models for two related time seriés;ta
Universitatis Lodziensis — Folia Oeconomit®0, 177-196.

Pajor A., (2006), Bayesian VECM-SV Models for theil Polish Exchange Rates, [in32-nd
International Conference, MACROMODELS,(&d.:;] W. Welfe, A. Welfe, £62l 135-154.

Pajor A., (2007), VECM-TSV Models for Two Polish fi@fal Exchange Rates, [inffinancial
Markets: Principles of Modeling, Forecasting andd#on-Making, FindEcon Monograph
Series: Advance in Financial Market Analysiéo. 2, [ed.:] W. Milo, P. Wdowiiski, £od-
University Press, £4d 49-66.

Pajor A., (2008), A Bayesian Analysis of Weak Exuogiey in VECM-SV Models, [in:]Metody
ilosciowe w naukach ekonomicznych (Quantitative Methodsconomic Sciencedgd.:] A.
Welfe, Warsaw School of Economics, Warszawa, 235-24

Pajor A., (2010),Wielowymiarowe procesy wariancji stochastycznejkenemetrii finansowej.
Ujecie bayesowskie (Multivariate Stochastic Varerocesses in Financial Econometrics.
Bayesian approach, in PolishCracow University of Economics, Krakow.

18



Pajor A., (2011), A Bayesian Analysis of ExogenaityModels with Latent VariablesCentral
European Journal of Economic Modelling and Econoicgt vol. 3 (issue 2) 49-73,
http://www.cejeme.com

Rault Ch., (2011), Long-run strong-exogenelfgpnomics Bulletir31 (1), 1-8.

Safe Assets: Financial System Cornerstone?, (201WIF, April, available at:
https://www.imf.org/external/pubs/ft/gfsr/2012/0diffc3.pdf.

Sosvilla-Rivero S., Morales-Zumaquero A., (2011)platility in EMU sovereign bond vyields:
permanent and transitory components, ICEI Workingpd?s, WP06/11, available at:
http://eprints.ucm.es/12896/1/WP_06-11.pdf.

Tsay R.S., (2002)Analysis of Financial Time Series. Financial Ecomedmnecs A Wiley-
Interscience Publication, John Wiley & Sons, IN@wWNYork.

19



Table 1.
Summary statistics of ;

daily data weekly data

U.S. Germany| Greece U.S| Germany Greece
Mean -0.075 -0.063 0.117 -0.37p -0.309 0.574
std dev. 2.258 1.936 2.738 4.691 4.190 6.683
skewness -0.278 -0.009 -11.907  -0.211 -0.238 -4.890
Kurtosis 6.697 7.668 271.697 4.874 5.171 51.973
minimum -17.021] -13.572| -65.362 -19.468 -17.746  .889
maximum 9.221 11.273 13.57f 12.929 14.018 32.865
correlation coefficient
u.s. 1 0.585 -0.011 1 0.757 -0.097
Germany 1 -0.046) 1 -0.183
Greece 1 1
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Table 2. The posterior means and standard deng(io parentheses) of the parameters of the izitea¥ AR-SV
model (results based on all available daily data)

a % 3 11 12 13 21 I22 l23 31

-0.0117] 0.0324] 0.0211 -0.0748 0.0910 -0.0887 0.1p62.0168| -0.0234 0.1009

(0.0318)| (0.0253)[ (0.0229)| (0.029) | (0.0349) (0.0195)[ (0.0179)| (0.0257)| (0.0169)[ (0.0155)

2 2
I32 I3z 81 1 011 Vo2 %22 02 Va3 ¢33

-0.1735| 0.1473] 1.882 0.9953 0.01p7 1.9118 0.9p740116 | -0.7364 0.9793

(0.0221)| (0.0233)[ (2.324) | (0.003)| (0.0031)(3.9849)[ (0.0024)| (0.0039)| (0.8209)[ (0.0063)

0332 Y1 %1 0212 Y1 ¢31 0312 Va2 @2 0322

0.2753| 0.5331] 0.986% 0.0007 -0.2689 0.9960 0.0p05.8932( 0.9984| 0.0009
(0.0452)| (1.1028)| (0.0084)| (0.0002)| (2.2384)| (0.003)| (0.0001) (3.5398)| (0.0016)( (0.0003)
INGi10 | INd220 | ING330 O21,0 Q31,0 Us2,0
-0.8775| -1.29631 -6.7548 0.6423 0.58p7 0.9382
(0.3741) (0.4386)| (1.3319)| (0.1521)] (0.138)| (0.0809

Source: own calculations

Table 3. The posterior means and standard dengafio parentheses) of the parameters of the iziteaW AR-SV
model (results based on all available weekly data)

< % () f11 12 13 21 l22 l23 31
-0.1460| 0.1233] 0.075% -0.12¢2 -0.0599 0.0045 0.0ped.0735| 0.0386] 0.0262
(0.1403)| (0.1247)[ (0.1147)| (0.0836)| (0.0942)[ (0.0383)| (0.0668)| (0.0753)| (0.0339)[ (0.0614)

I32 l33 81 1 o’ Vo2 %22 02 Va3 ¢33
-0.0022| -0.0324 3.7574 0.9832 0.02fi4 3.3195 0.98®0378| 2.1575 0.963¢
(0.07) | (0.0508) (2.5727)| (0.0134)| (0.0136)| (3.8537)| (0.0093)[ (0.0221)| (2.1464) (0.0181)

2 7 7 7
O33 Y %1 01 ¥ 1 031 Va2 @2 032

0.5398| 0.6766] -0.269p 0.0086 -1.3111 0.9950 0.0p1%5304| 0.9963| 0.0034
(0.1907)[ (0.0293)| (0.2457)| (0.0043)| (3.6984)| (0.0056)| (0.0006)| (4.4741)| (0.0044) (0.002)
INdi10 | INGozo | INGa30 G210 Os1,0 Q32,0
0.8110| -0.5809 -9.301p 0.0898 0.56B5 0.8422
(0.5683)| (0.5888)| (3.9547)| (3.7334)| (0.0804)| (0.1475)

Source: own calculations
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Figure 8. Conditional standard deviations for wgeldta (posterior meanistandard deviation, results based on all availdate)
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